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Abstract  text: 

Introduction:  Molecular  genetics-based  approaches  to  manage  insects  of  agricultural  and  medical 
significance  have  deep  origins  in  the  work  of  scientists  who  used  an  understanding  of  insect 
reproductive  physiology,  behavior  and  genetics  to  craft  some  of  the  most  creative  control 
methods  ever  proposed.  Dr.  Edward  F.  Knipling  recognized  that  biology  special  to  certain  insect 
pest  species  could  be  used  to  suppress  them  and  took  the  concept  of  sterile  insect  control  from 
theory  to  practice.  The  ideas  that  fostered  this  and  other  early  successes  still  drive  the  logic  of 
modern  gene-based  control  technologies. 
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Abstract  text: 

Introduction:  The  major  lesson  I  learned  from  a  four-decade  career  in  medical  science  is  that  we 
have  a  unique  opportunity  to  make  the  world  a  better  place.  As  a  student  at  Johns  Hopkins  in  the 
1970s,  I  worked  in  an  international  research  laboratory  on  the  important,  but  not  glamorous, 
problem  of  infectious  diarrhea.  This  work  brought  me  in  contact  with  a  group  of  fascinating  and 
colorful  researchers  from  around  the  world,  and  it  certainly  changed  my  life.  Subsequently  as  a 
Johns  Hopkins  faculty  member,  our  research  group  discovered  the  aquaporin  water  channels  that 
facilitate  the  movement  of  water  across  cell  membranes.  This  led  to  multiple  international 
collaborations  including  studies  with  renal  physiologists  in  Denmark,  neuroscientists  in  Norway, 
structural  biologists  in  Switzerland  and  Japan,  and  field  workers  in  Africa.  While  the  practical 
value  of  these  discoveries  is  just  emerging,  valuable  new  preventive  strategies  and  treatments  for 
multiple  disorders  are  anticipated,  including  renal  failure,  brain  edema,  blindness,  wound 
healing,  and  infectious  diseases.  In  addition  to  achievements  in  the  laboratory  and  clinic,  the 
human  contacts  we  have  developed  have  proven  useful  to  address  serious  infringements  of 
human  rights  and  may  even  open  doors  to  countries  isolated  by  ideology  or  repressive  regimes. 
Our  recent  scientific  visits  to  North  Korea,  Myanmar  Burma,  Cuba  and  Iran  are  establishing 
valuable  areas  of  engagement.  The  potential  of  medical  science  should  continue  to  be  explored 
and  is  a  source  of  great  optimism  for  an  otherwise  troubled  planet. 
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Introduction:  Over  25  years  ago,  the  U.S.  National  Institute  on  Aging  began  funding 
interdisciplinary  workshops  and  research  projects  to  bring  together  mathematical  demographers 
and  experimental  biologists/entomologists  interested  in  questions  about  human  aging.  The 
outcome  of  this  initiative  not  only  produced  scores  of  papers  involving  insects,  but  spawned  the 
new  field  of  “Biodemography."  Although  research  findings  from  this  new  discipline  includes 
several  seminal  papers  and  many  discoveries  relevant  to  entomologists,  because  of  the  funding 
source  (NIH)  and  goals  (i.e.  aging),  virtually  none  have  been  published  in  the  entomology 
literature.  Therefore,  one  of  the  primary  goals  of  this  talk  is  introduce  entomologists  to  the  field 
of  Biodemography  and  the  key  discoveries  concerned  with  or  of  relevance  to  entomology.  My 
talk  will  consist  of  four  main  parts:  (1)  Insect  Lifespan — overview  of  the  5,000-fold  range  in 
insect  lifespans;  underlying  theories  on  lifespan  evolution  (e.g.  co-evolution  of  eusociality  and 
lifespan);  (2)  Insect  Mortality — importance  of  understanding  mortality  dynamics  in 
entomological  research  including  concepts,  examples  and  significance  of  mortality  cross  over, 
sex  mortality  differentials,  why  mortality  is  superior  to  survival  (lx)  as  a  metric;  use  of  mortality 
in  hypothesis  testing;  (3)  Insect  Reproduction — analysis  of  intra-  and  inter- individual  level 
reproductive  patterns;  new  technique  for  visualizing  large-scale  age-specific  reproductive  data; 
comparative  methods;  (4)  Insect  Populations — new  population  concepts,  particularly  the  use  of 


live-captured  insects  monitored  through  their  death;  how  the  age  structure  of  insect  populations 
can  be  estimated  without  knowledge  of  the  age  of  any  single  individual  within  it. 
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Introduction:  After  30  years  of  research  with  Trichogramma  species  in  Brazil,  many  examples 
have  demonstrated  their  potential  use  to  control  insect  pests  in  several  crop  systems.  However, 
extensive  investigations  are  still  needed,  as  growers  have  only  now  begun  to  accept  the  use  of 
these  egg  parasitoids  as  a  management  strategy.  Brazil  has  made  substantial  progress  in 
understanding  the  need  to  practice  sustainable  agriculture,  and  the  “agrochemical  mindset”  of 
Brazilian  growers  has  been  changing,  with  a  better  understanding  of  reasons  for  using  such  small 
and  hard-to-see  natural  enemies.  A  large  body  of  information  has  been  produced  over  30  years  of 


studies  on  the  use  of  Trichogramma  as  a  biological  control  agent,  which  has  led  to  substantial 
advances  in  the  field  of  biological  control.  The  model  developed  in  the  state  of  Sao  Paulo  set  a 
standard  for  the  development  of  other  research  programs  with  several  other  parasitoids  and 
predators,  as  well  as  for  the  establishment  of  research  groups  on  Trichogramma  in  several 
Brazilian  states  and  countries  of  Latin  America.  The  development  of  artificial  rearing  systems 
for  3  major  species  of  Trichogramma  used  in  Brazilian  agriculture,  T.  pretiosum,  T.  galloi  and  T. 
atopovirilia,  has  placed  Brazil  among  the  most  advanced  countries  in  this  field  of  research. 

These  studies  increased  our  understanding  of  host-parasitoid  interactions,  allowing 
improvements  in  research  and  in  rearing  of  other  parasitoids  and  predators.  The  major  advances 
in  this  program  are  illustrated  chronologically  in  a  timeline.  Despite  the  irrefutable  success  in  the 
use  of  Trichogramma  species  as  biocontrol  agents  in  Brazil,  we  must  still  overcome  a  number  of 
obstacles.  In  spite  of  all  these  challenges,  extensive  agricultural  areas  have  been  and  are  being 
treated  with  natural  enemies.  T.  galloi  has  been  released  over  500,000  ha  of  sugarcane  to  control 
Diatraea  saccharalis ,  and  most  recently,  in  the  2013  -  2014  season,  T.  pretiosum  was  released 
on  250,000  ha  of  soybean  to  control  Helicoverpa  armigera  and  Chrysodeixis  includens.  Numbers 
will  increase  if  these  parasitoids  become  easily  available  commercially,  as  they  can  be 
potentially  used  to  control  pests  in  cotton,  com,  tomato,  vegetables,  orange  groves  and  beans, 
crop  systems  in  which  Trichogramma  species  have  already  been  used,  although  in  a  very  limited 
manner. 
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The  fungus-farming  ambrosia  symbiosis  contains  important  invasive  and  plant-pathogenic 
species,  but  the  symbiosis  remains  poorly  characterized.  Ambrosia  beetles  (Coleoptera: 
Curculionidae:  Scolytinae)  and  fungi  lack  characterization  largely  due  to  their  impressive 
diversity.  Of  the  3,000+  species  and  15  independent  origins  of  fungus  farming  among  scolytine 
beetles,  symbionts  from  only  a  few  beetle  species  representing  five  out  of  15  ambrosial  origins 


have  ever  been  identified.  Symbiont  identity,  specificity,  and  diversity  need  to  be  determined 
across  all  origins  to  make  predictions  on  which  beetles  carry  phyto-pathogenic  fungi,  and  to  gain 
support  for  hypotheses  of  coevolution.  We  are  analyzing  over  60  species  of  ambrosia  beetles 
from  14  origins  of  the  symbiosis.  Fungi  were  isolated  from  mycangia  where  obligate  symbionts 
are  in  highest  abundance.  These  fungi  were  identified  using  mycangium  histology,  culturing,  and 
community  metabarcoding.  Obligate  symbionts  were  inferred  based  on  read  abundance  from 
community  sequencing,  CFU  abundance  in  culturing  availability,  and  presence  across  all 
sampled  specimens.  We  identified  fungal  symbionts  from  the  mycangia  of  ambrosia  beetles 
representing  every  known  origin  of  the  symbiosis  within  Scolytines.  Several  new  species  and 
origins  of  the  ambrosia  symbiosis  are  proposed  among  fungi.  Clade-specific  patterns  in  symbiont 
specificity  and  diversity  are  proposed  for  each  beetle  clade  included  in  the  study,  with 
implications  concerning  their  coevolutionary  histories.  These  results  will  help  prevent  tree 
disease  epidemics  by  informing  government  agencies  which  beetles  are  capable  of  carrying  plant 
pathogens  and  which  may  carry  previously  unknown  pathogens. 
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Ambrosia  beetles  and  their  fungal  partners  form  the  oldest  and  most  species-rich  symbioses 
between  insects  and  fungi,  yet  the  fungal  partners  have  been  largely  unstudied.  A  diversity  of 
fungi  is  capable  of  growing  and  sporulating  in  the  fungal  gardens  that  line  ambrosia  beetle 
galleries,  which  are  bored  in  sapwood.  However,  the  primary  fungal  partners  are  defined  by  their 
transport  in  specialized  sacs  (mycangia)  of  adult  beetles.  Ambrosia  beetles  evolved  at  least  a 
dozen  times,  each  marked  by  independent  development  of  mycangia,  in  which  their  fungal 
partners  grow  and  overflow  into  the  fresh  galleries.  Species  in  the  oldest  group  of  ambrosia 
beetles,  the  Platypodinae,  generally  have  small  mycangia  that  carry  Raffaelea  spp.,  which 
comprise  a  major  lineage  within  the  Ophiostomatales.  Raffaelea  spp.  appear  to  have  been 
acquired  by  genera  in  most  ambrosia  beetle  tribes  within  the  Scolytinae:  Xyloterinus 


(Xyloterini),  Gnathotrichus  and  Monarthrum  (Corthylini),  and  Xyleborus  and  numerous  other 
Xyleborini  with  small  mycangia.  Genera  with  larger,  more  developed  mycangia  in  the  latter 
three  tribes  (e.g.,  Trypodendron ,  Corthylus,  and  Xy l os andr us)  have  associates  in  the 
Ceratocystidaceae  (Microascales),  namely  Phialophoropsis ,  Meredithiella  and  Ambrosiella, 
respectively.  Development  of  these  larger  mycangia  appears  to  be  a  co-adaptation  for  carrying 
Ceratocystidaceae,  which  have  modified  sporulation  structures  that  make  them  especially 
suitable  for  beetle  grazing.  There  are  other  strategies  besides  mycangia  for  gaining  access  to 
fungal  gardens,  and  interlopers  like  Fusarium  spp.  in  mycangia  of  Euwallacea  spp.  are  notable 
exceptions,  but  typical  ambrosia  beetle  symbioses  appear  to  be  based  on  specific  co-adaptations 
with  a  limited  number  of  ascomycetous  fungi. 
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The  Euwallacea  -  Fusarium  mutualistic  symbiosis  represents  one  of  the  independent 
evolutionary  origins  of  fungus-farming.  Diversification  time  estimates  place  the  evolutionary 
origin  of  this  mutualism  in  the  early  Miocene  approximately  21  million  years  ago.  Fusarium  is 
best  known  as  one  of  the  most  important  mycotoxigenic  plant  pathogens.  The  genus  comprises 
over  300  phylogenetically  distinct  species  distributed  among  22  monophyletic  species 
complexes.  The  lineage  of  fusaria  cultivated  by  Euwallacea  as  a  source  of  food,  termed  the 
Fusarium  Ambrosia  Clade  (AFC),  is  nested  within  the  F.  solani  species  complex.  Because  the 
highly  inbred  haplo-diploid  Euwallacea  beetles  and  the  fusaria  that  they  farm  are  notoriously 
cryptic  morphologically,  species  limits  within  both  groups  were  inferred  using  genealogical 
concordance  phylogenetic  species  recognition  employing  multilocus  DNA  sequence  data.  These 
analyses  identified  12  AFC  species,  but  only  two  have  been  described  formally.  Nine  AFC 
species  are  cultivated  by  seven  different  Euwallacea  spp.  The  Fusarium- farming  Euwallacea 
clade  comprises  eight  phylogenetically  distinct  species,  six  of  which  represent  cryptic  species 
lineages  within  the  morphospecies  E.  fornicatus.  These  exotic  pests  pose  a  significant  threat  to 
avocado  production  worldwide  because  at  least  four  of  the  six  phylogenetic  species  within  the  E. 


fornicatus  clad e  can  use  it  as  a  reproductive  host.  Lines  of  evidence  indicate  the  Euwallacea 
-  Fusarium  mutualism  has  been  driven  by  host-shift  speciation,  and  two  of  the  seven  Euwallacea 
spp.  analyzed  cultivate  two  closely  related  AFC  species.  Cophylogenetic  analyses  suggest  that 
Euwallacea  spp.  have  switched  fusarial  symbionts  at  least  five  times  over  the  evolutionary 
history  of  this  mutualism. 
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Laurel  wilt  is  a  devastating  disease  that  affects  redbay  ( Persea  borbonia)  and  other  members  of 
the  Lauraceae  indigenous  to  the  southeastern  United  States  (US).  The  causal  agent  of  laurel  wilt, 
Raffaelea  lauricola ,  is  a  fungal  symbiont  of  the  redbay  ambrosia  beetle,  Xyleborus  glabratus , 
and  both  are  native  to  Asia.  Although  R.  lauricola  is  the  most  common  fungal  symbiont  of  X 
glabratus ,  eight  other  Raffaelea  spp.  have  been  isolated  from  the  beetle;  however,  none  of  these 
appear  to  be  pathogens.  Studies  are  being  conducted  to  better  understand  how  X  glabratus  and 
R.  lauricola  interact  with  redbay  and  camphortree  ( Cinnamomum  camphor  a),  a  lauraceous 
species  that  is  native  to  Asia.  Laurel  wilt  develops  rapidly  in  redbay  following  infection  by  R. 
lauricola ,  and  the  dead  trees  are  subsequently  used  as  brood  material  by  X  glabratus  resulting  in 
high  beetle  populations  where  redbay  is  common.  Experiments  have  shown  that  X.  glabratus 
reproduces  better  in  redbay  trees  that  have  died  from  laurel  wilt  than  trees  that  have  died  from 
other  causes.  In  contrast,  healthy  camphortrees  are  attacked  by  A  glabratus,  and  while  R. 
lauricola  can  move  systemically  in  the  xylem  of  trees,  camphortrees  appear  to  be  resistant  to 
laurel  wilt.  Only  branch  dieback  has  been  observed  in  a  small  percentage  of  camphortrees  that 
occur  in  forests  where  laurel  wilt  has  decimated  redbay  populations.  X  glabratus  appears  to 
reproduce  only  at  low  levels  in  camphortrees  that  are  injured  or  have  recently  died.  The 
ecological  and  management  implications  of  these  and  other  findings  will  be  discussed. 
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Abstract  text: 

Ambrosia  beetles  are  widespread  pests  of  orchard  and  nursery  crops.  Chemical  insecticides  have 
limitations  based  on  their  toxicity  and  the  difficulty  of  reaching  the  target  pests.  We  have  tested 
commercial  preparations  of  two  entomopathogenic  fungi  against  Xylosandrus  crassiusculus ,  X. 
germanus ,  and  Cnestus  mutilatus  in  New  York  and  Tennessee.  In  laboratory  assays,  we  found 
that  more  than  75  and  90  percent  of  adult  females  died  within  6  days  after  1-  and  5-minute  bouts, 
respectively,  of  crawling  on  fungus-treated  ethanol-soaked  logs.  In  field  studies  using  ethanol- 
soaked  logs,  we  found  that  sprays  with  either  Beauveria  bassiana  and  Metarhizium  brunneum 
can  affect  beetles  in  a  number  of  ways.  Fungus-sprayed  logs  received  significantly  fewer  beetle 
attacks.  Within  beetle  galleries,  we  observed  significantly  greater  numbers  of  dead  foundresses 
in  fungus- sprayed  logs.  These  logs  also  had  significantly  smaller  galleries  and  fewer  offspring. 
Fungus-infected  larvae,  pupae  and  next-generation  adults  were  also  observed.  We  have  tested 
fungal  dosages  and  monitored  fungal  persistence.  These  two  fungi  and  a  mycoparasitic  fungus, 
Trichoderma  harzianum ,  all  show  promise  as  tools  for  managing  pest  ambrosia  beetles. 
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Ambrosia  beetles  Xylosandrus  crassiusculus  and  X.  germanus  are  serious  pests  of  orchards  and 
nurseries  in  the  US.  Both  beetles  attack  a  wide  range  of  tree  species,  causing  dieback  from  the 
growth  of  their  fungal  symbionts  in  galleries  that  block  transport  of  water  and  nutrients. 
Additionally,  ambrosia  beetles  could  carry  plant  pathogenic  bacteria  and  fungi.  Control  options 
against  these  beetles  are  limited  because  of  their  cryptic  habits.  Our  studies  on  the  use  of 
biological  control  fungi  to  target  emerging  foundresses  and  their  developing  brood  have  shown 
promising  results.  Both  beetle  species  are  susceptible  to  entomopathogenic  fungi  Beauveria 
bassiana  and  Metarhizium  brunneum ,  and  cadavers  of  infected  foundresses  generate  fungal 
inocula  to  also  infect  their  brood.  Furthermore,  any  antagonistic  interactions  between  B.  bassiana 
or  M.  brunneum  and  the  beetle  symbionts  could  enhance  the  impact  of  these  biological  control 
fungi  on  beetle  populations  since  the  beetles  depend  primarily  on  their  symbionts  for  food. 
Another  strategy  would  be  to  target  the  symbionts  directly  by  use  of  mycoparasitic  fungi  like 
Trichoderma  spp.  Our  studies  on  competitive  interactions  between  biological  control  fungi  and 
the  fungal  symbionts  have  shown  negative  impact  of  fungi  B.  bassiana  and  T.  harzianum  on  the 
growth  of  Ambrosiella  roeperi  and  A.  grosmanniae  associated  with  X  crassiusculus  and  X 
germanus ,  respectively.  Exposure  of  foundresses  to  logs  treated  with  T.  harzianum  also  resulted 
in  a  reduction  in  the  number  of  foundresses  producing  brood  and  in  their  brood  size,  indicating 
the  potential  of  targeting  ambrosia  beetles  indirectly  by  killing  or  suppressing  symbiont  growth 
in  their  galleries. 
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As  an  introduction  to  the  symposium,  this  talk  will  highlight  milestones  in  silkworm  genomic 
and  transgenic  research.  Since  its  release  in  2004/2008,  the  genome  sequence  of  the 
domesticated  silkworm,  Bombyx  mori,  has  served  as  a  reference  for  comparative  genomics  in 
Lepidoptera  and  other  insects,  facilitating  research  to  uncover  common  mechanisms  for 
fundamental  biological  processes  and  key  evolutionary  trends.  The  robust  genetic  and  molecular 
resources  developed  for  the  silkworm  genome  project,  such  as  physical-genetic  maps,  partial  and 
full-length  cDNA  libraries,  developmental  and  tissue-specific  microarrays,  and  RNA-seq  data, 
have  catalyzed  and  facilitated  research  in  many  areas.  These  include  positional  cloning  of  genes 
underlying  classical  mutations  (e.g.,  cocoon,  egg,  and  embryo  coloration,  larval  body  markings, 
wing  development  and  patterning,  virus  and  insecticide  resistance),  analysis  of  multigene 
families  and  their  chromosomal  organization,  studies  of  lepidopteran  karyotype  evolution 
(synteny),  and  mechanisms  of  Lepidoptera-specific  processes  like  sex  determination  and  dosage 
compensation.  Critical  to  functional  genomics  research  has  been  the  development  and 
application  of  many  transgenic  and  gene  editing  techniques  using  the  silkworm  and  subsequently 
applied  to  other  lepidopteran  species.  These  include  piggyBac-mediated  germline  and  somatic 
gene  transfer,  enhancer  traps,  ZFNs,  TALENs,  CRISPR/Cas9,  and  RNAi.  These  tools  are  not 
only  being  used  to  discover  genes  and  validate  gene  function,  but  also  to  enhance  the  silkworm 
itself  as  a  host  for  gene  engineering,  for  improved  sericulture,  and  as  a  potent  bioreactor  to 
produce  novel  silks,  medical,  and  other  value-added  products. 
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Introduction:  Transgenic  techniques  have  greatly  contributed  to  the  promotion  of  a  wide  variety 
of  silkworm  ( Bombyx  mori)  studies  including  gene  functional  analysis,  practical  researches  and 
others.  Development  of  a  versatile  tool  for  transgenesis  and  genome  engineering  is  an  important 
issue  to  facilitate  studies  of  silkworm  and  other  insects. 


Methods:  We  here  attempted  to  develop  a  novel  transgenic  marker  that  enables  the  easy 
screening  of  the  transgenic  silkworms.  The  silkworm  enhancer  trap  lines  or  mutant  strains  of 
eggs  or  eye  colors  were  analyzed  to  identify  genes  that  can  be  utilized  for  this  purpose.  We  also 
improved  the  genome  editing  tools,  especially  TALENs,  to  carry  out  an  efficient  knock-out  and 
knock-in  of  the  target  genes. 

Results/Conclusion:  We  identified  several  genes  that  are  responsible  for  the  coloration  of  the 
silkworm  eggs,  eyes  or  larval  body.  Using  these  genes,  we  succeeded  to  establish  a  visible 
transgenic  marker  that  enables  the  efficient  transgenic  screening.  The  hsp90  promoter  was  found 
to  be  able  to  induce  transgene  expression  strongly  and  ubiquitously  in  various  silkworm 
developmental  stages  and  this  promoter  can  also  be  utilized  for  the  easy  detection  of  the 
transgenic  individuals  as  well  as  for  strong  gene  expression.  We  further  succeeded  in  the 
efficient  knock-out  and  knock-in  of  BLOS2  gene  using  the  improved  TALENs  and  novel  knock- 
in  technique,  that  is,  PITCh  system.  We  consider  that  these  tools  will  definitely  contribute  to  the 
further  promotion  of  the  silkworm  studies,  both  in  the  basic  and  practical  aspects. 
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Introduction:  We  identified  the  female-specific  Fem  piRNA,  which  is  derived  from  the  Bombyx 
mori  W  chromosome.  This  piRNA  forms  a  complex  with  Siwi  and  cleaves  an  mRNA  of  Z 
chromosome-linked  masculinizing  gene  Masc ,  thereby  determining  the  femaleness  of  B.  mori 
(Kiuchi  et  al.,  Nature ,  2014).  Interestingly,  Masc  also  controls  dosage  compensation  during 
embryogenesis,  and  RNAi-mediated  knockdown  of  Masc  mRNA  causes  male-specific  lethality 
at  the  embryonic  stage. 

Methods:  To  know  the  effects  of  disruption  of  the  Masc  gene  on  both  masculinization  and 
dosage  compensation,  CRISPR/Cas9-mediated  gene  knockout  was  performed. 

Results/Conclusion:  We  successfully  established  four  knockout  strains  for  the  Masc  gene.  Three 
of  them  produced  N-  or  C-terminally  truncated  Masc  proteins.  Masc  protein  has  tandemly 
arranged  two  CCCH  zinc  finger  (ZF)  domains  that  are  conserved  in  the  N-terminal  region  among 
lepidopteran  insects.  One  of  the  three  strains  lacked  both  of  the  ZF  domains,  but  all  three  strains 
exhibited  no  significant  phenotypes  throughout  the  development,  indicating  that  the  ZF  domains 
are  not  essential  for  both  masculinization  and  dosage  compensation.  The  other  knockout  strain 
which  lacked  the  C-terminal  one -third  of  the  protein  but  retained  the  ZF  domains  exhibited  male- 
specific  embryonic  lethality  in  homozygous  knockout  individuals.  These  results  imply  an 
essential  role  of  the  “unidentified”  functional  region  of  the  Masc  protein. 
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Intruduction:  Gene  dose  difference  between  the  sexes  is  often  regulated  by  the  mechanism  of  sex 
chromosome  dosage  compensation  (DC).  ZW  systems  (birds  and  reptiles)  showed  a  general  lack 
of  DC.  In  the  moth  species  Manduca  sexta  and  Plodia  interpunctella  dosage  was  found  to  be 
complete  and  incomplete  respectively.  However,  studies  in  Bombyx  mori  has  yielded 
contradicting  results  thus  far;  showing  no  compensation  in  the  previous  studies  (microarray)  and 
a  possible  existence  of  DC  in  a  recent  report  (reanalysis  of  microarray). 

Methods:  In  this  study,  we  did  RNA- sequencing  of  three  early-stage  (78h,  96h  and  120h)  sexed 
embryos  and  fifth  instar  larval  heads  to  show  that,  Bombyx  Z  chromosome  is  indeed  dosage 
compensated. 

Results/Conclusion:  Comprehensive  analysis  of  gene  expression  in  different  stages  reveals  that 
the  onset  of  DC  occurs  at  about  96h.  Analyses  of  head  RNA-seq  data  confirm  the  existence  of 
complete  DC  in  Bombyx.  Unlike  other  ZW  species,  Bombyx  is  a  special  case  wherein  average  Z 
chromosome  expression  is  significantly  lesser  than  that  of  autosomes  in  both  the  sexes. 

However,  we  suggest  the  existence  of  DC  in  Bombyx  as  the  observed  overall  Z  chromosome 
expression  level  is  not  significantly  different  between  the  sexes.  The  observed  DC  is  possibly 
achieved  by  reduced  expression  of  genes  on  Z  chromosome  in  males.  To  our  knowledge,  this  is 
the  first  report  verifying  the  existence  of  DC,  in  B.  mori  using  NGS  data.  We  conclude  that 
Bombyx  Z  chromosome  is  dosage  compensated  and  its  expression  is  just  over  half  to  that  of  the 
autosomes. 
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Introduction:  Here  we  report  on  patterns  of  sex  chromosome  dosage  compensation  inferred  from 
RNA-seq  in  two  major  lepidopteran  lineages  not  yet  surveyed:  butterflies  and  Tortricid  moths. 

Methods:  In  butterflies  we  focus  on  Heliconius  melpomene ,  using  a  fully  sequenced  genome. 
Analyses  in  the  Tortricid  moth,  Cydia  pomonella  (codling  moth),  are  based  on  de  novo 
transcriptome  assemblies. 

Results/Conclusion:  Both  species  show  that  average  Z  chromosome  expression  is  significantly 
lower  than  autosomes  in  both  sexes,  similar  to  previous  reports  in  bombycoid  moths,  and 
suggesting  a  novel  mechanism  of  dosage  compensation  exists  in  the  Lepidoptera.  Notably,  C. 
pomonella  carries  a  neo-Z  chromosome  arising  from  the  fusion  of  the  ancestral  Z  with  an 
autosome;  this  neo-Z  also  appears  to  be  down-regulated  in  males.  In  Heliconius ,  but  not  C. 
pomonella ,  we  detect  a  significantly  greater  global  Z  expression  in  males  over  females, 
indicating  dosage  compensation  is  imperfect  in  this  species.  However,  the  magnitude  of  this 
dosage  effect  is  much  less  than  the  magnitude  of  reduced  Z  expression  in  both  sexes.  Patterns  of 
sex-biased  expression  show  an  excess  of  male-biased  genes  on  the  Z  chromosome,  consistent 
with  predictions  from  sexual  antagonism  theory. 
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Transgenic  techniques  are  powerful  methods  for  elucidating  gene  functions,  but  such  methods 
are  available  for  only  a  few  insect  species.  RNA  interference  (RNAi)  is  another  option  for 


functional  analysis,  but  a  low  efficiency  of  introducing  double  strand  RNA  into  cells  restricts  its 
availability  in  some  insect  species,  such  as  Lepidoptera  and  Diptera.  To  overcome  such 
problems,  we  have  recently  developed  a  novel  method  using  electroporation  which  enables  both 
stable  over-expression  and  efficient  knocking  down  of  the  target  gene  (1).  Under  the  appropriate 
conditions  for  electroporation,  somatic  transgenesis  with  the  piggyBac  system  enables 
exogenous  gene  expression  stably  in  late  development  of  the  silkworm,  Bombyx  mori. 
Additionally,  using  siRNA  or  DNA  vector-driven  short  hairpin  (sh)  RNA,  RNAi  can  be 
efficiently  induced  in  the  electroporated  cells.  We  have  established  this  method  not  only  in  the 
silkworm  but  also  in  the  swallowtail  butterflies,  Papilio  xuthus,  Papilio  polytes  (2)  and  the  red 
flour  beetle  Tribolium  castaneum.  Using  these  methods,  we  have  succeeded  to  analyze  various 
developmental  phenomena,  such  as  color  pattern  formation  in  larval  epidermis  and  butterfly 
wings,  and  antennal  development.  The  method  is  also  advantageous  to  perform  the  mosaic 
analyses  for  the  essential  (lethal)  gene  in  late  development.  This  novel  technique  provides  a 
powerful  tool  for  rapid  and  in  vzvogenetic  analysis  in  broad  range  of  insects. 

References: 

1.  Ando,  T.  &  Fujiwara,  H.  (2013)  Development ,  140,  454-458. 
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Introduction:  Africa  is  endowed  with  rich  biodiversity  which  is  under  pressure  as  the  livelihoods 
of  most  people  are  directly  tied  to  these  natural  resources.  There  is  therefore  the  need  to  ensure 


sustainable  utilization  of  biodiversity  resources  as  opposed  to  over-exploitation  or  denying 
people  access  to  biodiversity  resources  or  their  benefits.  Wild  silk  farming  has  the  potential  as  an 
economic  incentive  for  poor  rural  communities  living  close  to  the  forest  to  participate  in 
biodiversity  conservation  through  sustainable  utilization  of  forest  resources  in  Africa,  where 
forest  exploitation  remains  a  major  problem.  Although,  wild  silk  constitutes  a  small  percentage 
of  the  world’s  silk  production,  its  uniqueness  is  highly  adored. 

Methods:  A  literature  review  was  done  using  relevant  information. 

Results/Conclusion:  Important  wild  silkmoth  species  in  Africa  include,  Gonometa  postica 
Walker  (Lepidoptera:  Lasiocampidae),  Anaphe  panda  (Boisduval)  (Lepidoptera: 
Thaumetopoeidae),  Argema  mimosae  (Boisduval)  (Lepidoptera:  Saturniidae)  and  Epiphora  spp. 
(Lepidoptera:  Saturniidae).  They  feed  on  different  indigenous  host  plant  species.  G.  postica  feeds 
on  some  Acacia  spp.  (Fabaceae),  A.  panda  feeds  on  Bridelia  micrantha  (Hochst.)  Baill. 
(Euphorbiaceae),  A.  mimosae  feeds  on  Sclerocarya  birrea  (A.  Rich.)  Hochst.  (Anacardiaceae) 
and  Epiphora  spp.  feed  on  Ziziphus  spp.  (Rhamnaceae).  Semi-captive  rearing  of  these  wild 
silkmoths  is  being  used  to  augment  their  natural  population.  Silk  farmers  could  plant  these  host 
plants  for  silkworm  rearing  and  collection  in  the  farmlands  and  buffer  zones  to  reduce  the 
pressure  on  the  forest.  This  review  will  discuss  the  potential  of  wild  sericulture  in  Africa  as  an 
important  agro-industry  to  offer  alternative  income  to  farmers  and  promote  biodiversity 
conservation. 
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Introduction:  Forests  are  wealthy  as  regards  to  insects  which  provide  many  useful  products. 

Many  people  especially  forest  managers  still  consider  insects  as  pest  and  overlook  the 
opportunity  to  use  the  commercial  insect’s  potential  to  alleviate  poverty.  Commercial  insects  like 
wild  silkmoths,  exist  in  the  forest  eco-system,  and  can  be  integrated  into  the  forest  based 
sericulture  to  improve  community  livelihoods.  In  Arabuko  Sokoke  forest,  Kenya  (3°20’S, 
39°55’E),  communities  living  adjacent  to  the  forest  benefit  from  a  whole  a  range  of  forest 
resources  but  not  forest  based  sericulture. 


Methods:  The  general  purpose  of  this  study  was  to  survey  diversity  of  wild  silkmoth’s  in 
Arabuko  Sokoke  forest  and  their  indigenous  host  plants  to  determine  their  potential  in  forest 
based  sericulture.  The  distribution  of  the  wild  silkmoth’s  and  host  plants  was  studied  through 
Global  Position  System  and  mapped  with  Geographical  Information  System  within  the  forest  and 
also  farmlands.  The  food  plants  were  initially  identified  through  random  sampling  of  larvae  and 
cocoons  on  them.  This  was  confirmed  by  rearing  the  larvae  on  the  identified  host  plants. 

Results/Conclusion:  Argema  mimosae  Boisduval  (Lepidoptera:  Saturniidae),  Gonometa  postica 
Walker  (Lepidoptera:  Lasiocampidae)  and  Epiphora  mythiminia  Westwood  (Lepidoptera: 
Saturniidae)  were  identified  as  the  common  wild  silkmoths  found  in  this  forest.  The  wild 
silkmoths  were  found  on  different  host  plants  discussed  in  this  study.  The  study  revealed 
potential  wild  silkmoth  species  in  the  forest  and  also  in  the  farmland,  which  can  be  integrated 
into  the  sericulture  industry,  to  generate  income  linked  with  forest  conservation  through 
Participatory  Forest  Management  (PFM). 
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Abstract  text: 

Introduction:  An  Anaphe  panda  (Ap)  silk  from  Kakamega  forest  of  western  Kenya  was 
successfully  fabricated  via  electro-spinning/netting  technology  into  nano-fibers/nets  (NFN) 
membrane  with  attractive  structures  consisting  of  common  electrospun  nanofibres  and  2- 
dimensional  fishnet-like  structured  nano-nets.  The  exceptional  structures  of  NFN  membranes 
such  as  extremely  small  diameter  (<20  nm),  high  porosity,  large  specific  surface  area,  etc. 
coupled  with  silk  biocompatibility  make  this  Ap  silk  NFN  membrane  a  promising  candidate  for 
biomedical  applications. 

Methods:  In  the  present  study,  we  first  used  field  emission  scanning  electron  microscopy  (FE- 
SEM)  to  investigate  the  influence  of  solution  and  humidity  on  nano-nets  coverage  and 
morphology.  Furthermore,  the  mechanical  properties  of  the  membrane  were  tested.  Fourier 
transform  infrared  (FT-IR)  spectroscopy  was  also  used  to  analyze  the  structural  conformation 
changes  from  random  coil  to  p-sheet  in  the  NFN  membrane. 

Results/Conclusion:  The  FE-SEM  images  revealed  that  nano-net  coverage  area  increases  with 
increase  in  solution  concentration  while  lower  humidity  promotes  nano-nets  formation.  The 
results  from  mechanical  properties  showed  that  the  Ap  silk  NFN  membrane  possesses  a  breaking 
stress  of  3.4  MPa  and  breaking  strain  of  13.8%.  The  results  of  the  FT-IR  spectroscopy  confirmed 
that  through  ESN,  a  fascinating  3D  structured  biomaterial  consisting  of  2D  spider-web-like  AP 
nano-nets  could  be  finely  controlled  by  varying  electrospinning  parameters.  The  resulting 
material  is  applicable  for  biomedical  applications  like  cell,  tissue  culture,  wound  healing 
material,  etc. 


Symposium 

Presentation  Title:  Assessment  of  sericin  loss  and  spun  silk  yield  from  cocoons  of  G onometa 
postica  (Fepidoptera:  Bombycidae) 

Author  Name:  Esther  Kioko 


Author  Institution:  National  Museums  of  Kenya 


Session  Title:  Symposium:  Wild  Sericulture  for  Alternative  Income  and  Economic  Incentive  for 
Biodiversity  Conservation 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0033 
DOI:  10. 1603/ICE.2016. 108986 

Abstract  text: 

Introduction:  There  are  several  species  of  wild  silkmoths  that  have  been  recorded  in  Africa. 
Among  them  is  the  African  silk  moth,  Gonometa  postica,  a  species  surviving  on  different  acacia 
plants  in  different  localities.  The  cocoons  of  G.  postica  yield  silk  of  commercial  value, 
comparable  to  the  well-known  Bombyx  mori.  The  maximum  yield  of  raw  silk  from  cocoons  is  an 
important  aspect  of  sericulture.  However,  the  profitability  of  the  cocoons  may  be  affected  by  lack 
of  documented  degumming  procedures. 

Methods:  This  study  was  undertaken  to  determine  the  optimum  time  for  boiling  cocoons  using 
sodium  carbonate  as  the  degumming  agent  and  distilled  water  for  control.  The  test  cocoons  were 
G.  postica  female  cocoons,  G.  postica  male  cocoons  and  B.  mori  cocoons.  The  boiling  time 
regimes  tested  were  30,  60  and  90  minutes. 

Results/Conclusion:  The  results  showed  that  the  mean  sericin  loss  for  all  the  cocoons  and  boiling 
time  regimes  was  significantly  higher  with  sodium  carbonate  compared  to  distilled  water.  The 
mean  percent  sericin  loss  for  all  cocoons  using  sodium  carbonate  at  the  3  boiling  time  regimes 
was  not  significantly  different,  however,  the  mean  floss  weight  for  both  male  and  female 
cocoons  of  G.  postica  was  significantly  higher  at  60  and  90  minutes  compared  to  30  minutes, 
while  no  difference  was  observed  for  B.  mori  cocoons.  The  same  trend  was  observed  for  the 
weight  of  spun  silk  yarn.  It  was  therefore  concluded  that  to  get  high  yield  of  floss  and  spun  silk, 
cocoons  of  G.  postica  should  be  boiled  in  sodium  carbonate  for  60  minutes. 
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Abstract  text: 

Introduction:  The  Asian  citrus  psyllid  (ACP),  Diaphorina  citri ,  is  strongly  influenced  by  visual 
cues.  A  better  understanding  of  the  role  in  visual  orientation  of  psyllids  can  provide  insight  into 
surveillance  and  management. 

Methods:  Electrophysiological  assays  were  conducted  to  determine  the  spectral  sensitivity  of 
adult  psyllids.  Laboratory  assays  were  conducted  to  assess  the  impact  of  different  visual  factors 
on  attraction  and  landing  behavior  of  psyllids. 

Results/Conclusion:  Visual  pigments  with  maxima  at  ultraviolet  (UV),  blue,  green  and  yellow- 
green  portions  of  the  spectrum  contributed  to  the  overall  spectral  sensitivity  of  adult  psyllids. 
Ultraviolet  light  appeared  to  play  a  role  in  ACP  attraction.  In  vertical  walking  assays  responses 
were  strong  to  UV  and  low  to  other  portions  of  the  spectrum.  In  contrast,  in  assays  involving 
flight,  attraction  was  strong  to  a  UV  light  emitting  diode  and  to  ultraviolet  transmitted  light  only 
with  strong  responses  also  seen  to  yellow-green.  Exclusion  of  UV  decreased  attraction  to  both 
yellow  and  green  targets  with  a  larger  decrease  observed  for  yellow  targets.  Polarization  did  not 
appear  to  affect  attraction  of  ACP  to  targets.  Age  affected  attraction  of  ACP  to  yellow  and  green 
targets  with  greater  attraction  at  1  day  of  age  compared  to  4-7  day  old  psyllids.  The  role  of  these 
visual  factors  is  discussed  in  the  context  of  trapping  and  host  plant  finding. 
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Abstract  text: 

Introduction:  The  spread  of  vector-transmitted  pathogens  relies  on  complex  interactions  between 
host,  vector  and  pathogen.  In  sessile  plant  pathosystems,  the  spread  of  a  pathogen  highly  depends 
on  the  movement  and  mobility  of  the  vector.  Also,  densities  of  an  herbivorous  pest  may  be 
impacted  by  landscape  and  orchard  architecture. 

Methods:  We  investigated  how  'Candidatus  Liberibacter  asiaticus'  (CLas)  affects  dispersal 
behavior,  flight  capacity,  and  the  sexual  attraction  of  its  vector,  the  Asian  citrus  psyllid 
( Diaphorina  citri  Kuwayama).  We  also  present  two  orchard  experiments  where  the  densities  of 
the  D.  citri  were  compared  depending  on:  (1)  the  presence  or  absence  of  a  windbreak  and  (2)  if 
the  orchards  consisted  of  a  solid  set  re-planting  or  an  orchard  with  a  mixture  of  mature  and  reset- 
replacement  trees. 

Results/Conclusion:  Our  study  indicates  that  the  phytopathogen,  CLas,  may  manipulate 
movement  and  mate  selection  behavior  of  their  vectors,  which  is  a  possible  evolved  mechanism 
to  promote  its  own  spread.  These  results  have  global  implications  for  both  current  huanglongbing 
models  of  disease  spread  and  control  strategies.  Also,  more  psyllids  were  found  in  the  solid  set 
re-plantings  as  compared  with  on  the  resets  within  mature  orchards.  Overall  our  data  suggest  that 
establishment  and  conservation  of  windbreaks  might  be  beneficial  to  protect  orchards  from  D. 
citri.  The  data  also  suggest  that  D.  citri  populations  increase  more  within  uniform  landscapes  of 
seedling  trees  as  compared  with  mature  orchards  with  randomly  interspersed  young  seedlings. 
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Abstract  text: 

Introduction:  Ca.  Liberibacter  asiaticus  (CLas)  is  the  obligate,  fastidious  bacterial  pathogen  that 
causes  citrus  greening  disease,  or  Huanglongbing.  CLas  is  transmitted  in  a  circulative, 
propagative  manner  by  Asian  citrus  psyllid  (ACP)  Diaphorina  citri  Kuwayama  adults. 
Identification  and  functional  characterization  of  effectors  involved  in  invasion  of  the  psyllid  gut 
and  its  presumed  entry  into  the  salivary  glands  was  investigated  using  transcriptomic,  proteomic, 
yeast-2  hybrid  (Y2H)  and  co-immunoprecipitation  (Co-IP)  analyses. 

Methods:  In  silico  annotation  and  differential  expression  analysis  of  contigs  from  ACP  nymphs 
and  adults,  and  adult  midgut  and  salivary  gland  tissues  identified  transcripts  and  proteins  with 
altered  expression  in  response  to  CLas  infection.  Several  differentially  expressed  transcripts  were 
selected  and  used  as  bait  for  Y2H  detection  of  protein-protein  interactions.  Those  positive  by 
Y2H  were  subjected  to  verification  by  bait  to  prey  co-transformation  and  Co-IP.  Proteins 
positive  in  one  or  both  assays  were  tested  in  ‘knock  down’  experiments  using  dsRNA  to  induce 
RNA-interference  (RNAi)  and  quantified  by  qPCR.  Candidates  of  the  greatest  interest  have  been 
those  with  a  predicted  role  in  virulence  and  invasion,  that  if  disrupted  by  RNAi  could  abate  CLas 
accumulation  in  and  exit  from  the  gut,  circulation  in  hemolymph  and  systemic  infection,  and 
acquisition  e.g.  in  salivary  glands. 

Results/Conclusion:  Collectively,  the  results  suggest  a  model  for  invasion  in  which  CLas-  and 
prophage-encoded  effectors  transform  the  endocytic  host  pathway  into  a  ‘pathogen-mediated 
phagocytic  scenario’  utilizing  membrane  ruffling  in  CLas  interactions  with  the  gut,  leading  to 
bacterial  exit  into  the  hemocoel  and  systemic  invasion  of  other  psyllid  host  tissues  and  organs. 


Symposium 


Presentation  Title:  Harnessing  the  Asian  citrus  psyllid  microbiome  for  management  of 
huanglongbing 

Author  Name:  Kirsten  S.  Pelz-Stelinski 
Author  Institution:  University  of  Florida 

Session  Title:  Symposium:  Biology,  Ecology,  and  Management  of  the  Asian  Citrus 
Psyllid,  Diaphorina  citri,  Vector  of  Huanglongbing 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0041 

DOI:  10. 1603/ICE.2016. 92590 

Abstract  text: 

Introduction:  The  Asian  citrus  psyllid  ( Diaphorina  citri  Kuwayama)  is  an  insect  pest  capable  of 
transmitting  Candidatus  Liberibacter  asiaticus  (CLas),  the  causal  agent  of  citrus  greening  in 
North  America.  D.  citri  also  harbors  three  endosymbionts,  Wolbachia,  Candidatus  Carsonella 
rudii,  and  Candidatus  Profftella  armatura,  and  may  host  several  commensal  gut  bacteria. 
Although  genomic  research  on  these  bacteria  has  been  conducted,  much  remains  unclear 
regarding  their  biology,  ecology,  and  inter-population  variability  in  D.  citri. 

Methods:  We  examined  the  densities  of  each  endosymbiont  in  adult  D.  citri  sampled  from 
different  populations  using  quantitative  PCR.  Wolbachia  were  categorized  using  multilocus 
sequencing  typing  (ML ST)  analysis  to  identify  candidates  for  use  a  natural  “biological  control” 
agent  for  eliminating  CLas  transmission.  Fitness  and  transmission  assays  were  conducted  to 
determine  the  effects  of  symbiont  populations  on  D.  citri  life  history. 

Results/Conclusion:  Under  field  conditions,  the  densities  of  all  three  endosymbionts  were 
positively  correlated  with  each  other,  and  they  are  associated  with  D.  citri  gender  and  locality.  In 
addition,  the  infection  density  of  CLas  also  varied  across  populations.  Results  suggested  that 
inter-population  variability  in  Wolbachia  infection  density  is  associated  with  the  genotypes  of 
either  the  endosymbionts  or  the  host.  MLST  analysis  suggested  a  single  origin 
for  Wolbachia  infecting  U.S.  populations  of  D.  citri. 
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Abstract  text: 

Introduction:  Is  Diaphorina  citri  a  species  complex?  How  are  the  global  samples  of  D. 
citri  related?  Why  does  species  delimitation  matter?  Species  delimitation  directly  impacts  on 
global  biosecurity.  It  is  a  critical  element  in  the  decisions  made  by  national  governments  in 
regard  to  the  flow  of  trade  and  to  the  biosecurity  measures  imposed  to  protect  countries  from  the 
threat  of  invasive  species. 

Methods:  Species  delimitation  is  also  crucial  in  ensuring  the  biological  control  suggested  for  the 
pest  is  matched  correctly.  Worldwide  genetic  diversity  of  D.  citri ,  based  on  mitochondrial 
cytochrome  oxidase  I  (mtCOI)  DNA  sequences,  suggests  the  existence  of  eight  haplotypes  (Dcit- 
1  to  Dcit-8)  (Boykin  et  al.,  2012). 

Results/Conclusion:  I  will  be  discussion  our  most  recent  work  correlating  molecular  results  with 
morphological  data.  In  addition,  I  will  show  the  link  we  have  made  between  D.  citri  in  Florida 
and  Iran — suggesting  the  need  to  further  study  the  global  genetic  diversity  of  D.  citri  and  a  the 
need  to  look  for  biological  controls  outside  of  the  current  focus  area. 
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Abstract  text: 

Introduction:  Huanglongbing  (HLB,  citrus  greening  disease)  is  one  of  the  most  devastating  citrus 
diseases  in  the  world.  In  Florida,  it  is  associated  with  a  bacterium  Candidatus  Liberibacter 
asiaticus  (Las)  and  transmitted  by  a  psyllid,  Diaphorina  citri  Kuwayama. 

Methods:  We  tested  D.  citri  collected  in  many  different  venues  over  a  period  of  six  years  for  Las 
by  molecular  methods. 

Results/Conclusion:  Results  surprised  us.  First,  positive  D.  citri  can  be  found  long  before 
symptoms  develop  on  the  plants  at  the  site  (Manjunath  et  al.  2008).  Second,  positive  psyllids  can 
ride  on  unprocessed  fruit  in  trailers,  even  when  there  is  no  foliage  (Halbert  et  al.  2010).  Third, 
about  10%  of  psyllid  samples  collected  from  plants  for  sale  in  Florida  tested  positive  for  Las 
(Halbert  et  al.  2012).  Finally,  our  data,  and  a  related  mathematical  model,  predict  a  form  of 
transmission  of  Las  that  vastly  increases  the  potential  for  spread  of  HLB.  The  mechanism  now  is 
known.  The  increase  of  infected  vectors  follows  the  growth  of  the  insect  population,  independent 
of  the  incubation  period  in  the  plant.  The  implications  of  this  new  mechanism  completely  change 
our  understanding  of  the  epidemiology  of  HLB.  It  is  possible  to  have  positive  D.  citri  throughout 
a  grove  before  ever  seeing  a  symptomatic  plant.  This  mechanism  has  profound  implications  for 
disease  spread,  epidemiological  research,  early  detection,  long  range  dispersal,  and  grove 
management. 
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Abstract  text: 


Introduction:  Citrus  greening,  a  serious  citrus  disease,  has  resulted  in  the  loss  of  $9  billion  and 
over  8,000  jobs  in  Florida  and  has  recently  been  detected  in  California  and  Texas.  This  disease  is 
associated  with  species  of  the  gram-negative  bacterium  Candidatus  Liberibacter  (CLs)  that  are 
transmitted  by  the  Asian  citrus  psyllid  ( Diaphorina  citri ).  CLs  is  transmitted  in  a  persistent 
propagative  manner  and  when  ingested  by  the  psyllid  must  traverse  cellular  boundaries  on  its 
journey  from  the  gut  lumen  to  the  salivary  glands.  We  hypothesize  that  protein  interactions  on/in 
the  gut  epithelium  are  critical  for  bacterial  invasion  into  the  insect  and  thus,  critical  for  pathogen 
transmission. 

Methods:  To  test  this  hypothesis  and  reveal  the  molecular  interplay  between  the  insect  and  CLs, 
we  used  quantitative  transcriptomics  and  proteomics  to  compare  the  guts  dissected  from  healthy 
psyllids  and  CLs  (+)  psyllids.  Observations  from  these  omics  studies  were  combined  with  other 
biological  data  to  examine  the  nature/impact  of  CLs  invasion  into  psyllid  cells.  We  also  used  a 
combination  of  RNA  aptamers  and  peptide  libraries  to  identify  interdictory  molecules  that  could 
block  acquisition. 

Results/Conclusion:  The  results  show  that  CLs  impacts  the  Wolbachia  symbiont  in  the  gut  and 
has  a  negative  impact  on  gut  cell  physiology  and  metabolism  in  a  localized  manner.  These  data 
support  the  hypothesis  that  CLs  is  an  insect  pathogen  and  invokes  the  insect's  immune  response 
upon  tissue  invasion.  Furthermore,  we  have  identified  interdictory  molecules  that  affect  bacterial 
acquisition  that  are  being  used  to  study  molecular  interactions  necessary  for  successful 
acquisition. 
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Introduction:  It  has  been  claimed  that  success  of  parasitoids  as  biological  control  agents  can  be 
predicted  by  response  to  increasing  host  densities,  termed  “functional  response”  as  mediated  by 
so-called  “searching  time”  and  “attack  rate”  first  characterized  by  the  Holling  Disk  Equation  and 
later  refined  by  Rogers  (1972).  How  do  these  parameters  relate  to  actual  behavior  exhibited  by 
the  female  wasp  in  the  presence  hosts? 

Methods:  Functional  response  was  evaluated  by  holding  pairs  of  three-day-old  Tamarixia 
radiata  in  50  ML  centrifuge  tubes  with  access  to  an  Murray  a  paniculata  shoot  infested  with  10, 
20,  30,  40,  50,  or  60,  4th  instar  psyllid  nymphs  changed  every  24  hours.  Behaviors  of  individual 
3 -day-old  females  in  petri  dishes  with  the  same  6  host  densities  were  recorded  using  Observer 
software  for  30  minutes. 

Results/Conclusion:  Parasitism  was  highest  with  10  hosts  at  43%  and  least  at  18.5%  with  60 
hosts.  Superparasitism  showed  the  same  trend,  being  highest  (39.4%)  at  the  lowest  host  density. 
Results  confirmed  to  a  Type  II  functional  response  with  attack  rate  (a’)  estimated  by  the  Rogers 
equation  at  9.0  ±  1.3  cm2/hr  and  handling  time  (Th)  of  50.4±  3.6  min/host.  Much  different  results 
were  obtained  with  behavioral  observation:  handling  time  (3.1  ±  0.74  min/host),  defined  as 
probing  +  oviposition,  and  attack  rate  (333  ±  72.6  cm2/hr)  calculated  from  the  Rogers  equation 
which  equates  encounters  to  the  product  of  searching  time,  host  density  and  attack  rate.  The 
search  continues  for  relationships  between  functional  response,  parasitoid  behavior  and 
biological  control  success. 
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Abstract  text: 


Introduction:  Integrated  management  of  the  Asian  citrus  psyllid  (ACP)  vector  of  huanglongbing 
(HLB)  or  citrus  greening  disease  is  important  for  area-wide  management. 

Methods:  Three  separate  organic  programs,  organic  insecticides  applied  alone  (program  1)  or 
with  horticultural  mineral  oil  (HMO)  (program  2)  and  insecticidal  soap  (program  3)  were 
compared  with  one  conventional  program  for  impact  on  ACP  and  beneficial  insects  including 
release  of  parasitoid  Tamarixia  radiata  in  bearing  citrus  in  southwest  Florida. 

Results/Conclusion:  During  the  dormant  winter  season,  Pyganic  alone  or  with  435  oil  or  M-pede 
applied  in  November,  December  and  January  and  Danitol  applied  in  November  and  January  all 
provided  significant  reduction  in  ACP  with  residual  effects  lasting  longer  for  Danitol.  Pyganic 
with  435  oil  or  M-pede  performed  better  than  Pyganic  alone.  Organic  programs  2  and  3  rotated 
organic  insecticides  with  435  oil  or  M-pede  resulting  in  50%  reduction  in  use  of  organic 
insecticides  while  providing  better  ACP  control  than  program  1  with  organic  insecticides 
only.  However,  ACP  was  reduced  more  by  the  conventional  program.  Tamarixia  radiata , 
ectoparasitoid  of  ACP  nymphs  was  released  in  all  programs  but  recovered  more  from  ACP 
nymphs  in  the  organic  program  than  the  conventional  program.  Monthly  applications  of  Pyganic 
with  435  oil  and  M-pede  during  dormant  season  and  rotation  of  organic  insecticides  with  oil  or 
soap  during  growing  season  appear  to  be  reasonable  options  for  ACP  management  in  organic 
citrus.  Organic  insecticides  will  also  be  suitable  for  conventional  citrus  growers  as  selective 
options  to  avoid  excessive  use  of  non-selective  insecticides,  to  limit  pesticide  resistance  and 
harm  to  beneficial  insects. 
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Abstract  text: 


Introduction:  Huanglonbing  (HLB)  is  considered  the  most  destructive  disease  for  citrus  crops.  Its 
management  mostly  relies  on  intensive  insecticidal  control  of  its  vectors.  The  Asian  citrus  psyllid 
(ACP),  Diaphorina  citri  Kuwayama  is  its  most  important  vector.  At  the  present  ACP  has  spread 
throughout  most  of  the  citrus  growing  areas  of  Asia,  where  it  likely  originated,  and  the  Americas. 
While  intensive  insecticide  action  slows  spread  of  the  disease  and  decreases  severity  after 
establishment,  sustainability  is  still  in  question.  No  studies  have  yet  evaluated  the  optimum 
frequency  of  insecticide  applications  during  the  growing  season  under  conditions  of  high  HLB 
incidence. 

Methods:  Our  study  included  two  four-year  replicated,  large-scale  studies  conducted  in  Florida 
commercial  citrus  groves  under  moderate  to  high  HLB  incidence.  We  related  different  degrees  of 
insecticide  control  with  ACP  abundance  and  ultimately,  with  their  HLB-associated  yield  losses. 
All  management  costs  as  well  as  production  benefits  were  estimated  for  each  season  and  the 
whole  study  period. 

Results/Conclusions:  We  found  a  positive  and  significant  relationship  between  vector  densities 
and  yield  losses  although  it  varied  between  groves,  possibly  due  to  varying  initial  HLB  infection 
levels,  ACP  populations  or  cultivar  response.  Based  on  this  relationship,  treatment  thresholds 
during  the  growing  season  can  be  obtained  as  a  function  of  application  costs,  juice  market  prices 
and  ACP  densities.  The  use  of  treatment  thresholds  for  mature  trees  with  high  incidence  of  HLB 
could  help  reduce  uneconomic  insecticide  sprays  and  help  settle  the  basis  for  the  currently 
inexistent  IPM  programs  for  this  vector-disease  system. 
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Introduction:  Florida  citrus  production  has  plummeted  by  almost  50%  in  the  last  10  years, 
although  many  Florida  growers  still  maintain  yields  in  spite  of  huanglongbing  (HLB)  by 
increasing  inputs  of  insecticides  and  nutrients.  Consequently,  focus  is  shifting  to  health  and 
profitability  of  the  next  generation  of  trees.  Area  wide  Asian  citrus  psyllid  (ACP,  Diaphorina 
citri )  management  and  new  planting  systems  are  needed  to  maintain  tree  health  and  bring  new 
blocks  into  rapid  production.  We  have  been  experimenting  with  planting  systems  based  on  use  of 
metalized  UV  reflective  polyethylene  film  as  ground  cover  to  repel  ACP  from  newly  planted 
citrus  in  Florida. 

Methods:  Ground  was  prepared,  film  mechanically  installed  as  a  120-cm  wide  mulch  strip  into 
which  trees  were  planted.  Drip  irrigation  was  used  to  inject  fertilizer  and  systemic  insecticides  as 
needed  for  optimal  tree  growth. 

Results/Conclusion:  Metalized  mulch  significantly  reduced  ACP  populations  and  HLB  incidence 
compared  to  whiteface  mulch  or  bare  ground.  The  mulch  plus  drip  system  increased  soil 
moisture,  reduced  weed  pressure,  and  increased  tree  growth  rate.  Chemogation  proved  more 
efficient  than  soil  drenches  for  delivering  systemic  insecticide  after  root  system  establishment. 
Composted  horticultural  waste  incorporated  into  the  beds  prior  to  planting  increased  cation 
exchange  capacity,  water  holding  capacity  and  microbial  diversity,  further  accelerating  growth. 
Thus,  metalized  mulch  and  attendant  technologies  can  augment  current  ACP  control  measures 
for  young  trees  based  solely  on  systemic  insecticides.  The  potential  to  more  than  compensate  for 
additional  costs  by  shortening  time  to  crop  profitability  has  inspired  several  large-scale  trials  in 
young  citrus  plantings  threatened  by  HLB. 
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Abstract  text: 


The  past  two  decades  have  seen  considerable  advancements  in  the  conceptualization  of  new 
hypotheses  and  a  greater  understanding  of  the  historical  biogeography  and  diversity  patterns  of 
Malagasy  plants  and  animals.  To  a  large  extent,  this  has  been  the  direct  result  of  renewed 
biological  inventories  on  the  island,  associated  systematic  studies,  and  the  critical  link  to 
molecular  genetics.  As  an  overview  associated  with  the  “Arthropods  of  Madagascar:  Historical 
Biogeography,  Diversity,  and  Patterns  of  Distribution”  symposium,  examples  are  presented  of 
these  different  hypotheses,  calling  from  published  work  on  plants,  invertebrates,  and  vertebrates 
from  Madagascar  and  neighboring  islands.  Different  axes  are  emphasized  associated  with 
inferred  historical  biogeography,  1)  those  deep  in  geological  time  vs.  the  Quaternary  and  2)  those 
that  show  concordant  vs.  non-concordant  patterns  across  different  biotic  groups  or  bioclimatic 
regions  of  the  island.  Given  the  size  and  extraordinary  biological  diversity  of  the  island,  as  well 
as  considerable  ecological  shifts  associated  with  Quaternary  climatic  change,  it  is  only  expected 
that  no  single  unifying  hypothesis  can  explain  current  biodiversity  patterns.  Even  though  very 
significant  advances  have  been  made  in  understanding  what  organisms  occur  on  Madagascar 
today,  with  literally  thousands  of  new  species  being  described  over  the  past  two  decades,  the 
paramount  question  is  how  this  information  can  be  used  to  advance  conservation  programs  on 
Madagascar. 
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A  fifteen  year  survey  of  Madagascar  Arthropoda  coupled  with  extensive  collecting  across  the 
austral  continents  reveal  that  the  spider  fauna  of  Madagascar  includes  ancient  vicariance  and 
more  recent  dispersal  elements,  i.e.,  Madagascar  acts  as  both  a  Wallacean  and  Darwinean 
island.  Global  phylogenetic  analyses  of  Pelican  spiders  (Archaeidae),  trap  door  spiders 
(Migidae),  lace-web  builders  (Phyxelididae),  jumping  spiders  (Salticidae,  Padilla)  and  others 
point  to  African,  Asian  and  Gondwanan  affinities  for  the  Madagascar  fauna.  For  pelican 
spiders,  at  least,  Africa  is  a  Darwinean  island. 
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Introduction: 

Species  richness  and  endemism  highlight  the  biodiversity  of  Madagascar  .  Despite  being  one  of 
the  largest  insect  families  distributed  worldwide,  our  knowledge  of  the  leafhoppers 
(Cicadellidae)  of  Madagascar  remains  rudimentary.  Prior  knowledge  of  leafhoppers  in  this 
region  is  based  on  only  five  published  taxonomic  studies  and  very  limited 
sampling.  Leafhoppers  are  excellent  models  for  biogeographic  and  evolutionary  studies  because 
of  their  Mesozoic  Era  origin,  moderate  dispersal  abilities,  and  spectacular  radiation  in  both  the 
New  and  Old  World  tropics.  This  study  is  based  on  leafhopper  phylogeny  and  how  that 
enlightens  our  understanding  of  the  historical  biogeography  of  leafhoppers  in  Madagascar. 

Methods: 

Because  of  the  family’s  diversity,  three  independent  leafhopper  lineages  (Cicadellinae,  Iassinae, 
Idiocerinae)  were  selected  and  phylogenies  of  these  subfamilies,  based  on  molecular  data  (28 S 
rRNA,  Histone  H3,  12S  rRNA,  and  Cytochrome  Oxidase  II),  were  then  used  to  estimate 
divergence  times  to  determine  the  most  likely  scenario(s)  for  the  origin  of  the  Malagasy 
leafhopper  fauna. 

Results/Conclusion: 

A  combination  of  Cretaceous  vicariance  and  Cenozoic  dispersal  events  shaped  the  biogeographic 
patterns  of  Malagasy  leafhoppers.  All  three  lineages  have  endemic  groups  with  origins  that  are 
consistent  with  a  scenario  of  Cretaceous  vicariance,  followed  by  endemic  species  radiation 


within  Madagascar  coinciding  with  the  putative  spread  of  the  eastern  rainforests.  An  ‘Out  of 
Madagascar’  dispersal  to  the  New  World  is  clearly  evident  in  the  subfamily  Cicadellinae,  while 
in  the  other  two  subfamilies  the  closest  non-Malagasy  relatives  of  the  endemic  group  remain 
unclear. 
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Introduction: 

The  first  dryinid  wasps  (Hymenoptera:  Dryinidae)  from  the  Malagasy  subregion  were  described 
by  Kieffer  (1912)  from  the  Seychelles  Islands.  After  papers  of  Ceballos  (1936)  and  Benoit 
(1954,  1963),  Olmi  (1984)  recorded  48  species  from  the  Malagasy  subregion.  More  recently, 
Azevedo  et  al.  (2010)  published  a  catalogue  of  Dryinidae  from  the  Malagasy  subregion,  listing 
123  species  in  15  genera  and  7  subfamilies. 

Methods: 

This  paper  is  based  mainly  on  the  study  of  about  65%  of  more  than  10,000  Malagasy  Dryinidae 
specimens  collected  by  the  California  Academy  of  Sciences  (CAS).  The  examined  material  is 
deposited  in  CAS  collections. 

Results/Conclusion: 

163  species  of  Dryinidae  (104  endemic)  belonging  to  19  genera  and  8  subfamilies  are  known 
from  the  Malagasy  subregion.  The  most  striking  knowledge  gap  regards  the  hosts:  they  are 


known  in  only  three  species.  The  only  true  endemics  appear  to  be  in  the  subfamily 
Apodryininae,  of  which  ten  species  within  three  genera  occur  in  Madagascar.  Females  can  be 
found  in  forest  litter  and  are  apterous  with  reduced  eyes.  Their  biology  is  unknown,  but  their 
hosts  are  probably  nymphs  of  root-feeding  planthoppers  .  Males  are  fully  winged  and  are  often 
collected  in  Malaise  traps.  The  subfamily  Apodryininae  are  probably  Gondwanian  in  origin:  they 
are  in  fact  known  from  Australia,  the  southern  extremity  of  South  America  and  South  Africa,  the 
Galapagos  islands  and  Madagascar.  Apodryininae  are  considered  endangered  species  because,  in 
Madagascar,  forest  degradation  and  destruction  is  rampant  and  is  resulting  in  their 
disappearance. 
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Introduction: 

What  would  it  be  like  to  live  in  a  world  where  you  could  know  the  name  of  any  ant?  And  could 
learn  not  just  its  name,  but  what  it  looks  like,  its  habits,  its  distribution,  whether  it  is  endangered, 
whether  it  is  invasive?  What  if  you  could  do  this  without  visiting  a  museum  or  library?  And 
what  if  this  knowledge  could  also  help  protect  habitats,  monitor  ecosystems,  and  link  the  health 
and  well-being  of  humans  to  that  of  the  natural  world? 

Methods: 

We  set  out  to  make  these  ideas  a  reality  in  Madagascar.  This  has  required  rethinking  the 
traditional  science  program,  the  analog  museum,  and  how  to  provide  data  for  conservation  and 
sustainability  outcomes.  Our  inventory  program  visited  over  300  localities  across  Madagascar, 


visiting  all  major  habitats  across  representative  soil  types  and  bioclimates.  Despite  having  a 
team  of  highly  trained  parataxonomists  and  scientists,  it  was  a  challenge  to  transform  a  collection 
of  over  400,000  pinned  ants  that  include  at  least  800  new  ant  species  into  a  data  set  for 
ecosystem  assessment  and  sustainability  studies. 

Results/Conclusion: 

In  this  talk  I  will  discuss  how  the  creation  of  AntWeb.org  and  the  programmatic  interface  in  R 
(in  collaboration  with  Ropensci.org)  facilitated  the  documentation  of  hundreds  of  new  species, 
enabling  the  data  to  be  accessed  for  conservation  analysis.  This  approach  highlights  the  need  for 
platforms  to  ensure  wide  scale  application  of  biodiversity  data  for  conservation.  This  project  has 
reminded  us  that  science  alone  will  not  slow  the  destruction  of  natural  habitat. 
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Introduction: 

Ant-nest  beetles  ( Paussus )  hack  complex  communication  systems  of  ants,  allowing  them  to 
blend  into  the  ant  society  and  be  treated  as  royalty,  all  the  while  preying  upon  the  ants  and  their 
brood  and  duping  them  into  rearing  their  young. 

Methods: 

A  15-year  survey  conducted  throughout  the  varied  habitats  of  Madagascar  yielded  over  350 
specimens  of  ant-nest  beetles,  a  group  that  is  generally  very  rare,  and  it  more  than  doubles  the 


number  of  Paussus  specimens  and  species  known  to  date.  This  unique  collection  allowed  us  to 
determine  habitat  preferences,  infer  phenological  patterns,  and  undertake  the  first  molecular- 
based  phylogeny  of  the  group. 

Results/Conclusion: 

Malaise  traps  are  the  most  effective  method  of  collecting  Paussus  beetles,  which,  in  Madagascar, 
are  most  abundant  and  diverse  in  dry,  dry  deciduous,  and  spiny  forests.  A  molecular-based 
phylogeny  of  ant-nest  beetles  reveals  that  Malagasy  Paussus  has  undergone  one  of  the  most 
stunning  examples  of  rapid  adaptive  radiation  documented  to  date  in  the  animal  kingdom.  The 
most  recent  ancestor  of  the  Paussus  clade  endemic  to  Madagascar  is  only  2.6  million  years 
old.  This  ancestor  gave  rise  to  a  remarkably  phenotypically  diverse  lineage  of  86  extant  species 
with  a  net  diversification  interval  of  0.38-0.81  million  years,  a  radiation  rate  faster  than  classic 
textbook  examples  of  large,  recent,  rapid  radiations  such  as  Anolis  lizards  on  Caribbean  islands, 
cichlids  of  the  East  African  Great  Lakes,  finches  on  the  Galapagos  Islands,  and  Drosophila  and 
tetragnathid  spiders  on  the  Hawaiian  Islands. 
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Introduction: 

Madagascar  is  a  major  center  of  insular  evolution  for  the  riffle  bug  genus  Rhagovelia ,  which  has 
a  pantropical  distribution  largely  centered  on  the  land  masses  that  formerly  constituted 
Gondwana.  This  insular  radiation  has  remained  under-documented  until  recent  times.  The 


current  study  sought  to  determine  the  number  of  Rhagovelia  species  occurring  on  Madagascar, 
provide  descriptions  of  taxa  new  to  science,  and  map  the  distributions  of  all  species  on  the  island. 

Methods: 

Rhagovelia  collections  from  96  localities  throughout  Madagascar  were  analyzed,  and  20  new 
species  described  based  on  morphological  characters.  All  collection  localities  were 
georeferenced,  and  mapped  using  GIS  software. 

Results/Conclusion: 

The  number  of  endemic  Rhagovelia  species  described  from  Madagascar  increased  from  16  to  36, 
with  2  new  species  still  awaiting  description.  The  distributions  of  these  species  define  four  major 
areas  of  freshwater  endemism  within  the  island,  consisting  of  the  northern  volcanic  highlands, 
the  central  plateau,  the  wet  eastern  forest  region,  and  the  dry  western  region.  Localized  upland 
endemic  species  also  occur  on  the  isolated  massifs  of  Tsaratanana  in  the  north,  the  Ankaratra 
volcano  of  the  central  plateau,  and  Andringitra  in  the  south.  There  is  evidence  for  faunal  linkage 
between  the  Comoro  Islands  and  the  northern  volcanic  mountains  Madagascar,  which  are  of 
similar  geologic  age.  The  closest  ancestors  of  the  Malagasy  radiation  are  unclear,  with  one 
species  group  clearly  allied  to  Africa,  but  with  several  others  having  no  obvious  local 
counterparts  in  Africa  or  India.  This  suggests  the  Madagascar  fauna  may  be  the  product  of 
insular  evolution  in  prolonged  isolation. 
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Introduction:  The  Hemiptera  are  the  most  species-rich  order  of  hemimetabolous  insects, 
characterized  by  piercing  and  sucking  mouthparts  that  have  allowed  them  to  exploit  diverse  food 
sources  and  ecological  niches  across  the  globe.  A  recent  i5k  pilot  project  has  generated  draft 
genomes  for  a  number  of  hemipterans  and  related  insects,  providing  the  first  opportunity  to 
investigate  the  underlying  genomic  features  that  correlate  with  lineage-specific  adaptations  and 
that  are  shared  across  the  order,  making  a  bug  a  bug.  Having  served  as  a  research  model  for 
physiology  and  development  since  the  1960s,  the  milkweed  bug  Oncopeltus  fasciatus  provides 
arguably  the  best  experimental  reference  species  for  the  Hemiptera.  So,  how  representative  is  it 
with  respect  to  genome  evolution? 

Methods:  Here  I  will  compare  results  for  O.  fas  ciatusds  a  specialist  seed  feeder  in  relation  to 
other  hemipterans,  including  the  sap-feeding  pea  aphid  with  its  sexual-asexual  life  cycle,  and 
obligate  blood  feeders  of  the  infraorder  Cimicomorpha. 

Results/Conclusion:  Of  particular  interest  is  the  extent  to  which  genomic  features  can  be 
correlated  with  protein  coding  gene  content,  such  as  for  repetitive  sequence  load  in  relation  to 
lineage-specific  expansions  of  certain  protein  classes,  or  for  GC  content  in  relation  to  gene 
structure.  Furthermore,  orthology  comparisons  across  all  protein  coding  genes  yield  insights  into 
which  key  genes  have  been  uniquely  conserved  among  and  between  hemipteran  infraorders. 
Altogether,  these  analyses  help  to  establish  a  molecular  and  genomic  profile  for  the  Hemiptera. 
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Introduction:  Arthropod  vectors  disseminate  numerous  viruses  that  cause  diseases  in  humans, 
animals,  and  plants.  The  plant-pathogenic  virus  Tomato  spotted  wilt  virus  (TSWV)  is  transmitted 
by  Frankliniella  occidentalis  (Order  Thysanoptera)  in  a  circulative-propagative  manner:  it  is 


transmitted  transstadially,  with  no  apparent  negative  effect  on  vector  fitness.  Very  little  is  known 
about  the  role  of  thrips  molecules  in  vector  competence. 

Methods:  To  begin  to  fill  this  gap,  RNAseq  experiments  were  conducted  to  quantify  whole  body 
transcriptome  response  to  virus  infection  in  first- instar  larval,  pre-pupal,  and  adult  thrips.  Using 
the  Tuxedo  pipeline  and  the  i5k  F.  occidentalis  draft  genome 

(http://www.hgsc.bcm.tmc.edu/content/i5k-western-flower-thrips)  as  a  reference,  single-end 
reads  from  biological  replicates  of  TSWV-infected  and  non-infected  pools  of  insects  were 
mapped  to  produce  one  assembled  transcriptome  per  developmental  stage,  and  reads  were 
enumerated  for  differential  expression  analyses. 

Results/Conclusion:  The  average  number  of  partial  and  full-length  transcripts  across  the  three 
staged  transcriptome s  was  41,258,  of  which  less  than  0.5%  was  differentially  expressed  in 
TSWV-infected  thrips.  The  vast  majority  (90%)  of  differentially  expressed  transcripts  were 
down-regulated  in  larval  thrips  during  early  stages  of  midgut  infection,  while  there  were 
relatively  equal  proportions  of  up-  and  down-regulated  transcripts  in  infected  pre-pupal  and  adult 
thrips.  Blastx  analyses  revealed  significant  numbers  of  non-annotated  transcripts  (33%  -  65%), 
however  InterPro  domain  predictions  revealed  an  enrichment  of  transmembrane  and  signal 
peptide  domains  in  these  sequences.  Overall,  the  effect  of  TS WV  infection  on  the  transcriptome- 
level  response  was  developmental  stage-dependent  and  may  be  associated,  in  part,  with  the 
dissemination  route  of  the  virus  in  the  vector. 
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Introduction:  Although  segmentation  is  a  highly  conserved  feature  of  arthropods,  mechanisms 
regulating  establishment  and  differentiation  of  these  repeated,  metameric  units  vary  across  taxa. 
Most  of  what  has  been  learned  about  the  genetic  control  of  this  process  comes  from  studies  of 
the  model  organism  Drosophila.  Understanding  how  segmentation  mechanisms  vary  and  how 
changes  arose  during  evolution  will  require  studies  of  non-holometabolous  insect  species.  The 
hemipteroid  assemblage  is  the  sister  group  to  Holometabola,  an  excellent  group  for  comparative 
studies.  In  addition,  this  order  includes  pest  species  that  carry  human  pathogens  and/or  devastate 
agricultural  landscapes. 

Methods:  We  have  isolated  orthologs  of  all  nine  Drosophila  pair-riule  segmentation  genes  in  the 
emerging  model  system  Oncopeltus  fasciatus.  All  are  expressed  during  the  time  segments 
established  during  Oncopeltus  development.  Studies  of  their  expression  and  function  are 
underway.  In  addition,  we  have  initiated  studies  of  BMSB,  an  invasive  pest  of  fruit  and  vegetable 
crops  in  the  U.S.  mid- Atlantic  region.  Our  goals  are  to  establish  molecular  genetic  tools  in 
BMSB  to  study  the  evolution  of  mechanisms  regulating  segmentation  and  to  contribute  to  safe 
methods  of  pest  control.  We  have  sequenced  the  BMSB  transcriptome,  established  methods  for 
embryo  fixation,  antibody  staining,  in  situ  hybridization,  and  parental  RNAi  to  knock  down  gene 
expression.  Isolation  of  BMSB  orthologs  of  pair-rule  segmentation  genes  is  underway. 

Results/Conclusion:  Studies  of  the  expression  and  function  of  segmentation  genes  will  provide 
insight  into  body  patterning  and  the  evolution  of  developmental  mechanisms  critical  across 
animal  taxa. 


Symposium 


Presentation  Title:  Dorsoventral  patterning  in  the  milkweed  bug  Oncopeltus  fasciatus :  An 
evolutionary  perspective 

Author  Name:  Siegfried  Roth 

Author  Institution:  University  of  Cologne 

Session  Title:  Symposium:  Ecological  and  Developmental  Insights  from  Comparative 
Hemipteroid  Genomics 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0060 

DOI:  10. 1603/ICE.2016. 93934 

CANCELLED 

Symposium 

Presentation  Title:  Development,  selection,  and  species  diversification 

Author  Name:  Abderrahman  Khila 

Author  Institution:  Ecole  Normale  Superieure 

Session  Title:  Symposium:  Ecological  and  Developmental  Insights  from  Comparative 
Hemipteroid  Genomics 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0061 
DOI:  10.1603/ICE.20 16.944 12 
Abstract  text: 

Introduction:  Acquisition  of  new  ecological  opportunities  is  a  major  driver  of  adaptation  and 
ultimately  speciation.  However,  the  selective  pressures  in  play  and  how  they  interact  with 
developmental  genetic  pathways  in  shaping  adaptive  traits  are  often  unknown.  Water  striders 
(Heteroptera,  Gerromorpha)  have  conquered  water  surfaces  and  diversified  to  occupy  various 
niches  including  ponds,  streams,  and  even  oceans.  Paramount  to  their  success  in  this  new  habitat 
are  adaptive  changes  in  the  shape  and  size  of  their  legs,  which  fulfill  a  range  of  functions  at  the 
water-air  interface,  including  locomotion,  prey-predator,  and  sexual  interactions. 


Methods:  We  explore  the  evolutionary  adaptations  to  an  aquatic  lifestyle  through 
interdisciplinary  approaches  involving  developmental  genetics,  biomechanics,  and  behavioral 
studies. 

Results/Conclusion:  In  this  talk,  we  will  explain  why  water  striders  respond  to  predator  strike 
with  a  quick  jump  in  the  air  rather  than  flight.  We  will  show  how  the  evolution  of  the  trait  that 
enables  this  escape  strategy  was  shaped  through  the  emergence  of  a  novel  genetic  interaction 
between  a  Hox  gene  and  an  ancient  member  of  an  immune  system  pathway.  Finally,  we  will 
detail  how  experimental  manipulation  of  the  trait  resulted  in  a  reduced  performance  in  predation 
tests.  This  presentation  is  an  example  of  how  the  interplay  between  ultimate  ecological  forces 
and  developmental  genetic  processes  can  drive  adaptive  evolution. 
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Introduction:  Oncopeltus  fasciatus  has  been  used  as  a  model  system  in  studies  of  both 
development  and  evolutionary  ecology.  Previous  work  from  our  lab  has  shown  that  male  life 
history  strategies  differ  among  males  reared  on  the  ancestral  diet  of  milkweed  seeds  and  on  the 
adapted  diet  of  sunflower  seeds.  Males  on  the  ancestral  diet  invest  in  late  life  fertility  at  the 
expense  of  survival  compared  to  the  adapted  diet.  Our  current  research  has  explored  the 
proximate  mechanisms  underlying  this  change  in  life  history  trade  off  between  reproduction  and 
longevity. 

Methods:  Males  were  reared  under  the  two  diets.  Male  mating  rates  were  controlled.  We  tested 
the  hypothesis  that  diet  influenced  the  rate  at  which  sperm  were  generated  in  males  late  in  life  by 
examining  the  division  rate  of  germline  stem  cells  in  males  under  the  two  diets.  We  also  tested 


the  hypothesis  that  the  difference  in  germline  stem  cell  division  rate  would  be  reflected  in 
differences  in  the  transcriptome  of  the  region  of  the  testis  containing  the  niche  and  germline  stem 
cells,  while  the  transcriptome  from  the  region  of  sperm  maturation  would  be  similar  on  the  two 
diets. 

Results/Conclusion:  Males  reared  on  milkweed  seeds  fertilized  more  eggs  and  had  more  actively 
dividing  spermatocysts  than  males  reared  on  sunflower  seeds.  We  also  found  significant 
differences  in  expression  levels  of  a  number  of  transcripts  between  the  testes  of  milkweed  and 
sunflower  fed  males.  We  are  currently  identifying  and  verifying  these  transcripts. 
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Global  collaboration  has  never  been  more  important.  Considering  the  grand  challenges  of  this 
century  such  as  increasing  population,  food,  water,  and  energy  security,  and  climate  change, 
international  scientific  collaboration  is  essential  to  address  the  causes,  and  deal  with  the  impacts 
of  these  challenges.  The  growth  of  science  and  its  interdependence  across  the  world  are  laying 
the  basis  for  consensus  on  necessary  actions  to  deal  with  the  challenges  of  our  time. 

The  global  scientific  landscape  has  changed  dramatically  in  the  last  twenty  years.  Since  the 
beginning  of  the  century,  global  spending  on  research  and  development  has  nearly  doubled,  and 
the  number  of  scientific  publications  has  grown  by  almost  a  third.  During  this  period,  the  biggest 
increase  in  scientific  activity  has  occurred  in  China,  India,  and  Brazil.  In  addition,  there  has  also 
been  a  large  increase  in  international  scientific  collaboration.  Today,  over  one-third  of  all 
scientific  papers  have  authors  from  more  than  one  country,  which  is  up  25%  from  fifteen  years 
ago.  Furthermore,  there  is  also  increasing  attention  being  paid  to  human  and  institutional 
capacity  development  in  Africa  and  Central  America.  Collaboration  increases  for  a  variety  of 


reasons  including  improvements  in  communication  technology,  cheaper  travel,  search  for  quality 
and  economies  of  scale,  and  the  need  to  combine  data  from  different  regions  when  studying 
global  problems. 

I  will  address  the  “do’s”  and  “don’ts”  of  international  collaboration  and  present  some  useful  tips 
for  developing  and  sustaining  academic  collaborations  with  other  countries,  with  a  focus  on 
agriculture  and  related  fields. 
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There  is  nothing  more  exciting  than  doing  fieldwork  abroad.  After  you  decide  on  your  sampling 
location,  all  the  preparation  starts  -  buying  your  plane  tickets,  making  sure  that  you  do  not  forget 
the  sunblock  or  mosquito  repellent,  waterproofing  your  hiking  boots,  etc.  However,  doing 
research  and  collecting  specimens  in  a  foreign  country  requires  getting  the  appropriate  permits 
from  the  local  authorities,  which  is  not  always  easy.  In  addition  to  your  research  permits,  if  you 
are  exporting  live  insects,  you  may  also  need  an  export  permit.  To  bring  the  samples  home,  some 
countries  require  an  import  permit  as  well.  Obtaining  those  might  take  from  one  week  to  nine 
months  depending  on  the  country  and  a  variety  of  other  factors.  Once  you  get  your  samples 
home  safely,  you  can  start  identifying  them,  rearing  them  in  the  laboratory  or  extracting  DNA  for 
genetic  analyses.  Most  countries  require  a  separate  permit  to  have  access  to  the  ‘genetic 
resources’.  Furthermore,  you  should  be  aware  whether  you  are  supposed  to  return  the  samples  to 
a  local  institution  when  you  are  done  with  them.  I  will  go  through  some  examples  of  successfully 
obtaining  permits  throughout  my  career  in  the  ornithological  and  entomological  fields.  I  will  also 
share  some  anecdotes  of  the  mistakes  I  made  and  how  to  avoid  them,  which  will  keep  you  out  of 
trouble  with  customs  agents!  I  hope  to  be  able  to  convince  you  that  although  it  might  be 
intimidating,  in  the  end  performing  entomological  research  internationally  is  worth  it. 
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Websites  of  major  science  funders  often  provide  astonishingly  detailed  advice  and  helpful  links 
for  new  and  early  stage  researchers.  Such  sites  cover  the  usual  important  topics  such  as  finding 
your  research  niche,  seeking  funding,  identifying  and  fostering  scientific  collaboration,  training 
and  career  advice  and  finding  grants  and  awards  for  training  and  career  development. 
Additionally,  numerous  links  and  FAQ  sections  expand  that  helpful  information.  Despite  the 
almost  overwhelming  practical  advice,  an  important  word  is  invariably  missing.  Unfortunately, 
the  word  “risk”  does  not  seem  to  have  any  status  in  the  scientific  lexicon,  but  maybe  it  should. 

Some  may  perceive  that  audacity  and  risk-taking  are  poor  strategies  for  an  early-career 
researcher.  I  contend,  however,  that  some  audacious  science  within  a  well-defined  niche,  along 
with  some  daring,  can  help  an  early  stage  researcher  establish  and  maintain  very  successful 
international  and  interdisciplinary  collaborations.  Indeed,  recent  studies  suggest  that  to  progress 
knowledge,  scientists  need  to  be  much  more  ambitious  and  seek  to  carve  out  new  territory.  That 
advice  is  despite  observations  by  some  pessimists  that  spending  time  on  a  high  risk/high  return 
idea  that  fails,  is  a  sure  way  to  end  up  unemployed. 

Following  on  from  that  cautionary  tone,  this  light-hearted  presentation  reflects  on  my  career  and 
those  of  colleagues  to  illustrate  how  a  modicum  of  audacity  and  risk  taking  can  change 
everything. 
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It  is  never  too  early  to  begin  networking  internationally.  Even  if  you  do  not  intend  to  pursue  a 
career  abroad,  having  connections  with  scientists  around  the  world  is  still  valuable  to  your 
personal  and  career  growth,  and  the  rigor  and  reach  of  your  science.  Through  international 
meetings  or  working  groups,  connections  to  departments  or  labs,  conducting  research,  or 
teaching,  graduate  students  can  build  opportunities  to  expand  and  foster  global  partnerships.  I 
will  discuss  international  networking  opportunities,  across  a  range  of  time  and  monetary 
commitments,  that  I  have  found  in  graduate  school.  These  examples  highlight  how,  with  some 
flexibility  and  ingenuity,  graduate  students  can  open  up  the  possibility  for  their  path  to  include 
international  experiences.  Specific  attention  will  be  paid  to  how  to  recognize  and  seize 
opportunities,  how  to  maximize  mutually  beneficial  exchanges,  and  how  to  handle  challenges. 
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Increasingly  students  are  interested  in  international  experiences  and  careers.  Entomology  is  no 
exception,  and  the  demand  for  entomologists  to  work  in  developing  countries  is  growing  as 
investments  are  made  by  governments  and  non-governmental  agencies  to  sustainably  intensify 
agricultural  production,  especially  in  sub-Saharan  Africa,  South  Asia  and  elsewhere  in  the 
developing  world. 

In  response  to  this  demand,  the  College  of  Agricultural  Sciences  at  Penn  State  University  has 
developed  a  dual-title  degree  program,  International  Agriculture  and  Development  (INTAD).  A 
student  accepted  into  the  graduate  program  of  several  of  the  College’s  departments  (including 
Entomology)  can  join  INTAD.  INTAD  provides  special  coursework  and  international 
experiences  as  well  as  an  international  objective  in  the  student’s  research  plan  to  contextualize  a 
scientific  discipline  into  an  international  framework.  The  INTAD  dual  title  appears  on  the 
graduate  diploma  giving  the  student  a  competitive  advantage  in  the  international  job  market. 

INTAD  is  in  its  fifth  year  and  already  has  more  than  37  graduate  students  either  graduated  or 
presently  enrolled.  Graduate  students  are  more  competitive  for  professional  development 
opportunities  such  as  Borlaug  Fellowships,  and  recent  graduates  of  INTAD  have  done  well  and 
assert  that  their  INTAD  dual-title  degrees  improved  their  chances  in  the  job  interview  process. 
INTAD  graduate  careers  have  included  a  research  scientist  at  an  international  research  center  in 
Mexico,  a  principal  in  a  USAID  funded  forestry  project  in  Lebanon,  a  project  administrator  at 
the  Michigan’s  William  Davidson  Institute  and  a  research  manager  for  an  integrated  pest 
management  project  in  Nepal. 
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Abstract  text: 


MicroRNAs  (miRNAs)  are  involved  in  the  regulation  of  a  number  of  processes  associated  with 
insect  metamorphosis,  either  in  the  less  modified  hemimetabolan  mode  (essential  adult  body  plan 
established  during  embryogenesis),  or  in  the  more  modified  holometabolan  mode  (adult  body 
plan  formed  in  the  pupal  stage).  The  miR-100/let-7/miR-125  cluster  has  been  studied 
extensively,  especially  in  relation  to  wing  morphogenesis  in  both  hemimetabolan  and 
holometabolan  species.  Other  miRNAs  also  participate  in  wing  morphogenesis  (bantam,  miR-9, 
miR-7,  iab-4/8),  as  well  as  in  programmed  cell  and  tissue  death  (bantam,  miR-14), 
neuromaturation,  neuromuscular  junction  formation  and  neuron  cell  fate  determination  (miR- 
100/let-7/miR-125  cluster),  typically  during  the  pupal  stage  of  holometabolan  species.  A  special 
case  is  the  control  of  miR-2  over  Kr-hl  transcripts,  which  determines  adult  morphogenesis  in  the 
hemimetabolan  metamorphosis.  This  is  an  example  of  how  a  single  miRNA  can  control  an  entire 
process  by  acting  upon  a  crucial  mediator.  Nevertheless,  this  is  a  quite  exceptional  mechanism 
that  was  apparently  lost  during  the  transition  from  hemimetaboly  to  holometaboly. 
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Abstract  text: 

Introduction:  Sexual  dimorphism  is  the  consequence  of  differential  gene  expression.  The  causes 
and  consequences  of  sex-biased  expression  have  been  extensively  studied  in  protein-coding 
genes.  However,  the  evolutionary  impact  of  microRNAs  remains  largely  unexplored. 

Methods:  I  studied  the  expression  profile  of  microRNAs  in  two  Drosophila  species  combining 
existing  datasets  with  new  RNA-seq  experiments  in  adults  and  in  unfertilized  eggs. 

Results/Conclusion:  Unlike  protein-coding  genes,  male-biased  microRNAs  are  preferentially 
located  in  the  sex  chromosomes.  On  the  other  hand,  female-biased  microRNAs  are  often 
produced  from  the  introns  of  maternally  deposited  microRNAs.  Indeed,  a  large  fraction  of 
female-biased  microRNAs  are  maternally  deposited,  and  have  an  important  influence  over  the 
function  and  evolution  of  other  maternal  products.  MicroRNA  evolutionary  biology  lacks  the 


theoretical  framework  that  its  protein-coding-gene  counterpart  has.  In  this  context,  the  analysis 
of  sex-biased  microRNAs  in  Drosophila  and  other  insects  is  particularly  useful  to  build  new 
theoretical  becnhmarks. 

Marco  A  (2015)  Selection  Against  Maternal  microRNA  Target  Sites  in  Maternal  Transcripts. G3 
(Bethesda)  g3.1 15.019497. 

Marco  A  (2014)  Sex-biased  expression  of  microRNAs  in  Drosophila  melanogaster.  Open 
Biology ,  4,  140024. 
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Abstract  text: 

Introduction:  RNA  interference  (RNAi)  pathways  are  common  regulatory  mechanisms  that 
control  expression  of  proteins  and  maintain  genome  integrity.  Many  small  RNA  species  are 
poorly  conserved,  suggesting  a  plastic  nature  that  might  be  a  source  of  genetic  novelty 
contributing  to  adaptations  in  arthropods.  Relative  to  insects,  the  most  distantly  related  clade  in 
this  phyla  is  chelicerates,  which  includes  the  most  common  arthropod  human  companion  - 
Dermatophagoides  farinae ,  the  American  house  dust  mite.  The  history  of  D.farinae  is 
particularly  unusual  as  they  evolved  from  a  parasitic  ancestor,  a  life  style  associated  with 
genome  reduction/rearrangement.  We  investigated  the  biology  of  RNAi  in  dust  mites  to 
determine  how  dramatically  this  mechanism  has  been  rewired  during  arthropod  evolution. 

Methods:  A  ~100  Mb  genome  was  assembled  for  D.  farinae  using  illumina  and  PacBio 
platforms,  along  with  small  RNA  sequencing  datasets.  RNAi-related  proteins  were  identified 
using  tBLASTn  and  annotated  homologs  from  the  Two-spot  spider  mite  genome.  Small  RNA 
expression  patterns  were  analyzed  using  custom  pipelines.  Animals  experiments  were  used  to 
characterize  RNAi  activity  and  genome  modifications. 


Results/Conclusion:  RNAi  pathways  can  be  divided  into  three  classes:  microRNAs  (miRNAs), 
endogenous  small-interfering  RNAs  (endo-siRNAs),  and  piwi-associated  RNAs  (piRNAs). 
Examining  small  RNAs  in  D.farinae  revealed  these  animals  lack  piRNAs.  This  is  accompanied 
by  radiation  of  endo-siRNA  pathways,  which  appear  to  regulate  the  typical  target  of  piRNAs, 
transposable  elements.  Switching  to  a  different  genome  defense  mechanism  may  have  produced 
the  genetic  instability  and  subsequent  innovation  required  for  the  adaptions  seen  in  this  species. 
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Abstract  text: 

Introduction:  The  let-7 -Complex  {let-7 -C)  microRNAs  are  a  trio  of  highly  conserved  microRNAs 
that  include  miR-100 ,  let-7  and  miR-125.  As  in  most  animal  genomes,  these  three  microRNAs 
are  clustered  and  co-transcribed  in  the  Drosophila  melanogaster  genome.  Despite  all  3  being 
activated  during  the  larval-to-pupal  transition  during  Drosophila  development,  the  3  accumulate 
to  significantly  different  levels  suggesting  post-transcriptional  regulation. 

Methods:  Since  the  mechanisms  controlling  such  differential  expression  of  polycistronic 
microRNAs  in  animals  are  mostly  unknown,  we  have  taken  genetic  and  biochemical  approaches 
to  identify  factors  regulating  the  differential  expression  of  Drosophila  /et-7-CmiRNAs  as  well  as 
to  characterize  the  function  of  these  microRNAs. 

Results/Conclusion:  From  these  approaches,  we  have  identified  novel,  dominant  negative 
mutations  in  core  microRNA  processing  components  as  well  as  the  RNA  editing  enzyme  ADAR, 
which  we  have  found  modulates  the  processing  and  expression  of  miR-100.  In  addition,  we  have 
found  that  the  differential  expression  of  let-7  and  miR-125  leads  to  stage-specific  silencing  of  a 
common  target,  chinmo ,  and  has  consequences  in  both  neuronal  cell  fate  determination  during 


development  as  well  as  in  the  maintenance  of  neuronal  integrity  during  adulthood.  The  current 
status  of  this  research  will  be  presented  at  the  conference. 
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Abstract  text: 

Introduction:  MicroRNAs  are  important  post-transcriptional  regulators  of  protein  synthesis  in 
eukaryotes.  The  number  of  miRNAs  predicted  by  sequence  analysis  is  much  larger  than  the 
number  confirmed  by  experimental  validation.  Our  studies  focused  on  the  identification  of 
miRNAs  involved  in  the  regulation  of  development  and  immune  responses  in  model  insects  such 
as  the  red  flour  beetle  Tribolium  castaneum  and  the  greater  wax  moth  Galleria  mellonella.  We 
screened  in  particular  for  miRNAs  that  are  differentially  expressed  in  different  developmental 
stages  or  during  bacterial  or  fungal  infections. 

Methods:  We  designed  microarrays  containing  thousands  of  insect  miRNA  probe  sequences  to 
explore  the  role  of  miRNAs  in  model  insects  such  as  G.  mellonella  and  T.  castaneum.  We 
predicted  target  genes  by  the  identification  of  3'  untranslated  regions  that  potentially  form 
miRNA-mRNA  duplexes,  considering  both  base  pair  complementarity  and  minimum  free 
energy  hybridization.  Furthermore,  we  confirmed  the  co-expression  of  selected  miRNAs  together 
with  their  predicted  target  mRNAs,  and  we  quantified  the  expression  of  the  predicted  target 
genes. 

Results/conclusions:  For  T.  castaneum  we  report  for  the  first  time  the  differential  expression  of 
miRNAs  in  eggs,  larvae,  pupae  and  imagoes  and  in  response  to  pathogens,  providing  insight  into 
their  developmental  and  immunity-related  functions.  Our  results  suggest  that  these  functions 
extend  beyond  the  regulation  of  the  identified  target  genes  to  include  roles  in  trans-generational 
immune  priming  and  pathogen-dependent  and  gender-specific  gene  expression.  Furthermore,  we 
identified  miRNAs  that  regulate  genes  encoding  enzymes  involved  in  DNA  methylation  and 


histone  acetylation/deacetylation,  revealing  crosstalk  between  different  epigenetic  mechanisms 
during  insect  immune  responses. 
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Abstract  text: 

Introduction:  Invasion  biology  and  agriculture  are  intimately  related  for  several  reasons  and  in 
particular  because  many  agricultural  pest  species  are  recent  invaders.  The  reconstruction  of 
invasion  routes  with  population  genetics-based  methods  has  allowed,  over  the  last  years,  to 
address  fundamental  questions  in  evolution  and  practical  aspects  of  the  management  of 
biological  invasions  in  agricultural  settings. 

Methods:  We  provide  brief  description  of  the  methods  used  to  reconstruct  invasion  routes  and 
describing  their  main  characteristics,  we  highlight  some  important  features  that  have  arisen  from 
these  analyses.  In  particular,  we  focus  on  the  genetic  bottlenecks  and  their  impacts  on  rapid 
evolution  of  invasive  agricultural  pest  species. 

Results:  We  discuss  the  general  importance  of  genetic  drift  and  its  interaction  with  natural 
selection  during  the  invasion  process,  and  its  peculiar  consequences,  especially  when  the 
mutation  load  is  involved.  These  results  are  considered  in  light  of  a  particular  invasion  scenario, 
the  bridgehead  invasion  scenario,  which  has  been  overlooked  until  recently.  This  scenario,  in 
which  an  invasive  population  is  the  source  of  other  invasive  populations,  is  evolutionarily 
parsimonious  and  may  have  played  a  crucial  role  in  shaping  the  distribution  of  many  recent 
agricultural  pests. 
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Abstract  text: 

Introduction:  The  Colorado  potato  beetle  (CPB),  Leptinotarsa  decemlineata ,  has  repeatedly 
demonstrated  an  extraordinary  ability  to  evolve  rapidly  in  response  to  a  wide  range  of  ecological 
conditions  and  pest  management  strategies.  CPB  has  expanded  to  occupy  more  than  16  million 
km2across  the  Northern  Hemisphere  and  now  ranks  as  one  of  the  world's  most  successful 
globally-invasive  insect  herbivores.  Having  the  dubious  honor  of  starting  the  pesticide  industry 
in  1865,  it  has  remained  one  of  the  most  challenging  agricultural  pests  to  manage  due  to  a 
general  lack  of  natural  enemies  and  a  spectacular  ability  to  rapidly  evolve  resistance  to  a  broad 
range  of  insecticides  (over  50  different  compounds  in  all  the  major  classes).  Therefore,  spatial 
phylogenomic  analysis  provides  an  opportunity  to  reconstruct  the  history  of  its  invasion, 
including  a  switch  to  a  novel  host  plant,  as  well  as  to  understand  how  underlying  standing 
genetic  variation  contributes  to  the  beetle’s  ability  to  rapidly  evolve. 

Methods:  Using  data  from  90  whole  genomes  collected  across  its  range,  we  test  models  of 
colonization  and  admixture,  as  well  as  identify  loci  that  are  putative  candidates  of  rapid 
diversifying  selection. 

Results:  These  genome-scale  data  provide  a  broader  framework  to  understand  rapid  phenotypic 
evolution,  including  physiological  adaptations,  plant  feeding,  pesticide  detoxification,  and 
structural  evolution  of  pest  genomes. 
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Abstract  text: 

Introduction:  Anthrophonic  selection  by  pesticides  creates  a  strong  selection  on  pest  populations 
resulting  in  a  rapid  increase  of  pesticide  resistance.  When  populations  become  resistant  the 
continuation  of  application  of  the  pesticides  can  still  cause  stress.  A  better  ability  to  tolerate 
stress,  in  turn,  could  also  the  success  of  invasive  pest  species.  Therefore  there  is  a  great  need  to 
understand  the  consequences  of  the  sublethal  pesticide  use  on  pest  populations.  It  is  well  known 
that  small  dosages  of  stress  can  have  beneficial  effects  through  hormesis.  However,  whether 
these  hormetic  modifications  can  have  transgenerational  consequences  is  less  well  known. 

Methods:  We  investigated  the  long  term  consequences  of  parental  exposure  to  a  sublethal 
deltamethrin  insecticide  on  physiological  traits  and  overwintering  success  of  offspring  in 
Leptinotarsa  decemlineata  (Say)  (Coleoptera;  Chrysomelidae).  We  run  two  separate  experiments 
where  we  tested  the  effects  of  deltamethrin  exposure  over  generations  on  progeny  and  a  more 
detailed  full-sib  experiment  of  the  effects  of  maternal  exposure  to  their  offspring. 

Results/Conclusion:  Our  results  suggest  that  the  sublethal  pesticide  selection  can  have 
transgenerational  effects.  Beetles  whose  parents  were  exposed  to  pesticides  were  less  likely  to 
overwinter.  Pesticide  treated  mothers  also  had  smaller  offspring,  with  large  lipid  stores.  This 
could  partly  override  the  negative  effects  of  small  weight,  and  possibly  improve  fitness  in  the 
following  growing  season.  Thus,  sublethal  insecticide  application  can  increase  pest  species  stress 
tolerance  as  a  consequence  increase  invasion  success  and  lower  pest  management  success. 
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Abstract  text: 

The  “Pesticide  Treadmill”  describes  a  widely  observed  pattern  where  agricultural  insect  pests 
adapt  to  frequently  used  insecticides,  forcing  industry  to  develop  novel  insecticide  chemistries. 
One  possibility  is  that  the  insecticide  itself  may  alter  patterns  of  insect  gene  expression  (DNA  -> 
protein),  and  such  patterning  can  be  passed  to  subsequent  generations,  also  known  as  an 
epigenetic  effect.  Sublethal  doses  of  insecticides  are  known  to  remove  methyl  groups  and  allow 
transcription  to  occur,  which  may  contribute  to  the  evolution  of  insecticide  resistance.  As  a  first 
step  in  understanding  how  epigenetics  may  facilitate  the  evolution  of  resistance  in  the  Colorado 
potato  beetle,  Leptinotarsa  decemlineata ,  we  examined  the  effects  of  insecticide  on  heritable 
DNA  methylation.  We  used  an  experimental  evolution  approach  to  expose  lab-reared  beetles  to 
imidacloprid  and  a  less  toxic  insecticidal  analog  of  imidacloprid  (to  control  for  toxic  effects) 
over  four  generations  (to  account  for  maternal  effects).  We  extracted  beetle  DNA  and  then  tested 
for  global  DNA  methylation  levels  using  MethylFlash.  We  present  the  results  on  the  effects  of 
insecticide  on  heritable  DNA  methylation  in  the  Colorado  potato  beetle. 
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Abstract  text: 


Introduction:  Plants  produce  a  wide  range  of  allelochemicals  to  defend  against  herbivore  attack 
and  herbivorous  arthropods  have  evolved  mechanisms  to  detoxify  these  plant  defense 
compounds.  Successful  arthropod  agricultural  pests  have  also  developed  resistance  to  diverse 
classes  of  pesticides. 

Methods:  To  test  whether  molecular  mechanisms  to  overcome  plant  defenses  predispose  the 
development  of  pesticide  resistance,  we  examined  the  gene-expression  profile  of  the 
polyphagous  two-spotted  spider  mite,  T.  urticaem  pesticide  resistant  strains  and  upon  transfer  of 
mites  to  a  more  challenging  host. 

Results:  When  mites  from  a  pesticide-susceptible  strain  propagated  on  bean  were  transferred  to 
tomato,  transcriptional  responses  increased  over  time.  Whereas  many  genes  with  altered 
expression  belonged  to  known  detoxification  families,  new  gene  families  not  previously 
associated  with  detoxification  in  other  herbivores  showed  a  striking  response,  including  intradiol 
ring-cleavage  dioxygenases,  lipocalins  and  the  Major  Facilitator  superfamily.  Strikingly, 
transcriptional  profiles  of  mites  transferred  to  tomato  for  more  than  five  generations,  resembled 
those  of  multipesticide-resistant  strains,  and  long-term  transfer  to  tomato  decreased  the 
susceptibility  to  unrelated  pesticide  classes.  Our  findings  suggest  key  roles  for  both  an  expanded 
environmental  response  gene  repertoire  and  transcriptional  regulation  in  the  life  history  of  a 
generalist  herbivore. 


Symposium 

Presentation  Title:  Symbiotic  complements  of  insect  pests 
Author  Name:  Takema  Fukatsu 

Author  Institution:  National  Institute  of  Advanced  Industrial  Science  and  Technology 

Session  Title:  Symposium:  Rapid  Evolution  of  Insect  Pests  within  Agroecosystems 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0078 

DOI:  10. 1603/ICE.2016. 93930 

Abstract  text: 

Many  insects  including  notorious  agricultural,  medical  and  hygienic  pests,  particularly  those 
which  live  on  nutritionally  unbalanced  food  sources  like  woody  materials,  plant  sap,  vertebrate 
blood,  etc.,  are  intimately  associated  with  symbiotic  microorganisms  within  their  body,  gut, 
tissues  and/or  cells.  For  example,  in  termites,  a  huge  population  of  cellulolytic  protists  and 


bacteria  residing  in  their  hindgut  digests  wood  and  dead  plant  matters;  in  bark  beetles,  yeast-like 
fungi  are  harbored  within  external  symbiotic  pouches  called  mycangia,  which  are  cultured  on  the 
wall  of  wood  tunnels  as  a  nutritious  food  source  for  the  beetles;  in  aphids,  whiteflies,  leafhoppers 
and  cicadas,  endocellular  symbiotic  bacteria  within  specialized  host  cells  called  bacteriocytes 
synthesize  essential  amino  acids  and/or  vitamins  that  are  deficient  in  their  plant  sap  diet;  in  plant¬ 
sucking  heteropteran  bugs,  similar  nutritional  roles  are  played  by  their  gut  symbiotic  bacteria;  in 
tsetse  flies,  human  lice  and  bedbugs,  endosymbiotic  bacteria  within  the  bacteriocytes  provide  B 
vitamins  that  tend  to  be  scarce  in  their  blood  meal.  In  some  cases  like  pea  aphids  and  kudzu 
bugs,  symbiotic  bacteria  are  involved  in  plant  adaptation  of  their  insect  host,  which  may 
potentially  lead  to  the  evolution  of  insect  pests  infesting  agricultural  plants.  In  other  cases  like 
bean  bugs,  infection  with  insecticide-degrading  symbiont  strains  results  in  insecticide-resistant 
host  insects.  Here  I  review  a  series  of  our  studies  as  to  how  symbiotic  microorganisms  are 
involved  in  adaptation,  evolution  and  diversification  of  insect  pests. 
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Introduction:  Host-associated  differentiation  (HAD)  consists  of  the  formation  of  genetically 
distinct  populations  when  parasites  associate  with  different  host  species.  Empirical  evidence 
shows  HAD  is  more  frequent  than  previously  thought  yet  knowledge  on  the  factors  that  cause  it 
is  incomplete.  Because  the  presence  of  HAD  in  agricultural  pests  and/or  natural  enemies  may 
alter  the  effectiveness  of  IPM  practices,  the  ability  to  predict  its  occurrence  is  important.  In  this 
talk  I  will  discuss  how  HAD  may  affect  IPM  practices  and  present  a  couple  of  case  studies  from 
our  laboratory  to  illustrate  its  occurrence  in  agro-ecosystems.  The  most  important  factors  thought 
to  explain  HAD  will  be  discussed. 

Methods:  We  conducted  a  meta- analysis  on  the  number  of  traits  associated  with  HAD. 


Results:  Our  studies  show  that  the  presence  of  HAD  in  agro-ecosystems  is  rarely  a  result  of  one 
or  few  traits.  Results  of  a  meta-analysis  conducted  by  my  research  team  suggest  that  the 
occurrence  of  HAD  requires  a  number  of  traits  acting  together.  Our  results  suggest  that  several 
combination  of  traits  may  result  in  HAD.  This  makes  HAD  appear  idiosyncratic  and  difficult  to 
predict.  Because  our  current  inability  to  predict  HAD  occurrence  we  recommend  it  should  be 
tested  on  a  case-by-case  bases  during  the  design  of  IPM  programs  and  before  they  are 
implemented.  Testing  for  HAD  will  improve  the  efficiency  of  IPM  practices  in  pest  systems  in 
which  it  is  present. 
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Agroecosystems  differ  from  natural  ecosystems  in  many  fundamental  ways,  including  species 
diversity  and  distribution,  trophic  interactions,  genetic  diversity  of  the  host  plant,  soil  disturbance 
and  plant  residue  retention,  and  external  inputs.  Natural  ecosystems  are  self-organizing,  and 
represent  an  emergent  property  of  natural  selection  on  individual  organisms  of  component 
populations.  Conversely,  agricultural  systems  are  managed  for  the  benefit  of  the  crop  population 
as  a  whole  to  attain  the  human  goal  of  producing  surplus  yield  for  harvest  and  transport.  Insect 
pests  are  those  that  exploit  an  abundant  crop  as  a  food  source  in  large  enough  numbers  to 
negatively  affect  the  human  goal  of  economic  surplus  production.  Not  all  species  that  accept  a 
crop  species  as  a  host  plant  are  significant  pests,  although  some  may  evolve  significance  by 
adapting  to  the  oddities  and  difficulties  inherent  to  an  agroecosystem.  Although  the  rate  of 
adaptive  evolution  is  enhanced  by  low  dispersal  rates,  which  limits  homogenizing  gene  flow, 
dispersal  is  needed  for  annual  recolonization  of  habitat  patches,  such  as  rotated  crops  that  change 
location  frequently  in  the  agricultural  landscape.  Exploitation  of  an  agricultural  host  plant  despite 
its  temporal  and  spatial  patchiness  puts  a  premium  on  insect  dispersal  behavior,  while  adaptation 
to  the  host  or  to  human  management  interventions  can  be  hindered  by  increased  gene  flow  via 


dispersal.  This  is  the  underlying  tension  that  makes  evolution  of  insect  pests  so  complex  and 
intriguing.  How  such  tensions  can  play  out  are  illustrated  by  pest-enhancing  adaptations  of  corn 
rootworms  ( Diabrotica ),  corn  borers  ( Ostrinia ),  and  others. 
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Insecticide  resistance  is  a  serious  problem  threatening  sustainability  of  chemical  control  of  insect 
pests  worldwide.  It  is  also  a  prime  example  of  rapid  contemporary  evolution.  Reduced  fitness 
among  resistant  individuals  in  the  absence  of  selection  pressure  imposed  by  insecticide 
applications  is  a  fairly  common  phenomenon  that  could  be  manifested  as  reduced  reproductive 
success,  increased  mortality,  delayed  development,  and  lower  tolerance  to  adverse  environmental 
conditions.  Fitness  costs  slow  resistance  evolution  and  make  possible  its  management  through 
the  diversification  of  control  techniques  and  deployment  of  untreated  refuges.  Reduced  fitness  is 
also  an  important  factor  contributing  to  the  possible  reversal  to  susceptibility  in  populations  no 
longer  exposed  to  selection.  Unfortunately,  as  resistant  populations  continue  to  evolve,  resistance 
costs  could  be  lost  due  to  the  allele  replacement  and  the  presence  of  modifiers.  This  may  have 
important  implications  for  resistance  management. 
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Despite  passing  through  a  genetic  bottle-neck  from  Asia  to  North  America,  and  very  limited  use 
of  aphid-resistant  soybean  varieties  in  this  expanded  range,  several  virulent  biotypes  of  Aphis 
glycines  (Hemiptera:  Aphididea)  are  found  in  the  US.  Combining  resistance  genes  (i.e.  Rag- 
genes)  in  a  pyramid  prevents  yield  loss  from  A.  glycines  outbreaks  without  insecticide  use. 
Although  yield  loss  was  prevented  with  a  pyramid,  these  cultivars  were  never  aphid-free.  This 
remarkable  genetic  diversity  in  an  invasive  species  that  has  had  only  10-15  years  in  it’s  extended 
range  suggests  a  rapid  evolutionary  process.  However,  A.  glycines  on  aphid-resistant  cultivars 
may  not  only  be  virulent  biotypes.  When  virulent  biotypes  first  colonize  itag-containing 
soybeans,  subsequent  colonization  by  avirulent  biotypes  is  more  successful  than  on  uninfested 
itag-soybean,  or  those  previously  infested  with  avirulent  aphids.  Virulent  biotypes  obviation  A. 
glycines  -resistance,  a  phenomenon  observed  in  other  insect-plant  interactions.  As  a  result, 
measurements  of  virulent  biotypes  in  the  field  may  be  overestimated,  as  an  aphid-resistant  plant 
can  host  both  virulent  and  avirulent  biotypes,  producing  a  ‘refuge  in  a  plant’  that  allows  for 
avirulence  to  persist.  Additional  elements  of  this  aphid-plant  system  (e.g.  fitness  cost  associated 
with  virulence,  significant  mortality  from  natural  enemies)  suggest  that  increasing  frequency  of 
virulent  biotypes  if  itag-genes  are  used  is  not  inevitable.  I’ll  discuss  how  these  elements  may 
allow  itag-genes  to  provide  sustainable  protection  from  aphids  (i.e.  an  evolutionary  stable  state), 
despite  the  remarkable  variation  in  A.  glycines  biotypes  that  occurs  both  in  the  US  and  in  Asia. 
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Introduction:  Invasive  species  often  have  limited  genetic  diversity  yet  are  still  able  to  rapidly 
adapt  to  their  new  environment.  The  soybean  aphid  (A.  glycines)  invaded  North  America  ca. 
2000  and  has  become  the  most  important  insect  pest  throughout  much  of  where  soybean  is 
grown.  Soybean  with  natural  resistance  to  the  soybean  aphid  (i.e.  host  plant  resistance)  can  be  an 
important  tool  to  manage  aphids.  However,  populations  of  the  soybean  aphid  have  already 
overcome  this  resistance,  despite  the  limited  acreage  devoted  to  aphid  resistant  soybean.  It  is 
unknown  how  the  soybean  aphid  rapidly  adapted  to  host-plant  resistant  soybean  with  limited 
genetic  diversity  and  a  lack  of  selection  pressure  with  limited  planting  of  resistant  soybean. 
Identifying  this  mechanism  will  enable  further  understanding  of  rapid  adaptation  as  well  as  help 
develop  insect  resistance  management  strategies. 

Methods:  We  collected  soybean  aphid  from  both  aphid-susceptible  and  aphid-resistant  soybean 
in  several  Midwestern  locations  in  2013  and  2015.  We  used  a  next-generation  sequencing  to 
conduct  a  population  genomics  study  of  the  aphid  populations. 

Results:  We  identified  over  84  SNPs  with  significant  frequency  differences  (i.e.  outliers)  among 
aphids  collected  on  differing  plant  types.  These  SNPs  were  clustered  on  59  contigs,  with  3 1 
SNPs  residing  in  or  near  predicted  genes.  Interestingly,  13  mapped  within  transposons  or 
transcription  factors,  which  can  be  important  in  gene  regulation  and  have  been  implicated  in 
rapid  adaptation  in  other  systems.  Our  data  show  that  adaptation  in  invasive  species  can  be  quite 
complex,  which  presents  unique  challenges  and  opportunities  for  improving  pest  management. 
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A  discussion  of  the  steps  leading  to  the  production  of  semiochemicals  in  commercial  quantities, 
from  the  decision  making  process  involved  in  deciding  whether  to  develop  a  synthesis,  choosing 
a  synthetic  route,  sourcing  raw  materials,  considering  the  potential  effect  of  purity  (and 
impurities),  and  working  through  the  US  and  International  regulatory  requirements. 
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In  2009  we  registered  product  (Magnet®)  containing  a  mixture  of  plant  volatile  attractants,  a 
feeding  stimulant  and  various  excipients,  for  the  control  of  Helicoverpa  spp.  and  other  noctuid 
moths  in  Australia  on  cotton,  corn  and  beans.  We  believe  this  to  be  the  first  spray  able  attract- 
and-kill  formulation  using  plant  volatiles  to  obtain  registration  anywhere  in  the  world.  Farmers 
add  small  quantities  of  any  of  three  insecticides  prior  to  application,  which  can  be  either  aerial  or 
ground-based.  Magnet®  was  used  on  up  to  50%  of  the  acreage  of  conventional  cotton,  and 
substantial  area-wide  impacts  on  Helicoverpa  spp.  abundance  were  obtained.  However,  in  recent 
years  Australian  cotton  has  been  dominated  by  transgenic  insect-resistant  varieties  which  do  not 
need  protection  from  Helicoverpa  spp.  and  this  has  greatly  reduced  the  market  for  the  product. 
We  will  describe  studies  aimed  at  developing  applications  for  plant  volatile  based  attract- and-kill 
for  other  species  in  other  crops,  including  some  from  families  other  than  Noctuidae.  We  will  also 
describe  our  experiences  with  the  Australian  regulatory  system,  and  the  implications  for 
registration  of  similar  formulations,  and  we  will  discuss  the  impact  of  such  formulations  on  non¬ 
target  insects,  including  honey  bees. 
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To  penetrate  commercial  markets  sustainably,  semiochemical-based  technologies  for  pest  control 
must  be  as  effective  and  as  inexpensive  as  possible.  This  presentation  will  demonstrate  how 
establishing  the  behavioral  mode-of-action  whereby  sex  pheromones  disrupt  mating  of  moths 
can  improve  product  efficacy  while  reducing  production  costs  by  using  no  more  pheromone  than 
necessary  for  maximum  impact.  Mating  disruption  products  fall  into  two  main  categories. 
Formulations  acting  competitively  do  not  render  males  unresponsive;  rather  disruptive  sources 
act  as  false  females.  Efficacy  always  depends  on  the  ratio  of  real  to  false  females  and  is  therefore 
pest-density-dependent.  The  hand- applied  Isomate  Flex  dispenser  for  codling  moth,  Cydia 
pomonella ,  is  a  competitive  formulation  that  now  optimizes  individual  dispenser  release  rate  and 
dispensers  per  ha.  Because  formulations  acting  non-competitively  remove  males  from  the  mating 
pool  before  reproductive  activity  commences,  efficacy  here  has  the  major  advantage  of  being 
pest-density-independent,  meaning  that  very  high  levels  of  mating  suppression  are  possible 
across  a  range  of  pest  densities.  Oriental  fruit  moth,  Grapholitha  molesta,  can  be  disrupted  either 
competitively  or  non-competitively,  depending  on  formulation  release  rate.  Companies 
understanding  these  behavioral  mechanisms  will  be  better  positioned  to:  1)  optimize  their 
existing  products,  and  2)  select  new  target  pest  species  and  contexts  in  which  new  products  can 
succeed. 
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Introduction:  In  2001  the  larvae  of  Cossus  insularis  (Lepidoptera:  Cossidae)  were  found  to  infest 
the  main  branches  and  trunks  of  Japanese  pear  (sand  pear)  trees  as  a  new  host  plant.  Afterwards, 
damage  by  the  species  has  been  found  on  apple  and  pear  orchards  in  many  prefectures  in  central 
and  northern  Japan.  Because  larvae  bore  into  the  branches  or  trunks  of  the  trees,  and  develop 
there  until  adult  emergence,  all  life  stages  except  the  adult  are  hidden  in  the  bark  or  wood,  and 
insecticide  spraying  is  thought  to  be  not  effective  against  eggs  and  larvae. 

Methods:  Sex  pheromone  of  this  species  has  been  identified  as  a  95:5  mixture  of  (E)- 3- 
tetradecenyl  acetate  and  (Z)-3-tetradecenyl  acetate.  Mating  disruption,  therefore,  was  tested  in 
apple  and  pear  orchards  in  three  locations  in  Japan  from  201 1  to  2013,  and  it  showed  the 
reduction  of  damages  by  the  species.  Based  on  these  results,  the  mating  disruptant  (Bokuto-con 
H)  has  been  registered  as  a  control  agent  against  C.  insularis  in  Japan  and  now  has  been  used 
practically  in  Japan. 

Results/Conclusion:  To  complete  the  life  cycle  from  egg  hatching  to  adult  emergence,  the 
species  may  require  a  few  years.  Thus,  mating  disruption  is  recommended  to  continue  for  more 
than  three  years  with  an  expectation  of  cumulative  effect.  Procedures  of  registering  a  mating 
disruptant  in  Japan  will  also  be  discussed 


Symposium 

Presentation  Title:  Commercial  semiochemical  synthesis  —  scaling  and  getting  green 

Author  Name:  Cam  Oehlschlager 

Author  Institution:  ChemTica  Internacional 

Session  Title:  Symposium:  From  the  Laboratory  Bench  to  Commercial  Products: 
Semiochemical-Based  Technology  Development  and  Regulation  Worldwide 

Date  of  Presentation:  Monday,  September  26,  2016 


Abstract  Number:  0088 


DOI:  10. 1603/ICE.2016. 94897 
Abstract  text: 

The  semiochemical  industry  is  comprised  of  two  large  companies  (Shin-Etsu  and  BASF)  and 
over  30  smaller  companies.  Because  of  the  “founder  effect”  each  company  strives  to  rapidly 
identify  targets,  develop  products  and  market.  While  large  companies  are  positioned  to  achieve 
dominant  market  positions  in  major  crops,  smaller  companies  attempt  to  develop  products  for 
niche  markets  that  have  the  potential  to  become  significant.  A  key  element  of  a  company’s 
ability  to  compete  in  any  market  is  its  ability  to  synthesize  and  formulate  semiochemicals  of  the 
target  insects.  Increasingly,  green  techniques  of  synthesis  are  chosen.  At  most  companies  there 
have  been  concerted  efforts  to  use  green  techniques  in  synthesis  such  as  the  use  of  metal  ions 
that  have  low  environmental  impact,  solvent  recycling  and  multiple  step  processes  where  the 
same  solvent  is  used  for  several  steps.  Examples  of  the  application  of  the  principles  of  green 
chemistry  to  the  synthesis  of  codlemone  (large  scale)  and  to  a  recently  identified  attractant  for  an 
ambrosia  beetle  (small  scale)  will  be  discussed. 
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Introduction:  The  rapid  increases  in  number  of  insect  pests  on  agricultural  crops  have  led  to 
devastating  economic  losses  in  Chinese  agriculture  that  have  ultimately  accompanied  with  the 
massive  pesticide  application  for  control.  This  has  also  brought  many  major  environmental 
issues  and  the  development  of  insecticide  resistance.  Scientists  and  pest  control  specialists  have 
explored  the  complex  semiochemical  communication  in  pest  insects  and  their  ecosystems  with 


discovering  well-classified  assorted  behavioral-modifying  semiochemicals  (pheromones  and 
kairomones)  for  use  to  develop  practical  products  for  their  commercial  use.  Here,  I  will  present  a 
brief  introduction  of  practical  approaches  in  control  of  various  pests,  as  well  as  the  current  status 
of  Chinese  semiochemical  market,  with  encountered  constrains. 

Methods:  I  will  give  a  brief  review  of  the  semiochemical  research  and  product  development  in 
China  that  are  collected  from  various  research  reports,  as  well  as  some  of  our  own  developed 
products  in  the  field  trials.  This  includes  pheromone  or  kairomone  lures  for  surveillance  and 
mass  trapping  of  pests  over  170  species,  covering  at  least  4  million  hectares  of  crop  fields,  as 
well  as  some  dispensers  for  mating  disruption  trials. 

Results:  After  a  decade  of  market-driven  semiochemical  product  trials  in  Northwest  of  China,  we 
have  experienced  pros  and  cons,  with  some  valuable  lessons  learned.  The  outcomes  from  these 
approaches  have  reduced  pest  populations  significantly,  with  additional  benefits  for  less  pesticide 
applications.  I  will  also  discuss  some  regulative  issues  regarding  to  the  developed  products  and 
the  general  acceptance  by  the  farmers  in  China. 
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Over  the  years,  and  with  continued  use  of  products  that  contain  semiochemicals  for  monitoring 
and  control,  regulatory  agencies  around  the  world  have  amended  policies  that  either  streamline 
or  detour  product  development.  For  example,  in  the  U.S.  products  that  contain  straight-chain 
lepidopteran  pheromones  (SCLP)  do  not  require  toxicology  studies  as  sighted  by  FIFRA 
guidelines.  The  registration  process  entails  a  submission  that  details  the  product  specifications, 
and  the  product  is  typically  approved  if  active  ingredient  limits  and  label  requirements  are  met. 


In  New  Zealand,  the  newly  formed  Environmental  Protection  Authority  (EPA)  does  not  require 
formal  submissions  for  SCLP  products.  Instead  SCLP  control  products  are  permitted  for  sale  by 
following  guidelines  for  use  and  labeling  as  designated  by  the  agency.  This  approach  avoids 
lengthy  review  periods  and  maintenance  fees.  Conversely,  the  process  to  register  a  SCLP  product 
in  the  EU  is  expensive,  with  review  periods  of  five  years  or  greater  and  continuous  costly 
renewals. 

Scentry  Biologicals,  Inc.  specializes  in  the  development  of  products  used  in  pest  management 
programs  on  a  global  scale.  The  product  development  effort  has  interfaced  our  company  with  the 
countries  mentioned  above.  This  discussion  will  outline  successes  and  pitfalls  commercializing 
products  in  both  the  United  States  and  beyond,  in  addition  to  field  research  results. 
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Abstract  text: 

Introduction:  With  the  long  term  availability  of  conventional  chemical  pesticides  in  increasing 
doubt  due  to  concerns  about  their  negative  impacts  to  people,  non-target  species,  and  the 
environment,  it  is  imperative  that  more  sustainable,  effective  alternative  methods  of  insect  pest 
control  be  identified  and  implemented.  One  promising  area  of  research  is  the  development  of 
strategies  that  utilize  species-specific,  naturally  occurring  behavior-modifying  chemicals 
(semiochemicals)  to  protect  vulnerable  organisms  from  insect  pests.  While  the  advantages  of 
such  strategies  are  well  known,  semiochemical-based  products  have  typically  struggled  to  gain 
significant  market  share  compared  to  conventional  insecticides. 

Methods:  ISCA’s  SPLAT®(Specialized  Pheromone  &  Lure  Application  Technology)  matrix  is  a 
unique,  flowable,  controlled-release  emulsion  that  can  be  adapted  to  incorporate  a  wide  variety 


of  compounds  including  semiochemicals,  pesticides,  and  phago stimulants,  protecting  them  from 
environmental  degradation  and  dispensing  at  consistent,  biologically  active  rates  in  wide  ranges 
of  pest  control  situations.  This  controlled  release  capacity  allows  for  a  reduction  in  the  quantity 
of  semiochemical  AI  required  to  achieve  effective  pest  control,  reducing  the  overall  cost  of 
product  application,  a  critical  step  toward  increasing  commercial  adoption. 

Results/Conclusion:  In  collaboration  with  colleagues  in  academia,  government,  and  industry, 
ISCA  Technologies  has  been  developing  SPLAT®-based  products  for  over  a  decade.  Here  we 
provide  an  overview  of  SPLAT®  technology  and  current  commercial  formulations.  We  also 
describe  ongoing  efforts  to  develop  new  SPLAT®  mating  disruption,  attract-and-kill,  and 
repellent  products  for  pest  control  in  agricultural  and  forest  environments;  and  the  challenges  of 
pursuing  registration  and  wide-scale  adoption  of  these  semiochemical  technologies  within  their 
respective  markets. 
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Abstract  text: 

Introduction:  Innumerable  insects  and  other  arthropods  are  infected  with  maternally -transmitted 
endo symbionts.  Some  of  these  symbionts  spread  and  persist  by  manipulating  host  reproduction 
in  various  ways.  However,  many  have  no  such  effects,  and  the  means  by  which  they  are  retained 
within  species  is  unknown.  Drosophila  neotestacea  carries  a  strain  of  endosymbiotic 
Spiroplasma  bacteria  (termed  TNeo),  which  render  female  flies  resistant  to  the  sterilizing  effects 
of  nematode  parasitism. 

Methods:  The  prevalence  of  Spiroplasma  infection  in  D.  neotestacea  was  monitored  by  PCR  of 
Spiroplasma- specific  primers,  verified  by  confocal  microscopy  of  S+  flies.  Wild  flies  were  also 


dissected  and  scored  for  parasitism  by  the  nematode  Howardula  aoronymphium.  Microinjection 
was  used  to  transfer  Spiroplasma  among  Drosophila  species. 

Results/Conclusion:  The  prevalence  of  Spiroplasma  infection  has  increased  dramatically  in 
eastern  North  America  in  recent  decades,  and  it  is  now  rapidly  spreading  from  east  to  west  across 
North  American.  Coincident  with  the  increase  in  Spiroplasma  infection  has  been  a  substantial 
decline  in  the  prevalence  of  nematode  parasitism,  probably  due  to  the  much  lower  fecundity  of 
nematodes  that  parasitize  Spiroplasma-infQctQd  flies.  Microinjection  of  TNeo  into  D.  putrida 
resulted  in  flies  highly  resistant  to  the  sterilizing  effects  of  nematode  parasitism.  Spiroplasma 
strains  very  closely  related  to  TNeo  confer  no  resistance  to  nematode  parasites.  Finally,  TNeo  also 
protects  against  parasitic  wasps,  and  this  may  have  been  its  original  function  in  D.  neotestacea. 
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Abstract  text: 

Introduction:  Dengue  is  the  most  important  arbo viral  disease  with  an  enormous  global  public 
health  impact.  The  etiologic  agent,  dengue  virus  (DENV),  is  transmitted  by  mosquitoes  of  the 
genus  Aedes.  Mosquitoes  harbor  an  intestinal  microbiota  constituted  of  bacterial  and  fungal 
communities  that  are  critical  in  determining  the  outcome  of  infection.  Studies  have  shown  that 
some  species  of  bacteria  exert  a  protective  role  against  DENV.  However,  little  is  known  about 
how  the  mosquito’s  gut-associated  fungi  (mycobiome)  influence  vector  competence  to  DENV. 

Methods:  We  have  isolated  a  Penicillium  fungus  (P.  decumbens)  from  the  gut  of  field-collected 
A.  aegypti.  The  whole  fungus  or  a  fungus-filtrate  containing  the  fungus  secretome  were 
reintroduced  to  A.  aegypti  mosquito  by  feeding  on  a  sucrose  solution  two  days  prior  to  a  DENV 
infected  blood  meal. 


Results/Conclusion:  When  mosquito’s  gut  is  colonized  by  P.  decumbens  it  enhances  DENV 
virus  infection.  We  discovered  that  the  fungus  secretome  in  absence  of  the  whole  fungus  is 
responsible  of  this  phenomenon.  Studies  to  understand  the  mosquito  transcriptome  revealed  a 
significant  down-regulation  of  genes  associated  with  digestive  processes,  including  a  variety  of 
trypsin  genes.  In  order  to  test  whether  the  mosquitoes  suffer  of  digestive  activity  impairment  we 
analyzed  trypsin  enzymatic  activity  in  the  gut.  Results  showed  a  lower  trypsin  activity  in 
mosquitoes  treated  with  the  fungus  secretome.  In  conclusion,  our  study  showed  that  mosquito 
gut-associated  fungi  can  alter  vector  physiology  enhancing  pathogen  capability  to  establish 
infection.  Here,  we  elucidated  a  novel  facet  of  mycobiome-mosquito  interactions  that  may  be 
critical  to  dengue  transmission  in  the  field. 
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Abstract  text: 

Introduction:  Microbiota  are  intimately  associated  with  most  metazoans,  and  play  central  roles  in 
their  hosts’  development  and  homeostasis.  In  the  absence  of  living  microbes,  mosquito  larvae 
fail  to  progress  past  their  first  instar.  While  this  phenomenon  is  consistent  across  all  mosquito 
species  studied  to  date,  the  underlying  mechanism  and  function  of  this  relationship  is  not 
understood. 

Methods:  We  employed  transcriptome  sequencing  of  larval  Aedes  aegypti  mosquitoes  and 
carcasses  from  both  microbe-free  (axenic)  larvae  and  defined  microbial  community  larvae 
(gnotobiotic)  to  explore  the  host  response  to  the  presence  or  absence  of  bacteria  in  both  the 
midgut  and  the  remaining  body  tissues.  Targeted  knockdown  of  genes  of  interest  was  performed 
with  RNAi  to  further  assess  the  role  of  specific  genes. 


Results/Conclusion:  A  large  number  of  genes  were  differentially  expressed  in  both  axenic  and 
gnotobiotic  larvae.  In  axenic  larvae,  genes  implicated  in  starvation  responses,  development  and 
oxidative  stress  were  over  expressed  relative  to  gnotobiotic  larvae,  while  in  digestive  peptidases 
were  more  highly  expressed  in  the  gnotobiotic  larvae.  Together,  these  data  suggest  that  microbes 
are  involved  in  nutrient  acquisition  and  utilization,  and  that  in  their  absence  mosquito  larvae 
display  a  starvation  response.  The  absence  of  bacteria  triggers  changes  in  a  large  number  of 
genes  involved  in  diverse  functions,  indicating  that  microbes  play  multiple  roles  in  host 
development.  Improving  our  understanding  of  mosquito-microbe  interactions  may  lead  to  novel 
strategies  for  disrupting  mosquito  reproduction,  development  or  disease  transmission. 
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Abstract  text: 

Introduction:  Host  morphogenesis  is  sometimes  altered  by  microbial  partners.  The  bean  bug 
Riptortus  pedestris  possess  sac-like  tissues  called  “crypts”  in  a  posterior  region  of  the  midgut, 
the  lumen  of  which  is  densely  colonized  by  a  Burkholderia  symbiont.  In  contrast  to  typical  insect 
endosymbiosis,  where  symbionts  are  vertically  transmitted  and  unculturable,  the  bean  bug 
acquires  the  symbiont  from  environmental  soils  every  generation.  The  Burkholderia  symbiont  is 
easily  cultivable  and  genetically  manipulatable,  providing  us  a  unique  opportunity  to  investigate 
the  molecular  basis  of  insect-microbe  symbioses.  Here,  we  found  that  symbiont  infection 
stimulates  the  gut  morphogenesis  of  the  host  insect. 

Methods:  Using  a  green  fluorescence  protein  (GFP)-labeled  Burkholderia ,  we  studied  the 
colonization  behavior  of  the  symbiont  in  detail.  The  colonization  process  and  insect  gut 
morphology  were  observed  by  laser  scanning  confocal  microscopy. 


Results/Conclusion:  The  midgut  of  the  bean  bug  is  divided  into  morphologically  distinct  regions 
designated  as  Ml,  M2,  M3,  M4B  and  M4  sections,  of  which  the  symbiont  is  localized  in  M4B 
and  M4.  Approximately  12  hour  post  inoculation  (hpi),  symbiont  cells  reached  M4B  and  M4 
through  the  M3-M4B  junction.  Although  the  symbiont  cells  were  still  present  in  M3,  closure  of 
the  luminal  space  in  the  junction  was  observed  at  15-24  hpi.  strikingly,  in  insects  to  which  no 
symbionts  were  administered,  such  closure  was  not  observed,  indicating  that  the  Burkholderia 
symbiont  triggers  morphological  alteration  of  the  midgut  symbiotic  organ  in  the  bean  bug.  This 
midgut  closure  stimulated  by  the  symbiont  infection  could  prevent  contamination  in  the 
symbiotic  organ,  stabilizing  the  insect-microbe  gut  symbiosis. 
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Abstract  text: 

Introduction:  As  is  true  for  most  research  in  the  biological  sciences,  the  study  of  symbiosis  in 
insects  has  been  transformed  by  the  genome  revolution.  Starting  in  2010  with  the  publication  of 
the  pea  aphid  genome,  researchers  studying  symbiosis  in  insects  are  repeatedly  revealing  cases  of 
host/symbiont  metabolic  collaboration.  While  the  availability  of  paired  host/symbiont  genomes 
or  even  transcriptomes  facilitates  building  models  of  metabolic  collaboration,  most  models  lack 
functional  tests.  With  the  goal  of  revealing  the  mechanisms  of  host/symbiont  metabolic  and 
developmental  integration,  work  in  my  lab  focuses  on  testing  models  of  host/symbiont  metabolic 
collaboration. 

Methods:  Using  tissue  specific  transcriptomes,  coupled  with  heterologous  expression  assays  in 
systems  that  include  oocytes  of  the  African  Clawed  frog  and  Escherichia  coli ,  together  with  in 
situdind  immunolocalization  of  host  gene  products,  we  are  testing  models  of  host/symbiont 
metabolic  collaboration  and  regulation  in  aphids  and  other  sap  feeding  insects. 


Results/Conclusion:  I  will  describe  mechanisms  of  host/symbiont  metabolic  collaboration  and 
host  regulation  at  the  symbiotic  interface  in  sap-feeding  insects  that  have  been  revealed  through 
experimental  interrogation  of  genomic  models. 


Symposium 

Presentation  Title:  Aphid  gene  of  bacterial  origin  encodes  a  protein  transported  to  Buchnera 

Author  Name:  Atsushi  Nakabachi 

Author  Institution:  Toyohashi  University  of  Technology 

Session  Title:  Symposium:  Host  Adaptations  in  Insect  Symbioses:  Elements  That  Facilitate 
Stability  and  Persistence 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0097 
DOI:  10. 1603/ICE.2016. 92981 
Abstract  text: 

Introduction:  Aphids  (Hemiptera:  Aphidoidea)  harbor  the  obligate  mutualistic  symbiont, 
Candidatus  Buchnera  aphidicola  ( Gammaproteobacteria ),  within  specialized  cells  called 
bacteriocytes.  Buchnera  provides  nutrients  to  the  host  aphids  and  has  been  transmitted  through 
host  generations  for  more  than  100  million  years.  Our  previous  studies  revealed  that  the  pea 
aphid  Acyrthosiphon  pisum  (Aphididae)  has  acquired  12  genes/gene  fragments  from  bacteria  via 
horizontal  gene  transfer.  These  include  7  genes  ( LdcAl ,  AmiD ,  RlpAl-5 )  that  are  highly 
transcribed  in  the  bacteriocyte.  Owing  to  a  drastic  reduction  of  the  genome  (650  kb)  during  co¬ 
evolution  with  the  host  insect,  Buchner  alecks  many  genes,  including  orthologs  of  these  7 
sequences. 

Methods:  As  a  first  step  to  determine  whether  proteins  are  truly  synthesized  from  these  genes 
and  whether  such  protein  products  are  translocated,  we  prepared  an  affinity-purified  anti-RlpA4 
antibody,  and  performed  immunoblot  analyses  and  immunomicroscopy. 

Results/Conclusion:  The  results  demonstrate  that  the  protein  is  truly  and  specifically  synthesized 
in  the  maternal  bacteriocyte,  which  is  then  transported  to  the  Buchnera  cells.  The  evolution  of 
endosymbiotic  organelles  entailed  (i)  transferring  bacterial  genes  into  the  host  genome,  (ii) 
acquiring  the  signals  that  enable  their  expression  in  eukaryotic  hosts,  and,  (iii)  making  a 
dedicated  targeting  system  to  transport  their  protein  products  into  the  endosymbiotic  organelles. 
The  advent  of  this  protein-targeting  machinery  is  commonly  assumed  to  be  the  most  crucial  step, 


at  which  an  endosymbiont  can  be  referred  to  as  an  organelle.  The  aphid-Buchnera  symbiosis 
appears  to  meet  these  criteria,  demonstrating  integration  between  multicellular  eukaryotes  and 
bacteria  to  the  extent  of  ‘organellogenesis’. 
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Introduction:  Mounting  evidence  from  insect  systems  suggests  that  environmental  cues  can 
trigger  the  reprogramming  of  cells  through  DNA  methylation,  resulting  in  the  regulation  of 
adaptive  traits.  Our  broad  research  objective  is  to  elucidate  if  environmental  cues  result  in 
patterns  of  differential  methylation  and  expression  that  are  adaptive  in  a  nutritional  insect- 
microbe  symbiosis.  Specifically,  we  are  interested  in  whether  certain  pea  aphid  ( Acyrthosiphon 
pisum)  biotypes  can  compensate  for  nutritional  inadequacies  by  reprogramming  their  shared 
aphid-nutritional  symbiont  ( Buchnera )  integrated  metabolism  to  allow  the  aphid  biotype  to  feed 
on  host  plants  that  would  otherwise  be  unsuitable. 

Methods:  We  hypothesize  that  host  plant  nutrition  modifies  aphid  gene  expression  and  DNA 
methylation  within  symbiotic  aphid  cells  containing  Buchnera  (bacteriocytes)  to  facilitate 
symbiont-mediated  nutrient  acquisition  on  its  specialized  host  plant.  To  test  this,  aphids  that 
specialize  on  alfalfa  were  fed  either  their  specialized  host  plant  (alfalfa)  or  fava  that  vary  in 
essential  amino  acids.  Paired  bacteriocyte  and  body  tissues  were  collected  from  N=3  aphid  sub¬ 
lines  for  each  host-plant  treatment  for  RNAseq  and  whole  genome  DNA  methylation  analyses. 

Results/Conclusion:  We  found  that  pea  aphid  bacteriocytes  are  significantly  differentially 
methylated  and  expressed  compared  to  body  tissues.  Both  shared  and  unique  patterns  of 
differential  methylation  and  transcription  in  bacteriocytes  were  identified  between  host-plant 
treatments.  Unique  genes  that  were  both  differentially  expressed  and  methylated  in  bacteriocytes 


between  host  plant  treatments  were  associated  with  the  shared  amino  acid  metabolism,  and 
therefore  may  play  a  role  in  the  nutritional  symbioses. 
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Abstract  text: 

Introduction:  Compensatory  plant  responses  to  herbivore  damage  can  decrease  the  negative 
effects  imposed  by  herbivores  on  plants.  We  previously  found  that  potato  plants  (a  Colombian 
variety)  attacked  by  low  numbers  of  herbivores  produce  a  2.5  fold  higher  marketable  potato  yield 
than  undamaged  plants,  providing  a  model  system  for  overcompensation  in  plant  responses  due 
to  herbivory.  Here,  we  assess  if  the  induction  of  plant  compensatory  responses  would  decrease 
the  negative  impact  of  herbivore  abundance  on  yield  caused  by  changes  in  landscape 
simplification  and  altitude. 

Methods:  We  chose  15  sites  differing  in  the  percentage  of  agricultural  area  and  altitude  to  set  up 
plots  of  overcompensating  plants  and  non-compensating  plants  under  insecticide  and  control 
treatments. 

Results/Conclusion:  At  high  altitudes,  agricultural  simplification  had  no  effect  on  yield,  while  it 
had  a  significant  negative  effect  on  yield  at  low  altitudes.  Across  all  varieties  and  treatments, 
herbivore  abundance  had  a  negative  effect  on  yield.  Despite  the  negative  effect  of  herbivores  on 
yield,  the  overall  biomass  of  the  compensating  variety  in  control  plots  was  greater  than  in 
insecticide-sprayed  plots,  while  the  non-compensating  plants  had  a  higher  biomass  in  insecticide 
sprayed  plots  than  in  control  plots.  Our  results  show  that  it  will  not  be  simple  to  counteract  the 
negative  effects  of  landscape  simplification  at  low  altitudes  on  crop  productivity.  Plant  tolerance 


can  help  increase  yield  under  conditions  of  low  pest  pressure,  but  are  not  effective  when  pest 
pressure  is  too  high. 
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Abstract  text: 

Introduction:  The  benefits  of  a  successful  biological  control  program  as  a  long-term  solution  to 
controlling  invasive  weeds  are  enormous,  yet  only  about  50%  of  control  programs  are  considered 
successful.  There  is  remarkably  little  known  about  how  hybridization  of  biological  control  agents 
can  affect  their  success  and  establishment.  Hybridization  increases  genetic  diversity,  yet  hybrids 
may  either  out-perform  their  parents  or  suffer  from  hybrid  breakdown.  Using  the  Asian  saltcedar 
beetle  ( Diorhabda  carinata ),  we  test  whether  hybrids  have  higher  or  lower  fitness  than  their 
parents  and  what  effect  hybridization  has  on  genetic  variation  at  different  latitudes,  a  mesocosm 
for  some  aspects  of  climate  change.  Three  ecotypes  of  the  Asian  saltcedar  beetle,  later 
determined  to  be  three  distinct  species,  were  released  as  a  biocontrol  agent  against  invasive 
saltcedar  ( Tamarix ).  Morphological  data  indicates  that  the  three  species  are  hybridizing  in  Texas, 
yet  the  effects  of  hybrid  individuals  on  efficacy  and  genetic  variation  remain  unknown. 

Methods:  We  measured  the  traits  fecundity,  developmental  time,  mortality,  and  pupal  weight  of 
F2  hybrid  offspring  and  their  parents  to  determine  if  hybrids  are  performing  better  than  their 
parents  on  Tamarix.  We  used  RNAseq  to  quantify  the  level  of  hybridization  and  genetic 
variation  at  six  different  latitudes. 

Results/Conclusion:  These  results  will  improve  biological  control  techniques  by  suggesting 
optimal  genetic  structures  of  introduced  populations.  Since  biocontrol  agents  are  comparable  to 
invasive  species,  we  can  also  use  this  system  to  answer  questions  about  the  effects  of  differing 


levels  of  genetic  variation  at  invasion  fronts  of  species  ranges  that  are  expanding  due  to  climate 
change. 
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Abstract  text: 

Introduction:  Elevated  atmospheric  CO2  can  down  regulate  chemical  defenses  against  insect 
herbivores,  increasing  crop  damage.  Yet,  the  mechanisms  governing  this  increased  susceptibility 
have  not  been  fully  established.  Elevated  CO2  is  known  to  alter  the  chemical  balance  in 
chloroplasts  by  increasing  photosynthesis  and  electron  transport.  Specifically,  surplus  electrons 
generated  under  elevated  CO2  can  partially  reduce  O2,  creating  hydrogen  peroxide.  We 
hypothesize  that  elevating  CO2  will  increase  generation  of  hydrogen  peroxide,  thereby  altering 
hormonal  signals  underlying  plant  responses  to  herbivory. 

Methods:  To  test  this,  soybean  plants  were  placed  under  shade  structures  at  night  and  then 
exposed  to  full  afternoon  sunlight  the  following  day.  The  rate  of  electron  transport  was 
continuously  measured  in  leaf  tissue  following  exposure  to  light. 

Results/Conclusion:  The  amount  of  excess  excitation  energy  released  during  sudden  dark-to- 
bright  transitions  increases  under  elevated  CO2,  resulting  in  increased  production  of  hydrogen 
peroxide.  To  test  whether  hydrogen  peroxide  influences  the  defense  hormone  salicylic  acid,  wild 
type  and  vitamin  C  deficient  mutants  of  Arabidopsis  were  grown  under  ambient  and  elevated 
CO2.  The  mutant  is  informative  because  it  cannot  reduce  hydrogen  peroxide  and  should  therefore 
produce  more  salicylic  acid  under  elevated  CO2.  Salicylic  acid  levels  in  the  mutants  were 
significantly  increased  relative  to  their  wild-type  counterparts  regardless  of  CO2  level.  These 
results  suggest  that  antioxidants  quench  hydrogen  peroxide  and  reduce  salicylic  acid.  Our  results 


add  to  a  growing  body  of  evidence  that  rising  CO2  alters  transduction  of  environmental  stress 
signals,  thereby  establishing  a  causal  mechanism  between  photosynthesis  and  plant  responses  to 
stress  from  pathogen  and  insect  herbivory. 
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Abstract  text: 

Introduction:  Climate  change  can  affect  the  performance  and  spatiotemporal  distribution  of  both 
invasive  plants  and  their  natural  enemies.  Climate  change  may  determine  plant  invasion  success 
directly  but  also  indirectly  through  affecting  natural  enemies.  Interactions  between  invasive 
plants  and  insects  may  be  particularly  sensitive  to  temperature  and  consequently  affected  by 
climate  warming.  Thus  warming-induced  shifts  in  interactions  between  invasive  plants  and 
insects  are  critical  for  the  future  management  of  invasive  species.  Understanding  these  shifting 
interactions  will  assist  in  predicting  efficacy  of  biological  control,  and  potential  non-target 
effects  of  introduced  insects  under  climate  warming. 

Methods:  We  report  the  impacts  of  climate  warming  on  the  interactions  between  the  invasive 
plant,  Alternanthera philoxeroides  (alligator  weed),  and  the  specialist  herbivorous  insect, 
Agasicles  hygrophila.  We  conducted  field  surveys  covering  the  full  latitudinal  range  of  A. 
philoxeroides  and  A.  hygrophila  in  China,  as  well  as  field  warming  experiments  near  the 
northern  limit  of  the  insect. 

Results/Conclusion:  We  found  warming  increased  insect  populations  and  enhanced  herbivory, 
resulting  in  a  dramatic  decline  in  plant  growth.  Field  surveys  showed  that  the  insect  maintained 
larger  populations  at  lower  latitudes,  where  the  invasive  plant  also  performed  poorly,  relative  to 
higher  latitudes.  The  invasive  plant  tolerated  cold  better  than  the  insect,  leading  to  a  gap  in  their 


geographical  overlap.  This  gap  may  shift  to  higher  latitudes  under  climate  warming. 
Understanding  the  asynchrony  of  the  interactions  between  the  invasive  plant  and  the  insect  will 
improve  predictions  of  biocontrol  efficacy  and  ecological  effects. 
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Abstract  text: 

Introduction:  Insects  may  manipulate  plant  phenotype  to  their  benefit,  yet  the  mechanisms 
underlying  such  intricate  transformations  of  plant  morphology  and  function  are  only  beginning  to 
be  understood.  During  the  manipulation  of  a  plant’s  nutritional  phenotype,  trade-offs  often  occur 
between  growth  and  defense. 

Methods:  Using  the  interaction  between  the  plant  Vitis  (spp.)  and  the  galling  insect 
Daktulosphaira  vitifoliae  as  a  model  system,  we  used  comparative  transcriptomics  to  identify  the 
genes  in  both  insects  and  plants  that  enable  control  over  plant  resources.  We  used  isolated 
populations  of  insects  that  differed  in  their  experience  with  native  Vitis ,  modeling  the  situation 
that  occurs  under  climate-induced  range  expansion. 

Results/Conclusion:  D.  vitifoliae  populations  differed  genetically  in  the  number  and  uniqueness 
of  candidate  proteins  that  usurp  plant  development  pathways.  Upon  successful  colonization, 
insects  suppressed  plant  defense  and  stress  signaling  pathways  in  hormones  and  transcripts. 
During  unsuccessful  colonization,  insects  increased  secondary  metabolism,  stress,  and  defense 
signaling  pathways.  After  successful  colonization,  insects  maintained  favorable  growth  and 
defense  patterns  and  resource  mobilization  networks  associated  with  sink  development.  Thus 
successful  colonization  of  new  host  plants  may  be  mediated  by  reduced  stress  recognition  on  the 
part  of  the  plant  during  colonization.  Active  defense  signaling  and  resource  manipulation  then 


follow,  potentially  to  enhance  competitive  abilities.  The  signaling  networks  active  during  this 
interaction  mirror  signaling  networks  in  play  under  elevated  CO2,  which  modify  carbon  and 
nitrogen  dynamics.  We  discuss  the  implications  of  conserved  signaling  hubs  underlying  biotic 
and  abiotic  stress  responses,  and  how  herbivore  manipulation  of  these  hubs  changes  with 
impending  modifications  in  climate. 


Symposium 

Presentation  Title:  Changes  in  the  timing  of  life  cycle  events  along  a  climatic  gradient:  Causes, 
mechanisms,  and  implications  for  biological  control 

Author  Name:  Peter  McEvoy 

Author  Institution:  Oregon  State  University 

Session  Title:  Symposium:  Insect-Plant  Interactions  in  a  Changing  Climate:  Effects  on 
Populations  Dynamics  and  Biological  Control 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0104 

DOI:  10. 1603/ICE.2016. 95043 

Abstract  text: 

Introduction:  How  are  biological  control  organisms  responding  to  climate  change?  Local 
populations  encountering  a  novel  climate  may  adjust  through  phenotypic  plasticity,  adapt, 
disperse,  or  go  extinct.  If  insects  and  plants  respond  independently  to  climate  change,  then  they 
may  become  unsynchronized  in  time  and  space  and  biological  control  may  fail.  Previous  studies 
have  shown  rapid,  local  adaptation  in  biological  control  insects  to  both  warming  and  cooling 
climates,  but  generalizations  have  yet  to  emerge. 

Methods:  We  tested  the  hypothesis  that  rapid  local  adaptation  in  control  organism  populations 
can  mitigate  adverse  effects  of  climate  change.  We  used  an  elevation  gradient  as  a  proxy  for 
climate  change.  We  reciprocally  transplanted  replicated  cinnabar  moth  ( Tyria  jacobaeae) 
populations  between  high  (mountain)  and  low  (valley)  elevations  along  a  climatic  gradient  in 
Oregon.  We  measured  the  response  of  development  time  from  egg  to  pupa  stage  to  selection 
imposed  by  the  novel  recipient  environments. 

Results/Conclusion:  The  responses  to  selection  by  reciprocally  transplanted  populations  were 
asymmetrical:  after  one  year  of  selection,  mean  development  times  of  the  transplanted  valley 
populations  became  shorter  with  cooling,  but  mean  development  times  of  transplanted  mountain 


populations  did  not  become  longer  with  warming,  either  due  to  weaker  selection  or  reduced 
genetic  variance.  We  show  that  directional  selection  imposed  on  development  time  by  cooler 
climates  in  the  mountain  reduces  the  capacity  to  adapt  to  a  warming  climate  by  reducing  genetic 
variance  in  development  time.  Our  results  are  consistent  with  general  evidence  suggesting  that 
mountain  populations  are  especially  vulnerable  to  extinction  risk  in  a  warming  climate. 
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Abstract  text: 

Introduction:  Predicting  how  global  changes  will  alter  biological  control  of  invasive  plants  is 
challenging,  given  anticipated  effects  on  plants  and  insects. 

Methods:  Here,  we  describe  a  unique  experimental  test  of  how  free  air  CO2  enrichment  (to  600 
ppmv)  and  infrared  warming  (+1.5  °C  day/+3  °C  night)  influenced  biological  control  of 
Centaurea  diffusa.  Chance  dispersal  of  the  biological  control  weevil  Larinus  minutus  into  the 
experiment  allowed  us  to  ask  how  CO2  and  warming  influence  both  L.  minutus  infestation  rate 
and  the  impact  of  L.  minutus  on  plant  fitness.  C.  diffusa  was  planted  into  mixed-grass  prairie 
within  the  Prairie  Heating  and  CO2  Enrichment  (PHACE)  experiment  near  Cheyenne,  Wyoming 
in  2008  and  2009.  L.  minutus  was  first  observed  in  2010,  and  its  effects  were  measured  in  201 1 
and  2012. 

Results/Conclusion:  Across  years,  elevated  CO2  led  to  a  >2-fold  increase  in  C.  diffusa  seed 
production,  even  with  L.  minutus ,  but  also  increased  the  proportion  of  seed  heads  infested  by  L. 
minutus.  As  a  result,  L.  minutus  reduced  C.  diffusa  fitness  much  more  with  elevated  CO2  (24%) 
than  without  (11%).  CO2  effects  on  L.  minutus  may  have  been  caused  by  earlier  flowering  and 
seed  set  in  C.  diffusa ,  which  coincided  with  higher  L.  minutus  infestation.  We  conclude  that 


future  increases  in  atmospheric  CO2  may  increase  the  effectiveness  of  biological  control  against 
C.  diffusa.  More  effective  biological  control,  however,  may  not  fully  offset  positive  effects  of 
CO2  on  C.  diffusa  invasion.  More  broadly,  this  study  suggests  that  global  changes  can,  in  some 
cases,  improve  rather  than  disrupt  phenological  matches  between  biological  control  agents  and 
host  plants. 
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Abstract  text: 

Introduction:  Plants  have  developed  all  kinds  of  adaptations  to  withstand  pest  insects,  including 
(glandular)  trichomes,  wax  layers,  production  of  specific  metabolites,  etc.  Unfortunately  many  of 
our  crop  plants  do  not  have  these  adaptations  and  therefore  suffer  from  insect  attacks. 

Fortunately,  the  adaptations  are  to  a  large  extent  still  present  in  the  crop  wild  relatives.  Breeding 
of  insect  resistant  plants  may  make  our  crop  production  more  sustainable.  To  obtain  insect 
resistant  plants  we  need  to  identify  the  factors  that  govern  the  interaction  between  plants  and 
their  pest  insects. 

Methods:  We  are  evaluating  landraces  and  crop  wild  relatives  of  vegetable  crops  for  novel 
resistances  towards  their  main  pest  insects,  with  an  emphasis  on  thrips,  aphids  and  whiteflies. 
Resistant  material  is  further  characterized  with  respect  to  the  resistance  mechanism  and  the 
inheritance  of  the  resistance  (QTL-mapping).  Approaches  used  involve  genetics,  genomics, 
metabolomics  and  detailed  analysis  of  life  history  components  of  the  pest  insects.  We  try  to 
identify  factors  import  for  resistance. 

Results/Conclusion:  We  have  identified  several  sources  of  resistance  in  vegetable  crops, 
including  a.o.  brassica,  tomato  and  pepper.  In  the  presentation  I  will  discuss  the  characterization 
of  a  broad  spectrum  insect  resistance  present  in  the  tomato  wild  relative  Solanum  galapagense , 
which  is  effective  a.o.  against  the  whitefly  Bemisia  tabaci.  This  resistance  is  governed  by  a 


specific  type  of  glandular  trichome  and  specific  secondary  metabolites.  Furthermore  I  will 
discuss  the  resistance  against  thrips  and  aphids  in  Capsicum  species.  In  this  case  the  resistance 
identified  against  each  of  the  insects  is  highly  specific. 
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Abstract  text: 

Introduction:  Identifying  sources  of  host  plant  resistance  to  herbivores  requires  quantifying 
phenotypic  differences  in  infestation  levels,  a  labor-intensive  process  that  is  particularly  difficult 
with  below-ground  pests  or  sap-feeding  insects  that  do  not  defoliate  plants.  The  field  of  high- 
throughput  phenotyping  (HTP)  seeks  to  improve  the  phenotyping  process  to  enable  resistance 
breeding  programs. 

Methods:  A  LemnaTec  Scanalyzer  HTP  system  was  used  to  measure  plant  health  in  Arabidopsis 
( Arabidopsis  thaliana )  plants  that  were  either  mock-infested  or  challenged  with  a  below-ground 
vascular  herbivore,  the  root-knot  nematode  ( Meloidogyne  incognita).  The  effects  of  drought 
stress  on  Arabidopsis  were  also  measured  in  a  parallel  experiment  to  compare  the  system's 
ability  to  measure  biotic  and  abiotic  stresses.  The  HTP  system  captured  images  of  the  plants  at 
least  twice  per  week  with  visible,  near-infrared  (NIR),  and  fluorescence  cameras  to  quantify 
plant  size,  compactness,  greenness,  water  content  (based  on  NIR),  and  foliar  fluorescence. 

Results/Conclusion:  Plant  size  and  compactness  decrease  in  response  to  stress;  compactness 
appears  to  decline  as  a  result  of  increased  leaf  rolling.  Foliar  fluorescence  also  initially 
increasees  in  response  to  stress,  but  then  declines  as  leaves  begin  to  senescence.  NIR  images  also 
were  able  to  discriminate  among  the  different  levels  of  drought  stress  tested.  Additional  work  is 
underway  to  improve  software  available  for  the  analysis  of  leaf  color.  We  conclude  that  multiple 
parameters  measured  by  the  HTP  system  are  useful  for  measurement  of  symptom  development 


in  response  to  stress — which  in  turn  could  be  used  to  identify  genotypic  differences  in  levels  of 
stress  resistance  or  tolerance. 
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Abstract  text: 

Introduction:  The  cabbage  whitefly  ( Aleyrodes  proletella)  is  a  serious  pest  in  Brassica  oleracea 
crops  and  mainly  controlled  by  frequent  application  of  insecticides.  Previously,  we  have 
identified  the  white  cabbage  ( B .  oleracea  var.  capitata )  cultivar  Rivera  as  a  very  strong  source  of 
resistance  against  the  cabbage  whitefly.  The  resistance  is  highly  dependent  on  plant  age  and  is 


probably  located  at  the  phloem  level.  This  study  aims  to  investigate  the  molecular  basis  of  this 
whitefly  resistance  in  Rivera. 

Methods:  We  monitored  gene  expression  changes  during  plant  development,  both  in  the  presence 
and  absence  of  whiteflies,  and  linked  this  to  phenotypic  changes  by  monitoring  whitefly 
performance  at  several  plant  ages.  Additionally,  QTL  mapping  was  used  to  identify 
chromosomal  regions  involved  in  whitefly.  To  this  purpose,  we  used  an  F2  population  obtained 
from  a  cross  between  the  whitefly  susceptible  cultivar  Christmas  Drumhead  and  the  resistant 
Rivera. 

Results/Conclusion:  Whitefly  adult  survival  and  oviposition  rate  (eggs  female"1  day"1)  showed 
that  Rivera  plants  develop  resistance  in  a  relatively  short  period  of  time,  i.e.  there  is  a  sudden 
switch  between  being  susceptible  and  becoming  resistant.  This  is  also  reflected  in  the 
transcriptomics  data,  where  the  susceptible  and  resistance  plant  ages  could  be  clearly  separated 
after  a  principle  component  analysis.  From  the  genetic  mapping,  QTLs  were  found  for  whitefly 
adult  survival  and  oviposition  rate.  By  combining  all  the  obtained  data,  we  were  able  to  identify 
candidate  genes  for  whitefly  resistance  in  cabbage  and  gain  more  leads  to  which  mechanisms  are 
involved  in  this  plant-insect  interaction. 
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Introduction:  Currently,  very  few  resistance  genes  are  available  to  protect  wheat  against  the 
Hessian  fly  populations  in  the  southeastern  U.S..  Most  of  the  34  available  resistance  genes  are 
either  defunct  or  failing  in  that  area.  The  gene  H33  was  discovered  in  durum  wheat  a  few  years 


ago  by  my  lab  where  it  was  introgressed  into  common  wheat  and  mapped  to  chromosome  3 AS. 
However,  H33  is  located  in  a  32.5cM  region  well  known  to  be  devoid  of  molecular  markers. 

H33  provides  strong  resistance  to  all  fly  populations  tested  and  would  be  a  valuable  resistance 
resource  for  the  southeastern  U.S.  if  appropriate  markers  could  be  identified. 

Methods:  We  designed  an  efficient  strategy  that  targeted  the  discovery  of  single  nucleotide 
polymorphisms  (SNPs)  to  the  unmarked  regions  flanking  H33.  Genotyping-by-sequencing 
provided  excellent  coverage  of  the  region  and  DNA  from  only  14  carefully  selected  plants  from 
our  mapping  population  were  needed  for  sequencing.  Plant  selection  was  based  on  resistance 
phenotype  plus  alleles  of  the  markers  flanking  the  unmarked  region.  The  process  yielded  four 
SNPs  that  fell  within  the  target  region,  with  the  closest  being  6.7  cM  from  H33.  These  SNP 
sequences  were  used  to  design  efficient  PCR-based  KASP  assays  for  marker-assisted  selection. 
The  more  distant  markers  are  useful  for  removing  regions  that  may  cause  linkage  drag. 

Results/Conclusion:  Our  strategy  for  targeting  SNPs  to  a  specific  genomic  region  is  efficient  and 
fast.  The  method  is  applicable  to  any  species  with  a  mapping  population  that  provides  markers 
flanking  the  target  region  containing  the  gene  of  interest. 
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Introduction:  To  dissect  host-aphid  interactions,  we  study  tomato  resistance  to  the  potato  aphid, 
Macrosiphum  euphorbiae ,  and  the  salivary  secretions  of  the  pest.  In  tomato,  resistance  to  potato 
aphids  is  conferred  by  the  coiled-coil  nucleotide-binding  leucine-rich  repeat  encoding  immune 
receptor  Mi- 1.2.  In  addition  to  aphids,  Mi- 1.2  confers  resistance  to  whiteflies,  psyllids  and  to  3 
species  of  root-knot  nematodes.  It  is  not  clear  how  Mi- 1.2  is  able  to  recognize  effectors  from 


these  diverse  groups  of  pests  and  whether  the  detection  of  nematode  and  insect  pests  involve 
similar  recognition  complexes. 

Methods:  Mass  spectrometry,  bioinformatics  and  functional  analyses  were  used  to  identify  potato 
aphid  secretome  and  their  role  in  altering  plant  immunity.  Genetics,  immunoprecipitation  and 
bimolecular  fluorescence  complementation  analyses  were  used  to  identify  and  characterize 
components  of  Mi- 1.2  resistance. 

Results/Conclusion:  Proteomics  analysis  identified  a  large  repertoire  of  the  potato  aphid  salivary 
proteins.  Sequence  analysis  indicates  that  the  majority  of  these  proteins  have  unknown  functions. 
Surprisingly,  among  the  aphid  secretome  were  proteins  from  the  obligate  endosymbiont 
Buchner  a  aphidicola ,  a  bacterium  essential  for  aphid  survival.  Using  functional  analysis,  a  few 
effectors  were  identified  that  alter  plant  immunity.  A  transmembrane  localized  Somatic 
Embryogenesis  Receptor  Kinase  1  (SERK1)  required  for  Mz-7.2-mediated  aphid  resistance  but 
not  for  root-knot  nematode  resistance  was  identified.  Co-immunoprecipitation  experiments 
indicated  that  Mi-1.2  and  SERK1  are  present  in  the  same  protein  complex.  However,  Mi-1.2 
directly  interacts  with  SERK1  only  in  the  presence  of  potato  aphid  saliva.  Our  work  identified 
aphid  effectors  that  influence  plant  immunity  and  suggests  distinct  Mi- 1.2  recognition  complexes 
to  aphids  and  nematodes. 
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Introduction:  The  green  peach  aphid  (GPA)  Myzus  persicae( Aphididae)  is  an  important  crop 
pest.  GPA  is  unusual  amongst  herbivorous  insects  in  being  polyphagous;  it  is  able  to  colonize 
and  feed  from  plants  belonging  to  at  least  40  different  families.  We  hypothesize  that  the 
remarkable  plasticity  of  GPA  lies  in  its  ability  to  suppress  a  wide  variety  of  plant  defense 


mechanisms,  and  that  this  is  enabled  -at  least  in  part-  by  effector  proteins  capable  of  modulated 
host  defenses  that  GPA  delivers  into  the  plant  when  feeding. 

Methods:  We  sequenced  the  genome  of  GPA,  the  only  previously  sequenced  aphid  genome 
being  that  of  the  specialist  pea  aphid  Acyrthosiphon  pisum ,  which  in  contrast  to  GPA  mostly 
colonizes  a  single  plant  family.  We  mined  the  GPA  genome  for  candidate  effector  proteins, 
based  on  a  range  of  criteria  including:  expression  in  the  salivary  gland;  possession  of  predicted 
secretory  signal  peptides;  differential  expression  on  different  host  plants;  and  signs  of  positive 
selection. 

Results/Conclusion:  From  this  set  of  candidate  effector  proteins,  we  selected  some  for  the 
generation  of  antibodies,  which  were  used  to  demonstrate  expression  in  aphids  and  presence  in 
plant  tissue  at  the  site  of  aphid  feeding.  We  also  show  that  knock-down  of  the  expression  of 
candidate  effectors  in  aphids  affects  the  defense  response  of  plants  to  those  aphids,  in  particular 
the  PAMP-triggered  immune  response  pathway,  and  impairs  the  ability  of  the  aphids  to  survive 
and  reproduce.  Ongoing  work  aims  to  characterize  the  targets  and  mode  of  action  of  these 
proteins. 


Symposium 

Presentation  Title:  Climate-smart  push-pull:  A  conservation  agriculture  technology  for  food 
security  and  environmental  sustainability  in  Africa 

Author  Name:  Zeyaur  Khan 

Author  Institution:  International  Centre  of  Insect  Physiology  and  Ecology 

Session  Title:  Symposium:  Sustainable  Agriculture  through  Ecological  Pest  Management 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0113 
DOI:  10. 1603/ICE. 20 16. 105347 
Abstract  text: 

Introduction:  Poor  yields  of  cereal  crops  caused  by  constraints  such  as  stemborer  pests,  parasitic 
Striga  weeds  and  degraded  soils  are  responsible  for  the  chronic  food  insecurity  in  Africa,  a 
situation  that  is  worsening  with  climate  change  and  human  population  growth.  Push-pull,  a 
climate-smart  conservation  agricultural  innovation  based  on  companion  cropping,  effectively 
addresses  these  constraints  resulting  in  substantial  grain  yield  increases  without  the  use  of  any 
external  inorganic  inputs. 


Methods:  Push-pull  involves  intercropping  cereal  crops  with  moth  repellent  forage  legume,  e.g. 
Desmodium  (push),  and  planting  attractive  fodder  grasses  e.g.  Napier  grass  or  Brachiaria  as  a 
border  crop  (pull).  Desmodium  is  also  effective  in  suppressing  Strigaweed  while  improving  soil 
fertility  by  fixing  nitrogen  and  improving  soil  organic  matter  and  biodiversity  of  arthropods. 

Both  companion  plants  are  valuable  fodder  plants  thus  allowing  integration  of  crop  and  livestock 
production  which  diversifies  farmers’  income  sources. 

Results/Conclusion:  Drought-tolerant  companion  plants  have  been  identified  and  incorporated 
into  the  technology  thereby  extending  the  benefits  to  drier  areas  and  ensuring  its  long-term 
sustainability  in  view  of  climate  change.  The  technology  provides  an  opportunity  to  improve 
food  security,  stimulate  economic  growth,  and  alleviate  poverty  in  Africa  while  making 
agriculture  more  resilient  to  climate  change. 
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Introduction:  Approximately  165  million  tons  of  sucrose  are  produced  exclusively  from  sugar 
beet  and  sugar  cane  in  the  United  States  annually.  Throughout  much  of  the  Northern 
Hemisphere,  sugar  beet  is  the  dominant  source  of  sucrose  sugar.  On  a  world-wide  basis  ~  6%  of 
yield  losses  in  sugar  beet  can  be  attributed  to  animal  pests  alone.  Add  weeds  to  those  losses  in 
the  Central  High  Plains,  and  an  additional  51%  loss  with  as  few  as  6  plants  per  30.5  meters  can 
be  realized.  Costs  for  sugar  beet  production  often  exceed  $1,400  per  hectare.  Glyphosate  tolerate 
weed  populations  have  necessitated  a  renewed  interest  in  understanding  diversified  mortality 
sources  for  weeds  in  sugar  beet  systems.  One  strategy  could  be  to  engage  in  cultural  practices 
that  conserve  biological  control  of  weed  species  in  sugar  beets  systems. 


Methods:  Carabidae  are  well  known  generalist  predators  and  weed-seed  consumers.  Therefore, 
in  2012  and  2013  we  measured  carabid  species  diversity,  post-dispersal  weed  seed  removal,  and 
surrogate  prey  predation,  in  sugar  beet  fields  subjected  to  two  tillage  practices  that  result  in  either 
low  (4. 9-8. 2%)  or  high  (70.5-81.2%)  crop  residue.  Additionally,  we  evaluated  carabid  species 
choice  and  seed-age  choice  studies  in  the  laboratory. 

Results/Conclusion:  In  total,  41  species  of  Carabidae  were  collected  in  2012  and  2013.  A  20- 
40%  higher  proportion  of  weed  seeds  were  consumed  under  a  high  residue  system  as  compared 
to  low  residue.  Predation  of  surrogate  prey  did  not  vary  by  crop  residue.  Carabid  species 
preferences  varied  by  weed  species  and  weed  seed  age  for  Harpalus  pensylvanicus. 
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Introduction:  Conservation  agriculture,  a  system  relying  on  crop  rotations,  mulch,  and  minimal 
soil  disturbance,  is  widely  recognized  for  benefits  to  soil  quality,  stabilizing  crop  yields,  and 
altering  plant-insect  interactions.  In  particular,  each  of  these  practices  affects  soil-dwelling 
arthropod  assemblages  in  a  particular  way  by  affecting  the  microenvironment  at  the  soil  surface, 
with  potential  consequences  for  predatory  and  pest  arthropods. 

Methods:  To  better  understand  the  effect  of  conservation  agriculture  practices  on  the  local 
arthropod  assemblage,  we  compare  two  North  American  conservation  agriculture  cropping 
systems:  a  rotation  of  maize  ( Zea  mays)  and  wheat  ( Triticum  aestivum)  in  central  Mexico,  and  a 
soybean  ( Glycine  max),  wheat,  and  maize  rotation  grown  under  organic  management  in  central 
Pennsylvania.  In  both  systems,  primary  inversion  tillage  was  reduced  compared  to  conventional 
practices  for  the  area,  and  cash  crops  were  no-till  planted  into  a  residue  at  the  soil  surface 
(previous  years’  crop  residue  in  Mexico,  and  rolled  cover  crop  mulch  in  central  Pennsylvania). 


We  measured  arthropod  activity-density  in  both  systems  by  pitfall  trap,  and  predatory  arthropod 
function  by  implementing  sentinel  traps  baited  with  live  waxworms  ( Galleria  mellonella ). 

Results/Conclusion:  In  both  systems,  predatory  arthropods  in  particular  were  affected  by  the 
conservation  agriculture  practices,  with  the  type  of  residue  affecting  the  activity-density, 
diversity,  and  function  of  particular  predators,  including  ants  in  Mexico  and  ground  and  tiger 
beetles  in  Pennsylvania.  The  comparison  of  these  two  systems  allows  for  an  opportunity  to 
understand  the  complexities  of  conservation  agriculture  and  the  potential  for  this  system  to 
conserve  and  augment  predatory  arthropods  while  contributing  to  pest  control. 
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Introduction:  Small-scale  farmers  in  the  tropics  face  numerous  challenges  in  producing  sufficient 
amounts  of  food  for  human  consumption  and  income  generation.  Seeds  for  planting,  harvested 
grain,  and  food  plants  in  farmers’  fields  and  storage  are  all  subject  to  loss  from  insect  pests. 
ECHO  Inc.  is  a  non-profit  organization  that  equips  agricultural  practitioners  in  least-developed 
countries  with  informational  resources  and  skills  to  reduce  hunger.  With  impact  centers  in  East 
and  West  Africa,  as  well  as  in  Southeast  Asia,  insect  pest-related  constraints  on  food  production 
among  smallholder  farmers  have  become  increasingly  apparent. 

Methods:  One  of  the  ways  in  which  ECHO  is  addressing  this  is  by  exploring  ways,  such  as 
oxygen  deprivation  via  vacuum  sealing,  to  control  insect  damage  in  stored  seeds.  This  has 
implications  for  the  maintenance  of  valuable  germplasm  in  regional  seed  banks,  as  well  as  for 
grain  storage  and  post-harvest  loss  reduction,  in  areas  where  resources  for  pest  control  are 
limited  or  not  financially  viable.  ECHO  also  welcomes  input  from  others,  including  researchers 
within  the  scientific  community,  regarding  strategies  for  insect  pest  management  and  loss 


prevention  in  seeds  and  growing  crops.  Such  input  improves  recommendations  communicated  to 
an  extensive  network  of  international  agricultural  practitioners  working  with  small-scale  farmers. 

Results/Conclusion:  Through  ongoing  research  and  networking  endeavors,  key  lessons  and 
practices  have  been  learned  — pertaining  to  seed  storage  and  crop  pest  management — that  are 
presented.  Ways  in  which  interested  members  of  the  scientific  community  could  be  of  further 
help  to  ECHO,  and  ultimately  to  smallholder  farmers  in  the  tropics,  are  also  discussed. 
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Introduction: 

United  States  ranks  3rd  in  world  cotton  production,  with  2.85  million  metric  tons  of  lint  produced 
per  year.  Texas  produces  55%  of  U.S.  cotton,  with  70%  of  that  production  occurring  solely  in  the 
Texas  High  Plains  region.  In  2014,  cotton  losses  caused  by  arthropod  pests  in  the  U.S.  were 
2.6%.  In  2014,  arthropod-induced  lint  yield  loss  from  Texas  alone  amounted  to  $187  million. 
Thrips  and  Lygus  bugs  are  the  highest-ranked  economic  Texas  High  Plains  cotton  insect  pests. 
Thrips  damage  to  early  season  cotton  results  in  reduced  leaf  area,  compromised  root 
development,  delayed  maturity,  and  lower  lint  yields.  LygusarG  generally  mid-  to  late  season 
pests  which  damage  bolls,  often  resulting  in  delayed  crop  maturity  and  fiber  quality  issues. 

Methods: 

In  the  past  fifteen  years,  more  than  20  research  projects  were  conducted  on  various  aspects  of 
thrips  and  Lygus  biology,  behavior,  ecology,  and  management  strategies.  Experiments  were 
conducted  in  the  laboratory,  greenhouse,  research  farms,  and  growers’  fields.  An  integrated 
approach  has  been  developed  and  utilized  to  manage  these  Texas  High  Plains  pests. 


Results/Conclusion: 


Thrips  have  been  successfully  managed  via  seed  treatments,  appropriate  application  frequency  of 
foliar  insecticides,  planting  date  adjustments,  and  combinations  of  these  tactics.  Our  Program’s 
Lygus  research  has  included  host-plant  surveys,  life  table  analysis,  host  preference,  intercrop 
movement,  feeding  biology,  insect/plant  interactions,  sampling,  insecticide  resistance,  pesticide 
evaluations,  overwintering  biology,  cultural  control,  landscape  structure,  and  economic  threshold 
development.  These  tactics  or  combinations  have  been  successfully  integrated  in  managing  both 
thrips  and  Lygus  populations  in  Texas  High  Plains  cotton. 
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Introduction:  Several  ecologically  and  economically  important  forest  tree  species  are  currently 
threatened  by  introduced  invasive  species.  Classical  biological  control  may  be  used  to  manage 
these  pests  across  the  landscape,  due  to  the  ability  of  populations  of  biological  control  agents  to 
modulate  and  move  with  pest  populations.  Two  introduced  pests  targeted  by  recent  biological 
control  programs  are  hemlock  woolly  adeldgid  (HWA)  and  emerald  ash  borer  (EAB).  HWA  has 
decimated  eastern  hemlock  populations  throughout  much  of  the  tree’s  native  range.  EAB  feeds 
on  all  species  of  ash  and  is  responsible  for  wide-scale  ash  mortality  in  much  of  the  eastern  U.S. 

Methods:  Two  predatory  beetle  species,  Laricobius  nigrinus  and  Sasajiscymnus  tsugae ,  have 
been  released  throughout  the  eastern  U.S.  against  HWA.  The  larval  parasitoids  Spathius  agrili 
and  Tetrastichus  planipennisi  and  the  egg  parasitoid  Oobius  agrili  have  been  introduced  into  the 
U.S.  against  EAB  from  its  native  range.  Both  HWA  and  EAB  biological  control  programs  have 
robust  facilities  in  place  to  mass  rear  and  distribute  the  respective  natural  enemies. 


Results/Conclusion:  Both  L.  nigrinus  and  S.  tsugae  have  been  recovered  from  release  sites,  and 
hemlocks  are  persisting  in  some  of  these  recovery  areas.  Observed  coexistence  of  both  predatory 
beetle  species  in  some  locations  suggested  that  these  species  may  provide  a  compounding  impact 
on  HWA  populations.  Parasitoids  of  EAB  have  been  recovered  in  both  the  north  central  and 
southern  U.S.  in  controlled  studies  and  open  release  sites.  The  implications  of  these  recoveries  to 
the  health  and  persistence  of  native  forest  trees  will  be  discussed. 


Symposium 

Presentation  Title:  Increasing  resilience  of  pepper  crops  by  exploiting  zoophytophagy 
Author  Name:  Alberto  Urbaneja 

Author  Institution:  Instituto  Valenciano  de  Investigaciones  Agrarias 

Session  Title:  Symposium:  Zoophytophagous  Arthropods  in  Biological  Control  (IOBC) 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0119 
DOI:  10. 1603/ICE. 2016. 92205 
Abstract  text: 

Introduction: 

Zoophytophagous  predators  may  induce  defensive  plant  responses  due  to  their  plant  feeding 
behaviour,  which  involves  the  release  of  diverse  volatiles  through  different  pathways  that  are 
triggered  by  phytohormones.  In  sweet  pepper,  previous  results  proved  that  zoophytophagous 
predators  induce  defensive  plant  responses,  especially  predatory  mirids  (Hemiptera:  Miridae). 
Because  the  establishment  of  mirids  in  sweet  pepper  crops  is  not  common,  in  this  work  other 
ways  to  take  advantage  of  these  defensive  plant  responses  induced  by  mirids  were  investigated. 

Methods: 

The  effect  of  inoculating  mirid  predators  in  the  nursery,  which  induced  defensive  responses  on 
the  plants,  was  measured  later  in  the  field  in  terms  of  plant  protection  and  plant  strengthener. 
Secondly,  determination  of  the  plant-released  volatiles  induced  by  mirids  and  their  relationship 
with  target  species  were  also  studied. 


Results/Conclusions : 


Our  results  demonstrated  that  mirids  could  be  released  in  the  nursery  to  activate  defensive  plant 
responses  in  sweet  pepper  plants.  These  responses  could  even  remain  active  after  planting  for 
weeks  irrespective  of  the  establishment  or  not  of  the  mirids.  Additionally,  the  practical 
application  of  mirid-induced  plant  volatiles  for  insect  pest  control  in  sweet  pepper  is  discussed. 
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Introduction: 

During  the  past  20  years,  mirid  predators  became  popular  biological  control  agents.  This  may 
seem  surprising  as  they  are  polyphagous  as  well  as  zoophytophagous.  The  phytophagous 
behaviour  of  some  European  mirid  species  has  resulted  in  serious  plant  damage  when  their 
populations  were  not  managed  properly. 

Methods: 

We  are  evaluating  three  South  American  mirid  predators,  Campyloneuropsis  infumatus, 
Engytatus  varians  and  Macrolophus  basicornis,  in  controlling  various  pests  on  tomato. 

Results/Conclusion: 

The  mirids  are  able  to  kill  eggs  and  larvae  Tuta  absoluta  (Lep.:  Gelechiidae),  Neoleucinodes 
elegantalis  (Lep.:  Crambidae),  Helicoverpa  armigera  (Lep.:  Noctuidae),  Phytorimaea 
operculella  (Lep.:  Gelechiidae),  as  well  as  nymphs  of  Bemisia  tabaci  (Hem.:  Aleyrodidae).  The 
mirids  also  reproduce  and  establish  populations  on  tomatoes  infested  with  T.  absoluta.  However, 
before  advising  them  as  candidates  for  control  of  tomato  pests,  we  decided  to  determine  their 


phytophagous  behaviour,  plant  injury  and  yield  reduction.  Although  feeding  by  all  three  mirids 
caused  feeding  rings  on  tomato  fruits  and  leaves,  the  injury  was  not  seriously  affecting  fruit 
quality  or  quantity. 
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Being  able  to  utilize  both  animal  and  plant  food,  zoophytophagous  predators  comprise  an 
important  group  of  natural  enemies  widely  used  in  biological  pest  control.  Plant  feeding  may 
ensure  the  persistence  of  predator  populations  when  prey  is  scarce.  On  the  other  hand,  predator 
phytophagy  may  affect  herbivores  through  the  elicitation  of  defense  responses  in  plants.  Whereas 
induced  plant  defenses  to  herbivores  have  been  well  studied,  relative  little  is  known  about  the 
ability  of  plants  to  respond  to  predator  phytophagy  and  therefore  to  indirectly  affect  herbivores. 
Evidence  is  provided  that  the  zoophytophagous  mirid  predator  Macrolophus  pygmaeus  may 
adversely  affect  tomato  pests  through  plant-mediated  (non-consumptive)  effects.  Performance 
and  behavioral  effects  on  prey  (spider  mites,  whiteflies  and  moths)  were  recorded  on  tomato 
plants  previously  exposed  to  the  predator.  These  effects  were  shown  parallel  to  the  induction  of 
jasmonic  acid  -  mediated  tomato  defences  (i.e.  proteinase  inhibitor  activity)  in  exposed  plants. 
The  fact  that  zoophytophagous  predators  may  indirectly  affect  pests  may  be  an  advantageous 
trait  that  could  result  in  pest  suppression  on  plants  pre-exposed  to  the  predators  or  on  young 
leaves  of  exposed  plants.  Implications  are  discussed  relative  to  biological  control. 
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Introduction: 

In  recent  years,  studies  on  arbuscular  mycorrizal  fungi  (AMF)  have  been  revealing  that 
belowground  mycorrhizal  fungi  influence  the  performance  of  above-ground  herbivores  and  their 
natural  enemies  through  its  effects  on  the  host  plant.  AMF  effects  on  aboveground  organisms 
vary  with  AMF  specific  isolate,  the  host  plant  cultivar,  environmental  AMF  growing  conditions 
and  insects  feeding  habits.  In  relation  to  beneficials,  as  a  general  pattern,  the  positive  roles  of 
arthropods  on  plants  are  favored  by  mycorrhization. 

Methods:  In  the  present  study,  we  evaluated  the  impact  of  colonization  of  plants  by  the 
arbuscular  mycorrhizal  fungus  Rhizophagus  irregularis  (Syn.  Glomus  intraradices  Schenk  & 
Smith)  (Glomeromycota:  Glomeraceae)  on  the  performance  of  the  zoophytophagous  mirid  bug 
Macrolophus  pygmaeus  Rambur  (Hemiptera:  Miridae).  Adult  host  selection,  egg  laying  behavior 
and  development  of  immature  stages  of  the  predator  was  assessed  when  offered  tomatoes 
inoculated  with  the  micorryzal  fungus  versus  not  inoculated  plants. 

Results/Conclusion: 

Adult  host  selection  preference  and  a  better  immature  performance  were  observed  in  inoculated 
tomatoes  in  relation  with  those  that  were  not  inoculated. 
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Introduction: 

Over  the  past  decade,  the  success  of  pest  management  in  tomato  crops  has  been  possible  thanks 
to  the  use  of  zoophytophagous  plant  bugs  (Hemiptera:Miridae).  The  main  feature  of  this  group  of 
predators  is  that  they  can  feed  on  both  plant  tissues  and  on  a  wide  range  of  insect  prey,  which 
facilitates  their  establishment  in  the  crop  prior  to  pest  infestation  as  well  as  their  conservation  in 
periods  of  prey  scarcity.  By  their  phytophagy,  mirid  predators  may  activate  plant  defense 
mechanisms  which  release  volatiles  through  diverse  pathways  triggered  by  phytohormones.  The 
plant  response  may  be  different  depending  on  the  species  of  mirid  used 

Methods: 

In  this  work,  we  studied  whether  puncturing  of  tomato  plants  by  three  different  mirid  species 
( Nesidiocoris  tenuis,  Macrolophus  pygmaeus  and  Dicyphus  maroccanus )  influences  the  host- 
plant  selection  of  selected  tomato  pests  and  natural  enemies.  For  this  study,  we  evaluated  the 
olfactory  responses  of  selected  pests  and  natural  enemies  in  a  Y-tube  olfactometer.  Hormonal 
profiling  and  gene  expression  analysis  of  the  main  plant  defense  pathways  were  also  used  to 
determine  how  tomato  plants  orchestrate  responses  to  the  feeding  behavior  of  mirids. 

Results/Conclusion: 

Our  results  demonstrate  that  mirids  not  only  benefits  tomato  plants  directly  by  entomophagy  but 
also  indirectly  by  phytophagy,  which  induces  a  physiological  defensive  response  in  the  tomato 
plant.  In  addition,  we  showed  that  the  three  different  zoophytophagous  mirid  predators  studied 
have  different  capacities  to  induce  plant  responses  in  tomatoes. 
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Introduction: 

In  rearing  systems  for  the  zoophytophagous  predators  of  the  Heteroptera  suborder  plant  materials 
are  used  to  provide  water  and  supplementary  nutrients,  or  to  serve  as  oviposition  substrates  and 
hiding  places. 

Methods: 

This  paper  will  review  recent  studies  focusing  on  the  benefits  and  drawbacks  of  plant  materials 
and  their  alternatives  for  the  rearing  of  predatory  Miridae  ( Macrolophus  pygmaeus,  Nesidiocoris 
tenuis)  and  Anthocoridae  ( Orius  spp.). 

Results/Conclusion: 

Nymphs  and  adults  of  zoophytophagous  heteropterans  usually  require  a  source  of  water  in 
addition  to  animal  prey  for  successful  rearing,  which  can  be  provided  in  the  form  of  various  plant 
materials  (green  bean  pods,  seedlings,  sprouts...).  The  reported  benefits  of  supplementary  plant 
nutrients  for  the  development  and  reproduction  of  predatory  bugs,  however,  appear  to  vary 
among  species  and  studies.  Differences  may  be  related  both  to  the  quality  of  the  plant  materials 
offered  (including  the  presence  of  pesticide  residues)  and  that  of  the  animal  prey  used  in  the 
rearing  system.  Further,  most  anthocorids  and  mirids  have  endophytic  oviposition,  necessitating 
the  use  of  plants  or  plant  parts  in  adult  cultures. 

The  elimination  of  plants  can  increase  the  reliability  and  cost  effectiveness  of  the  rearing  system 
but  requires  the  availability  of  artificial  moisture  sources  and  substrates  for  the  predators  to  live 
on  and  oviposit  in.  Different  delivery  systems  for  free  water  or  sucrose  solutions  and  artificial 
oviposition  substrates  have  been  developed  and  are  currently  being  incorporated  in  commercial 
production  systems,  particularly  of  mirid  predators. 
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Introduction: 

Generalist  predators  are  often  highly  efficient  biocontrol  agents  of  various  crop  pests.  Besides, 
they  also  feed  on  various  non-pest  food  substrates.  Thus,  alternative  host  plants  can  play  a 
relevant  ecological  role  for  their  population  dynamics.  Nesidiocoris  tenuis  (Reuter)  (Hemiptera: 
Miridae)  is  largely  employed  in  biocontrol  programs  in  tomato  crops  in  Southern  Europe  through 
augmentative  releases  and  conservative  strategies.  However,  it  can  cause  economic  losses  by  its 
repeated  feeding  on  tomato  plants. 

Methods: 

We  investigated  the  influence  of  two  alternative  plants,  Dittrichia  viscosa  L.  (Asteraceae)  and 
Sesamum  indicum  (L.)  (Pedaliaceae),  on  N.  tenuis  biological  performances,  damage  on  tomato 
plants  and  on  its  biological  control  services.  The  mirid  olfactory  response  to  the  volatiles  emitted 
by  the  two  companion  plants  and  to  the  major  volatile  compounds  produced  by  S.  indicum  was 
also  evaluated.  Finally,  the  attractivity  of  S.  indicum  was  studied  in  preliminary  field  trials. 

Results/Conclusion: 

We  demonstrated  that  N.  tenuis  populations  can  benefit  from  the  presence  of  S.  indicum  plants. 
Thus,  we  propose  the  S.  indicum  employment,  as  mass  rearing  preyless  substrate,  trap  and/or 
banker  plant,  in  Integrated  Pest  Management  programs  in  tomato.  Moreover,  some  volatile 
compounds  produced  by  this  alternative  plant  might  be  successfully  applied  for  attracting  the 
mirid  in  the  field,  i.e.  for  its  mass  trapping  and/or  for  helping  its  natural  or  artificial 
establishment. 
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Introduction: 

To  develop  a  banker  plant  system  for  controlling  Bemisia  tabaci  (Gennadius)  (Hemiptera: 
Aleyrodidae)  and  Thrips  palmi  Karny  (Thysanoptera:  Thripidae)  in  protected  culture  using 
Nesidiocoris  tenuis  (Reuter)  (Hemiptera:  Miridae)  in  Japan,  reproduction  of  N.  tenuis  on  B. 
tabaci ,  T.  palmi  and  banker  plants  were  studied  in  the  laboratory  and  in  greenhouses. 

Methods: 

The  intrinsic  rates  of  increase  ( rm )  of  N.  tenuis  reared  on  B.  tabaci  on  tomatoes  and  T.  palmi  on 
cucumbers  were  calculated  based  on  life  history  studies  in  the  laboratory.  Candidate  banker  plant 
species  were  selected  through  field  and  greenhouse  experiments,  where  growth  characteristics  of 
plants  and  reproduction  of  pests  and  N.  tenuis  on  the  plants  were  compared.  Candidate  banker 
plant  species  were  used  as  banker  plants  for  N.  tenuis  to  control  thrips  infesting  cucumbers  in 
greenhouses. 

Results/Conclusion: 

The  rm  value  of  N.  tenuis  on  B.  tabaci  was  higher  than  that  on  T.  palmi.  This  was  due  to  the  low 
fecundity  on  T.  palmi  on  cucumbers.  Verbena  hybrida  cv.  ‘Tapian’  (Verbenaceae)  and  Scaevola 
aemula  (Goodeniaceae)  were  selected  as  candidate  banker  plant  species.  Nesidiocoris  tenuis 
could  develop  almost  at  the  same  rate  on  these  two  plant  species  without  animal  diets  as  on  B. 
tabaci  and  T.  palmi  in  the  laboratory.  Its  fecundity  was  similar  on  the  two  plant  species  and  was 
about  the  half  of  that  on  B.  tabaci.  Verbena  hybrida  and  S.  aemula  were  used  as  banker  plants  for 
N.  tenuis  in  greenhouse  experiments.  N.  tenuis  was  maintained  mainly  on  V  hybrida  and 
suppressed  the  density  of  thrips. 
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Introduction: 

Arthropod-induced  plant  defenses,  if  properly  managed,  offer  an  opportunity  to  increase  crop 
resilience.  It  is  widely  known  that  arthropod  herbivory,  including  that  produced  by 
zoophytophagous  arthropods,  activates  in  plants  different  responses  affecting  either  or  both  the 
second  (pests)  and  third  (natural  enemies)  trophic  levels. 

Methods: 

We  have  investigated  genotype-dependent  plant  response  to  feeding  damage  in  citrus  by  a 
zoophytophagous  phytoseiid,  the  generalist  Euseius  stipulatus  (Athias-Henriot)  and  its  effects  on 
the  whole  mite  community  inhabiting  this  agroecosystem  ( Tetranychus  urticae  Koch  and 
different  life-style  phytoseiids). 

Results/Conclusion: 

Our  results  have  shown  that  plant  damage  by  Euseius  stipulatus  may  induce  genotype-dependent 
plant  responses  in  citrus  that  may,  in  turn,  affect  the  behavior  and  therefore  the  value  as 
invertebrate  biological  control  agents  of  other  predatory  mites  within  the  same  guild. 
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Introduction:  A  great  deal  of  progress  has  been  made  on  engineering  gene  drive  systems  capable 
of  spreading  into  populations  despite  a  fitness  cost.  Some  of  these  systems  have  been  proposed 
for  spreading  disease-refractory  genes  into  insect  disease  vector  populations,  thus  reducing  their 
ability  to  transmit  diseases  such  as  malaria  and  dengue  fever  to  humans.  Other  systems  have 
been  proposed  for  spreading  a  fitness  load  or  generating  a  male  gender  bias,  thus  suppressing 
vector  populations  and  disease  transmission. 


Methods:  With  the  help  of  mathematical  models,  we  discuss  which  of  the  recently-engineered 
systems  (CRISPR/Cas9,  homming  endonuclease  genes  (HEGs),  Medea  and  UDMEL)  hold  the 
most  promise  for  achieving  these  goals. 

Results/Conclusion:  Systems  such  as  HEGs  and  CRISPR,  which  manipulate  inheritance  through 
DNA  cleavage  and  repair,  are  highly  invasive;  however  concerns  must  be  addressed  regarding 
the  emergence  of  HEG  or  CRISPR  resistance  alleles  which  may  limit  their  spread.  Systems  such 
as  Medea  and  UDMEL,  which  use  combinations  of  toxins  and  antidotes  to  favor  their  own 
inheritance,  are  less  invasive  but  highly  stable  and  have  potential  for  confined  population 
replacement.  We  discuss  major  barriers  to  the  spread  of  these  systems,  alignment  with  design 
criteria  for  their  safety  and  efficacy,  and  molecular  efforts  that  should  be  prioritized  to  address 
these. 
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Introduction:  The  worldwide  annual  incidence  of  dengue  has  been  estimated  by  the  WHO  to  be 
50  million  cases.  Compared  with  other  vector-borne  diseases,  only  malaria  (which  causes  over 
one  million  deaths  annually)  has  an  incidence  higher  than  that  of  dengue  infection.  During  the 
past  decade,  many  researchers  have  focused  on  the  development  of  transgenic  mosquitoes  for 
alternative  vector  control  strategies  aimed  at  either  reducing  mosquito  abundance  or  preventing 
the  transmission  of  pathogens.  Transgenic  methodologies  have  created  new  opportunities  to 
prevent  infectious  diseases  through  the  manipulation  of  the  genomes  of  insect  vector 
populations. 

Methods:  By  integrating  anti-pathogen  effector  genes  in  the  genome  of  Aedes  aegypti ,  the 
principal  vector  of  dengue  worldwide,  we  have  developed  strains  of  transgenic  mosquitoes  in 


which  the  replication  of  DENV-1,  -2,  -3,  and  -4  is  prevented  through  an  RNA  interference-based 
mechanism.  We  will  further  optimize  the  anti-pathogen  effector  genes  to  target  genomic 
sequences  in  these  DENV  serotypes  and  the  chikungunya  virus  (CHIKV). 

Results/Conclusion:  The  overall  goal  of  our  research  is  to  prevent  dengue  and  chikungunya  fever 
through  the  replacement  of  wild,  disease-susceptible  mosquito  populations  with  genetically 
engineered,  disease-refractory  mosquitoes.  An  important  step  toward  the  implementation  of  our 
population-replacement  strategy  has  been  the  pioneering  development  and  adaptation  of  the 
Medea  selfish  genetic  element,  which  drives  the  inheritance  of  the  anti-pathogen  gene,  sustaining 
a  frequency  of  the  disease-refractory  phenotype  of  100%  in  the  replacement  mosquito 
population.  The  outcome  of  our  proposed  research  will  reduce  the  threat  of  vector-borne  diseases 
in  threatened  countries  worldwide,  and  positively  impact  public  health  on  a  global  scale. 
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Introduction:  Selfish  sex  chromosomes  have  been  identified  in  a  number  of  species,  since  their 
existence  within  a  population,  manifesting  as  extraordinary  sex  ratios  in  the  offspring  of 
individuals  carrying  them,  is  striking.  Sex  chromosomes  harboring  alleles  that  favorably  bias 
their  transmission  to  the  next  generation  act  to  selectively  eliminate  gametes  bearing  the  opposite 
sex  chromosome.  As  a  result,  both  the  allele  (sex  distorter )  and  the  sex  chromosome  that  harbors 
it  increase  in  frequency  in  a  population  over  time  until  the  population  either  becomes  extinct  or 
until  resistance  alleles  arise  that  counteract  the  activities  of  the  sex  distorter.  Beyond  their 
captivating  significance  for  biology  and  evolution,  the  adverse  effect  that  such  selfish  sex 
chromosomes  could  have  on  population  fitness  has  been  considered  for  its  application  in  the 
control  of  pest  species,  particularly  insects.  Synthetic  genetic  constructs  can  now  be  engineered 


to  behave  similarly  to  naturally  occurring  sex  distorters,  be  as  impervious  to  the  development  of 
resistance  alleles  as  possible,  and  to  be  transferable  between  species. 

Methods:  We  are  building  invasive  Y  chromosomes  in  malarial  mosquitoes  that  could  spread 
within  natural  populations,  dramatically  reducing  the  frequency  of  biting  females  and  thereby 
diminishing  the  reproductive  capacity  of  the  population,  leading  eventually  to  collapse. 

Results/Conclusion:  We  will  present  the  progress  on  the  engineering  of  such  strains  and  insights 
our  exploration  is  revealing  on  the  genome  and  reproductive  biology  of  Anopheles  mosquitoes. 
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Introduction:  The  Spotted  Wing  Drosophila,  Drosophila  suzukii ,  is  an  emerging  agricultural  pest 
of  soft-skinned  fruits.  Since  the  1980s,  but  particularly  during  the  last  decade,  the  small  fly  has 
invaded  a  large  number  of  states  in  North  America  and  many  countries  in  Europe  and  South 
America. 

Methods:  Here  we  present  monitoring  data  from  2012  to  2014  from  the  region  of  Southern  Hesse 
in  Germany. 

Results/Conclusion:  Within  only  two  years  the  D.  suzukii  population  has  grown  markedly, 
causing  considerable  damage  to  different  fruits  in  2013  and  especially  during  2014-2015. 
Strategies  for  the  control  of  D.  suzukii  will  be  discussed,  including  the  use  of  the  Sterile  Insect 
Technique  (SIT)  and  transgenic  methods  to  improve  the  efficiency  of  SIT  programs  for  new 
species.  In  addition,  new  targets  and  systems  for  genome  engineering  and  its  implications  for 
species-specific  biocontrol  of  D.  suzukii  will  be  presented. 
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Introduction:  Insects  act  as  vectors  for  diseases  of  plants,  animals  and  humans.  Replacement  of 
wild  insect  populations  with  genetically  modified  individuals  unable  to  transmit  disease  provides 
an  environmentally  friendly,  sustainable,  and  self-perpetuating  method  for  disease  prevention. 
However,  transgenes  that  mediate  disease  refractoriness  are  unlikely  to  confer  an  overall  fitness 
benefit  on  insects  that  carry  them.  Additionally,  wild  populations  are  large,  partially 
reproductively  isolated,  and  dispersed  over  wide  areas.  Therefore,  population  replacement 
requires  a  gene  drive  mechanism  in  order  to  spread  linked  genes  mediating  disease  refractoriness 
through  wild  populations  at  greater  than  Mendelian  frequencies. 

Methods:  To  address  this  problem,  we  previously  reported  on  the  creation  of  several  synthetic 
selfish  genetic  elements  able  to  drive  population  replacement  in  Drosophila  melanogaster. 

Results/Conclusion:  Here  I  plan  to  describe  the  genetic  behavior  of  an  underdominance-based 
approach  of  using  engineered  reciprocal  translocations  to  spread  desirable  genes  into 
populations.  I  will  include  current  progress  and  future  plans  for  the  development  and  application 
of  this  approach  in  mosquitoes. 
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Introduction:  The  advent  of  affordable,  easy  to  use  site-specific  nucleases  to  modify  insect 
genomes  brings  with  it  the  potential  to  implement  "gene  drive"-based  strategies  to  change  the 
genetic  make-up  of  natural  insect  populations.  Such  strategies  could  aim  to  convert  pathogen- 
transmitting  mosquitoes  to  become  resistant  to  parasites/viruses,  to  change  the  feeding 
preferences  or  behavior  of  an  insect  pest  away  from  a  vital  crop,  to  re-introduce  susceptibility  of 
a  given  insecticide  in  an  otherwise  resistant  population;  many  other  potential  applications 
undoubtedly  remain  to  be  discovered.  The  highly  successful  demonstrations  of  Cas9-based  gene 
drive  in  laboratory  populations  of  both  fruit  flies  and  mosquitoes  serves  to  heighten  enthusiasm 
for  these  approaches,  and  suggests  field-based  testing  may  occur  sooner  rather  than  later. 

Methods:  N/A 

Results/Conclusion:  Since  it  became  clear  several  years  ago  that  Cas9  could  functionally 
substitute  for  the  difficult  to  reprogram  homing  endonucleases,  there  has  been  much  discussion 
over  potential  gaps  in  our  current  regulatory  environment  when  it  comes  to  highly  invasive  DNA 
elements.  What  additional  containment  practices  might  be  required  when  working  with  such 
constructs?  How  best  to  prevent  the  accidental  introduction  of  an  invasive  DNA  element  into  the 
wild?  What  methods  are  available  to  remove  an  invasive  element  from  the  wild  in  the  case  of  an 
accidental  release,  or  an  intentional  release  with  an  undesirable  outcome?  These  questions  will 
be  addressed,  with  a  particular  focus  on  the  recent  NAS  report  on  gene  drive  technology  and 
several  recent  gene  drive  workshops. 
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Abstract  text: 

Introduction:  The  high  reproductive  rate  of  Anopheles  gambiae  mosquitoes  is  one  of  the 
principal  components  of  their  competence  as  malaria  vectors,  and  is  a  target  for  novel  vector 
control  strategies  aimed  at  reducing  malaria  transmission.  Important  biological  processes 
underlying  fecundity  and  fertility  rates  in  these  mosquitoes  are  mediated  by  the  interactions 
between  male  seminal  fluid  transferred  during  mating  and  female  molecular  pathways  modulated 
by  copulation.  These  interactions  trigger  major  changes  in  the  physiology  and  behavior  of 
females,  including  a  reduced  receptivity  to  further  copulation,  an  increased  egg  production,  and 
the  induction  of  egg  laying. 

Results/Conclusion:  Using  a  combination  of  high-throughput  studies  followed  by  in  depth 
functional  analyses,  we  have  discovered  a  number  of  seminal  fluid  components  (proteins  and 
steroid  hormones),  produced  by  the  male  accessory  glands  and  transferred  to  the  female  during 
mating,  that  profoundly  shape  female  reproductive  physiology  and  behavior.  Importantly,  these 
mating-induced  changes  also  affect  the  development  of  Plasmodium  parasites  in  the  mosquito 
vector,  thereby  impacting  multiple  components  of  vectorial  capacity.  Our  results  increase 
knowledge  of  biological  processes  key  to  mosquito  reproduction,  and  provide  insights  into  how 
the  physiological  environment  created  by  mating  and  blood  feeding  affects  malaria  transmission 
by  the  female  mosquito. 
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Tsetse  flies  ( Glossina  sp.),  the  key  vector  of  African  trypanosomes,  are  unique  based  upon  their 
slow  reproductive  rate,  producing  a  single  larval  offspring  during  each  gonotrophic  cycle.  This 
reproduction  mechanism,  defined  as  a  type  of  matrotrophic  viviparity  called  adenotrophy. 
Adenotrophic  viviparity  requires  maternal  nourishment  of  progeny  by  glandular  secretions  that 
are  similar  to  mammalian  milk.  This  advanced  form  of  nutritient  transfer  has  evolved 
infrequently  for  insects,  but  is  common  among  all  members  of  Hippoboscoidea  (bat  flies,  sheep 
ked,  and  tsetse  flies).  The  transition  between  the  allocation  of  nutrients  to  the  developing 
progeny  (tsetse  lactation)  and  the  nonlactation  (dry  periods)  are  key  for  Glossina  to  maintain 
their  reproductive  output.  High  rates  of  lipolysis  and  the  production  of  milk  proteins  are  key 
aspects  associated  with  the  lactation  period.  The  milk  proteome  consist  of  12  major  constituents, 
including  a  tsetse-specific  protein  family,  a  lipocalin,  sphingomyelinase,  and  transferrin.  The 
lactation  period  is  terminated  at  birth  and  a  rapid  period  of  involution  that  precedes  a  dry  stage 
that  coincides  with  embryogenesis  and  rapid  accumulation  of  lipid  reserves.  Inhibition  of  any 
aspect  underlying  milk  production,  involution,  or  recovery  during  the  dry  period  leads  to 
impaired  progeny  development.  In  addition,  tsetse  flies  require  an  obligate  symbiont, 

Wiggle sworthia  glossinidia ,  for  reproduction,  which  provides  B  vitamins  necessary  for  metabolic 
processes  underlying  lactation  and/or  progeny  development. 
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Introduction:  Regulated  gene  expression  is  fundamentally  important  throughout  the  life  cycle, 
and  identifying  enhancers — the  non-coding  regulatory  sequences  required  for  regulating 


transcription — is  essential  for  understanding  the  basic  biology  of  disease  vectors.  Furthermore, 
enhancers  are  major  components  of  biotechnology  tools  for  insect  management  and  control. 
However,  although  increasing  numbers  of  vector  insect  genomes  are  becoming  fully  sequenced, 
few  regulatory  sequences  have  been  characterized  in  any  vector  species,  severely  reducing  the 
usefulness  of  possessing  the  genome  sequence.  Enhancer  identification  traditionally  requires 
resource-intensive  empirical  approaches,  problematic  for  vector  insects  where  issues  of  small 
organism  size,  lack  of  extensive  tissue-specific  cell  lines,  and  high  cost  and  difficulty  of 
generating  and  maintaining  transgenic  lines  make  typical  methods  technically  challenging  and 
often  prohibitively  expensive. 

Methods:  We  recently  showed  that  the  “SCRMshaw”  method  we  developed  for  computational 
enhancer  discovery  works  effectively  in  a  wide  selection  of  holometabolous  insects,  including 
the  vector  mosquitoes  Anopheles  gambiae  and  Aedes  aegypti.  SCRMshaw  uses  sets  of  known 
enhancers  as  “training  data”  to  guide  the  search  for  other  enhancers  with  related  function. 
Although  extensive  insect  enhancer  training  data  do  not  exist  outside  of  Drosophila 
melanogaster ,  Drosophila  training  sets  can  be  used  for  enhancer  prediction  in  vector  mosquitoes 
and  even  in  much  more  highly  diverged  (~350  My)  species. 

Results/Conclusion:  The  many  Dipteran  and  likely  the  more-distant  Hemipteran  vector  insect 
species  are  threfore  now  open  to  rapid,  cost-effective  enhancer  discovery.  We  will  describe 
improvements  to  the  SCRMshaw  method,  present  newly-characterized  mosquito  enhancers,  and 
discuss  the  current  state  of  vector  insect  regulatory  genome  annotation. 
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Introduction:  Gene  drive  provides  a  method  for  introducing  genes  into  a  wild  population  in  ways 
that  are  sustainable.  An  important  consideration  is  the  reversibility  of  the  method,  and  the  ability 
to  limit  spread  of  transgenes  to  local  areas  into  which  they  are  released  and  to  which  they  have 
high  rates  of  migration.  Our  focus  is  on  building  high  threshold  gene  drive  mechanisms  that 
spread  locally  only  when  they  reach  a  (high)  threshold  frequency  within  the  population.  By  this 
same  logic  they  can  be  eliminated  from  the  population  by  diluting  the  transgene-bearing 
population  with  widltypes,  dropping  the  transgene  frequency  below  the  critical  threshold.  Spread 
to  high  frequency  in  surrounding  areas  is  limited  through  a  similar  mechanism. 

Methods:  The  toll  we  use  to  bring  about  high  threshold  gene  drive  is  the  engineered  chromosome 
translocation,  first  proposed  for  such  purposes  by  Chris  Curtis  in  the  1960s.  Translocations 
spread  through  a  form  of  underdominance  when  introduced  into  a  population  at  frequencies 
greater  than  50%. 

Results/Conclusion:  Recent  developments  in  molecular  technologies  now  allow  us  to  generate 
engineered  translocations  of  high  fitness,  and  to  link  genes  of  interest  to  the  recombination  break 
points.  We  will  discuss  our  progress  in  building  engineered  translocations  as  a  gene  drive 
mechanism. 
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Introduction:  Larviciding  is  a  key  component  of  integrated  mosquito  control  strategies 
worldwide.  Given  the  frequent  development  of  pesticide  resistance  and  rising  concerns  about 
off-target  effects  of  pesticides,  it  is  critical  to  identify  new  environmentally  safe  larvicides  for 
use  in  integrated  mosquito  control  programs.  Our  studies  have  demonstrated  that  small 
interfering  RNA  (siRNA),  which  can  be  designed  to  be  species-specific,  can  be  used  for  selective 


targeting  of  mosquito  larval  genes.  We  hypothesize  that  ingested  siRNAs  can  be  utilized  as 
insecticides  to  kill  mosquito  larvae  before  they  are  adults  that  vector  disease. 

Methods:  We  will  present  results  from  large-scale  siRNA  larvicide  screens  that  were  initially 
performed  in  the  emerging  mosquito  developmental  model  Aedes  aegypti  and  extended  to 
anopheline  mosquitoes.  The  screens  were  conducted  using  chitosan  nanoparticle,  microinjection, 
or  larval  soaking  methods  to  deliver  siRNAs  targeting  mosquito  orthologs  of  known  Drosophila 
melanogaster  and  Tribolium  castaenum  larval  lethal  genes. 

Results/Conclusion:  These  studies,  which  were  designed  to  enrich  for  selection  of  larvicides  that 
function  throughout  the  larval  period,  target  multiple  disease  vector  mosquito  species,  are  non¬ 
toxic  to  humans  and  other  non-targeted  species,  and  which  will  function  as  an  arsenal  to  combat 
insecticide  resistance,  have  identified  nearly  200  mosquito  larvicidal  siRNAs  to  date.  These 
findings  suggest  that  siRNA  pesticides  are  a  promising  new  class  of  insecticides  for  control  of 
disease  vector  mosquitoes.  We  are  now  comparing  the  effectiveness  of  several  siRNA  delivery 
methods  in  simulated  field  experiments  and  making  plans  to  further  characterize  the  most 
promising  siRNA  larvicides  and  delivery  strategies  in  semi-field  studies. 
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Abstract  text: 

Introduction:  Blood-sucking  insects  that  are  vectors  diseases  ingest  in  a  single  meal  a  volume  of 
blood  that  is  equivalent  to  several  times  their  own  weight  before  feeding.  Digestion  of  this 
proportionally  huge  amount  of  food  is  a  major  flux-generator  event  for  several  metabolic 
pathways  in  these  animals.  As  proteins  are  the  most  abundant  molecules  in  vertebrate  blood,  high 


concentrations  of  amino  acids  are  produced  in  the  gut  of  hematophagous  insects.  Here,  we 
hypothesized  that  avoiding  amino  acid  toxicity  should  be  a  major  trend  in  the  adaptation  of  these 
animals  to  a  blood-based  diet. 

Methods:  Genes  were  silenced  by  RNAi  and  enzymes  were  blocked  with  inhibitors  and  survival 
or  other  phenotypes  were  registered. 

Results/Conclusion:  A  transcriptome  of  the  midgut  of  Rhodnius  prolixus  which  showed  that 
enzymes  of  tyrosine  degradation  pathway  were  overexpressed.  Blocking  the  pathway  by  gene 
silencing  increased  hemolymph  tyrosineand  killed  insects  a  few  days  after  a  blood  meal.  A 
similar  result  was  obtained  with  chemical  inhibitors  of  these  enzymes.  More  important,  these 
inhibitors  also  worked  in  other  hematophagous  arthropods,  as  the  mosquito  Aedes  aegypti  and 
the  tick  Riphicephalus  microplus ,  but  were  not  deleterious  to  sugar  fed  mosquitoes  or  to  non¬ 
blood  feeding  insects  such  as  Tenebrio  molitor  or  Oncopeltus  fasciatus.  These  results  revealed  an 
essential  role  of  aminoacid  degradation  pathways  in  the  physiology  of  blood  feeding  insects  and 
novel  molecular  targets  and  compounds  with  potential  use  in  control  of  insect  vectors  of 
diseases. 
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Introduction:  Daily  cycles  of  activity  by  mosquitoes  are  important  factors  in  the  etiology  of 
mosquito-borne  disease  transmission.  Blood  feeding  activities  of  Culex  pipiens  coincide  with  the 
microfilaremia  in  the  peripheral  blood  of  humans  infected  with  periodic  Wuchereria  bancrofti. 
Culex  male  swarming  activities  coincide  with  periods  of  female  activity  to  facilitate  mating 
success.  We  have  limited  knowledge  on  the  genetic  basis  for  these  traits,  but  laboratory 


colonization  often  results  in  loss  of  endogenous  circadian  rhythmic  cycles.  We  took  advantage  of 
this  to  perform  quantitative  trait  locus  (QTL)  mapping  of  both  activities. 

Methods:  We  generated  Fi  intercross  populations  from  matings  between  long-term  laboratory 
strains  and  field  populations.  For  blood  feeding  activities,  F2  females  were  scored  for  willingness 
to  take  a  daytime  bloodmeal.  For  swarming  activities,  F2males  were  scored  for  flight  activities 
associated  with  a  16  h  light:  8  h  dark  cycle.  Individuals  were  genotyped  and  subjected  to  QTL 
mapping.  Select  genes  associated  with  the  circadian  clock  were  evaluated  by  qRT-PCR  for 
strain-specific  activities. 

Results/Conclusion:  We  identified  2  QTL  for  female  blood  feeding,  including  a  locus  with 
additive  effects  on  chromosome  2  and  a  locus  with  dominant/overdominant  effects  on 
chromosome  3.  We  identified  2  QTL  for  male  flight  activity  that  included  loci  on  chromosomes 
2  and  3,  both  reflecting  additive  effects.  Across  traits,  the  QTL  were  localized  to  the  same  broad 
genome  regions  on  each  chromosome.  We  observed  significant  differences  in  expression  of 
several  circadian  clock  genes  between  strains,  largely  reflecting  a  reduction  in  circadian  rhythm 
cycles  within  long-term  laboratory  colonies. 
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Introduction:  Anopheline  mosquitoes  are  the  most  efficient  vectors  of  human  malaria.  They 
actively  kill  the  invading  parasites  through  activation  of  the  mosquito  complement-like  system. 
A  central  component  of  this  system,  the  thioester-containing  protein  1,  is  one  of  the  most 
polymorphic  mosquito  genes  represented  by  at  least  4  allelic  classes.  One  class,  called  R1 , 
mediates  efficient  parasite  elimination. 


Methods:  Using  forward  and  reverse  genetic  and  cell  biology  approaches,  we  discovered  a  new 
role  of  TEP1  in  male  fertility. 

Conclusions:  We  show  that  mosquitoes  use  the  same  conserved  mechanism  of  surface  nitration 
for  activation  of  the  complement-like  cascade  to  label  damaged  sperm  and  Plasmodium 
parasites.  Binding  of  TEP1  to  and  removal  of  the  apoptotic  sperm  in  the  testes  preserves  male 
fertility  rates.  In  the  absence  of  TEP1,  accumulation  of  damaged  cells  degrades  male  fertility. 
Surprisingly,  in  spite  of  the  common  mechanism  of  TEP1  activation,  distinct  alleles  of  TEP1 
mediate  efficient  removal  of  defeat  sperm  and  killing  of  malaria  parasites.  Our  results  suggest 
that  pleiotropic  function  in  immunity  and  reproduction  is  one  of  the  mechanisms  that  drive 
TEP1  polymorphism  in  mosquito  populations. 
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Introduction:  The  knowledge  of  the  epidemiology  and  the  pathogenesis  of  Zika  virus  (ZikV),  a 
vector-borne  infection/disease,  is  scarce  in  the  literature.  Recently  attention  was  drawn  to  ZikV 
infection  during  an  epidemic  of  fever  and  rash  followed  by  Guillain-Barre  Syndrome  in  adults  in 
French  Polynesia.  In  the  beginning  of  2015,  ZikV  was  identified  during  an  outbreak  in  the 
Northeast  region  of  Brazil.  Dengue  virus  and  Chikungunya  virus  also  co-circulated  in  the  same 
period.  The  main  vector  of  these  three  virus  is  Aedes  aegyti  mosquito.  Since  the  80 's,  there  were 
large  dengue  epidemics  in  several  Brazilian  regions  showing  the  difficulties  of  sustainable  vector 
control  and  education  activities  in  highly  urbanized  areas.  In  August  2015,  the  regional 
surveillance  system  of  Pernambuco  State  alerted  the  national  authorities  for  the  excess  number  of 
cases  of  microcephaly  newborns  clustered  in  space  and  time  in  the  Northeast  of  Brazil.  A 
different  phenotype  of  microcephaly  newborns  probably  associated  with  ZikV  infection  was 


notified  in  several  states.  From  August  2015  to  January  27,  2016  MoH  registered  -3-4,000 
suspected  cases  of  microcephaly  in  the  country.  270  confirmed  cases  had  neurologic  findings  and 
were  negative  to  other  infectious  diseases  routinely  screened.  The  Brazilian  Ministry  of  Health 
launched  a  National  Emergency  Public  Heath  due  to  microcephaly  in  November  2015.  Also 
international  health  agencies  (PAHO  and  WHO)  recognized  microcephaly  among  newborns  and 
neurological  finding  and  spread  of  ZikV  as  a  new  global  threat. 
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In  May  of  2015,  the  first  cases  of  Zika  virus  were  reported  in  Brazil.  By  the  end  of  the  year  there 
had  been  an  estimated  1.5M  infections  and  the  virus  had  spread  to  several  other  countries. 
Travel-associated  cases  were  reported  in  the  United  States,  Hawaii  and  other  countries  but  soon 
after  detection  in  Brazil  it  was  clear  that  the  virus  was  being  transmitted  by  resident  Aedes 
aegypti  mosquitoes.  As  had  been  observed  for  chikungunya  virus  when  it  was  introduced  into  the 
Americas,  it  seemed  highly  likely  that  Zika  virus  would  spread  and  probably  become  established 
for  the  foreseeable  future.  What  was  not  predicted  was  that  the  Zika  virus  in  the  New  World 
would  be  associated  with  disease  symptoms  not  seen  in  endemic  regions  of  Africa  and  Asia.  The 
presentation  will  provide  an  overview  of  Zika  virus  in  the  Americas,  its  spread  and  the 
distribution  of  travel  associated  cases. 
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Introduction:  Zika  virus  (ZIKV)  has  spread  rapidly  since  the  outbreak  on  Yap  Island  in  2007  due 
human  travel  and  unchecked  populations  of  human-biting  Aedes  spp.  in  tropical  regions,  but  with 
little  current  evidence  of  wholesale  genetic  change  during  the  current  pandemic.  While 
mosquito-borne  transmission  is  almost  certainly  the  dominant  route  of  transmission  in  the  current 
pandemic,  evidence  from  us  and  others  suggests  ZIKV  could  also  be  a  sexually  transmitted 
infection. 

Methods:  In  201 1,  we  publised  evidence  of  non- vector  borne,  probable  sexual  transmission  of 
ZIKV  in  northern  Colorado  in  2008  involving  the  author  and  his  wife.  This  evidence  included 
clinical  symptoms  and  serological  assays,  and  also  the  timeframe  of  transmission  in  a  dry, 
temperate  region  devoid  of  tropical  ^edesspecies.  In  the  subsequent  epidemic  in  Tahiti  in  2013,  a 
patient  sought  treatment  for  hematospermia  and  ZIKV  was  isolated  from  his  semen. 

Results/Conclusion:  There  is  evidence,  thought  currently  limited,  of  an  alternative  route  of  ZIKV 
transmission.  Studies  should  be  undertaken  in  the  current  epidemic  in  the  Americas  to  look  for 
further  evidence  of  sexual  transmission,  to  determine  the  frequency  of  such  events,  and  whether 
they  could  change  ZIKV  epidemiology  or  pathology. 
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Abstract  text: 

Introduction:  Aedes  aegypti  has  been  considered  the  major  Zika  virus  (ZIKV)  vector  in  urban 
environments.  However,  many  arboreal  species  of  mosquitoes  have  been  found  positive  for 
ZIKV,  including  species  from  the  genera  Anopheles ,  Culex  and  Mansonia ,  besides  other  Aedes 
species.  The  first  outbreak  outside  Africa,  in  an  urban  environment  occurred  in  Micronesia  in 
2007,  where  Ae.  aegypti  presence  was  rare,  and  no  Aedes  mosquito  was  found  infected,  although 
a  73%  infection  rate  was  found  in  human  population.  In  Senegal,  several  field-captured  mosquito 
species  were  tested  for  virus  infection  and  Culex  perfuscus  presented  one  of  the  highest  ZIKV 
infection  rate  (10-fold  higher  than  Ae.  aegypti).  Therefore,  the  aim  of  this  work  is  to  review  the 
studies  that  incriminated  Ae.  aegypti&s  the  major  zika  vector. 

Methods:  All  the  papers  published  (since  1952)  about  ZIKV  and  its  vectors,  which  are  available 
in  pubmed  were  critically  analyzed. 

Results/Conclusion:  Only  few  papers  presented  vector  competence  experiments  for  ZIKV  and 
results  are  controversial.  No  papers  involving  Culex  species  were  found.  The  main  assumption  is 
that  Ae.  aegypti  is  the  major  vector  of  ZIKV,  but  there  is  no  evidence  that  it  is  the  major  vector 
responsible  for  the  recent  zika  epidemics  worldwide  and  studies  investigating  other  mosquito 
species  are  urgently  needed. 
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Introduction:  Zika  vims  (ZIKV,  genus  Flavivirus ,  family  Flaviviridae)  is  an  emerging  pathogen 
transmitted  by  mosquitoes  that  has  gained  importance  after  a  large  outbreak  in  Micronesia  in 
2007.  Since  then,  ZIKV  has  spread  worldwide  and  it  has  become  a  threat  to  many  countries  due 
to  its  potential  in  causing  large-scale  epidemics.  In  Brazil,  more  than  84,000  zika  cases  have 
been  reported.  In  addition,  ZIKV  infection  is  currently  linked  to  thousands  of  microcephaly  and 
Guillain-Barre  syndrome  cases.  Although  Aedes  aegypti  is  the  main  vector  of  ZIKV  outside 
Africa,  several  mosquito  species  have  been  found  naturally  infected  with 
ZIKV.  Culex  species  are  among  the  most  abundant  mosquitoes  (about  20-fold  more  abundant 
than  Ae.  aegypti)  in  the  tropical  and  subtropical  regions.  Besides,  C.  quinquefasciatus  is  vector  of 
some  arboviruses,  such  as  Japanese  encephalite  and  West  Nile  virus;  however,  its  role  in  zika 
transmission  cycle  has  never  been  evaluated.  This  study  aimed  to  compare  the  vector 
competence  for  ZIKV  in  Ae.  aegypti  and  Culex  quinquefasciatus. 

Methods:  Mosquitoes  were  fed  using  artificial  feeders  with  2  different  concentrations  of  ZIKV 
stocks.  After  infectious  blood-meals,  midguts  and  salivary  glands  were  dissected  at  different  time 
points,  RNAs  were  extracted  and  analyzed  by  RT-qPCR. 

Results/Conclusion:  In  summary,  we  detected  ZIKV  in  salivary  glands  in  both  species  at  3  dpi. 

At  7  dpi,  using  a  high  viral  dose,  all  salivary  glands  assayed  were  ZIKV-positive  for  both  Ae. 
aegypti  and  C.  quinquefasciatus.  our  findings  strongly  suggest  that  despite  of  being  neglected,  C. 
quinquefasciatus  could  be  a  potential  ZIKV  vector.  The  identification  of  vectors  and  potential 
vectors  of  ZIKV  in  a  geographical  area  is  an  important  key  to  help  guiding  vector  control 
actions. 
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Introduction:  Arboviruses  such  as  dengue,  chikungunya  and  zika  impose  serious  burden  towards 
public  health  in  tropical  regions  and  more  recently  have  widely  spread  in  the  Americas.  A  new 
control  strategy  is  being  tested  in  several  countries  and  involves  an  arthropod  endosymbiont 
called  Wolbachia.  Wolbachia  manipulates  the  reproduction  of  their  host  in  order  to  be  vertically 
transmitted  from  mother  to  its  offspring.  This  bacterium  is  believed  to  be  naturally  present  in  up 
to  70%  of  all  insect  species  worldwide  but  it  has  never  been  found  in  Aedes  aegypti ,  the  vector  of 
dengue,  chikungunya  and  zika.  When  stably  introduced  into  Ae.  aegypti,  Wolbachia  was  able  to 
block  dengue  virus  transmission  and  significantly  reduced  chikungunya  virus  and  Plasmodium 
gallinaceumload  in  these  mosquitoes,  however,  its  ability  to  impair  the  transmission  of  zika  has 
never  been  tested  before. 

Methods:  Here  we  tested  whether  Brazilian  Wolbachia-positi\Q  Ae.  aegypti  mosquitoes 
challenged  with  zika  virus  isolates  circulating  in  Brazil,  presents  a  reduced  vector  competence  in 
comparison  with  it  Wolbachia-\mmfQctQ&  counterpart.  To  that  matter,  Ae.  aegypti  females  (with 
and  without  Wolbachia)  were  orally  fed  with  ZIKV  spiked  blood.  Mosquitoes  were  kept  on 
sugar  solution  for  7  and  14  days  when  bodies  and  heads  were  separately  collected  and  tested 
through  qRT-PCR  to  infer  viral  load. 

Results/conclusions:  Our  results  showed  that  Wolbachia-positivQ  Ae.  aegypti  mosquitoes  are  less 
competent  to  transmit  ZIKV.  This  strategy  has  the  potential  to  significantly  reduce  the  burden  of 
arboviruses  in  Brazil  and  in  other  endemic  countries  and  is  perfectly  complementary  to  current 
control  methods,  including  vaccines. 
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Genetics-based  approaches  have  been  proposed  to  control  transmission  of  vector-borne  viruses. 
Strategies  for  both  population  suppression  and  population  modification  (replacement)  of 
mosquitoes  have  benefitted  from  the  development  of  transgenesis,  site-specific  recombination, 
targeted  effector  molecules  and  gene  drive  systems.  Advances  in  the  development  of  vector- 
based  genetic  control  strategies  have  resulted  in  tools  that  in  laboratory  trials  and  limited  field 
evaluations  either  suppress  mosquito  populations  or  render  them  incapable  of  transmitting  the 
pathogens.  Research  on  the  development  of  both  population  suppression  and  modification 
approaches  will  be  presented,  as  well  as  the  types  of  virus-resistance  genes  and  the  social  issues 
surrounding  using  genetically-engineered  mosquitoes. 
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Introduction:  Female  hawk  moths,  Manduca  sexta ,  use  olfactory  cues  to  locate  nectar  sources 
and  oviposition  sites.  These  environmental  odorants  are  coded  in  the  insecf  s  brain  in  form  of 
spatial  activation  patterns  across  the  antennal  lobe,  the  first  olfactory  processing  center.  We 
investigated  if  the  hedonic  valence  of  an  odor  is  represented  already  at  this  early  processing  level 
in  the  insect  brain. 

Methods:  Using  in  vivo  calcium  imaging,  we  first  established  a  functional  atlas  of  the  antennal 
lobe  by  stimulating  the  moths  with  a  panel  of  100  monomolecular  compounds  belonging  to 
different  chemical  classes  (terpenes,  aromatics,  aldehydes,  alcohols,  esters,  ketones,  and  acids). 

A  subset  of  these  compounds  was  used  as  diagnostic  odorants  that  enabled  us  to  identify  23 
glomeruli,  the  functional  units  of  the  antennal  lobe. 

Results/Conclusion:  Most  of  these  glomeruli  were  broadly  tuned  but  had  distinct  response 
spectra,  indicating  a  combinatorial  olfactory  coding  strategy.  More  specialized  glomeruli  were 
preferentially  activated  by  acids  and  aldehydes,  and  were  located  at  the  medial  part  of  the 
antennal  lobe  opposite  to  the  entrance  of  the  antennal  nerve.  In  order  to  study  the  innate 


significance  of  these  odorants,  i.e.  which  odorants  might  act  as  feeding  or  oviposition  stimuli  for 
female  moths,  and  which  odorants  are  repellent,  we  are  currently  testing  all  compounds  in  two- 
choice  experiments  (odor  versus  solvent)  in  a  wind  tunnel.  By  linking  the  behavioral  results  with 
the  obtained  functional  activity  patterns  in  the  brain,  our  data  will  reveal  whether  olfactory 
valence  is  encoded  in  the  moth's  antennal  lobe. 
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Introduction:  The  mushroom  body  (MB)  is  the  major  center  for  associative  memory  in  insect 
brains.  In  Drosophila  melanogaster ,  sparse  activity  in  -2,000  Kenyon  cells,  the  MBs  intrinsic 
neurons,  represents  the  identity  of  odors.  Distinct  dopaminergic  neurons  innervating  the  MB 
convey  information  about  reward  or  punishment.  The  convergence  of  these  inputs  allows  the  MB 
to  adaptively  assign  valence  to  sensory  stimuli,  permitting  an  individual  fly  to  appropriately 
adjust  its  behavioral  response  when  it  later  encounters  the  same  stimulus.  MB  output  neurons 
(MBONs)  are  thought  to  read  and  translate  the  activity  of  Kenyon  cells  to  bias  selection  of 
behavioral  responses,  but  little  is  known  about  how  this  is  accomplished. 

Methods:  Using  new  genetic  reagents  allowing  manipulation  of  individual  cell  types  and 
quantitative  behavioral  assays  employing  a  new  optogenetic  olfactory  arena,  we  constructed  a 
detailed  anatomical  map  of  the  MB  and  analyzed  the  function  of  each  cell  type  of  dopaminergic 
neurons  and  MBONs. 

Results/Conclusion:  We  describe  the  projection  patterns  of  21  types  of  MBONs  and  20  types  of 
dopaminergic  neurons  that  form  15  compartmental  units.  Each  cell  type  of  dopaminergic  neurons 
writes  and  updates  memory  with  distinct  rules.  We  show  that  optogenetic  activation  of  MBONs 
can,  depending  on  the  specific  cell  type,  either  repel  or  attract  untrained  flies  by  biasing 


directional  turning.  The  effects  of  different  MBONs  are  additive,  implying  that  activities  of 
MBONs  representing  opposing  valence  are  balanced  in  untrained  flies.  We  propose  that  the 
ensemble  of  the  MBONs  collectively  encodes  overall  valence  and  changing  the  balance  between 
MBONs  by  dopamine  modulation  biases  behavioral  responses. 
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Introduction:  At  any  given  present  moment,  memories  allow  using  past  experience  to  generate 
learned  valence  for  future  action.  On  the  one  hand,  such  memories  need  to  be  simple,  quickly 
instructing  approach  versus  avoidance.  Yet,  learned  valence  should  also  be  as  rich  as  possible  to 
be  adaptive:  Very  different  action  is  warranted  when  a  flood  versus  a  hurricane  is  imminent. 

Methods:  To  study  the  balance  of  simplicity  versus  complexity  of  learned  valence,  an  odor-taste 
reward  classical  conditioning  experiment  is  used  in  larval  Drosophila.  After  odor-reward  training 
the  larvae  track  down  the  odor  in  a  later  test:  the  learned  valence  of  the  odor  directs  the  search 
for  reward.  This  search  ceases  if  the  sought-for  reward  is  indeed  delivered.  This  paradigm  can  be 
used  to  ask  actually  what  the  larvae  search  for,  i.e.  what  the  level  of  specificity  of  their  memory 
is.  This  can  be  done  by  delivering  a  reward  during  the  test  that  differs  in  value  and/or  kind  from 
the  trained  reward  (Schleyer,  Miura  et  al.  2015).  These  experiments  are  combined  with  cell- 
specific  manipulations  to  reveal  the  underlying  circuitry. 

Results/Conclusion:  My  contribution  will  focus  on  the  circuit  principles  that  confer  learned 
valence  that  is  specific  for  the  particular  quality  of  the  reward. 

Schleyer  M,  Miura  D,  Tanimura  T,  Gerber  B  2015  Learning  the  specific  quality  of  taste 
reinforcement  in  larval  Drosophila.  eLife,  4,  e0471 1. 
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Introduction:  A  male-specific  component,  1 1-czs-vaccenyl  acetate  (cVA)  works  as  an  anti¬ 
aphrodisiac  pheromone  in  Drosophila  melanogaster.  The  presence  of  cVA  on  a  male  suppresses 
the  courtship  motivation  of  other  males  and  contributes  to  suppression  of  male-male  homosexual 
courtship,  while  the  absence  of  cVA  on  a  female  stimulates  the  sexual  motivation  of  nearby 
males  and  enhances  the  male-female  interaction.  Recently,  we  found  that  the  presence  of  another 
male  in  the  vicinity  reduces  courtship  toward  a  female.  This  reduced  level  of  sexual  motivation, 
however,  could  be  overcome  by  pretest  odor  exposure  via  olfactory  habituation  to  cVA. 

Methods:  Pharmacological  screening  combined  with  real-time  imaging  of  the  cVA-responsive 
sensory  neurons  was  performed  to  find  out  the  contributing  neurotransmitter(s)  in  the  brain. 
Subsequently,  we  performed  anatomical  screening  using  various  olfactory  drivers  and  RNAi  and 
immunohistochemistry  to  reveal  the  corresponding  neural  circuit. 

Results/Conclusion:  We  found  that  signal  transduction  via  GABAa  receptors  in  a  small  subset  of 
olfactory  local  neurons  contributed  to  the  olfactory  habituation  to  cVA.  It  was  also  found  that  the 
habituation  experience  increased  the  copulation  success  of  wild-type  males  in  a  group,  while 
transgenic  males,  in  which  GABA  input  was  inhibited,  failed  to  acquire  the  sexual  advantage 
conferred  by  habituation,  suggesting  that  the  local  feedback  circuit  adjusts  response  levels  of  the 
sensory  neurons  upon  prolonged  stimulation  and  increases  sexual  capability  of  the  males  in  a 
variable  and  competitive  environment. 
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Introduction:  Neural  coding  of  pheromones  in  insects  has  been  studied  mostly  focusing  on  sex 
pheromones.  These  studies  favored  the  view  that  pheromone  compounds  are  processed  within 
specific  antennal  lobe  glomeruli  following  a  labeled-line  system.  Pheromones  play  crucial  roles 
in  an  insect’s  life  beyond  sexual  attraction,  and  some  species  use  many  different  pheromones, 
composed  of  a  high  number  of  components,  making  such  a  labeled-line  organization  unrealistic. 
A  combinatorial  coding  scheme,  in  which  each  component  activates  a  set  of  broadly  tuned  units, 
appears  more  adapted  in  this  case. 

Methods:  We  address  this  question  on  the  honey  bee  Apis  mellifera ,  a  social  insect  which  relies 
on  a  wide  range  of  pheromones  to  ensure  colony  cohesion.  As  in  most  Hymenoptera,  the  honey 
bee  olfactory  system  harbors  a  dual  pathway,  from  the  periphery  until  higher-order  centers, 
whose  function  remains  largely  unknown.  Using  in  vivo  calcium  imaging,  we  compared  the 
responses  of  these  two  pathways  to  27  known  honey  bee  pheromonal  compounds  emitted  by  the 
brood,  workers  and  the  queen. 

Results/ConclusiomWe  show  that  while  queen  mandibular  pheromone  is  processed  by  1-ALT 
(lateral  antennal  lobe  tract)  neurons  and  brood  pheromone  is  mainly  processed  by  m-ALT 
(median  antennal  lobe  tract)  neurons,  worker  pheromones  induce  redundant  activity  in  both 
pathways.  Moreover,  all  tested  pheromonal  compounds  induce  combinatorial  activity  from 
several  AL  glomeruli.  These  findings  support  a  combinatorial  coding  scheme  and  suggest  that 
higher-order  brain  centers  reading  out  these  combinatorial  activity  patterns. 
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Introduction:  We  are  investigating  how  odors  are  encoded  and  processed  in  the  Drosophila  brain 
to  lead  to  a  specific  odor  perception.  Drosophila  melanogaster  provides  an  attractive  model 
organism  for  studying  olfaction,  as  it  allows  genetic,  molecular  and  physiological  analyses.  In 
order  to  elucidate  the  neural  mechanisms  underlying  olfactory  coding,  we  are  studying  odor- 
evoked  activities  at  different  processing  levels  along  the  olfactory  circuitry. 

Methods:  As  a  key  method,  we  are  using  functional  imaging  to  monitor  activity  patterns  elicited 
by  odors  in  the  antennal  lobe,  the  first  olfactory  neuropil,  as  well  as  in  higher  processing  centers, 
such  as  the  lateral  horn.  Moreover,  we  employ  genetic  tools  to  selective  trace  individual  neurons 
for  anatomical  reconstructions. 

Results/Conclusion:  The  talk  will  summarize  our  recent  insights  into  coding  strategies  of  the 
olfactory  system  regarding  odor  identity,  hedonic  valence  as  well  as  intensity. 


Symposium 

Presentation  Title:  Ecological  genomics  of  speciation  in  Timema  stick  insects 
Author  Name:  Victor  Soria-Carrasco 
Author  Institution:  University  of  Boulder 

Session  Title:  Symposium:  Stick  Insect  Research  in  the  Era  of  Genomics:  Exploring  the 
Evolution  of  a  Mesodiverse  Insect  Order 


Date  of  Presentation:  Monday,  September  26,  2016 


Abstract  Number:  0156 


DOI:  10. 1603/ICE.20 16. 107583 
Abstract  text: 

Speciation  can  be  initiated  by  few  genetic  changes.  However,  dynamics  along  the  full  speciation 
continuum  are  poorly  understood.  We  report  a  gap  in  the  speciation  continuum  based  on 
ecological  and  genomic  data  from  >100  populations  of  1 1  species  of  Timema  stick  insects.  We 
identify  factors  that  promote  bridging  this  gap,  including  genome-wide  changes,  mate  choice, 
and  time.  Although  major-effect  loci  do  contribute  to  speciation,  their  effects  are  restricted 
unless  they  align  with  other  factors,  and  genome-wide  differentiation  evolves  early  in  speciation. 
Evolutionary  gaps  emerge  when  gene  flow  causes  this  multi-faceted  process  to  change  its  pace  or 
to  be  restricted  in  space.  In  the  spectrum  of  speciation  models,  our  results  show  a  dynamic  and 
genomic  concept  is  as  plausible  as  the  often-emphasized  gradual  and  genic  one. 
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Introduction:  Transitions  from  sexual  to  asexual  reproduction  can  generate  extensive  shifts  in 
selection  pressures.  Most  importantly,  males  are  no  longer  produced  after  a  transition  to 
asexuality  but  the  consequences  of  this  loss  of  the  male  phenotype  remain  completely  unknown. 
In  sexual  species,  males  and  females  are  exposed  to  different  selection  pressures  and  often  differ 
in  morphology,  behavior  and/or  physiology.  Underlying  these  differences  are  changes  in  gene 
expression,  as  the  genome  is  largely  shared  between  the  sexes.  As  a  consequence  of  genome 
sharing,  intra-locus  sexual  conflicts  can  occur  when  genes  that  are  expressed  in  both  sexes  have 
different  sex-specific  optima  and  when  reaching  different  optima  in  each  sex  is  not  possible. 


Because  asexual  species  no  longer  produce  the  male  phenotype,  genes  with  sex-specific  optima 
in  sexual  species  are  free  to  evolve  towards  the  female  optimum  in  asexuals. 

Methods:  We  compared  transcriptomes  of  five  independently  derived  asexual  Timema  stick 
insects  with  males  and  females  of  their  sexual  relatives. 

Results/Conclusion:  We  identified  convergent  gene  expression  changes  in  asexuals  and 
followed,  in  asexuals,  the  fate  of  genes  with  male-biased  expression  in  sexual  species. 
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Introduction:  Phasmatodea  comprises  -3000  extant  species  and  stands  out  as  one  of  the  last 
remaining  insect  orders  for  which  a  robust  higher-level  phylogenetic  hypothesis  is  lacking,  and 
we  have  only  rudimentary  understanding  of  the  basal  phylogeny  for  these  insects.  New  research 
suggests  that  the  extant  diversity  is  the  result  of  a  surprisingly  recent  rapid  radiation  that  is 
difficult  to  address  with  standard  Sanger  sequence  data. 

Methods:  We  analyzed  transcriptomes  of  in  total  61  species,  38  transcriptomes  of  Phasmatodea 
comprising  all  major  clades  and  23  outgroup  taxa,  including  all  other  Polyneoptera  orders.  For 
the  ortholog  prediction  of  the  transcripts  we  complied  a  database  based  on  four  reference  genome 
species,  which  resulted  in  3,247  single-copy  genes.  We  identified  on  average  2,274  orthologous 
genes  in  the  de  wovo-sequenced  transcriptomes  (minimum:  637;  maximum:  2,861).  The  single¬ 
gene  alignments  of  the  orthologous  genes  were  checked  and  refinement  for  putatively  misaligned 
transcripts  before  concatenation  to  the  final  multi-gene  alignment.  Due  to  a  high  percentage  of 


missing  data  and  the  potential  affect  on  our  phylogenetic  estimates,  we  generated  various  sub¬ 
alignments  and  performed  maximum-likelihood  analyses  on  several  representative  datasets. 

Results/Conclusions:  Based  on  our  new  data  we  are  able  to  reliably  resolve  the  deeper  nodes 
between  the  principal  lineages  of  extant  Phasmatodea.  We  provide  strong  evidene  for  a  basal 
dichotomy  of  Aschiphasmatinae  and  all  remaining  euphasmatodeans,  and  recovered  a  previously 
unrecognized  major  New  World  and  Old  World  clade  among  extant  stick  and  leaf  insects. 
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Introduction:  Stick  insects  (Phasmatodea)  have  the  most  morphologically  diverse  eggs  of  any 
insect  order,  and  females  employ  a  wide  variety  of  egg-laying  techniques.  Incredibly,  a  wide 
diversity  of  stick  insect  eggs  appear  convergent  with  angiosperm  seeds,  bearing  a  specialized 
structure — the  capitulum — that  induces  ant-mediated  egg  dispersal. 

Methods:  Using  a  temporal  and  phylogenetic  context,  we  investigate  the  relative  timing  and 
evolutionary  pattern  of  stick  insect  oviposition  techniques.  We  explore  the  temporal  and 
geographic  overlap  of  myrmecochorous  plant  and  phasmid  species. 

Results/Conclusion:  Our  results  indicate  that  the  independent  evolution  of  capitulate  eggs  and 
corresponding  ant  symbioses  in  major  stick  insect  lineages  represents  a  key  innovation  in 
phasmid  diversification. 
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Introduction:  Stick  insects  occupy  a  wide  variety  of  niches  and  geographic  areas  which  has 
driven  the  evolution  of  different  adaptions.  The  heterogeneous  nature  of  the  New  Zealand 
environment  and  the  rapid  and  recent  changes  that  it  has  undergone  has  led  to  both  speciation 
and  the  evolution  of  parthenogenesis  in  multiple  lineages. 

Methods:  We  have  applied  genomic  methods  to  the  New  Zealand  stick  insect  species  Clitarchus 
hookeri  to  reveal  the  genetic  basis  of  parthenogenesis  and  speciation  in  C.  hookeri  and  closely 
relate  congeners.  Geographic  parthenogenesis  correlates  with  latitude  where  parthenogenetic 
lineages  dominate  the  cooler,  postglacial  habitats  of  southern  New  Zealand.  Gene  expression 
studies  of  reproductive  tissues  have  revealed  the  regulatory  changes  associated  with 
parthenogenesis  and  gene  family  evolution.  These  changes  have  occurred  in  multiple  genes  and 
functional  groups  of  genes.  We  have  also  applied  genotyping-by-sequencing  methods  to 
reconstruct  different  speciation  events  in  the  genus. 

Results/Conclusion:  Clitarchus  hookeri  has  formed  a  hybrid  swarm  with  C.  tepaki  and  we  are 
investigating  patterns  of  gene  flow  across  the  genome  between  the  two  species.  Clitarchus 
hookeri  has  also  hybridized  multiple  times  with  obligate  parthenogenetic  species  from  the 
genus  Acanthoxyla.  We  are  testing  the  hypothesis  the  same  regions  of  the  genome  are 
introgressing  from  C.  hookeri  into  Acanthoxyla  spp.  If  this  is  the  case  then  patterns  of 
introgression  are  likely  under  strong  selection  constraints. 
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Introduction:  Stick  insects  are  large  terrestrial  herbivores  with  limited  dispersal  abilities,  forming 
at  least  four  distinct  taxonomic  groups  on  Madagascar,  i.e.  endemic  families  and  subfamilies 
with  completely  unresolved  phylogenetic  affinities  in  respect  to  continental  lineages. 

Methods:  Each  Malagasy  lineage  of  stick  insects  was  included  in  our  phylogenetic  analyses  and 
also  representatives  of  all  major  lineages  of  world-wide  distributed  Phasmatodea.  The 
phylogenetic  trees  were  rooted  with  the  North  American  Timema ,  which  has  been  repeatedly 
demonstrated  to  form  the  sister  group  to  all  remaining  stick  and  leaf  insects,  the  Euphasmatodea. 
We  obtained  ~2.4  kb  of  sequence  data  from  nearly  all  examined  taxa  based  on  four  regions  of  the 
mitochondrial  cytochrome  c  oxidase  subunit  I  (COI)  and  II  (COII)  genes  and  the  nuclear  histone 
subunit  3  (H3)  and  ribosomal  large  subunit  RNA  gene  (28 S)  using  standard  methods. 

Results/Conclusion:  The  stick  insects  of  Madagascar  are  closely  related  to  each  other,  being  the 
result  of  a  recent  transoceanic  colonisation  from  Africa  (~42  million  years  ago)  and  subsequent 
radiation  after  Madagascar  became  geographically  isolated.  A  morphospace  comparison  between 
the  Malagasy  lineage  and  the  Australasian  Lanceocercata  reveals  a  large  overlap  and  reveals  a 
high  degree  of  convergent  evolution  of  certain  ecomorphs,  for  instance  ground-dwelling  forms 
found  in  Lanceocercata  (tree  lobsters:  Dryococelus,  Canachus )  and  among  Malagasy  taxa 
( Parectatosoma ).  In  both  lineages  these  ground-dwellers  appear  as  phylogenetically  subordinate 
taxa,  thus  being  derived  from  tree-dwelling  forms. 
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Introduction:  The  study  of  islands  as  model  systems  plays  a  key  role  in  understanding  many 
evolutionary  processes.  Knowledge  of  the  historical  events  leading  to  present-day  island 
communities  is  pivotal  for  exploring  fundamental  mechanisms  of  speciation  and  adaptation.  The 
Mascarene  archipelago  (Mauritius,  Reunion,  Rodrigues),  the  product  of  an  age-progressive  trend 
of  north-to-south  volcanic  activity  in  the  Indian  Ocean,  hosts  a  remarkably  diverse,  endemic  and 
threatened  concentration  of  fauna  that  has  traditionally  been  considered  to  be  biogeographically 
related  to  Madagascar  and  Africa. 

Methods:  To  explore  the  evolutionary  diversity  of  the  Mascarene  stick  insects,  we  constructed  a 
global  phylogeny  from  approximately  2.4  kb  of  mitochondrial  and  nuclear  sequence  data  of  120 
species  representing  all  phasmatodean  lineages. 

Results/Conclusion:  Based  on  the  obtained  time-calibrated  molecular  tree  we  demonstrate  that 
the  current  phasmid  community  of  the  Mascarene  archipelago,  which  consists  of  members  of 
four  presumably  unrelated  traditional  subfamilies,  is  the  result  of  a  single  ancient  dispersal  event 
from  Australasia  and  started  radiating  between  16-29  million  years  ago,  significantly  predating 
the  age  of  Mauritius  (10  mya).  We  propose  that  the  Mascarene  stick  insects  diversified  on 
landmasses  now  eroded  away,  presumably  to  the  north  of  Mauritius.  In  consequence,  ancient 
islands  have  probably  persisted  in  the  Indian  Ocean  until  the  emergence  of  Mauritius  and  not 
only  served  as  stepping  stones  for  colonisation  events  during  sea-level  lowstands,  but  as  long- 
lasting  cradles  of  evolution.  These  ancient  landmasses  most  likely  allowed  for  adaptive 
speciation  and  served  as  significant  sources  of  diversity  that  contributed  to  the  biomes  of  the 
Mascarene  archipelago  and  the  megadiverse  Madagascar. 
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Introduction:  Stick  and  leaf  insects  have  a  poor  fossil  record.  Although  numerous  fossils  have 
been  reported  as  belonging  to  the  Phasmatodea  in  the  past,  most  are  fragmentary  or  only 
superficially  resemble  the  order,  and  so  their  true  affinities  are  questionable.  As  the  remaining 
number  of  confident  stick  insect  fossils  is  small,  new  discoveries  are  of  major  interest  in 
understanding  the  history  of  the  order. 

Methods:  New  Eocene  fossils  were  examined  and  compared  with  others  of  the  Paleogene  and 
Cretaceous. 

Results/conclusion:  More  recently,  a  number  of  remarkably  well-preserved  and  particularly 
informative  fossils  were  described  from  the  Early  Cretaceous  of  China  that  exhibit  some 
unambiguous  phasmatodean  traits.  Although  a  large  number  of  these  still  await  formal 
description,  they  are  confidently  interpreted  as  true  stem-phasmatodeans,  and  so  shed  light  on  the 
early  evolution  of  the  order.  We  have  now  reported  related  fossils  from  the  early  Eocene 
Okanagan  Highlands  deposits  of  western  USA  (Republic,  Washington)  and  Canada  (McAbee, 
British  Columbia).  This  expanded  presence  of  stick  insects  largely  resembling  Mesozoic  taxa 
into  the  early  Eocene  comes  as  a  major  surprise,  indicating  a  prolonged  transitional  phase  in 
which  they  may  have  persisted  during  the  presumed  radiation  of  Euphasmatodea.  These  ancient 
stick  insects  are  not  seen  after  these  early  Eocene  occurrences,  replaced  by  modern  forms  in  a 
world  of  changing  forest  communities,  climates,  and  plant-insect  interactions. 
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The  size  of  insect  wings  is  subject  to  various  selective  factors,  e.g.,  flight  performance,  sexual 
selection,  and  ecological  gradients.  One  of  the  fundamental  challenges  for  understanding  the 
diversity  of  wing  morphology  is  to  address  the  contributing  factors  and  how  they  interact.  The 
stick  insects  (Phasmatodea)  exhibit  tremendous  diversity  in  wing  and  body  morphologies  and 
potentially  frequent  evolutionary  transitions  between  winged  and  wingless  forms.  Here,  we 
analyzed  the  variations  in  wing  and  body  sizes  of  both  sexes  using  phylogenetic  comparative 
methods.  We  showed  the  selection  for  flight  capability  plays  fundamental  roles  in  determining 
wing  size  regardless  of  sex,  and  therefore  various  half-wing  morphologies  are  associated  with 
reduced  selective  pressure  for  flight.  Our  results  also  demonstrated  the  significance  of  ecological 
factors  and  sex-specific  ecology  in  determining  the  variations  in  wing  size  dimorphism  and  body 
size.  These  results  may  help  to  understand  the  underlying  mechanisms  for  the  diversity  of  insect 
wing  morphology  in  general. 
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Introduction:  In  recent  years,  X-ray  imaging  became  an  established  method  for  the  examination 
of  small  animals.  X-ray  microtomography  in  particular  is  already  an  important  tool  for  the  non¬ 
destructive  3D  imaging  of  arthropods  and  was  also  employed  to  examine  stick  insects.  Because 
of  the  high  photon  flux,  synchrotron  light  sources  allow  for  high-speed  X-ray  imaging,  thus 
facilitating  radiographic  movies,  fast  high-resolution  3D  microtomography  and  even  4D  cine- 
tomography  of  living  insects.  In  several  experiments,  we  performed  a  couple  of  high-speed  X- 
ray  studies  on  stick  insects  species,  focusing  on  head  and  defensive  glands. 

Methods:  Experiments  were  done  at  the  ANKA  Synchrotron  Radiation  Facility  at  KIT.  For  ah 
scans,  a  spectrally  filtered  polychromatic  X-ray  beam  was  employed.  Projections  were  acquired 
using  a  dedicated  high  speed  detector  system  in  combination  with  a  pco.dimax  CMOS  digital 
camera.  Tomographic  reconstruction  was  performed  with  the  GPU-accelerated  filtered  back 
projection  algorithm  implemented  in  the  software  framework  UFO.  Data  was  post-processed  and 
analyzed  using  the  ASTOR  virtual  analysis  infrastructure  (http://astor.kit.edu/). 

Results/Concluion:  We  will  present  the  most  recent  results  of  several  fast  X-ray  imaging 
experiments  on  stick  insects,  including  a  radiographic  movie  of  a  spraying  specimen  and  high- 
resolution  scans.  Further,  we  will  present  4D  cine-tomographic  movie,  which  shows  4D  real¬ 
time  movements  of  head  and  defensive  glands  of  Peruphasma  schultei. 
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Abstract  text: 

Introduction:  How  are  environmental  cues  of  day  length  perceived,  stored  in  the  insect  brain,  and 
then  used  to  generate  the  complex  of  traits  that  characterize  the  diapause  phenotype?  This  talk 
will  provide  updates  on  our  knowledge  of  this  pathway  as  well  as  acknowledge  missing 


components.  Experiments  discussed  will  focus  on  the  adult  reproductive  diapause  of  the 
mosquito  Culex  pipiens. 

Methods:  The  functional  role  of  the  clock  genes  in  regulating  this  photoperiodic  response  is 
probed  using  RNA  interference  to  evaluate  the  impact  of  specific  clock  genes  in  determining 
diapause  fate.  Downstream,  components  of  the  insulin/FOXO  signaling  pathway  are  also  probed 
using  RNA  interference,  and  ChIP  sequencing  is  used  to  identify  targets  of  the  transcription 
factor  FOXO  that  are  involved  in  generating  multiple  aspects  of  the  diapause  phenotype. 

Results/Conclusion:  Knocking  down  any  of  the  canonical  clock  genes  prevents  diapause, 
suggesting  that  a  functional  clock  is  essential  for  diapause.  Interestingly,  knock-down  of  pigment 
dispersing  factor,  a  gene  downstream  of  the  clock,  causes  a  nondiapausing  mosquito  to  enter  a 
diapause-like  state,  thus  the  diapause  decision  can  be  switched  on  or  off  by  manipulating  these 
two  categories  of  clock-related  genes.  Further  downstream,  gene  knock-down  experiments 
implicate  the  insulin/FOXO  signaling  pathway  in  eliciting  the  diapause  response.  Many  FOXO 
targets  have  been  identified  and  the  results  are  consistent  with  the  hypothesis  that  FOXO 
activation  triggers  many  of  the  traits  associated  with  the  diapause  phenotype.  The  major 
challenge  remaining  is  how  to  link  the  clock  to  the  insulin/FOXO  signaling  pathway. 
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Introduction:  Organisms  living  in  temperate  regions  synchronize  their  behavior,  physiology  and 
development  with  24-hour  cycles  and  alternating  seasonal  environment.  The  endogenous 
circadian  clock  orchestrates  daily  periodic  activity  even  under  constant  conditions  with  a 
characteristic  free  running  period  close  to  24  hrs.  Photoperiodic  clock  measures  the  ratio  of  light- 
to-dark  duration  (the  photoperiod).  Under  long  photoperiods,  organism  enters  a  summer 


program,  while  short  photoperiods  trigger  a  winter  response,  which  usually  stops  development 
(the  diapause).  Connection  between  circadian  and  photoperiodic  clocks  is  suggested  by  some 
authors  and  rejected  by  others. 

Methods:  To  test  a  possible  relation  of  circadian  and  photoperiodic  clocks,  we  used  Pyrrhocoris 
apterus,  a  heteropteran  bug  with  a  robust  photoperiodically-regulated  diapause  response  and  a 
solid  circadian  rhythmicity.  Importantly,  both  these  phenotypes  are  manifested  in  the  same 
developmental  stage,  in  the  adult.  We  hypothesize,  that  circadian  and  photoperiodic  clocks  are 
connected  if  a  specific  change  of  the  free  running  period  results  in  a  shifted  photoperiodic 
response. 

Results/Conclusion:  We  performed  a  functional  screen  of  circadian  gene  candidates  and 
identified  a  specific  manipulation  leading  to  slower  circadian  clock.  Females  were  still  able  to 
diapause  under  short  days  and  fully  reproduced  under  long  photoperiods.  However,  the  critical 
photoperiod,  a  condition  when  50%  of  the  tested  females  reproduce  and  50%  undergo  the 
diapause,  was  significantly  lengthened.  These  data  suggest  shared  genetic  components  between 
circadian  and  photoperiodic  clocks.  Interestingly,  northern  P.  apterus  populations  possess  long 
free  running  periods  and  longer  critical  day  length,  while  populations  from  central  Europe  have 
faster  clock  and  shorter  critical  photoperiod. 


Symposium 

Presentation  Title:  Neuronal  circuitry  for  control  of  seasonal  diapause  in  the  blow 
fly  Protophormia  terraenovae 

Author  Name:  Sakiko  Shiga 

Author  Institution:  Osaka  City  University 

Session  Title:  Symposium:  Photoperiodic  Induction  of  Diapause  and  Seasonal  Morphs 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0168 

DOI:  10. 1603/ICE.2016. 92000 

Abstract  text: 

Introduction:  Many  insects  control  their  seasonal  diapause  by  photoperiod  and  temperature. 
Physiological  studies  have  revealed  endocrine  signals  controlling  diapause  in  many  species. 
However,  neural  mechanisms  underlying  diapause  control  mostly  remain  unsolved.  We  have 
shown  the  pars  intercerebralis  neurons  (PI),  pars  lateralis  neurons  (PL)  and  small  ventral  lateral 


neurons  (s-LNv)  important  for  control  of  diapause  or  reproduction  in  the  blow  fly  Protophormia 
terraenovae ,  in  which  ovarian  development  is  suppressed  under  short  days  at  low  temperature.  In 
this  study  we  examine  functional  roles  of  connections  between  these  neurons  in  diapause  control, 
and  differentially  expressed  genes  in  the  brain  between  diapause-inducing  and  diapause-averting 
conditions  to  discuss  a  neuronal  circuitry  for  control  of  seasonal  diapause. 

Methods:  Fiber  tracts  among  or  from  the  PI,  PL,  and  s-LNv  were  surgically  severed  with  a 
tungsten  knife  to  examine  its  effects  on  diapause  control.  Differentially  expressed  genes  in  the 
brain  region  containing  the  PI,  PL  and  s-LNv  were  examined  between  diapause-inducing  and 
diapause-averting  conditions  by  RNA  sequencing  and  qPCR. 

Results/Conclusion:  Nerve  severance  showed  that  the  PI  is  prerequisite  for  ovarian  development 
but  is  controlled  neither  by  the  PL  nor  s-LNv.  The  PL  is  crucial  for  diapause  control  by 
suppressing  ovarian  development  under  diapause-inducing  conditions.  We  found  a  gene  of  which 
mRNA  levels  increased  in  3  days  of  diapause-inducing  conditions.  Our  results  suggest  that  s— 
LNV  submit  temporally  different  signals  between  diapause-inducing  and  diapause-averting 
conditions  to  the  PL  which  directly  induce  diapause  by  changing  gene  expression. 
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Introduction:  It  has  been  known  for  at  least  a  century  that  aphids  are  sensitive  to  seasonal 
changes  of  photoperiod  by  alternating  their  reproductive  mode.  Those  clonal  insects  adapt  their 
physiology  and  genetic  programs  to  produce  progeny  with  sexual  (under  long  scotophase)  or 
asexual  (under  short  scotophase)  forms.  Sexual  reproduction  produces  fertilized  overwintering 
and  diapausing  eggs,  whereas  asexual  reproduction  produces  non-cold  resistant  viviparous 
progeny.  The  processes  of  i)  photoperiod  perception  in  the  sense  organs  (heads),  ii)  signal 


transduction  in  endocrine  glands  and  circulating  fluids  and  iii)  reception  by  target  tissues  in  the 
ovariole  are  still  not  well  described.  We  will  present  data  on  the  putative  role  of  dopamine  and 
insulin  pathways  in  the  neuro-endocrine  transduction  of  the  photoperiodic  signal. 

Methods:  We  identified  by  comparative  RNA-Seq  analyzes  a  set  of  mRNAs  regulated  in  sexual 
and  asexual  embryos  linked  with  the  dopamine  and  insulin  pathways.  We  checked  by  in  situ 
hybridization  their  spatio-temporal  expression  patterns  and  used  pharmacological  approaches  by 
topical  application  of  antagonists  or  agonists  of  dopamine. 

Results/Conclusion:  The  expression  of  the  dopamine  pathway  mRNAs  is  different  in  sexual  and 
asexual  embryos,  and  this  is  already  the  case  at  the  embryonic  stage.  Groups  of  specific  cells  - 
probably  belonging  to  the  central  nervous  system  -  and  were  these  mRNAs  are  expressed  have 
been  identified  in  the  embryos.  Injection  of  dopamine  has  a  slight  effect  on  the  reproductive 
mode,  but  this  requires  to  be  consolidated.  Other  work  on  one  specific  Insulin-related  peptide 
(IRP)  is  ongoing  and  will  be  also  presented  in  this  talk. 
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Introduction:  Diapause  in  Tetranychus  urticae  manifests  in  the  adult  stage  under  short  days  as  a 
non-feeding  and  non-reproductive  state.  During  this  facultative  reproductive  diapause,  T.  urticae 
females  turn  bright  orange,  reflecting  an  elevated  accumulation  of  carotenoid 
pigments.  Previously,  mutant  strains  of  T.  urticae  that  lack  body  pigmentation  have  been 
identified.  These  strains  don’t  exhibit  the  greenish  body  color  and  bright  red  eyes  of  wild  type 
mites,  and  under  short  day  conditions  they  display  a  white,  milky  color. 


Methods:  Because  of  the  distinctive  phenotype,  and  the  association  between  orange  body  color 
and  the  diapause  physiological  state,  we  undertook  a  genetic  mapping  study  to  identify  the 
genetic  basis  of  the  albino  phenotype.  Test  crosses  of  an  albino  to  a  wild  type  strain  showed  that 
the  albino  phenotype  was  monogenic  recessive,  and  subsequently  we  assessed  the  genomic 
location  of  the  causal  change  with  a  bulked  segregant  analysis  (BSA)  approach  that  used  high- 
throughput  genome  sequencing. 

Results/Conclusion:  This  BSA  approach  pinpointed  a  region  of  about  600  kb  that  we 
subsequently  narrowed  to  65  kb  by  fine-mapping  in  an  F2  population.  Additional  genetic 
experiments  using  independent  strains  support  the  involvement  of  a  gene  in  the  T.  urticae 
carotenoid  biosynthetic  pathway.  The  role  of  carotenoids  in  light  perception  related  to  diapause 
induction  will  be  discussed. 
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Introduction:  The  ability  of  many  temperate  insects  to  have  more  than  one  generation  per  year  is 
due  to  plastic  induction  of  alternative  developmental  pathways  -  leading  to  either  direct 
development  during  summer  or  diapause  development  during  winter.  Selection  on  the  expression 
of  life  history  traits  in  bivoltine  populations  is  predicted  to  differ  among  developmental  pathways 
because  seasonal  time  constraints  differ  among  the  two  generations.  Moreover,  along  a 
latitudinal  cline,  northern  populations  will  ultimately  become  univoltine  and  only  produce  one 
diapausing  generation  per  year.  This  means  that  selection  on  developmental  regulation  of  the 
direct  pathway  will  be  relaxed. 

Methods:  I  will  present  results  showing  how  this  general  selective  regime  has  led  to  difference  in 
the  expression  of  life  history  traits  and  in  thermal  reaction  norms  among  developmental 


pathways  in  our  main  model  butterfly  species,  Pararge  aegeria  and  Pieris  napi.  Moreover,  I  will 
explore  footprints  of  relaxed  selection  on  the  developmental  regulation  of  life  history  traits  and 
sexual  dimorphism  when  expressed  in  the  direct  development  pathway. 

Results/Conclusion:  As  predicted  we  find  that  larval  development  and  growth  rates  are  higher 
when  individuals  develop  directly  rather  than  entering  pupal  diapause.  Hence,  the  presence  of 
two  developmental  pathways  allows  alternative  expression  of  important  life  history  traits. 
Moreover,  in  one  of  the  species  we  find  that  populations  experiencing  relaxed  selection  on  the 
direct  pathway  show  less  pronounced  differences  between  pathways  in  several  life  history 
phenotypes.  This  suggests  that  ongoing  selection  in  bivoltine  populations  is  necessary  for 
upholding  this  type  of  “fine  tuning”  of  alternative  developmental  regulation. 
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Introduction:  Variation  in  the  annual  number  of  generations  is  widespread  in  insects  and  has 
important  consequences  for  rates  of  evolution  and  population  growth,  persistence  during  global 
warming,  and  ecological  speciation.  It  is  known  that  environmental  plasticity  plays  a  role  in 
determining  generation  number,  but  local  adaptive  responses  to  spatially  varying  climates  are 
also  likely.  Here,  we  investigate  the  role  of  genetic  variation  in  diapause  timing  for  the  evolution 
of  latitudinal  gradients  in  generation  number. 

Methods:  In  the  European  corn  borer  moth  ( Ostrinia  nubilalis ),  two-generation  insects  end 
diapause  approximately  one  month  earlier  than  one  generation  insects,  and  longer  growing 
seasons  at  lower  latitudes  lead  to  4  or  more  generations  per  year.  Both  quantitative-  and 
population-genetic  approaches  were  used  to  test  hypotheses  about  diapause  timing  and  its 
relation  to  seasonality  in  Ostrinia  moths. 


Results/Conclusion:  We  identified  one  small  genomic  interval  underlying  a  ~30  day  shift  in 
diapause  termination  timing,  which  in  some  populations  has  been  captured  by  a  large 
chromosomal  rearrangement.  Compared  to  unlinked  regions,  markers  linked  to  the  diapause 
timing  gene(s)  show  signatures  of  long-term  balancing  selection,  including  (i)  greater  genetic 
variation,  (ii)  fewer  and  more  divergent  alleles,  and  (iii)  allele  frequency  oscillations  across 
latitude  that  are  coincident  with  changes  in  generation  number.  Our  results  suggest  that  spatially 
varying  selection  on  diapause  timing  enables  complete  insect  life  cycles  to  "fit"  into  latitudinal 
gradients  in  growing  season  length,  and  that  diapause  phenology  is  an  important  driver  of 
adaptive  changes  in  generation  number. 
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Introduction:  While  there  is  increasing  detail  of  gene  expression  and  hormonal  processes 
involved  in  the  onset  of  embryonic,  pupal,  and  adult  diapause,  there  is  little  similar  information 
concerning  the  maintenance  and  termination  of  diapause,  especially  larval  diapause. 

Methods:  We  examine  differential  gene  expression  in  a  robustly  photoperiodic  species  (1) 
between  populations  in  diapause  and  (2)  between  short-day  maintenance  and  long-day 
termination  of  diapause  evaluated  both  during  the  day  and  during  the  night. 

Results/Conclusion:  First,  we  find  differential  gene  expression  during  diapause  involving 
hundreds  of  genes  between  two,  fully  interfertile  populations  separated  by  <  13,000  years  of 
evolutionary  time.  Both  populations  were  reared  and  maintained  at  the  same  time  in  the  same 
place  in  diapause-inducing  conditions.  These  results  indicate  that  genetic  background,  even 
among  closely  related  populations  within  a  single  species,  is  crucially  important  in  evaluating 
causes  and  consequences  of  diapause  in  insect  populations.  Second,  within  a  single  population, 
we  find  not  only  the  expected  massive  differences  in  gene  expression  between  diapausing  and 


developing  larvae,  but  also  between  day  and  night  and  as  a  result  of  photoperiod  by  time  of  day 
interaction.  These  results  indicate  that  not  only  photoperiod,  but  also  time  of  day  at  which  the 
effects  of  photoperiod  are  evaluated  dramatically  affect  our  interpretation  of  endocrine  and  cell¬ 
signaling  pathways  involved  in  all  stages  of  diapause  and  development. 
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Introduction:  With  the  advent  of  microarray  and  next-generation  sequencing  technologies,  we 
have  rapidly  accumulated  snapshots  of  the  transcriptional  content  of  diapausing  insects.  There 
are  currently  at  least  10  studies  that  attempt  to  characterize  diapause-specific  patterns  of 
transcriptome-wide  expression,  and  probably  more  that  will  soon  be  published.  Given  this  flood 
of  data,  what  have  we  learned  about  conserved  and  non-conserved  physiological  features  of 
diapause  regulation? 

Methods:  We  apply  BLAST-based  similarity  searches  to  establish  orthology,  functional 
enrichment,  and  network  analysis  of  differential  gene  expression  data. 

Results/Conclusion:  We  will  synthesize  the  results  in  the  context  of  evolutionary  conservation 
or  parallelism,  and  we  will  discuss  potential  pitfalls  of  sampling  bias,  experimental  design  and 
meta-analyses. 
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Abstract  text: 

Introduction:  Large  tropical  embiopterans,  such  as  Antipaluria  urichi  (Embioptera:  Clothodidae), 
live  in  colonies  of  mothers  alongside  their  offspring  and  spin  copious  silk  on  bark  where  they 
graze  on  epiphytic  algae  and  lichens.  They  lack  a  tough  cuticle  but  in  its  place,  a  flexible  body 
capable  of  tight  U-turns  and  rapid  backwards  locomotion,  which  allows  them  to  retreat  into  their 
silk  domiciles.  Dispersing  females  will  walk  outside  of  their  silk  where  they  are  often  confronted 
by  predators,  particularly  ants.  When  dispersers  are  threatened,  they  also  quickly  bolt  backwards. 
Our  experiment  analyzed  their  unique  backwards  run  and  our  research  aim  was  to  characterize 
this  method  of  locomotion. 


Methods:  Adult  females  were  challenged  with  touches  to  their  abdomen,  mid-thorax  and  head; 
speed  and  direction  of  the  run  were  calculated.  For  a  more  detailed  analysis  of  the  gait  and  body 
kinematics  runners  were  recorded  using  a  high-speed  camera. 

Results:  Except  when  touched  posteriorly,  females  responded  to  provocation  by  running 
backwards.  Videography  revealed,  when  running  in  either  direction,  they  utilize  an  alternating 
tripod  gait  typical  of  hexapods.  Interestingly,  backwards  runners  frequently  had  their  thorax  slam 
down  against  the  substrate;  the  faster  they  ran,  the  greater  the  frequency  of  body  slamming. 
Despite  the  awkwardness  of  backwards  runs,  they  achieved  significantly  faster  strides  than  in 
corresponding  forwards  runs.  The  embiopteran  body  plan,  with  short  legs  and  modified  front 
tarsi,  appears  ill-suited  for  rapid  running,  but  their  clumsy  backwards  running  may  actually  help 
them  negotiate  their  extreme  locomotor  constraints. 
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Abstract  text: 

Introduction:  This  project  is  set  up  to  reduce  the  number  of  Aphids  of  various  species  from  the 
flowering  plants  known  commonly  as  Daylilies.  Ms.  Lisa  Egner  of  Texas  Heritage  Gardens 
maintains  a  wholesale  crop  of  daylilies  in  an  open  field  outside  of  Linden,  Texas  and  has  had 
significant  problems  with  aphids  damaging  the  crop.  Chemical  treatment  for  aphids  around 
daylilies  proves  difficult  due  to  the  crop  being  susceptible  to  damage  by  various  insecticides  on 
the  market,  and  Ms.  Egner’ s  concerns  with  regards  to  non-target  species  such  as  butterflies.  For 
the  purpose  of  this  application  we  would  like  to  explore  the  efficacy  of  using  biological  control 
and  some  natural  predators  of  aphids  include  ladybugs  and  lacewings. 

Methods:  For  this  project,  green  lacewings  ( Chrysoperla  rufilabris)  are  to  be  used  in  an  attempt 
to  manage  daylily  aphid  populations  for  the  upcoming  May  2016  flowering  season. 


Results/Conclusions:  This  project  intends  to  evaluate  the  issues  involving  aphid  tending, 
subsequent  releases  of  lacewings  due  to  dispersal,  and  the  practicality  of  biological  control  on 
this  plant  crop. 
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Abstract  text: 


Introduction:  The  honey  bee  ( Apis  mellifera )  is  a  eusocial  insect  where  each  individual  hive 
contains  a  single,  polyandrous  queen  responsible  for  laying  fertilized  eggs  that  maintain  a  hive’s 
worker  population.  Virgin  queens  will  go  on  mating  flights  during  a  single  period  of  time  at  the 
beginning  of  their  lifespan  and  mate  with  an  average  of  12  drone  bees.  The  volume  of  sperm  that 
is  collected  in  the  reproductive  organ,  known  as  the  spermatheca,  will  be  the  only  amount  of 
sperm  available  to  a  queen  for  the  duration  of  her  lifetime.  The  quality  of  a  hive  has  been  shown 
in  past  studies  to  be  dependent  on  the  quality  of  its  queen.  This  study  looks  at  how  the  volume  of 
semen  a  queen  is  artificially  inseminated  with  affects  the  overall  growth  of  a  colony  over  time  by 
comparing  hives  led  by  high-inseminated  queens  (those  artificially  inseminated  with  9  uL  of 
semen)  to  hives  led  by  low-inseminated  queens  (those  artificially  inseminated  with  1.5  uL  of 
semen). 

Methods:  The  parameters  that  were  measured  as  part  of  colony  growth  included  the  population 
of  a  hive,  the  amount  of  worker  and  drone  comb  built,  the  amount  of  capped  worker  and  drone 
brood,  and  the  amount  of  food  stored  within  each  of  the  experimental  hives. 

Results/Conclusion:  The  results  of  this  study  showed  that  there  were  not  any  statistically 
significant  differences  in  any  measure  of  colony  growth  between  the  hives  led  by  queens 
inseminated  with  a  low  semen  volume  compared  to  queens  inseminated  with  a  high  semen 
volume. 
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Introduction:  Caterpillars  use  plant-borne  vibrations  to  communicate  with  both  con-  and 
heterospecifics  for  a  variety  of  purposes,  including  predator  avoidance,  recruitment,  and 
spacing.  To  date  it  remains  uncertain  how  caterpillars,  or  other  holometabolous  larvae,  detect 
such  vibrations.  The  objective  of  this  study  was  to  identify  possible  vibration- sensitive 
mechanoreceptors  using  the  masked  birch  caterpillar,  Drepana  arcuata  (Drepanoidea),  as  a 
model.  This  caterpillar  defends  silk  leaf  shelters  using  ritualized  acoustic  displays  composed  of 
complex  vibratory  signals. 

Methods:  We  used  microdissection,  scanning  electron  microscopy  and  Micro-CT  images  to 
identify  and  characterize  mechanoreceptors  in  the  abdominal  prolegs. 

Results/Conclusion:  Dissections  revealed  two  chordotonal  organs  and  two  trichoid  sensillae 
innervated  by  bipolar  sense  cells  within  the  distal  regions  of  the  prolegs.  The  bipolar  sense  cells 
are  associated  with  the  SV 1  and  SV2  setae  of  the  proleg.  These  two  setae  make  direct  contact 
with  the  leaf  surface.  The  two  chordotonal  organs  are  located  at  the  base  of  the  prolegs  such  that 
they  would  detect  vertical  displacements  of  the  leaf  surface.  We  propose  this  complex  of 
mechanoreceptors,  including  both  trichoid  sensillae  and  chordotonal  organs,  work  as  a  unit  to 
detect  different  characteristics  of  the  complex  vibratory  signals.  The  next  stage  of  this  research 
will  be  to  do  electrophysiology  recordings  to  confirm  the  roles  of  these  receptors.  This  research 
is  applicable  not  only  to  the  many  species  of  Lepidoptera  larvae  now  known  to  communicate 
using  vibrations,  but  also  to  other  holometabolous  insect  larvae,  for  which  little  is  understood  of 
their  sensitivities  to  solid-borne  vibrations. 
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Bees  foraging  on  flowers  constitute  a  model  system  in  the  study  of  animal  cognition.  Although 
flowering  plants  offer  a  variety  of  rewards  and  pollinators  must  collect  multiple  types  of  rewards 
to  survive,  the  literature  on  bee  learning  is  skewed  nearly  exclusively  towards  learning  in  the 
context  of  nectar  rewards.  Bees  in  particular  must  collect  two  nutritionally  complementary  floral 
rewards  in  order  to  survive:  nectar,  their  primary  source  of  carbohydrates,  and  pollen,  their 
primary  source  of  protein.  While  many  flowering  plants  offer  both  rewards,  6-8%  of  angiosperm 
species  offer  only  pollen  rewards.  Here  we  asked  if  bees  can  learn  preferences  for  pollen-only 
species  and  what  components  of  the  flower  are  involved.  To  ensure  nectar  was  not  involved  in 
learning,  we  used  plant  species  that  offered  only  pollen  as  a  reward.  Using  an  absolute 
conditioning  protocol,  bees  were  given  experience  collecting  pollen  from  a  single  species.  Their 
preference  for  flowers  of  that  species  relative  to  a  second  species  was  tested  either  one  or  24 
hours  later.  We  found  that  the  preference  of  experienced  bees  was  shifted  strongly  towards  the 


experienced  species,  relative  to  the  preference  of  naive  bees.  Results  of  the  24  hour  test  provided 
strong  evidence  of  long-term  memory.  Additionally,  we  evaluated  the  role  of  corolla  and  anther 
in  learned  preferences.  While  both  the  corolla  and  anther  responses  are  involved,  anther 
responses  are  more  strongly  influenced  by  experience.  We  discuss  how  learned  preferences,  such 
as  those  shown  here,  can  influence  the  evolution  of  floral  traits,  particularly  with  respect  to 
pollen-only  species. 
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Like  all  organisms,  honey  bees  {Apis  mellifera)  face  the  important  questions  of  when  to 
reproduce,  how  many  offspring  to  have  and  how  much  to  invest  in  them.  However,  reproduction 
for  a  social  insect  is  not  the  production  of  individuals  but  the  formation  of  new  colonies.  Honey 
bees  can  make  offspring  colonies  in  two  ways:  by  producing  swarms  composed  of  a  queen  and 
thousands  of  workers  or  by  producing  male  drones  that  mate  with  daughter  queens  from  other 
colonies.  There  is  a  large  asymmetry  in  both  the  cost  and  expected  payoff  of  producing  daughter 
queens  versus  drones.  Drones  are  cheap  but  unlikely  to  mate  successfully,  while  swarms  are 
expensive  but  relatively  likely  to  succeed.  In  addition,  while  drones  only  contribute  directly  to 
colony  fitness,  the  production  of  workers  contributes  both  directly  as  part  of  the  colony’s 
investment  in  the  swarm  and  indirectly  by  increasing  the  colony’s  total  energy  budget.  The 
timing  of  swarming  and  drone  production  are  crucial  for  reproductive  success  because  colonies 
need  sufficient  time  to  build  enough  stores  to  survive  winter.  Using  a  linear  programming  model, 
we  ask  the  question  of  when  and  how  many  drones  a  honeybee  colony  should  produce  to 
maximize  its  total  reproductive  success.  We  compare  our  results  to  published  data  on  the  timing 
of  drone  and  swarm  production  to  gain  insight  into  the  reproductive  decision  making  process  of 
honey  bee  colonies. 
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Introduction:  The  acetylcholinesterase  1  (AmAChEl)  of  the  honey  bee  is  responsible  for  non¬ 
neuronal  functions  based  on  its  soluble  molecular  form  with  little  catalytic  activity  and  abundant 
expression  in  the  peripheral  nervous  system. 

Methods/results:  A  systematic  expression  profiling  of  AmAChEl  over  a  one -year  cycle  revealed 
that  AmAChEl  was  predominantly  expressed  during  the  winter  months  and  moderately 
expressed  during  the  rainy  summertime.  Interestingly,  AmAChEl  expression  was  inhibited  when 
bees  were  allowed  to  rear  brood  by  placing  overwintering  bee  hives  in  strawberry  green  houses 
with  the  supplement  of  pollen  diets.  However,  AmAChEl  resumed  its  expression  when  hives 
were  moved  back  to  the  cold  field  (thereby  suppressing  brood  rearing).  In  the  early  spring, 
supplement  of  pollen  diets  accelerated  initiation  of  brood  rearing  activity  and  inhibition  of 
AmAChEl  expression.  In  late  spring,  when  active  hives  were  placed  in  a  screen  tent,  thereby 
artificially  suppressing  brood  rearing  activity,  AmAChEl  was  highly  expressed.  Then, 
AmAChEl  expression  was  inhibited  when  bee  hives  were  allowed  to  restore  brood  rearing  after 
removal  of  the  screen,  supporting  the  hypothesis  that  brooding  status  is  a  main  factor  in 
regulation  of  AmAChEl  expression.  In  summary,  both  temperature  stress  and  diet  dearth  are  not 
directly  related  with  AmAChEl  expression,  but  both  conditions  are  prerequisites  for  the 
determination  of  brood  rearing  status,  which  is  connected  with  AmAChEl  expression, 
suggesting  that  AmAChEl  is  involved  in  stress  response  or  stress  management  if  it  is  assumed 
that  abnormal  suppression  of  brood  rearing  activity  may  result  in  stressful  conditions  in  the 
honey  bee  social  community. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Emergency  queen  selection  in  honey  bees  (Apis  mellifera) 

Author  Name:  James  Withrow 

Author  Institution:  North  Carolina  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Apidology,  Sericulture,  and  Social  Insects: 
Honey  Bees  I 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0186 
DOI:  10. 1603/ICE.2016. 114978 
Abstract  text: 

The  evolution  of  complex  social  behavior  in  honey  bees  (Apis  mellifera )  is  driven  by  multiple 
and  sometimes  opposing  forces  of  selection.  These  opposing  forces  are  apparent  when  workers 
must  select  larvae  to  rear  as  emergency  replacement  queens,  when  worker  fitness  is  in  opposition 
with  overall  colony  fitness.  This  choice  is  crucial  as  the  queen  is  the  sole  reproductive  in  the 
colony  and  her  traits  impact  every  aspect  of  colony  functioning.  Despite  this  significance, 
emergency  queen  rearing  remains  a  poorly  understood  behavior  in  honey  bees.  This  study  tests 
for  the  existence  of  purportedly  “royal”  subfamilies  preferred  for  queen  rearing  and  examines  the 
possibility  that  queen  selection  is  driven  by  caste-independent  reproductive  traits. 
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Introduction:  The  decline  of  honey  bee  ( Apis  mellifera)  colonies  presents  a  challenge  to  crop 
pollination  services.  The  unintended  exposure  to  pesticides  is  an  outstanding  threat  to  these 
pollinators.  Current  pollinator  protection  practices  necessitate  an  alternative  approach  to 
minimize  the  contact  of  bees  with  harmful  pesticides.  The  use  of  spatial  repellents  is  one 
approach  to  protect  bees  from  pesticide -treated  crops.  Here,  we  examine  the  effect  of 
heterocyclic  amines  (HCAs)  on  the  locomotor  activity  of  bees  as  a  prerequisite  for  the  discovery 
of  pesticide  protection  products  for  these  pollinators. 

Methods:  The  locomotor  activity  of  bees  was  examined  using  an  EthoVision  XT  video  tracking 
arena  and  software  platform.  Individual  bees  were  transferred  to  the  video  tracking  arena  and 
allowed  to  acclimatize  at  an  ambient  temperature  of  28  °C.  A  50  pi  aliquot  of  HCA  (100% 
solution)  was  delivered  to  the  bees.  The  bees  were  exposed  to  each  compound  for  2  min.  The 
difference  in  locomotor  activity  was  calculated  as  the  velocity  (cm/sec)  of  the  bee  crossing  the 
video  tracking  arena. 

Results/Conclusions:  The  locomotor  activity  of  bees  exposed  to  the  HCAs  A-methylpyrrolidine, 
1-ethylpyrroldine,  piperidine,  and  1-methylpiperidine  was  significantly  reduced  by  ca.  61-68% 
compared  to  the  locomotor  activity  of  untreated  bees.  An  exposure  to  HCA  A-methylpyrroldine 
resulted  in  spastic  paralysis  and  uncontrollable  locomotor  activity  in  the  bees.  A  multivariate 
analysis  will  be  discussed  as  a  predictive  model  of  chemical  structures,  physiochemical 
properties,  and  efficacy  for  the  testing  of  HCA  analogs  as  spatial  repellents  for  manipulating  bee 
behavior. 
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Abstract  text: 

The  importance  of  diet  and  nutrition  on  morphology,  physiology  and  behavior  has  been  well 
studied  in  honey  bees,  especially  in  the  context  of  division  of  labor.  One  important  task  that  is 
part  of  honey  bee  worker  division  or  labor  is  queen  tending  (feeding,  examining,  and  grooming 
the  queen),  which  is  integral  to  the  health  and  functioning  of  colony.  Diet  and  nutritional  effects 
on  queen  tending  have  been  relatively  unexplored.  We  tested  the  hypothesis  that  poor  diet  and 
nutrition  lead  to  increased  queen  responsiveness.  We  found  that  adult  worker  bees  fed  a  pollen- 
deficient  diet  displayed  an  increased  response  to  queen  pheromone.  Additionally,  we  found  that 
another  form  of  dietary  depletion,  reduced  pollen  diversity  during  larval  development,  can  have 
long  term  effects  on  response  to  queen  pheromone  as  an  adult.  In  addition,  we  investigated 
physiological  correlates  including  lipid  stores  and  expression  levels  of  the  yolk  protein  gene 
Vitellogenin.  We  tested  the  hypothesis  that  nutritional  effects  on  queen  responsiveness  are 
mediated  by  differences  in  worker  reproductive  potential  (by  way  of  contributing  to  ovarian 
development).  We  discuss  our  results  in  the  context  of  whether  dietary  variation  between 
individuals  within  a  colony  could  have  the  effect  of  contributing  to  establishing  a  division  of 
labor  among  workers  for  tasks  such  as  queen  tending. 
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Sociometry  is  the  collection  and  analysis  of  the  physical  and  numerical  attributes  of  social  insect 
colonies.  Sociometric  data,  such  as  the  number  of  workers  and  the  size  of  the  nest,  are  essential 
to  understanding  how  colonies  develop,  but  such  data  are  rarely  collected.  Even  the  honey  bee 
{Apis  mellifera ),  the  most  intensively  studied  social  insect  by  far,  has  not  received  a  broad-scale 


sociometric  study.  To  help  fill  this  gap,  we  monitored  four  honey  bee  colonies  living  in  large 
observation  hives  from  when  they  first  inhabited  these  hives  as  swarms  (July  2012),  to  their 
deaths  (January  2014).  We  tracked  multiple  colony  parameters,  including  worker  population, 
drone  population,  comb  area,  comb  use,  swarming  and  afterswarming  events,  and  colony  death, 
The  pattern  of  growth  and  development  is  described  and  discussed  for  each  colony  through  the 
founding,  ergonomic,  and  reproductive  stages  of  its  life. 
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Rearing  honey  bee,  Apis  mellifera  L.,  larvae  in  vitro  can  eliminate  many  uncontrollable  factors 
(e.g.  colony  strength,  weather  conditions,  food  availability,  etc.)  that  bias  field  studies  on  honey 
bee  health.  There  have  been  significant  improvements  in  the  methodology  used  to  rear  honey  bee 
larvae  in  vitro ,  and  very  high  survivability  can  now  be  achieved  in  the  laboratory.  However,  few 
studies  have  explored  how  in  vitro  rearing  may  affect  the  physiology  of  the  resulting  honey  bees. 
We  conducted  a  comparative  study  of  the  survival  rates  of  larvae  in  two  different  rearing 
environments:  their  parental  colony  (in  vivo)  and  in  the  laboratory  (in  vitro).  We  found  that 
rearing  environment  significantly  impacted  the  survival  of  honey  bee  larvae  to  the  prepupal  stage 
(F(l,17)  =  3.69 ,p  =  0.006)  with  increased  survival  in  the  in  vitro  reared  larvae  (M  =  95.3%,  SE 
=  1.95,  N  =  17)  compared  to  that  of  the  in  vivo  reared  larvae  (M  =  87.6%,  SE  =  1.95,  N  =  17). 
Furthermore,  survival  to  the  prepupal  stage  varied  by  the  parent  colony  from  which  the  larvae 
were  collected  (F(15,17)  =  8.1  \,p  =  0.01 1),  regardless  of  rearing  environment.  We  hypothesize 
that  genetics  and/or  environmental  factors  (e.g.  pathogens)  may  influence  larval  survival  in  the 
various  parent  colonies.  Larvae  that  are  reared  in  vitro  are  removed  from  their  colony  within  24 
hr  of  emerging  from  their  eggs.  Therefore,  any  environmental  influences  must  affect  larvae  that 
are  less  than  one  day  old  in  order  to  impact  in  vitro  reared  larval  survival. 
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Honey  bee  {Apis  mellifera)  drones,  a  colony’s  haploid  male  caste,  are  produced  seasonally  for 
the  sole  purpose  of  mating  with  virgin  queens  from  nearby  colonies.  Because  drones  do  not 
contribute  to  other  colony  tasks  such  as  food  collection,  brood  rearing,  or  defense,  they  are  often 
overlooked  in  honey  bee  research.  However,  a  recent  examination  of  drone  spermatozoa  viability 
(i.e.,  proportion  of  total  spermatozoa  in  a  drone’s  seminal  vesicles  that  is  viable  and  can  fertilize 
an  ovule)  found  significant  variation  in  spermatozoa  viability  between  different  apiaries  in 
Central  Texas.  This  observed  variation  may  be  influenced  by  the  contamination  of  lipophilic  wax 
with  agrochemicals  and  beekeeper-applied  miticides  used  in  the  treatment  of  the  ectoparasitic 
mite  Varroa  destructor.  Both  pesticide  groups  have  been  found  in  high  concentrations  in  wax 
samples  across  the  United  States  and  seem  to  be  contributing  to  the  decline  of  honey  bee 
populations  nationwide.  To  assess  the  potential  effect  of  exposure  to  in-hive  pesticides  on  drone 
spermatozoa  viability,  we  compared  the  viability  of  spermatozoa  collected  from  drones  reared  in 
pesticide-free  wax  to  that  of  drones  reared  in  wax  contaminated  with  field-relevant  doses  of 
select  pesticides.  Using  a  standard  sperm  staining  technique,  live  spermatozoa  were  stained  with 
Sybr-14  dye  while  unviable  spermatozoa  were  dyed  with  propidium  iodide.  The  samples  were 
then  run  through  a  cell  counter  (Cellometer  Vision  CBA,  Nexelcom®),  which  identifies  viable 
and  non- viable  spermatozoa  and  provides  relative  cell  counts  in  a  sample.  Our  preliminary 
results  suggest  a  significant  negative  effect  of  in-hive  pesticide  exposure  during  development  on 
spermatozoa  viability. 
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Introduction:  The  decline  of  honey  bee  ( Apis  mellifera)  colony  numbers  in  recent  years  presents 
an  economic  and  ecological  threat  to  agriculture.  One  outstanding  threat  to  bees  is  the 
unintended  exposure  to  agricultural  pesticides.  Previous  studies  report  that  acute  exposures  to  the 
common-use  herbicide  atrazine  elicit  oxidative  stress  in  non-target  insects;  however,  little 
information  is  currently  available  on  the  exposure  risk  of  atrazine  to  bees.  This  project  examined 
the  oxidative  stress  response  of  bees  following  laboratory  and  field  treatments  of  atrazine. 

Methods:  Laboratory  experiments  were  conducted  with  bees  exposed  to  three  sublethal 
concentrations  of  atrazine  for  24  h  whereas  field  experiments  were  conducted  with  bees  exposed 
to  one  sublethal  concentration  of  atrazine  for  28  d.  Biochemical  and  molecular  markers  of 
oxidative  stress  responses  were  examined  in  the  atrazine-treated  bees  following  the  laboratory 
and  field  exposure  periods. 

Results/Conclusions:  The  antioxidant  activities  of  atrazine-treated  bees  were  significantly 
different  compared  to  the  untreated  bees  in  the  laboratory  and  field  experiments.  A  semi- 
quantitative  RT-PCR  analysis  of  antioxidant-encoding  genes  revealed  the  differential  expression 
of  genes  in  atrazine-treated  bees  that  are  important  for  oxidative  stress  tolerance  in  the  laboratory 
and  field  experiments.  Here,  we  provide  evidence  that  the  laboratory  and  field  exposure  of  bees 
to  the  common-use  herbicide  atrazine  results  in  oxidative  stress  responses  that  can  compromise 
the  health  of  bee  colonies.  The  data  will  be  discussed  with  regard  to  the  protection  of  these 
pollinators  against  the  untended  exposure  of  agricultural  pesticides. 
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With  the  unsustainable  losses  of  managed  honey  bee  colonies  in  the  United  States,  more  work 
needs  to  be  done  to  address  factors  that  affect  colony  survival.  Specifically,  investigations  are 
needed  into  the  synergistic  effects  that  multiple  stress  factors  can  have  on  colony  health.  In  this 
study  we  assessed  the  interactive  effects  of  nutrition,  pesticides,  and  pathogens  on  honey  bee 
health.  Cohorts  of  20  bees  were  inoculated  with  Nosema  ceranae  and  provided  with  either 
polyfloral  or  monofloral  pollen  diets  that  were  prepared  using  pollen  trap  samples  collected  from 
colonies  in  agricultural  fields.  Samples  of  each  diet  were  sent  to  the  USDA-AMS  National 
Science  Laboratory  in  Gastonia,  NC  for  pesticide  analysis.  After  12  days  the  level  of  Nosema 
infection  was  quantified  for  each  surviving  bee  in  order  to  determine  if  there  was  an  association 
between  the  nutritional  variety  of  the  pollen  diet  and  the  ability  of  bees  to  combat  Nosema. 
Pesticide  information  for  each  diet  will  be  assessed  to  determine  if  chemical  exposure  events 
lead  to  increased  susceptibility  to  Nosema  infection.  The  results  of  this  study  hope  to 
demonstrate  the  effect  that  pollen  diversity  has  on  Nosema  susceptibility  in  honey  bees  in  the 
presence  of  real  world  pesticides  loads. 
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Compounds  from  tergal  glands  of  honey  bee  queens  are  known  to  elicit  both  primer  and  releaser 
effects  in  honey  bee  workers.  However,  little  is  known  of  the  effects  of  these  tergal  gland 
pheromones  under  queenless  conditions  where  dominant  workers  emerge  or  when  social 
parasitism  occurs  as  in  the  case  of  the  Cape  honey  bee  Apis  mellifera  capensis.  Using  bioassays, 
we  determined  the  effects  that  short  and  long  term  exposure  to  pheromone  blends  from  dominant 
A.  m.  capensis  parasitic  workers  have  on  subordinate  host  workers  of  A.  m.  scutellata. 
Pheromonal  blends  used  included  three  ethyl  esters  found  in  the  tergal  gland  of  both  A.  m. 
scutellata  workers  and  A.  m.  capensis  clonal  parasitic  workers.  All  pheromonal  blends  elicited 
retinue  formation  and  suppressed  ovarian  activation  in  host  workers.  The  resultant  primer  and 
releaser  effects  of  these  pheromonal  blends  indicated  that  the  ethyl  esters  play  a  significant  role 
in  establishing  dominance  among  workers  and  hence  regulating  opportunities  to  reproduce. 
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Reproductive  conflict  widely  occurs  in  eusocial  insects  where  workers  retain  reproductive 
potential.  One  of  the  mechanisms  regulating  the  conflict  is  through  policing,  a  coercive  behavior 
that  reduces  reproduction  by  other  individuals.  In  eusocial  Hymenoptera,  queen  or  workers  act 
aggressively  toward  fertile  workers,  or  destroy  their  eggs.  In  many  termite  species,  upon  the 


death  of  the  primary  queen  and  king,  totipotent  workers  can  differentiate  into  replacement 
reproductives,  called  ergatoids,  to  continue  reproduction  in  the  natal  colony.  During  this  process, 
reproductive  conflict  arises  when  the  number  of  ergatoids  exceeds  the  limit  that  colony  can 
sustain.  However,  the  behavioral  basis  regulating  the  conflict  remains  unknown.  Here,  in  the 
eastern  subterranean  termite,  Reticulitermes  flavipes ,  we  quantitatively  analyzed  the  behavior 
using  both  a  natural  and  artificial  policing  bioassay.  Our  results  demonstrate  that  policing 
behavior  is  a  concerted  effort  carried  out  by  both  ergatoids  and  workers,  and  the  policing  by 
ergatoids  is  age-dependent.  Specifically,  older  ergatoids  attack  younger  ones,  and  workers  are 
then  recruited  to  cannibalize  the  injured  ergatoids.  This  study  provides  the  first  empirical 
evidence  of  policing  behavior  in  termites,  and  sheds  light  on  our  understanding  of  the 
reproductive  division  of  labor  in  social  insects. 
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Introduction:  The  queen  termite  is  one  of  the  rare  organisms  that  does  not  show  the  tradeoff 
between  longevity  and  reproduction.  Previous  studies  have  discussed  their  amazing  longevity 
and  fertility;  however,  the  molecular  mechanisms  have  been  poorly  understood.  Oxidative  stress 
is  known  to  be  an  important  contributor  to  aging  and  a  key  factor  affecting  species  longevity.  We 
hypothesize  that  the  long-lived  queen  has  an  efficient  antioxidative  defense  system  against 
oxidative  stress. 

Methods:  Here,  we  measured  oxidative  damage  levels  of  lipid,  protein,  and  nucleic  acid  and 
assessed  several  major  antioxidant  enzyme  activities  and  gene  expression  levels  (superoxide 
dismutase,  catalase,  peroxiredoxin,  and  glutathione  peroxidase).  We  compared  long-lived  queen 
and  their  short-lived  non-reproductive  castes  such  as  worker,  soldier,  and  nymph,  in  the 
subterranean  termite  Reticulitermes  speratus. 


Results/Conclusion:  Interestingly,  the  queen  R.  speratus  showed  strong  resistance  against 
oxidative  stress  and  had  significantly  higher  activity  of  several  antioxidant  enzymes,  especially 
catalase,  compared  with  their  non-reproductive  castes.  These  results  suggest  the  possibility  that 
the  efficient  antioxidative  defense  system  in  queen  R.  speratus  is  one  of  the  reasons  for  their 
longevity. 
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Termites,  as  eusocial  insects,  share  resources,  cooperate  in  young  rearing,  have  a  division  of 
labor,  and  have  overlapping  generations.  Subterranean  termites  (Rhinotermitidae)  are  the  most 
economically  damaging  termites  in  the  United  States  costing  $11  billion  annually  for  prevention, 
treatment,  and  repair  of  damage.  While  these  termites  are  damaging,  they  also  play  a  critical 
ecological  role  in  decomposing  wood  and  other  nutrients  back  to  the  soil.  In  Texas,  this  family  is 
represented  by  Reticulitermes  flavipes,  R.  virginicus,  R.  hageni,  R.  tibialis,  and  the  invasive 
Formosan  subterranean  termite,  Coptotermes  formosanus.  Termite  colony  spatial  dynamics  are 
an  understudied  topic.  In  laboratory  studies,  termite  colonies  of  different  species  are  aggressive 
while  termite  colonies  of  the  same  species  are  passive  to  each  other.  Conversely,  in  field  studies, 
colonies  of  the  same  species  have  not  been  observed  overlapping  whereas  congeneric  colonies 
foraging  ranges  were  observed  overlapping.  These  seemingly  conflicting  findings  require  further 
research  to  clarify  the  inter-  and  intraspecific  interactions  of  Reticulitermes  in  Texas.  We  intend 
to  investigate  these  interactions  by  first  characterizing  the  species  and  colony  boundaries  of 
Reticulitermes  colonies  at  five  designated  field  sites  using  previously  established  microsatellite 
DNA  markers.  Laboratory  colonies  will  be  established  from  these  termites  collected.  These  will 


be  used  for  laboratory  aggression  tests  between  the  unique  species  and  colonies  to  determine  the 
level  of  aggression.  Finally,  further  sampling  and  investigation  will  occur  at  the  areas  of  overlap 
to  determine  the  behavior  in  the  field  of  different  colonies  of  termites. 
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Each  year  at  least  $40  billion  is  spent  globally  on  termite  control,  and  of  that,  around  80%  of  the 
cost  can  be  attributed  to  subterranean  termites  including  the  Asian  subterranean  termite, 
Coptotermes  gestroi.  Baiting  systems  that  contain  chitin  synthesis  inhibitors,  such  as 
noviflumuron,  have  been  shown  to  effectively  eliminate  colonies  of  subterranean  termites. 
Colony  elimination  can  provide  extended  protection  to  the  baited  structure,  as  well  as  nearby 
structures.  However  the  average  time  required  to  eliminate  the  termites  around  a  structure  ranges 
from  3.5  to  9  months.  20-hydroxy ecdysone  (20E)  is  an  insect  molting  hormone  and  when 
ingested  by  subterranean  termites,  it  may  cause  hyperecdysonism  in  1-2  weeks,  which  gives  it 
the  potential  to  speed  up  the  baiting  process.  The  purpose  of  this  study  was  to  evaluate  C.  gestroi 
colonies  baited  with  20E,  noviflumuron,  or  a  combination  of  both  compounds.  Plastic  containers 
of  3-year-old  C.  gestroi  colonies,  with  10,000+  workers  were  attached  to  two  foraging  arenas 
separated  by  3  m  coils  of  Tygon  tubing.  The  most  distant  arena  was  6  m  away  from  the  colony, 
and  bait  was  introduced  at  4.5  m.  Colony  activity  and  survivorship  was  monitored  until  bait 
activity  stopped.  The  results  of  this  study  improve  our  understanding  of  subterranean  termite 
baiting  systems,  and  demonstrate  the  suitability  of  20E  for  use  in  baiting  systems. 
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Chemical  mediation  of  reproductive  caste  is  common  in  many  eusocial  insects.  For  termites, 
functionally  sterile  workers  identify  and  tend  queens  or  kings  within  the  colony  using  unique 
volatile  or  contact  based  chemicals.  Many  of  these  signals  in  ants,  bees  and  wasps  consist  of 
reproductive-specific  cuticular  hydrocarbons.  No  recognition  pheromones  have  been  identified  to 
date  in  termites  and  recognition  and  tending  behavior  towards  queens  and  kings  is  not  well- 
studied  in  these  species.  Egg  recognition  pheromones  and  cuticular  hydrocarbons  indicating 
fertility  have  been  identified  in  a  few  termites,  but  there  is  little  information  regarding  queen  and 
king  tending.  These  behaviors  were  investigated  in  the  Eastern  Subterranean  termite 
( Reticulitermes  flavipes).  In  this  and  other  termite  species,  individuals  will  often  shake  laterally 
while  remaining  in  place.  Although  this  behavior  occurs  in  response  to  various  stimuli,  it  occurs 
quite  conspicuously  and  frequently  in  close  proximity  to  reproductively  active  individuals.  Using 
behavioral  assays  and  classical  chemical  ecology  techniques,  we  documented  the  strong 
behavioral  response  of  termites  towards  neotenic  (secondary)  queens,  neotenic  kings,  workers, 
and  soldiers,  and  investigated  the  potential  chemical  sources  for  queen  recognition. 
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Introduction:  Termites  live  in  kin-based  colonies  that  are  typically  headed  by  a  reproductive  king 
and  queen,  but  otherwise  are  composed  of  a  large  number  of  sterile  workers  and  soldiers.  For 
invasive  populations  of  the  eastern  subterranean  termites,  these  kin-directed  behaviors  appear  to 
break  down,  and  lead  to  the  formation  of  mixed-kin  supercolonies  that  contain  multiple 
secondary  reproductives.  One  genetic  explanation  for  this  shift  in  social  structure  upon  invasion 
is  the  loss  of  alleles  needed  for  kin  recognition.  If  so,  invasive  populations  should  simply  have 
fewer  alleles  per  locus  relative  to  native  populations. 

Methods:  Using  a  series  of  invasive  and  native  populations  from  North  America,  we  test  this 
prediction  by  measuring  transcriptome-wide  diversity  and  expression  associated  with 
invasiveness. 

Results/Conclusion:  In  this  talk,  we  report  on  the  allelic  and  gene  expression  profiles  of  newly 
assembled  transcriptomes  from  invasive  and  native  populations.  We  also  compare  these  genetic 
diversity  profiles  to  the  expectations  under  the  social  insect  invasion  model  and  assess  how  a 
founder  event  can  affect  caste  differentiation  in  this  species.  Our  on-going  analysis  of  the  eastern 
subterranean  termite  transcriptomes  will  provide  a  framework  for  testing  genetic  hypotheses  of 
supercolony  formation  and  potentially  identify  candidate  genes  for  kin  recognition  in  termites. 
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Abstract  text: 

The  sophisticated  colony  organization  of  eusocial  insects  is  primarily  maintained  through  the 
utilization  of  pheromones.  The  regulation  of  these  complex  social  interactions  requires  intricate 
chemoreception  systems.  The  recent  publication  of  the  genome  of  Zootermopsis  nevadensis 
opened  a  new  avenue  to  study  molecular  basis  of  termite  caste  systems.  Although  there  has  been 
a  growing  interest  in  the  termite  chemoreception  system  that  regulates  their  sophisticated  caste 
system,  the  relationship  between  division  of  labor  and  expression  of  chemoreceptor  genes 
remains  to  be  explored.  Using  high-throughput  mRNA  sequencing  (RNA-seq),  we  found  several 
chemoreceptors  that  are  differentially  expressed  among  castes  and  between  sexes  in  a 
subterranean  termite  Reticulitermes  speratus.  In  total,  53  chemoreception-related  genes  were 
annotated,  including  22  odorant  receptors,  7  gustatory  receptors,  12  ionotropic  receptors,  9 
odorant-binding  proteins,  and  3  chemosensory  proteins.  Forty -three  chemoreception-related 
genes  (81%)  had  significant  caste-specific  or  sex-specific  expression  patterns;  in  particular,  17 
chemoreception  genes  (32%)  showed  king-biased  or  queen-biased  expression  patterns. 
Moreover,  33  genes  (62%)  showed  significant  age-dependent  differences  in  their  expression  in 
female  and/or  male  reproductives.  These  results  reveal  a  strong  relationship  between  the 
evolution  of  the  division  of  labor  and  the  regulation  of  chemoreceptor  gene  expression,  thereby 
demonstrating  the  chemical  communication  and  underlining  chemoreception  mechanism  in 
social  insects. 
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Social  insects  collectively  build  various  structures  such  as  complex  nests  and  huge  gallery 
networks.  Construction  is  achieved  by  self-organization,  where  colony-level  structures  emerge 
from  local  interactions  among  individuals.  It  has  been  demonstrated  that  different  structures  are 
created  under  the  different  environmental  conditions  or  by  the  different  number  of  individuals. 
However  little  is  known  about  the  intraspecific  variation  in  structures  under  the  same  conditions. 
Here  we  show  that  termite  colonies  build  colony  specific  shelter-tube  structures,  and  how  the 
intraspecific  variation  of  structures  can  be  generated  from  collective  building.  When  we  divided 
a  colony  of  a  termite  Reticulitermes  speratus  into  multiple  groups  of  individuals,  the  groups 
drawn  from  the  same  colony  performed  similar  patterns  of  construction,  whereas  groups  from 
different  colonies  exhibited  different  patterns  even  under  the  same  conditions.  Our  two- 
dimensional  lattice  model  showed  that  the  observed  variation  of  structures  can  be  attributed  to 
the  number  of  individuals  engaged  in  building  and  the  degree  of  response  to  the  pheromone 
which  is  used  for  building.  There  is  a  negative  correlation  between  the  length  of  constructed 
shelter-tubes  and  alates  production  of  their  original  colonies,  which  suggests  that  the  building 
activity  of  individuals  is  affected  by  the  colony  demography.  These  results  indicate  that 
formation  of  colony  level  patterns  can  be  regulated  by  changing  individual  level  responses 
according  to  the  transition  of  need  for  construction  in  their  original  colonies.  We  will  discuss 
how  the  self-organization  works  in  the  insect  society  and  the  evolutionary  perspectives  of 
collective  behavior  that  creates  sophisticated  patterns. 
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Nuclear  DNA  increase  by  endoreduplication  is  widely  observed  in  the  metabolically  active 
tissues  of  many  plants  and  animals.  The  role  of  tissue-specific  polyploidization  may  be 
increasing  DNA  template  availability  and  thus  increasing  cellular  metabolism  and  gene 
expression.  Insect  fat  body  has  multiple  functions  and  is  highly  metabolically  active.  During  egg 


production,  insect  females  synthesize  massive  amounts  of  vitellogenin  in  their  fat  bodies,  and 
those  of  some  insects  become  polyploid  to  accelerate  vitellogenin  production.  Social  insects  have 
developed  reproductive  division  of  labor,  so  it  is  reasonably  expected  that  termite  queens  would 
have  higher  endopolyploidy  level  in  their  fat  body  than  non-reproductives.  Here  we  show  that 
termite  queens  have  disproportionately  higher  amount  of  DNA  in  their  fat  body  cells  and  that 
queen-specific  endoreduplication  occurs  along  with  reproductive  development.  Our  DNA 
content  analysis  using  flow  cytometry  demonstrated  that  the  number  of  cells  with  4C-DNA 
exceeded  those  with  2C-DNA  in  the  queen  fat  body  in  a  Japanese  subterranean  termite 
Reticulitermes  speratus.  This  high  level  of  endoreduplication  in  fat  body  cells  was  not  found  in 
other  castes  or  immature  queens.  This  mature  queen-specific  doubling  of  DNA  content  in  fat 
body  cells  suggests  that  termites  take  advantages  of  endoreduplication  to  boost  egg  production. 

In  this  talk,  we  also  demonstrate  how  the  endoreduplication  in  the  fat  body  is  regulated  in  other 
termite  species.  We  discuss  the  evolutionary  linkage  between  endoreduplication  in  fat  body  and 
reproductive  division  of  labor  by  taking  into  account  the  phylogenetic  relationship. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Infectious  disease  of  Enterococcus  mundtii  in  silkworm,  Bombyx  mori 

Author  Name:  Daniel  Nwibo 

Author  Institution:  The  University  of  Tokyo 

Session  Title:  Graduate  Student  Oral  Competition:  Biological  Control  and  Insect  Pathology: 
Entomopathogens  and  Weed  Biocontrol 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0204 

DOI:  10. 1603/ICE.2016. 109886 

Abstract  text: 

Introduction:  We  have  developed  several  disease  models  using  silkworm  larva,  Bombyx  mori , 
which  offer  technical,  social  and  economic  merits  during  drug  screening.  We  discovered  Lysocin 
E  from  the  cultured  supernatant  of  Lysobacter  sp.,  by  monitoring  the  therapeutic  effects  in  S. 
aureus- infected  larvae.  Diet  is  a  principal  way  through  which  animals  acquire  various  microbes. 
B.  mori  is  usually  fed  with  diets  made  from  mulberry  leaves.  Studies  have  reported  isolation  of 
Enterococcus  mundtii  from  larvae  fed  with  the  leaf.  Recently,  our  laboratory  experienced 
infection  that  caused  death  of  larvae  and  lack  of  reproducible  experimental  results. 

Methods:  Identification  of  E.  mundtii  was  by  16S  rRNA  sequencing.  B.  mori  was  obtained  from 
local  suppliers  in  Japan. 


Results/Conclusions:  We  isolated  E.  mundtii  from  the  diseased  larvae.  When  1.04xl06  CFUs  of 
E.  mundtii  were  infected  into  germ-free  larvae,  50%  population  died  in  six  days.  Mild  infection 
caused  anorexia  and  hampered  larvae  development.  E.  mundtii  proliferated  in  the  gut  of  the 
animal.  E.  mundtii  was  isolated  from  powder  of  artificial  diet  and  mulberry  leaves.  MIC  results 
showed  that  E.  mundtii  was  susceptible  to  tested  antibiotics.  Vancomycin  (MIC,  0.5pg/mL) 
treatment  of  diet  decreased  in  vivo  proliferation  in  infected  larvae.  Pressure-thermal  or  gamma 
ray  sterilization  of  diet  also  excluded  E.  mundtii  from  the  diet  without  the  loss  of  nutrient 
capacities. 

[Conclusion/Future  Perspective] 

These  suggest  that  B.  mori  diet  is  a  source  of  E.  mundtii  infection,  which  can  be  prevented  by  our 
novel  methods.  Study  is  underway  to  explain  the  mechanism  of  pathogenicity  of  E.  mundtii  in 
larvae 
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Introduction:  Meligethes  aeneus  beetles  cause  substantial  yield  loss  in  oilseed  rape  throughout 
Europe.  Increasing  insecticide  resistance  and  lack  of  sustainable  control  options  urge  the 
development  of  novel  treatment  methods.  Studies  with  the  entomopathogenic  fungus  Beauveria 
bassiana  showed  high  M.  aeneus  mortality  in  laboratory  experiments  but  did  not  result  in 
significantly  increased  yield  so  far.  We  explored  synergistic  interactions  between  B.  bassiana 
spores  and  vegetable  oils  or  stone  dusts  that  have  previously  been  shown  to  reduce  adult  M. 
aeneus  abundance. 


The  aim  was  to  overcome  the  susceptibility  of  the  entomopathogenic  fungus’  spores  to  drought 
stress  and  ultraviolet  irradiance  encountered  during  field  application. 

Methods:  Mortality  and  mycosis  of  field  collected  M.  aeneus  beetles  treated  with  different 
combinations  of  B.  bassianasporQS  and  vegetable  oils  or  stone  dusts  was  assessed  in  bioassays 
and  field  experiments.  Effect  of  UV  protectants  was  tested  on  survival  of  fungus  spores  applied 
to  agar  plates  or  leaf  discs  and  exposed  to  artificial  UV  irradiance. 

Results/Conclusions:  The  combined  application  of  B.  bassiana  spores  and  vegetable  oil  caused  a 
mortality  of  up  to  80%  in  M.  aeneus  beetles  in  laboratory  experiments.  In  field  experiments  a 
decrease  of  up  to  47%  in  adult  M.  aeneus  abundance  was  found. 

Formulation  of  B.  bassiana  spores  with  natural  UV  protectants  increased  the  number  of 
surviving  spores  up  to  a  factor  of  two,  relative  to  untreated  spores.  Screenings  of  further  potential 
UV  protectants  are  currently  ongoing  on  lab  scale.  The  most  promising  formulation  will  be 
tested  in  a  field  experiment  in  spring  2016. 
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Abstract  text: 

The  western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera  LeConte,  is  a  major  pest  of 
corn  ( Zea  mays  L.)  production  in  North  America  and  Europe.  Pest  populations  are  managed  via 
transgenic  hybrids,  insecticide  applications,  crop  rotation,  and  other  cultural  practices.  However, 
WCR’ s  high  adaptability  to  control  tactics  motivated  this  project  to  look  into  alternative  options 
In  the  U.S.,  little  research  has  been  done  to  investigate  the  diversity  of  fungal  entomopathogens 
of  the  WCR  in  commercial  fields.  Our  goal  is  to  identify  key  entomopathogenic  fungi  (EPF) 


from  irrigated  commercial  cornfields  that  can  be  incorporated  as  biological  control  agents  as  a 
part  of  integrated  pest  management  programs.  We  surveyed  five  cornfields  to  document  the 
complex  of  EPF  species.  In  the  laboratory  we  isolated  EPF  species  from  soil  samples  using  a 
baiting  technique  with  Galleria  mellonella.  EPF  were  detected  in  every  field  site,  with  the  most 
prevalent  genus  being  Metarhizium.  In  the  laboratory,  pathogenicity  assays  were  conducted  to 
determine  if  the  isolated  strains  of  Metarhizium  are  efficacious  against  WCR  larvae.  Additional 
studies  will  be  conducted  to  determine  the  pathogenicity  against  WCR  and  other  corn  pests  of 
additional  fungi  found  in  our  soil  collections.  Results  will  be  discussed  in  the  context  of  the 
potential  efficacy  of  our  EPF  strains  as  biological  control  agents  for  the  management  of  this 
devastating  pest. 
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We  used  197  Drosophila  Genetic  Reference  Panel  lines  to  perform  a  genome- wide  association 
analysis  for  variation  to  infections  with  the  fungus  Metarhzium  anisopliae.  We  found  substantial 
individual  variation  in  within-host  growth  and  host  life  span  (LTso’s  ranged  from  3.3  to  7.1 
days),  with  males  typically  being  more  resistant  than  females,  and  resistant  lines  typically 
restraining  fungal  growth  compared  to  susceptible  lines.  LTso’s  were  moderately  correlated  with 
resistance  to  the  bacterium  Pseudomonas  aeruginosa  and  sources  of  oxidative  stress,  and  weakly 
correlated  with  hemolymph  glucose  levels.  The  majority  of  polymorphisms  affecting  disease 
resistance  had  moderately  large  effects  and  were  rare,  suggesting  that  there  is  a  general  cost  to 
defense.  Nevertheless,  disease  resistance  was  not  correlated  with  longevity  and  fecundity.  Many 
of  the  genes  tagged  by  the  top  variants  included  components  of  genetic  networks  centered  on 
phagocytosis,  resistance  to  oxidative  stress,  epidermal  differentiation,  cellular  signaling,  and 
regulation  of  neural  connectivity.  Several  of  the  candidate  genes  have  human  homologs  that  were 


identified  in  studies  of  human  disease,  suggesting  that  genes  affecting  variation  in  susceptibility 
are  conserved  across  species. 
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Abstract  text: 

Entomopathogenic  fungi,  such  as  Beauveria  bassiana  and  Metarhizium  brunneum,  are  used  in  an 
inundative  manner  to  suppress  foliar  and  soilborne  pest  insects  on  a  variety  of  crops. 
Management  of  pests  with  these  fungi  has  not  been  feasible  on  a  commercial  scale.  Impediments 
include  a  limited  number  of  virulent  strains,  and  mass  production,  long-term  storage  and  release 
of  fungi  (e.g.  Pandora  spp.).  However,  there  is  growing  evidence  that  entomopathogenic  fungi 
can  also  serve  as  endophytic  plant  protectants  with  multiple  benefits.  Fungal  endophytes  can 
improve  a  plant’s  tolerance  to  drought,  disease,  and  in  some  cases  may  improve  a  plant’s 
systemic  resistance  to  pest  insects.  In  other  words,  fungi  that  are  not  directly  virulent  to  a  pest 
insect  could  still  negatively  affect  its  fitness  via  primed  plant  defenses.  Previous  studies  have 
shown  that  endophytic  B.  bassiana  and  M.  brunneum  in  cocoa,  coffee,  corn,  cotton  and  other 
crops  may  negatively  impact  pest  insects  in  this  indirect  manner.  In  this  study  we  attempted  to 
reduce  the  rate  of  soybean  aphid,  Aphis  glycines ,  reproduction  by  treating  soybean  seeds  with  B. 
bassiana  and  M.  brunneum  prior  to  planting.  We  also  attempted  to  detect  the  presence  of 
endophytic  fungi  in  soybean  plant  tissues  and  measured  the  impacts  on  plant  development  and 
growth,  i.e.  dry  root  mass  and  stem  height. 
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Abstract  text: 

The  rise  in  ambient  temperatures  driven  by  climate  change  has  increased  concern  that  the  ranges 
of  vector  species  such  as  Aedes  albopictus  are  advancing  into  new  territory  and  local  species  are 
capable  vectors  of  the  pathogens  they  carry.  With  insecticide  resistance  increasing  in  many 
vector  families,  it  is  important  that  alternative  methods  of  control  are  investigated. 
Entomopathogenic  nematodes  of  the  genera  Heterorhabditis  and  Steinernema  (EPNs)  have  been 
successfully  used  as  a  means  of  controlling  insect  crop  pests  since  the  1980s  and  are  regularly 
used  as  an  alternative  to  insecticides.  Previous  studies  have  shown  that  EPNs  can  parasitize  more 
than  200  species  of  insect  including  many  vector  families.  This  research  is  to  ascertain  whether 
EPNs  found  in  the  U.K.  can  be  used  to  control  nuisance  biting  and  vector  species  including 
mosquitoes,  Simulium  spp.  and  Culicoides  spp. 

The  distribution  and  diversity  of  naturally  occurring  EPN  species  in  the  U.K.  was  mapped 
through  the  collection  and  baiting  of  500+  soil  samples.  EPN  species  were  identified  through 
DNA  extraction  and  amplification  of  thel8S  rRNA  gene.  A  collection  of  18  strains  including 
Steinernema  feltiae,  S.carpocapsae  and  S.  affine  have  been  maintained  for  testing  pathogenicity 
and  environmental  tolerances  of  naturally  occurring  species  compared  to  commercial  strains. 
Infection  assays  with  increasing  EPN  concentrations  were  conducted  to  identify  efficacy  and 
lethal  dose  on  larval  stages  of  the  target  species. 

Preliminary  experiments  have  shown  that  commercially  available  preparations  and  natural 
strains  of  EPNs  have  successfully  penetrated  and  killed  Chironmid,  Simulium  spp.  and  Aedes 
aegypti.  Research  is  ongoing. 
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Microbial  pesticides  are  an  important  component  of  organic  and  conventional  horticulture  and 
forestry.  However,  resistance  against  microbial  pesticides  has  already  occurred  and  is  likely  to 
become  more  prevalent  with  increased  application.  Autographa  calif ornica  MNPV  (AcMNPV) 
(Baculoviridae)  is  an  obligate  pathogen  that  infects  at  least  30  lepidopteran  species  and  has  been 
developed  to  control  various  pest  species  including  the  cabbage  looper  ( Trichoplusia  ni).  Wild- 
type  AcMNPV  contains  many  variants;  however,  specific  strains  are  often  selected  for  biocontrol 
and  the  effect  of  that  on  the  evolution  of  resistance  is  unknown.  Lepidopterans  can  develop 
resistance  to  baculoviruses  after  multi-generational  exposure  in  lab.  Our  objective  is  to  determine 
whether  baculovirus  diversity  affects  the  rate  and  magnitude  at  which  resistance  evolves.  Using 
T.  ni  as  a  host,  changes  in  resistance  against  single  versus  mixtures  of  AcMNPV  variants  were 
examined.  More  diverse  resistance  mechanisms  are  likely  involved  in  mixed  infections  and 
individuals  carrying  resistant  alleles  for  multiple  variants  are  extremely  rare;  therefore,  T.  ni 
should  develop  resistance  more  slowly  when  treated  with  multiple  variants  of  AcMNPV. 
AcMNPV  variants  were  isolated  using  in  vivo  dilution  cloning,  characterized  using  RFLP  and 
pathogenicity  bioassay.  A  multi-generational  experimental  evolution  protocol  was  conducted: 
resistance  was  selected  using  AcMNPV  infection  of  different  diversity:  single,  four,  and  wild- 
type  isolates.  We  found  evidence  of  reduced  resistance,  as  well  as  increased  life  history  costs  in 
diverse  infections.  Our  findings  provide  insight  into  the  role  of  pathogen  diversity  on  the 
evolutionary  mechanism  of  host-pathogen  relationship  as  well  as  better  pest  management  and 
application  strategies. 
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Bombyx  mori  cells  are  permissive  for  B.  mori  nucleopolyhedrovirus  (BmNPV),  while  non- 
permissive  for  Autographa  californica  multiple  NPV  (AcMNPV).  We  previously  showed  that 
ribosomal  RNA  (rRNA)  degradation  is  induced  in  AcMNPV-infected  B.  mori  cells,  and  is 
triggered  by  AcMNPV  PI 43  (Ac-P143).  Recently,  we  demonstrated  that  six  amino  acid  residues 
of  Ac-P143  are  responsible  for  rRNA  degradation  and  restriction  of  NPV  replication,  suggesting 
that  rRNA  degradation  is  the  primary  cause  for  restricted  viral  replication  in  B.  mori  cells.  Here, 
we  conducted  comparative  analysis  of  transcriptome  sequencing  data  from  NPV-infected  B.  mori 
cells  to  understand  the  molecular  mechanism  of  rRNA  degradation.  We  analyzed  RNA  from 
mock-,  BmNPV-  and  AcMNPV-infected  cells  at  2,  4  and  8  hours  post- infection  (p.i.)  by  RNA- 
seq  and  measured  expression  levels  of  each  cellular  gene.  Each  gene  expression  level  in  NPV- 
infected  cells  was  compared  with  that  in  mock- infected  cells.  The  result  demonstrated  that  730 
genes  including  inhibitor  of  apoptosis  ( iap )  gene  and  39  ribosome-related  genes  were 
significantly  down-regulated  in  AcMNPV-infected  cells  at  8  h  p.i.  To  confirm  the  result,  the 
expression  levels  of  iap  gene  and  2  of  39  ribosome-related  genes  in  NPV-infected  B.  mori  cells 
were  examined  by  real-time  qRT-PCR.  At  2  to  8  h  p.i.,  the  expression  profiles  of  these  genes 
were  the  same  as  those  observed  by  RNA-seq  analysis.  Additionally,  we  found  that  expression 
levels  of  these  genes  markedly  decreased  at  24  h  p.i.  in  AcMNPV-infected  cells.  Further 
experiments  are  on  the  way  to  explore  whether  Ac-P143  is  responsible  for  the  down-regulation 
of  these  genes. 
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Noxious  weeds  threaten  biodiversity  and  ecosystem  function  in  range  and  wildlands  by 
outcompeting  and  ultimately  displacing  desirable  vegetation.  One  option  to  suppress  such  weeds 
is  biological  control  via  insect  herbivory.  Insects  have  been  introduced  as  biocontrol  agents  of 
many  pervasive,  exotic  weeds  but  often  their  life  cycle  synchrony  with  host  plant  phenology  in 
introduced  areas  is  not  well  studied.  We  present  a  study  of  the  phenology  of  Mecinus 
janthiniformis  as  it  attacks  Linaria  dalmatica  in  Utah,  U.S.  Censusing  of  weevil  adults  was 
completed  in  host  plant  populations  over  two  consecutive  years  to  determine  sex-specific  adult 
seasonality  and  synchrony  with  host  plant  development  using  degree-day  modeling.  Male  and 
female  M.  janthiniformis  populations  were  both  consistent  in  degree-day  phenology  between 
sites  and  years.  Although  males  increased  in  numbers  earlier  than  females  on  the  host  plant  each 
spring  (an  example  of  insect  protandry),  the  two  sexes  overlapped  broadly  in  when  they  occurred 
at  greatest  abundances  during  the  season.  Peak  abundance  of  females  in  particular  was  found  to 
be  associated  with  the  attainment  of  maximum  stem  height  and  widespread  initiation  of 
flowering  among  host  plant  individuals.  Also,  the  largest  numbers  of  both  female  and  male 
weevils  were  present  on  tall  flowering  stems  of  Dalmation  toadflax.  The  development  of  degree- 
day  predictions  for  weevil  phenology  from  this  study  will  be  useful  in  the  implementation  of 
biological  control  by  assisting  practitioners  in  determining  when  to  visit  L.  dalmatica 
populations  to  assess  agent  establishment  and  to  collect  insects  for  future  distribution. 
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Giant  salvinia  {Salvinia  molesta  D.S.  Mitchell)  is  a  noxious  aquatic  weed  from  South  America 
that  is  spreading  in  the  southeastern  United  States.  Biological  control  of  giant  salvinia  by  the 
salvinia  weevil  ( Cyrtobagous  salviniae  Calder  &  Sands,  Coleoptera:  Curculionidae)  has  been 
limited  in  temperate  regions  of  the  world  due  to  the  weevil’s  inability  to  overwinter  at  release 
sites.  Rearing  weevils  in  greenhouses  can  be  expensive  and  difficult  to  maintain  over  time  when 
compared  to  outdoor  rearing  ponds.  We  evaluated  survival  of  the  salvinia  weevil  in  artificial 
refugia  made  from  three  types  of  agricultural  row  cover:  light  (19.0  g/m2),  medium  (30.5  g/m2), 
and  heavy  (49.5  g/m2),  plus  an  uncovered  control.  In  laboratory  cold  exposure  experiments,  row 
cover  fabrics  increased  water  surface  temperatures  by  4-5°C,  reduced  weevil  mortality  by  an 
average  of  34%,  and  reduced  leaf  injury  when  compared  with  uncovered  controls.  Greenhouse 
experiments  were  performed  to  determine  effects  of  row  cover  thickness  on  plant  biomass  and 
weevil  reproductive  output.  Results  showed  no  significant  difference  among  treatments  in 
biomass  increase  (average  increase  68.9%  ±  3.8%,  mean  ±  SE)  and  number  of  FI  larvae  (1.7  ± 
0.4)  after  28  days  of  exposure.  These  results  suggest  that  seasonal  use  of  covers  will  not  be 
detrimental  to  plants  or  weevils.  Field  evaluations  of  proposed  refugia  are  planned  for  winter 
2016-2017.  If  effective,  these  refugia  can  save  time,  money,  and  labor  in  transporting  weevils 
long  distances  to  release  sites  every  year,  and  can  help  property  managers  to  maintain  control 
over  new  and  recurring  giant  salvinia  infestations. 
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Cyrtobagous  salviniae  Calder  and  Sands  has  been  utilized  in  Fouisiana  for  the  biological  control 
of  giant  salvinia,  Salvinia  molesta  D.S.  Mitchell  since  2001.  Infestations  of  giant  salvinia 
displace  native  vegetation,  restrict  boating  access,  decrease  dissolved  oxygen,  and  cause 


mortality  of  benthic  fauna.  Despite  success  in  southern  Louisiana,  the  biological  control  of  giant 
salvinia  has  been  lacking  in  northern  parts  of  the  state,  where  winter  temperatures  are  colder  than 
southern  latitudes.  To  increase  the  winter  survival  in  northern  regions,  C.  salviniae  populations 
adapted  to  withstand  colder  winter  temperatures  are  needed.  Based  on  a  climate  matching  model, 
regions  of  the  Lower  Parana-Uruguay  Delta  (Argentina  and  Uruguay)  experience  winter 
temperatures  similar  to  northern  Louisiana.  The  objectives  of  this  study  were  to  compare  the 
supercooling  point  (SCP),  mortality  at  0°C,  and  chill  coma  recovery  time  between  populations 
from  Louisiana  (LA)  and  the  Lower  Parana-Uruguay  Delta,  hereby  referred  to  as  the  South 
American  population  (SA).  The  mean  SCP  was  1. 2-times  lower  (SA:  -16.3°C  vs.  LA:  -13.5°C), 
the  survival  at  0°C  was  1. 5-times  greater  (Lt9o  SA:  1 1.4  d  vs.  Lt9o  LA:  7.7  d),  and  the  mean  chill 
coma  recovery  time  was  1. 8-times  faster  (SA:  5.0  min  vs.  LA:  8.8  min)  in  the  South  American 
compared  to  the  Louisiana  population,  respectively.  These  data  suggest  that  the  South  American 
population  of  C.  salviniae  may  be  better  adapted  to  cold  winters,  and  consequently  should  be 
further  evaluated  as  a  tool  for  managing  giant  salvinia  in  temperate  regions. 
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Tetranychus  urticae  (Koch)  is  a  key  pest  of  citrus  in  Spain,  especially  of  clementine  mandarins. 
In  Spanish  citrus  orchards,  Euseius  stipulatus  (Athias-Henriot),  Neoseiulus  californicus 
(McGregor)  and  Phytoseiulus  persimilis  (Athias-Henriot)  are  its  main  natural  enemies.  Rising 
temperatures  may  alter  the  food  web  configuration  of  arthropod  communities  through  its  effects 
on  species  interactions.  In  agricultural  communities  such  effects  could  have  important 
implications  for  the  success  of  biological  pest  control.  In  this  work  we  evaluated  in  the 
laboratory  how  abiotic  conditions  affect  the  performance  of  the  three  species  of  phytoseiid  mites, 
both  while  interacting  with  each  other  and  in  the  presence  or  absence  of  either  pollen  or  T. 
urticae  eggs.  Our  results  show  that  abiotic  conditions  significantly  affected  the  survival  of  the 


three  predatory  mite  species,  as  well  as  their  predation  strength  on  T.  urticae  eggs.  N. 
californicus  was  more  tolerant  to  high  temperatures  and  low  humidity  than  the  other  two  species. 
Intraguild  (IG)  interactions  between  predatory  mite  species  were  also  affected  by  abiotic 
conditions.  N.  californicus  was  the  most  voracious  IG  predator  at  high  temperatures  and  low 
humidity.  The  implications  of  our  results  for  conservation  biological  control  using  these  species 
of  predatory  mites  in  a  scenario  of  climate  change  are  discussed. 
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The  Banks  grass  mite,  Oligonychus pratensis  (Banks)  (Acari:  Tetranychidae),  is  a  serious  pest  of 
grains,  grasses  and  dates.  In  the  United  States,  it  has  been  a  problematic  pest  for  California  date 
producers  since  the  early  1900s.  Studies  are  under  way  to  develop  biological  control  strategies 
against  the  Banks  grass  mite  in  dates  using  the  predatory  mite  Galendromus  flumenis  (Chant) 
(Acari:  Phytoseiidae),  a  resident  phytoseiid  species  on  date  bunches  in  the  Coachella  Valley 
(Riverside  County)  in  California.  This  predator  is  found  in  low  numbers  that  are  insufficient  for 
the  economic  suppression  of  Banks  grass  mites,  and  our  research  aims  to  understand  why  it  fails 
to  keep  up  with  Banks  grass  mite  densities.  In  the  present  study,  the  hypothesis  that  intraspecific 
competition  between  G.  flumenis  females  leads  to  reduced  prey  consumption  was  tested  under 
laboratory  condition  of  30°C±1,  50±10%  RH,  and  photoperiod  of  16:  8  (L:  D).  The  per  capita 
predation  decreased  significantly  from  241.0  to  89.8  as  predator  densities  increased  from  1  to  5 
females.  Consequently,  the  per  capita  search  rate  (a)  decreased  significantly  from  0.280  to  0.123 
with  increasing  G.  flumenis  density.  The  interference  coefficient  ( m )  was  estimated  to  be  0.524. 
These  results  help  in  designing  strategies  for  more  efficient  augmentative  releases  of  G.  flumenis. 
These  strategies  will  be  discussed. 
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Pestiferous  slugs  (primarily  Deroceras  reticulatum)  are  major  agricultural  pests  throughout 
temperate  regions  (Choi  et  al.  2004).  According  to  the  Agriculture  and  Horticulture  Development 
Board,  it  is  estimated  that  withdrawal  of  all  chemical  slug  control  would  result  in  annual  losses 
of  £100  million  in  the  UK  alone  (Nicholls  2014).  Given  the  recent  EU  ban  on  methiocarb  slug 
pellets,  growers  and  sustainable  agriculture  advocates  now  face  the  urgent  need  for  pest  control 
alternatives.  Recent  research  at  the  Applied  Ecology  Unit  (NUI  Galway)  has  demonstrated  that 
the  larvae  of  Tetanocera  elata  (Diptera:  Sciomyzidae)  readily  parasitize  and  prey  on  this  and 
other  pestiferous  slug  species  (Hynes  et  al.  2014).  This  demonstrates  that  T.  elata ,  native  to 
Ireland,  could  be  an  effective  biocontrol  agent.  From  May  to  September  2016,  a  number  of  field 
sites  across  western  Ireland  were  surveyed  for  T.  elata  presence  and  abundance.  Quadrat 
observations  of  plant  community  species  composition,  percent  cover,  and  structure  were 
documented  at  all  sites  and,  where  T.  elata  were  recovered,  were  used  to  build  a  description  of  T. 
elata  preferred  habitat.  These  descriptions  will  be  useful  in  determining  the  potential  for  using 
conservation  bicontrol  in  agricultural  field  margins.  Field-collected  T.  elata  adults  were  returned 
to  the  laboratory  and  used  to  found  experimental  colonies,  which  will  be  used  in  future  studies  to 
assess  larval  prey  preference  and  augmentative  biocontrol  efficacy  in  small-scale  field  cages. 

This  research  could  provide  a  promising  natural  alternative  to  slug  control  in  sustainable 
agriculture  not  only  in  Ireland,  but  throughout  Europe,  Asia,  and  northern  Africa. 
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Plant  volatiles  induced  by  herbivore  feeding  are  commonly  known  as  herbivore-induced  plant 
volatiles  (HIPVs).  Synthetic  HIPVs  have  been  shown  to  attract  natural  enemies  in  the  laboratory 
and  field;  however,  whether  use  of  these  HIPVs  lead  to  enhanced  ecosystem  services  provided 
by  natural  enemies  in  agro-ecosystems  remains  unknown.  Here,  we  tested  the  novel  hypothesis 
that  HIPVs,  alone  or  in  combination  with  companion  plants,  reduce  pest  populations  and 
increase  crop  yield.  Treatments  consisted  of:  1)  common  bean  {Phaseolus  vulgaris)  plants  alone; 
2)  bean  baited  with  methyl  salicylate  (MeSA),  an  HIPV  known  to  attract  insect  predators;  3) 
bean  with  coriander,  as  a  companion  plant;  and  4)  bean  with  MeSA  and  coriander.  The 
experiment  was  a  factorial  design,  with  each  treatment  replicated  14  times  in  two  growing 
seasons.  Predator  and  herbivore  abundances  were  measured  weekly.  At  the  end  of  the  season, 
plants  from  all  treatments  were  harvested  to  measure  crop  size  and  yield.  At  the  predator  level, 
lady  beetles,  predaceous  stink  bugs,  and  syrphids  were  attracted  to  MeSA  and  coriander,  either 
alone  or  in  combination.  At  the  herbivore  level,  MeSA  reduced  mite  populations  in  combination 
with  coriander.  At  the  plant  level,  MeSA  also  interacted  with  coriander  to  reduce  crop  damage 
but  had  no  effect  on  yield.  In  conclusion,  our  study  is  the  first  to  show  that  manipulation  of 
natural  enemies  could  reduce  pest  populations  and  damage  in  an  agricultural  crop;  however, 
these  results  did  not  translate  to  an  increase  in  crop  yield.  The  implications  of  these  results  for 
conservation  biological  control  will  be  discussed. 
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Cucumber  beetles  (Coleoptera:  Chrysomelidae)  are  abundant  and  damaging  pests  in  cucurbits. 
They  can  drastically  reduce  crop  yields  by  a  combination  of  herbivory  and  transmission  of  the 
pathogen  that  causes  bacterial  wilt.  The  pathogen  overwinters  in  adult  cucumber  beetles;  thus,  to 
minimize  the  spread  of  bacterial  wilt,  cucumber  beetle  populations  must  be  controlled. 
Traditionally  this  requires  significant  use  of  synthetic  pesticides.  One  way  in  which  vegetable 
growers  can  become  more  sustainable  and  economical  is  by  lessening  their  reliance  on  pesticides 
through  the  incorporation  of  conservation  biological  control.  The  aim  of  such  practices  is  to 
reduce  pest  pressure  by  increasing  the  activity,  abundance,  and  diversity  of  predatory  natural 
enemies.  Our  goal  is  to  identify  the  guild  of  predatory  arthropods  that  contribute  to  suppression 
of  cucumber  beetles  as  a  first  step  in  designing  specific  habitat  management  strategies  to  enhance 
populations  of  these  beneficial  species.  Molecular  gut  content  analysis  using  DNA-based  PCR 
was  used  to  elucidate  the  importance  of  wolf  spiders  (Araneae:  Lycosidae)  and  harvestmen 
(Opiliones)  as  predators  within  the  cucumber  beetle  food  web.  We  found  that  10%  of  wolf 
spiders  (n  =  203)  and  17.5%  of  harvestmen  (n  =  57)  captured  in  cantaloupe  melon  fields  in  Ohio 
in  August  2014  had  a  detectable  amount  of  striped  cucumber  beetle  ( Acalymma  vittatum)  DNA 
within  their  guts.  Additional  predators,  including  ants,  ground  beetles,  lady  beetles,  crickets,  and 
centipedes  will  be  analyzed  and  we  expect  to  see  varying  rates  of  striped  cucumber  beetle 
predation  by  these  arthropods. 
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Abstract  text: 


Predators  and  parasitoids  of  the  invasive  sugarcane  aphid  ( Melanaphis  sacchari )  were  surveyed 
in  sorghum  fields  in  Nueces  County  and  Brazos  County,  TX,  from  May  through  August  2015 
and  August  through  October  2015,  respectively.  Two  sorghum  hybrids  designated  as  aphid- 
susceptible  and  aphid-resistant  were  used.  The  natural  enemy  communities  in  both  counties  had 
nearly-identical  species  composition.  Five  species  of  lady  beetle  (Coleoptera:  Coccinellidae) 
were  observed:  Coccinella  septempunctata ,  Coleomegilla  maculata ,  Cycloneda  sanguined, 
Harmonia  axyridis ,  Olla  v-nigrum,  as  well  as  three  morphospecies  of  dusky  lady  beetle 
(Coccinellidae:  Scymninae).  Brown  lacewings  (Neuroptera:  Hemerobiidae)  of  the  genus 
Hemerobius  were  present,  as  were  the  green  lacewings  (Neuroptera:  Chrysopidae)  Ceraeochrysa 
valida,  Chrysopa  quadripunctata,  and  Chrysoperla  sp.  Hoverflies  (Diptera:  Syrphidae)  included 
Allograpta  obliqua ,  Pseudodorus  clavatus ,  and  Eupeodes  americanus.  Two  species  of  parasitoid 
were  reared  from  aphid  mummies:  Aphelinus  nigritus  (Hymenoptera:  Aphelinidae),  and 
Lysiphlebus  testaceipes  (Hymenoptera:  Braconidae).  A.  nigritus  mummies  were  heavily 
hyperparasitized  by  Syrphophagus  aphidivorus  (Hymenoptera:  Encyrtidae).  The  minute  pirate 
bug  (Hemiptera:  Anthocoridae)  Orius  insidiosus  was  present  in  trace  numbers.  Relative  to  the 
peak  abundance  of  aphids,  the  peak  abundance  of  most  natural  enemies  lagged  behind  by  one  to 
two  weeks.  All  species  were  observed  on  aphid- infested  sorghum  in  juvenile  life  stages,  and 
nearly  all  were  also  observed  as  adults,  suggesting  that  these  natural  enemies  are  successfully 
reproducing  after  locating  sugarcane  aphid  outbreaks. 
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During  the  last  fifteen  years,  western  bean  cutworm  (WBC)  Striacosta  albicosta  Smith 
(Lepidoptera:  Noctuidae)  has  been  expanding  its  range  into  southern  Canada  and  the  eastern 


United  States.  This  increasingly  common  pest  of  maize  (Zea  mays )  and  dry  beans  ( Phaseolus 
vulgaris)  has  been  causing  economic  damage  in  its  historic  range  (Nebraska,  Colorado,  Kansas) 
over  the  past  several  years,  perhaps  due  to  reduced  susceptibility  to  pyrethroid  insecticides 
and/or  transgenic  Cry  IF  Bt  proteins,  or  weather  factors.  With  the  potential  loss  of  these  control 
tactics,  biological  control  by  natural  enemies  may  play  an  increasingly  important  role  in 
management  of  WBC  infestations.  Between  June  26th  and  September  9th  of  2015  we  surveyed 
and  collected  over  325  predators  from  an  infested  transgenic  corn  field  in  western  Nebraska. 
These  predators  were  keyed  to  family  or  species  and  used  for  molecular  gut-content  analysis  to 
test  for  S.  albicosta  predation.  The  most  abundant  predators  in  the  agroecosystem  were 
Coccinellidae  species  Hippodamia  convergens  and  Coleomegilla  maculata,  as  well  as  Orius 
insidiosus  (Hemiptera:  Anthocoridae)  and  Chrysopidae  species.  Feeding  trials  were  done  using 
adult  H.  convergens  and  C.  maculata  to  test  feeding  response  to  S.  albicosta  eggs  and  larvae. 
Feeding  trials  showed  that  84.4%  of  C.  maculata  consumed  WBC  prey  items  while  only  36.3% 
of  H.  convergens  consumed  prey  items.  Molecular  gut-content  analysis  of  field  collected 
predators  revealed  statistically  significant  predation  of  WBC  by  C.  maculata,  O.  insidiosus,  and 
Chrysopidae  spp.  This  natural  enemy  information  is  critical  for  life  table  analysis  and  the 
development  of  management  strategies  for  S.  albicosta. 
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In  simplified  agroecosystems,  high  levels  of  pest  damage  to  crops  may  indicate  a  disruption  of 
predator  function  in  the  system.  The  degree  to  which  predation  is  reduced  due  to  ecosystem 
simplification  may  vary  based  on  latitude.  The  relative  strength  of  biotic  interactions,  specifically 
arthropod  predation,  are  commonly  stronger  at  lower  latitudes.  In  this  study  we  investigate  the 
effect  of  latitude  and  within  plot  vegetational  complexity  on  arthropod  predation  in  Minnesota, 


U.S.  (45°N)  and  Federal  Distric,  Brazil  (16°S).  We  executed  predator-exclusion  cage  studies  in 
brassica  cropping  systems  with  collard  transplants  {Bras  sic  a  oleracea  L.).  Pairs  of  caged  and 
sham-caged  collards  were  placed  in  plots  that  ranged  in  complexity  from  natural  savannas,  to 
monocultures  devoid  of  most  associated  weeds.  Three  common  pest-herbivore  species  of 
brassicas  {Myzus  persicae  Sulzer.,  Plutella  xylostella  L.,  and  Trichoplusia  ni.  Hiibner)  served  as 
sentinel  baits.  We  determined  predation  rate  at  each  site  by  comparing  survivorship  of  baited 
pests  between  caged  and  sham-caged  plants  to  correct  for  any  background  mortality.  We  then 
compared  predation  rate  among  sites  of  varying  vegetational  diversity  to  determine  whether  there 
is  a  differential  effect  between  latitudes.  We  discuss  the  implications  of  our  findings  on 
conservation  biological  control  and  other  pest  management  efforts. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Influence  of  food  supplementation  during  overwintering  on  the  survival  of 
Hippodamia  convergens  adults 

Author  Name:  Nathan  Mercer 

Author  Institution:  University  of  Kentucky 

Session  Title:  Graduate  Student  Oral  Competition:  Biological  Control  and  Insect  Pathology: 
Predators 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0223 
DOI:  10.1603/ICE.2016.1 13931 
Abstract  text: 

Over  the  past  few  decades  invasive  Coccinellids  have  been  associated  with  the  decline  of  native 
Coccinellids.  One  hypothesis  for  the  decline  is  natives  are  entering  diapause  in  a  lower 
nutritional  state  than  invasive  Coccinellids  leading  to  lower  diapause  survival.  In  central 
Kentucky  winter  temperatures  can  fluctuate  up  to  10C,  temperatures  at  which  overwintering 
adult  Coccinellidae  may  feed.  Lower  nutritional  levels  may  be  supplemented  by  available  food 
resources  during  these  warm  winter  days.  To  test  the  hypothesis  that  Hippodamia  convergens  (a 
common  Kentucky  Coccinellidae)  overwintering  survival  can  be  increased  by  nutritional 
supplementation,  aggregations  of  H. convergens  were  subjected  to  one  of  eight  food  resource 
treatments  during  the  2015-2016  winter.  Overwintering  adult  H. convergens  were  placed  in 
cages  which  were  partially  buried  in  the  ground  in  five  replications  of  eight  cages.  An  ad  libitum 
quantity  of  each  food  was  supplied  when  ambient  temperature  was  predicted  to  be  greater  than 
4.4C.  H. convergens  were  sampled  from  each  cage  over  13  weeks:  weight  and  size  was  measured 
as  a  proxy  of  fitness  and  their  glycogen  and  lipid  levels  were  analyzed.  A  sixth  replication  was 


performed  in  an  incubation  chamber  under  average  winter  conditions,  2C  and  12L:12D,  and 
treated  the  same  as  the  other  replications.  Average  Coccinellidae  survival  was  26%  and  ranged 
from  4%  to  47%.  Preliminary  results  indicate  that  frozen  Ephestia  eggs  and  sucrose  solution 
were  the  most  beneficial.  Survival  in  the  incubation  chamber  will  likely  be  higher  in  all 
treatments,  possibly  because  fewer  energy  reserves  were  used  with  no  warm  periods  inducing 
activity. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Relative  importance  of  habitat  management  and  plant  quality  on  herbivore 
choice,  consumptive  and  non-consumptive  effects 

Author  Name:  Margaret  Lund 

Author  Institution:  Michigan  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Biological  Control  and  Insect  Pathology: 
Predators 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0224 
DOI:  10. 1603/ICE.2016. 112760 
Abstract  text: 

Plant  quality  and  habitat  complexity  can  influence  predator-prey  interactions.  When  resource 
quality  is  poor,  herbivores  are  expected  to  take  more  risks  and  respond  less  to  predators.  More 
complex  habitats  can  aid  in  biological  control  by  providing  resources  to  natural  enemies.  Both 
resource  quality  and  habitat  structure  are  expected  to  influence  consumptive  and  non¬ 
consumptive  effects  of  predators  on  herbivores.  Here  we  examine  the  interaction  of  an  herbivore 
(Pieris  rapae ,  Lepidoptera:  Pieridae)  and  a  predator  ( Hippodamia  convergens,  Coleoptera: 
Coccinellidae)  in  a  lab  study.  We  examined  the  impact  of  host  plant  nitrogen  level,  plant  size, 
and  cover  crop  presence  on  herbivore  preference,  performance,  and  consumptive  and  non¬ 
consumptive  effects  of  predators.  In  choice  tests,  butterflies  preferred  to  oviposit  on  larger  plants 
with  no  cover  crops.  In  no-choice  bioassays,  cover  crops  and  predator  presence  had  no  effect  on 
oviposition.  Larvae  grew  larger  on  high  nitrogen  plants  compared  to  low  nitrogen  plants,  with  no 
significant  cover  crop  or  predator  effect.  Predator  consumptive  effects  were  highest  on  low 
nitrogen  plants,  however  the  effects  of  cover  crops  on  larval  survival  were  inconsistent.  More 
larvae  survived  in  the  presence  of  cover  crops  on  high  nitrogen  plants,  while  fewer  survived  with 
cover  crops  on  low  nitrogen  plants.  Larval  weight  was  reduced  in  the  presence  of  lady  beetles  on 
high  nitrogen  plants,  but  not  low  nitrogen  plants.  Our  results  suggest  that  plant  quality  and 


habitat  management  factors  influence  biological  control  of  herbivore  pests,  and  we  will  continue 
to  explore  this  relationship  in  future  research. 
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The  increased  cultivation  of  arable  land  in  North  America  is  dramatically  simplifying  landscape 
composition,  altering  arthropod  communities,  and  biocontrol  within  agricultural  fields.  This 
study  was  designed  to  test  if  land  use  at  multiple  scales  (20m,  0.5km,  3.0km  from  focal  sites) 
alters  patterns  of  ant  and  pest  abundance  and  subsequent  predation  of  soybean  pests.  Ants  and 
soybean  pests  were  collected  from  23  Kentucky  fields  over  three  years.  Landscape  metrics  such 
as  habitat  fragmentation  and  diversity  in  addition  to  farm-scale  land  use  were  analyzed  in 
relation  to  within-field  ant  and  pest  abundances,  spatial  association  of  the  predator-prey  groups, 
and  resulting  predation  events  as  indicated  by  molecular  gut  content  analysis. 

Landscape  scale  diversity  and  fragmentation  had  opposite  impacts  on  ant  and  pest  abundances, 
indicating  that  landscape  changes  could  increase  ant  and  decrease  pest  presence  in  soybeans 
simultaneously.  At  the  farm-scale,  land  use  significantly  impacted  the  within-field  aggregations 
of  the  ants  to  soybean  pests.  If  a  field  was  immediately  surrounded  by  soybean  or  grass,  ants 
were  likely  to  aggregate  near  pests.  The  gut  contents  of  the  ants  correspond  with  the  spatial 
aggregation  data,  indicating  that  the  ants  are  indeed  consuming  pests  more  often  in  fields 
bordered  by  soybean  or  grass  than  in  fields  bordered  by  other  crops,  forest,  or  roadways.  This 
study  shows  that  altering  land  use  compositions  at  a  landscape  and  farm  scale  can  be  used  to 
alter  both  ant  and  pest  abundances  as  well  as  their  spatial  and  trophic  interactions  within  the 
field,  indicating  a  potential  method  of  conservation  biological  control. 
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Understanding  and  predicting  phenology  has  become  more  important  with  concurrent  climate 
change  and  has  brought  about  a  great  research  effort  in  recent  decades.  The  majority  of  studies 
examining  spring  phenology  of  insects  have  focused  on  the  effects  of  spring  temperatures  alone. 
Here  we  use  citizen  collected  observation  data  to  show  that  winter  cold  duration,  in  addition  to 
spring  temperature,  affect  the  spring  emergence  of  some  butterfly  species  that  overwinter  as 
pupae.  Using  partial  least  squares  regression  we  are  able  to  separate  the  effects  of  highly 
correlated  climate  variables  to  reveal  an  influence  of  both  spring  and  winter  conditions  for  two 
out  of  the  five  investigated  butterfly  species  in  the  UK,  with  a  third  species  showing  a  tendency 
in  this  direction.  Warmer  springs  lead  to  earlier  emergence  and  milder  winters  lead  to  delays. 
Therefore,  the  opposing  effects  of  winter  and  spring  warmth  need  to  be  accounted  for  when 
interpreting  the  observed  geographical  pattern  of  phenology  for  these  species.  For  one  of  the 
studied  species,  Anthocharis  cardamines,  we  also  apply  parameters  from  previous  experiments 
on  pupal  development  to  model  spring  phenology.  Using  observed  daily  temperatures  in  the  UK 
and  Sweden,  and  comparing  models  of  A.  cardamines  phenology  with  different  assumptions 
about  winter  chilling,  we  estimate  the  relative  importance  of  winter  and  spring  conditions  as 
climate  variables.  We  conclude  that  effects  of  variation  in  winter  chilling  are  most  pronounced  in 
the  southernmost  parts  of  the  areas  we  examined.  With  climate  change,  these  effects  may 
become  even  stronger  and  apply  also  to  higher  latitudes. 
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Narnia  femorata  (Hemiptera:  Coreidae)  live  on  and  consume  prickly  pear  cactus  ( Opuntia 
humifusa)  that  varies  in  quality  throughout  the  year.  Opuntia  starts  producing  flower  buds  in 
April  which  turn  into  green  fruit  and  ripen  into  red  fruit  through  December.  Here  we  aim  at 
connecting  the  fluctuations  we  see  from  previous  studies  in  the  laboratory  (i.e.  body  size  and 
hind  femur  width)  to  what  is  actually  occurring  in  nature  over  time.  Data  on  female  receptivity, 
size,  and  population  size  of  nymphs  and  adults  were  gathered  for  N.  femorata  at  two  field  sites. 
Opuntia  humifusa  fruit  numbers  were  also  gathered.  These  data  were  compared  between  sites 
and  across  time.  As  expected,  the  population  of  N.  femorata  fluctuates  as  the  seasons  change 
with  more  abundance  in  the  summer  and  fall.  As  fruit  abundance  increased,  so  did  the  sexual 
dimorphism  in  hind  femur  width  that  males  use  to  acquire  territory.  However,  female  receptivity 
stayed  relatively  constant  through  the  summer  and  fall  months.  The  field  site  with  the  most  fruit 
had  larger  body  sizes  and  population  sizes  of  N.  femorata ;  however,  both  populations  followed  a 
similar  pattern  of  seasonal  fluctuation.  This  study  shows  that  laboratory  studies  on  N.  femorata 
are  ecologically  relevant  to  what  is  occurring  in  the  wild.  Future  research  on  this  organism  will 
show  natural  changes  that  could  occur  in  this  population. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Active  pollen  feeding  and  frequent  flower  visit  by  a  stonefly  species  in 
Corylopsis  gotoana  (Hamamelidaceae) 

Author  Name:  Akira  Wong  Sato 

Author  Institution:  Kyoto  University 

Session  Title:  Graduate  Student  Oral  Competition:  Ecology  and  Population  Dynamics:  Behavior 
Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0228 


DOI:  10.1603/ICE.2016.1 13190 


Abstract  text: 


Stoneflies  (Plecoptera)  are  one  of  the  well  known  aquatic  insect  orders,  whereas  the  biology  of 
adult  is  largely  unknown.  Here  we  report  the  unusual  flower  visit  and  pollen-feeding  behaviors 
of  an  adult  stonefly.  Corylopsis  gotoana  (Hamamelidaceae)  flowers  in  early  spring,  when  most 
of  the  major  pollinators  are  not  active,  and  the  flower  visitors  have  not  been  sufficiently 
explored.  Based  on  our  field  observations  on  the  flower  visiting  of  Corylopsis  in  Japan,  we 
discovered  that  the  stonefly  species  Obipteryx  femoralis  (Taeniopterygidae)  frequently  visits  a 
small  population  of  C.  gotoana  during  its  flowering  period.  Our  extensive  field  survey  revealed 
that  this  stonefly  regularly  visits  flowers  of  C.  gotoana ,  although  they  were  not  the  main  flower 
visitor.  The  flower  visit  frequency  as  well  as  the  pollen  attachment  was  higher  in  female  than  in 
male.  The  female  fed  on  pollen  of  the  flower.  To  compare  life  span  of  the  female,  samples  were 
fed  any  one  of  three  types  of  foods:  pollen,  sugared  water,  or  water.  The  samples  fed  pollen  and 
sugared  water  had  significantly  longer  lifespan  than  those  fed  only  water,  and  samples  fed  with 
C.  gotoana  pollen  and  water.  This  result  suggests  that  feeding  on  pollen  may  effectively  extend 
the  longevity  of  the  adult  female  O.  femoralis ,  and  that  it  might  be  related  to  egg  production.  The 
pollen-feeding  behavior,  the  frequent  visits,  and  the  pollen  attachment  suggest  that  O.  femoralis, 
especially  females,  are  potential  pollinators  of  C.  gotoana. 
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Many  different  types  of  traits,  from  behavior  to  morphology,  are  involved  in  thermoregulation  in 
insects  and  other  ectotherms,  and  changing  these  traits  plastically  can  help  respond  to 
temperature  variation.  These  different  plastic  responses,  however,  are  not  necessarily 
independent.  Instead  the  different  traits  could  affect  each  other’s  expression  and  performance. 
Pipevine  swallowtail  ( Battus  philenor)  caterpillars  can  regulate  their  temperature  behaviorally, 
leaving  their  host  for  cooler  thermal  refuges  when  too  hot,  but  also  by  changing  colors  between 


black  and  red.  Our  research  has  shown  that  red  caterpillars  do  not  seek  thermal  refuges  until 
higher  temperatures  in  the  field.  This  effect  can  be  replicated  in  the  lab  under  intense  light,  but 
not  without  it.  This  indicates  that  color  alters  thermoregulatory  behavior  directly  through  its 
effect  on  body  temperature.  Nevertheless,  a  field  experiment  with  painted  caterpillar  models 
indicates  that  once  caterpillars  are  off  the  ground  on  thermal  refuges,  color  no  longer  affects  their 
temperature.  Consequently,  refuge  seeking  behavior  has  a  much  greater  effect  on  survival  of 
high  temperatures  than  color  does.  Our  research  indicates  that  instead  of  helping  the  caterpillar  to 
survive  high  temperatures,  the  primary  importance  of  color  change  is  to  reduce  the  need  for 
thermoregulatory  behavior,  which  otherwise  forces  them  to  leave  their  host.  Overall,  our 
research  shows  that  different  plastic  traits,  whether  used  for  thermoregulation  or  another 
function,  cannot  be  understood  separately,  and  we  must  consider  their  expression  and 
performance  together  to  fully  understand  them. 
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Mutualism  is  an  interaction  between  two  species  in  which  both  benefit  from  the  relationship. 
Although  examples  of  mutualism  are  now  recognized  to  be  ubiquitous  in  nature;  the  ecology, 
evolution,  and  stability  of  mutualisms  have  rarely  been  studied  in  the  broader  community  context 
of  organisms  in  which  they  occur.  The  pollination  mutualism  between  figs  and  fig  wasps 
provides  an  excellent  model  for  studying  interactions  between  obligate  mutualists  and  a  diversity 
of  antagonists.  In  particular,  the  Ficus  petiolaris  system  of  northern  Mexico  comprises  a  host  fig 
and  pollinator  wasp  species,  non-pollinating  wasps  that  lay  their  eggs  in  fig  seeds  and  compete 
with  pollinators  for  fig  resources,  and  a  nematode  parasite  of  female  pollinating  wasps. 
Apparently  unique  to  this  system,  the  nematode  also  attacks  males  of  both  the  pollinating  and 
non-pollinating  wasp  species.  Preliminary  data  indicate  significantly  higher  male-biased  sex 
ratios  in  nematode  infected  broods,  but  the  mechanism  and  ecological  benefit  of  this  bias 
remains  misunderstood.  Thanks  to  existing  research  we  have  a  clear  understanding  of  how  fig 


wasps  maximize  their  fitness  through  sex  ratios  based  on  their  population  dynamics;  however,  it 
appears  as  if  nematode  infection  of  pollinating  and  nonpollinating  males  may  drive  appropriate 
sex  ratios  away  from  equilibrium  and  towards  detrimental  states.  The  research  performed  here 
utilized  field  observations  and  experiments  to  determine  the  impacts  of  this  novel  host-parasite 
interaction  on  the  population  dynamics  of  pollinators,  non-pollinators,  and  nematode  parasites, 
and,  in  turn,  its  implications  for  the  stability  of  mutualism  in  this  system. 
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North  American  bird  populations  have  experienced  a  sharp  decline  over  the  past  several  decades, 
with  roughly  a  quarter  of  species  now  at  risk  of  extinction.  Insects  comprise  an  essential  food 
source  for  the  vast  majority  of  terrestrial  bird  species,  especially  while  breeding,  but  the  details 
of  birds'  prey  preferences  merit  further  investigation  to  determine  which  insect  taxa  are  most 
important  in  birds'  diets.  Without  such  knowledge,  experts  are  limited  in  their  ability  to  manage 
landscapes  for  the  production  of  insects  critical  to  avian  conservation.  To  assess  birds'  feeding 
preferences,  a  choice  experiment  was  conducted  in  which  foraging  arenas  were  placed  near 
House  Wren  and  Eastern  Bluebird  nest  boxes  and  provisioned  with  a  variety  of  live  insect 
specimens.  Cameras  recorded  the  order  in  which  birds  preyed  upon  the  insects  and  the  nutritional 
composition  and  carotenoid  content  of  the  insect  taxa  were  compared.  Preliminary  evidence 
suggests  that  larvae  of  Lepidoptera  and  Symphyta  are  particularly  important  components  of 
nestling  diets. 
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It  has  been  long  recognized  that  predator  psychology  can  drive  the  evolution  of  prey  defenses, 
such  as  aposematic  coloration.  In  many  prey  taxa,  aposematic  coloration  is  paired  with  signals  in 
other  modalities  (e.g.,  odors,  sounds,  etc.),  yet  the  selective  forces  that  have  driven  multimodality 
in  warning  displays  is  not  well  understood.  One  potential  hypothesis  that  has  recently  received 
support  in  the  avian  literature,  is  that  different  signal  components  may  interact  synergistically  to 
such  that  one  component  of  the  signal  (e.g.,  an  odor)  may  trigger  predator’s  aversion  to  another 
component  of  the  signal  (e.g.,  color).  Such  synergistic  effects  on  predator  psychology  have 
received  little  attention  in  invertebrate  predators.  Here  we  address  this  knowledge  gap  by  asking 
how  colors  and  odors  interact  to  influence  attack  rate  in  a  common  and  voracious  jumping  spider 
(Habronattus  trimaculatus ).  We  gave  spiders  the  choice  between  red  or  black  prey  items 
(artificially  colored  termites)  in  either  the  presence  or  absence  of  odor  from  the  chemically 
defended  coreid  bug  ( Acanthocephala  femorata).  We  found  that  when  the  scent  was  present,  the 
spiders  were  significantly  more  likely  to  avoid  red  termites  compared  with  when  the  scent  was 
absent.  Interestingly,  this  pattern  only  held  up  when  the  spiders  first  experienced  the  scent  (i.e., 
the  scent  was  novel);  subsequent  exposure  to  the  scent  did  not  have  the  same  effect  on  color 
preference.  We  discuss  these  findings  in  the  context  of  predator  psychology  and  the  evolution  of 
multimodal  warning  displays. 
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Individual  foraging  specialization  (IS)  describes  the  phenomenon  where  individuals  within  a 
single  population  specialize  on  different  prey  types.  IS  has  been  widely  documented  in  various 
taxa,  though  its  study  has  been  limited  by  the  methods  used  to  determine  prey  choices  (e.g.,  gut 
contents,  isotope  analysis,  etc.).  Females  of  the  mud  dauber,  Sceliphron  caementarium,  provision 
each  cell  of  their  mud  nests  with  up  to  25  paralyzed  spiders  to  feed  their  offspring.  This  system 
provides  an  excellent  opportunity  to  examine  IS  because  intact  prey  items  can  be  examined 
directly,  providing  information  on  prey  characteristics  otherwise  unavailable.  We  collected  30 
nests  from  a  single  population  in  north  central  Florida  and  found  that  individuals  specialized  on 
different  taxa,  ecological  guilds,  sexes,  and  sizes  of  prey.  Across  multiple  foraging  bouts  by  a 
single  female,  patterns  of  IS  on  prey  taxa  weakened  while  IS  on  ecological  guild  strengthened. 
We  found  significant  predation  on  the  golden  silk  orb  weaver,  Nephila  clavipes ,  which  made  up 
61%  of  the  sample  (655  of  1077  prey  items).  Moreover,  8  of  30  females  were  extreme 
specialists,  foraging  exclusively  on  N.  clavipes.  Because  of  the  recent  introduction  of  the 
Japanese  “Joro”  spider,  Nephila  clavata ,  to  northern  Georgia,  we  sampled  nests  of  S. 
caementarium  across  Georgia  to  examine  whether  individuals  are  also  specializing  on  this  newly 
introduced  species.  We  discuss  our  findings  in  the  context  of  how  IS  might  shape  a  population’s 
responses  to  a  potentially  invasive  prey  item  as  well  as  how  mud  daubers  might  be  used  to 
monitor  introduced  spider  species. 
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Abstract  text: 


Artificial  sex  and  aggregation  pheromones  for  adult  long-horned  beetles  (Coleoptera: 
Cerambycidae)  facilitate  our  ability  to  monitor  wild  populations,  and  answer  key  questions  about 
their  basic  biology,  such  as  diet.  This  study  used  palynology  to  determine  the  floral  host 
associations  of  adult  cerambycids  in  the  Cerambycinae  subfamily.  Specimens  were  collected  in 
urban  and  forested  areas  in  east  central  Illinois  using  flight-intercept  traps  baited  with  artificial 
pheromones.  We  recovered  frass  from  15  species  of  long-horned  beetles  and  subjected  it  to  a 
palynological  procedure  using  LacCore  microsphere  markers  to  estimate  the  pollen  grain 
composition.  As  a  result,  we  recovered  significant  numbers  of  pollen  grains  from  the  frass  of 
Megacyllene  caryae  (Grahan),  Euderces  pini  (Olivier),  Anelaphus  pumilus  (Newman),  and 
Cyrtophorus  verrucosus  (Olivier)  only.  Pollen  grains  were  identified  to  genus  and  most  of  them 
belonged  to  hardwood  trees  in  the  families  Fagaceae,  Sapindaceae,  Corylaceae,  and  Ulmaceae. 
The  results  of  this  study,  although  with  considerable  temporal  and  geographic  variation,  shed 
light  on  the  floral  host  associations  of  adult  long-horned  beetles. 
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Abstract  text: 

Elevated  temperatures  threaten  to  exacerbate  climate  change  via  a  positive  feedback  from 
increased  carbon  dioxide  released  from  forest  soil  microbial  respiration.  Soil  invertebrates 
directly  and  indirectly  impact  microbes,  soil  insects,  and  important  ecosystem  processes  like 
nutrient  cycling  and  leaching;  however,  invertebrates  are  ignored  in  climate  models. 
Macroinvertebrates,  including  detritivores,  modify  habitat  for  microbes  through  consumptive  and 
non-consumptive  effects.  However,  as  ectotherms,  invertebrates  also  exhibit  physiological  and 
behavioral  changes  in  response  to  temperature.  Furthermore,  detritivores  show  variation  in 
functional  diversity,  which  affects  interspecific  trophic  interactions.  Therefore,  it  is  critical  to 
measure  the  response  of  detritivores  to  warming  to  better  understand  how  microbes,  soil  carbon 
and  nutrient  cycling  will  respond  to  abiotic  stressors. 


Here,  we  show  that  trophic  interactions  may  be  altered  under  elevated  temperatures.  Mesocosms 
comprised  of  three  ubiquitous  forest  floor  detritivores  were  assembled  in  a  simplex  design, 
including  two  earthworms  ( Lumbricus  terrestris  and  Lumbricus  rubellus ),  and  a  common 
millipede  ( Narceus  americanus),  in  order  to  parse  out  the  effects  of  community  structure  on  soil 
respiration,  decomposition,  leaching,  and  microbial  communities  under  anticipated  temperature 
increases.  Detritivore  diversity  had  significant  effects  on  microbial  community  composition 
under  both  temperature  scenarios.  Patterns  in  soil  respiration  and  decomposition  from  both 
temperature  scenarios  were  explained  by  detritivore  functional  diversity.  Leaching  was  reduced 
under  elevated  temperatures,  potentially  due  to  altered  burrowing  behavior  in  each  organism. 
Detritivore  biomass  increased  in  earthworm  communities  and  diminished  in  millipedes, 
suggesting  a  switch  from  interspecific  facilitation  to  competition.  These  data  may  assist  in 
scaling  up  and  modeling  invertebrate  responses  to  climate  change. 
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Abstract  text: 

Traits  of  species,  such  as  dispersal  ability  of  ground-dwelling  invertebrates,  influence  their 
response  to  forest  disturbance.  The  objective  of  this  study  was  to  quantify  dispersal  of  forest 
floor  invertebrates  in  response  to  a  factorial  combination  of  two  disturbance  treatments:  canopy 
gap  formation  and  understory  vegetation  removal.  Invertebrate  dispersal  was  quantified  using  a 
mark-capture  technique  where  fluorescent  powder  was  applied  to  the  forest  floor  in  three 
concentric  bands  differing  in  distance  from  plot  center.  Powder  was  detected  on  32%  of 
invertebrates  collected  with  one  powder  detected  on  25%,  suggesting  limited  dispersal  of  most 
individuals.  Only  5%  of  individuals  crossed  two  bands,  and  2%  crossed  three  bands  of 
fluorescent  powder,  indicating  the  highest  level  of  mobility.  Invertebrates  that  crossed  more 
bands  were  dominated  by  detritivores  such  as  millipedes,  and  active  hunters  such  as  harvestmen 
and  ground  beetles.  Effects  of  forest  disturbance  on  invertebrate  dispersal  were  group-specific, 


as  there  was  not  a  general  trend  for  total  invertebrates.  A  greater  proportion  of  spiders  crossed 
bands  when  understory  vegetation  was  undisturbed,  whereas  the  movement  of  harvestmen  and 
ground  beetles  was  unaffected  by  forest  disturbance.  Limited  dispersal  may  slow  recolonization 
of  ground-dwelling  invertebrates  following  disturbance,  thereby  affecting  forest  community 
dynamics  and  ecosystem  services. 
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Abstract  text: 

New  approaches  in  ecological  landscape  design  hold  promise  for  managing  pests  on  urban  trees 
and  improving  tree  health.  In  cities,  pest  outbreaks  on  trees  are  triggered  by  high  urban 
temperatures,  which  increase  pest  fitness  and  tree  stress.  Furthermore  pest  outbreaks  are 
exaggerated  by  a  dearth  of  healthy  natural  enemy  communities  in  urban  settings.  Ecological 
landscape  design  may  serve  as  a  way  to  promote  natural  enemies  in  our  cities  and  manage  tree 
pest  populations.  However,  the  core  design  principles  of  ecological  landscapes  and  their  benefits 
to  ecosystem  services  have  not  been  thoroughly  evaluated  or  tested,  particularly  with  regard  to 
pest  management. 

To  test  the  hypothesis  that  the  ecological  theories  that  govern  natural  systems  can  be  mimicked 
in  human-constructed  landscapes  in  cities  via  ecological  landscape  design  I  will:  1)  evaluate  the 
localized  effects  of  ecological  landscape  design  on  natural  enemy  abundance  and  diversity,  and 
tree  health,  2)  assess  landscape  level  effects  on  natural  enemy  abundance  and  diversity,  and 
evaluate  tree  health  in  Raleigh  with  a  focus  on  crape  myrtles  ( Lagerstroemia  ‘Natchez’)  and  3) 
compare  ecologically  designed  landscapes  with  conventional  landscapes  -  comparing  pest 
abundance  of  crape  myrtle  aphid  ( Sarucallis  kahawaluokalani),  natural  enemy  abundance  and 
diversity,  and  tree  health  for  select  trees  on  landscape  sites. 
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Abstract  text: 

Introduction:  The  Toll  pathway  is  a  central  regulator  of  immunity  in  insects  and  acts  to  induce 
transcription  of  genes  that  limit  infection.  We  present  here  our  efforts  to  utilize  the  fungus 
Beauveria  bassiana  strain  193-825  to  activate  the  Toll  pathway  in  Anopheles  gambiae  to  analyze 
immune-functioning  Toll-like  receptors. 

Methods:  The  cuticle  of  2-4  day  old  females  was  exposed  by  direct  contact  to  an  oil  suspension 
of  spores  [1.24  x  109  spores/mL]  applied  to  filter  paper  substrate.  The  expression  of  the  key 
regulators  REL1  (transcription  factor/activator)  and  Cactus  (inhibitor)  was  knocked  down  by 
RNAi  (injection  of  69nL  dsRNA  [3pg/pL]). 

Results/Conclusions:  Overall,  we  found  infection  with  B.  bassiana  decreased  median  survival  of 
A.  gambiae  by  10.17±1.4  days  compared  to  controls  (Unpaired  t-test,  P=0.0033).  Quantification 
of  fungal  genome  equivalents  by  qPCR  revealed  logarithmic  growth  over  six  days,  culminating 
in  a  conidial  genome  count  of  2.3x1 05  ±  0.6x1 05  at  six  days  post  infection,  coinciding  with  an 
incidence  of  high  daily  mortality.  Knockdown  of  REL1  and  Cactus  show  decreased  and 
increased  survivorship  to  fungal  infection,  respectively.  These  data  demonstrate  that  B.  bassiana 
infection  is  modulated  by  the  Toll  pathway  in  A.  gambiae ,  as  knockdown  of  critical  pathway 
components  alters  survivorship  to  fungal  challenge  and  the  growth  of  B.  bassiana  within  the 
mosquito.  Importantly,  the  strong  dose  dependence  we  observed  is  important  for  resistance 
management  in  malaria  control  programs  that  utilize  B.  bassiana  as  a  mosquito  bioinsecticide. 
Partial  funding  provided  by  the  National  Institutes  of  Health  through  R01-AI095842. 
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Abstract  text: 

Botanists  have  at  least  18  words  to  describe  plant  hairs,  including  trichomes.  These  common 
features  of  leaves  are  divided  into  two  distinct  categories:  glandular  trichomes  contain  defensive 
compounds  that  have  been  shown  to  deter  herbivores,  while  non-glandular  trichomes  do  not 
possess  specialized  structures  for  storage  of  defensive  chemicals.  Non-glandular  leaf  hairs  have 
been  shown  to  play  a  variety  of  roles,  however  their  role  in  plant  defense  is  only  implicated. 
Some  evidence  shows  that  insects  develop  more  slowly  on  plants  with  trichomes  when  compared 
to  conspecifics  that  have  reduced  trichome  numbers,  but  this  could  be  due  to  other  differences  in 
leaf  defensive  chemistry  or  leaf  microbiome.  This  study  seeks  to  define  the  isolated  function  of 
stellate  trichomes  of  horsenettle  in  anti-herbivore  defenses.  Specifically,  we  predicted  and  found 
that  trichomes  adversely  affect  larval  survival,  growth,  and  development  of  Manduca 
sexta  (Sphingidae).  These  effects  were  determined  by  measuring  consumption  rates,  growth 
rates,  and  survivorship  after  feeding  on  a  series  of  diets  with  increasing  defensive  abilities.  The 
diets  range  from  an  artificial  media  (completely  defense-free)  to  an  intact  leaf  (all  possible 
Horsenettle  defenses).  Additionally,  larval  hemolymph  was  analyzed  using  spectroanalysis  to 
quantify  colormetric  differences  and  melanization  response.  Larvae  consuming  a  trichome-laced 
diet  consumed  less  and  grew  less  than  larvae  on  the  control  diet.  Using  SEM  imaging,  we  found 
that  trichomes  damaged  the  peritrophic  membrane  of  the  guts  of  4th  instars.  Consequently,  we 
hypothesize  that  a  diet  with  horsenettle  trichomes  causes  internal  gut  damage  and  poses  a  serious 
challenge  to  the  immune  system  of  the  moth  larvae. 
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Introduction:  The  life  cycles  of  parasitoid  wasps  involve  laying  eggs  in  or  on  arthropod  hosts, 
where  wasp  progeny  develop  as  parasites  and  later  emerge  as  free-living  adults.  Successful  wasp 
development  usually  results  in  host  death,  so  wasps  and  their  hosts  have  coevolved  strategies  to 
gain  an  advantage  in  this  evolutionary  arms  race.  Although  normally  considered  to  be  strict 
pathogens,  some  viruses  have  established  persistent  infections  within  parasitoid  wasps  and  serve 
as  symbionts  to  the  wasps  during  development  via  host  immune  suppression.  Mutualistic 
associations  between  viruses  and  parasitoid  wasps  have  evolved  independently  multiple  times, 
but  in  most  cases,  little  is  known  about  the  biology  of  these  systems.  Therefore,  characterization 
of  independent  examples  of  this  phenomenon  is  necessary  for  understanding  the  processes  that 
underlie  the  evolution  of  viral  mutualism. 

Methods:  Diachasmimorpha  longicaudata  entomopoxvirus  (DLEV)  is  a  recently  acquired 
symbiotic  poxvirus  harbored  within  the  venom  glands  of  female  Diachasmimorpha  longicaudata 
parasitoid  wasps.  DLEV  virus  particles  are  injected  into  fruit  fly  hosts  (Diptera:  Tephritidae) 
during  oviposition  and  infect  host  hemocytes,  thereby  suppressing  host  immune  responses.  We 
utilized  quantitative-PCR  to  track  the  amount  of  DLEV  throughout  D.  longicaudata  development 
and  adulthood  to  gain  insight  on  DLEV  modes  of  replication  and  transmission. 

Results/Conclusion:  DLEV  appears  to  replicate  in  host  tissue  after  oviposition  and  in  female 
wasp  venom  glands  before  eclosion.  DLEV  is  also  present  inside  wasp  eggs,  providing  evidence 
for  vertical  transmission.  With  these  findings,  we  can  compare  DLEV  to  pathogenic  poxviruses 
and  other  symbiotic  viruses  to  begin  disentangling  the  evolution  of  this  unique  symbiont. 
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Introduction:  Citrus  crops  worldwide  are  facing  drastic  losses  due  to  Huanglongbing  (HLB),  or 
citrus  greening  disease.  Huanglongbing  is  a  bacterial  disease  caused  by  Candidatus  Liberibacter 
asiaticus  (CLas),  which  is  transmitted  by  the  Asian  citrus  psyllid,  Diaphorina  citri.  Current 
methods  for  HLB  and  D.  citri  management  have  proven  ineffective,  thus  new  control  strategies 
are  needed  for  sustainable  citrus  production.  Immune  priming  is  a  novel  technique  for 
management  of  insect-transmitted  pathogens,  with  demonstrated  success  in  inhibiting 
transmission  of  Dengue  virus  by  mosquitoes.  Prior  challenge  with  low  titers  of  pathogenic 
microorganisms  or  the  introduction  of  a  novel  symbiotic  bacteria  may  prime  the  insect  immune 
system,  causing  an  upregulation  of  immune  function  and  protect  against  subsequent  invasions.  In 
this  study,  we  evaluated  immune  priming  in  D.  citri  and  its  potential  for  inhibiting  CLas 
acquisition. 

Methods:  We  investigated  immune  priming  as  a  defense  to  entomopathogenic  bacteria  Serratia 
marcescens.  D.  citri  were  first  exposed  to  heat-killed  cultures  of  S.  marcescens ,  E.  coli ,  or 
Micrococcus  luteus.  After  48  hours,  psyllids  were  exposed  to  live  cultures  of  S.  marcescens ,  and 
survival  was  compared  over  time.  In  a  second  experiment,  D.  citri  were  exposed  to  the  same 
species  of  heat-killed  bacteria  as  in  the  first  experiment,  and  then  psyllids  were  placed  on  CLas- 
infected  citrus  plants.  CLas  titers  in  psyllids  were  assessed  by  quantitative  PCR  (qPCR). 

Results/Conclusion:  Initial  results  suggest  that  previous  exposure  to  certain  bacteria  can  increase 
D.  citrfs  ability  to  survive  pathogenic  bacteria,  thus  priming  has  potential  as  a  tool  for  CLas 
transmission  and  HLB  management. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Genome-wide  analysis  of  selection  in  immune  genes  within  and  among 
butterfly  populations 

Author  Name:  Naomi  Keehnen 


Author  Institution:  Stockholm  University 


Session  Title:  Graduate  Student  Oral  Competition:  Insect  Immunology 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0242 

DOI:  10. 1603/ICE.20 16. 1 13516 

Abstract  text: 

Introduction:  Insects  are  one  of  the  most  diverse  clades  of  life  on  earth.  Located  in  nearly  every 
corner  of  Earth,  they  are  exposed  to  a  wide  variety  of  pathogens.  As  populations  adapt  to  their 
local  environment  some  modifications  to  their  immune  system  are  expected  to  occur.  While  the 
genes  encoding  for  immune  responses  have  been  identified  and  studied  in  several  insect  species, 
little  work  has  focused  upon  non-model  species  originating  from  natural  populations. 
Furthermore,  it  is  unknown  which  part  of  the  immune  defense  modules  (recognition,  signaling, 
and  the  effectors)  shows  most  genetic  variation  within  and  between  butterfly  species. 

Methods:  Here  we  focus  upon  the  ecological  model  species,  the  Green  Veined  White  (Pier is 
napi)  and  Speckled  Wood  butterfly  (Pararge  aegeria).  They  are  common  and  widespread,  with 
limited  gene  flow  between  populations.  We  have  identified  many  of  the  immune  genes  in  both 
butterfly  genomes  using  orthologous  blast  searches  and  RNA-Seq  analysis  of  individuals 
infected  with  either  gram-negative  (E.  coli )  or  gram  positive  bacteria  (M  luteus). 

Results/Conclusion:  Genomic  scans  of  these  immune  genes  reveal  significant  differences  in 
diversity  among  the  immune  defense  modules.  Signatures  of  local  adaptation  were  also  identified 
(e.g.  amino  acid  differences  in  a  peptidoglycan  recognition  protein  of  Pararge  aegeria).  These 
findings  document  variation  in  genetic  diversity  among  the  different  parts  of  the  defense 
modules,  which  could  explain  the  observed  variation  in  immune  responses  within  and  between 
butterfly  species. 
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Introduction:  The  incipient  stages  of  colony  foundation  in  termites  are  extremely  vulnerable  to 
pathogens.  Given  that  the  first  workers  only  appear  1.5-2  months  after  mating,  defending  against 
pathogens  during  colony  establishment  is  the  sole  responsibility  of  the  primary  reproductives. 
Life  history  and  parental  investment  theories  predict  that  parents  who  can  anticipate  the 
immunological  needs  of  their  offspring  based  on  their  own  immune  status,  should  be  selected  to 
augment  their  offspring's  immune  function  (e.g.  Transgenerational  immunity,  TGI).  Such 
immune  defenses  are  likely  to  be  costly  and  result  in  fitness-related  trade-offs.  Few  studies  have 
focused  on  TGI  or  paternal  effects  in  social  insects,  and  none  exist  on  termites. 

Methods:  To  lay  the  foundation  for  our  TGI  experiments,  we  examined  whether  embryos  of 
different  developmental  stages  had  antibiotic  activity.  Our  data  show  that  stage  1  embryos  have 
the  highest  antibacterial  activity  against  the  bacterium  Arthrobacter  relative  to  more  developed 
embryonic  stages.  To  examine  paternal  effects  after  kings  were  exposed  to  Serratia  marcescens, 
virgin  males  were  assigned  to  the  following  treatments:  nai've  (untreated),  saline-,  heat-killed  and 
sub-lethal  injections  of  live  bacteria  and  then  paired  with  an  untreated  female.  Morphometric, 
transcriptomic  and  immunological  analyses  were  conducted  on  stage  1  embryos. 

Results/Conclusion:  Kings  injected  with  live  bacteria  produced  smaller  embryos  that  also 
differed  in  their  gene  expression  relative  to  embryos  of  control  males.  Combined,  these  results 
indicate  that  termite  embryos  are  innately  immunocompetent  and  that  significant  trade-off  occur 
between  the  males’  immune  responses  and  their  investment  in  offspring  ultimately  altering 
offspring's  immune  phenotype  via  altered  gene  expression. 
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Introduction:  There  is  increasing  evidence  that  diet  modulates  gut-associated  communities  across 
the  animal  kingdom  and  that  the  gut  microbiota  affects  disease  resistance.  Here,  we  use  monarch 
butterflies  ( Danaus  plexippus ),  their  larval  food  plants  ( Asclepias  spp.),  and  protozoan  parasites 
(Ophryocystis  elektroscirrha)  to  examine  diet’s  interaction  with  the  gut  microbiota  and  natural 
parasite  infection.  Milkweeds  with  higher  cardenolide  concentrations  reduce  larval  parasitic 
infection.  However,  the  mechanism  of  protection  is  unknown.  One  possible  mechanism  is  that 
the  larval  food  plants  affect  the  gut  microbiota,  which  then  reduce  parasite  growth  and 
probability  of  infection.  In  order  to  test  this  hypothesis,  the  gut  microbial  communities  of 
caterpillars  fed  on  high-cardenolide  food  plants  need  to  be  characterized,  cultivated,  and 
manipulated. 

Methods:  We  compared  the  gut  communities  of  caterpillars  reared  on  two  milkweed  species 
varying  in  cardenolide  concentration.  We  dissected  the  larval  midgut,  and  extracted  and 
amplified  DNA.  The  16S  rRNA  gene  was  sequenced.  We  identified  the  dominant,  cultivable  and 
non-cultivable  bacterial  genera. 

Results/Conclusion:  The  comparison  of  gut  bacterial  communities  of  caterpillars  fed  on 
alternative  milkweed  diets  revealed  that  the  midgut  bacterial  community  composition  of 
uninfected  caterpillars  significantly  differs  based  on  the  host  plant  species  (ANOSIM,  R=0.2494, 
p<0.001).  We  will  be  capitalizing  on  these  community  differences  to  manipulate  the  microbiota 
and  measure  disease  outcome.  Our  preliminary  results  suggest  that  we  can  supplement  diet  with 
dominant  bacteria  and  measure  disease  outcome. 
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Introduction:  Top  down  pressure  from  natural  enemies  and  bottom  up  from  plants  are  believed  to 
be  the  main  drivers  of  herbivore  diet  breadth,  but  only  recently  has  it  been  found  that  diet  quality 
affects  immunocompetence  and  susceptibility  towards  parasites.  Butterflies  and  moths  reared  on 
more  toxic  plants  tend  to  have  suppressed  immune  activity,  but,  surprisingly,  are  more  resistant 
to  parasites.  To  investigate  this  further  we  used  Manduca  sexta  and  the  parasitoid  Cotesia 
congregata  as  a  model  for  tritrophic  interactions  examining  host  and  parasitoid  preference,  host 
performance,  and  host  immune  activity  on  different  food  plants  in  the  Solanaceae. 

Methods:  Preference  was  assayed  by  tracking  natural  rates  of  herbivore  and  parasitoid  abundance 
over  two  field  seasons  in  a  common  garden  experiment  containing  18  different  nightshade  plant 
species.  Caterpillar  performance  was  assayed  by  measuring  wet- weight  at  seven  days  and 
immunocompetence  was  determined  by  measuring  phenoloxidase  activity  on  a  subset  of  food 
plants  for  each  genus. 

Results/Conclusion:  Hornworm  preference  and  performance  was  strongly  influenced  by  plant 
species  and  genus.  Similarly,  plant  genus  and  species  influenced  parasitoid  preference.  Notably 
though,  the  most  preferred  plant  species  for  hornworms  were  not  the  same  plant  species  they 
performed  the  best  on  and  additionally,  the  incidence  of  parasitoid  infection  inversely  correlated 
with  the  most  preferred  plant  species.  Immunity,  however,  was  not  different  across  food  plants, 
except  tobacco  where  phenoloxidase  activity  was  enhanced.  Together,  these  findings  suggest  that 
nicotine  may  be  immunotherapeutic  for  tobacco  hornworms  in  addition  to  being  fatal  to 
parasitoids  intermediating  hornworm  preference  and  parasitoid  abundance  in  natural  populations. 
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Introduction:  Drosophila  suzukii  Matsumura  (Diptera:  Drosophilidae)  is  a  major  pest  of  small 
and  thin-skinned  fruits  throughout  the  United  States.  In  the  southeast  U.S.,  D.  suzukii  in  the  field 
are  exposed  to  potentially  lethal  temperatures  ranging  from  32-3  8°C,  well  above  their  optimal 
range.  Previous  studies  on  D.  suzukii  and  other  drosophilids  show  a  decrease  in  reproductive  and 
developmental  success  occurs  as  temperatures  increase  beyond  optimal  developmental 
thresholds  between  24-26°C. 

Methods:  A  laboratory  study  was  conducted  to  investigate  the  detrimental  effects  of  24-72  hr 
heat  shock  exposure  on  reproductive  success  in  both  male  and  female  D.  suzukii.  The  study 
shows  that  constant  exposure  to  30-34°C  in  newly  eclosed  adult  flies  can  result  in  up  to  50% 
male/female  sterility.  This  begs  the  question  of  how  D.  suzukii  reproduces  in  the  field  under 
reproductively  prohibitive  or  lethal  conditions.  To  address  this,  we  set  up  a  field  study  using 
daily  6  hr  trapping  routines  to  investigate  the  effect  of  temperature  and  humidity  on  circadian 
rhythms  and  activity  of  D  suzukii  by  location  and  time  of  the  day. 

Results/Conclusion:  Trap  data  indicate  that  D.  suzukii  follows  crepuscular  activity  patterns 
associated  with  hourly  fluctuations  in  temperature  and  relative  humidity.  The  results  indicate  D. 
suzukii  is  active  primarily  during  the  dawn  and  dusk  periods  in  a  24  hr  day  with  approximately 
90%  of  all  flies  caught  during  these  periods.  The  results  also  suggest  the  majority  of  fly  activity 
during  peak  hours  is  concentrated  to  the  center  (60%  of  flies  caught)  and  borders  (30%  of  flies 
caught)  of  blueberry  orchards. 
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Introduction:  Drosophila  suzukii  is  a  recognized  economic  threat  to  high-value  specialty  crops 
where  there  is  little  tolerance  for  insect  damage.  Control  of  D.  suzukii  relies  heavily  on  the 
insecticide  spinosad.  However,  bait  sprays  that  combine  attractants  with  an  insecticide  have  been 
unsuccessful  in  commercially  controlling  D.  suzukii.  To  justify  reintegration  of  bait  sprays  into 
cherry  pest  management,  we  investigated  effects  of  using  yeast  as  the  attractive  component  of  a 
spinosad-based  bait  spray. 

Methods:  Female  D.  suzukii  were  exposed  to  baited  droplets  composed  of  either  Saccharomyces 
cerevisiae  or  Hanseniaspora  uvarum,  in  combination  with  spinosad  or  applied  alone.  We 
conducted  additional  control  tests  with  sucrose,  the  commercial  bait  spray  GF-120,  and  no 
treatment.  Droplets  were  pipetted  into  plastic  arenas  lined  with  cherry  leaves,  and  undamaged, 
untreated  cherries  were  suspended  by  stems  through  the  arena  lid.  Cherries  were  inspected  for 
oviposition  damage  after  16  h  of  exposure  to  flies,  and  mortality  of  female  D.  suzukii  was 
evaluated  after  24  and  48  h. 

Results/Conclusion:  Female  mortality  was  highest  in  the  GF-120  treatment  after  24  h  of 
exposure,  but  after  48  h,  mortality  in  all  yeast  treatments  and  the  spinosad  treatment  was  close  to 
100%.  Yeast  alone  and  sucrose  alone  had  negligible  effects  on  mortality.  Oviposition  damage 
was  suppressed  significantly  in  sucrose+spinosad  and  GF-120  treatments  with  less  than  three 
ovipositions  per  fruit.  Spinosad  treatments  with  yeast  resulted  in  slightly  higher  levels  of  damage 
than  the  commercial  bait.  However,  the  yeast-alone  treatments  showed  slightly  lower  levels  of 
damage  than  the  sucrose  and  control  tests. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Attractiveness  of  different  baits  to  Drosophila  suzukii  of  different 
reproductive  states 

Author  Name:  Kyoo  Park 

Author  Institution:  Oregon  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Invasive  and  Exotic  Entomology: 
Drosophilids 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0248 
DOI:  10.1603/ICE.2016.1 15529 


Abstract  text: 


Introduction:  Drosophila  suzukii  (Matsumura)  (Diptera:  Drosophilidae),  spotted  wing  drosophila, 
is  a  devastating  pest  that  is  distributed  throughout  the  United  States,  Europe,  and  Asia,  causing 
economic  loss  to  fruit.  D.  suzukii  first  appeared  along  the  west  coast  of  the  United  States  in  2008 
and  has  subsequently  spread  to  all  major  production  regions  of  affected  crops.  The  females  of  D. 
suzukii  are  different  from  other  drosophilids  because  they  can  attack  ripe  fruit  as  opposed  to 
overripe  fruit.  A  better  understanding  of  attractive  compounds  may  lead  to  effective  population 
monitoring  and  management  options. 

Methods:  Bioassay  experiments  were  conducted  to  determine  the  attractiveness  of  compounds. 
The  determination  of  the  attractiveness  of  the  compounds  were  conducted  on  various  aged 
females  reared  in  the  laboratory.  All  of  the  experiments  were  generated  in  the  green  house  where 
flies  were  exposed  to  two  different  compounds  for  24  hours  using  two-choice  assays. 

Results/Conclusion:  The  results  from  the  experiment  increased  the  understanding  of  the  behavior 
and  attractiveness  of  different  tested  baits  of  this  pest. 
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Introduction:  Spotted  wing  drosophila,  Drosophila  suzukii  Matsumura  (Diptera:  Drosophilidae), 
is  an  economically  important  invasive  pest  of  many  soft-  and  thin-skinned  fruits  in  the  U.S. 
Berry  damage  caused  by  D.  suzukii  has  recently  threatened  blueberry  production.  Year-round 
trapping  of  D.  suzukii  in  the  state  of  Georgia  has  indicated  greater  fly  densities  in  the  wooded 
areas  adjacent  to  blueberry  fields  than  in  blueberry  orchards  themselves.  Due  to  this  trend,  an 
investigation  into  habitat  parameters  allowing  D.  suzukii  to  utilize  these  woodlands  is  essential. 


The  goals  of  this  study  were  to  identify  viable  wild  plant  hosts  of  D.  suzukiimd  to  evaluate  its 
activity  within  and  around  blueberry  orchards. 

Methods:  Choice  and  no-choice  assays  were  conducted  with  fruit  collected  from  woodlands 
adjacent  to  blueberry  orchards  at  seven  locations  in  six  different  counties  in  southeastern 
Georgia.  Traps  baited  with  a  sugar-yeast- water  mixture  were  deployed  to  track  D.  suzukii 
activity  at  each  site. 

Results/Conclusion:  Choice  assay  results  indicate  that  cultivated  blueberries  are  preferred  by  D. 
suzukii  when  tested  against  all  fruit  assayed  except  Vaccinium  stamineum  L .,  where  oviposition 
was  50%  each.  In  no-choice  assays  we  observed  the  highest  susceptibility  in  Rubus  spp.,  where 
eggs  and  adults  per  berry  were  9.09±1.47  and  6.33±0.87  respectively.  Trap  monitoring  of  this 
pest’s  activity  support  previous  data  that  there  are  significantly  more  D.  suzukii  in  the  woodland 
areas  than  in  the  blueberry  fields.  Studies  on  D.  suzukii  activity  around  blueberry  orchards  and  the 
susceptibility  of  bordering  fruiting  plants  will  help  develop  sustainable  integrated  pest 
management  (IPM)  programs  for  D.  suzukii. 
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Spotted  wing  drosophila  (SWD),  a  recent  invasive  species,  is  noted  as  a  devastating  pest  of  soft 
fruits  including  blackberry,  raspberry,  blueberry,  cherry,  peach,  grape,  and  strawberry.  In 
Minnesota,  SWD  presents  with  a  sudden  appearance  of  adult  flies  in  traps  placed  within  crop 
fields  followed  by  rapid  population  growth  in  late  July  and  early  August.  Presently,  once  adult 
flies  are  detected  berry  growers  are  utilizing  prophylactic  applications  of  insecticides  on  a  5  to  7 


day  schedule  to  suppress  pest  populations.  This  will  certainly  lead  to  pesticide  resistance  within 
wild  populations  of  SWD.  A  better  understanding  of  lethal  and  sublethal  effects  of  current 
insecticide  based  management  practices  of  this  species  is  essential  to  optimizing  management 
strategies  for  SWD.  Developing  a  replicated  complete  block  lab  assay,  we  evaluated  the  potential 
for  the  development  of  insecticide  resistance  as  well  as  wild  caught  flies.  We  determined  the 
LD50  for  this  pest  using  traditional  methods  as  well.  A  successful  IPM  strategy  has  yet  to  be 
developed  for  SWD,  however  understanding  the  propensity  for  resistance  is  critical  for 
evaluating  current  management  strategies. 
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Introduction:  Methods  for  trapping  spotted  wing  drosophila  (SWD),  Drosophila  suzukii,  have  not 
yet  been  optimized  for  detecting  this  devastating  pest  of  small  and  stone  fruits. 

Methods:  A  novel  design  for  trapping  SWD  was  developed  based  on  the  proven  effectiveness  of 
spherical  sticky  traps  for  monitoring  insect  pests.  Eight  different  colored  baited  sticky  sphere 
traps  were  deployed  in  raspberry  high  tunnels  to  quantify  response  to  trap  color  in  the  field.  The 
baited  Deli-cup  trap  currently  used  for  monitoring  was  compared  to  the  baited  sticky  sphere  trap. 
SWD  marked  with  fluorescent  day  glo  powder  were  released  from  five  unique  distances  in  four 
cardinal  directions  from  a  central  trap  to  find  maximum  dispersal  distance  of  SWD  and  plume 
reach  for  a  known  attractant. 

Results/Conclusion:  Similar  patterns  of  captures  to  lab  bioassays  were  seen  in  a  trap  color  study 
with  baited  sphere  traps  of  various  colors.  Red,  black,  and  fluorescent  red  baited  sphere  traps 
captured  the  most  SWD.  Mark-release-recapture  field  studies  showed  that  maximum  dispersal 
distance  of  SWD  is  at  least  50  meters.  Our  findings  demonstrate  that  a  dry  trap  that  relies  on 


visual  and  olfactory  cues  and  a  sticky  surface  has  the  potential  to  be  a  substantially  more 
efficient  trap  than  the  current  trap.  Results  of  the  mark-release-recapture  study  provides  an 
accurate  method  to  relate  captures  in  traps  to  actual  populations  so  an  accurate  threshold  can  be 
developed,  ensuring  that  growers  do  not  have  to  solely  rely  on  insecticide  applications  for 
management  of  this  pest. 
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Drosophila  suzukii  (SWD)  (Matsumura)  (Diptera:  Drosophilidae)  is  an  invasive  polyphagous 
species  causing  economic  damage  to  ripening  and  ripened  blackberry  and  raspberry  in  Arkansas. 
There  is  little  known  about  alternative  wild  and  ornamental  fruit  hosts  and  how  these  plants 
affect  buildup  of  SWD  on  berry  crops.  Insect  screen  is  being  evaluated  in  several  regions  of  the 
USA  as  a  non-chemical,  organic  means  of  preventing  SWD  fruit  infestations.  The  objectives  of 
this  study  are  to  compare  phenology  and  levels  of  SWD-infested  ripe  fruit  in:  1)  commercial  fruit 
plantings  and  adjacent  wild  fruits;  and  2)  berry  plots  in  open  field  and  high  tunnel  treated  with 
insect  screen  or  weekly  insecticide  sprays  or  untreated  control.  The  seasonal  phenology, 
distribution  and  abundance  of  SWD  will  be  compared  in  crop  hosts  and  adjacent  wild  hosts  in 
Arkansas.  The  efficacy  of  insect  screen  against  SWD  will  be  discussed. 
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Introduction:  Drosophila  suzukii  Matsumara  has  recently  emerged  as  a  major  invasive  pest 
species  in  soft-skinned  fruits  in  berries  throughout  N.  America  and  Europe.  Its  distribution  has 
spread  so  rapidly  that  little  is  known  of  the  extent  of  fruit  susceptibility,  particularly  in  boreal 
regions.  Populations  of  D.  swzwMincrease  dramatically  in  late  summer  in  boreal  regions, 
concurrent  with  fruiting  seasons  for  commercially  and  culturally  significant  fruits  and  berries. 

Methods:  We  tested  fruit  preference  and  susceptibility  of  lingonberry,  blueberry,  chokecherry, 
sea  buckthorn,  and  raspberry  fruits  to  D.  suzukii.  Relative  preference  among  fruits  was  tested 
using  a  series  of  2-choice  behavioural  assays.  Fruits  were  exposed  to  gravid  female  D.  suzukiito 
confirm  oviposition  success  and  test  larval  success. 

Results/Conclusion:  Female  D.  suzukii  attempted  to  oviposit  on  all  fruit  types  tested.  Fruits  with 
lower  pH  and  lower  brix  levels  were  preferred  in  choice  tests.  Undamaged  lingonberries  were 
relatively  safe  from  infestation;  however,  bruised  or  frost-damaged  fruits  were  easily  penetrated. 
Although  blueberry  growers  have  experienced  severe  economic  crop  losses  due  to  D.  suzukii ,  we 
have  found  that  blueberries  were  the  least  preferred  of  fruits  tested.  Sea  buckthorn  and  raspberry 
fruits  were  highly  preferred.  This  suggests  that  D.  suzukii  are  largely  opportunistic  and  highlights 
the  importance  of  fruit  phenology  in  fruit  susceptibility. 
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Introduction:  The  insect  pest  ecology  within  Virginia  vineyards  has  changed  dramatically  over 
the  past  decade  with  the  introduction  of  several  new  invasive  species.  The  latest  introductions 
were  the  spotted  wing  drosophila  (SWD),  Drosophila  suzukii  and  the  African  fig  fly  (AFF), 
Zaprionus  indianus.  SWD  is  capable  of  ovipositing  into  intact  immature  grapes,  while  AFF 
needs  a  cracked  or  wounded  grape  in  which  to  deposit  eggs.  Since  SWD  is  capable  of  wounding 
the  grape  it  is  possible  for  AFF  to  use  these  oviposition  wounds  to  deposit  its  eggs  onto  the 
surface  of  the  grape.  Thus,  it  is  possible  to  have  both  fly  species  developing  within  a  single  grape 
berry.  This  dual  infestation  compelled  research  to  determine  the  impact  of  AFF  interactions  on 
the  development  of  SWD  in  Virginia  wine  grapes. 

Methods:  Four  grape  varieties  were  selected  from  a  single  vineyard  in  the  Piedmont  region  of 
Virginia.  The  larval  interactions  were  assessed  using  four  larval  densities  consisting  of  1:1  and 
2:2  (SWD  :  AFF)  and  controls  were  tested  at  2  and  4  SWD  per  grape.  This  research  evaluated 
the  larval  interactions  of  these  two  species  within  a  single  grape  by  determining  total 
development  time,  pupal  volume,  larval  mortality  and  pupal  mortality. 

Results/Conclusion:  Results  indicated  that  interspecific  larval  competition  increase  development 
time  and  decreased  pupal  volume  of  SWD  within  some  wine  grapes  compared  to  the  controls. 
The  presences  of  AFF  larvae  also  increased  both  larval  and  pupal  mortality  of  SWD.  Wine  grape 
varietal  differences  were  also  noted  when  assessing  these  larval  interactions. 
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Spotted  wing  drosophila  is  an  invasive  fruit  pest  that  has  recently  been  found  in  Oklahoma.  Since 
its  discovery  in  2013,  populations  have  been  monitored  in  locations  throughout  Oklahoma  to 
gain  insight  into  the  seasonality  and  distribution  of  this  pest.  Along  with  monitoring,  determining 
the  threat  to  Oklahoma’s  fruit  crops  has  been  paramount.  Data  have  shown  that  six  commonly 
grown  blackberry  varieties  are  susceptible  to  SWD  infestation  in  Oklahoma.  Alternative  host 
plants  have  also  been  discovered.  Oklahoma  State  is  continuing  to  learn  more  about  biotic  and 
abiotic  factors  that  affect  population  levels.  It  is  important  for  research  to  continue  with  spotted 
wing  drosophila  in  order  to  make  science  based  recommendations  to  Oklahoma  growers  for 
effective  control  of  this  species  and  to  mitigate  the  effects  of  their  presence  in  fruit  production 
areas. 
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Introduction:  Since  its  recent  invasion  into  North  America,  spotted  wing  Drosophila,  Drosophila 
suzukii  (SWD),  has  made  insect  pest  management  in  raspberry  crops  become  increasingly 


intensive,  creating  concerns  for  sustainability  and  the  development  of  insecticide  resistance. 
SWD  has  a  short  life  cycle,  can  oviposit  into  ripening  and  ripe  fruit,  and  much  is  still  unknown 
about  its  biology  and  behavior.  Effective  and  economical  non-insecticidal  control  measures 
against  SWD  are  needed  for  this  crop  and  other  similar  systems. 

Methods:  We  evaluated  the  efficacy  of  insect  exclusion  netting  to  limit  SWD  infestation  of  red 
raspberries  grown  in  small-scale  and  large  high  tunnels.  We  also  compared  harvesting  berries 
every  1,  2,  or  3  days  and  found  an  average  of  1,  3,  and  8%  infested  berries,  respectively,  with  the 
one  and  two  day  schedules  providing  significantly  lower  infestation  than  the  three  day  schedule. 

Results/Conclusion:  Netting  significantly  delayed  SWD  infestation  without  impacting  fruit 
quality.  Over  the  entire  growing  season,  netting  significantly  reduced  the  number  of  larvae  in 
berries,  but  we  also  found  that  combining  netting  and  insecticide  applications  can  improve  the 
level  and  duration  of  control.  We  discuss  how  combining  exclusion  and  harvest  frequency 
strategies  into  berry  IPM  programs  can  reduce  dependence  on  chemical  control  in  raspberries, 
while  still  maintaining  control  of  other  pests  that  can  affect  this  crop. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Survey  of  Z aprionus  indianus  in  Florida  and  oviposition  behavior  in  berries 

Author  Name:  Lindsy  Iglesias 

Author  Institution:  University  of  Florida 

Session  Title:  Graduate  Student  Oral  Competition:  Invasive  and  Exotic  Entomology: 
Drosophilids 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0257 
DOI:  10. 1603/ICE.2016. 115394 
Abstract  text: 

Introduction:  Zaprionus  indianus  Gupta  is  an  invasive  drosophilid  native  to  Africa  and  the 
Middle  East.  Its  range  has  expanded  into  the  Americas  and  has  become  an  important  agricultural 
pest  of  figs  in  Brazil.  This  fly  was  first  detected  in  Florida  in  2005  and  has  since  been  found  in 
traps  deployed  for  the  invasive  fruit  fly,  Drosophila  suzukii.  To  understand  the  distribution  of  Z. 
indianus  throughout  Florida,  a  survey  was  conducted  in  blueberries,  grapes,  and  persimmons  in 
2013-2015. 


Methods:  Traps  were  constructed  using  1-L  clear  plastic  cups  with  lids  and  entry  holes  along  the 
sides  and  were  baited  with  apple  cider  vinegar  (2013)  or  a  yeast- sugar- water  mixture  (2014- 
2015).  Two  to  7  traps  were  placed  at  each  survey  site  and  checked  weekly  for  adult  Z  indianus. 
A  second  study  was  conducted  to  determine  whether  Z.  indianus  could  oviposit  into  ripe, 
undamaged  or  damaged  blueberries  and  blackberries.  Two  male  and  two  female  10-14  day-old 
flies  were  placed  into  29.6-mL  containers  with  vented  lids  and  ~5.0  g  of  damaged  or  undamaged, 
blueberries  or  blackberries.  Each  treatment  was  replicated  30  times.  Flies  were  removed  after  72 
h  and  eggs  counted. 

Results/Conclusion:  The  survey  results  indicated  that  Z  indianus  is  present  throughout  the  fruit- 
producing  regions  of  Florida  and  that  numbers  peak  near  season  end  when  damaged  or  overripe 
fruit  are  left  unmanaged.  In  the  second  study,  Z  indianus  did  not  oviposit  into  undamaged  fruit; 
but  chose  to  oviposit  between  the  drupelets  of  undamaged  blackberries.  Implications  of 
ovipositing  between  blackberry  drupelets  are  discussed. 
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Introduction:  The  first  established  population  of  Ixodes  scapularis  (Say),  or  the  blacklegged  tick 
(BET),  was  detected  in  the  Southeast  corner  of  Manitoba  in  2006.  This  species  has  since 
expanded  its  range  north  and  westward,  whilst  also  expanding  the  ranges  of  numerous  zoonotic 
diseases.  In  Manitoba,  BLTs  are  known  vectors  of  the  causative  agents  of  human  anaplasmosis, 
babesiosis,  and  Lyme  borreliosis.  Within  Manitoba  there  is  currently  a  lack  of  seasonal  data  on 
pathogen  prevalence  in  established  BLT  populations,  and  their  mammal  hosts.  As  well,  the 
seasonality  of  established  BLT  populations  within  the  province  has  not  been  closely  studied.  To 
gain  a  better  understanding  of  the  seasonal  tick-host-pathogen  dynamic,  we  are  conducting  a 


small  mammal  trapping  study  at  two  Provincial  Parks  located  in  the  Southeastern  part  of  the 
province  where  established  BLT  populations  are  present. 

Methods:  Each  park  was  sampled  on  an  alternating  biweekly  basis  from  mid  June  to  mid  October 
of  2015,  and  ongoing  since  mid-April  2016.  We  have  also  sampled  questing  ticks  at  both  parks, 
on  a  weekly  basis,  using  drag  sheets  during  snowless  periods  since  August  2014. 

Results/Conclusion:  The  results  of  this  study  will  be  essential  to  the  development  of  future 
pathogen  prevalence  models  for  areas  within  the  Province  that  have  established  or  establishing 
BLT  populations.  Also,  as  we  know  approximately  when  BLTs  established  in  each  park,  the 
results  could  help  shed  light  on  establishment  times  for  these  zoonotic  pathogens  within  the 
province. 
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Introduction:  The  blacklegged  tick,  Ixodes  scapularis ,  is  an  important  vector  of  many  zoonotic 
diseases  and  has  been  well-studied  since  it  was  established  as  the  vector  of  Lyme  disease  in 
1982.  The  significance  of  I.  scapularis  in  the  transmission  of  zoonotic  diseases  has  led  to  studies 
that  have  described  the  impact  that  saturation  deficit  (SD)  has  on  tick  questing  patterns.  Due  to 
their  large  surface  area  to  volume  ratio,  I.  scapularis  ticks  are  prone  to  desiccation  if  they  spend 
too  much  time  questing  on  vegetation  during  periods  of  high  SD.  Despite  our  current 
understanding  of  the  impacts  of  SD  on  ticks,  few  studies  have  investigated  the  impacts  of  SD  on 
the  diel  questing  patterns  of  I.  scapularis.  The  purpose  of  this  study  is  to  determine  the  questing 
patterns  of  I.  scapularis  over  a  period  of  24  hours  in  the  field  and  laboratory  and  investigate 
whether  an  infection  with  the  Lyme  disease  agent,  Borrelia  burgdorferi  will  impact  the  questing 
behavior  of  I.  scapularis. 


Methods:  A  1,200m2  plot  was  established  in  a  maple-dominated  forest  and  tick  drags  were 
performed  every  hour  for  24  continuous  hours  monthly  during  June,  July  and  August.  Laboratory 
studies  were  done  in  a  controlled  environment  and  SD  was  adjusted  to  mimic  field  conditions. 
Questing  patterns  of  nymphs  infected  with  B.  burgdorferi  and  those  uninfected  were  observed 
over  a  period  of  24  hours. 

Results/Conclusion:  Here,  the  results  of  those  field  and  laboratory  studies  will  be  discussed. 
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Introduction:  Ticks  are  important  pests  because  they  must  ingest  blood  to  complete  development 
and  produce  eggs;  this  directly  damages  their  host  and  creates  an  opportunity  for  pathogen 
transmission.  Beef  cattle  are  Tennessee’s  largest  agricultural  commodity,  and  are  threatened  by 
ticks  and  tick-borne  pathogens  such  as  Anaplasma  marginale,  the  causative  agent  of  bovine 
anaplasmosis.  Despite  this,  many  Tennessee  producers  are  unconcerned  about  ticks.  This  attitude 
is  problematic  because  it  could  allow  for  the  establishment  of  invasive  tick  species  that  pose  a 
risk  to  cattle,  including  Amblyomma  variegatum,  the  primary  vector  of  Ehrlichia  ruminatium  and 
Rhipicephalus  annulatus,  the  vector  of  Babesia  bigemina.  This  study  addresses 
the  hypothesis  that  there  are  multiple  tick  species  that  parasitize  beef  cattle,  that  these  species 
exhibit  different  prevalence  rates,  seasonal  and  regional  activities,  on  and  off-host  behaviors;  and 
that  collection  method  may  bias  sampling  results. 

Methods:  Ticks  were  collected  from  cattle  at  University  of  Tennessee  research  and  education 
centers  (REC),  from  producers  via  extension  agents,  and  livestock  auctions  and  sales.  The 
greater  of  25%  of  the  herd  or  10  animals  were  sampled  (IACUC#  2192,  IBC#  384-15).  Off-host 
collections  were  made  at  each  REC,  using  one  dry-ice  trap  and  three  one  hundred  meter  drags 


per  five  acres  of  pasture.  All  ticks  were  identified  to  species,  sex,  life  stage,  and  feeding  status 
(engorged,  attached,  or  questing). 

Results/Conclusion:  Thus  far,  Ixodes  scapularis ,  Dermacentor  variabilis ,  and  Amblyomma 
americanum  have  been  collected.  Investigating  tick  diversity  and  collection  procedures  will 
improve  existing  control  efforts  and  prepare  cattle  producers  for  invasive  ticks  and  pathogens. 
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Abstract  text: 

Introduction:  Amblyomma  maculatum  Koch  is  an  aggressive,  three-host  tick  whose  range  extends 
along  coastal  regions  of  South  and  Central  America,  and  increasingly  in  the  south-central  and 
southeastern  United  States.  This  tick  presents  a  significant  medical  and  veterinary  threat,  yet 
little  is  known  about  the  ecology  and  off-host  behavior  of  immatures. 

Methods:  For  this  study,  ticks  were  obtained  from  a  colony  at  Oklahoma  State  University  and 
used  within  six  week  of  molting.  Nymphal  A.  maculatum  (three  replications,  80/replication)  were 
placed  in  an  aquarium  containing  purified  pool  sand,  anchoring  four  alternating  rows  of  field- 
collected  Andropogon  virginicus  stems  at  one  of  four  lengths:  5,  10,  20,  and  30  cm.  Using  an 
insect  rearing  chamber,  four  environmental  conditions  were  evaluated:  high  temperature/high 
humidity  “TUT”,  low  temperature/high  humidity  “EH”,  high  temperature/low  humidity  “I  IE”,  and 
high  temperature/high  humidity  with  wind  “HHW”.  These  chambers  maintained  a  constant  12:12 
(L:D)  photoperiod,  mimicking  what  nymphal  ticks  in  Mississippi  encounter  during  their  peak 
activity  in  March. 

Results/Conclusion:  Results  showed  that  treatment  HH  mean  questing  height  was  6.03  cm,  4.45 
cm  for  HL,  4.76  cm  for  LH,  6.01  cm  for  HHW,  and  the  overall  mean  questing  height  was  5.42 


cm.  Ticks  seen  questing  was  14.06%  for  HH,  15.33%  for  LH,  8.36%  for  LL,  and  17.08%  for 
HHW  with  an  overall  Of  13.71%  observed.  Dark  conditions  were  not  observed  to  significantly 
affect  questing  height.  Ticks  exposed  to  wind  quested  significantly  lower,  height  of  the  5  cm 
stem  was  a  limiting  factor,  and  there  were  no  measured  variables  that  significantly  affected  tick 
orientation. 
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Abstract  text: 


Introduction:  Ticks  are  haematophagous  ectoparasites  of  animals  and  humans.  Livestock 
economic  losses  due  to  tick  borne  diseases  (TBD)  amount  to  million  of  dollars.  In  public  health, 
ticks  are  second  to  mosquitoes  in  terms  of  human  disease  impact.  CDC  has  listed  14  TBD 
causative  agents  of  which  9  are  transmitted  by  Amblyomma  americanum  and  Ixodes  scapularis. 
With  few  exceptions,  the  transmission  of  TBD  agents  requires  successful  tick  feeding.  Thus 
understanding  tick-feeding  mechanism  is  a  critical  step  in  developing  novel  methods  to  stop 
TBD  agent  transmission.  We  know  that  ticks  secrete  numerous  tick  saliva  proteins  (TSPs)  that 
suppress  host  immunity  to  facilitate  feeding  and  disease  agent  colonization.  However, 
mechanisms  of  how  the  tick  suppresses  host  immunity  remain  unknown. 

Methods:  We  investigated  the  effect  of  15  A.  americanum  and  I.  scapularis  rTSPs  on  murine 
macrophage  function  as  revealed  by  expression  of  pro-inflammatory  co-stimulatory  markers 
(CD40,  C80,  and  CD86)  in  vitro.  Additionally,  the  effect  of  rTSP  on  immune  cell  secretion  of 
pro-  and  anti-inflammatory  cytokines  (TNFa,  IL1,  IL6,  IL-10,  TGF  beta)  was  also  investigated  in 
vitro  and  in  vivo. 

Results/Conclusion:  Our  analysis  identified  five  pro-inflammatory  and  two  anti-inflammatory 
tick  saliva  proteins.  The  two  anti-inflammatory  proteins  appear  to  reverse  the  expression  of  co¬ 
stimulatory  markers  activated  by  LPS  and  pro-inflammatory  rTSPs.  These  data  collectively 
demonstrate  the  presence  of  a  "bait  and  switch"  mechanism  through  which  the  tick  may  evade 
host  immunity.  We  propose  that  ticks  secrete  two  types  of  immune-modulating  proteins:  those 
that  stimulate  host  immune  cells  and  those  that  dampen  the  activated  cells. 
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Abstract  text: 


Introduction:  Lyme  disease  (LD)  is  the  most  commonly  reported  tick-borne  disease  in  the  U.S. 
and  a  serious  public  health  issue.  It  is  transmitted  by  the  tick  Ixodes  scapularis  which  feeds  on 
various  vertebrate  hosts  throughout  its  developmental  stages,  with  many  of  these  hosts  being 
reservoirs  for  the  Lyme  disease  causal  agent  Borrelia  burgdorferi.  Like  many  ticks,  I.  scapularis 
quests  to  find  hosts,  this  behavior  involves  outstretching  their  forearms  at  the  edge  of  vegetation 
to  search  for  a  host.  Factors  that  can  affect  the  height  at  which  they  quest  are  moisture  and  the 
height  of  their  target  hosts.  This  last  factor  could  possibly  have  a  genetic  component.  Genetic 
variation  in  I.  scapularis ,  has  been  shown  to  be  partitioned  geographically  and,  in  other  Ixodes 
ticks,  by  host-association.  Genetic  variation  could  also  be  partitioned  by  ticks  displaying  distinct 
behaviors.  Variation  in  I.  scapularis  questing  heights  within  Northeast  and  Southwest  U.S. 
populations  have  been  observed. 

Methods:  Ticks  were  collected  in  Texas  and  Maryland  and  placed  in  an  environmental  chamber 
to  observe  the  heights  at  which  each  tick  was  found  questing.  Questing  heights  from  collected 
ticks  were  recorded  and  statistical  analyses  were  performed. 

Results/Conclusion:  Preliminary  results  will  be  presented  characterizing  the  heights  at  which  I 
scapularis  ticks  from  Maryland  and  Texas  quested. 
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For  hematophagous  arthropods,  sensory  organs  capable  of  chemoperception  are  vital  for  finding 
a  suitable  host.  The  Haller's  organ  is  a  sensory  structure  unique  to  Ixodida  that  assists  in  host¬ 
seeking  behaviors.  This  structure  is  found  only  on  the  forelegs  of  ticks  and  is  responsible  for 
chemoperception  of  carbon  dioxide,  ammonia,  and  pheromones.  Presented  here  are  the  results  of 
a  detailed  comparative  study  of  candidate  chemoperception  gene  expression  of  the  Haller’s 


organ  Ixodes  scapularis  ticks.  This  study  focuses  on  ionotropic  (IR)  and  gustatory  receptors 
(GR)  expressed  in  the  forelegs  of  male  and  female  ticks.  Overall  we  found  two  I.  scapularis  IRs 
to  be  expressed  in  the  forelegs  of  these  ticks  and  five  GRs  of  interest.  We  built  two  phylogenetic 
trees  corresponding  to  each  receptor  type.  The  phylogenetic  trees  show  almost  no  orthology 
between  the  tick  ionotropic  and  gustatory  receptors  and  the  described  insect  chemoreceptors. 
This  research  aids  in  providing  an  increase  in  our  knowledge  of  the  Haller’s  organ.  The  Haller’s 
organ  is  critical  to  tick  activities  including  host  location,  therefore  improved  knowledge  of  the 
Haller’s  organ  may  facilitate  tick  management. 
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Introduction:  Fluorescence  is  a  unique  property  that  has  been  observed  variably  throughout  the 
animal  kingdom.  In  arthropods,  fluorescence  is  speculated  to  play  many  types  of  roles  involving 
attraction,  communication,  crypsis,  and  detection.  The  scope  of  this  present  study  is  to  perform 
observations  and  analysis  to  ascertain  the  potential  roles  and  molecules  involved  with  the 
phenomenon  of  fluorescence  in  various  ixodid  tick  species.  Initial  observations  which  influenced 
this  study  began  with  illumination  of  Dermacentor  variabilis  and  Amblyomma  americanum  ticks 
with  a  Royal  Blue  Nightsea  SFA-RB  (excitation  -440-460  nm)  with  a  500  nm  longpass  filter. 
The  main  portion  of  fluorescence  viewed  was  the  ornamentation  present  on  the  scutum  of  these 
ticks.  In  the  current  study,  there  will  be  six  different  species  with  both  males  and  females  under 
investigation. 

Methods:  The  methods  being  used  will  include  photography  (Light,  Royal  blue,  and  Ultraviolet), 
emission  spectra,  and  thin-layer  chromatography. 

Results/Conclusion:  Preliminary  observations  suggest  that  there  may  be  multiple  fluorescent 
compounds  present  in  different  ixodid  ticks.  When  illuminated  with  ultraviolet  light  (-360-380 
nm)  there  are  several  different  fluorescent  signatures  present  in  different  anatomical  structures 


including  the  scutum,  legs,  mouthparts,  and  eyes.  This  is  one  of  the  first  indications  of 
fluorescence  from  ixodid  ticks  in  which  there  is  yet  no  known  function. 
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Introduction:  Besides  being  vectors  of  disease,  ticks  are  also  able  to  induce  toxicosis,  sweating 
sickness  or  tick  paralysis,  generally  accepted  to  be  caused  by  neurotoxins  produced  in  the 
salivary  glands  and  secreted  into  the  host  during  a  specific  time  while  feeding.  Most  of  the 
known  tick  toxins  are  secretory  proteins  and  species  specific  with  characteristics  not  necessarily 
shared  between  species  but  lack  sequence  data  to  define  their  molecular  identity.  To  address  the 
incomprehension  of  the  molecular  aspects  of  tick  paralysis,  the  salivary  gland  transcriptome  of 
Rhipicephalus  evertsi  evertsi ,  causative  agent  of  Spring  Lamb  Paralysis  in  South  Africa,  was 
studied. 

Methods:  Salivary  glands  of  paralysis  and  non-paralytic  stages  of  ticks  were  sequenced  with  the 
Illumina®  HiSeq2000  next-generation  sequencing  technology.  Transcripts  were  assembled  and 
analysed  using  CLC  genomics,  Trinity  and  Minia  software 

Results/Conclusion:  Assembly  and  systematic  analysis  of  the  transcriptome  confirmed  the 
presence  of  the  predicted  major  secretory  families  such  as  the  Kunitz/BPTI,  lipocalin,  BTSPs, 
apyrases  and  metalloproteases  with  differential  expression  during  the  different  feeding  phases. 
The  transcriptomic  characterization  of  the  salivary  glands  of  a  potential  paralysis  causing  tick, 
like  R.  evertsi  evertsi  contribute  to  resolving  the  molecular  mechanisms  of  control,  regulation 
and  expression  of  the  toxin  in  the  tick  salivary  glands  while  adding  to  the  general  feeding 
biology  of  this  tick  species.  Identification  of  the  toxin  will  allow  insight  into  its  evolutionary 
relationships  with  other  tick  toxins  and  may  assist  in  the  development  of  anti-paralysis  vaccines. 
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Introduction:  It  is  known  bed  bugs  are  attracted  to  chemical  lure  and  carbon  dioxide  (CO2). 
However,  whether  the  collection  time  and  hungry  level  of  bed  bugs  affect  their  response  to 
chemical  lure  was  unclear. 

Methods:  We  evaluated  bed  bug  response  to  chemical  lure  and  activity  in  open  arenas  for  8  or  24 
h  per  experiment. 

Results/Conclusion:  Bed  bugs  collected  from  apartments  1-2  wk  before  were  significantly  more 
responsive  to  a  chemical  lure  mixture  and  more  active  than  those  collected  from  apartments  6 
mo,  and  5  yr  before,  and  those  collected  in  1973.  When  both  chemical  lure  mixture  and  CO2 
were  present,  bed  bugs  collected  1-2  wk  and  5-6  mo  before  were  significantly  more  responsive  to 
chemical  lure  than  those  collected  6  yr  before,  or  those  collected  in  1973;  bed  bugs  unfed  for  4 
wk  were  more  responsive  than  those  unfed  for  2  wk,  1  wk,  and  3  d.  In  conclusion,  bed  bug 
response  to  chemical  lure  and  activity  were  affected  by  their  collection  time  and  hungry  level. 
Bed  bug  response  and  activity  decreased  as  the  collection  time  increases.  Their  response  to 
chemical  lure  increased  as  the  hungry  level  increases. 
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Introduction:  Bed  bugs  ( Cimex  lectularius)  offer  a  unique  model  for  understanding  host- 
associated  divergence  and  incipient  speciation  in  the  urban  environment.  This  is  due  in  large  part 
to  the  small  number  of  individuals  needed  to  start  a  population  and  the  paucity  of  potential  host 
species  within  their  environment.  Recently,  C.  lectularius  populations  have  been  discovered 
throughout  Europe  that  show  host  preferences  for  bats.  Often  these  bat  associated  populations 
can  be  found  in  human  homes  alongside  other  C.  lectularius  populations  that  are  strictly 
associated  with  humans.  At  present,  limited  information  exists  on  the  reproductive  compatibility 
among  these  different  host-associated  lineages.  To  address  this  problem,  we  performed 
reproductive  crosses  and  aggregation  fidelity  assays  with  several  different  host-associated 
lineages  of  bed  bugs. 

Methods:  To  assess  compatibility,  the  number  of  eggs  produced,  the  number  of  eggs  that 
hatched,  and  the  viability  of  the  Fi  generation  were  recorded  and  compared  between  single 
mating  pairs.  To  assess  aggregation  fidelity,  bed  bugs  were  introduced  into  an  arena  containing 
two  shelters,  one  conditioned  by  a  conspecific  and  the  other  conditioned  by  a  bed  bug  of  another 
lineage.  Preference  was  determined  by  the  shelter  each  bug  selected. 

Results/Conclusion:  All  crosses  were  reproductively  compatible,  although  hatch  rate  varied  by 
cross.  Additionally,  some  lineages  of  bed  bugs  displayed  moderate  levels  of  aggregation  fidelity, 
with  males  preferring  to  arrest  under  shelters  conditioned  by  conspecific  females.  These  results 
suggest  that  bed  bugs  have  not  developed  strong  post-zygotic  barriers,  but  behavioral  barriers 
appear  to  exist  in  some  lineages. 
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Increasing  resistance  of  bed  bugs  to  contact  pesticides  that  are  currently  used  requires  that  new 
bed  bug  control  strategies  are  researched  and  developed.  Ingestible  pesticides  have  been 
successfully  deployed  to  control  other  blood  feeding  arthropods,  suggesting  that  bed  bugs  could 
also  be  effectively  targeted  with  this  approach.  Results  indicate  that  some  pesticides  are  lethal  to 
bed  bugs  by  ingestion. 
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The  common  bed  bug,  Cimex  lectularius ,  as  an  ectophagous  parasite,  is  becoming  resurgent  in 
the  developed  countries.  Semiochemicals,  such  as  human  odors  and  chemical  repellents,  are  very 


important  cues  for  the  navigation  of  bed  bugs  in  host-seeking  or  risk-averting  processes.  The 
odorant  receptors  on  the  olfactory  receptor  neurons  of  bed  bugs  are  responsible  for  detecting 
these  semiochemicals  in  their  environment.  In  order  to  reveal  the  molecular  basis  of  odorants 
reception  in  the  bed  bugs,  we  functionally  characterized  the  current  responses  of  bed  bug  odorant 
receptors  to  both  human  odors  and  chemical  repellents  using  th eXenopus  expression  system.  We 
found  that  bed  bug  odorant  receptors  are  more  likely  to  recognize  the  aldehydes/ketones  and 
terpens/terpenoids  but  not  carboxylic  acids  among  these  semiochemicals  tested  in  the 
experiment.  Dose-dependent  responses  were  observed  from  these  receptors  to  specific  odors. 

The  odor  space  also  revealed  that  odors  in  the  same  groups  are  usually  widely  dispersed,  which 
suggested  that  bed  bug  put  a  lot  of  effort  in  discriminating  odors  in  their  environment.  This  study 
not  only  gave  insight  into  the  olfactory  physiology  of  bed  bugs,  but  also  provided  valuable 
information  for  the  development  of  new  attractants  and  repellents. 
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The  common  bed  bug,  Cimex  lectularius  L.  (Hemiptera:  Cimicidae),  continues  to  plague  humans 
in  homes,  hotels,  and  even  schools.  Bed  bugs  occupy  a  unique  ecological  niche  being  an 
obligatory  blood-feeding  arthropod,  but  still  have  not  been  largely  implicated  in  the  biological 
transmission  of  a  disease.  Endosymbiotic  activity  of  bed  bugs  could  be  influencing  their  vector 
competence,  but  the  microbiome  and  associated  microbial-microbial  interactions  within  the 
insect  remain  poorly  understood  Wolbachia  is  an  obligate,  endosymbiotic  bacteria  that  is  a 
nutritional  mutualist  of  bed  bugs;  it  provides  the  bed  bug  a  vitamin  B  complex  required  for 
growth,  development  and  reproduction.  Wolbachia  has  been  shown  to  indirectly  activate  a  Toll 
pathway  by  way  of  reactive  oxygen  species  against  dengue  virus  particles  and  induce  expression 
of  antioxidant  proteins  in  mosquitoes,  but  it  is  unknown  if  similar  mechanisms  occur  in  bed 
bugs.  The  antibiotic  rifampicin  (lOug/ml)  was  used  to  develop  a  sterile  line  of  bed  bugs  which 


were  fed  defibrinated  rabbit  blood  supplemented  with  Kao-Michayluk  vitamin  B  solution.  The 
Harold  Harlan  strain  lab  colony  served  as  the  non-sterile  control.  Feline  calicivirus  was  injected 
into  the  blood-feeding  tubes  and  40  adults  of  both  sterile  and  the  control  fed  for  15  minutes  on 
separate  apparatuses.  The  gut  from  12  randomly  chosen  adults  was  isolated  and  virus  quantitated 
at  three  time  points  of  8,  12,  and  24hrs  post- inoculation.  Differences  in  quantity  of  virus  were 
analyzed  with  an  ANOVA  between  the  sterile  treatment  and  non-sterile  control. 
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Introduction:  Triatominae,  or  kissing  bugs,  are  blood-feeding  true  bugs  derived  from  predators 
and  possess  novel  adaptations  to  blood-feeding  ranging  from  salivary  anticoagulant  proteins  to 
symbioses  with  microorganisms.  While  genomic  data  exist  for  some  species  of  Triatominae,  no 
similar  datasets  have  been  published  for  predatory  Reduviidae,  limiting  our  knowledge  of  the 
ancestral  state  of  proteins  involved  in  blood-feeding.  Historical  studies  of  symbionts  painted  a 
simple  picture  of  the  diversity  and  role  of  bacteria  in  kissing  bug  nutrition,  but  very  little  is 
known  especially  with  respect  to  non-model  species. 

Methods:  We  sequenced  whole-body  mRNA  of  20  species  of  predatory  and  blood-feeding 
Reduviidae.  We  assembled  and  annotated  predicted  protein  sequences  using  Trinity  and 
Trinotate  and  characterized  ortholog  groups  among  species.  Protein  trees  were  constructed  for 
proteins  associated  with  blood-feeding  in  Triatominae  and  their  homologs  in  predatory  relatives. 
For  data  on  bacterial  communities  associated  with  kissing  bugs,  we  surveyed  the  16S  bacterial 
rRNA  gene  using  Illumina  sequencing  of  27  specimens  of  sylvatic  kissing  bug  populations  of  12 
species. 


Results/Conclusion:  We  detected  the  most  closely-related  known  proteins  for  many  modified 
salivary  proteins,  and  for  several,  discovered  the  only  known  homologs  outside  of  Triatominae. 
We  found  high  variability  of  bacterial  communities  across  individuals  within  species  and  across 
genera.  In  many,  the  dominant  bacterial  community  member  is  related  to  the  known  associate 
Rhodococcus  rhodnii ,  but  for  others,  non-actinobacterial  lineages  are  the  dominant  associate. 
These  results  shed  doubt  on  the  historical  view  that  one  or  few  bacterial  species  is  important  for 
the  biology  of  all  Triatominae. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Short-range  responses  of  the  kissing  bug,  Triatoma  rubida ,  to  heat, 
moisture,  and  CO2 

Author  Name:  Andres  Indacochea 

Author  Institution:  New  Mexico  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Urban  Entomology  in  a  Changing 
Environment:  Biting  Pests 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0274 

DOI:  10.1603/ICE.2016.1 15313 

CANCELLED 

Paper  (Oral)  Presentations 

Presentation  Title:  Assessment  of  beetle  diversity,  community  composition  and  potential 
threats  to  forestry  using  kairomone-baited  traps  at  a  landscape  scale 

Author  Name:  Sarai  Olivier-Espejel 

Author  Institution:  University  of  Pretoria 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Behavioral  and 
Chemical  Ecology 

Date  of  Presentation:  Monday,  September  26,  2016 


Abstract  Number:  0275 


DOI:  10. 1603/ICE.20 16. 108885 


Abstract  text: 

Introduction: 

Non-specific  lures/traps  yield  insect  by-catch  that  carries  valuable  information  about  patterns  of 
community  diversity  and  composition. 

Methods: 

In  order  to  identify  potential  new  native/introduced  pests  and  detect  predictors  of  beetle 
colonization  of  nonnative  pines,  we  examined  beetle  assemblages  captured  in  panel  traps  baited 
with  kairomone  lures  that  were  used  for  a  national  monitoring  of  the  woodwasp,  Sir  ex  noctilio, 
in  Southern  Africa.  We  identified  50  families  and  436  morphospecies  of  beetles  from  nine  sites 
sampled  in  both  2008  and  2009  and  six  areas  in  2007  (trap  catch  pooled  by  region)  across  a 
latitudinal  and  elevational  gradient. 

Results/Conclusion: 

The  most  diverse  groups  were  mainly  those  strongly  associated  with  trees,  known  to  include 
damaging  pests.  While  native  species  dominated  the  samples  in  terms  of  richness,  the  dominant 
species  was  the  introduced  bark  beetle  Orthotomicus  erosus  (Curculionidae:  Scolytinae)  (22  ±34 
individuals/site).  Four  Scolytinae  species  without  previous  records  in  South  Africa,  namely 
Coccotrypes  niger,  Hypocryphalus  robustus  (formerly  Hypocryphalus  mangiferae), 
Hypothenemus  birmanus  and  Xyleborus  perforans,  were  captured  in  low  abundances. 
Communities  showed  temporal  stability  within  sites  and  strong  biogeographic  patterns  across  the 
landscape.  The  strongest  single  predictors  of  community  composition  were  potential  evaporation, 
latitude  and  maximum  relative  humidity,  while  the  strongest  multifactor  model  contained 
elevation,  potential  evaporation  and  maximum  relative  humidity.  Temperature,  land  use 
variables  and  distance  to  natural  areas  did  not  significantly  correlate  with  community 
composition.  Non-phytophagous  beetles  were  also  captured  and  were  highly  diverse  (32 
families)  perhaps  representing  important  beneficial  insects. 
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The  brown  marmorated  stink  bug  (BMSB)  has  over  a  hundred  reported  hosts.  Attraction  to  these 
hosts  is  often  dependent  on  the  host’s  phenology,  and  combined  with  their  high  capacity  for 
dispersal,  can  make  BMSB  a  significant  pest  in  the  agricultural  landscape.  We  aim  to  identify 
what  host  stimuli  BMSB  cue  in  on,  in  hopes  of  better  understanding  their  dispersal  and 
improving  management  techniques. 
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Juvenile  Hormone  (JH)  represses  metamorphosis  of  young  instars  in  insects.  However, 
knowledge  about  the  molecular  mechanisms  of  JH  action  is  still  fragmented.  Kriippel  homolog  1 
(Kr-hl)  is  an  early  juvenile  hormone-response  gene  downstream  of  Methoprene-tolerant  (Met), 
one  of  the  main  players  in  hormonal  signaling  as  JH  receptor.  In  the  current  study,  the  cDNAs 
encoding  the  putative  JH  receptor  Met  and  its  target  genes  Kr-hl  were  isolated  from  Bactrocera 
dorsalis ,  one  of  most  devastating  pests  on  fruits  and  vegetables  in  many  countries  and  regions. 
Alignments  amongst  the  orthologs  indicated  conservation  of  the  main  functional  domains, 


namely  the  basic  helix-loop-helix  (bHLH)  region  and  two  Per-Arnt-Sim  (PAS)  domains  in  Met, 
eight  zinc-finger  motifs  in  Kr-hl.  Analysis  of  BdKr-hl  expression  showed  that  its  transcript  level 
declined  sharply  in  3-  to  4-d-old  larva,  then  ascended;  it  was  present  in  larval  and  early  pupal 
stages  but  absent  in  the  middle  and  late  pupal  stage.  In  contrast,  BdMet  fluctuated  little  during 
larval  stage.  RNAi-mediated  knockdown  of  BdKr-hl  in  the  4-d  old  larva  induced  smaller  larval 
flies  but  no  precocious  phenomenon  appeared.  In  the  early  pupal  stage,  treatment  by  an 
exogenous  JH  mimic  (JHM)  or  methoprene  prevented  the  development  with  an  emergency  of 
50%  for  JHM  or  100%  for  methoprene,  respectively.  Meanwhile,  a  rapid  and  large  induction  of 
BdKr-hl  transcription  was  observed  after  the  treatment  of  exogenous  compounds.  Therefore, 
BdKr-hl  is  an  early  JH-response  gene  that  mediates  juvenile  hormone  action  during 
metamorphosis  of  the  fruit  fly. 
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Cerceris  fumipennis  is  a  ground-dwelling  wasp  that  provisions  its  nest  with  wood-boring  jewel 
beetles  (Buprestidae),  making  it  a  useful  tool  in  biosurveillance  of  forest  pests.  In  particular,  C. 
fumipennis  aggregations  have  been  used  in  monitoring  for  presence  of  Agrilus  planipennis 
(Emerald  Ash  Borer)  and  through  its  use  has  tracked  the  spread  of  this  pest  into  new  states  and 
territories.  However,  despite  its  success  as  a  biosurveillance  tool,  there  is  not  a  lot  of  knowledge 
on  the  biology  of  Cerceris  fumipennis.  In  this  study  we  excavated  C.  fumipennis  ’  nest  at  the  end 
of  the  summer  to  understand  the  provisioning  needs  of  the  wasps.  We  looked  at  the  biomass  of 
beetles  accumulated  through  the  summer,  and  the  average  amount  of  biomass  needed  to  create  a 
fully  developed  pupa.  Looking  at  these  numbers  we  can  better  understand  the  life  history  of 
Cerceris  fumipennis ,  how  an  aggregation  may  be  affecting  the  local  buprestid  populations,  and  if 
human  interaction  is  interfering  with  its  nesting  behavior. 
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Introduction: 

Cicada  males  are  particularly  known  for  their  loud  songs  produced  by  timbals.  Despite  the 
predominance  of  the  timbal  mechanism  among  cicadas,  a  relatively  small  number  of  cicada 


species  also  possess  a  stridulatory  mechanism.  What  remains  a  puzzle  is  the  communicative 
significance  of  the  sounds  generated  by  the  stridulatory  organs  in  these  cicadas.  Subpsaltria 
yangi  Chen  is  an  endemic,  Chinese  cicada  species.  This  species  is  unusual  in  that,  besides  the 
tymbal  organs,  both  sexes  possess  a  well-developed  stridulatory  mechanism. 

Methods: 

We  investigated  the  sound  production  and  mating  behaviour  of  Subpsaltria  yangi.  Behaviour 
was  video-recorded  using  a  Nikon  Coolpix  PI 00  digital  camera  (Nikon  Corporation,  Indonesia). 
All  acoustic  recordings  were  made  using  a  linear  PCM  recorder  with  stereo  microphones  (PCM- 
D50,  Sony,  China).  Acoustic  analysis  was  conducted  using  Raven  Pro  1.4  (The  Cornell  Lab  of 
Ornithology,  Ithaca,  NY,  U.S.A.)  and  Seewave  (Sueur,  Aubin,  &  Simonis,  2008). 

Results/Conclusion: 

In  the  context  of  pair  formation,  females  produced  sound  signals  by  stridulation  in  response  to 
advertisement  signals  produced  by  males  with  timbals.  The  sounds  produced  by  males  with 
stridulatory  organs  were  extremely  similar  in  acoustic  structure  to  those  of  females,  which 
indicates  that  males  mimic  the  signals  produced  by  females  during  pair  formation.  Acoustic 
playback  experiments  suggested  that,  by  producing  female-like  sound  signals,  a  male  could 
deceive  a  receptive  female  into  treating  him  as  a  rival  female,  which  makes  the  male  more 
effective  in  eliciting  acoustic  responses  from  the  receptive  female.  Therefore,  the  males  could 
gain  reproductive  benefit  by  mimicking  female  sound  signals. 
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Abstract  text: 


1 .  The  relationship  between  biodiversity  and  ecosystem  functioning  is  typically  positive  but 
saturating,  suggesting  functional  redundancy  within  ecological  communities.  However,  theory 
predicts  that  redundancy  may  be  reduced  or  removed  when  systems  are  perturbed,  or  when 
multiple  functions  are  considered  simultaneously  (multifunctionality). 

2.  We  investigated  four  ecosystem  functions  supported  by  dung  beetles  with  relevance  for 
pasture-based  livestock  production:  dung  removal,  forage  growth,  soil  faunal  feeding  activity 
and  reduction  in  soil  bulk  density.  We  used  manipulative  experiments  to  test  whether  individual 
functions  and  multifunctionality  are  influenced  by  higher  levels  of  dung  beetle  species  richness, 
and  the  non-target  perturbations  from  exposure  to  a  veterinary  anthelmintic. 

3.  Perturbation  caused  relatively  small  changes  when  considering  single  functions.  Higher 
species  richness  did  not  on  its  own  explain  variations  in  the  delivery  of  individual  functions, 
although  in  the  case  of  forage  growth  there  was  a  significant  interaction  between  richness  and 
perturbation,  where  at  higher  levels  of  species  richness  there  was  higher  levels  of  forage  growth 
in  unperturbed  conditions.  Dung  removal  was  negatively  affected  by  perturbation. 

4.  There  was  a  significant  interaction  between  species  richness  and  perturbation  when 
considering  factors  influencing  a  composite  ‘multifunctionality  index’:  while  species-rich  dung 
beetle  communities  deliver  higher  levels  of  multifunctionality  in  unperturbed  systems,  this 
benefit  was  lost  under  perturbation. 

5.  Single-function  studies  can  overlook  important  contributions  of  species  richness  to  ecosystem 
functioning,  particularly  if  ecological  communities  are  subject  to  environmental  perturbations. 
Our  results  reinforce  the  importance  of  management  options  that  conserve  functionally-important 
components  of  farmland  biodiversity  to  support  productive  and  sustainable  agriculture. 
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Proliferation  of  non-native  species  as  invasive  is  often  conceptually  described  as  occurring  in 
three  phases:  arrival,  establishment,  and  dispersal.  Arrival  and  dispersal  by  the  Asian 
Longhorned  Beetle  (ALB)  has  been  documented  in  multiple  locations  in  both  North  American 
and  Europe,  however,  the  transitional  phase,  establishment,  is  often  not  observed,  and  is  less  well 
documented.  The  dynamics  of  an  establishment  event  for  ALB  was  studied  in  a  small,  isolated 
population  within  the  regulated  quarantine  zone  of  Worcester  County,  Massachusetts, 

USA.  Seventy-one  infested  red  maple  ( Acer  rubrum)  trees  and  456  un- infested  trees  were 
surveyed  in  an  isolated  sub-population.  Tree  ring  analyses  show  that  within  this  establishing 
population,  ALB  initially  infested  one  or  two  trees,  before  moved  through  the  stand  below  the 
canopy  and  infesting  new  trees  based  not  on  distance  or  direction  but  on  tree  size,  with  larger 
trees  being  preferred.  Outside  of  this  stand,  survey  data  suggest  long-distance  dispersers  may 
have  emerged  above  the  canopy  from  this  establishment  area,  and  followed  the  direction  of 
prevailing  winds. 
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The  Mexican  rice  borer,  Eoreuma  loftini  (Dyar),  is  a  serious  pest  of  sugarcane  and  rice  in 
Louisiana  and  Texas,  and  also  threatens  production  of  related  bioenergy  feedstocks  in  the  Gulf 
Coast  region.  A  greenhouse  experiment  was  conducted  to  compare  oviposition  preference  of  E. 
loftini  between  cultivars  of  conventional  and  bioenergy  sugarcane  and  sorghum  at  two 


phenological  stages  (immature  and  mature).  Oviposition  events  occurred  exclusively  on  dry  leaf 
material.  Abundance  of  eggs  per  plant  was  significantly  greater  in  the  mature  phenological  stage, 
increasing  2.3-fold  when  compared  to  egg  abundance  on  immature  plants.  The  number  of  eggs 
per  oviposition  event  was  impacted  by  phenological  stage,  increasing  2.4-fold  in  mature  plants. 

A  second  greenhouse  experiment  was  conducted  to  examine  survival  of  E.  loftini  using  the  same 
cultivars  and  phenological  stages.  A  2.4-fold  increase  in  survival  to  adulthood  was  detected  in 
mature  plants,  with  higher  rates  of  neonate  mortality  occurring  in  immature  plants.  Of  the  mature 
plants,  energycane  cultivars  expressed  the  lowest  rates  of  survival.  Results  from  this  study 
suggest  that  while  mature  plants  are  more  favorable  for  oviposition,  rates  of  survival  decrease  as 
plants  mature,  especially  in  bioenergy  cultivars. 
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Since  the  olive  fruit  fly,  Bactrocera  oleae  Gmel.,  was  found  in  California  (USA)  in  1998,  it  has 
been  detected  in  all  olive  growing  areas  and  is  capable  of  causing  complete  yield  loss  when  not 
controlled.  Previous  research  has  shown  that  torula  yeast  ( Candida  utilis )  hydrolysate  is  more 
effective  bait  than  spiroketal  sex-pheromone  or  ammonium  based  lures.  Only  two  of  the  900 
known  yeast  species  have  been  evaluated  for  use  as  insect  attractants.  The  relative  attraction  of 
other  yeast  species  for  B.  oleae  or  other  tephritids,  has  not  been  evaluated. 

We  have  isolated  and  identified  over  300  yeast  strains  belonging  to  over  50  species  from  adult 
flies,  infested  olives,  and  potential  feeding  sites.  Many  of  these  yeasts  were  only  found  once  or 
very  few  times  while  others  occurred  more  frequently.  We  tested  over  130  yeast  species  for  B. 
oleae  attraction.  Of  these,  1 5  yeast  strains  appear  to  attract  B.  oleae  as  well  or  in  greater 
abundance  than  did  torula  yeast.  Ten  of  the  most  attractive  yeast  strains  were  placed  as  live 
yeasts  cultures  in  McPhail-type  traps  in  olive  orchards  for  10  days,  and  the  number  of  flies  in 


each  trap  were  counted  daily.  Bactrocera  oleae  adults  were  significantly  more  attracted  to  the 
following  live  yeast  cultures  than  others:  Kuraishia  capsulata,  Peterozyma  xylosa ,  Candida 
silvicola ,  Lachancea  thermotolerans  and  Candida  ergatensis.  Volatile  compounds  were 
identified  by  SPME/GC/MS,  and  evaluated  for  B.  oleae  attraction.  Volatiles  produced  by 
attractive  yeast  cultures  could  prove  useful  as  an  IPM  tool  for  monitoring  or  control  of  B.  oleae. 
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Arboreal  ants  are  both  highly  diverse  and  ecologically  dominant  in  the  tropics.  This  ecologically 
important  group  is  particularly  useful  in  ongoing  efforts  to  understand  processes  that  regulate 
species  diversity  and  coexistence.  Our  study  addresses  how  polydomy  can  influence  patterns  of 
nest  occupation  in  competing  arboreal  ants.  We  examined  the  spatial  structure  of  nest  occupation 
(nest  distance,  abundance  and  density)  in  three  polydomous  co-occurring  twig-nesting  ant 
species  ( Pseudomyrmex  simplex ,  P.  ejectus  and  P.  PSW-53)  by  mapping  twigs  occupied  by  ants 
from  each  species  within  plots  in  our  study  site.  We  then  used  two  colony  structure  estimators 
(intraspecific  aggression  and  cuticular  hydrocarbon  variation)  to  determine  the  relative  degree  of 
polydomy  for  each  species.  All  work  was  conducted  in  coffee  agroforests  in  Chiapas,  Mexico. 
Our  results  revealed  that  the  two  species  with  highest  abundance  and  nest  density  were  also 
highly  polydomous,  where  both  species  had  either  single  or  multiple  non-aggressive  colonies 
occupying  nests  on  a  large  spatial  scale  (greater  than  the  hectare  level).  Our  results  also  indicate 
that  the  species  with  the  least  abundance  and  lowest  density  is  less  polydomous,  occupying 
several  overlapping  and  territorial  colonies  at  the  hectare  level  in  which  multiple  colonies  never 
co-occur  on  the  same  host  plant.  These  results  contribute  evidence  that  successful  coexistence 
and  highly  polydomous  colony  structure  may  allow  ants,  through  reduced  intraspecific 
aggression,  to  successfully  occupy  more  nests  more  densely  than  ant  species  that  have  multiple 


territorial  colonies.  Furthermore  our  study  highlights  the  importance  of  considering  intraspecific 
interactions  when  examining  community  assembly  of  ants. 
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Abstract  text: 


Brown  marmorated  stink  bug,  Halyomorpha  halys  (Stal)  (Hemiptera:  Pentatomidae),  is  widely 
distributed  across  much  of  the  landscape  in  the  mid- Atlantic  States  and  a  particularly 
troublesome  tree  fruit  pest  that  has  significantly  disrupted  orchard  IPM  programs.  Many  orchards 
in  this  region  are  adjacent  to  woodlands  containing  wild  hosts  of  H.  halys.  Large  populations  can 
develop  on  these  wild  hosts,  creating  the  potential  for  orchard  invasion  and  fruit  injury  season- 
long.  Results  from  experiments  addressing  questions  about  H.  halys  ecology  and  behavior  at  the 
orchard-woodland  interface  are  summarized.  A  census  of  the  native  and  non-native  tree  species 
growing  in  woodlands  adjacent  to  orchards  revealed  that  many  known  hosts  of  this  pest  were 
common.  Transects  of  pheromone-baited  traps  extending  from  the  woods  into  orchards  showed  a 
strong  effect  of  orchard  and  woods  edges  on  seasonal  captures.  Fruit  samples  from  commercial 
apple  orchards  at  harvest  revealed  that  most  H.  halys  injury  was  on  apples  from  the  upper  canopy 
of  trees  in  border  rows  next  to  woods.  Laboratory  studies  showed  that  selected  fruit  and  wild  tree 
hosts  differed  significantly  in  their  suitability  for  nymphal  development  and  survivorship,  that 
peach  was  a  superior  host,  and  that  nymphal  performance  was  significantly  improved  on  mixed- 
host  diets.  Field  studies  using  passive  trunk  traps  on  wild  and  tree  fruit  hosts  documented  season- 
long  movement  of  nymphs  onto  and  off  of  trees  and  that  captures  appeared  to  reflect  the  seasonal 
phenology  of  H.  halys.  In  combination,  these  results  support  and  inform  the  development  of 
orchard  perimeter-driven  management  strategies  for  this  invasive  pest. 
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For  successful  pest  management,  codlemone  (E,  E-8,10-dodecadien-l-ol)  is  widely  used  to 
monitor  codling  moth.  The  pheromone  release  rate  is  essential  for  the  lure’s  attractiveness.  The 
optimal  sex  pheromone  release  rate  (Vo)  for  trapping  codling  moth  was  evaluated  during  2013- 
2014.  The  overwinter  generation  Vo  was  6.7-33.4  jig  wk"1,  and  moth  catches  (MCs)  were 
0.82±0.1 1  adults/trap/week;  MCs  for  lower  (Vi)  and  higher  (V2)  release  rates  were  52.4%  and 


46.3%,  respectively,  of  that  for  Vo.  The  first  generation  Vo  was  18.4-29.6  jig  wk'1,  with  MCs  of 
1.45±0.29  adults/week/trap.  Vi  and  V2  MCs  were  34.5%  and  31.7%,  respectively,  of  those  for 
Vo.  Combining  across  generations,  the  final  Vo  was  18.4-29.6  jig  wk'1,  with  MCs  of  1.07±0.06 
adults/week/trap.  Vi  and  V2MCS  were  51.4%  and  41.1%,  respectively,  of  that  for  Vo. 

Overwintering  generation  emergence  was  relatively  concentrated,  requiring  a  wider  Vo. 
Maintaining  the  release  rate  at  18.4-29.6  jig  wk'1  could  optimize  the  lure’s  efficacy;  this  resulted 
in  the  capture  of  nearly  1.9  and  2.4  times  more  moths  than  Vi  and  V2,  respectively.  The  results 
also  indicate  that  a  dispenser  pheromone  release  rate  of  200-300  times  that  of  the  female  moth 
can  perfectly  outcompete  females  in  the  field. 
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The  cerambycid  beetles  comprise  a  diverse  family  that  includes  many  economically  important 
pests  of  living  and  dead  trees.  Pheromone  lures  have  been  developed  for  cerambycids  in  many 
parts  of  the  world,  but  to  date,  have  not  been  tested  in  Australia.  In  this  study  we  tested  the 
efficacy  of  several  cerambycid  pheromones,  identified  from  North  American,  European,  and 
Asian  species,  as  attractants  for  cerambycids  at  three  sites  in  southeast  Queensland,  Australia. 
Over  two  field  seasons  we  trapped  863  individuals  from  47  species.  In  the  first  season,  racemic 
3-hydroxyhexan-2-one  was  the  most  attractive  compound  among  the  eight  pheromones  tested. 
Subsequently,  we  aimed  to  optimize  trapping  success  by  combining  this  compound  with  other 
components.  However,  neither  the  addition  of  other  pheromone  components  nor  host  plant 
volatiles  improved  the  efficacy  of  3-hydroxyhexan-2-one  alone.  Eighty-four  percent  of  all 
cerambycids  captured  were  from  one  of  two  species:  Adrium  sp.  or  Bethelium  tillides.  Again,  for 
these  species  there  was  no  significant  improvement  of  trapping  success  by  any  of  the 


manipulations  tested.  We  also  tested  a  generic  pheromone  blend  developed  for  North  American 
cerambycids,  and  found  that  only  the  combination  of  this  blend  with  host  plant  volatiles 
improved  trapping  success.  The  Australian  cerambycid  fauna  has  not  been  well  studied,  and 
effective  lures  for  use  in  trapping  beetles  would  greatly  assist  in  the  study  of  this  important 
group.  Effective  semiochemical  lures  would  also  have  implications  for  biosecurity  through 
improved  monitoring  for  invasive  species. 
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Introduction:  The  chive  gnat,  Brady  sia  odoriphaga  Yang  and  Zhang  is  the  most  serious  pest  of 
the  Chinese  chive,  Allium  tuberosum  Rottle  ex  Spreng  (Liliaceae),  which  is  with  high  economic 
value  in  China.  Overuse  of  chemical  insecticides  to  control  this  cryptic  life  style  pest  has  led  to 
the  development  of  insecticide  resistance  and  environmental  pollution.  Biological  control  of  the 
chive  gnat  using  entomopathogenic  nematodes  (EPN)  may  be  a  promising  alternative  to 
chemical  control. 

Methods:  Different  species  and  strains  of  EPN  were  screened  for  their  virulence  to  the  chive  gnat 
larvae  in  the  laboratory.  Sensitive  larval  stage,  optimum  temperature  and  effective  EPN  dosage 
were  evaluated.  Pot  experiments  were  conducted  to  further  confirm  the  effects  of  the  selected 
EPN  isolates.  Trials  of  using  EPN  to  control  chive  gnat  in  Chinese  chive  field  were  carried  out  in 
several  provinces  in  China  in  different  seasons. 

Results/Conclusion:  Over  180  EPN  isolates  belonging  to  4  species  of  Heterorahbditis  and  1 1 
species  of  Steinernema  were  tested  for  their  virulence  to  the  chive  gnat  larvae.  EPN  isolates  of 
the  species  S.  feltiae ,  S.  ceratophorum,  H.  bacteriophora  and  H.  indica  were  found  to  be  high 
virulent  to  the  3rd  and  4th  instar  larvae  at  the  temperature  of  22-30  °C.  Pot  experiments  confirmed 


the  results  of  the  laboratory  research.  Some  of  the  field  experiment  results  also  showed  that  the 
selected  EPN  isolates  were  able  to  reduce  the  chive  gnat  larval  population  in  the  field  and 
increase  the  yield  and  the  quality  of  the  Chinese  chive  when  harvested. 
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Introduction:  Two  novel  microorganisms,  Chromobacterium  subtsugae  and  Burkholderia 
rinojensisstrmn  A3  96,  have  been  developed  as  new  insecticides  and  registered  with  the  US  EPA. 
Additional  development  work  has  been  conducted  in  Mexico,  Central  America,  South  Africa  and 
Europe.  Both  products,  formulated  as  killed  microbes,  also  have  bioactivity  against  certain  mite 
species  and  plant  parasitic  nematodes. 

Methods:  Small  plot  efficacy  studies  were  conducted  in  several  countries  on  a  wide  range  of 
crops  including  fruiting  vegetables,  orchard  crops,  small  berries  and  field  crops  such  as  maize, 
soybeans,  and  potatoes  to  determine  the  biological  activity  of  C.  subtsugae  and  B. 
rinojensis^ ormulations  against  a  broad  spectrum  of  pests  in  the  United  States. 

Results/Conclusion:  Chromobacterium  substugae  and  Burkolderia  rinojensis  have  demonstrated 
activity  against  a  broad  specturm  of  economically  damaging  insect,  mite  and  nematode  pests. 
Economically  viable  rates  have  been  developed  for  application  to  numerous  fruiting  vegetables, 
small  berry  and  orchard  crops  against  key  pests  including  San  Jose  scale,  apple  maggot  and 
spotted  wing  drosophila  and  commercial  sales  have  commenced  in  the  United  States.  In  addition, 
significant  activity  has  been  demonstrated  in  small  plot  field  studies  against  western  corn 
rootworm  in  maize  and  various  nematode  species  infesting  maize,  soybean,  tomato  and 
strawberry  .  The  efficacy  of  B.  rinojensis  applied  as  an  in-furrow  spray  has  been  comparable  to 


the  commercial  standard  bifenthrin.  The  implications  of  developing  and  registering  killed 
microbe  products  in  various  countries  and  the  biological  characteristics  of  the  active  molecules 
in  both  C.  subtsugae  and  B.  rinojensis  will  be  presented  and  discussed. 
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The  steinernematid  entomopathogenic  nematode  (EPN)  isolate  Lican  Ray  was  collected  from  a 
forest  in  the  south  of  Chile,  using  White  traps.  Through  molecular  analysis  (28 S  and  ITS  rDNA) 
this  isolate  was  allocated  to  clade  III,  which  corresponds  to  the  feltiae  group,  being  closely 
related  to  Steinernema  weiseri  and  S.  feltiae.  Studies  on  its  morphology,  based  on  features  of 
infective  juveniles  and  males,  were  also  conducted  for  diagnostic  and  identification.  Other 
studies  on  this  isolate  gave  promising  results,  which  motivate  further  work.  First,  optimal 
temperature  for  reproduction  and  development  of  this  isolate  is  20°C.  Besides,  this  isolate  is 
capable  of  displacing  70  cm  vertically  and  30  cm  horizontally  in  different  textured  soils,  with 
varied  content  (2-8%)  and  degree  of  decomposition  of  organic  matter.  The  efficacy  of  this  isolate 
was  also  evaluated  in  potted  soil,  on  larvae  L4  of  the  cutworms  Agrotis  ipsilon  and  A.  bilitura. 
More  than  80%  larval  mortality  was  reached  within  5  days  after  application,  when  applied 
directly  on  the  soil  at  a  concentration  of  lxlO6  IJ  m"2.  In  addition,  when  these  EPN  were  applied 
in  oat-molasses-water  baits  on  potted  soil,  cutworm  larvae  reached  40-100%  mortality, 
depending  on  the  distance  between  the  bait  and  the  larvae.  Our  results  suggest  good  potential  of 
this  isolate  as  a  biological  control  agent  against  Agrotis  sp.,  serious  agricultural  pests  worldwide, 
and  we  are  currently  conducting  more  studies  on  biology,  behavior  and  cross  hybridization  of 
isolate  Lican  Ray  for  correct  application  and  management,  and  complete  identification. 
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Introduction:  Eggplant  is  grown  on  more  than  2  million  ha  worldwide  with  an  annual  production 
of  33  million  ton.  Asia  accounts  for  94  %  of  World  production  (FAO  2007).  The  U.S.  is  a  minor 
producer  worldwide  and  Florida  ranks  second  in  the  U.S.  with  approximately  4,500  Ha  in  annual 
production  (Mossier  and  Neshiem).  The  two  spotted  spider  mite,  Tetranychus  urticae  ,  the 
sweetpotato  whitefly  (SWF),  Bemisia  tabaci  (Gennadius),  and  melon  thrips,  Thrips  palmi,  Karny 
feeding  can  all  reduce  overall  plant  health  and  reduce  yield  and  quality.  Studies  by  Stansly  and 


Castillo  (2009/2012)  have  shown  the  potential  for  biological  control  of  these  pests  in  eggplant 
using  the  commercially  available  predatory  mites  and  a  preliminary  study  (Stansly  and  Kostyk) 
in  2013  has  shown  the  Metarhizium  (Met  52  -  Novozymes)  reduces  spider  mite  populations  on 
eggplant.  The  objective  was  to  compare  control  of  pests  on  eggplant  using  pesticides  or 
predatory  mites  with  and  without  applications  of  Metarhizium  anisopliae. 

Methods:  An  untreated  control  was  compared  to  a  weekly  application  of  pesticides,  weekly 
applications  of  Metarhizium  anisopliae ,  alternate  applications  of  M.  anisopliae  and  releases  of 
the  predatory  mites  A.  swirskii,  N.  californicus,  and  Neoseiulus  longispinosus  (Evans),  and 
predatory  mites  alone. 

Results/Conclusion:  Reduction  in  numbers  of  whitefly  were  greatest  when  the  phytoseiid  mites 
were  included  in  the  system  while  the  greatest  reduction  in  number  of  spidermites  was  observed 
in  those  plots  with  Metarhizium  anisoplia.  Control  of  thrips  was  inconsistent  throughout  the  trial 
with  the  greatest  reductions  observed  in  plots  using  the  combination  of  the  two  biological  control 
agents. 
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The  annual  bluegrass  weevil  (ABW),  Listronotus  maculicollis ,  is  a  major  pest  of  short-mown 
golf  course  turf  in  the  northeastern  United  States  and  eastern  Canada  and  has  become  particularly 
problematic  due  to  the  development  of  resistance  to  commonly  used  insecticides.  In  the  current 
study,  an  alternative  option  to  manage  highly  resistant  weevils  was  explored  by  combining  the 
pyrethroid  insecticide  bifenthrin  with  an  emulsifiable  formulation  of  the  entomopathogenic 


fungus  Beauveria  bassiana  strain  GHA.  In  the  laboratory,  the  formulated  fungus  was  equally 
effective  against  insecticide-susceptible  and  -resistant  adult  ABWs  at  various  doses  within  3  days 
after  treatment  (DAT),  and  additive  or  synergistic  interactions  were  observed  with  fungus- 
bifenthrin  combinations  against  both  populations.  Similarly,  additive  or  synergistic  effects  were 
seen  in  two  field  experiments  against  insecticide-resistant  weevils.  In  addition,  to  determine  the 
insecticidal  effects,  technical  spores  of  B.  bassiana  GHA  and  the  oil-emulsifiable  carrier  were 
tested  separately  or  in  combination  with  bifenthrin.  In  both  separate  and  combined  applications, 
the  oil  carrier  was  responsible  for  the  weevil  mortality  within  3  DAT,  whereas  the  spores  took 
effect  at  a  delayed  time. 


Paper  (Oral)  Presentations 

Presentation  Title:  Field  testing  of  a  novel  system  for  dissemination  of  an  entomopathogenic 
fungus,  Isaria  fumosorosea ,  to  control  the  Asian  citrus  psyllid,  Diaphorina  citri ,  on  residential 
citrus 

Author  Name:  Andrew  Chow 

Author  Institution:  Texas  A&M  University 

Session  Title:  Contributed  Papers:  Biological  Control  and  Insect  Pathology:  Nematodes,  Fungi, 
and  Bt 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0296 
DOI:  10.1603/ICE.2016.1 11683 
Abstract  text: 

The  Asian  citrus  psyllid,  Diaphorina  citri  Kuwayama  (Hemiptera:  Liviidae),  is  a  key  pest  of 
citrus  because  it  vectors  the  causative  agents  of  huanglongbing  (HLB).  California  and  Texas 
share  a  pressing  problem  with  D.  citri  and  HLB  spreading  in  residential  citrus  near  commercial 
groves.  Insecticidal  treatment  of  residential  trees  is  not  cost  effective;  therefore,  control  of  D. 
citri  in  urban  areas  needs  to  rely  on  natural  enemies  such  as  entomopathogens.  The 
entomopathogenic  fungi  Isaria  fumosorosea  Wize  (Hypocreales:  Cordycipitaceae)  is  highly 
pathogenic  towards  D.  citri  and  available  as  a  commercial  blastospore  formulation  (PFR- 
97).  Dispensers  can  be  deployed  in  residential  citrus  trees  to  attract  and  inoculate  D.  citri  adults 
with  PFR-97  blastospores  for  the  purpose  of  inducing  epizootics.  During  the  fall  and  winter  of 
2015,  we  deployed  dispensers  treated  with  PFR-97  formulation  on  residential  citrus  trees  in  the 
Rio  Grande  Valley  of  Texas.  For  one  study,  we  recovered  dispensers  after  1,  7,  14  or  21  days  and 
tested  their  PFR-97  formulation  for  infectivity  against  D.  citri  adults.  For  a  second  study,  we 
monitored  D.  citri  populations  for  12  weeks  on  trees  without  dispensers  (controls)  and  trees  with 


1,  2,  or  4  dispensers  replaced  every  two  weeks.  We  found  that  PFR-97  formulation  recovered 
after  1  to  14  days  of  weathering  could  still  infect  adult  psyllids.  Mean  reduction  of  psyllid 
populations  on  trees  with  dispensers  ranged  from  30  to  79  %.  Based  on  our  results,  we 
determined  that  a  single  dispenser  per  tree  and  replacement  every  two  weeks  was  optimal  for 
psyllid  control. 
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Many  studies  have  been  reported  about  the  potential  of  entomopathogenic  fungi  as  the  fungal 
endophyte  in  several  plants.  This  study  aimed  to  know  the  potential  of  B.  bassiana  as  a  fungal 
endophyte  and  its  influence  on  the  growth  of  upland  rice  crop.  This  study  used  a  randomized 
block  design  with  6  treatments  and  3  replications  using  two  varieties  of  upland  rice  in  Indonesia, 
Situ  Patenggang  and  Menyan.  The  treatments  used  were  seed  immersion,  seed  immersion 
control,  leaves  spraying,  leaaves  spraying  control,  soil  drench,  and  soil  drench  control.  The 
results  showed  that  B.  bassiana  fungus  successfully  developed  to  be  endophytic  fungi  in  both 
varieties  of  upland  rice.  It  could  be  found  that  the  best  result  of  fungal  colonization  of  B. 
bassiana  on  upland  rice  was  56%  in  local  varieties.  More  colonies  of  B.  bassiana  was  commonly 
found  in  the  leaves  of  the  plant  rather  than  in  roots  and  stems.  Soil  drench  method  produced  the 
highest  fungal  colonization  of  B.  bassiana  than  seed  immersion  and  leaves  spray.  B.  bassiana 
initiation  into  the  plant  generated  significant  effect  on  the  growth  of  upland  rice  plants  whose 
variable  were  plant  height,  root  length,  leaf  number,  and  number  of  tillers.  The  density  of  fungal 
isolates  of  B.  bassiana  isolated  from  upland  rice  were  ranged  between  2.3  x  106  conidia  /  ml  to 
1.9  x  107  conidia  /  ml. 
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In  several  insect  systems  fungal  entomopathogens  have  been  found  to  synergize  with 
neonicotinoid  insecticides  to  accelerate  host  death.  Using  the  Asian  longhorned  beetle, 
Anoplophora  glabripennis ,  an  invasive  wood  borer  which  has  been  introduced  into  North 
America  and  Europe  we  investigated  potential  mechanisms  of  the  synergy  between  the 
entomopathogenic  fungus  Metarhizium  brunneum  and  the  pesticide  imidacloprid.  Shortly  after 
exposure  to  imidacloprid,  beetle  feeding  is  reduced.  We  determined  whether  or  not  the  synergy 
between  imidacloprid  and  M.  brunneum  in  A.  glabripennis  is  due  to  imidacloprid’ s  ability  to 
prevent  feeding  shortly  after  administration  by  starving  beetles  and  exposing  them  to  M. 
brunneum.  We  also  investigated  how  starvation  and  pesticide  exposure  influence  the  beetles’ 
encapsulation  and  melanization  immune  responses  to  a  foreign  object.  We  determined  how 
starvation  and  pesticide  exposure  impacted  beetles’  ability  to  tolerate  or  resist  a  fungal  infection 
using  qPCR  to  quantify  the  pathogen  load  in  inoculated  beetles.  We  found  that  starvation  had  a 
similar  impact  on  the  survival  of  M.  brunneum  inoculated  beetles  as  exposure  to  imidacloprid. 
However  the  synergy  is  not  completely  due  to  starvation  since  imidacloprid  reduced  the  beetles’ 
melanization  response  while  starvation  had  no  impact  on  melanization.  Our  results  suggest  that 
there  are  multiple  interacting  mechanisms  involved  in  the  synergy  between  M.  brunneum  and 
imidacloprid. 
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Entomopathogenic  fungi  are  considered  to  play  vital  role  as  biological  control  agents  of  many 
insect  populations.  The  main  route  of  entrance  of  the  entomopathogen  into  the  insect  body  is 
through  integument,  and  it  may  also  infect  the  insect  by  ingestion  or  through  wounds  or  the 
trachea.  Entomopathogens  found  infesting  E.  ironsidei  in  Hawaii  were  isolated  and  identified  as 
Verticillium  griseum  and  Pleurodesmospora  coccorum.  The  pathogenicity  of  V.  griseum ,  P. 
coccorum  and  Beauveria  bassiana  (commercial  product,  BotaniGard®)  was  evaluated  against  E. 
ironsidei  under  laboratory  conditions  by  contact  method  bioassays.  Results  showed  significant 
differences  in  mortality  for  conidial  concentrations  of  V.  griseum  and  P.  coccorum  but  not  for  B. 
bassiana.  Higher  E.  ironsidei  mortality  was  observed  at  higher  conidial  concentration  (60  ppm) 
of  V.  griseum  (59%)  and  P.  coccorum  (67%).  Beauveria  bassiana  caused  the  highest  (99.6  %)  E. 
ironsidei  mortality  at  all  conidial  concentrations  tested.  The  present  investigation  indicates 
that  E.  ironsidei  is  affected  in  the  field  by  these  entomopathogenic  fungi  and  they  may  have  a 
role  in  regulating  insect  pest  populations. 
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The  fall  armyworm  (Spodoptera  frugiperda )  is  a  highly  damaging  pest  of  corn  and  other  crops 
that  is  controlled  by  transgenic  corn  producing  the  Cry  1  Fa  toxin  from  the  bacterium  Bacillus 
thuringiensis  (Bt).  The  CrylFa  protein  recognizes  receptors  in  the  midgut  of  S.  frugiperda  larvae 
midgut  as  a  critical  step  to  kill  enterocytes  and  ultimately  disrupt  the  midgut  epithelium  and 
cause  deadly  septicemia.  A  number  of  Cry  toxin  receptors  have  been  identified,  and  their 
alteration  has  been  genetically  linked  to  resistance  against  Cry  toxins.  In  a  strain  of  S.  frugiperda 
with  field-evolved  resistance  to  transgenic  corn  producing  the  CrylFa  protein,  resistance  is 
linked  to  alterations  in  toxin  binding  to  receptors.  Alkaline  phosphatase  and  ATP  binding 
cassette  proteins  have  been  shown  to  either  have  altered  expression  in  resistant  S.  frugiperda  or 
function  as  CrylFa  toxin  receptors  in  lepidopteran  larvae.  Both  these  proteins  carry  critical 
physiological  functions  in  the  midgut.  Consequently,  we  hypothesized  that  resistant  S.  frugiperda 
larvae  would  have  altered  physiology  compared  to  susceptible  larvae.  In  this  work,  we  used 
metabolomics  analysis  of  the  midgut  epithelia  from  susceptible  and  resistant  S.  frugiperda  to 
identify  variations  in  cellular  pathways  linked  to  CrylFa  receptor  alteration  in  resistant 
larvae.  Our  goal  is  to  identify  differentially  present  metabolites  in  the  midgut  metabolome  so  that 
sensitive  biochemical  resistance  markers  could  be  developed  and  thus  guide  the  development  of 
novel  technologies  to  monitor  for  resistance  to  Cry  toxins  and  Bt  crops. 
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Introduction:  The  honeybees,  Apis  mellifera  and  Apis  cerana ,  are  economically  important 
insects.  Apiculture  is  threatened  by  Varroa  destructor  and  viruses.  Study  on  virus  distribution 
and  the  responses  of  A.  mellifera  and  A.  cerana  to  V  destructor  and  viruses  may  help  to  develop 
effective  control  methods  against  these  pathogens. 

Methods:  Seven  viruses  were  surveyed  by  RT-PCR  in  A.  mellifera  and  A.  cerana  in  China. 

Genes  response  to  CSBV  infection  were  studied  in  A.  cerana  by  differential  gene  transcription 
and  proteomic  analysis.  Genes  involved  in  V.  destructor  tolerance  of  A.  cerana  were  also 
identified  after  V  destructor  infection.  Bacteria  that  could  be  used  to  control  V.  destructor  were 
screened  from  the  gut  of  A.  cerana. 

Results/Conclusion:  (1)  Simultaneous  multiple  infections  of  viruses  were  common  and  DWV 
was  the  most  prevalent  virus  in  A.  mellifera ,  while  SBV  was  the  dominant  one  in  A.  cerana. 
IAPV  was  first  reported  from  China,  with  genome  showing  96.9%  identity  to  the  original  isolate. 
(2)  CSBV  infection  may  activate  the  immunity  systems  in  A.  cerana ,  but  larval  feeding  of 
heterospecific  royal  jelly  may  activate  the  genes  in  energy  metabolism  pathways,  antioxidation 
and  ubiquitin-proteasome  system  to  respond  CSBV.  While  in  response  to  V  destructor ,  most  of 
the  differential  expressed  genes  in  both  species  were  involved  in  metabolic  processes  and  nerve 
signaling.  (3)  Royal  jelly  of  A.  mellifera  may  protect^,  cerana  larvae  from  CSBV  infection,  and 
the  chitinases  of  Serratia  marcescens  might  be  potentially  agents  for  V.  destructor  control. 
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Biological  control  is  an  application  of  top-down  regulation  to  control  populations  of  pest 
species.  Of  particular  interest  is  the  effectiveness  of  top-down  regulation  of  populations  of 
invasive  herbivorous  insects,  which  are  frequently  responsible  for  widespread  losses  of 
agricultural  products,  with  important  implications  for  human  health  and  the  economy.  Biological 
control  of  invasive  pests  may  be  attempted  by  importation  and  release  of  nonindigenous  control 
agents  which  occur  sympatrically  with  the  pest  species,  by  importation  and  release  of 
nonindigenous  control  agents  which  have  a  native  range  allopatric  to  the  pest,  or  by  culturing  and 
augmentation  of  populations  of  native  species.  The  effectiveness  of  biological  control  may  vary 
among  taxonomic  groups  of  pests  and  of  control  agents.  Native  control  agents  which  are  close 
evolutionarily  or  ecologically  to  natural  enemies  in  the  native  range  of  pests  are  expected  to  be 
more  effective  than  those  distantly  related  or  with  ecologically  distinct  niche. 

Using  meta- analysis,  we  compared  top-down  regulation  of  insect  populations  by  insect  natural 
enemies  across  four  categories:  native  natural  enemies  on  native  herbivores,  native  natural 
enemies  on  exotic  herbivores,  exotic  but  sympatric  in  native  range  natural  enemies  to  exotic 
herbivores  and  exotic  and  allopatric  in  native  range  natural  enemies  to  exotic  herbivores.  We 
also  compared  across  taxonomic  groups  of  enemies  and  herbivores,  and  tested  for  differences 
(evolutionary  and  ecological  distance)  between  native  and  exotic  enemies. 
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When  dealing  with  introduced  pests,  classical  and  augmentative  biological  control  are  the  types 
most  used.  Both  are  safe  and  sustainable  under  the  right  conditions.  Classical  biological  control 
involves  introduction  of  host-specific  natural  enemies  from  the  home  range  of  an  invasive 
species.  It  is  an  ecological  approach  that  relies  on  establishment  and  natural  spread  of  released 
biological  control  agents.  It  is  highly  regulated,  requiring  significant  infrastructure  in  which  to 
conduct  physiological  host-specificity  testing  before  Federal  release  permits  are  issued,  which 
can  delay  implementation  for  years.  Augmentative  biological  control  uses  native  or  previously 
introduced  natural  enemies.  It  requires  that  technology  exists  to  mass-produce  and  release  large 
numbers  of  an  agent  to  artificially  raise  the  population  of  a  natural  enemy  at  a  time  when  the 
target  pest  is  most  susceptible.  The  brown  marmorated  stink  bug  (BMSB),  Halyomorpha  halys 
(Hemiptera:  Pentatomidae)  is  a  major  invasive  species  from  Asia.  The  first  potential  classical 
biological  control  agent  considered  for  BMSB  is  a  solitary  egg  parasitoid,  Trissolcus  japonicus 
(Hymenoptera:  Platygastridae).  Host-specificity  testing  of  T.  japonicus  conducted  by  a 
consortium  of  USD  A  and  universities  showed  that  this  species  attacks  >10  genera  of  native  stink 
bugs.  Because  of  this,  there  are  proposals  to  use  native  parasitoids  augmentatively  because  they 
may  be  “safer”  ecologically  than  an  introduced  parasitoid.  We’ve  examined  this  hypothesis  in 
the  context  of  introducing  natural  enemies  into  host-rich  and  host-poor  environments,  and  found 
that  native  parasitoids  may  pose  greater  risk  to  native  stink  bugs  than  T.  japonicus ,  with  no 
evidence  that  they  may  be  effective  against  BMSB. 
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Introduction:  The  Florida  predatory  stink  bug,  Euthyrhynchus  floridanus  L.  (Hemiptera: 
Pentatomidae)  is  a  generalist  predator  native  to  North  America  that  feeds  on  a  wide  variety  of 
important  lepidopterous  and  heteropteran  pests  in  a  great  diversity  of  crops  and  in  non-crop 
situations.  This  predator  is  very  easy  to  rear  in  large  number  due  to  its  aggregation  behavior  and 
very  low  level  of  cannibalism  when  reared  in  mid-size  clear  plastic  containers. 

Methods:  Laboratory  feeding  tests  were  conducted  to  determine  the  most  susceptible  stage  of  the 
brown  marmorated  stink  bug,  Halyomorpha  halys  (Hemiptera:  Pentatomidae)  to  3rd  /4th  nynphal 
stages  and  male/female  E.  floridanus. 

Results/Conclusion:  The  predator  feeding  response  to  increasing  number  of  single  prey  or  having 
a  Lepidoptera  larvae  as  a  choice  was  also  determined.  Results  indicated  that  this  predator  has  a 
great  potential  as  a  biological  control  agent  of  the  brown  marmorated  stink  bug  feeding  on 
immature  and  adult  stages. 
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The  physiological  host  range  of  a  potential  classical  biological  control  agent  can  be  relatively 
broad  when  determined  under  laboratory  conditions.  By  design,  such  tests  remove  ecological  and 
environmental  variables  from  the  experimental  design,  and  can  overestimate  the  field  host  range 
of  the  agent.  Factors  such  as  susceptible  field  hosts,  distribution,  climate,  habitat  partitioning, 
habitat  complexity,  species-specific  behaviors,  chemical  attractants,  or  phenology  may  act  as 
“sieves”  that  reduce  the  risk  of  attack  on  non-targets. 

The  egg  parasitoid  Trissolcus  japonicus  is  a  potential  classical  biological  control  agent  for  the 
brown  marmorated  stink  bug  (BMSB),  and  is  currently  being  evaluated  in  quarantine.  The  wasp 


completed  development  on  >10  genera  of  native  non-target  stink  bugs  in  physiological  host- 
specificity  tests,  and  therefore  potentially  poses  a  risk  to  non-target  species.  The  goal  of  this 
study  is  to  identify  ecological  sieves  that  may  mediate  attack  and  reduce  the  risk  to  non-target 
stink  bugs,  if  T.  japonicus  was  released. 

We  developed  testing  procedures  in  quarantine  to  identify  spatial,  temporal,  and  behavioral 
sieves  that  affect  the  ability  of  T.  japonicus  to  locate  and  accept  preferred  hosts.  Techniques  used 
include  paired-  and  multiple-choice  tests  in  large  cages  with  habitat  complexity,  and  behavioral 
bioassays.  Our  results  show  that  T.  japonicus  has  a  behavioral  inclination  to  accept  its  co¬ 
evolved  host,  BMSB,  that  has  not  previously  been  documented.  Interestingly,  T.  japonicus 
preferred  BMSB  regardless  of  the  species  of  host  from  which  it  emerged.  There  may  also  be 
long-distance  cues  that  T.  japonicus  uses  to  discriminate  between  hosts  that  we  are  working  to 
identify. 


Paper  (Oral)  Presentations 

Presentation  Title:  Preemptive  assessment  of  the  biosafety  of  a  classical  biocontrol  agent: 
Responses  of  Trissolcus  japonicus  to  New  Zealand’s  native  Pentatomidae  prior  to  the  arrival  of 
BMSB 

Author  Name:  John  Charles 

Author  Institution:  The  New  Zealand  Institute  for  Plant  &  Food  Research  Ltd 

Session  Title:  Contributed  Papers:  Biological  Control  and  Insect  Pathology:  Unique  Studies  I 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0307 

DOI:  10.1603/ICE.2016.1 10850 

Abstract  text: 

Introduction:  Although  not  yet  present  in  New  Zealand,  Halyomorpha  halys  (the  Brown 
Marmorated  Stinkbug  (BMSB))  poses  a  significant  threat  to  the  country’s  economy  and 
environment.  Should  the  pest  establish,  then  a  classical  biocontrol  programme  will  be  crucial  for 
long-term,  sustainable  pest  management  in  both  managed  and  native  environments.  The 
environmental  safety  of  Trissolcus  japonicus ,  a  key  parasitoid  of  BMSB  in  its  native  range,  is 
currently  being  assessed  in  both  the  USA  and  Europe  prior  to  release  against  recent  invasive 
populations  of  BMSB  in  those  regions.  New  Zealand’s  pentatomid  fauna  is  depauperate  and 
restricted  to  the  Asopinae  (2  species)  and  Pentatominae  (6  species).  It  is  dominated  by  species  of 
Australian  origin,  and,  apart  from  the  cosmopolitan  pest  Nezara  viridula,  shares  no  species  with 


either  the  USA  or  Europe.  A  programme  to  assess  the  impact  of  T.  japonicus  on  New  Zealand’s 
fauna  was  initiated  in  December  2015. 

Methods:  Trissolcus  japonicus  was  imported  from  a  USA  laboratory  culture  into  quarantine  in 
New  Zealand,  and  adult  females  exposed  to  eggs  of  five  species  of  Pentatomidae  from  December 
2015  to  April  2016. 

Results/Conclusion:  Laboratory  experiments  demonstrated  that  Cuspicona  simplex  would  be  a 
potential  physiological  host  of  T.  japonicus  in  Australasia.  Nezara  viridula  eggs  were 
occasionally  attacked  and  killed  by  T.  japonicus ,  but  never  supported  development  of  the 
parasitoid  to  adulthood.  The  results  from  all  species  tested  are  discussed  in  the  context  of  New 
Zealand’s  initiative  and  the  global  biocontrol  programme  against  BMSB. 
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The  Bagrada  bug,  Bagrada  hilaris  (Hemiptera:  Pentatomidae),  is  an  invasive  pest  in  North 
America  that  affects  plants  in  the  Brassicaceae,  causing  damage  by  feeding  on  foliage  and  apical 
buds;  the  damage  can  even  kill  seedlings.  This  pest  has  caused  significant  economic  losses  in 
California.  Now  B.  hilaris  has  expanded  its  range  into  northern  Mexico.  In  this  work  we 
estimated  populations  of  Bagrada  bug  in  wild  host  plants  in  the  fall-winter  2014-15  (fall  is  the 
local  growing  season  for  cultivated  Brassicas)  at  Saltillo,  state  of  Coahuila,  Mexico  and  we  also 
observed  the  bug  preference  for  three  plant  hosts  in  the  Brassicaceae  in  the  greenhouse:  the 
weeds,  arugula  ( Eruca  sativa)  and  London  rocket,  Sisymbrium  irio,  and  also  cultivated 
broccoli,  Brassica  oleracea  Italica.  Natural  enemies  were  also  noted.  On  6-19  October  2014, 
there  were  field  populations  of  up  to  68  bugs  I  Eruca  plant,  and  161  bugs  /Sisymbrium  plant.  Six 
genera  of  entomopathogenic  bug  causing  mortality  on  Bagrada  bugs  were  found.  They  are  listed 
in  descending  order  of  infection \Beauveria,  Metarhizium,  Is  aria,  Zoophthora  radicans  and 
Fusarium  (Total  insects  900/  infected  insect  209,  23%  infection).  These  results  indicate  the 
importance  of  weeds  and  these  entomopathogenic  natural  enemies  towards  integrated  pest 
management  of  Bagrada  bug  in  Mexico. 
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Abstract  text: 


The  common  blossom  thrips,  Frankliniella  schultzei  (Trybom)  (Thysanoptera:  Thripidae)  is  one 
of  the  economic  pest  to  lettuce  in  Thailand.  Biological  control  could  be  alternatively  used  against 
the  thrips.  The  predators  including  green  lacewing,  Mallada  basalis  (Walker)  (Neuroptera: 
Chrysopidae)  and  2  anthocorid  bugs,  Wollastoniella  rotunda  Yasunaga  &  Miyamoto  and  Orius 
maxidentex  Ghauri  (Hemiptera:  Anthocoridae)  were  reported  effectively  prey  on  thrips.  This 
research  hence  aimed  to  evaluate  the  3  predators  as  biological  control  agents  against  F.  schultzei 
either  under  laboratory  or  under  hydroponics  cultivation  conditions.  The  results  showed  that 
under  laboratory  conditions,  the  killing  capacity  of  these  3  predators  were  significant  which  M. 
basalis  at  2nd  larval  stage  had  the  most  thrips  consumption  as  26.4  thrips/day.  Meanwhile, 
investigating  on  effectiveness  of  the  3  predators  as  biological  control  agents  of  F.  schultzei  under 
laboratory  conditions  verified  that  there  were  significant  differences  of  releasing  3  predators 
between  one  species  and  combination  when  compared  with  a  control  group.  Carrying  out  a 
similar  study  on  the  control  agent  performaning  under  hydroponics  cultivation  conditions  also 
concluded  that  the  predators  were  enough  efficient  for  controlling  the  thrips  population. 
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Introduction:  While  some  thrips  species  are  pests  of  cultivated  plant,  some  are  predaceous  on 
other  small,  soft-bodied  insects  including  other  thrips  and  eggs  of  mites  and  some  moths. 

Methods:  A  survey  and  collection  of  predatory  thrips  was  carried  out  from  February  2013  to 
February  2014  in  Chiang  Rai,  Phayao,  Chiang  Mai,  Famphun  and  Fampang  provinces  in 
northern  Thailand. 

Results/Conclusion:  The  survey  revealed  ten  species  of  predatory  thrips  in  five  genera  in  the 
family  Phlaeothripidae.  They  were  Aleurodothrips  fasciapennis ,  Androthrips  flavipes , 
Androthrips  ramachandrai,  Karnyothrips  flavipes ,  two  indeterminate  Karnyothrips  sp.  1  and  sp. 
2,  Leptothrips  sp.,  Podothrips  lucasseni,  and  two  indeterminate  Podothrips  sp.  1,  and  sp. 


2.  Other  than  a  number  of  Thrips  spp.  and  Cuban  laurel  thrips,  Gynaikothrips  ficorum,  14  species 
of  insect  and  mite  pests  serving  as  prey  were  found  in  association  with  16  species  of  host  plants 
in  13  families.  They  were  aphid;  scale  insects,  Coccus  viridis  (Hemiptera:  Coccidae)  and  two 
Coccus  spp.;  spiraling  whitefly,  Aleurodicus  dispersus  (Hemiptera:  Aleyrodidae);  anthocorid 
thrips  predator,  Montandoniola  confusa  (Hemiptera:  Anthocoridae);  unidentified  gall-making 
Hemiptera;  coffee  berry  borer,  Hypothenemus  hampei  (Coleoptera:  Scolytidae);  unidentified 
crambid  lepidopterous  larva;  Kanzawa  spider  mite,  Tetranychus  kanzawai  (Acari: 
Tetranychidae);  Eutetranychus  sp.  (Acari:  Tetranychidae);  santol  gall  mite,  Eriophyes  sandorici 
(Acari:  Eriophyidae);  litchi  rust  mite,  Aceria  litchi  (Acari:  Eriophyidae);  and  bamboo  green  mite, 
Aponychus  corpuzae  (Acari:  Eriophyidae).  The  present  findings  could  provide  basic  information 
necessary  for  further  investigation  in  the  use  of  some  of  these  predatory  thrips  as  biological 
control  agents  of  insect  and  mite  pests  of  economic  importance  in  Thailand. 
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Abstract  text: 

Classical  biological  control  agents  are  screened  during  quarantine  to  eliminate  natural  enemies 
that  might  have  attacked  the  insects  when  collected  in  their  native  range.  This  is  thought  to 
release  these  insects  from  the  biotic  constraints  of  natural  enemies  and  assist  them  to  realize 
more  fully  their  biotic  potential  in  the  introduced  range.  However,  after  release,  the  effect  of 
some  agents  can  be  compromised  by  the  accumulation  of  natural  enemies  in  the  weed's 
introduced  range.  Estimates  of  agent  susceptibility  to  natural  enemies,  are  rarely  assessed  prior  to 
release.  Pre-release  assessments  of  the  susceptibility  of  weed  biological  control  agents  to  natural 
enemies  should  be  considered  when  prioritizing  candidate  agents.  Knowledge  of  parasitism  rates 
of  candidate  biological  control  agents  in  their  native  range  and  parasitism  of  surrogate  species  in 
the  introduced  range  could  be  useful  indicators  of  their  susceptibility  to  attack.  Determination  of 
the  degree  of  parasite  attack  of  these  ecological  analogs  provides  an  indication  of  their 


susceptibility  that  can  assist  in  agent  selection.  We  conducted  research  to  identify  a  suite  of 
resident  natural  enemies  that  attack  ecological  analogues  that  feed  on  the  weed  Brazilian 
peppertree  in  Florida.  Moreover,  we  collected  potential  biological  control  agents  in  their  native 
range  to  assess  the  species  richness  in  their  area  of  origin.  The  results  suggest  that  agent  selection 
can  be  assisted  by  this  information  as  some  potential  agents  are  attacked  by  a  rich  fauna  of 
natural  enemies  while  others  are  not. 
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The  Indian  anthocorid  predators,  Orius  tantllus  Motschulsky  and  Orius  maxidentex  Ghauri  could 
maintain  thrips  populations  at  low  levels  on  different  crops.  The  anthocorid  fauna  were  identified 
and  their  amenability  to  rearing  was  evaluated.  The  anthocorid  predators  which  were  amenable 
to  mass  rearing  were  Cardiastethus  exiguus  Poppius  (predator  of  Opisina  arenosella  Walker), 
Cardiastethus  affinis  Poppius  (predator  of  Hemiberlesia  lataniae  (Signoret)),  Blaptostethus 
pallescens  Poppius  (predator  of  Tetranychus  urticae  Koch.),  Amphiareus  constrictus  Stal.  (litter 
inhabiting  anthocorid)  and  Montandoniola  indica  Yamada  (predator  of  Gynaikothrips  uzeli 
Zimmerman).  Production  protocols  were  developed  for  B.  pallescens,  A.  constrictus  and  M. 
indica.  B.  pallescens  and  A.  constrictus  are  of  special  interest  as  they  have  been  recorded  as 
predators  of  Tuta  absluta  (Meyrick)  in  Brazil  and  our  studies  indicated  that  they  could 
effectively  predate  on  T.  absoluta  eggs.  Since  releases  of  temperate  species  are  not  very  effective 
in  several  cases,  the  tropical  species  M.  indica  is  a  potential  candidate  to  be  evaluated  against 
Ficus  thrips.  Based  on  preliminary  trials,  the  efficacy  of  mass  reared  B.  pallescens  was  assessed 
against  broad  mite  Polyphagotarsonemus  latus  (Banks)  infesting  chilli  plants  and  pupating 
Frankliniella  schultzei  Trybom.  Six  releases  of  mature  nymphs  of  B.  pallescens  against  broad 
mites  infesting  chilli  plants  resulted  in  a  significant  reduction  (78%)  in  curling  and  significant 
increase  (100%)  in  plant  height  compared  to  control.  In  simulated  trials,  B.  pallescens  nymphs 
and  adults  could  cause  74  -  89%  mortality  of  pupating  thrips.  These  potential  anthocorids  can  be 
successfully  utilised  in  biocontrol  strategies  for  specific  pests. 
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Abstract  text: 

Introduction:  This  presentation  explores  the  life  history  and  behavior  of  the  Tiger  Spiketail 
dragonfly  ( Cordulegaster  erronea  Hagen)  and  provides  recommendations  for  the  conservation  of 
the  species.  Like  most  species  in  the  genus  Cordulegastermd  the  family  Cordulegastridae,  the 
Tiger  Spiketail  is  geographically  restricted,  patchily  distributed  with  its  range,  and  a  habitat 
specialist  in  habitats  susceptible  to  disturbance.  Most  Cordulegastridae  species  are  also  of 
conservation  concern  and  the  Tiger  Spiketail  is  no  exception.  However,  many  aspects  of  the  life 
history  of  the  Tiger  Spiketail  and  many  other  Cordulegastridae  are  poorly  understood, 
complicating  conservation  strategies. 

Methods:  The  results  of  research  on  the  Tiger  Spiketail  in  New  Jersey  are  presented.  The 
research  included:  larval  and  exuvial  sampling;  radio-telemetry  studies;  marking-resighting 
studies;  habitat  analyses;  observations  of  ovipositing  females  and  patrolling  males,  and  the 
presentation  of  models  and  insects  to  patrolling  males. 

Results/Conclusion:  The  research  reports:  the  first  use  of  radio-telemetry  for  the  species;  the  first 
observations  of  mating;  the  first  comprehensive  report  and  analysis  of  larval  emergence  site 
selection;  the  triggering  mechanisms  for  male  recognition  of  females;  adult  and  larval  habitat 
use,  and  many  other  life  history  and  behavioral  aspects  of  the  species.  Recommendations  for 
conservation  strategies  that  maybe  useful  for  protecting  the  Tiger  Spiketail  and  other 
Cordulegastridae  species  are  also  provided. 
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Lesser  long-nosed  bats  [Leptonycteris  yerbabuenae ]  and  Mexican  free-tailed  bats  [Tadarida 
brasiliensis ]  are  both  seasonal  migrants.  Lesser  long-nosed  bats  have  been  recorded  arriving 
from  Mexico  to  the  US  desert  southwest  in  early  May  and  remaining  until  early  October, 
whereas  colonies  of  Mexican  free-tailed  bats  are  found  in  the  US  throughout  the  year.  The 
colony  of  T.  brasiliensis  in  this  study  typically  occupies  Rose  Guano  Cave,  NV,  from  mid-March 
to  early  October.  The  seasonality  of  ectoparasites,  Hectopsylla  pulex  [Insecta:  Siphonaptera]  on 
Lesser  long-nosed  bats  and  Aragasidae/Macronyssidae  [Arachnida:  Acari]  on  Mexican  free¬ 
tailed  bats  demonstrate  aggregations  of  migrating  individuals.  In  2013,  Lesser  long-nosed  bats 
were  sampled  for  parasites  from  June  23  to  September  4,  and  in  2014  from  June  23  to  September 
11.//.  pulex  was  discovered  and  removed  from  bats  on  7.27. 13  and  7.25. 14.  These  stick-tight 
fleas  were  fully  attached  and  repleat,  suggesting  that  the  bats  had  recently  migrated  into  the  study 
area.  In  2015,  Mexican  free-tailed  bats  were  sampled  for  parasites  at  Rose  Guano  Cave  from 
June  22  to  August  6.  Although  thousands  of  bats  were  sampled  throughout  the  study  period,  an 
unusual  amount  of  Argasidae  and  Macronyssidae  were  collected  August  5,  suggesting  that  these 
bats  had  recently  migrated  to  Rose  Guano  Cave. 
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Introduction 

A  quantitative  survey  of  rice  planthoppers  in  paddy  fields  is  important  to  assess  the  population 
density  and  make  forecasting  decisions.  However,  the  manual  methods  of  identifying  and 
counting  rice  planthoppers  in  paddy  fields  are  time-consuming  and  tedious.  We  develop  a 
handheld  device  to  easily  capture  the  rice  planthopper  images  and  use  the  image  processing 
methods  to  detect  and  count  these  planthoppers  on  rice  stems. 

Methods 

The  handheld  device  consists  of  a  digital  camera  with  WiFi,  a  smartphone  and  an  extendable 
pole.  The  pole  can  be  extended  to  about  2  m.  The  camera  is  fixed  on  the  end  of  the  pole  via 
universal  joints.  The  smartphone  remotely  connects  to  the  camera  by  WiFi  and  controls  the 
camera  to  take  photos  by  a  remote  application,  which  is  installed  on  the  smartphone.  The  images 
are  saved  on  an  SD  card  in  the  camera.  An  Adaboost  classifier  based  on  HOG  features  and  a 
support  vector  machine  classifier  based  on  Gabor  features  are  adopted  to  detect  and  count  rice 
planthoppers  on  rice  stems. 

Results/Conclusion 

The  surveyor  can  take  the  pictures  of  rice  planthoppers  easily  by  our  handheld  device  and  he 
does  not  need  to  stoop  down  to  collect  rice  planthoppers  onto  an  enamel  plate  for  identifying  and 
counting  them.  We  achieve  an  85.6%  detection  rate  and  a  10. 1%  false  detection  rate  by  two 
classifiers  based  on  image  processing.  The  method  is  easy,  rapid  and  accurate  for  the  assessment 
of  the  population  density  of  rice  planthoppers  in  paddy  fields. 
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Abstract  text: 

Codling  moth,  Cydia  pomonella ,  is  a  key  pest  of  apple  in  Michigan  and  around  the 
world.  Management  decisions  are  made  using  catch  data  from  sex  pheromone-baited  monitoring 
traps.  Because  absolute  pest  density  in  not  known,  these  decisions  are  currently  made  based  on 
relative  population  numbers.  More  accurate  measures  of  pest  density  can  equate  to  more  precise 
management  decisions.  Three  years  of  field  data  are  presented  that  validate  novel  methods  of 
data  interpretations  for  trapping  recently  published  in  a  Springer  Brief  book.  Using  a  central- 
trap-multiple-release  experimental  design,  it  is  possible  to  quantify;  1)  the  trap  fmdability  (Tfer), 
2)  the  dispersive  distance  for  a  population  of  insects,  3)  the  plume  reach,  and  4)  trapping 
area.  Experiments  were  conducted  in  MI  apple  orchards  and  replicated  36  times  over  three  years 
with  populations  ranging  from  21,600  to  2,000  per  40  acre  block.  For  codling  moth  responding 
to  a  phercon  CM  L2  baited  Delta  trap  in  MI  the  Tfer  was  .01,  the  dispersive  distance  was  260  m, 
the  plume  reach  was  2  m,  and  the  trapping  area  was  53  acres.  The  results  presented  here  validate 
the  predictions  made  using  computer  simulations  of  random  walkers  responding  to  a  central  trap 
and  demonstrate  how  these  methods  of  data  analysis  could  be  used  for  a  wide  range  of  biological 
random  movers. 


Paper  (Oral)  Presentations 

Presentation  Title:  Trapping  of  biological  random  walkers  Part  3:  Two-dimensional  heat 
equation  as  the  foundation  for  translating  catch  number  into  absolute  pest  density 

Author  Name:  Jeffrey  Schenker 

Author  Institution:  Michigan  State  University 


Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Sampling 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0321 

DOI:  10. 1603/ICE.2016.1 12820 

Abstract  text: 

Computer  simulations  of  random  walkers  have  proved  to  be  highly  useful  in  the  study  of 
trapping  of  insect  pests.  Exploiting  the  mathematical  structure  of  random  walks,  and  a 
generalized  form  of  the  central  limit  theorem  known  as  the  invariance  principle,  we  show  how 
trapping  probabilities  for  such  models  of  biological  random  walkers  can  be  computed  using 
solutions  to  the  two-dimensional  heat  equation.  Based  on  this  analysis  we  propose  a  universal 
form,  independent  of  many  details  of  the  precise  random  walk  model,  for  the  dependence  of 
trapping  probability  on  the  distance  of  release  from  a  trap.  This  “universal  trapping  function” 
enables  estimation  of  absolute  pest  density  from  the  total  catch  in  a  trap,  given  the  results  of 
previously  run  mark-release-recapture  experiments 
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Abstract  text: 

This  research  is  producing  software  to  calculate  the  areas  of  missing  portions  of  leaves  that  have 
been  partially  eaten  by  insects.  It  reconstructs  images  of  both  the  missing  and  intact  leaf 
regions.  The  leaves  must  be  photographed  which  can  be  done  on  intact  plants  or  more  easily  on 
detached  leaves.  The  software  works  by  matching  the  partially  eaten  leaf  to  a  reference  leaf 


supplied  by  the  researcher,  and  in  this  way  can  be  customized  to  many  plant  species.  The 
software  will  be  freely  available;  for  updates  see  http://www.ellenyerger.com. 

In  an  accompanying  field  experiment,  the  software  is  being  used  to  accurately  measure  insect 
feeding  preferences  for  several  significant  pairs  of  native  versus  non-native  plants.  This  study 
compared  locally  abundant  invasive  honeysuckle  leaves,  Lonicera  morrowii,  to  its  native 
congener  L.  sempervirens ,  and  also  compared  invasive  multiflora  rose  leaves,  Rosa  multiflora,  to 
its  native  congener  R.  Carolina.  This  provides  a  quantitative  measure  of  the  diminished  trophic 
role  of  invasive  plants  in  supporting  insect  herbivores  in  ecosystems. 
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Abstract  text: 

While  activity  levels  are  known  to  affect  insect  lifespans,  the  predictive  power  of  the  lifetime 
activity  profile  is  unknown.  Using  an  innovative  application  of  the  Drosophila  Activity  Monitor 
(DAM),  we  present  minute-by-minute,  lifetime  activity  measurements  for  a  cohort  of  220  D. 
melanogaster  individuals.  Individuals  were  housed  in  DAM  units  for  their  entire  lives,  receiving 
a  regular  supply  of  food  and  water,  and  their  activity  was  tallied  every  minute.  Using  this  fine¬ 
grained  data,  life-long  data,  we  will  present  the  first  “activity  life  table”  of  a  known-age  cohort 
for  D.  melanogaster ,  and  a  unique  event  history  diagram  showing  the  relationship  between 
activity  and  age  over  the  life-course.  This  research  is  a  first  step  in  understanding  the  relationship 
between  the  lifetime  activity  profile  and  lifespan  and  health-span  in  insects,  and  can  inform 
current  research  on  the  relationship  between  activity  profile  and  lifespan  in  humans. 
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Aedes  aegypti  and  Aedes  albopictus  are  the  main  vectors  of  dengue,  Chickungunya  and  other 
related  arboviruses.  The  two  species  coexist  and  co-transmit  dengue  in  several  endemic  areas. 

In  this  paper,  we  present  a  new  mechanistic  model  that  simulates  the  role  of  these  two  species  in 
the  transmission  of  dengue  virus  strains  in  endemic  areas.  HYDRology,  Entomology  and 
DEngue  Transmission  Simulator  (HYDREDETS)  is  a  coupled  model  with  an  explicit  spatial 
domain  of  10-meters  resolution.  While  processes  of  vectorial  capacity  are  determined  by 
temperature-dependent  equations,  hydrology  part  of  HYDREDETS  enables  simulation  of 
outdoor  breeding  of  Aedes  in  urban  drainage  networks.  Hence,  the  model  allows  studying 
rainfall-effects  such  as  seasonal  flushing/drying  of  larvae  and  pupae  and  re-inoculation  of  the 
breeding  habitats  by  dormant  eggs  in  the  next  stagnation  episodes.  The  model  also  considers 
bionomics  of  adults  of  Aedes  such  as  the  short  flight  range  of  Aedes  aegyptiand  the  movements 
of  age-structured  human  population  in  the  spatial  domain. 

We  calibrated  HYDREDETS  using  entomological,  epidemiological  and  hydro-climatological 
data  collected  from  Singapore  between  2014-2015.  We  used  HYDREDETS  to  study  the  impact 
of  climate  variability  and  climate  change  on  Aedes  transmitted  diseases. 
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Degree-day  and  temperature-dependent  phenology  models  are  widely  used  to  predict  the 
phenology  of  insect  pests.  In  this  study,  the  bean  bug,  Riptortus  pedestris ,  the  development  and 
oviposition  of  which  have  been  well  characterized,  was  used  as  a  model  insect  to  compare  the 
performance  of  the  degree-day  and  temperature-dependent  phenology  models  to  predict  the 
effects  of  climate  change.  For  the  degree-day  model,  the  generation  time  was  defined  as  the  sum 
of  the  thermal  requirements  for  development  and  oviposition.  The  temperature-dependent 
phenology  model  was  then  developed  using  the  temperature-dependent  development  and 
oviposition  models.  To  validate  the  models,  R.  pedestris  adults  were  monitored  in  two  soybean 
fields  in  Dangjin  (36°55’52”  N,  126°40’38”  E)  and  Hwaseong  (37°1  U51”  N,  126°41’52”  E)  in 
Korea.  The  peak  emergence  times  of  each  adult  generation  were  predicted  using  both  models  and 
compared  with  field  observations.  The  coefficient  of  determination  (R2)  and  root  mean  squared 
error  (RMSE)  were  used  as  measures  of  the  models’  performance.  Both  models  could  predict 
well  the  peak  emergence  time  of  adults  under  current  conditions  (R2  >0.8  and  RMSE  <1 1.01 


days).  Both  models  predicted  that  the  phenology  of  R.  pedestris  would  be  earlier  in  the  future 
under  climate  change  conditions.  However,  at  some  temperature  ranges,  the  degree-day  model 
tended  to  underestimate  the  effects  of  climate  change  but  not  the  temperature-dependent 
phenology  model. 
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Introduction:  The  South  American  tomato  moth,  Tuta  <2foo/wto(Meyrick)  (Lepidoptera: 
Gelechiidae), initially  known  as  a  tomato  pest  in  the  South  American  continent,  spread  to  several 
countries  in  S  America,  Europe,  Africa  and  Asia  continent. This  can  potentially  cause  up  to  100 
%  yield  loss  in  solanaceous  crops,  if  timely  management  practices  are  not  followed.The  present 
paper  discusses  about  favorable  areas  harboring  the  pest  both  under  current  and  future  climate 
change  scenarios. 

Methods:  CLIMEX,  a  bioclimatic  modeling  tool  was  used  for  assessing  the  potential  current  and 
future  global  distribution  of  T.  absoluta  under  climate  change.  Impacts  of  1  °C  and  2  °C 
temperature  rise  under  climate  change  on  distribution  of  pest  was  carried  out  in  addition  to 
validation  of  the  model. 

Results/Conclusion:  Sensitivity  analysis  revealed  upper  limiting  temperature  (DV3)  and  upper 
limiting  soil  moisture  (SM3)  as  highly  sensitive  parameters  influencing  the  distribution  of  T. 
absoluta.  The  model  predicted  potential  suitable  regions  for  the  pest  including  currently 
distributed  areas  with  additional  areas  favorable  for  the  pest  in  other  continents.  Under  climate 
change  situations,  more  suitable  areas  are  predicted  for  the  pest.  However  parts  of  countries  in 
northern  South  America,  Northern  and  central  African  countries  presently  facing  T.  absoluta 
menace  may  become  less  suitable  for  the  pest  under  climate  change  mediated  elevated 


temperatures.  A  northward  shift  in  distribution  is  observed  in  temperate  regions  of  Europe,  north 
America  and  few  parts  of  Asia.  A  rise  in  2  °C  temperature  may  lead  to  100-250  km  northward 
expansion  of  T.  absoluta  in  different  continents. 
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Climate  is  changing  unequivocally.  Concentration  of  atmospheric  CO2,  a  major  driver  of  climate 
change,  has  increased  44%  from  pre-industrial  levels  to  404.83  ppm  in  March  2016.  A 
fundamental  response  of  increasing  CO2  is  the  increase  in  atmospheric  temperature.  Increasing 
CO2  up  to  900  ppm  is  predicted  to  increase  wheat  yield  at  favorable  temperature  under  non¬ 
limiting  conditions  of  water  and  nutrients.  Despite  extensive  studies  on  the  effects  of  CO2  and 
temperature  and  their  potential  interactions  on  the  biology  of  insect  pests,  the  implications  for 
feeding  dynamics  of  insect  pests  is  scarce.  We  designed  a  factorial  bioassay  experiment  to 
investigate  the  impact  of  ambient  (400  ppm)  and  elevated  (950  ppm)  CO2  levels  at  four  levels  of 
temperature  (22,  25,  28  and  31  °C)  on  the  feeding  dynamics  of  four  larval  instars  of  cereal  leaf 
beetle  ( Oulema  melanopus ),  an  invasive  pest  of  winter  wheat  in  the  Pacific  Northwest  (PNW)  of 
USA.  The  module  for  pests  feeding  dynamics  was  then  integrated  into  a  phenology  model  we 
developed  for  CLB  and  finally  coupled  to  a  crop  model,  CropSyst.  Pest  population  dynamics  and 
feeding  phenology  were  simulated  at  different  initial  beetle  densities  above  and  below  economic 
threshold,  across  four  sites  with  varied  precipitation  regimes  in  the  PNW,  using  gridded  daily 
historical  (1980-2010)  weather,  and  future  (2011-2099)  climate  scenarios  derived  from  14  global 
circulation  models  under  two  representative  concentration  path  ways  (RCP  4.5  and  RCP  8.5). 

We  discuss  potential  implications  of  warming  for  crop  yield  loss  on  winter  wheat  in  the  PNW 
due  to  CLB. 
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Introduction:  Fruits  have  been  transported  in  cold  storage  for  global  trade  since  the  1890’s.  Poor 
temperature  maintenance  was  implicated  in  the  dispersal  of  the  Mediterranean  fruit  fly  (Ceratitis 
capitata)  in  the  early  1900’s  through  the  global  trade  in  fresh  fruits.  Appropriate  cold 
temperatures  for  disinfestation  published  in  Australia,  South  Africa  and  the  USA  (1907  to  1916) 
established  the  scientific  basis  for  quarantine  use.  The  science  was  improved  in  the  1930’s  and 
trade  and  commercial  practice  developed  in  the  ensuing  decades.  In  recent  decades  there  has 
been  an  increase  in  the  practical  use  of  cold  disinfestation  to  treat  fruit  flies  in  order  to  obtain 
access  to  restricted  markets. 

Methods: 

The  paper  reviews  the  progress  made  in  methods  of  scientific  research  and  development  of  major 
fruit  fly  present  in  a  number  of  fruit  and  vegetable  hosts  from  various  parts  of  the  world.  The 
strengths  and  weaknesses  of  research  data  as  well  as  of  commercial  application  are  presented. 
This  paper  reviews  the  science  and  technology  required  today  for  successful  disinfestation  of 
fruit  flies  by  cold  storage. 

Results/Conclusion:  The  advantages  of  cold  treatment  for  fruits  and  vegetables  are  that  it  is 
chemical  free,  safe  to  eat  and  can  be  contained  within  the  cool  chain  process.  There  is  a  need  to 
establish  global  standards  of  cold  treatment  research,  development  and  commercial  practice  to 
limit  the  dispersal  of  fruit  fly  populations  in  international  transportation. 
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Introduction:  National  Moth  Week  (NMW)  is  a  global  citizen  science  project  focusing  on  public 
engagement  and  ecological  data  collection.  This  annually  reoccurring  event  has  grown 
dramatically  over  the  past  four  years  and  prompted  many  thousands  of  events  around  the  world. 

Methods  Measuring  the  impact  of  programs  such  as  NMW  can  be  done  using  different  market 
metrics.  For  instance,  NMW  has  resulted  in  an  increase  in  visits  to  moth  and  insect  related  web 
sites,  an  increase  in  submissions  to  moth  related  citizen  science  surveys,  and  an  increase  in  sales 
for  NMW  related  program  equipment.  NMW  programs  have  included  presentations,  workshops, 
nature  walks,  nightlight  gatherings,  and  more  by  both  private  and  public  organizations  alike. 

Results/Conclusions:  The  diversity  of  program  types  that  NMW  encompasses  allows  this 
platform  to  fit  the  needs  and  capabilities  of  a  wide  variety  of  audiences  and  presenters.  The 
continued  expansion  and  adoption  of  NMW  suggest  that  there  is  a  currently  unfulfilled  public 
desire  for  more  biodiversity  and  ecologically  centered  community  education  opportunities. 
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Introduction:Educating  children  about  insects, and  other  arthropods  can  be  a  rewarding 
experience  that  reaches  out  to  the  community,  attracts  local  media  attention  and  can  even  serve 
as  a  means  of  recruiting  students  to  matriculate  as  university  science  majors.  Beetles,  Bugs  and 
Butterflies  is  a  summer  day  camp  which  has  been  offered  at  Belmont  University  since  1992. 

Methods:  Children  who  are  rising  1st  -  3rd  graders  and  those  who  are  rising  4th  -  6th  graders 
participate  in  2-hour  or  3 -hour  per  day  camps.  Registration  fees  are  collected  to  pay  for  materials 
used  and  to  compensate  Belmont  student  assistants  and  full  or  partial  scholarships  are  available 
for  children  (e.g.,  Tennessee  Baptist  Children’s  Home).  Advertisements  in  local  summer  camp 
guides,  to  home  school  networks  and  to  campus  faculty  and  staff  have  filled  camp  rosters  to 
capacity  for  3-4  weeks  each  summer.  Each  day  has  a  theme  (e.g.,  Insect  Communication)  and 
children  receive  a  take-home  item  that  they  have  either  constructed  (e.g.,  “bug  suckers”)  or 
which  relates  to  the  theme. 

Results/Conclusions:  Each  day  the  children  are  excited  to  go  on  a  campus  bug  hunt  followed  by 
refreshments  and  a  movie  about  insects.  Children  often  enroll  for  multiple  years  and  some  have 
been  given  permission  to  return  as  assistants  while  they  are  in  high  school.  The  camp  instructor 
and  assistants  are  trained  to  follow  Belmont  University’s  Protecting  Minor  on  Campus  policy 
and  have  benefited  from  working  with  children  from  diverse  backgrounds  and  having 
developmental  disabilities  such  as  autism  spectrum  disorders. 
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Abstract  text: 

Introduction:  Entomophagy  is  an  ancient  practice  associated  to  traditional  indigenous  knowledge 
in  Brazil,  and  still  remains  today  through  oral  tradition.  The  little  coconut  larvae  of  the  beetle 
Pachymerus  nucleorum  (Chrysomelidae:  Bruchinae),  specialized  in  parasiting  seeds  of  babassu 
palms  in  Amazonian  and  North  of  Cerrado,  are  common  insects  used  in  Brazilian’s  cuisine. 

Methods: The  objective  of  this  study  was  to  grasp  and  analyze  the  current  usage  of  these  larvae 
by  a  community  that  traditionally  extracts  babassu  coconut  to  produce  cusi  oil.  The  research  was 
conducted  in  the  city  of  Xambioa,  located  in  the  North  of  Tocantins  state,  Brazil,  among  a  group 
of  20  women  of  50-85  years  old,  known  as  “babassu  coconut  breakers.” 

Results/ConclusiomThe  results  show  that  cracking  coconuts  was  a  way  of  life  and  source  of 
income  for  these  women  during  their  childhood  and  up  to  their  twenties.  While  splitting 
coconuts,  all  beetles’  larvae,  commonly  named  as  “gongos,”  were  eaten  raw  in  the  field,  or 
collected  for  cooking  for  their  families.  In  some  cases,  the  larvae  were  the  main  protein  source 
for  their  children.  However,  most  of  them  expressed  that  they  have  stopped  eating  many  years 
ago,  particularly  after  they  discovered  that  the  larvae  turns  into  a  beetle.  The  consumption  of  P. 
nucleorum  larvae  is  now  endangered  in  this  region,  not  only  by  changes  in  food  habits,  but  also 
due  to  the  low  commercial  value  of  the  babassu  coconut.  Eating  “gongo,”  nowadays,  is  a  practice 
associated  to  poverty,  thus  causing  repulsion  to  the  new  generations  in  Xambioa  -  TO. 
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Introduction:  Insects  are  important  and  fascinating.  But  how  do  researchers  and  enthusiasts 
effectively  communicate  this  message  to  a  wider  audience?  Entomology  provides  us  with 
charismatic  examples  that  explain  a  range  of  scientific  concepts  to  the  public.They  are 
ecologically  and  economically  crucial  worldwide,  and  for  this  reason  can  be  a  popular  topic, 
capable  of  attracting  a  high  level  of  media  attention.  Their  presence  in  almost  every  terrestrial 
habitat  creates  a  familiar  relationship  between  insects  and  people.  This  familiarity  is  informed  by 
good  or  bad  experiences,  both  of  which  can  be  used  by  scientists  as  a  starting  point  to  increase 
people’s  understanding  of  insect  science  and  the  work  of  entomologists. 

Methods:To  create  greater  understanding  and  awareness,  the  Royal  Entomological  Society 
(RES)  has  organised  National  Insect  Week  for  over  ten  years.  It  is  a  week-long  public  campaign 
in  the  UK  that  involves  over  70  partner  organisations,  hundreds  of  events,  thousands  of  people, 
and  a  nationwide  media  campaign.  National  Insect  Week  is  a  platform  for  researchers  to  talk 
about  their  work,  and  the  RES  supports  individuals  and  organisations  with  resources,  events  and 
online  opportunities. 

Results/Conclusions  :The  benefits  and  challenges  of  an  intensive  outreach  program  will  be 
presented,  with  insights  on  how  entomologists  and  insects  are  perceived  by  people  of  all  ages. 
Interesting  techniques  for  engaging  the  public  with  entomology  will  be  discussed,  using  specific 
Royal  Entomological  Society  events  and  activities  as  examples. 
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Introduction:  Biodiversity  is  one  of  the  key  issues  in  the  21st  century  affecting  sustainable 
development.  Biodiversity  education  and  biodiversity  tech-based  application  outreach  are  main 
tasks  in  universities  and  pest  management  plans  for  sustainable  development. 


Methods:  A  general  education  course  called  “Biodiversity”  has  been  set  up  for  undergraduates 
since  2000,  and  courses  such  as  “Insect  Evolution  and  Biodiversity”  and  “Biodiversity  Science” 
have  been  set-up  for  graduates  since  2005  in  Zhejiang  University.  A  series  of  biodiversity  topic 
seminars,  lectures,  public  outreaches,  and  outreaches  for  agricultural  extension  works  and 
farmers  were  implemented.  Books,  national  and  provincial  newspaper  articles,  and  cartoons  have 
been  published.  Information  on  the  Internet,  e.g.  www.plantprotection.cn,  Blog,  Weibo,  personal 
and  public  Wechat  such  as  EE4PestMgt,  IPM,  have  been  accessed  easily.  Feedback  on 
biodiversity-based  education  through  surveys  of  registered  students,  farmers,  and  technical 
extension  workers  were  analyzed. 

Results/Conclusion:  The  main  principles  and  contents  of  biodiversity  science  and  the  main 
approaches  of  maintenance  and  sustainable  deployment  of  biodiversity  have  been  successfully 
delivered  to  thousands  of  university  undergraduate  and  graduate  students.  The  biodiversity- 
sourced  integrated  measures  of  ecological  engineering  for  pest  management,  including  landscape 
designation,  monitoring  the  target  herbivores,  conserving  the  natural  enemies,  optimizing  sowing 
and  transplanting  dates  and  variety,  and  need-based  pesticide  application  (LMNOP),  have  been 
transmitted  to  agricultural  extension  workers  and  farmers.  Very  positive  feedback  from 
audiences,  paper  media,  and  electronic  media  readers  suggest  multiple  media  communication 
outlets  are  excellent  tools  for  biodiversity  education  and  outreach. 
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Abstract  text: 

Introduction:  As  early  as  2006,  the  Entomological  Society  of  America  (ESA)  has  recognized 
that  additional  global  development  and  recognition  should  be  goals  in  their  renewal  process,  and 
they  should  engage  other  associations  in  synergistic  partnerships.  In  2012,  the  Entomological 
Society  of  America  embarked  on  an  arduous  task;  to  explore  international  collaborations  for 
entomological  programming  on  a  global  scale.  This  effort  was  initially  proposed  by  then  ESA 
President,  Dr.  Grayson  Brown.  Since  that  time,  ESA  has  been  supportive  of  pursuing  these 
relationships  with  several  different  countries  and  their  entomological  professional  and  scientific 
societies. 

Methods:  Through  visits  with  our  international  partners  at  ESA  meetings  and  abroad,  ESA 
leadership  has  opened  the  door  to  a  realm  of  possible  grand  challenges  that  entomologists  can 
collectively  explore  to  improve  the  human  condition. 

Results/Conclusion:  Thus  far,  these  opportunities  have  taken  several  formats;  ranging  from  small 
gatherings  at  domestic  and  international  venues  to  more  elaborate  and  extensive  symposia/ 
presentations  with  entomological  leaders  around  the  world.  The  focus  has  been  to  establish  a 
common  ground  among  the  constituents  and  to  partner  in  moving  global  efforts  by 
entomologists.This  will  create  a  more  visible  and  impactful  position  for  continued  support  for  all 
entomologists  and  the  human  populace. 
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Introduction:  Tribe  Eucosmini,  belonging  to  the  family  Tortricidae,  is  the  second  largest  group  of 
the  subfamily  Olethreutinae  including  approximately  1,000  described  species  in  the  world 
(Brown,  2005).  In  “Microlepidoptera  of  Korea”,  Park  (1983)  listed  37  species  of  the  tribe  from 
Korea.  Later,  several  species  have  been  reported  (Byun  &  Shin,  1999;  Byun,  1999;  Byun,  2011). 
But  there  has  no  comprehensive  review  of  the  tribe  to  date.  This  study  aimed  to  review  and 
clarify  the  fauna  of  the  tribe  Eucosmini  in  the  Korean  peninsula. 

Methods:  In  this  study,  the  moths  were  collected  from  the  South  Korean  species.  All  the 
available  materials  were  examined,  which  are  deposited  in  various  collection  of  Korea.  Also  we 
examined  the  material  collected  from  North  Korean  species,  which  were  preserved  in  the 
collection  of  the  Hungarian  Natural  History  Museum,  Budapest,  Hungary.  Genitalia  of  both 
sexes  was  dissected  and  made  on  slide  glass  with  Euparal  mountant  following  method  of 
Holloway  et  al  (1987).  The  images  for  the  species  were  taken  by  digital  camera  attached  on  the 
microscope,  LEICA  M205C 

Results:  In  the  present  study,  totally  78  species  were  recognized  and  enumerated  including  all  the 
available  information;  distributional  ranges,  host  plants  and  synonymic  lists.  Also,  external  and 
genitalic  characteristics  of  adults,  and  DNA  barcodes  of  some  species  were  provided  for  the 
taxonomic  review  of  tribe  Eucosmini  in  the  Korean  peninsula. 
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Abstract  text: 

Introduction: There  is  a  remarkable  array  of  animals  depicted  on  the  labels  of  wine  bottles.  This 
includes  insects. 

Methods:  Over  the  last  5  years  Vinsectos  has  attempted  to  survey  and  identify  insects  on  wine 
labels.  This  includes  labels  collected  from  wine  bottles  produced  in  16  countries.  Vinsectos  has 
labels  from  bottles  produced  in  1 1  states  in  the  USA. 

Results/Conclusion:  The  collection  includes  insects  from  10  orders  and  18  families.  Over  50 
insects  have  been  identified  to  species. 
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Abstract  text: 

Introduction:  New  Guinea  is  a  relatively  young  island  with  many  isolated  and  novel 
environments.  The  central  highlands  of  New  Guinea  are  only  a  few  million  years  old.  This 
combination  of  young  geologic  age  and  regionally  novel  environments  has  helped  to  produce 
some  of  the  spectacular  weevil  radiations  found  in  New  Guinea.  The  Eupholini  are  composed  of 
three  main  genera  Eupholus,  Gymnopholus  and  Rhinoscapha,  with  their  center  of  diversity  found 
in  New  Guinea.  Gymnopholus  species  are  endemic  to  the  highlands  of  New  Guinea  typically 
found  at  elevations  above  1500m,  Eupholus  typically  occur  below  1500m,  Rhinoscaphaspecies 
inhabit  all  elevational  zones.  Here  I  will  investigate  the  origins  of  the  group,  as  well  as  what 
effect  the  central  highlands  uplift  had  on  the  biogeography  of  this  group. 

Methods:  I  have  utilized  ultra  conserved  elements  (UCE)  designed  across  Coleoptera  as  well  as 
Sanger  sequencing  data  to  reconstruct  the  relationships  within  the  Eupholini.  In  addition,  I  have 
utilized  museum  specimens  to  help  provide  a  more  diverse  set  of  taxa.  To  estimate  the  ancestral 
range  of  this  group,  I  used  the  program  BioGeoBEARS  to  select  among  alternative 
biogeographic  models. 

Results/Conclusion:  The  results  demonstrate  that  UCE  loci  are  able  to  resolve  phylogenetic 
relationships  at  the  shallow  scale  and  at  deeper  nodes.  I  will  discuss  the  results  from  the  two  data 
sets  and  examine  how  biogeographic  model  testing  can  help  resolve  alternative  biogeographic 


scenarios.  Lastly,  I  will  discuss  the  results  and  future  utility  of  using  museum  specimens  in 
phylogenomic  data  sets. 
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Recent  research  has  demonstrated  that  systemic  tree  injection  with  efficacious  insecticides 
provides  a  useful  tool  in  protection  of  ash  trees  (Herms  et  al.,  2014).  In  this  area,  technology  has 
evolved  to  meet  the  demands  of  destructive  pests  such  as  Emerald  ash  borer  ( Agrilis  planipennis) 
and  the  need  to  protect  trees.  Presented  are  (1)  new  innovations  in  tree  injection  methods,  (2)  a 
discussion  of  emamectin  benzoate  chemistry  and  Tree-age®  formulation,  and  (3)  recent  updates 
in  emerald  ash  borer  field  studies. 
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Abstract  text: 

Introduction:Knowledge  intended  to  manage  pest  problems  throughout  the  world  is  continuously 
being  produced  on  various  topics  such  as  classical  or  conservation  biological  control,  use  of 
natural  pesticide  plants  and  biocontrol  agents,  trap  crops  ,and  conservation  agriculture. 
Traditionally,  knowledge  is  communicated  using  a  diversity  of  media  such  as  publications, 
reports,  databases,  videos  and  websites.  To  answer  a  question  such  as  the  potential  impacts  and 
outcomes  of  invasions  by  alien  species  on  the  populations  existing  in  a  landscape,  the  challenge 
is  to  extract  qualitative  and  semi-quantitative  knowledge  from  those  sources,  compile  it,  and 
identify  conflicts  between  different  items  of  knowledge. 

Methods :Building  knowledge  bases  using  a  semantic  network  is  the  modelling  approach  method 
used  to  represent  knowledge  and  manage  it. 

Results:  Work  carried  out  using  this  methodology  has  enabled  the  construction  of  knowledge 
bases  on  (a)  food  webs  of  cereal  stem  borers  in  Africa  (RAP),  (b)  pest  control  in  the  sugarcane 
agrosystem  using  natural  ecological  interactions  in  relation  to  cultural  practices  (DECIPESTS), 
and  (c)  natural  pesticide  plants  in  Sub-Saharan  Africa.  Initially  built  to  answer  specific  questions, 
these  knowledge  bases  can  be  composed  using  this  modelling  approach.  For  instance,  RAP 
combined  with  DECIPESTS  enables  the  mapping  of  wild  and  cultivated  plants  that  can  host 
sugarcane  pests  of  economic  interest. 

Conclusion:  By  crossing  thematic  frontiers  in  entomology,  knowledge  management  is  a  key 
solution  for  establishing  multidisciplinarity. 
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Butterfly  wings  harbor  highly  diverse  phenotypes  and  are  involved  in  many  functions.  Wing  size 
and  shape  result  from  interactions  between  adaptive  processes,  phylogenetic  history,  and 
developmental  constraints,  which  are  complex  to  disentangle.  Here,  we  focus  on  the  genus 
Morpho  (Nymphalidae:  Satyrinae),  which  presents  a  high  diversity  of  sizes,  shapes,  and  color 
patterns.  Using  911  collection  specimens  from  the  30  recognized  species,  we  quantify  the 
variation  of  wing  size  and  shape  across  species,  to  assess  the  importance  of  shared  ancestry, 
microhabitat  use,  and  sexual  selection  in  the  evolution  of  the  wings.  While  accounting  for 
phylogenetic  and  allometric  effects,  we  detect  a  significant  difference  in  wing  shape  but  not  size 
among  microhabitats.  Fore  and  hindwings  covary  at  the  individual  and  species  levels,  and  the 
covariation  differs  among  microhabitats.  However,  the  microhabitat  structure  in  covariation 
disappears  when  phylogenetic  relationships  are  taken  into  account.  Our  results  demonstrate  that 
microhabitat  has  driven  wing  shape  evolution,  although  it  has  not  strongly  affected  forewing  and 
hindwing  integration.  We  also  found  that  sexual  dimorphism  of  forewing  shape  and  color  pattern 
are  coupled,  suggesting  a  common  selective  force.  These  results  will  be  discussed  in  the  light  of 
preliminary  results  obtained  on  wing  physical  properties  and  aerodynamics. 
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Abstract  text: 

The  world’s  biological  collections  contain  2-3  billion  specimens.  The  majority  of  them  are 
pinned  insects  and  modern  science  requires  digital  access  to  the  data.  Hence,  major  digitization 
programs  have  been  started  around  the  world.  Automated  imaging  lines  scan  tens  of  thousands  of 
herbarium  sheets  per  day  in  projects  in  France  and  the  Netherlands.  We  now  present  comparable 
solutions  for  entomological  collections:  the  first  automated  mass  digitization  line  for  pinned 
insects. 


The  line  consists  of  conveyor  belts  that  drive  samples  through  an  automated  imaging  station.  It 
employs  one  or  more  cameras  which  photograph  the  specimen  from  various  angles,  configurable 
for  each  insect  collection  type.  Labels  also  are  imaged.  Each  specimen  gets  a  globally  unique 
identifier,  i.e.,  a  web  address. 

Human  operators  are  needed  to  feed  the  imaging  line  and  to  return  the  specimens  to  the 
collection.  The  operators  also  create  a  label  for  the  identifier,  transcribe  scientific  names  from  the 
box,  and  check  the  quality  of  images.  Specimens  are  carried  by  plastic  pallets,  custom-produced 
using  a  3D-printer.  Labels  must  be  removed  from  the  pins  of  large  specimens,  so  that  they  are 
visible  to  cameras. 

Our  two  operators  digitized  an  entire  Coleoptera  collection  of  14,000  specimens  in  28  working 
days,  which  translates  to  70  specimens  /hour.  For  Macrolepidoptera,  one  operator  can  image  70 
specimens  /hour.  Benchmarks  for  other  insect  groups  are  being  developed.  Transcribing  the 
labels  is  a  subsequent  step,  for  which  various  solutions  already  are  available.  We  conclude  that  a 
mass  digitization  of  entire  insect  collections  is  now  a  real  possibility. 
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Abstract  text: 

Functional  diversity  measures  provide  a  way  to  quantify  the  roles  that  members  of  an  insect 
community  or  taxa  perform.  Much  progress  has  recently  been  made  in  quantifying  the  diversity 
of  these  roles.  As  well,  recent  work  has  led  to  the  inclusion  of  novel  functional  traits  that  include 
the  role  of  perception  in  inter-trophic  interactions  and  the  response  to  landscapes  at  multiple 
spatial  foci.  We  use  an  example  of  a  forest  insect  community  to  examine  the  quantification  of 
functional  diversity  and  include  how  several  novel  traits  can  be  included  in  functional  diversity 
measures.  We  provide  examples  of  multivariate  characterization  of  the  community,  the 
interpretation  of  functional  diversity  metrics,  and  the  use  of  these  metrics  to  examine  shifts  in  the 
roles  the  insect  community. 
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Abstract  text: 

Radio-telemetry  is  an  increasingly  useful  tool  for  studying  the  movement  of  insects,  as 
technological  advances  allow  for  smaller  transmitters  as  light  as  0.2  g.  Large  insects  and 
particularly  those  adapted  to  collecting  and  transporting  food  resources  are  able  to  carry 
transmitters  while  flying,  foraging,  and  initiating  nests.  However,  to  date  there  have  been  no 
systematic  studies  published  demonstrating  how  behavior  changes  when  radio  transmitters  are 


attached  to  insects.  We  used  a  high  speed  camera  capturing  2800  frames-per-second  and  a 
controlled  wind  tunnel  to  quantify  how  transmitter  attachment  affects  the  flight  dynamics  of 
Bombus  terrestris  queens,  and  a  12  X  10  X  3m  outdoor  flight  arena  to  assess  foraging 
behavior.  Observations  of  flight  dynamics  indicate  that  bees  do  not  change  their  wingbeat 
frequency,  but  exhibit  changes  in  body  angle  during  flight.  Behavioral  observations  suggest  that 
despite  these  changes  in  flight  dynamics,  there  is  little  effect  on  duration  of  foraging  bouts  or 
flower  handling  time  in  foraging  queen  bees.  This  study  provides  a  platform  to  develop 
guidelines  for  transmitter  size  and  weight  for  use  in  studies  of  insect  movement,  including 
pollinators,  pests,  and  biological  control  agents. 
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Abstract  text: 

Although  members  of  the  subfamily  Pyraustinae  are  frequently  important  crop  pests,  their 
identification  is  often  difficult  because  many  species  lack  conspicuous  diagnostic  morphological 
characters.  DNA  barcoding  employs  sequence  diversity  in  a  short  standardized  gene  region  to 
facilitate  specimen  identifications  and  species  discovery.  This  study  provides  a  comprehensive 
DNA  barcode  reference  library  for  North  American  pyraustines  based  upon  the  analysis  of  1589 
sequences  recovered  from  137  nominal  species,  87%  of  the  fauna.  Data  from  125  species  were 
barcode  compliant  (>500bp,  <1%  n),  and  99  of  these  taxa  formed  a  distinct  cluster  that  was 
assigned  to  a  single  BIN.  The  other  26  species  were  assigned  to  56  BINs,  reflecting  frequent 
cases  of  deep  intraspecific  sequence  divergence  and  a  few  instances  of  barcode  sharing,  creating 
a  total  of  155  BINs.  Two  systems  for  OTU  designation,  ABGD  and  BIN,  were  examined  to 
check  the  correspondence  between  current  taxonomy  and  sequence  clusters.  The  BIN  system 
performed  better  than  ABGD  in  delimiting  closely  related  species,  while  the  performance  of 
ABGD  was  influenced  by  the  value  employed  for  relative  gap  width.  Different  species  with  low 
or  no  interspecific  divergence  may  represent  cases  of  unrecognized  synonymy,  whereas  those 
with  high  intraspecific  divergence  require  further  taxonomic  scrutiny  as  they  may  involve  cryptic 


diversity.  The  barcode  library  developed  in  this  study  will  also  help  to  advance  understanding  of 
relationships  among  species  of  Pyraustinae. 
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Abstract  text: 

In  North  America,  we  are  spoilt  for  choice  when  it  comes  to  having  resources  for  identifying  our 
dragonfly  and  damselfly  fauna — we  have  an  invaluable  repository  for  odonate  information 
(OdonataCentral.org),  myriad  regional  field  guides,  and  an  abundance  of  local  experts.  In  order 
to  make  accurate  species  identifications —  vital  for  biodiversity  assessments  and  conservation 
efforts — in  many  other  less-studied  countries,  workers  must  slog  through  species  descriptions, 
lists,  and  revisions,  if  available.  We  aim  to  solve  this  problem,  at  least  in  part,  by  building  an 
automatic  identification  system  for  Odonata:  an  online  tool  whereby  anyone  can  make  rapid, 
accurate  odonate  identifications.  Here,  we  present  a  prototype  of  this  software,  which  first 
extracts  descriptive  features  from  the  wings  of  known  species,  then  uses  that  information  to  train 
a  classification  algorithm.  This  algorithm  can  then  be  applied  to  images  of  unknown  specimens, 
producing  a  list  of  the  top-matches.  Our  system  has  shown  up  to  93%  (mean  ±  SD,  90.0  ±  1.5%) 
accuracy  when  tested  on  wings  from  29  common  odonate  species;  however,  we  plan  to  test  it  on 
a  much  larger,  more  disparate  dataset.  A  planned  online  implementation  of  this  software  would 
be  self-updating,  retraining  itself  periodically  (thus  getting  ‘smarter’)  with  newly-available 
images,  and  could  incorporate  geographic  and  temporal  range  data  as  well  to  increase  its 
accuracy.  Our  software  is  versatile  and  could  easily  be  adapted  to  train  identification  systems  for 
other  insect  taxa,  bringing  rapid,  expert-level  identification  to  researchers,  citizen  scientists,  and 
the  general  public. 
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Abstract  text: 

Male  mosquitoes  are  known  to  depend  solely  on  sugars  from  floral  and  extrafloral  nectars,  honey 
dew,  damaged  leaves  and  fruits  for  metabolic  energy  and  survival,  while  females  of  most  species 
feed  intermittently  on  plant  sugars  between  or  before  blood  meals.  In  disease  vectoring  female 
mosquitoes,  plant  sugars  have  been  touted  to  play  an  important  role  in  their  vectoral  capacity  by 
affecting  their  survival,  reproductive  fitness  and  vector  competence.  The  need  for  new  contol 
tools  has  seen  the  invention  of  new  control  tools  for  vector-borne  disease  targeting  nectar  feeding 
mosquitoes  such  as  attractive  toxic  sugar  baits,  with  a  proposal  of  possible  exploitation  of  nectar 
expressed  Cry  proteins  from  Bacillus  thurugensis  var  israensis.  Effective  deployment  of  these 
new  tools  requires  an  accurate  identification  of  preferred  host  plant  species  that  are  attractive  to 
mosquitoes  and  able  to  induce  imbibitions  of  nectar.  However,  this  has  not  been  easy  with  the 
current  techniques  of  analysing  nectar  feeding  in  mosquitoes  such  as  direct  field  observation  of 
mosquitoes  feeding,  cold  anthrone,  Sellinorff,  cellulose  staining  and  gas  chromatography.  DNA 
barcoding  offers  a  uniquie  opportunity  for  accurate  identification  of  the  nectar  sources  to  species 
level.  We  will  present  results  on  the  application  of  three  plant  DNA  primer  targets  to  identify 
nectar  sources  of  key  mosquito  vectors  of  Rift  Valley  fever,  dengue  and  malaria  diseases,  and  the 
role  of  these  plants  on  the  survival,  fertility  and  nutritional  reserve  of  these  vectors  with  a  focus 
on  Aedes  aegypti.  The  potential  application  this  new  knowledge  in  mosquito-borne  disease 
mitigation  will  be  discussed. 
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Abstract  text: 

Even  as  rapid  advances  in  molecular  techniques  resolve  longstanding  questions  and  identify 
major  patterns  relating  to  ants,  the  fossil  record  remains  a  largely  untapped  resource.With  over 
700  described  fossil  ant  species  known  from  several  dozen  deposits  spanning  100  million  years, 
specimens  entombed  in  amber  or  preserved  as  compression  fossils  offer  otherwise  unknowable 
insight  into  phenotypic,  biogeographic,  and  phylogenetic  history.  Here,  we  explore  the  utility  of 
unifying  paleontological  and  molecular  datasets  to  not  only  improve  ancestral  area  and 
divergence  date  estimation,  but  also  recover  additional  information  relating  to  differential 
extinction,  morphological  variation,  and  ethology.  Examples  include  the  integration  of  the 
earliest  known  ant  fossils  from  the  Mid-Cretaceous,  and  specimens  from  newly  discovered 
Cambay  amber  dated  to  the  Early  Eocene. 
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Abstract  text: 

Introduction:  Strepsiptera  are  a  small  order  of  obligate  parasitic  insects  with  a  large  number  of 
unusual  traits,  including  larviparous  birth,  extreme  sexual  dimorphism  in  mature  specimens,  and 
adult  males  whose  compound  eyes  are  unlike  those  of  any  other  extant  organism.  Unfortunately, 
in  addition  to  a  host  of  interesting  traits,  these  tiny  reclusive  arthropods  are  difficult  to  obtain, 


which  has  resulted  in  them  being  only  very  rarely  studied.  Additionally,  most  studies  have 
concentrated  on  diurnal 

species  -  typically  the  relatively  closely-related  species  infecting  wasps  or  solitary  bees. 
Methods:Free  standing  and  New  Jersey  light  traps  were  used  to  collect  hundreds  of  live 
crepuscular  and  nocturnal  Strepsiptera  from  Central  and  Southeastern  United  States.  By 
recording  many  weather-related  attributes  at  the  time  of  actual  and  attempted  collection, 
guidelines  for  favorable  conditions  have  been  established. 

Results/Conclusiomlf  rearing  out  Strepsiptera  is  undesirable  or  unavailable,  light  traps  can  be 
used  to  collect  live  male  specimens  from  the  field.  Certain  aspects  of  strepsipteran  physiology 
can  sometimes  be  exploited  to  allow  large  numbers  of  the  insects  to  be  caught  at  once.  It  is 
hoped  that  these  methods  will  help  make  these  fascinating  animals  a  new  and  tenable  frontier  for 
many  more  researchers  to  explore. 
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Introduction:  The  body  louse  is  an  obligate  blood-feeding  ectoparasite  and  an  important  insect 
vector  that  mediates  the  transmission  of  pathogens  to  humans.  Genome  analysis  revealed  a 
drastic  reduction  of  the  chemosensory  gene  repertoires,  suggesting  specific  olfactory  adaptations 
to  host  specialization  and  permanent  parasitic  lifestyle.  This  extreme  ecological  specialization 
likely  goes  along  with  reduced  chemosensory  capacities,  but  nothing  is  known  about  the 
olfactory  adaptations  underlying  the  ecology  and  behavior  of  this  insect. 

Methods:  Odorant  receptors  of  the  body  louse  were  identified  from  the  genome  sequence  and 
expressed  into  frog  oocytes  for  functional  characterization.  A  panel  of  ecologically-relevant 
odorants  was  used  to  screen  the  odorant  receptors  and  the  activity  of  physiologically-active 
ligands  was  measured  at  the  behavior  level. 

Results/Conclusion:  An  odorant  receptor  of  the  body  louse  responded  to  a  narrow  set  of 
odorants,  providing  the  first  evidence  of  the  odorant  receptor  pathway  being  functional  in  lice.  At 
the  behavior  level,  both  head  and  body  lice  were  repelled  by  the  physiologically-active 
chemicals,  with  two  compounds  showing  high  biological  activity.  This  work  marks  the  first  step 
towards  a  better  understanding  of  chemical  communication  mechanisms  in  lice  and  demonstrates 
the  potential  of  an  odorant  receptor  as  a  biological  repellent  detector  towards  the  development  of 
novel  control  strategies  against  this  insect  vector. 
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Abstract  text: 

Introduction:  Lignin  is  an  important  insect  resistance  component  of  plants.  Enhancing  or 
disrupting  the  lignin  biosynthetic  pathway  for  different  bioenergy  uses  may  alter  pest  resistance. 
The  lignin  biosynthetic  pathway  is  complex,  and  a  number  of  pathway  compounds  are  also 
involved  in  the  biosynthesis  of  simpler  defensive  secondary  metabolites. 

Methods:  Several  sorghum  {Sorghum  bicolor  L.)  lignin  biosynthetic  genes  were  overexpressed  in 
transgenic  sorghum  lines,  including  caffeic  acid  O-methyl  transferase,  caffeoyl  CoA  O-methyl 
transferase,  cinnamate  4-hydroxylase,  cinnamyl  alcohol  dehydrogenase,  4-coumarate  CoA 
ligase,  ferulate  5 -hydroxylase,  SbMyb60  transcription  factor,  and  phenylalanine  ammonia 
lyase.  Leaves  from  progeny  plants  of  two  positive  transformation  events  for  each  gene  were 
examined  for  feeding  damage  by  first  instar  corn  earworms  (Helicoverpa  zea  Boddie)  and  fall 
army  worms  {Spodoptera  frugiperda  Smith).  Weights  of  caterpillars  were  also  determined. 

Results/ConclusiomBoth  increases  and  decreases  in  feeding  rates  and  weights  were  noted 
relative  to  wild  type  plants.  In  some  cases,  increased  feeding  was  associated  with  lower  weights, 
suggesting  a  nutritional  effect,  while  in  other  cases,  decreased  feeding  was  associated  with  lower 
weights,  suggesting  a  toxic  effect.  Responses  of  the  two  insects  to  the  same  overexpressed  gene 
construct  also  varied.  For  example,  fall  army  worms  fed  leaves  from  plants  overexpressing 
caffeoyl  CoA  O-methyl  transferase  weighed  significantly  less  than  those  fed  leaves  from  wild 
type  plants,  while  the  opposite  was  observed  for  corn  earworms.  This  study  highlights  the 
complex  interactions  between  insects  and  the  biosynthesis  of  defensive  compounds  by  plants, 
which  should  be  evaluated  as  part  of  bioenergy  feedstock  development. 
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Abstract  text: 


Odorant-binding  proteins  (OBP)  are  believed  to  capture  and  transport  semiochemicals  to  their 
olfactory  receptors.  The  OBP  structures  have  been  obtained  from  Diptera  (mosquitos  and 
fruitflies),  Hymenoptra  (honey  bee),  Lepidoptra  (moths),  Orthoptera  (locust)  and  Dictyoptera 
(cockroach),  but  to  date  there  are  no  such  structures  for  aphid  OBPs.  Indeed  there  are  no  reports 
of  an  OBP  3D  structure  for  any  Hemipteran,  which  comprise  around  50,000-80,000  species  of 
aphids,  planthoppers,  leafhoppers,  shield  bugs,  and  other  crop  pests  despite  there  being  more 
than  300  hemipteran  OBPs  reported  in  NCBI  GenBank.  Here,  we  report  the  first  aphid  OBP 
crystal  structures  and  examine  their  molecular  interactions  with  the  biological  active  alarm 
pheromone  components  using  biochemical  and  structural  approaches. 

Our  study  reveals  some  unique  structural  features  and  ligand  binding  mechanisms:  1)  the  ligand 
binding  site  is  not  internal;  2)  a  striking  groove  is  present  in  the  surface  of  the  proteins  as  a 
putative  binding  site;  3)  the  N-terminus  occupies  the  site  more  commonly  filled  by  the  C- 
terminus  closing  off  the  conventional  OBP  pocket.  The  results  from  fluorescent  binding  assays, 
molecular  docking  and  molecular  dynamics  demonstrate  that  OBP3  from  Megoura 
viciae  Buckton  can  bind  to  all  four  alarm  pheromone  components.  We  will  demostrate  that  the 
differential  ligand  binding  between  these  very  similar  OBP3s  from  the  two  aphid  species  is 
determined  mainly  by  the  direct  n-n  interactions  between  ligands  and  the  aromatic  residues  of 
OBP3s  in  the  binding  pocket. 
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Abstract  text: 

Flies  infected  with  bacteria  have  been  well  studied  in  terms  of  their  immune  system  and 
metabolism.  However,  until  recently  studies  are  looking  at  the  olfatory  cues  that  might  indicate 
infection  or  disease. 

Here  we  show  that  flies  are  able  to  distinguish  between  healthy  and  infected  adults  as  well  as 
between  the  frass  or  feces  from  these  individuals.  Moreover,  because  the  bacteria  can  survive 
ingestion,  attraction  of  healthy  flies  to  infected  frass  results  in  additional  sick  adults  that  can 
carry  the  bacteria  to  the  next  host  plant. 
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Abstract  text: 

The  tomato-potato  psyllid  (TPP),  Bactericera  cockerelli  Sulc,  feed  on  a  number  of  plant  species 
of  Solanaceae,  giving  damages  to  potato  industry  by  causing  significant  loss  in  potato  yields  and 
transmitting  Liberibacter  bacterium  causing  zebrachip  disease.  Studies  on  TPP  and  other  psyllid 
species  indicate  that  olfactory  and  visual  signals  are  involved  in  their  mating  and  host  location. 

In  the  present  study,  we  have  identified  the  olfactory  receptor  neurons  (ORNs)  and 
corresponding  olfactory  active  compounds  in  TPP,  using  single  sensillum  recording  (SSR) 
technique,  and  investigated  the  behavioral  responses  of  TPP  to  various  blends  of  these 
compounds.  We  have  also  investigated  the  responses  of  the  compound  eyes  of  TPP,  using 
electroretinnogram  (ERG)  recording  technique  with  various  wavelengths  of  LEDs,  and 
conducted  behavioral  bioassays  to  evaluate  the  behavioral  activities  of  the  electrophysiologically 
active  wavelengths. 

Several  distinct  types  of  ORNs  could  be  identified  in  TPP  antennae  through  the  SSR  studies, 
showing  that  these  ORNs  are  specialized  for  narrow  range  of  volatile  compounds  including 
green  leaf  volatiles  and  some  other  plant  volatiles.  Our  ERG  studies  have  indicated  that  the 
compound  eyes  of  TPP  have  high  sensitivity  to  four  different  wavelength  bands,  yellow,  green, 
blue  and  ultra  violet.  In  subsequent  behavioral  bioassays,  TPP  showed  no  clear  behavioral 
responses  to  the  blends  of  olfactory  active  compounds  identified  through  the  SSR  studies, 
indicating  the  blends  tested  might  be  incomplete.  In  contrast,  significant  behavioral  attraction  to 
various  wavelengths  identified  through  the  ERG  studies  was  observed  in  TPP.  Our  study 
indicates  that  TPP  has  well  developed  olfactory  and  visual  sensory  system. 
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Polar  cuticular  lipids  may  be  involved  in  short-range  or  contact  semiochemical  signaling,  but 
they  are  difficult  to  analyze  by  gas  chromatography/mass  spectrometry  (GC/MS).  We  have  used 
soft  ionization  methods  such  as  electrospray  ionization  (ESI)  or  matrix-assisted  laser 
desorption/ionization  (MALDI)  coupled  to  high  resolution  mass  analyzers  to  chemically 
characterize  polar  cuticular  lipids.  Discovery  of  candidate  pheromones  is  aided  by  comparing 
solvent  extracts  of  male  and  female  cuticle.  Examples  will  be  presented  from  analyses  of  male 
and  female  sand  flies  ( Phlebotomus  papatasi  Scopoli)  and  ticks  ( Amblyomma  americanum  L.). 

A  similar  approach  aids  discovery  of  candidate  semiochemicals  in  social  insect  colonies  by 
comparing  cuticular  lipids  extracted  from  workers  carrying  out  different  tasks.  Analysis  of  polar 
cuticular  lipids  from  individual  red  imported  fire  ants  ( Solenopsis  invicta  Buren)  will  be 
presented.  ESI-MS  analyses  simplify  follow-up  behavioral  studies  of  candidate  semiochemicals 
discovered  by  these  methods  because  the  polar  cuticular  lipids  are  first  separated  by  high 
performance  liquid  chromatography.  Thus,  relatively  pure  chromatographic  fractions  could  be 
used  in  bioassays.  The  glands  that  secrete  semiochemicals  can  be  examined  in  cryosections, 
using  MALDI  mass  imaging.  We  found  that  many  substances  identified  in  ant  cuticular  extracts 
were  present  in  mass  images  of  ant  heads  in  the  region  of  the  postpharyngeal  gland. 
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Abstract  text: 

Gas  chromatography  combined  with  electroantennography  (GC-EAD)  is  a  technique  commonly 
used  in  the  fields  of  entomology  and  chemical  ecology  to  identify  insect 
sensiochemicals.  Recently,  it  was  shown  that  lock-in  amplification  in  gas  chromatography- 
electroantennography,  using  a  mechanical  device  outside  the  oven,  could  vastly  improve  the 
signal-to-noise  ratio  (SNR)  achievable  over  traditional  methods.  Here  we  demonstrate  that  a 
simple  device  inside  the  GC  oven  known  as  a  deans  switch  can  be  used  to  successfully  modulate 
the  chemical  signal  received  by  the  insect  antenna  in  a  GC-EAD  preparation.  The  modulation 
results  in  significant  improvement  in  SNR  over  traditional  methods. 
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Abstract  text: 

Insects  like  other  animals  are  heavily  dependent  on  their  sensory  modalities,  especially  olfaction, 
for  host  selection  and  reproduction  that  are  directly  linked  with  their  best  fitness  and  survival. 

We  have  studied:  1)  The  role  of  plant  volatiles  in  modulating  the  reproductive  behaviors  of 
Spodoptera  litura  F.,  a  phytophagous  moth.  2)  Effect  of  different  larval  rearing  water  mediums 
on  the  reproductive  behaviors  of  Southern  house  mosquitoes,  Culex  quinquefasciatus  Say.  And 
3)  the  effect  of  botanicals  on  reproductive  behaviors  of  Culex. 

Laboratory  reared  insects  were  used  in  the  experiments.  In  case  of  moth,  host  plants  were  grown 
in  controlled  conditions  and  6  week  old  plants  were  used.  Water  from  different  sources  was 
evaluated  for  their  impact  on  bio-ecological  parameters  of  Culex.  Further,  effects  of  leaf  and  bark 
water  extracts  of  different  trees  were  also  examined.  For  moths,  modulation  in  reproductive 
behaviors  including  delay  in  first  calling;  mean  calling  duration,  mean  delay  in  first  mating, 
mean  mating  duration,  and  fitness  measures  including  fecundity  and  longevity  were  significantly 
affected  by  the  presence  of  non-hosts  as  compared  to  the  control  (only  cotton).  In  mosquito, 
larval  development  in  irrigation  water  was  the  fastest  while  the  slowest  in  distilled  water  among 
the  five  tested  water  sources.  However,  fecundity  and  hatchability  were  not  affected  by  larval 
rearing  mediums.  Although  variations  in  toxicity  of  different  botanicals  in  Culex  were  observed, 
Eucalyptus  bark  and  leaf  volatiles  were  the  most  effective  oviposition  deterrents.  These  findings 
may  improve  our  understanding  of  the  role  of  ecological  olfactory  signals  in  selecting  a  suitable 
habitat  and/or  host. 
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Abstract  text: 

Introduction:  Asian  citrus  psyllid  (ACP),  vector  of  the  causal  agent  of  the  devastating  disease 
known  as  huanglongbing  (HLB)  or  citrus  greening,  reproduces  only  on  growing  shoots  of  Citrus 
and  closely-related  genera.  Here  we  show  that  methyl  jasmonate  (MeJA),  an  activator  of  plant 
defenses,  elicited  changes  in  the  volatiles  emitted  by  growing  shoots  of  sweet  orange  ( Citrus 
sinensis). 

Methods:  MeJA  mixed  in  0. 1%  aqueous  detergent  solution  was  sprayed  to  the  point  of  runoff 
onto  the  foliage  of  one  year-old  potted  trees  in  a  greenhouse.  Purge  and  trap  headspace 
collections  were  made  from  growing  shoots  using  Porapak  Q  sorbent.  Volatiles  were  collected 
for  four  hours  during  mid-day  on  three  consecutive  days.  The  samples  were  solvent-eluted  and 
analyzed  by  GC-MS.  Initial  dose  response  tests  were  conducted  on  sweet  orange  ‘Ridge 
Pineapple’.  At  the  highest  MeJA  concentration  tested  (10  mM),  alterations  were  observed  in 
headspace  composition  relative  to  that  of  untreated  trees.  Follow-up  tests  using  10  mM  MeJA 
were  conducted  on  sweet  orange  ‘Valencia’. 

Results/Conclusion:  In  trees  treated  with  10  mM  MeJA,  the  amounts  of  alkyl  aldehydes 
decreased  while  the  number  of  sesquiterpenes  increased,  indole  and  E-jasmone  appeared,  and 
more  E-p-ocimene  was  emitted  than  limonene,  a  reversal  from  the  situation  observed  in 
untreated  trees.  The  total  amount  of  volatiles  emitted  also  increased.  These  results  are  similar  to 
other  plant  species  treated  with  MeJA.  In  laboratory  assays,  similar  overall  numbers  of  ACP 
settled  onto  MeJA-treated  and  untreated  shoots,  but  the  aggregation  levels  (>  10  ACP/shoot) 
were  significantly  higher  on  MeJA-treated  shoots. 
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Abstract  text: 

Chilo  partellus  (Swinhoe)  (Lepidoptera:  Crambidae)  is  one  of  the  most  serious  pests  of  maize  in 
sub-Saharan  Africa  (SSA).  Previous  studies  reported  that  the  non-host  molasses  grass,  Melinis 
minutiflora,  (Poaceae)  repels  C.  partellus  moths  and  increases  larval  parasitism  by  Cotesia 
sesamiae  Cameron  (Hymenoptera:  Braconidae)  when  intercropped  with  maize.  Additionally, 
recent  studies  have  provided  insights  into  plant-to-plant  communication  that  may  contribute  to 
insect  pest  management.  Here,  we  examined  the  effect  of  M.  minutiflora  intercropping  on  C. 
partellusoviposition  on  maize  using  landrace  and  commercial  varieties. 

In  two-choice  oviposition  bioassays,  C.  partellus  preferred  non-exposed  maize  landraces  for 
oviposition  to  those  exposed  to  molasses  grass.  Analysis  of  headspace  volatile  samples  from 
exposed  maize  landraces  revealed  higher  emission  of  electrophysiologically  active  compounds, 
including  (E)-4, 8-dimethyl- 1, 3, 7-nonatriene  (DMNT).  Notably,  with  the  commercial  maize 
hybrids,  there  was  no  significant  difference  in  the  number  of  eggs  laid  by  C.  partellusbQtwQQn 
plants  exposed  to  molasses  grass  and  non-exposed. 

Our  findings  suggest  that  the  volatile  organic  compounds  released  by  molasses  grass  have  the 
ability  to  induce  defence  responses  in  neighbouring  maize  landrace  plants,  a  trait  that  the 
commercial  hybrid  varieties  seem  to  lack,  and  demonstrate  the  potential  of  plant  signalling  as  a 
component  of  management  approaches  for  stemborer  pests  in  subsistence  farming  in  SSA. 
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Introduction:  Lycoriella  ingenua  (Dufour)  (formerly  known  as  L.  mali  Fitch)  (Diptera:  Sciaridae) 
is  a  serious  pest  of  the  white  button  mushroom,  Agaricus  bisporus ,  worldwide.  Previous  reports 
concerning  the  sex  pheromone  of  L.  ingenua  erroneously  identified  n-heptadecane  (C17)  as  the 
major  component  as  well  as  several  additional  saturated  n-hydrocarbons  n-Ci5,  Ci6,  Cis,  C20  as 
active  attractants.  Recently,  we  reinvestigated  the  sex  pheromone  of  this  species  by  confirming 
that  virgin  females  were  attractive  to  males  in  a  Y-tube  bioassay  and  by  collection  of  extracts 
from  virgin  females. 

Methods:  Extracts  were  analyzed  by  gas  chromatography  coupled  to  electroantennographic 
detection,  and  by  the  less  widely-used  technique  of  gas  chromatography  coupled  to  a  behavioral 
bioassay  to  detect  compounds  causing  wingfanning  and  copulatory  abdomen  curling  in  males. 

Results/Conclusions:  As  a  result  a  single  behaviorally-active  pheromone  component  was  isolated 
and  characterized  by  gas  chromatography  coupled  to  mass  spectrometry.  This  component  is 
proposed  to  be  a  sesquiterpene  alcohol  having  analytical  characteristics  that  closely  matched 
those  of  reference  germacradienols.  At  present  our  task  is  to  chemically  confirm  which  of  the 
several  possible  enantiomers  is  responsible  for  the  particular  sex  pheromone  activity.  Once  this 
compound  is  finished  being  fully  chemically  characterized,  it  will  have  potential  utility  for 
monitoring  populations  of  L.  ingenua  and  reducing  their  density  and  damage  to  the  mushroom 
crop. 
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Abstract  text: 

Introduction:  Perception  plays  a  key  role  in  shaping  insect  ecology,  but  the  question  remains  as 
to  what  cues  an  insect  is  actually  capable  of  detecting.  While  olfaction  is  critical  for  accurate 
detection  and  attraction  to  host  plants,  response  to  and  avoidance  of  non-host  plants  is  less 
understood.  We  pose  phylogenetic  relatedness  as  an  indicator  of  the  likelihood  of  behavioral 
response  to  non-host  volatile  organic  compounds. 

Methods:  A  series  of  behavioral  assays  were  performed  in  an  olfactometer  to  observe  volatile 
preference  of  Contarinia  nasturtii  (Kieffer)  (Diptera:  Cecidomyiidae),  a  recently  invasive 
agricultural  pest  of  brassicas.  Using  novel  methodology,  we  measured  the  degree  of  attraction 
and  repellency  of  C.  nasturtii  to  Volatile  Organic  Compounds  (VOCs)  from  a  diverse  sampling 
of  plants,  with  phylogenetic  distance  as  a  correlatable  measure. 

Results/Conclusions:  Our  results  provide  significant  insight  toward  a  more  comprehensive 
understanding  of  the  behavior  and  sensory  ecology  of  this  highly  specialized  pest,  and  in 
addition,  phylogenetic  distance  appears  to  be  an  accurate  predictor  of  the  likelihood  of 
behavioral  response  to  non-host  olfactory  cues. 
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Abstract  text: 

Research  over  the  last  decade  has  revealed  extensive  pheromonal  parsimony  within  the  large 
beetle  family  Cerambycidae,  with  many  species  producing  the  same,  or  very  similar  aggregation- 
sex  pheromones.  Interspecific  attraction  may  be  minimized  among  species  in  the  subfamily 


Cerambycinae  by  temporal  segregation,  or  by  minor  pheromone  components  that  strongly 
synergize  attraction  of  conspecifics,  or  inhibit  attraction  of  heterospecifics  to  the  dominant 
components. 

In  the  subfamily  Lamiinae,  two  pheromone  motifs  have  been  identified:  (£)-6,10-dimethyl-5,9- 
undecadien-2-ol  (fuscumol)  and/or  the  structurally  related  (£)-6,10-dimethyl-5,9-undecadien-2- 
yl  acetate  (fuscumol  acetate).  Identification  of  species-specific  pheromone  blends  lamiine 
species  with  very  similar  activity  periods  has  shown  that  interspecific  attraction  is  minimized  by 
differences  between  species  in  pheromone  composition. 

Here,  we  report  the  identification  of  two  additional  motifs  in  the  subfamily  Lamiinae.  Collection 
of  headspace  odors  from  males  of  three  species  contained  6-Methyl-5-hepten-2-one 
(“sulcatone”),  and  the  structurally  related  6-Methyl-5-hepten-2-ol  (“sulcatol”).  Field  bioassays 
revealed  that  all  three  species  were  most  strongly  attracted  to  blends  of  synthetic  pheromones 
that  simulated  the  composition  of  volatiles  produced  by  their  males. 
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Abstract  text: 

Pheromone  mating  disruption  (PMD)  is  a  pest  management  practice  that  involves  the  widespread 
emission  of  female  sex  pheromones  to  prevent  males  from  finding  their  mates.  For  some  dipteran 
species,  the  cost  of  the  pheromone  prohibits  PMD  implementation  in  a  commercial  production 
environment.  The  natural  pheromone  components  of  swede  midge,  an  invasive  pest  of  Brassica 
crops  in  North  America,  are  enantiospecific  diacetates,  and  are  therefore  time-consuming  and 
costly  to  synthesize  in  amounts  required  for  field  coverage.  Use  of  cheaper,  racemic  blends  of 
these  compounds  containing  additional  stereoisomers  could  greatly  reduce  the  cost  of  this 
management  strategy. 

The  objective  of  this  study  is  to  compare  pheromone  blends  containing  the  natural  and  racemic 
compounds  as  candidates  for  a  PMD  system  using  both  laboratory  and  field  settings. 

Specifically,  we  asked  whether  racemic  pheromone  blends  are  as  attractive  to  males  and  as 
effective  in  preventing  mate  location  as  the  natural  enantiospecific  compounds.  We  tested 
whether  the  blends  differed  in  their  attractiveness  to  male  midges  in  a  wind  tunnel  and  a  y-tube 
olfactometer,  and  conducted  a  field  trial  to  test  the  efficacy  of  the  natural  and  racemic  blends  for 
mating  disruption  within  a  broccoli  test  crop.  We  present  our  results  from  laboratory  and  field 
assessments  of  these  pheromone  blends  for  mating  disruption. 
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Abstract  text: 

Introduction:  The  pine-tree  lappet  moth  Dendrolimus  pini  L.  (Lepidoptera)  is  one  of  the  major 
Scots  pine  defoliators  in  Central  Europe.  The  area  of  its  distribution  has  recently  changed, 
probably  due  to  climate  change  bringing  about  warmer  and  drier  conditions  preferred  by  D. 
pini. Sex  pheromone  is  considered  an  efficient  tool  for  monitoring  insect  populations.  D. 
pini  pheromone  has  been  known  as  (Z,E)-5,7-dodecadienal  and  (Z,E)-5,7-dodecadien-l-ol 


(hereinafter  “standard”).  However,  the  male  catches  in  delta  traps  baited  with  the  “standard” 
were  very  low  in  many  studies.  These  results  encouraged  us  to  look  for  a  more  effective 
pheromone  composition.  Mehods:  GC/MS-IT  was  used  to  unveil  the  full  composition  of  the  D. 
pini  pheromone.  Samples  were  collected  from  calling  females  using  either  the  flow-through  or 
stationary  sampling  vessels  equipped  with  various  samplers.  In  addition,  abdominal  parts  of 
living  females  were  excised  for  the  headspace  and  solvent  extraction  analyses.  Newly  discovered 
components  added  to  the  “standard”  were  tested  under  laboratory  conditions  using  EAG,  an 
olfactometer,  and  a  wind  tunnel.  The  most  promising  compositions  along  with  different  trap 
types  were  examined  in  the  field. 

Results/Conclusions:  The  catches  of  D.  pini  more  than  doubled  when  a  mixture  of  new 
compounds  combined  with  the  “standard”  was  used.  The  number  of  males  in  the  IBL-5  traps 
during  the  peak  of  flight  period  reached  30  specimens/trap/day.  Future  work  will  focus  on 
optimizing  the  pheromone  composition  and  trap  type  as  well  as  on  developing  monitoring 
procedure  and  mating  disruption. 
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Abstract  text: 

Introduction:  Maize  ( Zea  mays  L.)  cultivars  differ  considerably  in  their  ability  to  produce 
induced  defense  signals  in  response  to  harmful  pests.  The  purpose  of  the  current  study  was  to 
characterize  (E)-caryophyllene  synthase  (TPS23)  gene  activity  underpinning  an  induced  defense 
compound,  (E)-caryophyllene,  emission  in  a  South  American  maize  landrace  ‘Brazl006’,  in 
comparison  with  the  standard  North  American  inbredline  B73  and  the  European  hybrid  maize, 
Delprim. 


Methods:  Volatile  profiles  and  (£)-caryophyllene  synthase  gene  expression  in  Brazl006  were 
analyzed  and  compared  with  Delprim  and  B73  in  elicitor  treated  and  control  plants.  Amino  acid 
sequences  of  the  TPS23  genes  were  determined  and  the  Brazl006-TPS23  heterologously 
expressed  in  Escherichia  coli.  Response  of  parasitic  wasps  Cotesia  sesamiae to  egg  induced 
Brazl006  volatiles  was  determined  using  behavioral  and  electrophysiological  studies. 

Results/Conclusion:  After  elicitor  treatment,  Brazl006  released  eight-fold  higher  (E)- 
caryophyllene  than  Delprim  and  there  was  no  induced  emission  at  all  in  B73.  The  variation  in 
(E)-cary  ophyllene  emission  by  Brazl006  and  Delprim  correlated  with  induced  levels  of  TPS23 
transcripts  whereas  TPS23  was  not  expressed  in  B73.  These  data  suggest  that  regulation  of 
TPS23  transcriptional  activity  underpins  herbivore-induced  (£)-caryophyllene  production  levels 
in  the  different  genetic  lines  tested.  C.  sesamiae  was  attracted  to  egg  induced  volatiles  from 
Brazl006  and  synthetic  (Efcaryophyllene.  The  prospect  of  exploiting  induced  plant  defense  is 
discussed  in  view  of  designing  novel  crop  protection  strategies  against  damaging  insect  pests. 
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In  a  complex  host-parasitoid  interaction,  the  aphid  Acyrthosiphon  pisum  Harris  is  protected  from 
the  parasitoid  wasp  Aphidius  ervi  Haliday  by  a  heritable  secondary  symbiont  Hamiltonella 
defensa  Moran.  Previous  work  showed  that  Hamiltonella-based  protection  requires 
bacteriophages  named  APSEs  that  are  in  family  Podoviridae.  Multiple  strain  of  APSEs  were 
identified  that  share  a  core  of  conserved  genes  but  are  divergent  for  a  variable  region  consisting 
of  genes  coding  for  holin,  lysozyme  and  toxin  genes  from  three  protein  families:  Shiga-like  toxin 
(Stx)  (APSE-1),  cytolethal  distending  toxin  (CdtB)  (APSE-8),  and  YD-repeat  toxin  (APSE-3). 
These  APSEs  also  differ  by  their  capacity  to  persist  in  H.  defensa ,  while  APSE-8  is  a  completely 
integrated  provirus  in  the  bacterial  genome;  APSE-3  exists  primarily  as  an  episomal  prophage 


with  a  low  level  of  lytic  replication.  Whereas  ecological  interactions  between  parasitoid,  aphid, 
bacteria  and  phage  have  been  studied,  molecular  interactions  have  not.  Here  we  developed  in- 
vitro  method  for  culturing  different  APSE  and  H.  defensa  variants.  We  also  performed  a  high- 
throughput  transcriptomic  analysis  of  two  H.  defensa  strain  carrying  APSE  (ZA17  with  APSE-8 
and  AS3  with  APSE-3)  and  two  H.  defensa  strains  without  APSE  (A2C1  and  AS3).  Based  on 
these  transcriptomes  we  performed  a  comparative  genomics  analysis  by  identifying  SNPs  and 
indels  over  the  H.  defensa  genome  for  each  of  the  four  strains.  Our  data  also  identified  highly 
regulated  H.  defensa  and  APSE  genes  of  functional  interest. 
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Introduction:  Transferrins  are  secreted  proteins  that  bind  iron.  Mammalian  serum  transferrin  is 
involved  in  iron  transport,  while  mammalian  lactoferrin  functions  as  an  immune  protein  by 
withholding  iron  from  infectious  microbes  and  by  undergoing  proteolytic  cleavage  to  release  an 
antimicrobial  peptide.  Insect  transferrin- 1  is  similar  to  both  serum  transferrin  and  lactoferrin,  and 
its  functions  are  not  well  characterized;  however,  it  is  upregulated  in  response  to  infection  in 
many  insects.  The  goal  of  this  study  was  to  determine  whether  transferrin- 1  may  function  in 
immunity  by  chelating  iron  and/or  by  direct  antimicrobial  activity. 

Methods:  We  purified  transferrin- 1  from  Manduca  sexta  L.  and  Drosophila  melanogaster 
Meigen,  measured  their  affinity  for  iron,  and  compared  their  affinity  for  iron  with  that  of  various 
siderophores,  which  are  secreted  by  bacteria  to  scavenge  iron.  We  tested  the  antimicrobial 
activity  of  apotransferrin  (without  iron)  and  holotransferrin  (with  iron)  against  two  E.  coli 
strains:  a  mutant  strain  that  does  not  synthesize  the  siderophore  enterobactin,  and  a  wild-type 
strain.  In  addition,  we  used  immunoblot  analysis  to  determine  whether  transferrin- 1  was  cleaved 
in  response  to  infection. 


Results/Conclusions:  As  expected,  transferrin- 1  from  M.  sexta  and  D.  melanogaster  were 
immune  responsive,  but  we  saw  no  indication  that  bacterial  infection  resulted  in  proteolytic 
cleavage.  Insect  apotransferrin  inhibited  growth  of  the  siderophore-deficient  strain  of  E.  coli ,  and 
partially  inhibited  growth  of  the  wild-type  strain.  In  contrast,  insect  holotransferrin  did  not  have 
antimicrobial  activity.  Our  results  suggest  that  transferrin- 1  is  unlikely  to  have  direct  bacterial 
killing  activity  but  that  it  does  inhibit  bacterial  growth  by  sequestering  iron. 
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Introduction:  Some  insects  are  associated  with  obligate  as  well  as  facultative  symbiotic  bacteria 
that  are  restricted  to  bacteriocytes.  Also,  some  facultative  symbionts  distribute  in  other  tissues  of 
the  host  insects.  Although  the  high  temperature  is  known  to  disrupt  bacterial  mutualists  of  some 
insects,  the  effects  of  its  impacts  on  the  pattern  of  symbiont  localization  are  unclear. 

Methods:  We  reared  two  species  of  whiteflies  in  the  Bemisia  tabaci  Gennadius  complex  from 
egg  to  adult  at  35  °C  and  examined  the  effects  of  heat  stress  on  their  symbionts  using  PCR, 
quantitative-PCR,  fluorescent  in  situ  hybridization  and  transmission  electron  microscopy. 

Results/Conclusion:  The  obligate  symbiont  Portiera  and  the  facultative  symbiont 
Hamiltonella,  which  are  located  strictly  in  the  bacteriocytes,  were  almost  entirely  depleted  in 
both  species.  However,  the  facultative  symbiont  Rickettsia ,  which  has  a  scattered  distribution 
throughout  the  host  body  cavity  except  bacteriocytes,  was  decreased  but  still  maintained  at  a 
level  of  easily-detecting  quantity  in  one  of  the  host  species  and  could  be  successfully  transmitted 
to  the  next  generation  via  eggs.  The  proliferation  of  bacteriocytes  was  inhibited  during  heat 
stress.  In  the  bacteriocytes,  symbionts  and  organelles  were  in  a  state  of  lysis,  and  some  electron- 
dense  inclusions  accumulated  as  shown  by  images  of  transmission  electron  microscopy.  The 


adults  produced  fewer  and  smaller  eggs,  and  the  intracellular  symbionts  failed  to  be  transmitted 
to  those  eggs.  Moreover,  all  eggs  failed  to  hatch.  The  vulnerability  of  bacteriocytes  and 
intracellular  symbionts  to  heat  stress  suggests  novel  targets  for  disrupting  the  mutual  relationship 
as  a  control  strategy  of  the  pest. 
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Abstract  text: 


Despite  important  progress  on  the  identification  of  molecules  that  participate  in  the  immune 
response  of  Drosophila  melanogaster  Meigen  to  microbial  infections,  the  involvement  of 
Thioester-containing  Proteins  (TEPs)  in  the  antibacterial  immunity  of  the  fly  is  not  fully 
clarified.  We  have  investigated  the  role  of  TEP  genes  in  the  regulation  of  the  D.  melanogaster 
host  defense  against  two  Photorhahdus  virulent  pathogens;  the  insect-specific  pathogen 
Photorhabdus  luminescens  and  the  emerging  human  pathogen  Photorhabdus  asymbiotica. 

We  have  found  that  certain  TEP  genes  are  strongly  upregulated  in  adult  flies  following  injection 
of  Photorhabdus  bacteria.  Through  survival  analysis  and  bacterial  load  estimation,  we  have 
shown  that  mutations  in  TEP  genes  confer  resistance  to  P.  luminescens  and  P.  asymbiotica 
infection.  Using  immune  mutant  flies  together  with  gene  transcription  assays,  we  have  found  that 
induction  of  TEP  genes  is  controlled  by  Toll,  Imd,  JAK/STAT  and  INK  signaling  pathways  upon 
Photorhabdus  infection.  In  addition,  by  performing  quantitative  and  qualitative  assessment  of  the 
melanization  reaction  in  TEP  mutants  challenged  with  Photorhabdus ,  we  have  documented  that 
inactivation  of  certain  TEP  genes  promotes  melanization  and  phenoloxidase  activity  in  the 
infected  flies.  Together,  these  findings  generate  novel  insights  into  the  immune  role  of  TEP 
molecules  as  regulators  and  effectors  of  the  D.  melanogaster  antibacterial  immune  response  and 
provide  a  currently  unknown  layer  of  the  innate  immune  system. 
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Abstract  text: 

Introduction:  The  autoactivation  of  an  initiating  modular  protease  in  response  to  pathogen 
recognition  by  pattern  recognition  receptors  triggers  insect  immune  responses.  Hemolymph 
protease  14  in  Manduca  sexta  L.  (HP  14)  is  one  such  initiating  protease  that  autoactivates  upon 
the  binding  of  fungal  p-l,3-glucan  by  p-glucan  recognition  proteins  (pGRPs),  and  thus  stimulates 
prophenoloxidase  activation  pathways.  However,  the  underlying  molecular  mechanisms  of  this 
initial  step  remain  elusive. 

Methods:  Here,  we  use  biochemical,  biophysical,  and  structural  biology  approaches  to  study  the 
molecular  and  structural  basis  for  the  autoactivation  of  HP  14  upon  the  sensing  of  p-l,3-glucan 
by  PGRP2. 

Results/Conclusion:  Biochemical  analysis  using  HP  14  zymogen  (proHP14),  pGRP2,  and 
recombinant  truncated  forms  of  these  proteins  showed  that  both  the  amino-terminal  modular  LA 
domains  of  HP  14  and  the  carboxyl-terminal  glucanase-like  domain  of  pGRP2  (C-pGRP2)  are 
required  for  proHP14  autoactivation.  Using  surface  plasmon  resonance,  we  demonstrated  that 
immobilized  LA  domains  predominantly  interact  with  C-pGRP2.  Importantly,  the  affinity  of  LA 
domains  for  pGRP2  increases  nearly  100-fold  in  the  presence  of  p-l,3-glucan,  likely 
representing  a  mechanism  for  promoting  HP  14  activation  upon  infection.  These  results,  together 
with  our  previous  studies,  provide  an  improved  model  for  the  initiation  of  immune  protease 
cascades,  in  which  the  molecular  assembly  of  insect  pGRPs  and  p-l,3-glucan  serves  as  a 
platform  that  allows  for  the  recruitment  and  localized  activation  of  proHP14.  We  will  further 
dissect  the  interaction  of  HP  14  LA  domains  with  C-pGRP2  to  better  understand  the  molecular 
and  structural  basis  of  the  initiation  of  a  serine  protease  cascade. 
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Abstract  text: 

Introduction:  The  goal  of  this  project  was  to  determine  the  effects  of  maternal  bacterial  exposure 
on  the  immune  competency  and  development  of  offspring,  using  the  lepidopteran  insect 
Manduca  sexta  L.  as  a  model  system. 

Methods:  Two  days  before  M.  sexta  females  were  ready  to  emerge  as  adults  they  were  subjected 
to  one  of  four  treatments:  naive  (uninjected),  injected  with  sterile  saline,  injected  with  heat-killed 
bacteria  (, Serratia  marcescens),  or  injected  with  a  sublethal  dose  of  active  S.  marcescens.  After 
emergence  and  mating,  we  measured  maternal  fecundity,  physical  attributes  of  the  embryos 
(volume,  mass),  and  developmental  milestones.  The  immune  competency  of  first  instar  larvae 
was  tested  by  injection  with  S.  marcescens ,  followed  by  assay  of  bacterial  clearance. 

Results/Conclusion:  We  observed  marked  changes  among  treatment  groups,  particularly  in  the 
abilities  of  first  instar  larvae  from  bacterially-exposed  mothers  to  clear  injected  bacteria.  We  also 
observed  changes  in  the  volume  of  embryos  and  in  development  time.  Our  results  are  consistent 
with  differential  maternal  investment  that  may  influence  offspring  survival  in  a  microbe-rich 
environment.  We  are  in  the  process  of  investigating  accompanying  changes  in  maternal  and 
embryonic  gene  expression,  using  next-generation  sequencing  techniques.  Analysis  of 
transcriptomic  changes  will  provide  insight  into  mechanisms  underlying  transgenerational  effects 
of  microbial  exposure. 
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The  bidirectional  exchange  of  nutrients  between  host  and  microbial  symbiont  is  central  to  the 
function  of  all  symbioses  involving  intracellular  microorganisms,  but  the  molecular  basis  of 
these  interactions  is  poorly  understood.  We  investigated  the  metabolic  adaptations  in  the 
association  between  the  whitefly  Bemisia  tabaci  Gennadius  and  two  bacteria,  co-housed  in  each 
host  cell  ( Portiera  aleyrodidarum  and  Hamiltonella  defensa).  The  symbiosis  provides  essential 
amino  acids,  which  are  deficient  in  the  whitefly  diet  of  plant  phloem  sap. 

Parallel  genomic  and  transcriptomic  analysis  revealed  multiple  genes  of  bacterial  origin  in  the 
Bemisia  genome  that  are  selectively  expressed  in  the  host  cell.  These  bacterial-derived  genes 
mediate  reactions  in  essential  amino  acid  synthesis  that  are  missing  from  the  Portiera  genome  or 
are  represented  by  either  Portiera  pseudogenes  or  structurally  intact  Portiera  genes  with  reduced 
expression.  In  this  way,  host  acquisition  of  foreign  genes  can  facilitate  reduced  function  of 
symbiont  genes.  No  role  of  Hamiltonella  in  essential  amino  synthesis  was  identified,  but  the 
enriched  expression  of  host  genes  coding  enzymes  in  vitamin  B  processing  suggests  that  the 
genetic  capacity  of  Hamiltonella  for  de  novo  synthesis  of  multiple  B  vitamins  may  contribute  to 
the  Portiera  and  host  cofactor  requirements  under  conditions  of  low  dietary  supply.  These  data 
reveal  that  interactions  between  intracellular  micoorganisms  and  the  animal  host  is  underpinned 
by  metabolic  coevolution  involving  coordination  of  host  gene  expression  in  host  cells  with 
symbiont  metabolic  function,  and,  where  the  host  cell  gains  functions  replicating  symbiont 
capabilities,  the  net  transfer  of  metabolic  function  from  symbiont  to  host. 
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Insects  lack  antibodies,  the  carriers  of  immunological  memory  that  vertebrate  mothers  can 
transfer  to  their  offspring.  Yet,  it  has  been  shown  that  an  insect  mother  facing  pathogens  can 
prime  her  offspring’s  immune  system.  To  date,  it  has  remained  enigmatic  how  insects  achieve 
specific  trans-generational  immune  priming  despite  the  absence  of  antibody-based 
immunity.Here,  we  show  for  the  first  time,  how  this  is  made  possible  in  honeybees,  Apis 
mellifera  L.,  via  an  egg-yolk  protein  binding  to  immune  elicitors  that  are  then  carried  to  eggs. 
This  yolk  protein,  called  vitellogenin,  is  able  to  bind  to  different  bacteria  and  pathogen  specific 
molecules. 

We  use  Escherichia  coli  fragments  as  markers  to  show  how  vitellogenin  is  necessary  for  the 
carrying  of  immune  elicitors  to  eggs  in  vitro.  Our  findings  are  not  only  revealing  a  new  function 
of  vitellogenin,  but  also  demonstrate  how  very  high  specificity  of  immune  priming  can  be 
achieved  without  antibodies.  We  demonstrate  in  vivo ,  that  this  type  of  natural  “vaccination” 
takes  place  against  American  Foulbrood  and  that  honeybee  queens  orally  exposed  to  pathogens 
can  enhance  the  immunity  of  their  offspring  against  this  devastation  disease  by  altering  the 
physiology  of  the  larvae.  Furthermore  we  propose  the  mechanism,  how  this  type  of  transfer  of 
immune  priming  could  take  place  on  the  level  of  the  beehive.  These  findings  help  to 
revolutionize  our  understanding  of  how  organisms  fight  pathogens.  Furthermore  it  is  essential  for 
designing  tools  for  protection  of  ecologically  and  economically  important  insects,  such  as  the 
honeybees. 
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Nutrition  is  critical  to  the  immune  defense  and  resistance  to  pathogens,  with  consequences  that 
affect  not  only  the  health,  welfare  and  reproductive  success  of  individual  organisms,  but  also 
have  profound  ecological  and  evolutionary  implications.  My  research  focuses  on  better 
understanding  the  network  of  interactions  that  define  the  relationships  between  nutrition, 
immune  function,  infection,  and  microbiota  to  provide  a  more  comprehensive  and  robust 
understanding  of  the  key  determinants  of  the  outcome  of  host-pathogen  interactions. 

Using  the  Geometrical  Framework  for  nutrition,  we  performed  a  detailed  investigation  of  the 
effects  of  macronutrients  on  constitutive  innate  immunity  and  resistance  to  infection  in 
Drosophila  melanogaster  Meigen.  We  found  that  immune  genes,  and  more  particularly  anti¬ 
microbial  peptides,  are  responsive  to  dietary  protein-to-digestible  carbohydrate  ratio.  Patterns  of 
expression  differed  in  response  to  dietary  composition,  allowing  flies  to  adjust  their  diet  choice 
to  enhance  chances  of  survival  after  infection.  Describing  the  network  of  interactions  underlying 
nutritional  immunology  will  help  to  establish  new  avenues  for  research  on  animal  health  and  to 
set  the  scene  for  discovering  the  detailed  mechanisms  involved  in  these  interactions. 
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Habitat  degradation  and  destruction,  particularly  due  to  the  expansion  and  intensification  of 
agricultural  systems,  are  the  primary  drivers  of  global  biodiversity  loss.  Biodiversity  decline  has 
caused  the  reduction  of  many  ecosystem  functions  and  services  in  a  variety  of  systems. 
Functional  diversity  is  a  central  component  of  biological  diversity  and  is  a  better  predictor  of 
ecosystem  functioning  than  species  diversity.  Functional  diversity  is  measured  using  species 


functional  traits;  the  morphological,  physiological  and  behavioral  characteristics  of  an  organism 
that  determine  its  effect  on  ecosystem  functions  and  response  to  environmental  change.  Insect- 
mediated  pollination  is  a  critical  ecosystem  function  and  provides  a  tractable  model  for 
investigating  impacts  of  land  use  intensification  on  biodiversity  and  consequently,  ecosystem 
services.  Our  paper  reports  on  a  landscape  scale  experiment,  using  targeted  mass  plantings  along 
a  land-use  intensification  gradient,  to  assess  impacts  on  insect  pollinator  biodiversity  and 
pollination  services.  We  show  that  land-use  intensification  has  caused  substantial  loss  of  insect 
pollinator  functional  diversity.  We  also  show  that  functional  redundancy  (number  of  species 
occupying  the  same  functional  niche)  rapidly  decays  with  intensification.  However  we  find  that 
species  responses  to  intensification  are  not  the  same  (i.e.  there  is  high  response  diversity), 
whereby  some  species  respond  positively  to  intensification  while  others  display  negative  or 
neutral  responses.  The  next  step  will  be  to  determine  if  insects  with  similar  functional  traits  show 
parallel  responses  to  land-use  changes.  The  latter  is  critical  for  predicting  the  magnitude  of 
impact  on  biodiversity  and  consequently,  ecosystem  functions. 
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Introduction:  Urban  ecosystems  are  usually  regarded  as  hostile  for  insects,  largely  due  to  habitat 
loss  and  degradation.  Previous  studies  of  insects  in  urban  areas  have  focussed  on  distribution  and 
abundance,  with  few  examining  the  impact  of  urban  stressors  on  the  physical  condition. 
Morphological  traits  can  be  used  as  proxies  to  quantify  the  effects  of  environmental  factors  on 
the  condition  of  an  organism.  The  aim  of  this  study  was  to  assess  the  effects  of  landscape 
complexity  and  composition  on  the  physical  condition  of  foraging  honeybees  ( Apis  mellifera  L.) 
in  urban  ecosystems. 


Methods:  We  measured  multiple  traits  of  honeybees  (including  wing  wear,  body  mass,  pollen 
load,  and  lipid  content)  by  capturing  foragers,  marking,  collecting  trait  information,  releasing, 
and  recapturing  them  five  days  later.  This  study  took  place  in  ten  sites  displaying  different 
degrees  of  urbanisation,  vegetation  composition  and  structural  complexity  throughout  Sydney, 
Australia. 

Results/Conclusion:  We  found  that  honeybees  experience  less  wing  wear  in  more  urbanized 
spaces,  which  we  attribute  to  decreased  chance  of  collisions  with  vegetation.  Lipid  content  and 
body  mass  were  higher  in  highly  urbanized  areas,  compared  to  the  bees  living  in  forest  fragments 
or  shrub  land.  Our  results  suggest  that  urban  ecosystems  are  not  as  hostile  as  they  are  frequently 
considered  to  be,  at  least  for  honeybees.  Reduced  complexity  in  the  vegetation  matrix  and  a  more 
stable  food  supply  through  the  year  may  make  cities  less  severe  environments  than  forests  and 
densely  vegetated  areas. 
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We  evaluated  a  Chaetomium  globosum  Kunze  strain  isolated  as  an  endophyte  from  upland  cotton 
(Gossypium  hirsutum  L.)  plants  for  effects  on  both  insect  and  nematode  herbivores  above-  and 
belowground  when  present  systemically  as  an  endophyte  in  cotton.  Our  previous  studies  have 
found  antagonistic  effects  of  endophytic  C.  globosum  against  a  range  of  insect  and  nematode 
herbivores  with  different  feeding  modes  including  root-knot  nematodes  ( Meloidogyne  incognita ), 
leaf-chewing  beet  armyworms  ( Spodoptera  exigua  Hiibner),  and  phloem-feeding  cotton  aphids 
( Aphis  gossypii  Glover).  This  study  examined  the  influence  of  the  endophyte  on  adult  alate 
cotton  aphid  host  selection  behavior  using  both  choice  and  no-choice  tests  with  single  leaf  and 
whole  intact  plants.  The  aphids  preferentially  selected  and  produced  more  offspring  on  non- 
colonized  control  plants  relative  to  those  colonized  by  endophytic  C.  globosum.  The 
Chaetomium  fungi  are  known  to  produce  a  number  of  bioactive  metabolites  (i.e.,  chetomin, 
chetocin,  cochliodinol,  etc).  However,  the  specific  mechanisms  by  which  endophytic  C. 
globosum  negatively  affects  aphid  behavior  performance  on  cotton  remains  to  be  determined. 
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Parthenium  weed  (. Parthenium  hysterophorus  L.)  is  most  feared  noxious  invasive  species  widely 
distributed  in  both  arable  and  grazing  lands  worldwide.  Weeds  are  good  source  of  pathogens  that 
induce  disorders  in  plant  physiology,  morphology  and  flower  sterility.  During  a  survey 
conducted  in  2012-2015,  in  Punjab,  Pakistan,  we  observed  phyoplasma  associated  diseases  on 
Parthenium  hysterophorus  L.  as  well  as  on  other  important  crops  e.g.  Seasame,  Mung  bean, 
Chick  pea,  Tomato,  Potato,  Brassica,  Radish  etc. 

The  molecular  confirmation  of  phytoplamsa  presence  in  infected  parthenium  weed  samples  was 
confirmed  by  Nested  Polymerase  Chain  Reaction  (PCR).  Nested  PCR  product  of  1.25  kb  were 
amplified  using  the  universal  primers  pair  (P1/P7)  followed  by  R16F2n.  Then,  amplified  DNA 
fragment  (1.25  Kb)  was  digested  with  endonucleases  by  following  the  Restriction  fragment 
length  polymorphism  (RFLP)  and  confirmed  the  presence  of  phytoplasma  strains  in  infected 
samples.  The  study  on  transmission  of  parthenium  associated  phytoplasma  through  insect  vector 
(i Orosius  albicinctus  Distant),  dodder  ( Cuscuta  compestris  Dodder)  and  grafting  showed  that 
parthenium  weed  not  only  harbors  phytoplasma  in  itself  but  is  also  the  source  of  infection  to 
other  important  agricultural  crops. 

This  is  the  first  identification  and  transmission  of  phytoplasma  associated  with  parthenium  weed 
in  Pakistan. Our  results  of  transmission  studies  also  suggest  that  Parthenium  weed  ( Parthenium 
hysterophorus  L.)  should  be  managed  by  other  strategies  but  not  be  controlled  by  using 
phytoplasma  because  it  could  be  the  source  of  infection  to  other  important  major  crops. 
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Tall  grass  fescue,  Festuca  arundinacea  Schreb,  is  the  most  extensively  used  winter  perennial 
grass  in  Uruguayan  cultivated  pastures.  Like  many  species  belonging  to  the  Pooideae  subfamily, 
tall  fescue  is  associated  with  symbiotic  fungi  colloquially  known  as  "endophytes";  Epichloe 
(Ascomycota:  Clavicipitaceae).  Endophytes  produce  different  types  of  alkaloid  that  can  be 
deterrent  and/or  toxic  to  insects.To  take  advantage  of  these,  AgResearch  in  New  Zealand  has 
developed  “novel  endophytes”  that  only  express  mammalian-friendly  alkaloids  (Ascomycota: 
Clavicipitaceae  AR584).  These  novel  endophytes  have  been  introduced  in  Uruguay  in  INIA 
Fortuna  and  INIA  Aurora  cultivars,  under  an  agreement  between  INIA  -  AgResearch  -  PGG 
Wrightson.  Agronomic  implications  of  these  associations  and  their  positive  and  negative  aspects 
should  be  carefully  studied  for  Uruguayan  eco-production  systems  in  particular.  Therefore,  the 
objective  of  this  project  was  to  evaluate  the  behavior  of  foliar  and  soil  pests  of  Festuca 
arundinacea  Schreb.  in  cultivars  with  and  without  novel  endophytes  under  choice  and  no-choice 
feeding  behavior  assays  in  controlled  environments.  Five  treatments  were  evaluated  in  the 
studies:  Aurora,  Aurora  +e,  Fortuna,  Fortuna  +e,  Kentucky  3 1  (wild  type  endophyte.  Faboratory 
choice  and  no-choice  assays  were  performed  using  late-instar  larvae  of  Pseudaletia  adultera 
larvae  (chewing  foliar  pest),  Rhopalpsiphum  padi  F.  adults  (piercing-sucking  foliar  pest),  and 
Diloboderus  abderus  Strum  late-instar  larvae  (chewing  underground  pest).  Endophyte  infection 
was  validated  using  immunoblot  in  field  and  greenhouse  trials.  Preliminary  results  suggest  that 
endophytes  have  potential  to  increase  tolerance  to  insects  in  fescue  plants. 
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Introduction:  Cassava  ( Manihot  esculenta  Crantz),  a  tropical  root  crop,  is  growing  in  importance, 
both  as  fresh  food  and  as  an  agroindustrial  crop.  In  Fatin  America,  the  disease  causing  the 
heaviest  crop  losses  is  cassava  frogskin  disease  (CFSD),  associated  with  a  16  SrIII-F 
phytoplasma.  In  Southeast  Asia,  it  is  cassava  witches’ -broom  disease  (CWBD),  caused  by  a 
16rSrI  phytoplasma.  With  the  collaboration  of  national  research  programs,  we  carried  out 


extensive  samplings  of  cassava  crops  in  both  regions  to  assess  how  the  two  diseases  are 
disseminated. 

Methods:  We  confirmed  the  presence  of  phytoplasmas  in  tissues  of  cassava  plants  by  conducting 
nested  PCR  assays,  using  ribosomal  RNA  primers.  We  then  identified  the  phytoplasmas  through 
RFLP  analyses  and  DNA  sequencing. 

Results/Conclusion:  Results  confirmed  that  35  of  39  genotypes  assessed  in  Colombia,  Latin 
America,  exhibited  mild  or  severe  CFSD  symptoms,  resulting  from  infection  by  a  16  SrIII-L 
phytoplasma.  In  Vietnam  and  Cambodia,  CWBD  was  found  to  be  associated  with  a  16rSrI 
phytoplasma.  Both  diseases  were  established  as  being  disseminated  through  the  planting  of 
stakes  from  infected  plants.  Laboratory  experiments  also  confirmed  that  the  sap-sucking 
leafhopper  Scaphytopius  marginelineatus  Stal  in  Colombia  is  able  to  transmit  CFSD  to  healthy 
cassava  plants.  However,  for  CWBD,  in  Southeast  Asia,  no  similar  potential  vector  was  found. 
Although  further  field  studies  are  needed  on  potential  vector  transmission,  quarantine  inspection 
needs  to  be  intensified  to  prevent  these  two  phytoplasmas  being  introduced  into  other  countries 
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Global-average  surface  temperatures  and  climate  variability  are  predicted  to  increase  and  there  is 
the  potential  for  a  positive  feedback  between  atmospheric  carbon  dioxide  and  warming.  Our 
ability  to  make  this  determination  is  crippled  by  our  lack  of  understanding  of  the  conjoined 
effects  of  warming  and  organisms — both  above-  and  belowground — on  elements  of  the  carbon 
cycle.  Insect  herbivores  affect  primary  production  and  decomposition  by  altering  plant  chemistry 
and  litterfall  quantity  and  quality  via  their  grazing  activity  and  excretions.  Predators  impact 


herbivore  abundance  and  activity,  subsequently  impacting  these  elements  of  carbon  cycling.  Yet, 
the  responses  of  herbivores  and  predators,  and  the  plants  and  microbes  with  which  they  interact, 
to  climatic  changes  will  vary  in  magnitude  and  direction.  Studies  simultaneously  examining  the 
impacts  of  warming  on  these  taxa  and  the  consequences  for  carbon  cycling  are  lacking.  Using 
experimental  mesocosms,  I  studied  the  effects  of  fixed  increment,  extreme,  and  nighttime 
warming  on  interactions  between  a  stink  bug  predator  ( Podisus  maculiventris  Say),  a 
lepidopteran  larval  herbivore,  and  aspen  ( Populus  tremuloides).  I  also  demonstrated  how  these 
trophic  relationships  affected  quantity  and  quality  of  inputs  to  the  forest  floor.  I  predicted  a  large 
flux  of  insect  cadavers,  followed  by  a  drastic  decrease  in  nutrients  from  the  canopy  to  the  forest 
floor  under  extreme  warming.  I  anticipated  steady  rates  of  litterfall  under  fixed  increment  and 
control  conditions,  with  overall  nutrient  flux  being  lower  in  control  groups.  Because  nighttime 
warming  affects  respiration  more  than  photosynthesis,  I  expected  plant  production  and  quality  to 
decline  under  nighttime  warming,  consequently  affecting  herbivores  and  predators. 
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Introduction:  A  multilevel  community’s  species  appearance  or  extinction  considerably  affects 
community  stability.  Introduced  or  host  shifting  species  which  alters  the  structure  and 
composition  of  the  community  may  become  invasive  thus  may  lead  to  stability  decrease  of  the 
community.  We  hypothesized  that  a  newly  appeared  parasitoid  species  decreases  community 
stability.  Thus  in  a  model  community  we  analyzed  a  newly  appeared  parasitoid  species’  effect. 

Methods:  We  analyzed  a  tritrophic  community  of  wild  roses,  gall  wasps  and  their  parasitoids  in 
the  Eastern  Carpathian  Basin  (Transylvania,  Romania,  Europe)  in  a  ten  year  time  period.  The 
community  is  widespread  due  to  land  use  alterations  and  land  abandonment  of  last  decades.  Ten 
years  ago  the  parasitoid  Exeristes  roborator  F.  was  not  present,  while  in  recent  samples  the 
species  is  present  with  a  moderate  but  increasing  abundance.  In  the  last  decade  the  presence  of  E. 
roborator  was  mentioned  in  samples  of  rose  galls  in  the  Middle-East  and  South  Europe,  but  it 
was  not  found  in  Central  and  Western  Europe.  We  used  quantitative  parasitoid  web  modelling 
with  landscape  and  climatic  variables  as  covariates  to  explore  the  effect  of  E.  roboratoron 
community  stability. 

Results/Conclusion:  We  found  that  the  appearance  of  the  new  species  increased  community 
stability.  Such  cases  of  newly  appeared  species  leading  to  increase  of  community  stability  are 
rarely  described.  We  conclude  that  in  some  cases  species  shifting  from  south  to  north  may  even 
increase  community  stability  at  least  in  the  early  phases  of  their  appearance. 
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Abstract  text: 

Introduction:  Concentration  of  carbon  dioxide  (CO2)  in  the  atmosphere  has  increased 
significantly  and  is  projected  to  double  by  end  of  this  century.  To  sustain  or  increase  current  food 
production  levels,  understanding  how  pests  and  diseases  of  many  economically  important  crops 
will  respond  to  future  climate  driven  by  increasing  CO2  is  imperative. 

Methods:  In  this  study,  the  effects  of  elevated  CO2  (eCCE)  on  the  interactions  between  wheat, 
Barley  yellow  dwarf  virus  and  an  important  pest  of  wheat  and  the  major  virus  vector,  the  bird 
cherry-oat  aphid  (Rhopalosiphum  padi  L.)  was  examined.  Aphid  life  history,  feeding  behavior 
(using  electrical  penetration  graph)  and  physiology  and  plant  biochemistry  was  investigated. 

Results/Conclusion:  Our  results  showed  that  virus  infection  can  mediate  effects  of  eC02  on 
wheat  plant  and  its  aphid  vector.  Changes  in  plant  N  concentration  influenced  aphid  life  history 
and  behavior  and  N  concentration  was  affected  by  virus  infection  under  eC02.  We  observed  a 
reduction  in  aphid  population  size  and  increased  feeding  damage  on  noninfected  plants  under 
eC02  but  no  changes  to  population  and  feeding  on  virus-infected  plants  irrespective  of 
C02treatment.Based  on  our  study,  we  predict  lower  future  aphid  populations  on  noninfected 
plants  but  no  change  or  increased  aphid  populations  on  virus-infected  plants  and  subsequent 
virus  spread.  Our  findings  underscore  the  complexity  of  interactions  among  plants,  insects  and 
viruses  under  future  climate  with  implications  for  plant  disease  epidemiology  and  crop 
production. 
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Abstract  text: 


Mexican  bean  beetle  (MBB),  Epilachna  varivestis  Mulsant,  is  a  phytophagous  lady  beetle  that 
invaded  the  eastern  United  States  from  the  American  southwest  in  1918.  In  the  1920s  and  1930s, 
MBB  was  one  of  the  most  severe  insect  pests  in  the  East,  ravaging  snap  and  lima  beans  from 
Florida  to  Montreal.  For  unknown  reasons,  the  beetle  slipped  into  obscurity  for  about  30 
years.  MBB  reemerged  as  a  major  pest  in  the  1960s,  but  with  a  new  twist:  it  was  damaging 
soybeans  in  addition  to  snap  and  lima  beans.  Due  to  the  economic  importance  of  soybeans,  a 
large-scale  effort  to  control  MBB  ensued,  including  importation,  mass  rearing  and  wide-spread 
release  of  a  non-native  parasitoid  wasp,  Pediobius  foveolatus  Crawford.  In  the  early  1980s,  MBB 
populations  mysteriously  crashed  again.  Today,  the  insect  is  only  a  serious  pest  of  snap  beans 
and  lima  beans  in  limited  regions  of  the  eastern  U.S.,  and  is  almost  never  damaging  to 
soybeans.  Much  speculation  exists  over  the  cause(s)  of  MBB's  fluctuating  pest  status.  The  most 
convincing  evidence  points  to  a  combination  of  factors,  including  changes  in  host-crop 
distribution,  cultivation  strategies,  and  climate.  Investigating  the  history  of  insect  pests  like  the 
Mexican  bean  beetle  can  help  researchers  predict  and  mitigate  future  outbreaks,  while  also 
documenting  the  effects  of  cultural  developments  and  climate  change  on  the  natural  world. 
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Abstract  text: 

IntroductiomEnriched  atmospheric  carbon  dioxide  and  ozone  will  have  significant  impacts  on 
forest  health  within  decades.  Few  studies  have  investigated  their  effects  on  forest  insect 
communities.  Fewer  still  have  assessed  the  composite  effects  of  changes  in  individual  insect 
performance  and  community  composition  on  canopy-level  processes  such  as  defoliation  and 
organic  substrate  deposition.  We  explored  those  relationships,  and  their  effects  on  tree  primary 
productivity,  at  the  Aspen  Free  Air  CCEEnrichment  site  (Wisconsin,  U.S.A.) 

Methods:  Aspen-FACE  assessed  the  independent  and  interactive  effects  of  elevated  CO2  and  O3 
on  aspen-birch  forests.  We  measured  canopy  defoliation  rates  and  organic  substrate  deposition 
throughout  the  summers  of  2006-2008.  We  estimated  the  influence  of  changes  in  herbivory 


under  elevated  CO2  and  CEon  stand  productivity  using  a  light-use  efficiency  (s)  model  adjusted 
to  account  for  herbivory. 

Results/Conclusion:  Canopy  damage  increased  88%  under  elevated  CO2  and  decreased  16% 
under  elevated  O3.  Insect-mediated  substrate  deposition  and  nitrogen  flux  increased  36  and  38%, 
respectively,  under  CO2.  While  transfer  of  substrate  from  the  canopy  to  the  forest  floor  was  not 
affected  by  elevated  levels  of  O3,  nitrogen  deposition  decreased  19%  in  enriched  O3 
environments.  The  loss  of  actual  and  potential  productivity  due  to  herbivory  increased  by  167% 
under  elevated  CO2,  while  the  negative  effect  of  herbivory  decreased  by  22%  under  elevated  O3. 
These  results  demonstrate  that  enriched  atmospheric  CO2  and  O3  will  affect  even  nominal  levels 
of  herbivory  to  an  extent  that  forest  primary  production  and  nutrient  transfers  are  altered,  and  the 
C  sequestration  capacity  of  forests  may  be  compromised. 
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Injury  from  defoliating  insects  is  responsible  for  more  yield  loss  to  Mississippi  soybean 
producers  than  any  other  feeding  guild  of  insects.  In  2014,  defoliating  insects  alone  cost 
Mississippi  producers  $37,081,635.  Insects  contributing  to  defoliation  include  bean  leaf  beetles, 
soybean  loopers,  velvetbean  caterpillars,  green  cloverworms,  armyworms,  grape  colaspis,  flea 
beetles,  and  grasshoppers.  Previous  research  has  shown  that  excessive  foliage  loss  that  occurs 
during  the  R3-R5  growth  stages  can  have  devastating  effects  on  yield.  The  objective  of  these 
tests  were  to  refine  the  current  treatment  recommendations  by  simulating  situations  commonly 
encountered  by  producers.  Tests  were  conducted  during  the  2015  growing  season  in  the  hills  and 
delta  region  of  Mississippi.  Soybeans  were  defoliated  at  various  levels  and  growth  stages 
throughout  the  growing  season  to  mimic  the  effects  of  compounding  defoliation.  Leaf  area  index 
and  heights  were  recorded  periodically  throughout  the  season,  as  well  as,  yields  at  the  end  of  the 


season.  Compounding  defoliation  resulted  in  yield  loss  that  was  additive  in  effect  and  lowered 
leaf  area  index  values  which  correlated  with  lower  soybean  yields.  Soybeans  planted  later  in  the 
season  had  larger  yield  reductions  when  defoliated  at  V4  than  those  planted  earlier  in  the 
season.  These  tests  could  help  producers  by  creating  a  variable  threshold  based  on  planting  date 
or  defoliation  that  occurred  during  previous  growth  stages. 
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Trials  were  conducted  in  South  Carolina  from  2013-2016  to  determine  the  degree  of  aggregation 
of  stink  bugs  and  boll  injury  in  cotton,  Gossypium  hirsutum  L.,  and  their  spatial  association  with 
areas  of  vigorously  growing  cotton  defined  by  the  Normalized  Difference  Vegetation  Index 
(NDVI).  Results  from  this  study  showed  variation  in  levels  of  both  insect  densities  and  crop 
injury  within  fields  at  different  sampling  locations.  Using  the  Spatial  Analysis  by  Distance 
IndicEs  analyses  (SADIE),  the  degree  of  spatial  aggregation  varied  between  stink  bug  species 
and  between  life  stages.  Boll  injury  from  stink  bug  feeding  was  more  frequently  aggregated  than 
stink  bugs.  Spatial  stability  in  time  as  quantified  by  SADIE  association  indices  between  datasets 
at  different  sampling  dates  showed  overall  that  NDVI  had  the  greatest  stability,  followed  by  boll 
injury  and  stink  bugs  densities.  Significant  positive  SADIE  associations  were  determined 
between  NDVI  and  boll  injury  using  the  minimum  time  intervals  between  sampling  of  each 
variable.  The  degree  of  aggregation  of  stink  bug  boll  injury  and  their  association  with  NDVI, 
combined  with  the  highly  variable  soils  in  the  southeastern  coastal  plains  in  the  United  States, 
suggest  that  site-specific  management  of  stink  bugs  in  cotton  has  potential  for  maximizing 
economic  and  environmental  benefits  and  deserves  further  study. 
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Cotton  responds  to  insect  injury  by  eliciting  signal  pathways  that  result  in  the  production  of 
metabolites  that  have  been  demonstrated  to  deter  insect  feeding,  reduce  insect  fitness,  and  attract 
predators.  Furthermore,  neonicotinoid  seed  treatments  have  been  shown  to  suppress  some  of 
these  natural  secondary  metabolites  increasing  the  prevalence  of  phytophagous  arthropods  on 
seedling  cotton.  Therefore,  we  investigated  the  effects  of  selected  elicitors  on  the  production  of 
plant  defenses  using  phytohormone  analysis  and  measuring  population  growth  of  two-spotted 
spider  mite,  Tetranychus  urticae  Koch,  (TSSM)  on  cotton  plants  grown  in  a  growth  chamber 
after  foliar  applications  of  Jasmonic  Acid  (JA)  and  seed  applied  imidacloprid.  Our  research 
indicates  neonicotinoid  seed  treatments  may  alter  naturally  occurring  secondary  plant 
metabolites  resulting  in  significantly  more  adult  spider  mites  as  compared  JA  treated  cotton. 
However,  eggs,  motiles  and  total  mites  were  not  affected  by  the  addition  of  a  neonicotinoid  seed 
treatment  or  exogenous  applications  of  JA.  Concentrations  of  JA  were  determined  to  be 
significantly  greater  in  plots  where  JA  was  applied  compared  to  plots  that  had  no  JA 
applications.  Jasmonate-isoleucine  (JA-Ile)  was  also  determined  to  be  significantly  greater  in 
plots  sprayed  with  JA  compared  to  plots  that  were  not  sprayed.  Concentrations  of  12-oxo- 
phytodienoic  acid  (OPDA),  salicylic  acid  (SA),  abscisic  acid  (ABA)  were  not  found  to  be 
significantly  different  in  sprayed  compared  to  non-sprayed  plots. 
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Introduction:  Cephus  cinctus  Norton  (Hymenoptera:  Cephidae),  is  a  grass-feeding  insect  that  has 
long  been  a  threat  to  spring  wheat  production  in  the  northern  Great  Plains  of  North  America.  In 
the  early  1980s,  it  emerged  as  a  significant  pest  of  winter  wheat  as  well.  Since  then,  infestation 
has  expanded  southwards,  especially  in  Colorado.  Its  origin  has  been  questioned  with  the 
suggestion  that  North  American  populations  are  the  result  of  a  recent  introduction  from 
Northeastern  Asia.  Unfortunately,  determining  the  geographic  origin  of  this  pest  has  been 
hampered  by  the  lack  of  specimens  of  the  putative  exotic  populations  and  relevant  molecular 
genetic  data. 

Methods:  We  used  multi-locus  data  (based  on  mitochondrial  sequences  and  microsatellites)  from 
populations  sampled  on  wheat  and  wild  grasses  across  the  North  American  northern  plains  and 
from  voucher  specimens  originating  from  Northeastern  Asia  to  study  the  phylogeography  of  the 
pest.  We  described  lineage  diversification,  characterized  population  structure,  investigated 
expansion  dynamics,  and  identified  source  populations  of  outbreaks. 

Results/Conclusions:  We  found  overall  high  haplotype  and  genotype  diversities  of  the  pest  in  the 
northern  plains,  where  the  overall  diversity  was  structured  in  three  major  clusters.  The  level  of 
genetic  divergence  observed  between  these  vouchers  from  Northeastern  Asia  and  those  from 
North  America  is  not  compatible  with  the  theory  of  recent  introduction,  hence  reinforcing  the 
postulate  of  an  American  origin  of  C.  cinctus.  We  discuss  inferences  about  the  population 
processes  and  history  underlying  these  observed  clusters  and  comment  on  future  pest 
management  in  light  of  the  outcomes  of  our  phylogeography  study. 
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Introduction:  Insect  pests  cause  pronounced  loss  of  stored  grains  in  tropical  and  subtropical 
areas.  The  continuous  use  of  synthetic  insecticides  for  control  stored  product  insects  has  led  to 
the  development  of  resistance  and  adverse  effects  on  environment  and  human  health.  Therefore, 
there  is  a  need  for  environmentally  safe  natural  products  for  control  insects  in  stored  grains. 
Monoterpenes  have  been  described  to  possess  various  insecticidal  activities. 

Methods:  The  insecticidal  activity  of  eight  monoterpenes,  fnms-cinnamaldehyde,  (-)-citronellal, 
P-cymene,  eugenol,  (-)-menthone,  a-pinene,  a-terpinene  and  (-)-terpinen-4-ol  was  evaluated 
against  Sitophilus  oryzae  by  seed  treatment  assay  at  application  rates  of  0.5,  1  and  5  mg/g.  In 
addition,  the  effect  of  monoterpenes  on  progeny  production  of  S.  oryzae  and  grain  loss  after  three 
months  of  treatments  was  also  tested. 

Results/Conclusion:  The  tested  monoterpenes  revealed  different  levels  of  adult  mortalities  after  1 
and  2  weeks  of  exposure.  Among  monoterpenes,  fraws-cinnamaldehyde  and  eugenol  were  most 
effective  against  S.  oryzae  with  100%  adult  mortality  after  two  weeks  of  exposure  at  1  and  5 
mg/g.  In  contrary,  a-pinene  was  the  least  effective  compound.  On  the  other  hand,  progeny 
reduction  by  100%  was  achieved  after  12  weeks  of  treatment  with  trom-cinnamaldehyde,  P- 
cymene,  eugenol,  (-)-menthone  and  (-)-terpinen-4-ol  at  application  rate  of  5  mg/g.  Some  of  oil 
treatments  caused  complete  grain  protection  and  prevented  weight  loss  and  grain  damage  for  12 
weeks.  Based  this  study,  it  can  be  concluded  that  monoterpenes,  particularly  trans- 
cinnamaldehyde  and  eugenol,  possess  strong  insecticidal  and  seed  protective  effects  and  can  be 
exploited  for  management  of  S.  oryzae  in  stored  wheat. 
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Since  their  introduction  in  1991,  neonicotinoids  have  quickly  become  the  most  popular 
insecticides  worldwide.  Within  the  past  decade  their  use  as  preventative  seed  coatings  has 
expanded  enormously  and  now  hundreds  of  millions  of  acres  of  field  crops  are  planted  annually 
with  neonicotinoid  seed  treatments  (NSTs).  Our  ongoing  research  is  documenting  that  NSTs  are 
exacerbating  slug  populations  in  no-till  crop  fields  by  disrupting  biological  control.  This  issue  is 
important  because  slugs  are  among  of  the  most  challenging  crop  pests  faced  by  Mid- Atlantic  and 
Northeastern  field  crop  growers.  To  combat  slug  infestations  and  over-reliance  on  NSTs,  we  are 
collaborating  with  four  farmers  in  central  Pennsylvania  to  test  an  alternative  approach, 
harnessing  slug  nutritional  preferences,  that  avoids  NSTs  and  uses  rye  cover  crops  to  provide  an 
alternative  food  source  for  slugs  while  maintaining  strong  populations  of  potential  predators. 
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The  cereal  leaf  beetle  is  an  invasive  pest  currently  increasing  its  abundance  in  southern  Alberta 
and  expanding  its  range  in  the  Canadian  Prairies.  A  specialist  parasitoid,  Tetrastichus  julis 


Walker  (Hymenoptera:  Eulophidae)  from  Europe  was  released  in  eastern  USA  to  control  this 
pest  and  relocated  throughout  western  North  America,  including  the  Canadian  Prairies.  In  this 
study  we  assessed  for  the  first  time  the  role  of  landscape  complexity  in  the  success  of  this 
parasitoid  as  a  biocontrol  agent  of  cereal  leaf  beetles  in  Canada. 

The  abundance  and  percentage  parasitism  of  cereal  leaf  beetle  was  assessed  in  30  wheat  fields 
(13  spring  wheat  and  17  winter  wheat  fields)  in  southern  Alberta  from  June  15  to  July  30,  2014. 
Fields  were  located  within  a  wide  range  of  agricultural  landscapes  ranging  from  simple  to  highly 
complex.  Landscapes  were  characterized  based  on  the  percentage  of  the  semi  natural  habitats 
(including  pasture,  native  and  cultivated  grassland,  and  riparian  vegetation)  and  percentage  of 
cultivated  area  in  proximity  with  the  wheat  fields  sampled.  Percent  parasitism  decreased  with 
higher  proportion  of  barley  and  urban  areas,  and  increased  with  higher  proportion  of  potato  crops 
at  the  2000  m  scale.  CLB  abundance  decreased,  as  the  proportion  of  urban  area  and  semi-natural 
habitats  increased,  beetle.  Surprisingly,  CLB  abundance  was  not  affected  by  the  proportion  of 
wheat  area  in  the  landscape. 
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Cereal  aphid  populations  can  increase  rapidly  leading  to  economic  thresholds  quickly  being 
exceeded  with  corresponding  yield  losses.  Aphid  natural  enemies  have  the  capacity  to  suppress 
aphid  populations  below  economic  thresholds.  Cereal  aphids,  their  predators  and  parasitoids 
were  collected  and  identified  from  cereal  fields  (wheat,  barley,  oats)  across  Saskatchewan  and 
Manitoba  (2012-2015).  The  majority  of  aphids  collected  were  English  grain  aphids  (EGA), 
Sitobion  avenae  Haliday  (Hemiptera:  Aphididae)  along  with  an  array  of  natural  enemies 
(Anthocoriidae,  Aphidiinae,  Coccinellidae,  Chrysopidae,  Nabidae).  A  model  incorporating  the 


life  histories  of  aphids  and  their  natural  enemies  identified  in  the  surveys  together  with  natural 
enemy  predation  levels  (i.e.  number  and  voracity),  was  constructed  to  predict  aphid  population 
growth.  An  experiment  for  establishing  the  previously  unknown  voracity  of  the  dominant 
parasitoid,  Aphidius  avenaphis  (Fitch)  (Hymenoptera:  Braconidae)  on  EGA  and  bird  cherry-oat 
aphid,  Rhopalosiphum  padi  (L.)  (Hemiptera:  Aphididae),  was  required  to  refine  the  model.  The 
model  produces  a  dynamic  action  threshold  (DAT)  with  outputs  of  either  a  recommendation  for 
an  insecticidal  treatment  if  the  economic  threshold  will  be  exceeded  or  no  treatment  with 
continuation  of  monitoring  if  existing  predators  can  control  population  growth.  The  DAT  has 
been  developed  into  a  mobile  app  for  iOS  and  Android  platforms.  Beta  testing  under  field 
conditions  is  underway. 
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Fertilization  practices  can  affect  insect  pest  population  and  the  severities  of  infestations. 
Typically,  populations  of  rice  pests  such  as  the  rice  water  weevil  and  stem  borers  increase  with 
increasing  nitrogen  rates  leading  to  substantial  yield  loss.  In  addition,  silicon,  though  not 
classified  as  essential  plant  nutrient,  is  considered  beneficial  because  it  enhances  plant  defense 
against  pests,  and  amending  soils  with  silicon  can  reduce  pest  populations.  This  study  was 
conducted  to  evaluate  the  independent  and  interactive  effects  of  silicon  amendment  and  nitrogen 
levels  on  rice  insect  pest  complex.  Field  experiments  were  conducted  in  Beaumont,  Texas  in 
2013,  2014,  and  2015  with  two  silicon  treatments  (0  and  4000  kg/ha)  and  in  Crowley,  Louisiana 
in  2015  and  2016  with  four  nitrogen  levels  (0,  67,  101  and  135  kg/ha)  and  two  silicon  treatments 
(0  and  5000  kg/ha).  A  decrease  on  stem  borer  damage  was  observed  in  plots  treated  with  silicon; 
however,  effect  was  not  significantly  different  than  untreated  plots.  In  a  greenhouse  experiment, 
we  found  the  force  required  to  penetrate  the  culm  was  higher  force  in  silicon-treated  rice  plants. 
In  Louisiana,  slight  reduction  of  rice  stink  bug  captured  by  sweepnet  has  been  observed  when 


plots  treated  with  nitrogen  are  amended  with  silicon.  In  another  greenhouse  experiment,  feeding 
assay  using  fall  armyworm  larvae  showed  lower  relative  growth  rates  in  silicon-  treated  rice 
plants.  Rice  water  weevil  infestations  on  the  other  hand,  were  not  significantly  affected  by 
silicon  treatment  in  most  field  experiments;  although  lower  larval  counts  were  observed  in 
silicon  treated  plots  in  one  experiment. 
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Triops  longicaudatus  LeConte  (TPS)  is  a  vernal  pool  crustacean,  native  to  the  western 
hemisphere.  Historically,  population  levels  were  tolerable  and  seldom  caused  economic  damage 
in  rice.  However  over  the  past  decade  TPS  has  increasingly  become  a  significant  pest  for 
California  rice  growers.  TPS  feeds  on  and  uproots  young  seedlings;  its  swimming  and  burrowing 
habits  increase  the  suspended  silt  in  the  flooded  fields  and  disrupt  the  photosynthetic  capacity  of 
the  young  rice  seedlings.  Forty  nine  soil  cores  were  sampled  in  a  square  6m  grid  pattern  over  5 
grower  fields  in  both  fall  and  spring.  Sampling  locations  were  determined  based  on  a  set  of  field 
parameters  (slope,  location  of  drainage  checks,  and  proximity  to  field  border/levees).  Each 
individual  soil  core,  measuring  4  inches  in  diameter  and  8  inches  deep,  will  be  sub-sampled  by 
depth.  Samples  were  stratified  into  four  different  depths,  1-2”,  2-4”,  4-6”.  &  6-8”  from  the  soil 
surface.  Each  soil  subset  collected  were  placed  under  a  laboratory  rearing  environment  to 
determine  hatching  rate.  SADIE  software  is  used  to  quantify  spatial  patterns  and  develop 
aggregation  maps  based  both  on  location  and  depth  of  eggs  in  the  field.  By  characterizing  the 
spatial  distribution  of  TPS  eggs  through  sampling  farmers’  fields  and  analyzing  TPS  egg 
frequencies  using  geostatistical  technique  kriging,  we  can  develop  effective  monitoring 
techniques.  This  could  reduce  unnecessary  pre-flood  insecticide  applications. 
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In  the  Mid-Southern  U.S.  the  corn  borer  complex  that  includes  southwestern  corn  borer, 

Diatraea  grandiosella  Dyar;  sugarcane  borer,  Diatraea  saccharalis  (F.);  and  European  corn 
borer,  Ostrinia  nubilalis  (Hiibner),  is  the  primary  group  of  lepidopteran  pests  of  field  corn,  Zea 
mays  L..  This  group  of  insects  is  also  one  of  the  primary  targets  of  transgenic  Bt  corn 
technologies.  Corn  earworm,  Helicoverpa  zea  (Boddie)  annually  infests  field  corn  in  the  Mid- 
South,  but  yield  losses  have  been  difficult  to  demonstrate.  Several  of  the  Bt  technologies  have 
substantial  activity  against  corn  earworm.  Studies  were  conducted  in  Mississippi  during  2014 
and  across  Arkansas,  Louisiana,  Mississippi,  and  Tennessee  during  2015  to  evaluate  the  value  of 
Bt  corn  technologies  in  Mid- South  production  systems.  Bt  corn  technologies  were  compared  to 
non-Bt  corn  from  the  same  hybrid  family  to  minimize  differences  in  genetic  background  and 
yield  potential.  Corn  borer  infestations  did  not  exceed  published  thresholds  at  any  location.  The 
Genuity  VT  Double  Pro  (CrylA.105+Cry2Ab2)  hybrid  had  significantly  lower  corn  earworm 
damage  compared  to  the  related  non-Bt  hybrid.  However,  no  significant  differences  in  yield 
were  observed.  The  Optimum  Leptra  (CrylF+CrylAb+Vip3A)  hybrid  had  significantly  lower 
corn  earworm  damage  compared  to  the  Optimum  Intrasect  (CrylF+CrylAb),  Herculex  (CrylF), 
or  the  related  non-Bt  hybrid.  The  Herculex  hybrid  had  significantly  higher  yields  than  the 
Optimum  Leptra,  Optimum  Intrasect,  and  the  related  non-Bt  hybrid.  Based  on  observations  of 
insect  infestations,  these  differences  were  most  likely  not  related  to  insect  damage. 
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Ostrinia  nubilalis  (Hiibner)  (European  corn  borer)  was  once  a  highly  common  invasive  pest  of 
corn  in  the  U.S.  east  of  the  Rocky  Mountains.  In  recent  decades,  prevalence  of  this  pest  has 
sharply  declined;  population  decreases  have  been  attributed  to  widespread  adoption  of  Bt  corn 
varieties,  especially  in  the  central  U.S.,  where  Bt  field  corn  is  grown  extensively.  In  the 
northeastern  U.S.,  corn  is  also  grown,  but  in  a  more  diverse  crop  landscape.  Therefore,  it  may  be 
possible  for  some  O.  nubilalis  to  use  alternative  hosts  and  escape  from  Bt  control.  However,  a 
previous  study  found  that  O.  nubilalis  females  had  higher  rates  of  oviposition  on  corn  in 
conventionally  managed  (vs.  organic)  soil.  We  hypothesize  that  the  adoption  of  Bt  technology 
created  an  unintentional  “attract-and-kill”  strategy,  wherein  female  moths  are  more  likely  to 
oviposit  on  conventional  corn,  which  frequently  contains  the  Bt  trait  that  kills  their  feeding 
offspring.  This  hypothesis  was  tested  in  three  ways.  A  greenhouse  study  was  conducted  to 
compare  oviposition  rates  in  corn  with  and  without  the  Bt  trait  grown  in  soil  removed  from 
organically  and  conventionally  managed  fields.  Female  responses  to  these  corn  plants  were  also 
tested  in  a  flight  tunnel.  Finally,  O.  nubilalis  trap  catches  near  conventional  and  organic  corn 
were  compared. 
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For  more  than  a  decade,  growers  have  been  using  transgenic  plants  expressing  Bt  proteins  to 
protect  corn  from  insect  feeding.  This  paper  will  share  the  best  management  practices  that  are 
being  recommended  by  Dow  AgroSciences  and  field  trial  performance. 
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Western  corn  rootworms  {Diabrotica  virgifera  virgifera  LeConte)  are  one  of  the  most 
economically  important  pests  of  corn.  They  have  been  controlled  using  Bt  ( Bacillus 
thuringiensis  Berliner)  corn  hybrids  expressing  toxic  Cry  proteins  for  over  a  decade,  in  the 
United  States.  Because  they  have  a  well-documented  history  of  evolving  resistance  to  control 
methods,  US-EPA  has  mandated  that  growers  of  Bt  corn  deploy  a  non-Bt  refuge  within  or 
adjacent  to  all  Bt  cornfields.  Refuges  allows  larvae  to  develop  without  exposure  to  Cry  proteins 
and  are  intended  to  produce  many  Bt-susceptible  individuals.  The  success  of  refuge  strategy 
depends,  in  part,  on  susceptible  beetles  from  the  refuge  dispersing  across  the  Bt  cornfield,  where 
they  will  mate  with  the  rare,  potentially-resistant,  beetles  from  Bt  corn  and  produce  heterozygous 
offspring  that  are  susceptible  to  Bt  Cry  proteins.  This  presentation  includes  mating 
characteristics  of  females  collected  in  Bt  cornfields  planted  in  four  refuge  configurations  (20% 
structured  refuge,  5%  structured  refuge,  5%  seed  blend  refuge  and  0%  refuge;  2010-2012)  and 


laboratory  pairings  (2015-2016).  These  data  reveal  the  proportion  of  females  that  are  teneral, 
mated  and  average  level  of  ovarian  development.  Multiple-mating  was  detected  in  4.5%  of  the 
females,  occurring  both  in  short  succession  and  more  than  a  week  apart.  Multiple-matings  by 
females  were  previously  unrecorded  in  the  field,  though  previous  laboratory  studies  suggested 
they  may  occur  more  frequently.  The  laboratory  portion  of  this  research  explored  factors,  such 
as  sex  ratio,  population  density  and  mating  interval,  which  may  influence  the  frequency  of 
multiple-matings  by  females. 
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Introduction:  Introduction  of  fruit  flies  (Diptera:  Tephritidae)  into  the  U.S.  mainland  often  causes 
costly  quarantines  in  many  areas  preventing  export  of  crops.  To  be  eligible  for  movement  within 
or  outside  of  the  quarantine  area,  a  minimum  of  four  applications  30  days  before  harvest  must  be 
done  with  malathion  protein  bait  or  GF-120  Naturalyte  Fruit  Fly  Bait.  The  current  question  being 
asked  is  whether  treatments  for  spotted  wing  drosophila  ( Drosophila  suzukii )  would  suffice  for 
the  protein  bait  spray  requirement.  Studies  were  conducted  in  2013-2015  in  Hawaii  to  determine 
impacts  of  novel  insecticides  to  three  opiine  braconid  parasitoids.  Our  overall  goal  was  to 
identify  potential  chemical  control  alternatives  achieving  a  high  level  of  mortality  on  fruit  flies 
while  preserving  beneficial  insects. 

Methods:  Specifically,  we  evaluated  Entrust  SC  (Spinosad),  Radiant  SC  (Spinetoram),  Force  CS 
(Tefluthrin),  Warrior  II  (Fambda-Cyhalothrin),  Mustang  (Zeta-Cypermethrin),  Malathion  5  EC 
(Malathion),  and  Danitol  2.4  EC  (Fenpropathrin).  In  addition,  fruit  fly  standard  protein  bait 
sprays  Malathion  +  Nulure,  GF-120,  and  a  water  control  were  also  tested  with  all  treatments. 


Results/Conclusion:  Warrior  II,  Mustang,  and  Malathion  had  the  highest  mortality  (>50%),  in 
some  instances  100%  on  parasitoids  24  hours  post  exposure.  Conversely,  mortality  of  parasitoids 
exposed  to  Radiant  SC,  Entrust  SC,  and  GF-120  were  not  greater  than  40%,  in  some  cases  no 
different  from  the  water  control.  Our  results  will  be  important  in  identifying  possible  holistic 
chemical  controls  under  foliar  application  to  effectively  suppress/eradicate  multiple  pest  insects 
on  crops  and  could  drastically  reduce  costs  associated  with  quarantines  and  promote  systems 
approaches. 
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Multiple  insect  species  have  become  major  pests  in  specialty  crops  in  the  US.  A  vast  majority  of 
these  are  sap  feeding  insects.  These  species  cause  significant  economic  damage  to  the  crops 
leading  to  a  reduction  of  plant  health  and  also  transmitting  damaging  pathogens.  Several 
chemical  tools  have  been  developed  over  the  years  to  achieve  sustainable  control  and  increase 
profits.  Isoclast™  Active  is  a  new  and  unique  chemical  class  (Group  4C  Sulfoximines)  that 
targets  key  sap-feeding  insects  but  also  suppress  several  thrips  species.  Studies  over  the  past 
years  have  shown  excellent  efficacy  (knockdown  and  residual)  against  species  such  as  Myzus 
persicae  and  Aulacorthum  solani  in  leafy  vegetables;  Lygus  hesperus  in  fruiting  vegetables  and 
strawberry;  and  Diaphorina  citri ,  Coccus  pseudomagnoliarum  and  Scirtothrips  citri  in  citrus. 
Isoclast™  Active  also  has  a  fit  in  season  long  management  programs  for  Bemisia  tabaci  and 
Frankliniella  spp.  Isoclast™  Active  has  unique  interactions  with  the  insect  acetylcholine 
receptors  (nAChR)  that  are  distinct  from  those  observed  with  neonicotinoids.  It  also  has  a  robust 
lack  of  cross  resistance  with  other  insecticides  including  neonicotinoids.  This  new  tool  facilitates 


a  multi-faceted  approached  that  is  required  for  sap-feeding  insects  but  also  helps  to  preserve  the 
longevity  of  all  other  chemical  controls.  Isoclast™  Active  has  an  excellent  value  and  fit  in  IPM 
programs  that  includes  proper  use  of  different  Mode  of  Actions  (MO A),  accurate  species 
identification,  adherence  to  economic  threshold,  and  enhancement/preservation  of  natural 
enemies). 
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Abstract  text: 

Neonicotinoids  have  been  implicated  as  a  contributing  factor  to  the  observed  decreases  in  honey 
bee  populations.  It  has  been  suggested  that  honey  bees  can  come  into  contact  with 
neonicotinoids  through  pollen  and  nectar  from  treated  plants.  Seed  treatment  trials  of  corn, 
cotton,  and  soybean  were  planted  in  Mississippi,  Arkansas,  and  Tennessee  during  the  2013  and 
2014  growing  seasons.  Leaf  tissue  was  collected  from  these  trials  beginning  shortly  after 
emergence  until  plants  began  to  flower  to  better  understand  how  neonicotinoid  concentrations 
change  in  plant  tissues  over  time.  Leaf  samples  were  analyzed  to  determine  the  concentration  of 
neonicotinoid  compounds.  Soil  samples  were  also  collected  and  analyzed  at  the  first  and  last 
sampling  dates.  Results  indicated  that  neonicotinoid  concentrations  in  plant  tissue  decreased 
rapidly,  and  very  low  concentrations  were  present  in  leaf  tissue  by  the  time  of  flowering. 
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Abstract  text: 

Phytophagus  stink  bugs  (Hemiptera:  Pentatomidae)  are  a  major  pest  of  soybean.  Natural  enemies 
are  not  able  to  reduce  populations  to  acceptable  levels  so  complementary  measures  like  the  use 
of  selective  insecticides  are  often  necessary  for  successful  integrated  pest  management.  The  aim 
of  this  study  was  to  evaluate  the  effects  of  thiamethoxam  +  lambda-cyhalothrin,  imidacloprid  + 
beta-cyfluthrin,  acetamiprid  +  cypermethrin,  imidacloprid  +  carbaryl,  trichlorfon,  thiamethoxam, 
imidacloprid  and  spirotetramat  +  thiamethoxam  on  stink  bug  control  and  the  side  effects  on  the 
egg  parasitoid  Telenomus  podisi  (Ashmead)  (Hymenoptera:  Platygastridae)  and  generalist 
predators.  Over  two  years,  the  effectiveness  of  pest  control  and  impact  on  predators  were 
assessed  in  soybean  small-plot  field  trials  for  1 8  days  after  insecticide  spraying.  The  side-effects 
of  insecticides  on  the  emergence  of  T.  podisi  larvae  were  tested  under  laboratory  and  field 
conditions.  In  the  laboratory,  parasitized  eggs  of  Piezodorus  guildinii  (Westwood)  were  dipped 


for  five  seconds  in  pesticide  solutions  at  commercial  recommended  concentrations.  In  the  field, 
over  two  seasons,  masses  of  parasitized  eggs  were  fixed  to  soybean  pods  in  small  field-plots  and 
returned  to  the  laboratory  24  hours  after  exposure  to  insecticide  sprays.  Thiamethoxam  +  lamda- 
cyhalothrin  most  effectively  controlled  the  stink  bug  but  negatively  affected  generalist  predators. 
Adult  emergence  of  T.  podisi  in  the  laboratory  was  significantly  lower  than  the  control  when 
exposed  to  thriclorfon,  imidacloprid  +  carbaryl  and  all  mixtures  of  neonicotinoids  and 
pyrethroids.  In  contrast,  under  field  conditions,  insecticides  at  recommended  doses  for  stink  bug 
control  did  not  affect  T.  podisi  emergence. 
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Abstract  text: 

Rice  planthoppers  (Hemiptera:  Delphacidae)  are  a  major  pest  of  rice  in  Asia  because  of  direct 
damage  and  transmission  of  viruses.  Planthoppers  have  developed  resistance  to  every  class  of 
insecticide  used  for  control,  and  severe  outbreaks  occur  regularly.  The  insecticide  Pyraxalt™ 
(triflumezopyrim),  recently  developed  by  DuPont  Crop  Protection,  provides  excellent  control  of 
planthoppers,  including  populations  that  have  developed  resistance  to  several  other  insecticide 
chemical  classes. 

Pyraxalt™  belongs  to  the  novel  mesoionic  chemical  class.  Mesoionic  insecticides  are  potent 
nAChR  inhibitors  that  block  nerve  transmission  and  cause  lethargy  in  planthoppers.  Pyraxalt™ 
shares  a  binding  site  with  other  IRAC  Group  4  insecticides.  However,  Pyraxalt™  interacts  in  a 
unique  way  with  the  a2-nAChR,  eliciting  distinct  physiological  responses.  Given  the  distinct 
physiological  action,  the  new  chemical  class  and  the  absence  of  cross-resistance  with  the 
neonicotinoids,  mesoionic  insecticides  have  been  assigned  to  a  distinct  IRAC  sub-group  4E. 
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Nilaparvata  lugens  and  sogatella  furcifera  are  the  most  serious  pests  of  Rice  in  East  and 
Southeast  Asia.  Since  1968,  these  plant  hoppers  have  caused  serious  damage  to  the  rice  industry 
in  several  countries  of  Asia.  The  history  of  plant  hopper  management  in  Asia  shows  the 
difficulty  in  maintaining  effective  products  in  the  rice  markets  due  to  rapid  development  of 
resistance  by  plant  hoppers  to  various  insecticidal  chemistries.  The  decline  of  neonicitinoid 
products  from  2004  to  2009  is  the  most  recent  example.  When  existing  control  measures  fail, 
farmers  in  many  countries  often  adopt  more  desperate  control  measures  such  as  the  use  of  off- 
label  increased  rates,  excessive  tank-mixing,  and  significantly  increasing  the  number  of 
applications  just  to  provide  pest  suppression.  These  measures  adversely  affect  rice  ecology. 
Furthermore,  plant  hopper  resistance  affects  crop  production  negatively  impacting  rice  yield  and 
quality. 

DuPont  Crop  Protection  is  commercializing  Triflumezopyrim  (Pyraxalt™),  a  fast- acting,  xylem- 
mobile  compound  with  a  unique  mode  of  action  that  provides  excellent  control  of  Nilaparvata 
and  Sogatella  pest  species  while  still  sustaining  the  rice  ecology.  Pyraxalt™  will  be  a  powerful 
tool  for  rice  growers  since  it  will  help  reduce  the  total  number  of  sprays  to  control  hoppers,  keep 
virus  transmission  in  check,  and  contribute  to  maximizing  rice  yield  potential.  This  paper  will 
present  a  synopsis  of  biological  attributes  of  Triflumezopyrim  (Pyraxalt™)  and  selected  results 
of  field  efficacy  work  conducted  in  multiple  Asia  Pacific  countries  from  201 1  to  2015. 
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Natural  enemies  play  an  important  role  in  managing  spider  mite  populations  in  specialty  crop 
groves.  Multiple  species  of  predatory  mites  are  commercially  available  and  growers  utilize 
predatory  mites  in  combination  with  conventional  miticides  to  maintain  a  sustainable 
production.  Selection  and  placement  of  conventional  miticides  in  a  program  will  depend  on 
overall  impact  on  beneficial  populations.  Field  and  lab  studies  on  strawberries  have  shown  that 
Nealta  has  negligible  impact  on  the  health  of  Phytoseiid  mites  and  other  beneficial  arthropods. 
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Abstract  text: 


The  2014  introduction  of  Nealta®  Miticide,  BASF’s  cyflumetofen,  is  changing  the  face  of 
mite  management  in  strawberries.  With  its  unique  mode  of  action,  and  compatibility  with 
predatory  mites  and  beneficial  insects  to  control  pest  mites  including  Tetranychus  spp., 
Nealta  Miticide  compliments  strawberry  IPM  systems. 
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Cyflumetofen,  the  active  ingredient  of  Nealta  ®,  is  a  miticide  with  a  novel  mode  of 
action.  Nealta  ®  has  received  registrations  in  many  countries  in  North  America,  South  America, 
Asia  and  Europe.  It  has  demonstrated  excellent  efficacy  in  the  control  of  spider  mites  on 
fruits  trees,  vegetables  and  ornamentals.  Its  unique  mode  of  action  serves  well  for  control  of 
spider  mite  populations  that  are  resistant  to  other  acaricides.  The  compatibility  of  Nealta®  with 
beneficial  and  non-target  arthropods,  its  rapid  knockdown  and  long  residual  control,  makes  it  the 
preferred  product  in  an  IPM  program. 
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In  recent  years,  BASF  has  made  a  significant  investment  in  bringing  pest  management  solutions 
to  our  customers.  Products  currently  registered  in  the  US  include  Nealta®Miticide,  Certador® 
Insecticide,  Fastac®  CS  Insecticide,  Nemasys®  Beneficial  Nematodes,  and  Altrevin®  Fire  Ant 
Bait  Insecticide.  We  continue  to  invest  in  discovery  and  development  of  sustainable  solutions  for 
agriculture. 
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Inscalis™  is  the  latest  insecticide  innovation  from  BASF  for  control  of  piercing-sucking  pests  in 
a  wide  range  of  crops.  Representing  a  novel  chemical  class,  this  new  and  innovative  insecticide 
controls  devastating  insects  such  as  aphids,  whiteflies,  certain  leafhoppers,  psyllids,  and  scales, 
including  those  that  have  developed  resistance  to  other  insecticides.  Key  attributes  of  Inscalis™ 
include  high  potency  at  low  use  rates,  favorable  environmental  profile,  and  low  acute  toxicity  to 
pollinators  and  beneficial  arthropods.  These  features  highlight  the  versatility  of  this  new 
insecticide  as  an  effective  option  for  resistance  management  and  as  a  valuable  tool  within 
integrated  pest  management  programs. 
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Sivanto™  Prime  is  the  first  and  only  IRAC  Group  4D  product  and  provides  excellent  control  of 
the  sugarcane  aphid,  Melanaphis  sacchari ,  in  sorghum.  Bayer’s  newest  insecticide  belongs  to  the 
butenolide  chemical  class,  and  Sivanto  Prime  provides  quick  feeding  cessation  while  maintaining 
beneficial  insect  populations  that  continue  to  keep  sugarcane  aphid  populations  low  after 
treatment.  Growers  targeting  sugarcane  aphid  can  apply  the  product  at  a  highly  effective  and 
economical  rate  under  a  Section  2(ee)  label.  Recently  developed  economic  thresholds  allow 
growers  to  scout  effectively  and  receive  several  weeks  of  residual  control  from  a  Sivanto  Prime 
application,  which  protects  sorghum  yields  during  critical  crop  development  stages.  Field  trials 
across  the  sorghum  growing  region  show  that  Sivanto  Prime  is  an  excellent  option  for  sugarcane 
aphid  management,  especially  when  used  in  conjunction  with  other  Integrated  Pest  Management 
techniques  including  careful  variety  selection,  planting  date,  seed  treatment,  and  scouting. 
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Sivanto  has  an  excellent  fit  in  the  integrated  pest  management  of  fruits  and  vegetables.  It  not 
only  has  an  excellent  beneficial  arthropod  profile  and  flexible  application  options,  it  also  quickly 
stops  crop  damage  through  rapid  arthropod  feeding  cessation. 
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A  study  was  conducted  to  compare  the  efficacy  of  6  products:  Admire  Pro,  Damoil,  Sivanto, 
Assail,  Knack  and  JEM  Stylet  Oil  against  scale  insects  in  blueberries.  The  study  consisted  of 
three  field  trials  and  one  laboratory  (stem-dip)  bioassay.  Field  layout  was  in  a  RCBD  with  each 
block  divided  into  7  plots.  The  first  trial  was  sprayed  using  water  volume  in  equivalent  to  50 
GPA  and  the  second  and  the  third  trials  were  sprayed  using  the  water  volume  in  equivalent  to 
100  GPA.  Mortality  was  recorded  at  3-4  weeks  after  treatments  for  the  first  and  the  second  trials 
and  at  4  months  after  treatment  for  the  third  trial.  For  stem-dip  bioassay,  samples  (~1  feet 
branches  containing  scales)  were  collected  from  the  field  and  brought  to  the  lab.  They  were  then 
dipped  into  insecticide  solutions  and  held  inserted  into  glass  jars  containing  water  to  keep  from 
drying  out.  Mortality  was  recorded  at  1  week  after  treatment.  In  the  first  field  trial,  mortality  was 
not  significantly  different  in  any  of  the  treatments  as  compared  to  controls.  In  the  second  field 
trial,  Damoil,  JEM,  Admire  Pro  and  Sivanto  caused  significantly  higher  mortality  than  controls, 


with  Admire  pro  being  the  most  effective.  In  the  third  long  term  field  trial,  Admire  pro  and 
Assail  provided  significantly  higher  mortality  than  controls  with  Admire  pro  being  the  most 
effective  with  -100%  mortality.  In  the  stem-dip  bioassay,  all  the  chemicals  provided 
significantly  higher  mortality  than  controls  with  JEM  and  Damoil  being  the  most  effective  with 
-100%  mortality. 


Paper  (Oral)  Presentations 

Presentation  Title:  The  effects  of  heavy  metal  pollution  on  the  life  history  and  expression  of 
insecticide  resistance  in  the  major  malaria  vector  Anopheles  arabiensis  (Diptera:  Culicidae) 

Author  Name:  Shune  Oliver 

Author  Institution:  Wits  Research  Institute  for  Malaria 

Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Anopheles  Vectors  of 
Malaria 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0432 
DOI:  10.1603/ICE.2016.1 10753 
Abstract  text: 

Introduction:  Heavy  metals  pollutants  in  malaria  vector  breeding  sites  have  necessitated  an 
adaptive  response  from  affected  vector  populations,  including  a  major  vector  in  the  southern 
African  region,  Anopheles  arabiensis.  As  larval  breeding  environments  have  the  potential  to 
impact  adult  life  history  traits,  non-pesticide  pollution  has  the  capacity  to  select  for  insecticide 
resistance  and  vice  versa.  The  aim  of  this  study  was  to  examine  whether  laboratory-reared  An. 
arabiensis  carrying  a  DDT  resistant  phenotype  inadvertently  have  an  enhanced  capacity  to 
survive  in  metal-polluted  water,  and  whether  metal  intoxication  during  the  aquatic  stage  affects 
the  expression  of  resistance  in  adults. 

Methods:  Larvae  drawn  from  laboratory  strains  of  An.  arabiensis  (SENN  -  insecticide 
susceptible  and  SENN-DDT  -  selected  for  resistance  to  DDT)  were  exposed  to  the  maximum 
acceptable  toxic  concentrations  of  cadmium  chloride,  copper  nitrate  and  lead  nitrate,  and  their 
effects  on  subsequent  life  history  were  assessed. 

Results/Conclusion:  Larvae  of  the  SENN-DDT  strain  were  found  to  have  a  significantly  higher 
tolerance  for  all  three  metals.  In  both  strains,  copper  nitrate  was  the  most  toxic  and  lead  nitrate 
the  least  toxic.  Cadmium  chloride  exposure  also  resulted  in  a  significant  increase  in  the  longevity 
of  male  and  female  SENN-DDT  adults.  Adult  size  was  not  significantly  affected  by  metal 


exposure.  Metals  had  a  sex-specific  effect  on  the  adult  insecticide  resistance  phenotypes.  In 
SENN-DDT  females,  all  three  metals  significantly  decreased  deltamethrin  and  malathion- 
induced  mortality,  while  lead  nitrate  exposure  also  resulted  in  a  significant  decrease  in  DDT  and 
permethrin-induced  mortality.  This  effect  was  not  observed  in  males. 
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Abstract  text: 

The  anopheline  mosquito  is  a  vector  of  human  malaria,  which  represents  a  major  public  health 
issue.  Vector  control  using  genetically  engineered  mosquitoes  is  expected  to  become  one  of  the 
effective  strategies  for  malaria  control.  The  female  salivary  gland  is  important  for  blood  feeding 
and  the  transmission  of  the  malaria  parasite,  Plasmodium  to  humans.  Therefore,  it  is  an  effective 
target  tissue  for  blocking  malaria  transmission  through  the  expression  of  antimalarial  molecules 
or  the  inhibition  of  blood  feeding.  In  the  present  study,  we  applied  a  tissue-specific  functional 
deficiency  system  using  the  pro-apoptotic  effector  molecule,  mouse  Bax  to  the  salivary  gland  of 
Anopheles  stephensi  mosquitoes,  and  produced  a  transgenic  strain.  The  transgenic  strain 
contained  a  shrunken  salivary  gland  and  markedly  lower  amounts  of  saliva.  Although  the 
probing  time  of  transgenic  mosquitoes  was  significant  longer,  they  were  still  able  to  ingest  blood. 
We  examined  the  susceptibility  of  transgenic  mosquitoes  to  malaria  infection  in  a  rodent  malaria 
model.  Oocyst  numbers  in  the  midgut  of  transgenic  mosquitoes  were  significantly  reduced, 
suggesting  that  the  saliva  of  anopheline  mosquitoes  is  important  for  malaria  infection  in  the 
midgut.  The  inhibition  of  salivary  gland  function  may  become  an  effective  strategy  for  malaria 
control.  Furthermore,  an  inducible  tissue-specific  cell  death  system  is  a  useful  tool  for  vector 
control  and  understanding  anopheline  mosquito-malaria  parasite  interactions. 
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Abstract  text: 

Introduction:  Vector  control  through  indoor  residual  spraying  (IRS)  has  been  employed  on  Bioko 
Island,  Equatorial  Guinea,  under  the  Bioko  Island  Malaria  Control  Project  (BIMCP)  since  2004. 
By  2009  an  increase  in  outdoor  host  seeking  was  suspected  on  the  island.  Therefore,  we 
examined  if  outdoor  host  seeking  behavior  continued  to  increase  on  the  island  between  2009  and 
2014. 

Methods:  Indoor  and  outdoor  human  landing  catches  were  performed  in  the  Bioko  Island 
villages  of  Mongola,  Arena  Blanca,  Biabia  and  Balboa  from  2009  to  2014.  Collected  mosquitoes 
were  morphologically  identified  to  An.  gambiae  s.l.  and  a  subset  was  identified  molecularly  to 
species.  Generalized  linear  mixed  models  were  used  to  determine  if  outdoor  host  seeking 
behavior,  mosquito  abundance,  and  species  composition  changed  over  the  study  period. 

Results/Conclusion:  As  expected,  An.  coluzzii  and  An.  melas  comprised  the  malaria  mosquito 
population  in  varying  proportion  for  each  village,  and  their  total  abundance  declined. 
Interestingly  our  data  clearly  shows  that  the  proportion  of  outdoor  host  seeking  An.  gambiae  s.l. 
mosquitoes  continued  to  rise,  increasing  on  average  from  58.8%  (57.9%,  59.64%)  in  2009  to 
70.0%  (67.8%,  72.0%)  in  2014.  Furthermore,  outdoor  host  seeking  did  not  increase  in  the  month 
immediately  following  an  IRS  spray  round,  suggesting  that  insecticide  repellency  has  little 
impact  on  this  behavior.  It  is  therefore  possible  that  this  large  shift  in  host  seeking  behavior  has  a 
genetic  basis.  If  so,  a  continued  increase  in  outdoor  host  seeking  could  pose  a  serious  threat  to 
vector  control  programs. 
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Introduction:  Involving  recipient  communities  in  delivery  of  malaria  vector  control  products  may 
improve  acceptability  and  lower  program  cost.  Insecticidal  fabric  wall  liners  are  amenable  to  this 
approach.  Here  we  report  the  acceptability  of  a  recently  developed  insecticidal  wall  liner 
installed  by  community-based  teams. 

Methods:  PermaNet®  Lining  was  installed  in  26  villages  in  Bomi  County,  Liberia  as  part  of  a 
cluster  randomized  control  trial.  A  mixed  methods  study  was  used  to  determine  acceptability  of 
the  product  and  method  of  installation.  Installers  were  selected  by  village  leadership,  trained,  and 
visited  weekly  by  supervisors  who  brought  materials,  tools  and  non-cash  incentives.  A 
smartphone-based  quantitative  survey  was  conducted  12  months  after  installation  with  data 
collected  from  1,818  rooms.  A  qualitative  study  of  community  member  and  installer  perceptions 
was  conducted  during  installation  and  again  after  15  months,  with  a  total  sample  size  of  251. 
Participatory  observation,  key  informant  interviews,  and  focus  groups  were  conducted, 
structured  by  age,  sex  and  occupation.  Results/Conclusion:  Wall  lining  was  installed  in  70%  of 
rooms  surveyed  1  year  after  installation.  Those  without  the  lining  cited  being  absent  at  the  time 
of  installation  (35%),  and  room  being  under  construction  (33%)  as  the  most  common  reasons  for 
not  installing  the  product.  Removal  was  most  often  due  to  deterioration  of  the  structure  (29%). 
Installers  perceived  their  job  positively,  but  requested  additional  incentives.  Recipients 
frequently  expressed  positive  perceptions  of  the  wall  lining,  both  because  of  reported  reduction 
in  mosquito  bites  and  esthetic  improvement  of  the  room. 
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Malaria  vectors  in  the  Greater  Mekong  Subregion  display  outdoor  and  generalist  feeding 
behaviors  that  make  them  difficult  to  target  with  traditional  vector  control  measures  such  as 
lasting  insecticide  treated  nets  (LLINs)  and  indoor  residual  spray.  Artemisinin-resistant  malaria 
parasites  are  also  emerging  from  western  Cambodia.  To  address  the  need  to  monitor  the  outdoor 
mosquitoes  transmitting  these  dangerous  parasites,  we  collected  Anopheles  mosquitoes  using 
cow-baited  tents  for  one  year  in  three  provinces  in  Cambodia:  Pursat,  Preah  Vihear,  and 
Ratanakiri,  in  sites  where  clusters  of  malaria  cases  had  been  identified  during  the  previous 
transmission  season.  Previous  work  in  our  lab  has  shown  that  we  can  collect  the  same  species 
attracted  to  human  hosts  on  a  cow  host  as  well  as  specimens  positive  for  Plasmodium.  This 
longitudinal  study  yielded  20,000  Anopheles  mosquitoes  representing  an  extremely  diverse  set  of 
over  30  known  Anopheles  species  with  more  than  10  species  positive  for  Plasmodium  falciparum 
and  Plasmodium  vivax.  This  diverse  collection  gives  us  insight  into  the  hourly,  spatial,  and 
seasonal  distributions  of  these  anophelines.  To  evaluate  cow-baited  tents  as  a  potential  control 
measure,  we  then  compared  anophelines  captured  in  insecticide -treated  and  untreated  cow-baited 
tents  quarterly  in  two  Cambodian  provinces,  Pursat  and  Preah  Vihear,  where  Art-resistant  P. 
falciparum  is  prevalent.  If  the  insecticide-treated  cow-baited  tents  attract  mosquitoes  carrying 
Plasmodium ,  these  tents  could  be  a  novel  and  important  intervention  tool  to  help  control  and 
eliminate  malaria  in  this  region. 
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Introduction:  Homing  Endonuclease  Genes  (HEGs)  are  an  efficient  way  to  spread  a  genetic 
modification  through  a  target  population,  but  the  safety  of  these  systems  has  yet  to  be 
comprehensively  addressed 

Methods:  We  use  Fault  Tree  Analysis  to  estimate  the  probability  of  a  HEG-containing  construct 
spreading  to  non-target  populations  following  a  hypothetical  escape  of  10,000  genetically 
modified  Anopheles  gambiae  mosquitoes. 

Results/Conclusion:  We  find  that  the  risk  of  adverse  outcomes  due  to  horizontal  gene  transfer  is 
negligible,  whereas  the  risk  of  spread  within  the  An.  gambiae  complex  warrants  planned 
containment  strategies 
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Abstract  text: 

Introduction:  Vector  control  is  a  critical  element  of  malaria  control  programs  in  Africa. 
Therefore,  a  study  on  the  distribution  and  abundance  of  Hwop/ze/eslarvae  in  Toro  L.G.A.,  Bauchi 
State,  North-East  Nigeria  was  carried  out  in  July  2013. 

Methods:  Five  villages  were  selected  for  the  collection  of  Anophelesfdxvd&. 

Results/Conclusion:  A  total  of  988  Anopheles  larvae  were  collected  from  five  habitat  types.  The 
paddy  habitat  recorded  the  highest  abundance  of  494  (50%)  while  the  canal  habitat  had  the  least 
abundant  53  (5.36  %).  The  mean  abundance  of  Anopheles  larvae  in  relation  to  gradients  of  larval 
habitat  to  houses  showed  no  significant  difference  (F9  =  0.434,  Adjusted  R-squared  =  -0.39,  P  = 
0.885).  However,  there  was  a  significant  difference  (F14  =  9.18,  Adjusted  R-squared  =  0.65,  P  = 
0.001)  in  the  mean  abundance  of  Anopheles  larvae  in  relation  to  habitat  types.  The  larval 
abundance  in  relation  to  water  depths  varied  significantly  (F13  =  29.61,  Adjusted  R-squared  = 
0.888,  P  =  0.001).  There  was  no  significant  difference  (P  >0.05)  in  larval  abundance  between 
still  and  moving  waters;  light  and  shaded  water  bodies;  clear  and  turbid  waters  respectively.  The 
estimation  of  larval  density  in  terms  of  breeding  index  [BI]  of  Anopheles  clearly  showed  that  the 
highest  BI  value  of  13  larvae  was  recorded  in  the  paddy  habitat.  This  high  BI  value  possibly 
suggests  that  the  paddy  habitat  supports  the  breeding  successes  of  Anopheles  larvae  in  Toro 
L.G.A.  of  Bauchi  State.  Therefore,  source  reduction  and  larvae  control  should  focus  more 
agricultural  sites. 
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Abstract  text: 

Filth  flies  are  non-biting  flies  that  breed  and  feed  on  decaying  organic  matter  such  as  manure, 
carcasses,  and  food  waste.  Because  of  their  close  association  with  these  materials,  they  have 
veterinary,  forensic,  and  public  health  importance.  Areas  where  filth  fly  management  is 
implemented  can  have  reduced  nuisance  complaints,  pathogen  transmission,  and  incidences  of 
gastrointestinal  disease.  Our  overall  goal  is  to  develop  a  lure  that  will  capture  three  species  of 
filth  fly:  Musca  domestica  L.  (Muscidae),  Cochliomyia  mace  liar  ia  F.  (Calliphoridae),  and 
Sarcophaga  bullata  Parker  (Sarcophagidae).  This  study  examines  fly  attraction  towards  various 
volatile  chemicals  and  odorous  materials  using  a  laboratory  bioassay.  An  effective  attractant  that 
targets  multiple  groups  of  flies  in  a  single  trap  will  contribute  to  creating  a  more  practical  fly 
management  program,  especially  in  garbage  pits  near  military  camps  where  pesticide 
applications  may  be  limited. 
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Abstract  text: 


Decomposition  is  a  dynamic  ecological  process  dependent  upon  many  factors  such  as 
environment,  climate,  and  bacterial,  insect,  and  vertebrate  activity  in  addition  to  intrinsic 
properties  inherent  to  individual  cadavers.  While  insect  succession  on  cadavers  is  largely 
understood,  very  little  is  known  about  fly-bacteria  interactions.  To  assess  fly-bacteria 
interactions,  24  cadavers  were  placed  outdoors  to  decompose  under  natural  conditions 
at  Southeast  Texas  Applied  Forensic  Science  (STAFS)  and  Sam  Houston  State  University 
(SHSU)  and  insect  and  bacterial  samples  were  collected  at  regular  intervals.  As  time  and 
decomposition  progressed,  each  cadaver  was  characterized  by  a  change  in  insect  and  bacterial 
community  structure  for  all  sites  sampled.  Notably,  Ignatzschineria  and  Wohlfahrtimonas  were 
common  at  the  bloat  and  purge  phases  of  decomposition  and  remained  abundant  until  tissues 
began  to  dehydrate  or  were  removed.  Previously,  these  bacteria  have  only  been  recorded 
associated  with  myiasis  of  tissues  by  flies.  Further  investigations  into  the  role  these  bacteria  play 
in  insect  physiology  and  ecology  are  underway. 
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Abstract  text: 

The  time  between  when  a  corpse  becomes  available  for  insect  colonization  and  actual  visitation 
and  oviposition  has  been  less  well  studied  compared  to  carrion  insect  development  rates.  To 
document  blow  fly  carrion  arrival  and  oviposition  behavior,  liver  baited  traps  were  exposed 
throughout  21  daylight  periods  roughly  evenly  distributed  during  Jul-Oct  1990  and  Apr-Nov 
1991  at  a  rural  pasture  site  in  northwestern  Indiana,  USA.  Traps  were  baited  with  2  -  3  oz.  of 
fresh  beef  liver  and  were  designed  to  allow  a  fly  access  to  the  liver  and  to  capture  each  fly  as  it 
attempted  to  depart.  During  each  sample  day,  10  baited  traps  were  installed  at  the  site  before 
dawn  at  0500  hrs.  Traps  with  associated  blow  fly  eggs  and  adults  were  collected  at  0700,  0900, 
1200,  1500,  1830,  and  2000  hrs,  and  except  for  the  final  sample  time  were  replaced  by  a  newly 
baited  trap.  Adult  flies  trapped  were  identified  to  species  and  sex.  Trap  samples  included  1 1 
calliphorid  species,  and  were  biased  toward  early  successional  species.  Few  flies  were  captured 


and  no  oviposition  occurred  before  0900  and  no  flies/eggs  were  collected  at  ambient 
temperatures  <12°C.  Above  that  temperature  threshold  the  number  of  flies  and  eggs  in  traps  was 
significantly  affected  by  time  of  day  with  the  most  flies  and  eggs  being  collected  at  the  1500  and 
1830  time  intervals  during  the  longer  days,  and  1200  to  1500  time  intervals  during  the  shorter 
day  length  times.  Other  variables  such  as  cloud  cover,  and  rainfall  were  statistically  reviewed  as 
well. 
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Abstract  text: 

Introduction:  Published  research  has  offered  contradictory  evidence  of  the  occurrence  of 
nocturnal  oviposition  by  carrion-breeding  blowflies,  a  behaviour  that  can  affect  the  precision  of 
forensic  estimates  of  a  minimum  post  mortem  interval  (mPMI)  by  up  to  12  hours.  The  majority 
of  published  studies  are  from  the  northern  hemisphere.  To  extend  observations  to  the  southern 
hemisphere,  field  trials  were  conducted  in  Durban,  South  Africa. 

Methods:  Field  experiments  were  conducted  using  rotting  chicken  liver  under  different  lunar 
phases  to  determine  if  forensically  important  flies  could  oviposit  at  night. 

Results/Conclusion:  Lucilia  cuprina  and  Chrysomya  megacephalalaid  eggs  outdoors  at  night  in 
Durban.  This  study  shows  that  nocturnal  oviposition  by  carrion-breeding  blowflies  is  possible  in 
South  Africa.  The  forensic  issue  is  therefore,  not  whether  nocturnal  oviposition  occurs,  but  rather 
whether  the  conditions  of  a  particular  case  are  more  or  less  conducive  to  it.  The  circadian 
rhythms  and  physiological  thresholds  (e.g.  minimum  temperature  for  flight  and  laying,  and 
minimum  humidity  for  laying)  of  each  species  of  fly  involved  in  a  case  are  likely  to  need 
simultaneous  consideration.  The  significance  for  experimental  design  of  carcass  size,  freezing  of 
carcasses  and  handling  of  carcasses  is  discussed  and  recommendations  are  made  for  future 
laboratory  and  case  scene  experiments. 
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Abstract  text: 

Myiasis  is  the  infestation  of  live  tissue  of  humans  and  other  vertebrates  by  larvae  of  flies.  Several 
cases  of  myiasis  were  recently  seen  at  the  Mthatha  Hospital  Complex,  Mthatha,  Eastern  Cape. 
Because  of  a  lack  of  literature  on  myiasis  from  this  region,  we  decided  to  document  cases 
presenting  at  either  Nelson  Mandela  Academic  Hospital  or  Umtata  General  Hospital  from  May 
2009  to  April  2013.  The  aim  was  to  determine  the  incidence,  epidemiology,  patient  age  group 
and  gender,  season  and  fly  species  involved.  Twenty-five  cases  were  recorded  in  the  4-year  study 
period.  The  fly  species  involved  were  Lucilia  sericata,  L.  cuprina,  Chrysomya  megacephala,  C. 
chloropyga  and  Sarcophaga  (Liosarcophaga)  nodosa.  The  patients  were  3-78  years  old,  with  a 
median  age  of  56.  The  majority  of  cases  were  reported  during  spring  and  summer,  and  were 
associated  with  underlying  pathologies  typical  of  ageing.  The  study  shows  that  human  myiasis  is 
still  frequently  encountered  in  South  Africa,  but  under-reported  in  the  literature. 
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Introduction:  Blow  flies  (Diptera:  Calliphoridae)  are  usually  the  first  colonisers  of  cadavers  and 
commonly  used  as  forensic  indicators.  Indeed,  as  immature  stages  of  blow  flies  are  also  the  most 
frequent  entomological  evidence  collected  at  crime  scenes,  the  minimum  post-mortem  interval 
can  be  accurately  estimated  in  forensic  entomology  casework  taking  into  account  crime  scene 
temperature  information  and  available  developmental  data  for  the  pertinent  species.  For  blow  fly 
larvae,  this  can  be  achieved  by  modelling  quantitative  measures  of  age  (e.g.  body  length)  in 
relation  to  time;  however,  estimates  based  on  pupal  development  are  severely  limited  due  to  the 
lack  of  a  reliable  aging  method.  This  is  particularly  critical  as  the  puparial  stage  accounts  for 
approximately  half  of  the  developmental  duration  of  the  blow  fly  life  cycle.  Here  we  present  a 
novel,  non-destructive  method  for  aging  blow  fly  pupae  for  forensic  purposes  using  micro-CT 
scanning. 

Methods:  Specimens  of  the  blow  fly  Calliphora  vicina  reared  at  three  different  constant 
temperatures  (15°,  20°  and  24°C)  were  collected  at  10%  time  intervals  of  the  whole  intra-puparial 
development  and  scanned  using  a  Nikon  Metrology  HMX  ST  225  CT-scanner.  The  resulting 
projections  were  reconstructed  and  visualized,  and  the  tomographic  data  quantified. 

Results/Conclusion:  Age-related  morphological  changes  in  key  structures  were  determined  and 
virtual  three-dimensional  reconstructions  allowed  for  volume  measurement  of  different  organ 
systems,  yielding  a  quantitative  measure  of  age.  The  advantages  and  disadvantages  of  this 
innovative  method  for  age  determination  and  the  interdisciplinary  benefits  of  the  current  results 
to  other  areas  of  research  will  be  discussed. 
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The  use  of  medical  grade  Lucilia  sericata  maggots  is  essential  to  maggot  debridement  therapy 
(MDT)  to  remove  potential  threats  of  infection  from  maggots  being  introduced  to  a  patients 
wound.  As  blowflies  naturally  feed  in  bacterially  rich  environments,  it  is  expected  they  have  a 
large  diversity  of  bacteria  within  their  digestive  tract  ingested  during  feeding.  In  order  to 
breakdown  harmful  bacteria  however,  it  is  believed  blowfly  larvae  may  already  harbour  bacteria 
internally  via  vertical  transmission  from  adult  to  offspring,  or  will  retain  useful  bacteria 
introduced  through  feeding.  Keeping  this  bacteria  present  in  larvae  may  therefore  benefit  MDT 
by  making  larvae  more  efficient.  This  experiment  aimed  to  isolate  the  digestive  tract  and 
reproductive  organs  of  both  male  and  female  L.  sericata  and  their  larvae,  to  determine  the 
presence  of  bacteria  and  understand  whether  environment  or  vertical  transmission  play  a  direct 
role  in  the  internal  bacteria  of  the  species.  Bacteria  present  in  all  separated  internal  organs  were 
identified  using  both  16S  DNA  extraction  and  sequencing,  and  bacterial  plating  on  nutrient  agar, 
before  samples  were  run  through  a  MALDI-TOF  MS  (Matrix  Assisted  Light  Desorption 
Ionization  Time-Of-flight  Mass  Spectrometer).  This  allowed  comparison  between  bacteria 
present  in  the  fly  and  larvae  and  identification  of  those  dead  and  living,  which  may  indicate  a 
particular  bacterial  species  significant  role  in  the  breakdown  of  food,  or  elimination  of  harmful 
pathogens. 
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Abstract  text: 

Citrus  paradisi  rind  essential  oil  were  investigated  for  repellency  of  the  maize  weevil,  Sitophilus 
zeamais  L.,  at  rates  of  0.5,  1.0,  1.5  and  2.0  mis  (w/v).  The  effect  on  contact  toxicity,  adult 
mortality,  adult  emergence,  and  percentage  weight  loss  in  maize  grains  infested  with  the  weevil 
were  also  evaluated.  These  effects  were  compared  to  the  effects  of  the  synthetic  insecticide, 
Dichlorvos  (2.0  ml),  on  S.  zeamais  L..  Olfactometer  bioassays  had  significantly  lower  numbers 
of  adults  on  1.5  ml  and  2.0  ml  C.  paradisi  chambers  (0.38  and  0.00,  respectively)  than  control 
(2.63  and  3.38,  respectively)  4h  after  exposure  to  the  odours.  Also,  90%  to  100%  mortalities 
were  recorded  on  weevils  treated  with  1.5  and  2.0  ml  of  C.  paradisi  from  24h  to  72h.  Mortalities 
of  87.5%  to  100%  were  recorded  on  weevils  that  fed  on  maize  grains  coated  with  1.5  ml  and  2.0 
ml  from  48h  to  72h.  Fewer  Fi  adults  emerged  from  grains  treated  with  2.0  ml  C.  paradisi  (6.0) 
and  they  were  not  significantly  different  from  adults  on  Dichlorvos  (4.5).  Reduced  percentage 
weight  losses  were  recorded  on  grains  treated  with  C.  paradisi  oil  90  days  after  infestation  across 
all  the  concentrations  with  2.0  ml  having  the  least  percentage  weight  loss  (47.10%).  Essential 
oils  from  C.  paradisi  rind  have  contact  toxicity,  stomach  poisons  and  repellent  attributes.  They 
could  be  incorporated  into  integrated  pest  management  programmes  of  stored  product  pests. 
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Abstract  text: 

Introduction:  The  insecticidal  activity  of  different  solvent  extracts  from  leaves  of  Ixora  coccinea 
L.  (Rubiaceae)  and  one  of  its  pure  isolated  compounds,  tanacetene  (2,6,1 1-trimethy  1-dodeca- 
2,6,10-triene)  were  evaluated  at  different  concentrations  for  the  first  time  against  Sitophilus 
oryzae L.  (Coleoptera:  Curculionidae).  This  pest  can  cause  grain  damage  up  to  50%  during  the 
four  month  storage  period  through  direct  feeding  on  maize  kernels. 

Methods:  Dichloromethane,  acetone  and  methanol  extracts  of  I.  coccineasxQXQ  generated  by 
using  Soxhlet  extraction  method.  The  active  extracts  were  subjected  to  fractionation  and 
generated  fractions  were  subjected  to  repeated  column  chromatography  to  yield  pure  compound 
(tanacetene)  and  structure  was  established  by  extensive  spectroscopic  studies.  Filter  paper 
impregnation  was  employed  for  contact  toxicity  studies  and  petri  dish  choice  bioassay  was  used 
for  repellent  activity. 

Results/Conclusion:  The  mortality  percentage  of  S.  oryzae  indicated  that  dichloromethane  extract 
possessed  more  toxic  effect  (57.0,  65.1,  72.5,  81.4%)  followed  by  methanol  (37.0,  60.3, 
69.9,79.9%)  and  acetone  extracts  (23.3  45.1,  62.1,  78.1%)  of/.  coccinea  at  0.12,  0.18,  0.24,  0.3 
mg/cm2,  respectively  after  ten  days  of  treatment.  Further,  maximum  mortality  of  92.5%  was 
observed  with  pure  compound  tanacetene  at  0.012  mg/cm2  isolated  from  dichloromethane 
extract.  The  mortality  percentage  was  directly  proportional  to  the  level  of  concentration  of  plant 


extracts.  The  percent  repellency  observed  was  maximum  with  tanacetene  (up  to  96.6)  followed 
by  dichloromethane  extract  (up  to  90.6  )  after  3  h  interval  at  the  highest  concentrations  against  S. 
oryzae.  Plant  extracts  of  I.  coccinea  can  be  used  for  the  development  of  natural  stored  grain 
protectant. 
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Abstract  text: 

Introduction:  Lasioderma  serricorni  (F.)  is  a  major  pest  of  stored  tobacco,  its  products,  processed 
foods  and  cereal  grains  globally.  Presently,  control  of  L.  serricorne  is  mostly  dependent  upon  the 
repeated  use  of  phosphine  and  other  synthetic  insecticides.  In  order  to  find  alternate  organic 
solution  for  controlling  L.  serricorni ,  Detia  Diatomaceous  Earth  (DDE)  was  evaluated  for  its 
insecticidal  activity  against  adults  of  Lasioderma  serricorni  using  direct  contact  method. 

Methods:  Six  doses  of  DDE  (0.5,  1,  2,  4,  6  and  8  g/kg  of  ground  tobacco)  were  used  in  the 
experiment.  The  treated  and  untreated  (control)  tobaccos  were  kept  at  28  +  2°C  and  65  ±  5%  r.h. 
The  mortality  effect  was  measured  by  counting  the  number  of  dead  and  survived  insects  after  1, 

2,  4,  6,  8  and  14  days  after  treatment.  Varied  responses  were  observed  over  different  doses  and 
exposure  intervals.  Percent  mortality  increased  with  increasing  dose  rate  and  extended  exposure 
time.  Complete  mortality  was  achieved  after  4  days  exposure  @8  g/Kg  of  DDE  applied. 

Complete  mortality  was  also  observed  @4  g/kg  of  DDE  when  exposed  for  6  days  period. 

Results/Conclusions:  The  results  showed  that  higher  mortality  level  can  be  achieved  with  small 
doses  of  DDE  when  exposed  for  extended  period.  Hence,  the  efficacy  of  DDE  was  influenced  by 
its  concentration  and  exposure  interval  to  the  treated  commodity.  Detia  Diatomaceous  Earth  can 
be  a  good  alternative  to  synthetic  chemicals  for  controlling  stored  grain  insects  and  can  be  easily 
incorporated  in  the  IPM  programs  for  stored  product  insects. 
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Abstract  text: 

Introduction:  The  application  of  synthetic  insecticides  affiliated  with  stored-product  pests  lead  to 
new  regulations  considering  their  toxic  residual  effects  to  human  and  nature  accompanying 
resistant  populations  worldwide.  Alternative  materials  to  address  these  challenges  such  as  natural 
zeolite  admixtures  investigated  to  determine  insecticidal  potential  under  laboratory  conditions. 


Methods:  The  combination  of  food  grade  silicoaerogel  and  natural-unprocessed  Turkish  zeolites 
(Clinoptilolite  type,  TZ4)  evaulated  at  seven  rates  of  0.25,  0.50,  0.75,  1.00,  1.25,  1.50,  2.00 
mg/kg  against  values  weekly  up  to  28  d  of  the  experiment. 

Results/Conclusion:  LD50  values  measured  between  479-772  ppm  after  7  d;  128-260  ppm  after 
14  d  at  18°C,  24°C,  and  30°C  temperatures.  The  lowest  LDgovalue  determined  after  28  d  at  18°C 
with  319  ppm.  Mortality  ratio  of  various  doses  and  exposure  times  evaluated  according  to  each 
temperature.  For  each  dosage,  there  were  no  statistical  differences  among  temperatures  at  each 
exposure  days  in  general  except  the  0.50  and  0.75  mg/kg  treatments.  The  mortality  reached  over 
90%  efficacy  after  a  2  week  treatment  with  1.0  mg/kg  dosage.  Above  1.0  mg/kg  dose,  there  were 
no  statistical  differences  noted  by  time.  Turkish  natural  zeolites  may  quite  beneficial  to  future 
stored-product  pest  applications  by  acting  non-toxically,  and  being  a  durable  alternative. 
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Abstract  text: 

Laboratory  and  field  trials  were  conducted  to  determine  the  efficacy  of  deltamethrin  0.3% 
(KObiol)  dust  against  common  storage  insect  pests.  In  the  laboratory  trial  lOOg  of  maize  and 
wheat  held  in  half  litre  kilner  jars  were  treated  with  doses  of  deltamethrin  at  labeled  rate  of  0.3, 
1.7  and  3.3  mg/kg.  The  same  rates  were  applied  in  10kg  maize  grains  held  in  mini  jute  bags  in 
the  field  trial.  A  combination  of  pirimiphos  methyl  1.6%  and  permethrin  0.3%  applied  in  grains 
in  both  trials  at  the  rate  of  8.9  and  1.7  mg/kg  respectively  was  used  for  comparison.  Exposure  of 
Sitophilus  zeamais  (Motsch),  Prostephanus  truncatus  (Horn)  and  Tribolium  castaneum  (Herbst) 
adults  to  all  doses  of  deltamethrin  in  the  4,  8,  12,  16,  20,  24  weeks  interval  resulted  in  mortality 
of  100%  ,  94-100  and  98-100%  respectively  at  the  end  of  the  trial.  Except  for  S.  zeamais 
performance  of  deltamethrin  appeared  better  than  that  of  pirimiphos  methyl/permethrin 
combination.  Under  the  field  trial,  all  dose  levels  of  deltamethrin  at  similar  intervals  were  able  to 
effectively  control  insect  infestation  as  reflected  in  the  low  levels  of  holed  grain  ranging  from 


0. 6-2.3%.  This  was  lower  than  that  of  actellic  super  at  4.6%  and  control  at  51.5%.  These  results 
suggested  that  deltamethrin  at  the  three  dosage  levels  was  able  to  effectively  control  these 
important  insect  species  at  the  laboratory  level  and  in  the  field  through  minimal  grain  damage.  It 
was  therefore  apparent  that  deltamethrin  0.2%  is  a  potential  grain  protectant  and  in  particular 
against  P.  truncatus. 
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Abstract  text: 


Introduction:  Radiation  efficacy  of  the  Solenopsis  mealybug,  Phenacoccus  solenopsis  was 
studied  to  evaluate  the  phytosanitary  irradiation  against  this  quarantine  surface  pest. 

Methods:  The  pre-imaginal  stages  and  imaginal  stages  of  ovo-viviparous  P.  solenopsis  were 
irradiated  (5-500Gy)  to  determine  metamorphic  inhibition  (prevention  of  adult  formation  and 
sterility).  Nutritional  quality  (sensorial  characteristics,  total  soluble  solids,  acidity,  pH,  Vitamin 
C,  p  carotene)  of  the  irradiated  potatoes  (as  one  of  the  major  host  of  P.  solenopsis)  was  assessed. 

Results/Conclusions:  A  positive  correlation  existed  between  the  irradiation  doses  with  the  degree 
of  metamorphic  inhibition  and  prevention  of  adult  formation  with  respect  to  developing 
ontogenic  stages  in  P.  solenopsis.  Dose  range  of  174-340Gy  induced  lethality  due  to  immediate 
metamorphic  arrest  in  the  developing  pre-imaginal  stages;  whereas,  a  dose  range  of  32-340Gy 
completely  prevented  adult  formation  from  the  treated  various  pre-imaginal  stages.  Sterility  in 
adults  due  to  carry-over  effect  of  sublethal  irradiation  of  various  pre-imaginal  ontogenic  stages 
was  caused  by  the  dose  range  of  26-3  6Gy.  The  radio-sensitivity  of  the  parthenogenetic  imaginal 
stages  decreased  as  their  age  increased.  Among  different  age  groups  of  imaginal  stages,  the  11- 
12  day  old  (gravid)  female  required  radiation  dose  as  high  as  374Gy  to  induce  100%  sterility  in 
parent  adult  females,  whereas  57Gy  caused  complete  sterility  in  their  Fi  progeny.  Nutritional 
quality  of  the  irradiated  agro-commodity  (potatoes)  was  unaffected  due  to  phytosanitary 
treatment  of  200-400Gy. 

Phytosanitary  irradiation  using  400Gy  could  be  considered  effective  and  safe  for  disinfestation  of 
agro-commodities  against  this  serious  postharvest  pest,  P.  solenopsis  to  promote  infestation  free 
agricultural  trade  and  commerce. 
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Abstract  text: 

Introduction:  The  insecticidal  activity  of  Ailanthus  excelsa  bark  against  Tribolium  castaneum ,  a 
pest  of  pulses  was  studied. 

Methods:  The  bark  extracts  of  Ailanthus  excelsa  were  tested  for  their  effect  on  oviposition,  adult 
emergence  from  grains  and  mortality  of  the  store  grain  pest,  Tribolium  castaneum. 

Results/Conclusion:  Observations  were  made  on  the  number  of  eggs  laid  on  seeds  treated  with 
extracts,  adult  emergence  from  wheat  grains  and  mortality  of  adults  exposed  to  treated  grains. 
The  number  of  eggs  laid  and  the  adults  emerged  from  grains  treated  with  ethanol  extract  of 
Ailanthus  excelsabark  were  less  than  from  wheat  grains  treated  with  methanol  extract. 

In  the  present  study  the  bark  extract  of  Ailanthus  excelsa  were  effective  as  insecticidal  property 
to  control  rust  red  flour  beetle,  Tribolium  castaneum. 
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Abstract  text: 


Introduction:  Living  with  bed  bugs  can  result  in  economic,  social  and  human  health  costs.  A 
coalition  of  institutions  created  an  online  survey  to:  (1)  identify  risk  factors  associated  with 
infestations;  (2)  document  specific  stresses  attributed  to  bed  bugs;  and  (3)  compare  pest 
management  practices.  The  anonymous  online  survey  was  implemented  on  SurveyMonkey 
following  Institutional  Review  Board  (IRB)  approval  of  the  survey  instrument  and  methods. 

Data  were  collected  from  residents  in  the  US  who  had  experienced,  were  currently  experiencing, 
and  had  never  experienced  infestations. 

Results/Conclusions:  Results  (n  =  540)  indicated  that  more  than  half  of  the  responding  residents 
were  currently  living  with  or  had  dealt  with  bed  bug  infestations.  Residents  with  lower  annual 
income  and  residents  with  a  handicap  reported  more  bed  bug  infestations.  The  top  five  life 
quality  impacts  were  identified  as  follows:  sleep  loss,  unable  to  relax,  concerns  that  they 
transferred  bed  bugs  to  other  locations,  depression  and/or  desperation,  and  financial  losses. 
Additionally,  extreme  pesticide  and  chemical  abuse  were  documented  at  a  higher  than  expected 
level.  Many  residents  reported  using  do-it-yourself  treatments  involving  hazardous  non-pesticide 
chemicals.  Residents  with  no  bed  bug  history  stayed  with  friends  and  family  less  often,  and 
hosted  visitors  less  often. 
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Introduction:  Management  of  the  common  bed  bug,  Cimex  lectularius ,  in  multi-unit  housing 
situations  is  challenging  due  to  ease  of  pest  dispersal,  widespread  use  of  secondhand  furniture 
and  personal  belongings,  structural  disrepair,  high  resident  density,  high  turnover, 
communication  barriers,  and  budgetary  constraints.  Results  from  recent  surveys  in  the  western 
United  States  indicated  that  bed  bug  management  in  these  environments  is  typically  reactive  in 


nature  (initiated  by  tenant  complaints)  and  reliant  upon  liquid  insecticide  applications.  Proactive 
management  programs  involving  tenant  education  and  regular  monitoring  have  the  potential  to 
detect  infestations  before  dense  multi-unit  populations  develop,  but  such  programs  are  often 
viewed  as  prohibitively  expensive  by  housing  managers. 

Methods:  We  demonstrated  proactive  bed  bug  management  programs  at  three  large  multi-unit 
housing  sites  in  California  with  the  help  of  three  collaborating  pest  control  operators  over  the 
course  of  one  year,  comparing  these  programs  to  the  typical,  reactive  programs  in  terms 
of  efficacy  (#  infested  units,  bed  bug  density,  tenant  complaints),  cost  (#  pest  control  visits,  # 
effort-hours  expended,  #  treatments  made,  total  cost  of  services  rendered),  and  tenant 
satisfaction. 

Results/Conclusions:  All  demonstrated  programs  included  tenant  education  methods, 
regular  monitoring,  nonchemical  tactics,  and  targeted  insecticide  applications.  Initial  inspections 
revealed  much  higher  bed  bug  incidence  than  realized,  and  management  costs  were  initially 
much  higher  than  for  typical  complaint-based  programs.  Monthly  costs  decreased  over  time  at  all 
sites,  however.  After  one  year,  bed  bug  incidence  and  density  were  significantly  decreased  at  all 
sites  when  compared  to  initial  findings,  and  tenants  reported  higher  satisfaction  than  with 
complaint-based,  insecticide-reliant  programs. 


Paper  (Oral)  Presentations 

Presentation  Title:  The  use  of  proteomics  in  creating  a  new  detection  method  for  the  common 
bed  bug,  Cimex  lectularius 

Author  Name:  Natasha  Gordon 

Author  Institution:  Airmid  Healthgroup  Ltd 

Session  Title:  Contributed  Papers:  Urban  Entomology  in  a  Changing  Environment:  Bed  Bugs, 
Cockroaches,  and  Flies 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0467 
DOI:  10.1603/ICE.2016.1 11930 
Abstract  text: 

Introduction:  Once  thought  to  be  a  thing  of  fairy  tales,  the  ever  increasing  reports  of  bed  bug 
( Cimex  lectularius)infQstations  in  schools,  businesses  and  apartment  blocks  have  brought  this 
formerly  obscure  pest  back  into  the  spotlight.  Bed  bug  behaviour  and  eradication  methods  are 


highly  investigated,  but  we  still  know  very  little  about  the  proteomic  make  up  of  bed  bugs.  In 
this  study  we  investigate  the  proteome  of  the  common  bed  bug  and  identify  two  novel  proteins 
for  use  in  detection  immunoassays. 

Methods:  Whole  lysates  were  generated  from  different  stages  of  the  bed  bug  life  cycle  and  were 
analysed  via  LC-ESI-MS/MS.  A  transcriptome  database  was  used  to  identify  proteins  of  interest. 
Two  previously  uncharacterised  proteins  were  selected  for  further  investigation.  Monoclonal 
antibodies  were  raised  for  use  in  characterisation  and  immunoassay  development. 

Results:  Two  novel  proteins  were  selected  from  approximately  225  proteins  of  interest  identified 
via  proteomic  analysis.  The  first  protein  is  highly  abundant  in  the  exoskeleton  of  all  bed  bug  life 
stages,  while  the  second  protein  is  exclusively  found  in  the  bed  bug  egg  shell.  Two  highly 
specific  monoclonal  antibodies  were  raised  against  each  protein  allowing  for  the  development  of 
sensitive  immunoassays  for  early  bed  bug  detection. 

Conclusions:  Investigation  of  the  bed  bug  proteome  has  highlighted  many  potential  proteins  of 
interest  that  are  possible  targets  in  the  fight  against  bed  bug  infestations.  Two  novel  proteins 
from  different  life  stages  have  been  selected  for  further  characterisation. 
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Abstract  text: 


Methods:  We  evaluated  the  efficacy  of  four  commonly  used  insecticides  when  applied  to  bed 
bug  eggs  as  direct  sprays.  We  also  evaluated  efficacy  of  these  insecticides  when  nymphs  were 
exposed  to  residual  insecticides  resulting  from  directly  spraying  eggs. 

Results/Conclusions:  We  found  that  Temprid  SC  was  the  most  effective  insecticide  at  preventing 
egg  hatch  (13%  hatch  rate)  for  pyrethroid-resistant,  field-strain  bed  bugs  when  compared  to  a 
control  [water  (99%)],  Bedlam  (84%),  Demand  CS  (91%),  and  Phantom  SC  (95%).  Demand  CS 
and  Temprid  SC  were  most  effective  at  preventing  egg  hatch  (0%)  for  an  insecticide  susceptible 
(Harold  Harlan)  strain,  followed  by  Bedlam  (28%).  Phantom  SC  produced  a  hatch  rate  similar  to 
the  control  (97%  and  96%,  respectively).  Harold  Harlan-strain  nymphs  showed  100%  survival 
for  the  control  but  0%  survival  for  Bedlam  and  Phantom  SC.  Pyrethroid-resistant,  field-strain 
nymphs  showed  100%  survival  for  the  control,  99%  survival  for  Bedlam,  0%  survival  for 
Demand  CS,  4%  survival  for  Phantom  SC,  and  38%  survival  for  Temprid  SC.  These  findings 
indicate  that  egg  hatch  rate  and  nymph  survival  can  differ  greatly  within  products.  Although 
Demand  CS  performed  poorly  at  preventing  hatch  (91%  hatch  rate)  of  pyrethroid-resistant,  field- 
strain  nymphs,  it  was  the  only  product  to  kill  100%  of  nymphs.  Conversely,  one  of  the  worst 
products  at  preventing  field  strain-  egg  hatch  (Phantom  SC,  95%  hatch  rate)  was  the  second  best 
at  killing  nymphs,  leaving  only  6  alive.  We  believe  that  efficacy  may  depend  on  whether  nymphs 
remain  in  treated  areas  under  normal  field  settings. 
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Introduction:  Professional  pest  management  services  are  recommended  to  control  the  common 
bed  bug  ( Cimex  lectularius  L.);  however,  these  services  are  often  unaffordable  for  low-income 
residents.  We  tested  the  hypothesis  that  a  small,  inexpensive  vacuum  could  remove  all  bed  bugs 
from  furniture  if  the  furniture  was  isolated  from  human  contact. 


Methods:  A  one-gallon  vacuum  with  a  crevice  tool  attachment  was  used  to  remove  bed  bugs 
from  artificially  or  naturally  infested  furniture.  Artificially  infested  furniture:  Twenty  male  bed 
bugs  from  one  of  three  strains  were  released  onto  one  of  three  upholstered  chairs,  night  stands,  or 
twin  beds  (mattress,  box  spring,  and  frame)  72  hours  before  attempted  recovery.  Naturally 
infested  furniture:  A  local  pest  management  company  provided  three  pieces  of  infested  furniture 
(a  leather  ottoman  and  chair,  and  a  vinyl  rocker/recliner  chair)  treated  once  with  a  nonresidual 
insecticide. 

Results/Conclusions:  The  artificially  infested  chair’s  complicated  interior  reduced  bed  bug 
recovery;  64%,  81%  and  94%  of  bed  bugs  were  vacuumed  from  the  chair,  night  stand  and  bed, 
respectively.  More  Harlan  strain  bed  bugs  were  removed  than  either  of  the  other  two  strains. 
From  the  naturally  infested  furniture,  33  ±  16  d  ( x  ±  SD)  was  needed  to  remove  95%  and 
1 17±16  d  was  needed  to  remove  all  live  bed  bugs.  The  practicality  of  vacuuming  twice  a  week  to 
remove  bed  bugs  from  infested  furniture  will  be  discussed. 
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Introduction:  Whole  building  pest  audits  of  elderly  and  disabled  public  housing  often  reveal 
alarming  bed  bug  and  German  cockroach  infestations.  Resident  responses  to  building  infestations 
range  from  complete  indifference  to  extreme  anger  or  fear.  The  latter  may  result  in  extreme 
pesticide  use  patterns.  An  inner-city  housing  site  (155  units)  was  assessed  for  pests  using  visual 
inspections  and  insect  monitoring  traps. 

Results/Conclusions:  The  findings  indicated  an  initial  39.4%  of  units  with  German  cockroaches 
( Blattella  germanica ),  and  13.5%  with  bed  bugs  ( Cimex  lectularius).  In  59.4%  of  the  units,  more 


than  145  over-the-counter  pesticide  products  were  found,  including  two  unidentifiable  powders, 
one  concentrate,  several  outdoor-only  and  several  legacy  products.  Pesticide  active  ingredients 
included  chemicals  in  the  following  groups:  phenylpyrazole,  pyrethroid,  amidinohydrazone, 
boric  acid,  organophosphate,  carbamates,  diatomaceous  earth,  silicon  dioxide,  and  second 
generation  anticoagulant.  Eight  residents  had  large  volume  (1  gallon)  products;  the  number  of 
products  ranged  from  0-6  per  unit.  In  10  units  extreme  pesticide  use  was  evident,  one  unit  was 
deemed  in  need  of  hazard  material  remediation.  The  pest  management  service  was  investigated 
and  specific  pest  control  recommendations  were  implemented  resulting  in  significant  reductions 
in  infestation  severity  and  number  of  affected  units.  Challenges  documented  included  the 
following:  service  contract  specifications  were  not  followed,  pesticides  applied  were  recorded  on 
service  sheets  as  completely  different  products,  and  many  units  were  not  serviced  at  all  due  to 
“insufficient  prep  by  resident”. 
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Methods:  GoPro™  time-lapse  photography  was  used  to  evaluate  the  attractiveness  of  a  novel  fly 
bait  in  a  field  setting.  Cameras  were  programmed  to  photograph  fly  visitation  at  bait  stations 
exposed  to  ambient  fly  activity  in  a  swine  facility  over  a  two  hour  time  period. 

Results/Conclusions:  Examining  footage  of  flies  visiting  the  stations  allowed  us  a  better  method 
of  assessing  bait  attractiveness  than  by  measuring  bait  consumption  alone.  Time-lapse 
photography  allows  for  better  data  collection  in  open  environments  where  flying  insects  are  free 
to  visit  bait  stations  and  leave  before  collection  is  possible.  This  technology  (GoPro™  Cameras; 
GoPro,  Inc.,  San  Mateo,  CA)  is  a  relatively  low  cost,  easily  installed,  impermanent,  and  easily 
removed  method  for  monitoring  flying  insect  activity  in  the  field. 
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Introduction:  House  fly  baits  are  widely  used  for  control  of  flies  in  Urban  and  Agricultural 
markets.  When  house  flies  feed  on  bait,  because  of  the  self-dosing  aspect  of  baits,  it  is  very 
difficult  to  quantify  changes  in  behavior  that  is  cause  by  toxicity  of  various  active  ingredients. 

Methods:  Adapted  from  a  Drosophila  exercise  bioassay,  a  novel  house  fly  bioassay  was 
developed  that  quantifies  the  onset  of  intoxication  from  negative  geotropic  behavior  in  response 
to  a  stimulus.  Using  this  method,  relative  differences  in  commercial  fly  baits  were  compared 
based  on  a  climbing  index  and  mortality. 
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Introduction:  Infestations  of  the  common  bed  bug,  Cimex  lectularius  L.,  have  been  very 
diffiucult  to  control  especially  in  the  past  fifteen  years  because  they  are  highly  resistant  to 
insecticides.  There  has  been  increasing  molecular  evidence  suggesting  that  reduced  cuticular 
penetration  is  most  likely  be  one  of  the  contributing  mechanisms  involved  in  bed  bug  insecticide 
resistance. 

Methods:  We  investigated  bed  bug  cuticlar  hydrocarbons,  proteins,  and  thickness,  using  GC-MS, 
MALDI-TOF/TOF  tandem  mass  spectrometry,  and  SEM.  We  compared  several  field-collected 
pyrethroid-resistant  strains  and  laboratory  susceptible  strains. 

Results/Conclusions:  The  results  indicated  there  are  different  profiles  and  concentrations  of 
cuticular  hydrocarbons,  proteins,  and  thickness  among  different  strains  of  bed  bugs.  Results  of 
this  study  suggests  there  might  be  several  factors  influencing  the  mechanisms  of  reduced 
cuticular  penetration.  RNA  interference  or  genetically  modified  bed  bugs  and  altering  the 
expression  of  some  cuticular  proteins  and  hydrocarbons  may  help  indentify  more 
specific  proteins  and  hydrocarbons  resulting  reduced  cuticular  penetration  of  the  pyrethroid- 
resistant  bed  bugs. 
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Introduction:  After  50+  years  of  being  nearly  eradicated  in  Western  countries,  bed  bug 
populations  have  experienced  a  global  resurgence.  Active  infestations  have  been  described  in 
many  built  structures  including  apartments,  hospitals,  hotels,  private  homes,  nursing  homes, 
office  buildings,  schools,  and  even  various  retail  stores.  Residents  of  urban  and  metropolitan 
areas  that  serve  as  transport  hubs  and  have  large  inner-city  communities  seem  to  be  the  hardest 
hit.  Because  of  their  elusive  nature,  bed  bug  dispersal  through  an  urban  landscape  is  poorly 
understood. 

Methods:  In  this  study,  we  elucidate  the  infestation  patterns  of  bed  bug  populations  through  a 
multiunit  dwelling  by  coupling  molecular  techniques  and  human  social  network  analysis.  In 
201 1,  a  survey  of  18  of  the  140  apartments  in  a  senior  living  community  determined  the  bed  bug 
infestations  were  most  likely  due  to  a  single  introduction  or  multiple  introductions  from  a  single 
source.  The  current  survey  encompassed  all  140  units. 

Results/Conclusions:  Extensive  inspections  and  trapping  revealed  that  68%  of  the  140 
apartments  were  infested.  Microsatellite  markers  revealed  new  alleles  that  were  not  detected  in 
the  2011  survey,  suggesting  either  a  new  introduction  or  the  presence  of  these  alleles  in  non- 
sampled  apartments  in  20 1 1 .  Additionally,  analysis  of  the  human  social  networks  identified 
residents  who  are  “central”  to  the  network,  are  highly  gregarious,  and  may  contribute  to  the  rapid 
spread  of  bed  bugs  throughout  the  9-story  structure.  The  integration  of  entomological  and  social 
science  approaches  will  facilitate  a  better  understanding  of  bed  bug  dispersal  and  will  inform  and 
guide  more  effective  pest  management. 
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Introduction:  German  cockroaches  (Blattella  germanica  L.)  (Dictyoptera:  Ectobiidae),  one  of  the 
most  common  urban  pests  in  low-income  multi-family  housing  facilities,  have  been  a  perennial 
challenge  to  control.  Despite  the  widespread  use  and  popularity  of  cockroach  baits,  insecticide 
resistance  is  one  of  the  main  reasons  for  cockroach  bait  failures.  The  main  goal  of  this  study  is  to 
use  a  scientific  approach  to  address  the  cockroach  resistance  problem  by  using  different 
insecticide  deployment  strategies  at  two  low-income  multi-housing  sites  [Danville,  IL  and 
Indianapolis,  IN]  to  compare  their  long  term  effects  on  controlling  cockroaches  and  limiting 
resistance  evolution. 

Methods:  First,  to  achieve  this  goal,  13  insecticide  active  ingredients  (AIs)  (indoxacarb,  fipronil, 
chlorfenapyr,  bifenthrin,  beta-cyfluthrin,  Lambda-cyhalothrin,  abamectin,  acetamiprid, 
dinotefuran,  imidacloprid,  clothianidin,  boric  acid  and  thiamethoxam)  were  screened  for 
resistance  by  comparing  mortality  of  a  laboratory  cockroach  strain  with  field-collected 
cockroaches  from  the  two  housing  sites  in  a  surface-contact  vial  bioassay.  Insecticides  which 
showed  minimal  or  no  resistance  in  field-collected  cockroaches  will  be  applied  in  the  field 
component  of  the  study. 

Results/Conclusions:  Long-term  outcomes  of  this  study  are  expected  to  include:  (1)  developing 
efficient  techniques  for  measuring  German  cockroach  insecticides  resistance  levels,  (2) 
identifying  the  best  insecticide  deployment  strategies  for  cockroach  resistance  management,  (3) 
making  narrow  or  broad  pest  management  recommendations  based  on  findings,  and  (4) 
minimizing  pesticide  residues  in  urban  environments. 
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Abstract  text: 

The  Asian  citrus  psyllid  ( Diaphorina  citri  Kuwayama)  is  an  important  hemipteran  pest  of  citrus. 
D.  citri  transmits  Candidatus  Liberibacter  asiaticus  (CLas),  a  bacterial  causal  agent  of  citrus 
greening  disease  (Huanglongbing).  The  pest  also  harbors  three  vertically  transmitted  bacterial 


endo symbionts,  Candidatus  Carsonella  ruddii,  Candidatus  Profftella  armatura,  and  Wolbachia. 
Recent  studies  indicate  that  the  relative  abundances  of  some  of  these  endosymbionts  are 
associated  with  CLas  infection  in  D.  citri ,  and  that  there  is  considerable  difference  among  the 
infection  prevalence  of  CLas  across  different  Florida  populations.  To  better  understand  host- 
microbe  associations  in  field  D.  citri  populations,  the  infection  densities  of  the  three  D.  citri 
endosymbionts  across  different  populations  were  investigated  using  quantitative  polymerase 
chain  reaction.  Bacterial  densities  were  found  associated  with  sampling  locality.  We  also  used 
multilocus  sequence  typing  (ML ST)  along  with  other  methods  to  study  the  genetic  variation  of 
Wolbachia  across  widespread  D.  citri  populations,  and  identified  few  dominant  Wolbachia 
strains  among  the  D.  citri  samples  tested.  Finally,  to  further  characterize  Wolbachia-host 
interactions  in  D.  citri ,  we  also  attempted  to  transinfect  D.  citri  with  an 
exogenous  Wolbachia  strain.  Findings  from  our  work  may  allow  better  understanding  of  the 
ecology  of  D.  citri  endosymbionts. 


Paper  (Oral)  Presentations 

Presentation  Title:  Microbial  community  associated  with  ambrosia  beetle  (Euplatypus 
parallelus)  on  sonokembang  ( Pterocarpus  indicus)  in  Malang 

Author  Name:  Hagus  Tarno 

Author  Institution:  University  of  Brawijaya 

Session  Title:  Contributed  Papers:  Arthropod  Vectors  of  Animal  and  Plant  Disease:  Insect 
Endosymbionts  and  Microbiota 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0479 

DOI:  10. 1603/ICE.2016.1 13467 

CANCELLED 

Paper  (Oral)  Presentations 

Presentation  Title:  Peptidoglycan  Recognition  Protein  (PGRP)  expression  in  the  Asian  citrus 
psyllid  ( Diaphorina  citri  Kuwayama)  and  implications  for  immune  response  to  gram-negative 
bacteria 

Author  Name:  Torrence  Gill 


Author  Institution:  University  of  Florida 


Session  Title:  Contributed  Papers:  Arthropod  Vectors  of  Animal  and  Plant  Disease:  Insect 
Endosymbionts  and  Microbiota 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0480 

DOI:  10.1603/ICE.2016.1 15028 

Abstract  text: 

Introduction 

The  Florida  citrus  industry  has  been  devastated  by  citrus  greening  disease  (Huanglongbing)  since 
its  discovery  in  2005.  The  causal  agent  of  the  disease  is  a  gram¬ 
negative  alpha  proteobacterium,  Candidatus  Liberibacter  asiaticus  (CLas),  transmitted  by  the 
Asian  citrus  psyllid  (Diaphorina  citri  Kuwayama).  In  addition 
to  CLas,  D.  citri  also  harbor  three  vertically  transmitted,  gram-negative  intracellular 
endosymbionts:  Candidatus  Carsonella  ruddii,  Candidatus  Profftella  armature,  and  Wolbachia. 

Methods 

In  the  current  study,  we  investigated  the  immune  response  of  D. citri  to  gram¬ 
negative  bacteria.  D.  citri  RNA  sequencing  data  and  with  whole  body  proteomic 
analysis  indicated  that  D.  citri  possess  a  reduced  IMD  signaling  pathway.  We  characterized  the 
role  of  two  putative  peptidoglycan  recognition  proteins  (DcPGRPl  and  DcPGRP2)  in 
the  midgut  of  D.  citri.  In  addition,  we  evaluated  the  response  of  each  PGRP  to  purified  gram¬ 
positive  and  gram-negative  peptidoglycans  (PGNs). 

Results 

Overall,  these  results  suggest  that  CLas  acquisition  by  D.  citri  is  facilitated  by  a  reduction  in  the 
insects’  immune  response  to  microbial  invasion,  as  compared  to  previously  characterized  insects 
groups  such  as  Drosophila.  DcPGRP2  sequence  similarity  to  other  PGRP-SB  proteins,  we 
hypothetize  a  similar  role  with  D. citri.  Furthermore,  these  results  suggest  that 
the  immune  system  ,may  play  a  role  in  the  mutualistic  association 
between  D.  citri  their  associated  endosymbionts. 
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The  microbiota  can  affect  host  nutrition,  development,  or  resistance  to  pathogens.  Altering  the 
taxonomic  structure  of  the  microbial  community  may  alter  the  underlying  host-microbiota 
interaction,  and  in  turn  affect  host  health.  Animals  have  evolved  distinct  behaviors  (social 
interactions)  and  gut  morphologies  (e.g.  rumen)  to  transmit  and  retain  microbial  associates  and  in 
turn  decrease  individual  variation.  Regardless  of  the  measures  taken  by  hosts,  individual 
variation  in  microbiome  diversity  is  a  common  feature  among  animals  in  the  wild.  Major  factors 
contributing  to  the  structure  of  the  microbiota  are  the  host’s  phylogenetic  identity,  host  diet,  and 
host  locality.  Under-explored  factors  are  the  interactions  between  microbes  within  the 
microbiota.  Understanding  the  contributions  of  these  factors  will  enable  us  to  understand  how 
microbiota  variation  is  partitioned. 

Drosophila  species  remain  a  standard  for  researching  the  mechanistic  basis  for  many 
evolutionary  processes.  Several  species  of  mushroom-feeding  Drosophila  are  native  to  North 
America  and  readily  found  in  the  wild,  providing  an  ideal  platform  to  explore  host-microbe 
questions  in  both  wild  and  lab  settings.  We  assess  patterns  of  individual  microbiota  variation  in  a 
survey  of  the  gut-associated  bacterial  communities  of  four  Drosophila  species  from  the  wild.  The 
microbial  diversity  patterns  we  identify  are  compared  to  those  in  other  insect  and  mammalian  gut 
microbiomes. 
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Insects  can  play  a  vital  role  in  the  dissemination  of  fungal  plant  pathogens  and  may  contribute  to 
the  occurrence  and  development  of  disease  within  crop  production,  consequently  affecting 
yields.  Currently,  not  much  is  known  about  the  interaction  between  insects  and  plant  pathogens 
within  pecan  orchards.  The  main  aims  of  the  study  were  to  determine  the  progression  of  fungal 
species  occurring  on  the  grey-brown  stinkbug  ( Coenomorpha  nervosa  Dallas)  in  the  soil,  air,  and 
the  phylosphere  during  the  production  season  of  pecan  nuts  and  to  confirm  the  role  of  stinkbugs 
in  the  dissemination  of  fungal  pathogens  in  pecan  orchards.  In  addition,  the  pathogenicity  of 
Alternaria  tenuissima ,  Cladosporium  cladosporioides  and  Neofusicoccum  parvum  was 
confirmed.  The  effect  of  wounding  vs.  non-wounding  on  disease  development  was  also 
compared.  Results  indicated  that  a  wide  variety  of  fungi  are  associated  with  the  grey-brown 
stinkbug,  including  several  fungal  species  that  may  be  pathogenic  or  act  as  contaminants  of 
pecan  nuts.  Overall,  similar  patterns  of  incidence  were  observed  between  the  insect,  air  and  soil. 
The  pathogenicity  of  the  three  fungal  isolates  was  determined  with  trials  conducted  under  both 
laboratory  and  greenhouse  conditions.  From  the  results  it  can  be  concluded  that  the  grey-brown 
stinkbug  is  associated  with  pathogens  of  pecans.  This  study  highlights  the  importance  of  insects 
harbouring  fungal  plant  pathogens  that  might  adversely  affect  crop  production.  By  better 
understanding  insect-fungal  associations,  proactive  measures  can  be  taken  to  limit  the  damage 
caused  by  both  fungal  pathogens  and  insect  pests  that  might  act  as  disseminators. 
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Abstract  text: 


Throughout  recent  history  drosophilids  have  been  best  known  for  their  role  in  laboratory  and 
genetic  studies.  For  farmers,  drosophilids  were  mainly  known  as  nuisance  flies  that  get  into  cull 
piles  or  overripe  fruit  after  harvest.  This  all  changed  around  2008  when  a  new  species  of 
drosophilid  called  spotted  wing  drosophila  (SWD ){Drosophila  suzukii)  invaded  California. 
Unlike  the  approximate  3,000  other  species  of  vinegar  flies,  SWD  has  a  large  serrated  ovipositor 
making  it  capable  of  being  a  significant  crop  pest  by  ovipositing  into  fruit  before  it  is  ripe. 

After  its  introduction  SWD  quickly  became  a  pest  of  thin-skinned  fruit  such  as  cherries, 
blueberries,  raspberries,  and  blackberries.  Within  one  year  it  spread  to  four  states  and  into 
western  Canada  and  can  now  be  found  throughout  much  of  the  United  States  and  parts  of 
Europe.  Since  its  introduction,  researchers  in  the  western  United  States  have  developed 
identification  tools  and  monitoring  programs,  evaluated  phenology  under  many  unique  climate 
conditions,  developed  crop  and  region-specific  chemical  control  programs,  and  are  investigating 
classical  biological  control.  This  presentation  will  be  used  to  discuss  these  efforts  in  the  Western 
United  states  as  they  might  be  of  benefit  to  researchers  and  farmers  worldwide  that  are 
developing  their  own  responses  to  this  new  pest. 
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Abstract  text: 

In  2013,  an  outbreak  of  an  invasive  aphid  was  discovered  damaging  grain  sorghum  in  Louisiana, 
Texas,  Oklahoma  and  northern  Mexico.  The  aphid  appears  to  be  a  new  variant  of  sugarcane 
aphid,  Melanaphis  sacchari ,  which  appears  to  have  a  high  preference  for  sorghum  over 
sugarcane.  In  2013,  infestations  appeared  in  sorghum  originating  in  the  Beaumont,  TX  / 
Southwest  Louisiana  areas.  In  2014-15,  the  scope  of  the  infestation  widened,  to  include  sorghum 


produced  in  Arkansas,  Tennessee,  Missouri,  Alabama,  Georgia,  Florida,  South  Carolina,  North 
Carolina,  Kansas  and  New  Mexico.  In  other  regions  of  the  globe,  sugarcane  aphid  feeding  on 
sorghum  has  been  reported  in  portions  of  Africa,  South  America  and  India.  In  the  U.S.  and 
Mexico,  infestations  have  been  widespread  and  very  heavy.  Pre-boot  sorghum  can  be  killed  by 
heavy  aphid  infestations  or  rendered  sterile.  It  is  not  unusual  to  note  a  30-100%  yield  loss 
associated  with  high  aphid  populations.  The  leaves  of  infested  sorghum,  at  heading,  become 
extremely  sticky  from  honeydew  and  coated  with  sooty  mold  fungus;  which  have  hampered 
harvesting  operations,  causing  as  much  as  50%  of  the  grain  to  be  expelled  from  the 
combine.  There  is  potential  for  host  plant  resistance  to  play  a  key  role  in  managing  this  pest,  but 
currently  insecticidal  remedies  have  been  necessary.  Preminary  research  on  an  injury  threshold 
suggests  that  yield  loss  occurs  at  approximately  125  aphids  per  leaf,  pre-boot.  Additional 
information  concerning  management  will  be  discussed. 
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Tuta  absoluta  (Meyrick),  a  South  American  pest,  was  observed  for  the  first  time  in  Europe  in  late 
2006,  in  a  greenhouse  in  Castellon  (Spain).  During  the  summer  and  fall  of  2007,  it  was  detected 
in  other  parts  of  the  east  and  south  of  the  Iberian  Peninsula.  In  2008,  T.  absolutaqm<z\dy  spread  to 
the  rest  of  Spain,  Italy,  France  and  various  countries  of  North  Africa,  completing  its  expansion 
across  the  rest  of  the  Mediterranean  basin  during  2009. 

Adult  flight,  favored  by  air  flows,  was  the  main  expansion  mechanism  between  areas  and 
neighboring  countries.  Their  high  population  levels  and  the  presence  of  alternative  host  plants 
facilitated  the  success  of  these  settlements.  The  transport  and  packaging  of  fruit  may  have  been 
the  expansion  mechanism  to  remote  areas.  During  the  first  year  of  invasion,  Tutu  devastated 


tomato  plantations,  and  was  also  detected  in  eggplant  and  potatoes,  as  well  as  some  wild 
solanaceae. 

Upon  detection  of  the  pest  in  Spain,  the  work  was  started  that  provided  the  basis  for  designing 
programs  and  management  strategies.  These  included  measures  to  reduce  the  overall  pest 
pressure  level  in  production  areas,  controlling  its  main  focuses,  and  enhancing  the  use  of 
beneficial  insects.  At  the  same  time,  intensive  work  to  optimize  technology  transfer  of  pest 
management  practices  was  done.  Pest  management  practices  include  integrating  hygiene,  cultural 
practices,  techniques  for  monitoring  and  control  technologies,  with  an  adequate  use  of  chemical 
treatments,  following  proper  Insect  Resistance  Management  Strategies. 
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The  tomato  leafminer,  Tuta  absoluta  (Meyrick)  (Lepidoptera:  Gelechiidae)  is  a  severe  pest  of 
tomato  crops  and  is  of  global  significance  because  of  its  rapid  expansion  and  geographical 
distribution.  T.  absoluta  is  native  to  South  America,  but  was  introduced  into  Europe  at  the  end  of 
2006.  As  an  invasive  pest,  the  populations  were  suspected  to  carry  some  resistance  genes,  and 
along  with  a  considerable  degree  of  infestation  in  the  first  seasons,  the  pest  was  subjected  to 
elevated  pesticide  pressure.  Therefore  the  risk  of  resistance  evolution  was  very  high,  so  it  was 
necessary  to  devise  strategies  to  prevent  T.  absoluta  from  developing  resistance  to  the  effective 
insecticides.  A  joint  collaboration  among  industry,  academia  and  officials  led  to  the  development 
of  an  insecticide  resistance  management  (IRM)  strategy  based  on  the  alternation  of  products  with 
different  mechanisms  of  resistance,  concurrently  with  the  use  of  non-chemical  control  methods. 
The  use  of  insecticides  is  still  the  primary  method  for  controlling  T.  absoluta  infestations. 

Several  insecticides  are  commonly  used  against  the  tomato  borer,  particularly  diamides, 


spinosyns,  emamectin  benzoate,  azadirachtin,  chlorpyriphos,  pyrethroids,  and  Bacillus 
thuringiensis ,  among  others. 

Monitoring  the  susceptibility  to  these  insecticides  in  T.  absoluta  populations  has  been  essential  to 
insecticide  resistance  management.  So  far,  the  IRM  strategy  implemented  in  Spain  has  been  very 
successful  and  no  resistance  has  been  detected  in  Spanish  populations.  By  contrast,  high 
resistance  to  diamides  has  been  reported  in  Sicily,  Italy. 
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Abstract  text: 

Helicoverpa  armigera  is  one  of  the  most  important  pests  of  agriculture  in  Asia,  Africa,  Europe 
and  Australia.  It  has  been  officially  reported  in  Brazil  in  2013  attacking  crops  including  soybean, 
cotton,  dry  beans,  sorghum,  millet,  corn  and  tomatoes.  The  initial  H.  armigera  outbreak  started 
in  the  western  Bahia  region,  reaching  the  southern  Maranhao  and  south  of  Piaui  states  during 
2012  season.  This  species  demonstrated  high  adaptability  under  Brazilian  conditions,  rapid 
population  growth  and  widespread  distribution  across  different  States,  causing  significant 
economic  losses  due  to  difficulties  in  effective  control  with  conventional  insecticides.  Bollgard® 
and  WideStrike®  cotton  technologies  have  provided  partial  control  of  H.  armigera  while 
Bollgard  II®  and  TwinLink®  seem  to  be  more  effective,  but  eventual  insecticide  applications  are 
required;  the  Intacta®  soybean  has  controlled  this  pest  effectively.  Pyramided  transgenic  Bt 
crops  are  essential  to  the  Insect  Resistance  Management  programs.  H.  armigera  moves  across 
the  soybean-corn-cotton  cropping  systems,  and  the  selection  pressure  imposed  by  Bt  proteins  has 
been  very  high  (including  others  key  pests  -  as  Spodoptera  frugiperda  and  Chrysodeixis 
includens).  The  implementation  of  the  refuge  areas  has  been  challenging  in  a  multi-crop  systems. 
Insecticide  sprays  against  pests  in  Bt-crops  must  account  for  the  economic  damage  level  and 


rotation  of  different  MOA  along  the  crop  cycle  to  minimize  the  risk  of  resistance  evolution. 
There  is  an  urgent  need  to  implement  a  crop-free  period  at  regional  level  to  break  the  insect  life 
cycle  as  well  as  to  increase  the  use  of  biological  control  agents  such  as  NPV  and  Trichogramma 
in  IPM  programs. 
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Abstract  text: 

Myzus  persicae  (MYZUPE)  and  Aphis  gossypii  (APHIGO)  are  among  the  most  economically 
important  insect  pests  in  the  world  due  to  direct  feeding  damage  and  transmission  of  over  100 
plant  viruses  to  their  large  range  of  host  crops.  MYZUPE  has  developed  resistance  to  most 
classes  of  insecticides  including  neonicotinoids  (NNIs).  Both  metabolic  (amplification  of  a 
Cytocrome  P-450  genes)  and  target  site  resistance  (mutation  of  nicotinic  acetylcholine  receptor 
pi  subunit  (R81T))  have  been  identified  as  resistance  mechanisms  to  NNIs  in  Europe.  On  the 
other  hand,  APHIGO  has  developed  resistance  to  many  insecticides  including  target  site 
resistance  to  NNIs  (R81T)  in  South  Korea. 

Studies  have  been  conducted  on  the  interactions  of  Isoclast  (sulfoxaflor)  with  other  compounds 
acting  at  the  nicotinic  acetylcholine  receptor  (nAChRs),  as  well  as  studies  on  the  susceptibility 
and  feeding  behavior  of  different  aphid  strains,  both  susceptible  or  target-site  resistance,  to  NNIs. 
These  studies  have  identified  key  differences  among  compounds  and  explain  the  potential  of 
Isoclast  as  an  active  insecticide  to  manage  NNI  target-site  resistant  MYZUPE  and  APHIGO 
populations  in  Europe  and  South  Korea,  respectively. 
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Abstract  text: 

New  chemistries  are  constantly  needed  by  growers  of  commercial  crops,  due  to  pest  shifts, 
invasive  species  and  developing  resistance  to  existing  active  ingredients  and  traits.  However,  the 
speed  with  which  pests  adapt  is  not  always  matched  by  the  speed  of  regulatory  approvals.  Many 
growers  around  the  world  are  left  waiting  for  new  products  to  become  available  as  their  crops  are 
devastated.  Fortunately,  a  growing  number  of  regulatory  authorities  are  allowing  ‘emergency 
use’  registrations,  providing  limited  access  to  new  active  ingredients  and  products  via  a  truncated 
regulatory  process.  The  success  of  many  of  these  emergency  use  registrations  underlines  their 
importance.  The  US,  Brazil  and  several  EU  Member  States,  have  many  examples  of  growers 
being  allowed  emergency  access  to  new  chemistries  to  save  their  crops  from  devastation.  By 
highlighting  some  of  these  successes  and  explaining  the  truncated  approval  process,  we  hope  that 
more  regulatory  authorities  will  consider  similar  emergency  use  legislation. 
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Abstract  text: 


IR-4  is  recognized  as  the  model  publically  funded  program  to  help  specialty  crop  growers  obtain 
legal  access  to  safe  and  effective  pest  management  technology.  IR-4  has  developed  numerous 
partnerships  with  other  countries  to  share  the  burden  of  developing  regulatory  data  to  register 
products  for  minor  uses  and  to  create  other  “IR-4  like”  programs.  Specifically,  the  governments 
of  Australia,  Brazil,  Canada,  Costa  Rica,  EU,  New  Zealand,  South  Korea,  and  Taiwan  have  been 
involved.  IR-4  and  its  partners  realize  that  this  cooperation  is  critical  in  finding  solutions  to  the 
“Minor  Use  Problem”  and  to  maintaining  pest  control  options  to  growers.  The  products 
registered  by  IR-4  are  often  of  the  latest  technology  and  important  to  IPM  programs  and  to 
managing  pesticide  resistance,  as  well  as  managing  new  invasive  pests.  IR-4  has  also  supported 
capacity  building  for  residue  research  projects  in  the  ASEAN  region,  sub-Sahara  Africa  and  in 
Latin  America.  It  is  anticipated  that  these  partnerships  will  lead  to  collaborative  research 
projects  that  can  address  the  minor  use  needs  of  a  broader  community.  These  collaborations  are 
also  implementing  specific  data  extrapolation  proposals  that  allow  residue  data  developed  on 
certain  representative  crops  to  be  used  to  support  registration  on  a  larger  number  of  crops  within 
a  group  (crop  groups),  which  further  assist  specialty  crop  growers.  Specialty  crop  producers 
around  the  world  want  access  to  the  safest  (newest)  pest  control  tools  that  fit  well  into  IPM 
programs  that  manage  resistance  and  contribute  to  long  term  sustainability  of  both  production 
and  pest  management. 
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Abstract  text: 

The  nun  moth,  Lymantria  monacha  (L.)  (Erebidae),  is  a  Eurasian  pest  of  conifers  that  poses  a 
threat  of  being  accidentally  introduced  into  other  world  areas.  Nun  moth  has  a  high  potential  to 
be  transported  via  commerce  because  females  can  deposit  eggs  in  crevices  on  ships  or  cargo,  and 
are  attracted  the  lights  in  port  areas.  The  nun  moth  feeds  on  and  kills  primarily  conifers  ( Picea , 
Pinus ,  Abies ,  and  Larrix  spp.)  but  can  also  defoliate  deciduous  trees  and  shrubs  ( Fagus , 
Carpinous,  Betula,  and  Quercus spp.). 


Adult  nun  moths  fly  at  night  from  the  middle  of  July  to  the  beginning  of  September.  Once  mated, 
females  lay  70  to  300  eggs  in  separate  clusters  of  approximately  40  eggs  bearing  no  hair 
covering.  After  almost  completing  its  development,  the  embryo  goes  through  a  winter  diapause 
before  hatching,  which  usually  occurs  in  the  beginning  of  May.  First  and  second  instars  are 
capable  of  being  wind-dispersed  for  considerable  distances.  Larvae  go  through  5  to  7  instars 
before  they  pupate  in  July. 

Nearly  100  species  of  parasitoids  have  been  reported  from  L.  monacha  in  its  native  range  but 
there  have  been  no  attempts  to  manipulate  them  to  improve  control.  Pathogens  of  this  insect  have 
received  more  attention,  and  Bacillus  thuringiensis  Berliner  is  used  as  microbial  pesticide  in 
countries  where  outbreaks  have  occurred.  A  nuclear  polyhedrosis  virus  has  been  observed  to  be 
the  main  factor  that  causes  the  collapse  of  L.  monacha  outbreaks.  Management  programs  use 
pheromone  traps  for  monitoring  and  registered  pesticides  for  suppression. 


Symposium 

Presentation  Title:  Siberian  moth,  Dendrolimus  sibiricus  (Lepidoptera:  Lasiocampidae) 
Author  Name:  Yuri  Baranchikov 

Author  Institution:  Siberian  Branch  of  Russian  Academy  of  Sciences 

Session  Title:  Symposium:  Profiles  of  Forest  Pests  Ready  to  Cross  Borders  and  Invade  New 
Areas 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0494 
DOI:  10. 1603/ICE.2016. 92726 

Abstract  text: 

Dendrolimus  sibiricus  Tschetvericov  (Lepidoptera,  Lasiocampidae,  Siberian  moth  (SM),  is 
distributed  throughout  Boreal  zone  of  Palaearctic:  from  western  slopes  of  Ural  Mountains  to  the 
Pacific  ocean  in  Russia,  and  also  in  Northern  Kazakhstan,  Northern  Mongolia  and  in  North- 
Eastern  China.  In  China  and  the  Russian  Far  East  it's  range  broadly  overlaps  with  the  one  of  it's 
closest  relatives  Dendrolimus  superans  Butler,  distributed  in  Japan,  Southern  Sakhalin, 
Primorskiy  Kray  and  southern  part  of  Khabarovsk  Kray  in  Russia,  north-eastern  China  and 
Northern  Korea. 

Moths  fly  in  June-July,  larvae  hatch  in  July  and  typically  take  three  years  to  complete 
development.  SM  is  oligophagous  and  can  develop  on  a  wide  range  of  native  and  introduced 


conifer  genera  (in  descending  order  of  suitability):  Larix,  Abies,  five-needle  Pinus  spp.,  Picea , 
and  two-needle  Pinus  spp.  Pseudotsuga  menziesii  is  an  excellent  host.  SM  is  by  far  the  most 
destructive  species  of  needle-eating  insects  in  northern  Asia,  and  its  outbreaks  cause  extensive 
defoliation  and  dieback  of  thousands  of  hectares  of  fir,  five-needle  pine,  and  larch  forest.  Fire 
frequently  occurs  after  an  outbreak  and  vegetative  succession  requires  up  to  200  years  to 
regenerate  mature  conifer  stands. 

Fourty-six  species  of  parasitoids  are  connected  with  SM  (6  killing  eggs,  33  -  living  in  larvae,  and 
18  -  in  pupa  stage).  Egg  parasite  Telenomus  tetratomus  (Thomson)  (Hymenoptera:  Scelionidae) 
is  the  most  effective  regulator,  infesting  up  to  99%  of  eggs  in  sparse  populations  of  SM. 
Pheromone  traps  are  used  for  SM  monitoring  and  formulations  of  Bacillus  thuringiensis  var. 
kurstaki  are  sprayed  for  pest  control. 


Symposium 

Presentation  Title:  Pine  processionary  moth,  Thaumetopoea pityoccampa  (Lepidoptera: 
Notodontidae) 

Author  Name:  Alain  Roques 
Author  Institution:  INRA 

Session  Title:  Symposium:  Profiles  of  Forest  Pests  Ready  to  Cross  Borders  and  Invade  New 
Areas 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0495 
DOI:  10. 1603/ICE. 2016. 92727 

Abstract  text: 

Native  of  the  Mediterranean  basin,  pine  processionary  moth  ( Thaumetopoea  pityocampa )  is 
expanding  its  range  northwards  because  of  warmer  winter  temperatures  increasing  larval 
survival.  Although  it  is  a  major  forest  pest  with  irritant  larvae,  moth  knowledge  remained 
scattered  between  countries  and  disciplines.  Combining  all  knowledge  and  developing  adapted 
management  strategies  has  become  an  important  challenge  since  the  IPCC  considers  the  moth  as 
one  of  the  few  insects  for  which  causal  relationships  between  climate  change  and  range 
expansion  were  demonstrated. 

European  and  French  projects  developed  since  2000  have  taken  a  multidisciplinary  approach, 
incorporating  entomology,  medical,  and  veterinary  science,  to  study  the  natural  history,  genetics, 


impact  on  all  organisms  (tree,  insect  biodiversity,  humans,  and  animals),  risk  modelling,  and 
management  of  this  pest. 

We  mapped  the  present  insect  range  at  the  European  scale  as  a  baseline  for  assessing  precisely  its 
future  expansion.  Models  revealed  that  most  of  western  and  central  Europe  is  already  favorable 
to  establishment  but  colonized  at  only  ca.  5  km/year  due  to  the  limited  flight  capabilities  of 
females.  However,  convergent  genetic  and  ecological  studies  showed  that  isolated  colonies 
observed  beyond  the  front  edge  mainly  result  from  long-distance  jumps  related  to  the  trade  of 
mature  ornamental  trees  or  pupae  being  moved  with  the  accompanying  soil.  Isolated  pine  trees  in 
semi-urban  areas  (artificial  heated-islands)  act  as  corridors  to  facilitating  expansion.  This  species 
is  thus  turning  into  an  urban  sanitary  threat  and  health  concerns  associated  with  this  invasion  led 
to  proposed  new  management  tools  based  on  a  ‘slow  the  spread’  strategy. 
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Abstract  text: 

The  emerald  ash  borer  (EAB),  Agrilus  planipennis  (Fairmaire),  Coleoptera:  Buprestidae,  has 
killed  millions  of  ash  trees  in  North  America  and  caused  billions  of  dollars  in  economic  damage 
since  its  2002  discovery  in  Detroit,  MI.  EAB  adults,  active  from  late  spring  through  summer,  lay 
individual  eggs  under  bark  scales  and  in  crevices.  Larvae  feed  in  phloem,  completing  4  instars. 
Most  larvae  overwinter  as  prepupae,  then  pupate  in  the  spring,  completing  development  in  1-2 
years.  In  China,  EAB  mainly  infests  stressed  or  declining  Asian  ash  species.  In  North  America, 
EAB  appears  able  to  colonize  all  native  ash  species,  including  healthy  trees.  Considerable 
research  has  been  conducted  to  develop  effective  traps  and  evaluate  tools  for  management.  EAB 
adults  are  attracted  to  traps  baited  with  cA-3-hexenol,  including  green  funnel  traps  or  sticky 
prism  traps  hung  in  the  ash  canopy,  and  green  and  purple  double  decker  traps  comprised  of  2 
prisms  on  a  3  m  PVC  pole.  Emamectin  benzoate  injected  into  the  trunks  of  landscape  ash  trees 


provides  nearly  complete  protection  for  up  to  3  years.  Establishment  and  effects  of  classical 
biocontrol  efforts  using  Chinese  egg  and  larval  parasitoids  continue  to  be  examined.  Differences 
among  native  ash  species  in  EAB  host  preference  have  been  documented  and  research  continues 
on  potential  resistance  mechanisms  of  ash  species  which  may  lead  to  improved  trees  for 
restoration.  A  pilot  project  showed  landscape-level  management  strategies  integrating  these 
tactics  may  help  slow  EAB  population  growth  and  ash  mortality  rates. 
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The  invasive  species  Lycorma  delicatula  (White)  (Hemiptera:  Fulgoridae),  common  name 
Spotted  Lanternfly,  has  established  itself  in  North  America  for  the  first  time.  First  reported  from 
2014,  the  pest  is  currently  restricted  to  eastern  Pennsylvania,  USA,  and  is  now  under  the  effects 
of  quarantine  and  eradication  measures.  It  is  a  known  threat  to  the  grape,  wine,  timber,  and 
logging  industries.  The  species  North  American  history,  distribution,  pest  impact,  control  and 
survey  techniques,  and  biology  are  reviewed. 
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Dendroctonus  ponderosae  Hopkins,  is  a  major  disturbance  in  conifer  forests  of  western  North 
America  where  it  colonizes  at  least  15  native  pines,  most  notably  lodgepole,  Pinus  contorta 
Dough  ex  Loud.,  ponderosa,  P.ponderosa  Dough  ex  Laws.,  sugar,  P.  lambertiana  Dough, 
limber,  P.flexilis  E.  James,  and  whitebark,  P.  albicaulis  Engelm.,  pines.  The  geographic 
distribution  ranges  from  British  Columbia,  Canada;  east  to  South  Dakota,  U.S.,  and  south  to  Baja 
California,  Mexico.  Populations  are  expanding  northward  in  British  Columbia  and  eastward  in 
Alberta,  Canada,  and  there  is  some  concern  that  D.  ponderosae  could  reach  the  forests  of  eastern 
North  America  in  several  decades.  Trees  weakened  by  other  agents  are  often  colonized  by  D. 
ponderosae ,  but  may  be  difficult  to  detect  due  to  their  scarcity.  Once  populations  reach  incipient 
levels,  tree  defenses  are  often  insufficient  in  deterring  mass  attacks,  and  populations  rapidly 
increase  causing  substantial  levels  of  tree  mortality  under  certain  circumstances. 

There  are  two  general  approaches  for  reducing  the  negative  impacts  of  D.  ponder osaeon  forests. 
Direct  control  involves  short-term  tactics  designed  to  address  current  infestations  by 
manipulating  beetle  populations.  Indirect  control  is  preventive,  and  designed  to  reduce  the 
probability  and  severity  of  future  infestations  by  manipulating  stand,  forest  and/or  landscape 
conditions  by  reducing  the  number  of  susceptible  host  trees  through  thinning,  prescribed  burning, 
and/or  alterations  of  age  classes  and  species  composition.  I  review  the  life  history  of  D. 
ponderosae ,  and  analyze  the  effectiveness  of  treatments  for  preventing  and  mitigating 
undesirable  levels  of  tree  mortality  attributed  to  this  pest. 
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The  Eurasian  spruce  bark  beetle  Ips  typographus  is  a  major  forest  pest  in  Europe,  capable  of 
mass-attacking  and  killing  mature  Norway  spruces  over  extensive  areas  during  outbreaks. 
Recurring  outbreaks  over  the  last  few  centuries  have  affected  Central  and  Northern  Europe. 
Outbreaks  tend  to  be  periodic  and  are  in  many  cases  triggered  by  large  wind-felling  events.  For 
example  in  Scandinavia  several  large  outbreaks  have  been  triggered  by  storm  disturbances  in  the 
last  50  years.  In  Europe  I.  typographus  is  widespread  where  spruce  hosts  are  found  except  for  in 
the  British  Isles.  Here  we  review  the  identification  and  biology  of  this  insect  and  present 
information  about  its  invasiveness  and  the  potential  of  success  in  early  detection  and  control  of 
outbreaks.  There  are  indications  that  a  warmer  climate  will  increase  the  risk  for  outbreaks  in  the 
northern  range  of  spruce  in  Europe,  where  outbreaks  so  far  have  been  rare.  More  outbreaks  are 
also  expected  at  the  southern  margin  of  the  spruce  distribution  in  Europe,  where  lower  than 
average  precipitation  seems  to  generally  favor  infestations.  Establishments  outside  Eurasia  have 
not  been  found  despite  frequent  interceptions  at  ports  of  entry.  Our  experiments  showed  that 
North  American  spruce  species  may  be  suitable  hosts  and  we  conclude  that  it  cannot  be  ruled  out 
that  future  establishment  can  result  from  repeated  imports.  The  most  efficient  control  option  of 
storm-triggered  outbreaks  is  removal  of  wind-felled  trees  before  the  new  generation  beetles 
emerge. 
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Four-eyed  fir  bark  beetle  (FFBB),  Polygraphus  proximus  Blandford,  and  associated  ophiostomal 
fungus  Grosmannia  aoshimae  (Ohtaka  et  Masya)  Masya  et  Yamaoka  (Ascomycota: 
Ophiostomatales)  have  no  economic  importance  in  their  native  range  in  North  Eastern  Asia.  In 
the  1970s  they  were  accidentally  introduced  to  Southern  Siberia  and  later  -  to  the  European  part 
of  Russia.  Now  FFBB  and  GA  are  the  main  factor  of  degradation  of  local  fir  forests,  consisting 
exclusively  of  Abies  sibirica  Ledeb,  which  is  highly  susceptible  to  this  invasive  tandem. 
Although  FFBB  can  develop  on  larches,  spruces,  and  pines,  Abies  species  from  sections 
Balsamea  and  Grandis  are  its’  preferable  hosts.  FFBB  beetles  can  attack  and  kill  healthy  trees. 
An  aggregation  pheromone  is  produced  by  females  and  an  entrance  hole  can  be  initiated  by 
either  sex.  The  average  fecundity  of  females  is  45±15  eggs.  FFBB  completes  a  maximum  of  two 
generations  per  year,  due  to  severe  climatic  conditions  of  Siberia.  Beetles  and  larvae  overwinter 
under  host  tree  bark.  Beetles  commonly  are  the  first  wood  boring  insects  to  fly  in  spring.  The 
flight  lasts  about  one  month.  In  Siberia,  the  abundant  predator  Medetera  penicillata  Neg. 
(Diptera:  Dolichopodidae),  larval  ectoparasitoids  Dinotiscus  eupterus  Walk,  and  Roptrocerus 
mirus  Walk.  (Hymenoptera:  Pteromalidae)  and  pathogen  -  Beauveria pseudobassiana  S.A. 
Rehner  &  Humber  (Ascomycota:  Hypocreales)  are  the  most  promising  biological  control  agents. 
Sylvicultural  methods  are  the  most  effective  approach  to  prevent  FFBB  outbreaks.  This  study 
was  supported  by  the  Grant  of  the  President  of  the  Russian  Federation:  MK-4422.2015.4 


Symposium 

Presentation  Title:  Pine  sawyer  beetle,  Monochamus  gall  opr  ovincialis  (Coleoptera: 
Cerambycidae) 

Author  Name:  Geraldine  Roux 

Author  Institution:  INRA 

Session  Title:  Symposium:  Profiles  of  Forest  Pests  Ready  to  Cross  Borders  and  Invade  New 
Areas 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0501 
DOI:  10. 1603/ICE.2016.9273 1 

Abstract  text: 

Species  in  the  worldwide  genus  Monochamus  have  drawn  particular  attention  since  they  vector 
the  pine  wood  nematode  ( Bursaphelencus  xylophilus ,  PWN),  responsible  for  pine  wilt  disease. 
Although  a  secondary  pest  in  its  native  North  America,  PWN  has  devastated  conifer  forests  in 


invaded  regions  of  eastern  Asia,  and  more  recently  of  southwestern  Europe,  incurring  huge 
management  costs  to  attempt  eradication  which  remains  unsuccessful.  So  far,  only  one  native 
European  species,  M.  gall  opr  ovincialis,  has  been  proven  to  have  developed  a  novel  association 
with  the  invasive  PWN.  This  oligophagous  species  has  a  wide  palearctic  distribution  clustered 
into  two  main  evolutionary  lineages  and  presents  a  large  host-range  in  the  genus  Pinus.  The 
insects  insure  transportation  of  the  dispersal  form  of  the  nematode  in  their  trachea  and  the 
transmission  to  a  new  host  tree  occurred  during  its  two  periods  of  flight  in  summer,  i.e.  mostly 
during  the  maturation  feeding,  but  also  during  the  oviposition.  A  spread  model  was  developed  to 
figure  out  the  potential  spread  of  PWN-infected  beetles  over  space  and  time.  M. 
gall  opr  ovincialis  populations  differentiated  in  five  groups  which  likely  resulted  from  distinct 
postglacial  recolonization  routes  and  barriers  to  gene  flow.  Although  adults  have  strong  flight 
ability,  mountain  ranges  and  high  pine  densities  may  act  as  natural  barriers  to  spread. 
Conversely,  low  pine  densities  constitute  corridors,  suggesting  that  open  areas  can  enhance 
dissemination  of  PWN  throughout  the  Iberian  Peninsula  and  potentially  the  rest  of  Europe. 
Future  strategies  aimed  at  preventing  disease  expansion  (buffer  zones,  clear  cut  belts)  must  take 
these  results  into  account. 
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Many  alien  insect  species  that  have  arrived  in  Europe  since  the  late  1990s  have  spread  extremely 
rapidly,  such  as  the  western  seed  bug  Leptoglossus  occidentalis  (Hemiptera:  Coreidae).  This 
native  of  Western  North  America  was  unintentionally  introduced  in  Eastern  USA  during  the 
1950s,  then  spread  eastwards  to  the  Atlantic  coast  in  the  1990s,  before  being  recorded  in  Italy  in 
1999  and  colonizing  most  of  Europe  within  just  a  decade.  Considered  as  a  major  seed  pest  in 
conifer  seed  orchards  of  its  native  range,  the  bug  could  also  be  a  threat  for  the  natural 
regeneration  of  conifer  forests  in  Europe.  After  characterizing  the  routes  of  its  fast  expansion  in 
Europe  using  molecular  markers,  we  assessed  and  compared  the  impacts  of  the  bug  in  the  French 


commercial  seed  orchards  versus  natural  pine  stands.  The  molecular  multi-marker  strategy 
confirmed  that  the  European  populations  result  from  several  independent  introductions  from  the 
invaded  eastern  North  America,  which  may  have  acted  as  a  bridgehead  for  the  European 
invasion.  In  seed  orchards,  the  damage  was  not  negligible  especially  taking  into  account  the 
economic  value  of  improved  seeds.  In  natural  stands,  they  depended  on  year  and  location  but 
could  lead  to  a  dramatic  decrease  in  pine  seed  yield,  confirming  that  L.  occidentalis  can  represent 
a  serious  threat  for  seed  production  in  invaded  areas  not  only  in  seed  orchards  but  also  in  natural 
stands. 
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The  Citrus  longhorned  beetle  (CLB),  Anoplophora  chinensis ,  is  a  large  xylophagous  (wood 
boring)  cerambycid  beetle  that  is  native  to  East  Asia.  The  most  damaging  stage  is  the  larval 
stage,  and  the  large  round-headed  borer  feeds  inside  trees.  The  beetles  have  an  extremely  broad 
host  range,  attacking  plant  species  in  at  least  36  plant  families,  and  their  ability  to  attack  and  kill 
healthy  trees  make  CLB  both  an  important  pest  in  their  native  range  and  a  potentially  devastating 
invasive  species  in  other  parts  of  the  world.  The  beetle  has  already  become  an  established 
invasive  species  in  Italy,  France,  and  the  Netherlands,  and  has  been  frequently  been  intercepted, 
but  not  established,  in  several  other  European  countries,  North  America,  and  Australasia.  While 
its  congener,  the  Asian  longhorned  beetle  ( Anoplophora  glabripennis)  overlaps  their  geographic 
and  host  ranges  and  tend  to  attack  higher  in  the  bole  of  the  tree,  CLB  attacks  the  lower  bole  and 
roots  of  trees,  making  them  more  difficult  to  detect,  especially  in  small  ornamental  trees. 
Eradication  programs  have  been  initiated  in  Europe,  and  control  methods  include  sanitation  and 
applications  of  the  neonicotinyl  insecticide  imidicloprid  in  the  form  of  trunk  injections.  Much 
research  has  been  dedicated  towards  the  development  of  biological  control  agents  (entomopathic 
fungi,  nematodes,  parasitoids,  bacteria)  and  chemical  ecology  in  the  hopes  to  discover  volatile 


pheromones  for  use  in  surveying  and  monitoring.  Like  its  congener,  males  produce  the 
aggregation  pheromone  heptyloxybutanol.  CLB  continues  to  be  a  concern  as  a  high  risk  potential 
invasive  species  throughout  the  world. 
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Abstract  text: 

Introduction:  Bees  are  essential  pollinators  of  many  crops  and  wild  plants.  Whilst  pesticides  are 
suggested  to  be  one  factor  that  could  be  driving  bee  declines,  a  key  question  is  to  what  extent 


exposure  to  field-realistic  levels  of  pesticides  might  have  significant  (sublethal)  impacts  on 
individual  behaviour,  colony  success  and  ecosystem  service  provision. 

Methods:  Here  we  report  results  from  a  series  of  laboratory  and  field  studies  of  pesticide 
exposure  on  bumble  bee  (. Bombus  terrestris)  behaviour  and  ecology. 

Results/Conclusion:  Field-level  neonicotinoid  exposure  has  both  acute  and  chronic  effects  on 
overall  foraging  activity,  including  changes  to  floral  preferences  and  reductions  in  individual 
pollen  collection  efficiency.  Chronic  exposure  also  has  negative  impacts  on  the  speed  with  which 
workers  learn  to  associate  floral  odours  as  predictors  of  reward  and  their  ability  to  remember 
these  associations.  These  sublethal  impacts  on  individual  bee  behaviour  have  knock-on  effects 
for  forager  recruitment,  worker  losses  and  overall  colony  productivity.  The  pollination  services 
provided  by  bumble  bees  can  also  be  adversely  affected  following  field-realistic  exposure  to 
neonicotinoids.  This  has  widespread  implications  for  the  sustainable  production  of  many 
pollinator  limited  crops  and  maintenance  of  wild  plant  biodiversity. 
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Abstract  text: 

Introduction:  Foraging  is  an  essential  process  for  animals  and  its  optimization  serves  as  a 
foundational  theory  in  biology.  The  foraging  dynamics  of  wild  bees  are  of  great  ecological  and 
economic  concern,  given  human  dependence  on  pollination  services  and  the  potential  negative 
impact  of  climate  and  land-use  change  on  flowering  plant  phenologies  and  pollinator  movement. 
Despite  worldwide  pollinator  declines  and  increasing  global  dependence  on  pollinators  for  food 
production,  little  is  known  about  the  drivers  of  wild  pollinator  foraging  across  landscapes  and 
phenological  periods. 


Methods:  In  this  talk,  I  discuss  the  use  of  population  genetic  tools,  bumble  bee  sib-ship  identities, 
and  spatially  explicit  foraging  models  to  map  colony-level  foraging  distance  and  individual-level 
patch  visitation  across  phenological  periods. 

Results/Conclusion:  These  analyses  illustrate  that  wild  bees  simultaneously  evaluate  both  patch- 
and  landscape-level  resources  and  make  distinct  foraging  decisions  depending  on  the 
phenological  period.  Specifically,  we  reveal  that  bee  foragers  shift  to  a  more  discriminating 
foraging  pattern  late  in  the  flowering  season,  as  landscape-level  resources  decline.  This 
significant  shift  indicates  that  an  increasing  proportion  of  long-distance  foraging  bouts  take  place 
in  the  late  season  and  suggests  a  phenologically -targeted  approach  to  landscape-level  pollinator 
conservation  efforts. 
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Abstract  text: 

Introduction:  Agricultural  intensification,  where  fields  are  amalgamated  to  enhance  efficiency, 
reduces  natural  habitat  abundance  and  simplifies  habitat  heterogeneity,  which  may  negatively 
influence  the  biodiversity  that  provides  important  pollination  services  in  these  landscapes. 
Pollinator  assemblages  are  typically  characterized  by  rare  local  extinction  events  and  naturally 
fluctuate  over  time.  While  studies  have  shown  this  pattern,  the  drivers  of  community  turnover  are 
not  well  known.  We  formed  two  hypotheses:  1)  Habitat  heterogeneity  and  natural  land  use  cover 
drive  greater  pollinator  abundance,  diversity,  and  the  abundance  and  diversity  of  rare  pollinators. 
2)  Habitat  heterogeneity  and  natural  land  use  cover  increase  the  likelihood  of  dispersal  events, 
increasing  variation  in  community  composition  between  years. 

Methods:  We  conducted  research  at  36  cotton  farms  over  a  3 -year  period.  Sites  were  sampled  for 
pollinators  and  natural  habitat  cover.  Habitat  heterogeneity  surrounding  each  site  was  analyzed. 


Community  composition  and  turnover  was  calculated  using  Sorrenson’s  index.  Rare  species 
were  classified  by  their  abundance  in  our  study  and  are  defined  as  species  that  comprised  less 
than  5%  of  our  sample.  We  used  generalized  mixed-linear  models,  NMDS  ordination,  and  MRM 
to  investigate  trends  between  sites  and  years. 

Results/Conclusion:  Heterogeneity  increases  pollinator  richness  and  abundance.  While 
abundance  and  richness  do  not  change  over  time,  composition  of  the  pollinator  community  turns 
over  between  years.  Removing  rare  species  from  ordination  indicated  that  rare  species  drive  the 
turnover  pattern.  Our  findings  show  that  abundance  of  natural  habitat  cover  drives  pollinator 
community  turnover  between  years  and  supports  the  persistence  of  rare  species  in  an  intensely 
managed  agro-ecological  landscape. 
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Abstract  text: 

Introduction:  Despite  being  the  most  efficient  pollinators  in  fruit  tree  orchards,  the  pollination 
industry  with  mason  bees  is  still  in  its  infancy.  Until  today,  challenges  in  logistics,  control  of 
parasites  and  in-field  bee  propagation  hinder  mass  production  at  a  competitive  price.  In  Europe, 
2  species  of  mason  bees  ( Osmia  bicornis  and  Osmia  cornuta)  are  being  used,  especially  for 
cherry  and  apple  pollination.  Wildbiene  +  Partner  Ltd.,  the  leading  provider  of  pollination 
services  using  mason  bees  in  Switzerland,  has  established  a  product  that  aims  to  provide  the  best 
pollination  service  profiting  from  the  specific  advantages  of  both  native  Osmia  species. 

Methods:  In  collaboration  with  partners  from  business  and  science,  we  conducted  several  field 
trials  aiming  to  combine  both  logistics  and  customer  friendliness  with  optimal  pollination 
performance  of  mason  bees  in  fruit  tree  orchards. 


Results/Conclusion:  Here,  we  present  results  from  these  trials  and  discuss  further  steps  necessary 
to  establish  a  functional  and  profitable  pollination  industry  with  mason  bees. 
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Abstract  text: 

Introduction:  Various  Osmia  species  ( O .  cornifrons,  O.  lignaria,  O.  cornuta,  O.  bicornis)  have 
been  developed  as  orchard  pollinators  in  different  parts  of  the  world.  All  4  species  are  univoltine 
and  spend  the  winter  as  cocooned  adults.  Their  life  cycle  is  characterized  by  2  obligate  dormancy 
periods  (a  prepupal  summer  diapause  and  an  adult  winter  diapause)  during  which  respiration 
rates  reach  minimum  values.  Emergence  occurs  in  the  spring  as  temperatures  increase. 

Methods:  We  provide  an  updated  overview  of  the  developmental  physiology  and  temperature 
requirements  of  the  various  phases  of  the  life  cycle.  The  duration  of  the  summer  and  winter 
dormancy  periods  can  be  extended  or  shortened  through  appropriate  temperature  management, 
with  important  implications  on  the  timing  of  emergence. 

Results/Conclusion:  This  information  is  essential  to  develop  rearing  methods  and  to  adjust 
temperature  treatments  based  on  the  origin  of  the  population  and  the  blooming  period  of  the 
target  crop. 
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Abstract  text: 

Introduction:  Solitary  bees  provision  nest  cells  with  pollen  and  nectar  for  their  progeny  daily,  but 
do  mother  bees  need  dietary  pollen  too?  If  so,  when,  how  often  and  how  much?  Is  this  pollen 
necessary  for  egg  maturation,  or  do  floral  signals  alone  cue  vitellogenesis? 

Methods:  Working  with  Heidi  Dobson,  alimentary  canals  of  188  nesting  female  alkali  bees 
( Nomia  melanderi )  of  known  age  were  dissected  and  scored  throughout  their  nesting  season.  In  a 
separate  greenhouse  study,  oocyte  development  was  compared  for  adult  Osmia  montana  bees 
confined  to  flight  cages  with  either  pollen-less  or  pollen-bearing  sunflowers.  Females  of  matched 
ages  were  dissected  and  volumes  of  their  basal  oocytes  compared  over  time.  Protein  content  of 
eggs  of  Apis,  Bombus,  Osmia,  Megachile  and  Nomia  were  quantified  by  micro-BCA  assay. 

Results/Conclusion:  Female  Nomia  ate  pollen  l-3x  daily,  beginning  soon  after  emergence. 

Pollen  meals  were  likelier  at  later  hours.  By  evening,  every  crop  contained  pollen.  A  turgid  crop 
holds  the  pollen  available  from  35  virgin  alfalfa  flowers,  or  1/100  of  a  provision,  acquired  in  4 
minutes  of  foraging.  Oocytes  of  Osmia  bees  lacking  sunflower  pollen  grew  little  despite  regular 
nectar  drinking;  those  with  pollen  matured.  I  conclude  that  adult  female  solitary  bees  eat  pollen 
daily  for  ongoing  vitellogenesis,  as  their  eggs  and  their  protein  contents  are  huge  for  an  insect.  If 
floral  pollen  is  exhausted  before  evening,  or  unavailable  before  nesting,  unfed  females 
apparently  lack  yolk  proteins  and  fats  enough  for  first  or  subsequent  eggs.  Pollen  digestion  by 
mother  bees  could  guide  subsequent  pollen  host  choices. 
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Abstract  text: 

Introduction:  Bees  are  the  main  crop  pollinators  but  only  a  few  species  are  managed  worldwide 
for  that  purpose.  Recent  events  and  studies  have  shown  that  over  dependence  on  a  single  or  a  few 
pollinator  species  is  less  efficient  for  yield  production  and  temerarious  to  pollination  security.  In 
Brazil,  only  the  exotic  honey  bee  {Apis  mellifera )  is  managed  for  crop  pollination  despite  a  rich 
bee  fauna  estimated  around  3,000  species. 

Methods:  Recently,  our  studies  have  investigated  the  potential  breeding  and  use  of  native  bees  as 
crop  pollinators  by  investigating  their  specific  nesting  biology  and  requirements  and  mimicking 
them  in  artificial  nesting  substrate  and  introducing  in  agricultural  fields. 

Results/Conclusion:  The  stingless  bees  Melipona  subnitida  and  Scaptotrigona  sp.  have  shown 
promise  in  both  open  and  enclosure  environments,  however  there  is  a  shortage  of  colonies  for 
pollination  and  breeding  techniques  are  being  developed  to  overcome  this  problem.  Bombus 
brevivillus  proved  extremely  aggressive  and  this  behavior  had  refrained  further  research. 
Carpenter  bees  Xylocopa  frontalis  and  X  grisescens  are  excellent  pollinators  of  large  flowers  but 
some  of  their  nesting  requirements  and  behavior  have  halted  their  rearing  in  large  scale.  The 
megachilid  Epanthidium  tigrinum  and  oil-collecting  species  belonging  to  the  genus  Tetrapedia 
{Tetrapedia  sp.)  and  Centris  ( C .  tarsata  and  C.  analis)  have  been  reared  in  trap  nests  and  the 
latter  one  was  successfully  used  in  a  trial  at  a  commercial  plantation  of  acerola  {Malpighia 
emarginata).  The  bee  species  mentioned  above  are  the  native  species  in  the  frontline  for  use  as 
crop  pollinators  in  Brazil. 
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Introduction:  Early  each  spring  in  California,  almond  orchards  burst  forth  in  bloom,  and  honey 
bees  are  delivered  to  render  pollination  services.  In  addition  to  Apis  mellifera  (honey  bees), 
Osmia  lignaria  (Megachilidae)  (the  blue  orchard  bee),  can  be  managed  to  pollinate  almonds  and 
can  boost  nut  set.  Use  of  this  native,  solitary,  cavity-nesting  bee  may  offset  the  cost  of  high 
honey  bee  rentals,  especially  if  O.  lignaria  reproduction  in  the  orchard  means  producing  enough 
progeny  to  use  for  pollination  in  the  subsequent  year. 

Methods:  Management  practices  were  tested  for  using  O.  lignaria  at  commercial  scales  each 
almond  season  from  2011-2016.  Such  practices  include  storage  of  adults  under  prescribed 
thermal  regimes,  provision  of  attractive  nesting  sites  that  are  appropriately  distributed  throughout 
the  orchard,  incubation  of  cocooned  adults  for  timing  emergence  and  release  with  early  bloom  in 
orchards,  providing  non-almond  floral  resources  for  continued  nesting  after  almond  flowering 
has  ceased,  and  monitoring  bee  development  over  the  summer  to  determine  timing  for  fall 
cooldown. 

Results/Conclusion:  The  pollination  efficacy  of  O.  lignaria  was  demonstrated,  and  the  successes 
and  challenges  of  sustaining  blue  orchard  bees  in  almond  orchards  were  determined.  The 
economic  viability  of  using  blue  orchard  bees  as  a  commercial  pollinator  hinges  on  the 
industriy's  ability  to  provide  a  reliable,  affordable  supply  of  these  native  bees  or  better 
reproduction  under  commercial  conditions. 
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Introduction:  Nesting  availability  is  considered  to  be  a  primary  limiting  factor  to  bee  diversity. 
However,  with  the  majority  of  wild  bee  species  presumed  to  nest  in  the  ground,  assessing 
differences  in  bee  nesting  is  incredibly  difficult.  The  recent  increase  in  use  of  emergence  tents 
has  provided  a  method  for  measuring  bee  nesting  in  habitats  but  many  questions  persist  about 
their  efficacy  and  benefit.  Through  a  diversity  of  projects  we  have  examined  interactions 
between  habitat  characteristics,  bee  diversity  and  bee  nesting. 

Methods:  Emergence  tents  were  placed  out  in  different  habitats  for  differing  amounts  of  time. 
The  bee  community  was  also  assessed  using  hand  nets  and  pan  traps  for  comparison  of  species 
caught  in  tents  and  those  found  in  nets.  The  floral  community  and  soil  conditions  were  measured 
when  appropriate  to  provide  insight  into  how  other  habitat  characteristics  affect  bee 
communities. 

Results/Conclusion:  Assessing  bee  nesting  rates  and  diversity  can  provide  an  interesting  insight 
into  bee  community  diversity  and  habitat  restoration  success.  More  highly  disturbed  habitats 
appear  to  have  lower  rates  of  nesting  but  this  was  only  partially  explained  by  soil  conditions. 
Increasing  the  length  of  time  tents  were  deployed  had  variable  effects  on  capture  rates.  Bees  in 
tents  were  not  always  also  caught  in  the  field  so  this  method  can  add  to  measures  of  bee  diversity 
in  sites.  Emergence  tents  provide  an  interesting  insight  into  bee  diversity  and  can  help  assess 
other  important  aspects  of  bee  community  recovery  and  persistence. 
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Abstract  text: 


Introduction:  Recent  multi-year  studies  of  mutualistic  networks  show  that  the  identity  and 
frequency  of  plant-pollinator  interactions  change  across  years.  Both  biological  mechanisms  and 
chance  could  drive  these  patterns,  but  the  relative  importance  of  these  factors  has  not  been 
separated. 

Methods:  We  established  a  field  experiment  consisting  of  102  equal-area,  monospecific  plots  of 
17  native  plant  species,  from  which  we  collected  6,713  specimens  of  52  bee  species  over  4  years. 
We  used  these  data  along  with  a  null  model  to  determine  whether  bee  species'  foraging  choices 
varied  more  or  less  over  time  beyond  the  variation  expected  by  chance.  Thus  we  provide  the  first 
quantitative  definition  of  'rewiring'  and  'fidelity'  as  these  terms  are  used  in  the  ecological 
literature  on  mutualism  and  interaction  networks. 

Results/Conclusion:  All  52  bee  species  varied  in  their  choice  of  plant  partners  across  years,  but 
for  26  species  this  variation  was  indistinguishable  from  the  null  based  on  random  partner  choice. 
Another  12  species  showed  significant  rewiring,  meaning  that  their  plant  choices  varied  more 
across  years  than  what  would  be  expected  by  chance,  while  the  remaining  14  species  showed 
significant  fidelity,  indicating  that  they  both  prefer  certain  plant  species  and  are  consistent  in 
those  preferences  across  years.  Our  study  shows  that  true  rewiring  and  fidelity  both  exist  in 
mutualist  networks,  but  that  they  are  less  frequent  than  has  been  reported  in  the  ecological 
literature,  or  at  least  less  detectable,  once  the  effects  of  sampling  effort  and  chance  have  been 
accounted  for. 


Symposium 

Presentation  Title:  Evaluating  native  perennial  flowering  strips  for  enhancing  native  bees  and 
pollination  services  on  farmlands  in  Montana 

Author  Name:  Casey  Delphia 

Author  Institution:  Montana  State  University 

Session  Title:  Symposium:  Insights  into  the  Biology  of  Wild  and  Managed  Native  Bees 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0519 

DOI:  10. 1603/ICE.2016. 94652 

Abstract  text: 

Introduction:  Due  to  the  value  of  pollination  services  and  recent  declines  in  honey  bees, 
strategies  are  needed  to  promote  native  bees  in  agroecosystems.  One  strategy  to  enhance 


beneficial  insects  is  incorporation  of  non-crop  flowering  plants  that  supply  food  resources. 
However,  most  habitat  management  studies  have  focused  on  using  non-native  annuals  to  provide 
nectar  for  natural  enemies.  Much  less  is  known  about  the  value  of  native  perennials  for 
conservation  of  native  bees.  Native  plants  are  important  food  resources  for  native  bees,  and 
diverse  native  bee  communities  can  provide  sufficient  pollination  on  farms  when  present. 

Methods:  Our  research  examines  the  use  of  native  perennial  flower  strips  on  farms  in  Montana 
for  enhancing  native  bees,  pollination  services  and  crop  yield,  and  for  producing  native 
wildflower  seed.  Montana  is  understudied  with  respect  to  its  bee  diversity  and  the  role  of  native 
bees  in  agriculture,  despite  supporting  a  diverse  suite  of  crops  and  increasing  public  interest  for 
fresh,  locally-grown  produce.  In  2013,  flower  strips  comprised  of  9  native  perennial  wildflowers 
and  experimental  crop  strips  consisting  of  squash  and  sunflower  plants  were  established  on  4 
participating  farms.  Bees  were  sampled  weekly  (May-September)  over  3  years  using  nets,  pan 
traps,  and  trap  nests. 

Results/Conclusion:  Preliminary  data  indicate  these  farms  harbor  diverse  native  bee 
assemblages.  Flower  strips,  which  provided  food  resources  from  June-September,  were  visited 
by  an  array  of  native  bee  species.  However,  consistent  with  the  literature,  flower  strips  do  not 
appear  to  improve  crop  pollination  services  on  these  already  diversified  farms. 
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Introduction:  Bumble  bees  are  diverse  and  abundant  pollinators  in  most  ecosystems,  particularly 
in  high  elevation  and  colder  climates  throughout  the  Western  Hemisphere.  Despite  the  important 
contribution  these  animals  make  to  ecosystem  services,  we  know  little  about  their  conservation 
status.  What  information  is  available  indicates  a  subset  of  species  are  experiencing  dramatic 


population  declines.  To  better  understand  the  current  state  of  these  important  animals,  the  IUCN 
Bumble  Bee  Specialist  Group  was  formed  in  201 1  to  assess  the  status  of  all  of  the  world’s 
Bombus  spp.  Here  we  present  the  results  of  those  assessments  for  North,  South  and  Meso- 
America. 

Methods:  In  all  of  these  regions,  for  each  species  with  sufficient  data,  we  used  databased  historic 
records  to  establish  a  historic  range,  and  more  recent  collection  efforts  to  calculate  changes  in 
range.  We  also  assessed  changes  in  relative  abundance  and  persistence.  Using  average  range 
loss,  adjusted  for  differences  in  sampling  effort  between  time  periods,  we  applied  IUCN  criteria 
to  our  findings. 

Results/Conclusion:  Our  results  indicate  that  more  than  one-quarter  of  the  species  in  North 
America  and  nearly  half  of  the  species  in  Mesoamerica  are  in  a  category  considered  threatened 
by  the  IUCN.  In  South  America  there  is  insufficient  data  for  many  species  to  apply  IUCN  criteria 
and  a  recent  concerted  search  effort  is  lacking.  However,  there  is  at  least  1  species  facing  a  high 
degree  of  extinction  risk.  These  results  suggest  that  bumble  bees  are  experiencing  continental 
scale  threats  potentially  leading  many  of  them  toward  extinction. 
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Abstract  text: 

Introduction:  Resources  and  natural  enemies  are  considered  to  be  important  drivers  of  the 
population  dynamics  of  wild  bees,  yet  there  is  little  information  on  how  these  factors, 
independently  or  in  combination,  influence  the  demographic  performance  of  wild  bee  species. 
Bumblebees  ( Bombus  spp.),  an  ecologically  and  economically  important  group  of  social  bees, 
have  colony  cycles  that  last  many  weeks  prior  to  the  production  of  reproductive  offspring. 
Although  sustained  forage  availability  throughout  the  colony  cycle  is  deemed  important  for 
reproduction,  few  studies  have  evaluated  how  natural,  temporal  variation  in  flower  availability 
influences  bumblebee  colony  performance.  Likewise,  the  effects  of  natural  enemies  on  colony 
success  are  largely  unknown 

Methods:  We  present  2  studies,  conducted  in  northern  Virginia  (USA),  that  investigate  how  2 
seasonally  variable  factors,  floral  resource  abundance  and  parasitism  by  endoparasitic  conopid 
flies  (Conopidae,  Diptera),  affect  bumblebee  ( Bombus  impatiens)  colony  productivity.  In  study 
one,  we  show  that  a  steep  reduction  in  flowering  resources  associated  with  midsummer  drought 
conditions  limits  colony  growth  and  reproduction.  Regionally,  this  part  of  the  season  likely 
represents  a  challenge  for  developing  bumblebee  colonies  in  dry  years.  In  study  two,  we  assessed 
the  probability  of  conopid  parasitism  in  foragers  using  RFID  technology  and  developed  a 
simulation  model  to  evaluate  how  temporally  dynamic  food  environments  and  conopid 
parasitism  together  affect  colony  performance. 

Results/Conclusion:  Results  indicate  that  negative  impacts  of  conopids  are  generally  mild; 
however,  their  influence  increases  under  low  resource  conditions,  highlighting  the  value  of 
models  in  considering  multiple  stressors.  We  discuss  how  outcomes  may  differ  for  other 
bumblebee  species. 
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Introduction:  Bumble  bees  ( Bombus )  are  increasingly  being  reared  to  aid  the  pollination  of 
important  crops.  Historically,  movement  of  bumble  bees  for  commercial  purposes  has  been 
linked  to  disease  spread  and  the  subsequent  decline  of  some  native  bee  populations.  During  such 
events,  some  wild  bumble  bee  species  seem  more  detrimentally  affected  than  others  by  parasite 
spread.  Possible  reasons  for  this  include  differing  genetic  heterogeneity  and/or  resistance  to  the 
emerging  parasite  in  some  bumble  bee  species.  To  more  fully  appreciate  why  some  bees  are 
more  at  risk  of  decline  than  others  we  must  increase  our  understanding  of  wild  bees  and,  in 
particular,  the  important  but  complex  interactions  of  multiple  microbes  in  multi-host 
communities. 

Methods:  A  total  of  254  B.  terrestris ,  B.  hortorum  and  B.  runderatus  bumble  bees  were 
collected.  Extracts  from  their  guts  were  then  analysed  for  the  presence  and  intensity  of  Nosema , 
Crithidia  and  Apicystis  infection.  Gut  samples  of  infected  and  uninfected  bees  then  had  their  gut 
microbiota  profiled  using  Illumina  MiSeq  technology  whilst  the  same  bumble  bees  also  had  their 
genomes  sequenced  using  RADseq  next  generation  sequencing.  Parasite,  microbiota  and  SNP 
profiles  were  then  created  for  each  bee  species. 

Results/Conclusion:  The  results  shed  light  on  the  multifaceted  interactions  between  different  bee 
populations  and  their  microbe  communities.  How  these  results  may  contribute  to  wild  bee 
conservation,  and  commercial  bee  management  and  breeding  selection,  is  discussed. 
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Introduction:  Studying  feeding,  host  injury,  and  transmission  of  plant  or  animal  pathogens  by 
vectors  is  challenging.  Vector  piercing-sucking  mouthparts  are  probed  into  opaque  tissues, 
precluding  direct  observation.  Over  fifty  years  ago,  this  challenge  was  overcome  by  Donald 
McLean  and  Marvin  Kinsey,  when  they  pioneered  what  later  became  known  as  electrical 
penetration  graph  technology,  or  electropenetrography  (EPG).  Since  then,  inventions  propelling 
EPG  technology  required  innovation  across  many  scientific  borders,  in  fields  as  diverse  as  insect 
physiology/behavior,  electronics,  biophysics,  and  engineering.  EPG  innovations  also  crossed 
international  borders,  with  inventors  from  the  U.S.,  Europe,  and  Asia  improving  upon  McLean 
and  Kinsey’s  early  invention. 

Methods:  Today,  EPG  is  applied  in  two  ways  for  development  of  novel  pest  or  disease 
management  tactics  for  vectors.  First,  in  cases  where  fundamental  mechanisms  of  feeding  injury 
or  transmission  of  a  pathogen  are  unknown,  EPG  is  instrumental  in  identifying  such 
mechanisms.  Second,  once  mechanisms  of  injury  or  transmission  are  understood,  EPG  can  be 
used  to  demonstrate  effects  of  insecticides,  antifeedants,  resistant  plants,  or  other  management 
tactics  on  specific  feeding  behaviors  responsible  for  injury  or  transmission. 

Results/Conclusion:  The  purpose  of  this  keynote  address  for  the  symposium  is  to  explain:  1) 
electronic  principles  and  history  of  EPG,  especially  development  of  the  new  AC-DC  monitor,  2) 
principles  underlying  biological  meanings  of  waveforms,  and  3)  organization  of  the  symposium 
into  themes  based  on  mechanisms  of  transmission  or  host  injury.  The  goal  of  this  symposium  is 
to  promote  EPG  research  for  blood-sucking  arthropod  vectors  by  highlighting  results  from 
similar  studies  of  hemipteran  vectors  of  plant  pathogens. 
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Introduction:  Understanding  the  transmission  mechanisms  of  plant  pathogens  by  insect  vectors  is 
a  necessary  step  in  the  process  of  developing  crop  varieties  resistant  to  vector  feeding  and 
inoculation  of  the  target  pathogen.  Using  the  Xylella  fastidiosa  -  sharpshooter  leafhopper 
(Hemiptera:  Cidadellidae:  Cicadellinae)  -  grapevine  model  system,  we  have  determined  the 
vector  feeding  behaviors  responsible  for  inoculation  of  foregut-borne  pathogens.  X  fastidiosa  is 
a  xylem-limited  bacterium  that  causes  scorch  diseases  in  a  variety  of  crops,  including  the  lethal 
Pierce’s  disease  of  grapevine.  Xylem-ingesting  sharpshooters  such  as  the  glassy- winged 
sharpshooter,  Homalodisca  vitripennis,  transmit  X  fastidiosain  a  noncirculative  propagative 
manner,  with  the  bacterium  adhering  to  and  multiplying  on  the  cuticular  surface  of  the  functional 
foregut. 

Methods:  We  used  electropenetrography  and  microscopy  to  identify  the  behaviors  associated 
with  inoculation. 

Results/Conclusion:  Our  work  revealed  that  the  sharpshooter  X  wave  represents  the  inoculation 
behavior  of  X.  fastidiosa.  The  X  wave  is  a  complex  series  of  tasting  behaviors,  including  both 
salivation  and  egestion,  performed  during  initial  contact  with  xylem  tissues.  The  waveform 
components  of  an  X  wave  include:  Blw,  Bis,  Cl,  and  C2.  Blw  represents  salivation.  Bis 
likely  represents  muscular  contractions  controlling  movements  of  tiny  amounts  of  fluid  in  and 
out  of  the  precibarium,  and  is  proposed  to  represent  rinsing  egestion  involved  in  tasting.  Cl 
likely  represents  the  uptake  of  larger  volumes  of  fluid  and  its  subsequent  rapid  expulsion  (termed 
discharging  egestion),  probably  mixed  with  saliva  and  potentially  laden  with  X. 
fastidiosa.  Finally,  C2  represents  swallowing  of  xylem  fluid.  Together,  they  represent  the 
salivation-egestion  mechanism  of  inoculation. 
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Introduction:Electropenetrography  (EPG)  pioneered  by  McLean  and  Kinsey  has  been  essential  in 
understanding  the  behavioral  activities  behind  transmission  of  non-circulative  plant  viruses  (i.e., 
virus  particles  attached  to  the  cuticular  lining  of  vector  mouthparts  or  foregut).  Intracellular 
punctures  of  epidermal  or  mesophyll  cells  related  to  “sap  sampling,”  termed  potential  drops  (pd), 
are  used  by  vectors  to  determine  host  quality.  It  is  via  these  pds  that  non-circulative  virus 
acquisition  and  inoculation  occurs.  There  are  three  distinct  pd  subphases,  two  of  which  have 
been  correlated  with  virus  transmission;  subphase  II- 1  representing  egestion  and  subphase  II-3 
representing  ingestion. 

Methods:We  conducted  EPG  studies  to  understand  the  effects  of  neonicotinoid  seed  treatments 
and  mineral  oil  on  aphid  behaviors  associated  with  virus  transmission. 

Results/Conclusion:Thiamethoxam  seed  treatments  influenced  Myzus  persicae,  Aphis  gossypii, 
Rhopalosiphum  maidis ,  and  R.  padi  feeding  behaviors,  encouraging  quicker  probing  decisions, 
longer  ingestion  periods,  and  more  archlets  per  pd,  which  increased  Soybean  mosaic  virus 
spread.  Ipomoea  hederecea  plants  sprayed  with  2%  stylet  oil  reduced  A.  gossypii  II- 1  and  II-3 
durations,  which  reduced  Sweetpotato  feathery  mottle  virus  transmission  efficiency  by 
86%.  Acyrthosiphon  pisum ,  an  inefficient  Potato  virus  Y  vector,  probed  the  least  often,  had  the 
longest  pre-probe  duration,  and  the  shortest  egestion  duration.  Aphis  nasturtii ,  a  moderately 
efficient  PVY  vector,  had  the  most  potential  drops  and  the  longest  egestion  duration.  In  contrast, 
A.  glycines ,  an  efficient  PVY  vector,  had  the  shortest  pre-probe  duration  and  the  longest 
ingestion  duration.  Thus,  EPG  studies  explain  why  certain  aphid  species  are  more  efficient  non- 
circulative  virus  vectors  based  on  differences  in  feeding  behavior. 


Symposium 


Presentation  Title:  Sand  fly  feeding  physiology  and  potential  for  breakthroughs  using 
electropenetrography 

Author  Name:  Justin  Talley 

Author  Institution:  Oklahoma  State  University 

Session  Title:  Symposium:  In  Honor  of  Past  ESA  President  Donald  L.  McLean: 
Electropenetrography  (EPG)  Without  Borders:  Plant  Pathogen  Vector  Research  Inspiring  Novel 
Animal  Disease  Studies 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0527 
DOI:  10. 1603/ICE. 2016. 92251 
Abstract  text: 

Introduction:  Sand  flies  (Diptera:  Psychodidae)  are  known  vectors  of  Leishmania,  Bartonella  and 
arboviruses.  Small,  hairy  flies,  these  insects  use  sharp,  piercing  mouthparts  to  inflict  wounds 
upon  animal  hosts,  creating  blood  pools  from  which  they  ingest  blood  meals.  Although 
pathogens  such  as  trypanosomes  are  ingested  by  adult  female  sandflies,  subsequent  transmission 
is  not  considered  to  be  biological,  i.e.,  pathogens  circulating  within  the  hemocoel  and  migrating 
to  salivary  glands  where  they  exit  the  body  via  saliva.  Instead,  transmissible  trypanosomes 
aggregate  within  the  gut,  forming  a  blockage  of  the  stomodeal  valve.  As  trypanosome  numbers 
increase  within  the  fly  gut,  the  affected  insect  attempts  to  clear  the  blockage  by  regurgitating 
trypanosomes  into  the  feeding  site.  In  addition  to  this  “pathogen  bolus,”  salivary  proteins  are 
ejected  into  the  feeding  site,  preparing  it  to  sustain  the  introduced  trypanosomes.  The  role  of 
saliva  in  sand  fly-transmitted  trypanosome  biology  is  critically  important  and  could  serve  as  an 
intervention  focus  for  pathogen  control  strategies. 

Methods:  EPG  recordings  of  sand  flies  were  attempted  using  artificial  diets  and  standard  settings. 

Results/Conclusion:  Electropenetrography  is  advocated  to  understand  aspects  of  sand  fly  feeding 
behavior  by  facilitating  identification  of  Leishmania  acquisition  and  inoculation  activities, 
salivation,  and  the  interaction  between  saliva  and  trypanosome  shifts  in  biological 
stages.  Specifically,  when  in  the  feeding  process  do  regurgitation  events  (inoculation) 
occur?  Are  salivary  components  present  in  the  wound  required  for  successful  inoculation?  Can 
salivation  events  be  identified  and  quantified?  These  questions  may  ultimately  lead  to  the  testing 
of  intervention  strategies  that  can  prevent  or  reduce  Leishmania  transmission  to  humans. 
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Introduction  interactions  between  parasites  and  hosts  cause  profound  changes  in  host  behavior, 
including  altered  feeding  that  enhances  pathogen  transmission  and  other  trophic  interactions.  The 
Western  flower  thrips  (WFT),  Frankliniella  occidentalism  is  an  important  insect  vector  of  Tomato 
spotted  wilt  virus  (TSWV),  which  infects  crops  and  its  thrips  vectors.  TSWV,  type  member  of 
the  genus  Tospovirus ,  is  the  only  plant- infecting  genus  in  the  family  Bunyaviridae. 

Methods:  Our  study  used  EPG  to  compare  feeding  of  TSWV-infected  and  uninfected  WFT. 

Results/Conclusion:  TSWV  infection  alters  feeding  behavior  of  its  thrips  vector.  When  compared 
to  uninfected  males,  the  frequency  of  all  stylet  probing  behaviors  increased  up  to  threefold  in 
infected  male  WFT.  Importantly,  infected  males  made  almost  three  times  more  non-ingestion 
probes  (in  which  they  salivate,  but  leave  cells  largely  undamaged)  than  uninfected  males. 
Functional  cells  are  requisite  for  TSWV  infection  and  cell-to-cell  movement;  thus,  this  behavior 
is  most  likely  to  establish  virus  infection.  The  demonstrated  increase  in  this  behavior  in  males  is 
likely  to  increase  the  probability  of  virus  inoculation.  This  finding  is  consistent  with  previous 
findings  showing  that  male  WFT  inoculate  plants  more  efficiently  than  females.  Stylet  probing 
behaviors  of  uninfected  and  infected  female  adult  WFT  did  not  vary  significantly.  Some  animal- 
infecting  members  of  the  Bunyaviridae  also  cause  increased  biting  rates  in  infected  vectors. 
Taken  together,  these  data  support  the  Vector  Manipulation  Hypothesis  and  suggest  that  capacity 
to  modify  vector  feeding  behavior  is  a  conserved  trait  among  plant-  and  animal-infecting 
members  of  the  Bunyaviridae  that  evolved  as  a  mechanism  to  enhance  virus  transmission. 
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Introduction:  Mosquitoes  (Diptera:  Culicidae)  feed  on  both  blood  and  nectar.  Mosquito 
mouthparts  and  feeding  apparatus  are  of  the  piercing-sucking  type,  like  those  of 
hemipterans.  Hemipteran  feeding  has  long  been  studied  using  electropenetrography 
(EPG).  However,  mosquitoes  seldom  have  been  the  subject  of  feeding  physiology  studies, 
primarily  due  to  the  lack  of  sensitivity  in  artificial  diet  recordings  or  inability  to  record  feeding 
on  a  live  animal.  Such  impediments  have  largely  been  overcome  via  new  EPG  technology  with 
selectable  controls,  allowing  recording  of  fluid  movements  through  the  stylets  of  blood  feeding 
insects  via  streaming  potentials.  Here  we  describe  EPG  recordings  of  Aedes  aegypti  L. 
(Liverpool  strain)  feeding  on  artificial  diets. 

Methods:  Two  to  three  day  old  adult  female  mosquitoes  were  tethered  to  0.01  inch  diameter  gold 
wire  glued  to  the  pronotum,  allowing  free  flight  movement.  After  a  starvation  period  of  2  h, 
mosquitoes  were  recorded  on  artificial  diets  of  10%  sucrose  plus  buffering  agents  (either  with  or 
without  sheep’s  blood)  and  on  pre-soaked  golden  raisins,  using  an  AC-DC  universal  EPG 
monitor  with  AC  applied  signal.  Prior  to  EPG  recordings,  a  high  percentage  of  untethered 
mosquitoes  successfully  fed  upon  both  diets  and  raisins.  EPG  waveforms  were  obtained  from 
feeding  females  recorded  on  sucrose-soaked  cotton  balls  directly  (artificial  diet  1)  or  sandwiched 
between  parafilm  layers  (artificial  diet  2),  as  well  as  raisins. 

Results/Conclusion:  Waveforms  with  frequencies  (3-8  Hz)  similar  to  those  of  ingesting 
hemipterans  were  identified  from  all  three  feeding  substrates,  suggesting  that  ingestion,  and 
possibly  also  salivation,  activities  of  mosquitoes  can  be  measured  using  EPG. 
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Introduction:  Lygus  hesperus  and  L.  lineolaris  (Hemiptera:  Miridae)  are  economically  important 
pests  affecting  production  of  cotton  in  the  western  and  mid-southern  USA,  respectively. 
Published  studies  show  that  young  nymphal  lygus  are  cell-rupture  feeders  performing  laceration 
and  maceration  of  plant  tissue  before  ingestion.  It  is  presently  unknown  whether  adult  lygus  feed 
in  similar  fashion.  This  was  the  first  study  of  feeding  behavior  of  pre-reproductive  adult  L. 
linolaris  and  L.  hesperus  on  cotton  squares  using  electropenetrography  (EPG).  The  main  goal  of 
this  study  was  to  identify  all  existing  EPG  waveforms  representing  feeding  behaviors  performed 
by  lygus  and  to  define  their  biological  meanings. 

Methods:  A  3rd-generation  AC-DC  electrical  penetration  graph  (EPG)  monitor  was  used  to  study 
feeding  of  lygus  adults  on  pinhead  (<3mm)  cotton  squares.  Recordings  used  DC  or  AC  applied 
signal  at  input  impedances  ranging  from  106  to  109  Ohms.  EPG  waveforms  were  also  correlated 
with  insect  damage  on  cotton  squares  via  histology. 

Results/Conclusion:  Results  led  to  construction  of  an  EPG  waveform  library  to:  1)  characterize 
waveforms,  2)  identify  electrical  origins,  and  3)  hypothesize  biological  meanings.  Three  main 
waveform  types  were  characterized:  R  (rupturing,  which  includes  stylet  laceration,  watery 
salivation  but  no  sheath  salivation),  T  (transition),  and  I  (ingestion).  Waveform  I  strongly 
resembles  ingestion  waveforms  in  other  heteropterans,  and  was  correlated  with  removal  of 
macerated  plant  tissue.  These  benchmark  data  will  be  used  to  interpret  quantitative  EPG 
comparisons  of  L.  lineolaris  feeding  on  resistant  versus  susceptible  cotton  squares. 
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Introduction:  Stink  bugs  (Pentatomidae)  are  robust  and  restless,  making  them  difficult  to  wire  for 
electropenetrography  (EPG)  studies.  Cuticular  lipids  and  bug  behavior  may  reduce  wire 
effectiveness. 

Methods:  Feeding  behavior  of  two  soybean  pests,  Edessa  meditabunda  (F.)  and  Piezodorus 
guildinii  (Westwood)  were  recorded  for  the  first  time,  using  both  DC  and  AC-DC  EPG, 
respectively.  A  waveform  library  was  developed  for  P.  guildinii.  Histological  studies  of  intact 
stylets  within  salivary  sheaths  during  specific  waveforms  were  correlated  with  the  specific 
penetration  sites. 

Results/Conclusion:  Greater  activity  and  movement  caused  the  wire  to  break  more  often  with 
heavier/larger  bugs.  Cuticular  lipid  removal  by  sanding  improved  gold  wire  attachment.  EPG  of 
E.  meditabunda  on  soybean  stems  generated  six  probing  waveforms  grouped  into  four  phases: 
pathway,  X  wave,  ingestion,  and  interruption  phases.  Recordings  of  P.  guildinii  revealed  eight 
probing  waveforms  grouped  into  three  phases:  pathway,  ingestion,  and  interruption.  For  both 
species,  pathway  waveforms  represented  deep  stylet  penetration.  E.  meditabunda  always  used  a 
salivary  sheath  to  ingest  either  xylem  sap  or  phloem  sap  (preceded  by  an  X  wave)  on  soybean 
stem.  P.  guildinii  ingested  xylem  sap  on  both  leaves  and  stems  using  a  salivary  sheath.  However, 
on  soybean  pods,  its  stylets  moved/lacerated  and  partially  retracted  during  one  ingestion 
waveform,  but  were  motionless  inside  the  pod  during  another.  These  behaviors  strongly 
suggested  cell  rupture  feeding  with  only  a  partial  salivary  sheath  by  P.  guildiniion  soybean  pods. 
Thus,  EPG  revealed  that  two  different  feeding  strategies  are  used  by  stink  bugs,  depending  upon 
species  and  host  plant. 
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Introduction:  Viruses  induce  changes  in  plant  metabolism  that  can  further  affect  behaviour  and 
physiology  of  plant  pathogen-transmitting  aphids. 

Methods:  We  compared  the  secondary  metabolite  profiles  of  infected  Brassicaceae  with  those 
from  uninfected  plants.  We  then  analysed  the  effects  of  these  modifications  on  insect  vectors  by 
studying  aphid  physiology,  feeding  behaviour,  and  aphid’s  colonization  of  a  plant.  The  present 
study  was  conducted  using  the  aphid-transmitted  polero virus  Turnip  yellows  virus  (TuYV),  two 
Brassicaceae  ( Arabidopsis  thaliana  and  Camelina  sativa)  and  the  polyphagous  aphid  Myzus 
persicae. 

Results/Conclusion:  TuYV  infection  induced  a  different  composition  of  headspace  volatiles  of  C. 
sativa  but  not  of  A.  thaliana  plants.  In  contrast,  secondary  metabolites  in  leaves  clearly  differed 
between  infected  and  uninfected  plants  of  both  species.  Interestingly,  phloem  sap  ingestion  and 
development  of  M.  persicae  were  negatively  affected  on  infected  A.  thaliana ,  whereas  these 
characteristics  were  enhanced  on  infected  C.  sativa  plants.  Not  surprisingly  then,  aphid 
colonization  was  less  persistent  on  infected  A.  thaliana  than  on  infected  C.  sativa  plants.  We 
hypothesize  that  these  contrasting  findings  strongly  affect  virus  dissemination  by  aphid  vectors 
on  different  host  plants.  In  conclusion,  within  the  Brassicaceae  family,  virus  effects  on  plant 
biochemistry  can  affect  aphids  differentially.  Viral  manipulation  of  vector  behaviour  could 
therefore  be  dependent  not  only  on  the  virus  mode  of  transmission,  which  is  commonly  assumed, 
but  also  on  the  plant  species;  indeed,  even  phylogenetically  closely-related  plant  species  differed 
in  their  chemical  response  to  the  same  virus  infection. 
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Introduction:  Understanding  mechanisms  involved  in  plant-vector-virus  interaction  lays  the 
foundation  for  basic  fields  (e.g.,  coevolution  of  different  organisms)  and  applied  fields  (pest  or 
disease  management),  especially  for  establishment  of  strategies  for  effective  and  safe  control  of 
insect  vectors  and  virus  diseases.  Cucurbit  chlorotic  yellows  virus  (CCYV)  is  a  newly  reported 
virus  occurring  on  melon  plants  and  many  other  plant  species.  CCYV  is  transmitted  specifically 
by  B  and  Q  biotypes  of  the  sweetpotato  whitefly,  Bemisia  tabaci ,  in  a  semipersistent  manner. 

Methods:  Chemical  analyses  of  CCYV-infected  host-plants  were  conducted  and  the  DC-EPG 
technique  was  applied  to  study  chemical  ecology  and  interactions  of  plant- vector-virus.  Both 
biotypes  (B  and  Q)  and  sexes  of  viruliferous  and  non-viruliferous  adults  were  used  in  6  h  EPG 
recordings. 

Results/Conclusion:  Different  secondary  metabolites  were  found  between  CCYV-infested  plants 
and  healthy  plants.  Virus-infested  plants  became  more  attractive  than  healthy  plants.  Viruliferous 
and  non-viruliferous  whiteflies  (mixed  sexes)  performed  very  differently  on  healthy  cotton  plants 
(non-host  for  CCYV),  cucumber  (host  for  CCYV)  or  on  artificial  diets.  Viruliferous  whiteflies 
on  healthy  plants/artificial  diets  had  significantly  longer  durations  of  phloem  salivation  (El)  or 
phloem  ingestion  waveforms  (E2  and  E2>10min).  There  were  significant  differences  in  EPG 
variables  between  sexes  and  between  biotypes  when  vectors  were  infected  with  viruses.  We  saw 
more  phloem  ingestion  in  both  sexes  of  Q  biotype  and  in  males  of  B  biotype.  These  results 
indicated  that  CCYV  could  manipulate  vector  feeding  behaviors  and  host  plant  features  to 
facilitate  virus  transmission. 
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Introduction:  Application  of  insecticides  to  reduce  Asian  citrus  psyllid  ( Diaphorina  citri 
Kuwayama)  populations  is  one  of  the  primary  methods  used  for  management  of 
‘Huanglongbing’  (HLB),  a  devastating  disease  of  citrus  caused  by  the  bacterial  pathogen 
Candidatus  Liberibacter  asiaticus.  However,  it  is  unknown  whether  insecticide  application  can 
disrupt  those  psyllid  feeding  behaviors  associated  with  pathogen  transmission  (acquisition  and 
inoculation)  before  insecticide  toxicity  kills  the  insect. 

Methods:  Electropenetrography  (EPG)  was  used  to  study  the  feeding  behaviors  of  D.  citri  on 
citrus  plants  treated  with  either  foliar  or  soil-applied  insecticides  commonly  used  for  psyllid 
control.  For  each  insecticide  evaluated,  feeding  of  individual  D.  citri  was  recorded  for  a  12  h 
access  period  on  treated  plants.  Non- sequential  response  variables  describing  EPG  waveforms 
for  treated  versus  untreated  plants  were  compared  using  ANOVA.  For  insecticides  that  provided 
significant  disruption  of  transmission-related  behaviors,  additional  evaluations  were  made  over 
time  on  field-weathered  plants  to  determine  the  duration  of  feeding  disruption  provided. 

Results/Conclusion:  For  the  foliar  insecticides  examined,  broad-spectrum  insecticides  (i.e., 
organophosphates,  pyrethroids  and  neonicotinoids)  provided  significant  disruption  of  psyllid 
feeding  behaviors  compared  to  the  more  selective  insecticides  examined.  However,  among  all 
insecticides  tested,  the  duration  of  feeding  disruption  was  greatest  for  the  soil-applied 
neonicotinoids,  which  provided  continued  systemic  protection  of  growing  plant  tissues.  Our 
findings  strongly  suggest  changes  in  insecticide  applications  that  can  improve  HLB  management 
strategies  in  Florida  citrus  production,  and  also  support  the  use  of  EPG  as  a  tool  for  enhancing 
existing  management  approaches  for  insect-borne  plant  pathogens  in  other  crops. 
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Introduction:  Ticks  are  important  vectors  of  pathogens  affecting  human  and  animal  health 
worldwide.  Study  of  the  mechanisms  of  blood  feeding  would  help  elucidate  pathogen-tick-host 
interactions  leading  to  development  of  novel  tick  control  technologies. 

Methods:  Electromyography  (EMG)  and  electropenetrography  (EPG)  were  used  to  understand 
the  mechanisms  of  blood  feeding  and  effects  of  acaricides  and  pharmacological  agents  in  two 
ixodid  tick  species. 

Results/Conclusion:  Distinct  motor  patterns  underlying  blood  ingestion  and  salivation  were 
identified  in  adults  of  Amblyomma  americanum  and  Rhipicephilus  microplus  using  EMG 
recording  technique.  This  is  the  first  report  of  recording  tick  salivation  as  a  consequence  of 
active  motor  activity.  The  effects  of  two  commercial  chemical  products  were  successfully 
evaluated  with  combined  use  of  the  in  vitro  membrane  feeding  system  and  the  physiological 
recording  technique  (EMG).  Topical  treatment  of  adult  female  ticks  attached  to  the  silicone 
membrane  with  Tick-SR™  caused  termination  of  feeding  motor  activity  and  subsequent 
detachment  of  ticks  from  membrane  without  killing  the  ticks.  In  contrast,  Resultix™  did  not 
cause  tick  detachment  from  the  membrane,  but  resulted  in  immediate  cessation  of  feeding 
activity  and  tick  mortality.  These  results  provide  much-needed  insights  into  the  modes  of  action 
of  these  two  commercial  tick  control  products.  Recent  experiments  with  AC-DC  EPG  monitor 
revealed  interesting  waveforms  from  blood-feeding  ticks  that  provide  additional  information  on 
mechanisms  of  blood  feeding  in  ticks.  These  research  tools  are  currently  being  used  to 


understand  the  modes  of  action  of  a  number  of  acaricides  and  pharmacological  agents  against 
ticks.  The  USD  A  is  an  equal  opportunity  provider  and  employer. 
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Abstract  text: 


Introduction:  The  bodies  of  murder  victims  will  often  be  relocated  from  the  crime  scene  to  a 
place  to  decompose.  Criminals  select  deposition  sites  based  on  ease  of  access,  concealment,  and 
isolation  from  dwellings.  In  rural  America  there  are  two  main  ecosystems  which  often  fit  these 
requirements,  agricultural  fields  and  undeveloped  areas  including  grasslands,  woods  and  rocky 
areas. 

Methods:  Experimental  carcass  exposure  sites  commonly  include  wooded  areas,  leaving 
succession  on  carrion  exposed  in  cornfields  understudied.  Observations  of  an  experienced 
practicing  forensic  entomologist  indicate  that  cornfields  are  not  uncommon  human  remains 
recovery  sites.  With  over  38  million  hectares  in  the  US  planted  with  com,  it  is  quite  likely  these 
fields  warrant  further  research.  As  compared  to  adjacent  woodlots,  a  corpse  in  the  interior  of  a 
cornfield  will  experience  higher  temperature,  higher  humidity  and  lower  wind  speeds.  These 
differences  could  potentially  affect  blowfly  (Diptera:  Calliphoridae)  population  dynamics  and  the 
rate  of  carrion  insect  succession,  specifically,  blowfly  location  of  carrion  and  time  to  oviposition. 

Results/Conclusion:  In  order  to  characterize  insect  succession  in  woodlots  as  compared  to 
cornfields,  a  total  of  12  pigs  were  simultaneously  exposed  in  northwest,  rural  Indiana.  Three  pigs 
were  placed  in  each  of  two  characteristically  similar,  but  separate  woodlots  and  adjacent 
cornfields.  Time  to  arrival  of  blowfly  species,  time  to  oviposition  and  blowfly  abundance  were 
compared  on  woodlot  and  cornfield  exposed  carcasses.  No  significant  difference  in  time  to 
oviposition  was  observed.  However,  there  was  an  observed  delay  in  initial  appearance  of 
multiple  adult  blow  fly  species  as  well  as  adult  blow  fly  abundance. 
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Abstract  text: 

Introduction:  Determining  the  time  of  colonization  of  human  or  other  animal  remains  by  blow 
flies  (Diptera:  Calliphoridae),  can  play  an  important  role  in  criminal  investigations.  However, 
blow  fly  presence  in  a  given  area  is  strongly  influenced  by  abiotic  and  biotic  variables  such  as 
temperature  and  habitat.  We  assessed  the  biodiversity  of  adult  blow  flies  in  New  Jersey,  U.S., 
where  very  little  is  known  about  these  taxa. 

Methods:  We  collected  adult  blow  flies  every  other  week  across  three  regions  in  New  Jersey 
from  traps  baited  with  bovine  liver  over  a  two-year  period  (2011-2013).  We  collected  and 
identified  9,257  adult  calliphorids,  comprising  six  genera  and  12  species.  Blow  fly  assemblages 
composed  of  these  species  varied  by  season,  but  community  composition  did  not  vary  among 
regions  within  a  given  season.  Three  species,  Lucilia  coeruleiviridis  Macquart,  Lucilia  sericata 
Meigen  and  Phormia  regina  Meigen  comprised  88.5%  of  all  adult  blow  flies  collected  (42.6, 
25.9,  20.0%,  respectively).  Combining  all  regions,  the  dominant  species  for  both  spring  and 
summer  was  L.  coeruleiviridis  comprising  35.1%  of  all  adults  caught  in  spring  and  64.1%  in 
summer.  Phormia  regina  was  the  dominant  species  in  fall,  totaling  40.1%  of  all  adults  caught 
and  Calliphora  vicina  Robineau-Desvoidy  was  the  dominant  species  for  winter,  totaling  44.8% 
of  all  adults  caught. 

Results/Conclusion:  These  findings  provide  the  first  assessment  of  blow  fly  communities  in  New 
Jersey,  and  these  results  can  be  applied  to  surrounding  states  where  data  are  severely  lacking  for 
forensic  application. 
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Introduction:  Preliminary  research  was  conducted  in  winter  months  around  Mt.  Etna,  in  Sicily, 
Italy,  the  tallest  active  volcano  of  Europe,  to  assess  the  composition  of  insects  of  potential 
forensic  importance  in  subterranean  environments.  Here  we  analyzed  composition  during  the 
summer  months.  Traps  were  placed  in  terrestrial  locations  throughout  the  island  as  well  (both 
rural  and  urban)  for  comparison. 

Methods:  We  sampled  from  4  different  caves  on  the  4  sides  of  the  volcano,  using  aerial  traps 
(Rescue!  Pop!  Fly  Traps)  containing  20g  of  bovine  liver.  Each  trap  was  left  in  the  cave  for  7 
days  and  then  the  trap  was  removed,  emptied  and  replaced,  while  the  insects  contained  in  it  were 
cleaned  with  water  and  preserved  in  75%  ethanol.  Hobo  Pendant  Temperature/Light  Data 
Loggers  were  placed  approximately  5-10  cm  from  each  trap  and  were  left  in  the  cave  for  the 
entire  duration  of  the  sampling.  We  sampled  the  caves  for  6  continuous  weeks  during  summer  of 
2015. 

Results/Conclusion:  Numerous  insects  were  collected  from  some  traps  while  only  a  few  were 
present  in  others,  showing  a  difference  in  biodiversity  and  abundance  among  caves.  The  most 
abundant  family  for  terrestrial  collections  was  Calliphoridae,  while  the  most  abundant  family  in 
caves  was  Phoridae.  Calliphora  vicina  Robineau-Desvoidy,  a  species  that  is  normally  active 
during  the  colder  seasons,  was  the  main  Calliphoridae  collected  in  the  caves  most  likely  due  to 
the  reduced  light  and  temperature  of  those  environments. 
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Introduction:  The  temperature-dependent  development  of  the  forensically  important  blow  fly 
Lucilia  sericata  Meigen,  the  most  frequent  indoor  species  in  the  temperate  regions  in  Korea,  was 
analyzed  for  its  potential  utility  for  estimation  of  postmortem  interval  (PMI). 

Methods:  The  experiments  were  duplicated  5  times  at  5  temperatures:  20,  24,  28,  32,  and  35°C 
(total  25  experiments).  Under  70%  relative  humidity  and  a  16(light):  8(dark)  photoperiod,  a 
fragment  of  fresh  pork  liver  was  used  as  rearing  media.  Four  maggots  were  sampled  at  12  hour 
intervals  and  soaked  in  boiling  water  for  30  seconds  before  measurement  of  body  length  and 
confirmation  of  developmental  stage. 

Results/Conclusion:  A  total  of  1,974  individuals  were  sampled  and  the  average  body  lengths 
(mm  ±  standard  deviation)  were  1.22  ±0.1  (eggs),  2.55  ±  0.62(lst  larvae),  6.39  ±  1.59  (2nd 
larvae),  14. 12(12.50-1 5. 09)(3rd  larvae),  12.56  ±  1.58  (post-feeding  larvae),  and  7.78  ±  0.52 
(pupae).  Total  development  periods  (days)  were  20.60  ±  1.53,  14.78  ±0.61,  1 1.70  ±  0.84,  10.90 
±  0.55,  10.70  ±  0.45  at  20,  24,  28,  32,  and  35°C,  respectively.  The  optimum  temperature  for 
development  was  23.85°C  (±  1.9°C:  95%  prediction  band).  The  minimum  development  threshold 
was  8.92°C  and  the  overall  thermal  constant  was  240.99  ±  24.33  (±  standard  deviation) 
accumulated  degree  days  (ADD)  above  the  threshold. 

This  rearing  data  has  presented  variance  of  measured  results  in  spite  of  the  same  growth  pattern 
in  different  zoogeographic  regions.  Therefore,  this  result  indicates  consideration  of  geographical 
variances  as  well  as  rearing  methods  must  be  preceded  for  precise  estimation  of  PMI. 
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Introduction:  Forensic  entomology  is  an  important  discipline  which  utilises  the  developmental 
and  behavioural  patterns  of  insects  colonizing  decomposing  tissue  in  a  medicolegal  context,  most 
commonly  to  determine  the  post-mortem  interval  (PMI).  Chryosmya  rufifacies  (Diptera: 
Calliphoridae)  is  a  secondary  colonizer  of  human  decomposition  in  North  America  and  its 
aggressive  predatory  behaviour  can  affect  successional  data,  and  therefore  alter  PMI  estimations. 
In  order  to  better  understand  the  presence  of  C.  rufifacies  on  decomposing  vertebrates,  the 
chemosensory  response  of  this  blowfly  was  measured  when  exposed  to  volatile  organic 
compounds  (VOCs)  produced  by  human  and  pig  decomposition.  The  active  VOCs  were  further 
assessed  to  determine  if  pigs  are  an  acceptable  human  analogue  for  research. 

Methods:  The  specific  compounds  present  in  the  decomposition  VOCs  were  identified  using  gas 
chromatography  mass  spectrometry  (GC-MS).  Coupled  gas  chromatography- 
electroantennography  (GC-EAG)  detection  was  conducted  to  isolate  compounds  which  elicit  a 
response  in  the  olfactory  system  of  C.  rufifacies.  Dose  response  via  direct  EAG  was  performed 
to  confirm  the  activity  of  the  compounds  identified  and  determine  the  upper  and  lower 
concentration  thresholds. 

Results/Conclusion:  Six  EAG-active  candidates  were  identified  as  they  showed  consistent 
olfactory  reactivity  in  C.  rufifacies ;  BAME,  DMDS,  DMTS,  ethanol,  indole  and  phenol.  Dose 
responses  confirmed  that  DMTS  and  BAME  were  EAG-active  compounds.  Indole,  DMDS,  and 
phenol  were  found  to  be  active  at  higher  concentrations.  Ethanol  was  determined  not  to  be  EAG- 
active  in  C.  rufifacies.  Preliminary  results  from  the  comparison  between  the  EAG-active 
compounds  present  in  human  and  pig  decomposition  VOCs,  show  that  pigs  are  likely  an 
acceptable  human  analogue. 
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Introduction:  Theory  suggests  that  for  species  utilising  the  same  resource,  coexistence  may  be 
maintained  by  mechanisms  such  as  species  interactions  mediated  by  abiotic  tolerances. 

Methods:  My  lab  tested  the  effect  of  arrival  order,  resource  quality  and  temperature  on  the 
outcomes  of  interactions  between  Lucilia  sericata  Meigen,  Phormia  regina  Meigen 
and  Calliphora  vicina  Robineau-Desvoidy  (Diptera:  Calliphoridae).  When  L.  sericata  colonizes 
ahead  of  P.  regina ,  the  resulting  adult  female  blow  flies  are  larger  with  a  greater  egg  load. 
Additionally,  P.  regina  oviposits  faster  in  the  presence  of  L.  sericata  adults  or  eggs,  with  a 
higher  survival  to  adult  and  larger  resulting  adults  with  a  greater  egg  load.  Yet  L.  sericata  also 
benefits  by  the  presence  of  P.  regina  with  a  higher  survival  to  adult.  Interestingly,  the  outcome 
of  whether  this  interaction  is  competitive  or  facilitative  may  depend  on  the  abiotic  conditions.  As 
an  example,  as  temperature  increases  from  15  to  25°C,  P.  regina  oviposits  faster  and  lays  more 
eggs  in  the  presence  of  either  L.  sericata  or  C.  vicina  than  on  its  own.  However,  between  25- 
35°C,  P.  regina  oviposits  slower  and  lays  fewer  eggs  in  the  presence  of  either  L.  sericata  or  C. 
vicina  than  on  its  own. 

Results/Conclusion:  These  results  and  additional  results  will  demonstrate  that  temperature  and 
resource  quality  mediate  the  outcome  of  some  blow  fly  species  interactions  that  may  promote 
species  coexistence  on  a  temporal  scales. 
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Abstract  text: 


Introduction:  The  ecology  of  decomposing  remains  consists  of  a  complex  system  of  interacting 
organisms  integrated  in  ecosystems  and  food  webs  with  important  effects  to  ecosystem  function. 
The  significance  of  insect  colonizers  within  these  systems  and  their  usefulness  in  forensic 
science  investigations  has  been  well  established  but  little  is  known  about  the  microbial  ecology 
of  this  resource.  However,  numerous  insect-microbe  interactions  are  hypothesized  to  occur  in  a 
way  that  could  potentially  aid  in  time  since  death  estimates. 

Methods:  To  evaluate  postmortem  insect-microbe  interactions,  microbial  communities  were 
characterized  using  high  throughput  gene  amplicon  sequencing  in  terrestrial  and  aquatic  systems 
using  replicate  swine  and  salmon  carcasses,  respectively.  In  the  terrestrial  system,  swine  carcass 
epinecrotic  microbial  communities  along  with  larval  and  adult  Calliphoridae  microbiomes  were 
regularly  sampled  throughout  decomposition  until  larval  fly  masses  dispersed.  Salmon 
epinecrotic  microbial  communities  were  sampled  prior  to  submersion,  while  aquatic  insects  were 
sampled  prior  to  carcass  introduction  and  then  in  regular  intervals  for  a  year. 

Results/Conclusion:  The  dominant  microbial  taxa  relative  abundance  followed  unique  trends 
over  decomposition,  while  the  functional  group  of  the  insect  taxon  was  important  to  the  internal 
microbiome  responses  to  carrion.  There  was  a  clear  temporal  relationship  between  diversity  of 
the  insect  microbiome  compared  to  the  carcass  microbiome.  These  results  support  the  hypothesis 
that  carrion  microbial  communities  have  a  substantial  and  potentially  lasting  impact  on 
environmental  and  organismal  microbial  ecology.  Further,  these  findings  support  the  growing 
inquiry  that  post-mortem  microbial  communities  can  be  used  as  a  new  tool  in  forensic 
investigations  to  estimate  post-mortem  interval. 
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Introduction:  The  mega-diversity  of  tropical  countries  implies  difficult  challenges  to  forensic 
entomologists  interested  in  human  decomposition  processes.  We  used  COI  barcodes  to  test 
species  concepts  and  provide  a  molecular  catalogue  of  flies  of  forensic  importance  in  Ecuador. 

Methods:  Our  survey  included  near  1,000  specimens  of  flies,  collected  from  the  main  regions 
(coast,  highlands  and  Amazon)  of  Ecuador.  From  these,  we  barcoded  280  specimens  of 
Calliphoridae  flies.  Our  distance  analysis  suggested  that  within  species  distance  is  low.  We 
found  an  accuracy  of  97%  between  molecular  and  morphological  identity,  suggesting  that  COI 
sequences  can  readily  serve  as  barcodes  for  flies  of  this  family. 

Results/Conclusion:  This  is  the  first  survey  of  forensically  important  flies  in  Ecuador,  a  country 
with  a  multitude  of  poorly  known  fly  species.  Molecular  characterization  of  these  species  is  an 
important  step  toward  the  standardization  of  their  taxonomy. 
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Abstract  text: 

Introduction:  After  attending  this  presentation,  attendees  will  gain  a  better  understanding  of 
range  of  molecular  ecology  techniques  that  can  be  applied  to  the  field  of  forensic  entomology. 
Those  attending  will  acquire  insight  into  the  application  of  these  approaches  to  the  development 
of  molecular  methods  for  age  estimation,  sex  identification,  and  behavioral  studies  in  immature 
blow  flies. 

Methods:  In  this  experiment,  the  monogenic  sex-determination  mechanism  of  Chrysomya 
rufifacies  (Diptera:  Calliphoridae)  was  leveraged  to  investigate  gene  expression  and  sexual 
dimorphism  throughout  life  history  using  Illumina  HiSeq  and  de  novo  transcriptomics,  with  a 
focus  on  behavioral  molecular  ecology. 


Results/Conclusion:  Male  development  was  4%  faster  than  female  and  this  species  exhibited 
dimorphism  in  gene  expression  at  all  stages.  Gene  expression  was  male  biased  in  all  stages 
except  egg  and  adult.  The  major  differences  between  male  and  female  larvae  were  in  muscular 
and  neurological  development  and  organization  genes,  whereas  differences  in  the  pupal  stage 
were  related  to  the  development  of  adult  germ-line  tissues.  There  was  also  evidence  of  sexual 
dimorphism  related  to  facultative  predation. 

In  conclusion,  we  provide  genomic  tools  that  can  be  used  to  improve  precision  and  accuracy  of 
age  estimates  derived  from  this  species.  In  addition,  this  study  demonstrated  that  this  fly  species 
has  sexually  dimorphic  temporal  patterns  of  gene  expression  throughout  immature  development. 
Many  genes  exhibited  expression  profiles  similar  to  patterns  identified  in  Drosophila.  Finally, 
this  work  suggests  that  males  develop  faster  than  females,  and  highlight  a  need  for  sex-specific 
developmental  profiles. 
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Introduction:  Forensic  entomologists  often  predict  the  ages  of  immature  insects,  especially  blow 
flies  (Diptera:  Calliphoridae),  in  order  to  provide  temporal  information  in  death  investigations. 
Typically,  investigators  rely  on  two  quantitative  traits  to  do  so:  immature  development  time  and 
body  size.  Often  in  these  instances,  data  sets  are  assumed  to  represent  the  distributions  of  the  trait 
across  the  species.  However,  most  quantitative  traits  are  impacted  by  numerous  genetic  and 
environmental  factors.  Moreover,  these  particular  traits  are  life  history  traits  that  have  been 
linked  to  evolutionary  fitness  in  numerous  insects  and  have  been  shown  to  vary  among  genetic 
groups  often  in  environmentally  specific  ways,  which  means  they  are  expected  to  be  locally 
adapted  traits. 


Methods:  Conspecific  genetic  differences  between  evidentiary  specimens  and  those  used  to 
develop  reference  data  sets  is  a  potential  source  of  error  in  forensic  investigations  and  ultimately 
will  need  to  be  accounted  for  in  order  to  most  accurately  represent  uncertainty  associated  with 
forensic  estimates  of  blow  fly  age  in  the  courtroom. 

Results/Conclusion:  This  presentation  will  evaluate  the  current  state  of  such  research  in  forensic 
entomology.  A  historical  perspective  of  genetic  variation  in  life  history  traits  across  several 
insect  taxa  will  be  presented.  The  current  state  of  knowledge  regarding  genetic  variation  in  blow 
flies  will  be  surveyed  and  potential  future  experiments  will  be  discussed.  Finally,  short  term  and 
long  term  strategies  for  addressing  uncertainty  in  forensic  estimates  of  immature  insect  age  due 
to  genetic  variation  will  be  discussed. 
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Introduction:  The  first  publication  of  a  manuscript  that  detailed  the  use  of  a  mitochondrial  DNA 
locus  for  the  molecular  identification  of  blow  fly  species  was  in  1994,  and  much  work  has  been 
done  in  this  area  over  the  last  two  decades  to  grow  the  use  of  DNA  in  forensic  entomology. 

Methods:  For  a  number  of  years,  the  mitochondrial  DNA  locus  was  the  locus  of  choice,  partly 
due  to  its  stability  over  time,  but  mostly  owing  to  the  availability  of  sequences.  New  molecular 
forensic  loci  were  developed  to  address  lingering  issues  which  included  but  are  not  limited  to 
sister  species  identifications,  but  these  too  have  mostly  been  relegated  to  repetitive  DNA  in  the 
nuclear  genome.  Forensic  DNA  identification  continues  to  be  an  ongoing  research  stream,  but 
new  areas  have  emerged  to  address  more  phenotypically  relevant  traits  in  blow  flies  that  would 
have  direct  implications  in  minimum  postmortem  interval  (PMImin)  estimates.  For  example,  the 
sex  of  the  individual  larvae  has  been  shown  to  play  a  role  in  increased  variation  in 


PMImin  estimates  based  on  length  measurements,  but  no  molecular  or  genetic  locus  exists  to 
differentiate  between  the  sexes  in  larvae.  Therefore,  additional  forensic  loci  must  be  isolated  and 
characterized.  One  method  to  accomplish  this  is  by  generating  whole  genome  data  using  next- 
generation  sequencing  technologies. 

Results/Conclusion:  This  presentation  will  look  at  where  the  molecular  forensic  entomological 
community  has  been,  is,  and  what  we  can  look  forward  to  in  the  future  with  available  reference 
blow  fly  genomes  with  specific  reference  to  sex  identification. 
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Introduction:  Published  descriptions  of  carrion  insect  succession  in  different  geographical  areas, 
habitats  and/or  seasons,  highlight  large-scale,  spatio-temporal  variation  in  insect  succession. 
Although  these  studies  serve  to  increase  the  sets  of  experimental  conditions  that  could  closely 
mirror  crime  scene  conditions,  application  to  casework  lags  because  associated  postmortem 
interval  estimates  lack  statistical  support.  Larger  datasets,  capable  of  attaching  probabilities  to 
postmortem  interval  estimates,  can  be  obtained  if  data  are  pooled  from  the  same  season  of 
different  years  exposed  in  characteristically  similar  locations.  This,  coupled  with  the  common 
practice  of  repeatedly  sampling  the  same  carcass,  aids  in  overcoming  constraints  of  space,  time 
and  carcass  availability. 

Methods:  Because  the  effects  of  inter-annual  variation,  variation  among  characteristically  similar 
sites  and  repeated  sampling  on  succession  remain  largely  uncharacterized,  insect  communities  of 
>50  repeatedly  sampled  pig  carcasses,  placed  over  three  years  in  three  characteristically  similar 
sites,  were  compared  using  the  Jaccard  similarity  index.  To  determine  the  effect  of  repeated 


sampling,  4  additional  control  pig  carcasses,  sampled  on  only  1  day,  were  exposed  in  the  same 
manner  as  experimental  carcasses. 

Results/Conclusion:  This  study  found  significant  variation  in  community  similarity  across  years 
and  sites,  as  well  as  a  negative  effect  of  repeated  sampling  on  succession  rate.  Since  crime  scenes 
are  not  equal  to  experimental  exposure  sites  in  space  and  time,  succession  data  collection  for 
forensic  application  should  span  multiple  years  and  sites  as  well  as  avoid  comprehensive  species 
collection.  Consideration  is  given  to  the  incorporation  of  spatio-temporal  variation  and  the  effect 
of  repeatedly  sampling  in  reference  datasets. 


Symposium 

Presentation  Title:  The  role  of  a  PMI-prediction  model  in  evaluating  forensic  entomology 
experimental  design,  the  importance  of  covariates,  and  the  utility  of  response  variables  for 
estimating  time  since  death 

Author  Name:  Jeffrey  Wells 

Author  Institution:  Florida  International  University 

Session  Title:  Symposium:  Biodiversity,  Distribution,  Behavior,  and  Activity  of  Forensically 
Important  Entomofauna  and  Microbiota  in  Different  Ecoregions 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0560 

DOI:  10. 1603/ICE.2016. 94793 

Abstract  text: 

A  prediction  of  carrion  insect  age  or  succession  interval  should  be  mathematically  explicit  and 
include  statistical  confidence  limits.  Furthermore,  having  a  post-mortem  interval  (PMI) 
prediction  model  in  mind  prior  to  conducting  a  development  or  succession  experiment  makes  it 
easier  to  optimize  the  design  for  supporting  casework  or  to  evaluate  the  practical  value  of  a 
response  variable.  We  will  illustrate  these  concepts  using  inverse  prediction. 

As  is  the  case  with  many  statistical  analysis  methods,  the  predictive  model  can  specify  the 
replication  needed  for  a  training  data  (=  reference)  experiment  as  well  as  desirable  aspects  of  a 
sampling  scheme.  PMI-prediction  performance,  that  is,  the  accuracy  and  precision  of  predictions 
based  on  a  given  data/model  combination,  is  an  index  of  the  practical  effect  of  an  experimental 
factor  on  development  or  succession.  This  is  something  not  revealed  by  the  typical  approaches  of 
finding  a  statistically  significant  difference  between  treatments  (e.g.  a  significant  effect  on 


development  rate  may  not  correspond  to  a  practical  effect  on  age  estimation)  or  by  showing  how 
well  the  data  fit  a  regression  function  (e.g.  the  model  with  the  greater  R-squared  value  may  not 
be  the  better  performing  PMI-prediction  model).  Some  forensic  entomology  publications 
included  a  statement  that  seems  to  be  about  prediction  performance  when  this  was  never 
measured,  such  as  that  a  pig  carcass  of  a  certain  size  is  the  best  animal  model  for  a  decomposing 
human. 
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Natural  history  collections  around  the  world  are  increasingly  active  in  digitizing  their  holdings 
and  sharing  data  online.  The  Global  Biodiversity  Information  Facility 

(GBIF,  http://www. gbif.org/)  brings  together  data  on  specimens  and  other  evidence  of  species 
distribution.  As  of  October  2015,  the  GBIF  network  includes  around  15  million  arthropod 
specimens.  These  data  support  a  wide  range  of  research  in  biogeography,  ecology,  conservation 
and  planning.  Increasing  access  to  such  digital  information  from  collections,  including  access  to 
literature,  sequences,  images  and  morphometric  data,  brings  new  opportunities  to  optimise 
taxonomic  research  and  collection  management.  Close  collaboration  is  required  to  ensure  that 
biodiversity  informatics  initiatives  deliver  tools  that  support  the  needs  of  the  entomological 
community. 
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Introduction:  The  Instituto  de  Ciencias  Naturales  of  the  Universidad  Nacional  de  Colombia  is  the 
country’s  largest  repository  of  biological  collections,  with  over  one  million  specimens 
representing  Colombia’s  flora  and  fauna.  Digitization  efforts  began  in  the  1970’s  with 
LORTRAN  punch  cards  and  have  evolved  with  the  times.  In  recent  years  we  have  focused  on  the 
development  of  collections-based  online  tools  for  the  botanical  community,  but  our  experiences 
and  lessons  learned  are  applicable  to  the  entomological  community. 

Methods:  Specimens  are  digitally  photographed  and  the  label  data  entered  from  the  photographs 
into  Specify  6.0;  localities  are  georeferenced  using  the  point-radius  method.  The  institutional 
database,  maps  and  images  are  served  at  www.biovirtual.unal.edu.co  and  subsets  of  the  data  are 
shared  via  the  international  networks  GBIL  and  JSTOR  Global  Plants,  as  well  as  over  the 
national  network  SIB  Colombia.  Application  Programming  Interfaces  (APIs)  connect  derived 
products  to  client  servers  in  government  agencies. 

Results/Conclusion:  To  date  over  615,000  have  been  databased,  and  of  this  number  62%  have 
images  associated;  a  further  37%  have  been  georeferenced.  Collections  based  products  include 
the  digital  Catalogue  of  the  Plants  and  Lichens  of  Colombia,  Common  Names  of  the  Plants  of 
Colombia,  the  Online  Collections  of  the  Instituto  de  Ciencias  Naturales  and  the  digital 
monograph  series  Flora  de  Colombia.  These  are  integrated  into  a  single  search  portal  Triana, 
offering  common  and  scientific  name  search  options.  Sustainability  remains  an  ongoing 
challenge,  but  we  expect  that  data  sharing,  especially  with  government  agencies,  will  be  key  to 
securing  funding  in  the  future. 
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One  of  the  greatest  challenges  to  connecting  all  known  data  on  biodiversity  has  been  the  process 
of  defining  and  agreeing  on  the  vocabularies  around  which  our  data  can  be  organised.  Using 
GBIF's  aggregation  activities  we  have  sidestepped  this  problem,  to  implement  a  scaleable  and 
reusable  graph-building  mechanism.  This  has  allowed  us  to  connect  the  products  of  the  Natural 
History  Museum,  London's  digitisation  programme  (http://data.nhm.ac.uk)  to  the  wider  data 
ecosystem,  including  WikiData,  Encyclopedia  of  Life,  Catalogue  of  Life  and  a  variety  of  other 
data  providers.  In  this  talk,  we  will  demonstrate  the  technologies  and  processes  associated  with 
this  system,  in  addition  to  a  series  of  phenotypic,  phylogenetic,  genetic  and  environmental  apps 
that  illustrate  the  value  of  connecting  these  data.  These  tools  allow  us  to  explore  and  augment  the 
Natural  History  Museum's  collections  in  a  variety  of  new  and  innovative  ways.  We  believe  that 
this  may  serve  as  a  model  for  other  institutions  to  connect  their  data  to  what  may  become  the 
Graph  of  Life. 
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Introduction:  As  the  digitization  of  natural  history  collections  increases  in  pace,  collections  staff 
are  pressed  to  digitize  data  and  contribute  to  the  global  network.  Is  the  push  from  the  institution 
collection  to  the  global  network  impeding  our  efforts  to  establish  research  prominence  from 
home  base?  How  can  we  highlight  institution  based  research  while  still  contributing  to  the  global 
network  of  collections?  Methods  in  storytelling  can  help  us  not  only  communicate  research,  but 
achieve  research  and  digitization  goals. 

Methods:  By  approaching  our  research  and  digitization  through  a  storytelling  lense,  we  discover 
the  past,  present,  and  future  of  our  research  data  by  utilizing  engagement  factors,  experiential 
learning,  and  focused  subcollections.  Historic  and  analytical  research  into  these  subcollections 
provide  the  genesis  for  collection-based  talking  points  and  further  accessibility  to  specimen  data. 

Results/Conclusion:  Our  current  methods  and  subcollection  facets  have  resulted  in  a  series  of 
engagement  points  for  facilitating  our  knowledge  about  insects  to  the  public  and  our  institution. 
Through  building  comprehensive  institution  networks  and  collaborations,  we  explore  how 
collection  digitization  can  highlight  the  uniqueness  of  the  research  collection,  elucidate  insect 
ecology,  and  discuss  the  contributions  that  these  research  collections  make  towards  building  the 
biodiversity  knowledge  graph  of  insects. 
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Published  descriptions  of  taxa,  "Taxonomic  Treatments",  are  a  rich  and  authoritative  source  of 
information.  However,  this  information  is  obscured  both  formally  (in  condensed  natural 
language  descriptions  and  tabular  presentations)  and  technically  (e.g.,  in  PDF  files).  Plazi  has 
developed  workflows,  tools,  and  services  to  markup  the  text  from  taxonomic  treatments,  extract 
and  enhance  the  data  within  them,  and  publishing  on  its  own  site  and  through  other  providers. 

We  will  describe  Plazi's  process  in  the  following  areas: 

*  Text  capture,  markup,  and  enhancement  using  the  Plazi  developed  GoldenGATE  OCR, 
markup  editor,  and  data  enhancement  software  (http :// github.com/Plazi/ GoldenGATE- 
Imagine:  http://github.com/Plazi/GoldenGATE-Editor) 

*  Representation  of  text  in  the  TaxPub  extension  of  the  Journal  Article  Tag  Set  (JATS) 
developed  and  maintained  by  Plazi  with  assistance  from  the  US  National  Center  for 
Biotechnology  Information  (http ://github. com/Plazi/T axPub) 

*  Representation  of  extracted  nomenclatural,  occurrence,  bibliographical,  and  descriptive  (e.g., 
trait)  data  in  RDF  using  the  "Treatment  Ontology"  being  developed  by  Plazi. 

(http ://  github .  com/Plazi/T  reatment  Ontology) 

*  Publishing  through  Plazi's  Taxonomic  Treatment  repository 
(http://plazi.cs.umb.edu/GgServer/search),  and  user  generated  charts 
(http://plazi.cs.umb.edu/GgServer/srsStatCharts) 

*  Export  of  data  to  Wikidata  and  GBIF 
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Introduction:  Comprising  -70,000  described  and  220,000  estimated  species,  weeevils  or  the 
Curculionoidea  are  one  of  the  most  diverse  phytophagous  insect  lineages.  Knowledge  of  host 
plant  associations  is  critical  for  pest  management,  conservation,  comparative  evolutionary  and 
ecological  research.  This  knowledge  is,  however,  scattered  in  historical  literature  and  not  readily 
accessible.  Specimen  labels  represent  another  source  of  first-hand  information  of  host  plant 
associations.  This  study  aims  to  use  historical  literature  and  specimen  data  to  extract,  synthesize, 
and  organize  knowledge  of  host  plant  associations  of  weevils. 

Methods:  To  gather  host  plant  data,  primarly  literature  is  consulted  and  host  plant  information 
extracted.  Taxonomic  names  of  both  weevils  and  plants,  at  the  species-level  as  well  as  higher- 
level  are  resolved  to  valid  names.  The  data  is  initially  recorded  in  Google  spreadsheet,  but  can  be 
transitioned  into  a  relational  database.  Specimens  that  have  host  plants  captured  in  their  labels 
are  databased  and  the  host  plant  data  extracted. 

Results/Conclusion:  Current  focus  is  on  the  subfamilies  Entiminae  (-12,000  species)  and 
Ceutorhynchinae  (-1100  species).  Special  challenges  facing  biodiversity  data  integration  are 
highlighted.  These  include  not  only  technological  aspects  such  as  literature  access,  data  mining 
and  data  structure,  but  also  conceptual  issues  including  concept  drift,  data  provanance  and  use  of 
higher-level  ranks.  The  implications  of  this  study  on  taxonomic  and  comparative  research  are 
also  discussed. 


Symposium 

Presentation  Title:  TraitBank:  An  open  digital  repository  for  organism  traits 
Author  Name:  Katja  Schulz 

Author  Institution:  Smithsonian  Institution  National  Museum  of  Natural  History 

Session  Title:  Symposium:  Building  the  Biodiversity  Knowledge  Graph  for  Insects  - 
Components,  Progress,  and  Challenges 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0567 

DOI:  10. 1603/ICE.2016. 94817 


Abstract  text: 


Trait  data  are  an  important  component  of  the  biodiversity  knowledge  graph.  Much  information 
about  the  distribution,  ecology,  life  history,  physiology  and  morphology  of  terrestrial  arthropods 
is  available  in  the  literature  and  biological  databases,  but  these  data  are  not  easily  integrated  or 
repurposed  due  to  a  lack  of  standardization  of  data  formats  and  terminology.  TraitBank 
(eol.org/traitbank)  addresses  this  impediment  by  integrating  information  aggregated  from  diverse 
sources  via  links  to  community-developed  ontologies  and  controlled  vocabularies.  These  post 
hoc  semantic  annotations  improve  the  discoverability  and  queriability  of  the  data  and  provide 
interoperability  with  other  semantic  resources.  TraitBank  currently  serves  over  1 1  million 
measurements  and  facts  for  more  than  1.7  million  taxa.  These  data  are  mobilized  from  major 
biodiversity  information  systems,  literature  supplements,  label  data  from  natural  history 
collections,  citizen  science  projects,  and  legacy/unpublished  data  sets.  Each  record  is 
accompanied  by  metadata  on  provenance,  measurements  methods,  sampling  parameters,  etc.  All 
data  can  be  freely  accessed,  downloaded,  shared,  and  repurposed  with  attribution  to  the  original 
sources.  Both  human  and  machine  accessible  query  interfaces  are  available,  and  trait  data  are 
displayed  on  Encyclopedia  of  Life  taxon  pages  making  them  readily  accessible  to  a  user  base  of 
about  6  million  unique  visitors  per  year.  TraitBank  thus  organizes  distributed,  heterogeneous 
knowledge  into  a  lightweight,  scalable  semantic  framework  that  supports  retrieval  and  use  for  a 
variety  of  applications,  ranging  from  large-scale  synthetic  analyses  of  biodiversity  to  linked  data 
products  and  hands-on  data  science  in  the  classroom. 
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Introduction:  Taxonomists  are  the  quintessential  data  integrators,  their  treatments  producing  data 
the  lands  throughout  the  biodiversity  knowledge  graph.  To  facilitate  the  population  of  a 
biodiversity  knowledge  graph  with  the  complete  output  of  a  new  taxonomic  treatment  a  digital 
workbench  or  toolset  that  spans  the  potential  semantics  is  required.  Building  such  a  workbench  is 


a  daunting  task,  and  a  tiny  minority  uses  those  approaches  that  currently  exist.  Furthermore,  the 
key  data  provided  by  taxonomists,  anatomical  descriptions,  are  poorly  integrated  into  these 
workbenches,  and  therefor  the  knowledge  graph. 

Methods:  To  engage  taxonomists  and  encourage  them  to  ultimately  enrich  the  biodiversity 
knowledge  graph  we  posit  that  we  require  better  software,  specifically  better  user  interfaces.  To 
explore  and  prototype  new  interfaces  we  use  a  Computer  Supported  Collaborative  Work 
(CSCW)  approach.  Our  goal  is  to  develop  software  interfaces  that  allow  taxonomists  to  do  their 
work  while  simultaneously  improving  the  semantics  of  their  data  at  multiple  levels  via 
concurrent  development  of  anatomy  ontologies  and  cross-references  to  controlled  vocabularies 
or  data  standards. 

Results/Conclusion:  Interfaces  are  both  proposed,  and  currently  being  implemented  in 
TaxonWorks,  an  open-source  web-application  available  at 

http://github.com/SpeciesFileGroup/taxonworks.  The  benefits  of  anatomy  ontologies  to  greatly 
increase  the  number  of  nodes  and  edges  in  the  biodiversity  knowledge  graph  are  explored. 
Limitations  and  major  bottlenecks  of  both  a  technical  nature,  and  particular  to  entomologists,  are 
overviewed. 
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Introduction:  Open-ended  phylogenetic  and  biodiversity  data  environments  face  novel  syntactic 
and  semantic  challenges  -  i.e.,  the  possibility  of  name:  meaning  drift  -  whenever  our  taxonomic 
and  phylogenetic  knowledge  is  advanced  and  integration  of  previously  and  subsequently 
identified  biodiversity  data  in  an  environment  occurs  via  taxonomic  names  and  nomenclatural 


relationships.  Analogous  challenges  occur  when  data  from  multiple  environments  with 
incongruent  underlying  "reference  taxonomies",  each  of  which  may  also  undergo  temporal 
change,  are  to  be  meaningfully  integrated.  More  generally,  it  could  be  argued  that  interpretations 
of  the  meanings  of  taxonomic  names  in  any  mutable  source  are  not  only  critically  contingent 
upon  human  expertise,  but  that  we  lack  a  language  of  conveying  that  expertise  "logically",  i.e., 
for  processing  and  reuse  in  computationally  empowered  (reasoning)  environments.  In  other 
words,  while  the  scale  of  open-ended  and  dynamically  integrated  biodiversity  data  enviroments 
grows  rapidly  and  in  multiple  dimensions,  taxonomic  meaning  integration  at  such  increasing 
scales  remains  logically  intractable. 

Methods:  We  present  several  semantically  diversified  use  cases,  drawn  largely  from  beetle 
taxonomies  and  phylogenies,  that  exemplify  how  taxonomic  name:  meaning  drift  can  be 
represented  and  resolved  with  the  "Euler/X"  multi-taxonomy  alignment  approach.  This  approach, 
described  in  Franz  et  al.  (2015)1,  uses  taxonomic  concept  labels  (name  sec.  source)  and  Region 
Connection  Calculus  (RCC-5)  relations  to  individuate  and  logically  integrate  such  incongruent 
taxonomies. 

Results/Conclusion:  The  RCC-5  multi-taxonomy  alignment  approach  is  a  promising  solution  to  a 
profound  challenge  in  assembling  the  biodiversity  knowledge  graph.  We  discuss  several 
implications  of  bringing  this  solution  into  the  domain  of  actual  biodiversity  data  environments. 

1  http://journals.plos.org/plosone/article7idM0.1371/journal.pone. 01 18247 
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Introduction:  Genome  sequencing  technologies  have  rapidly  increased  the  amount  of  data 
entomologists  can  obtain  for  a  fraction  of  the  cost  of  traditional  methods.  The  major  bottleneck 
for  these  data  is  having  the  proper  computational  resources  and  skills  needed  to  rapidly  handle 
these  datasets. 

Methods:  We  have  developed  a  method  to  quickly  target  and  assemble  specific  loci  from  next 
generation  sequences,  aTRAM  (automated  Target  Restricted  Assembly  Method).  This  software 
reduces  both  the  computational  skills  and  resources  necessary  to  assemble  genes  from  a  variety 
of  datasets  including  whole-genomes,  UCEs  and  transcriptomes.  We  will  demonstrate  the 
methods  behind  aTRAM  and  its  uses  in  entomological  data. 

Results/Conclusions:  We  have  successfully  used  aTRAM  to  assemble  phylogenomic  datasets  of 
thousands  of  genes  across  a  wide  range  of  taxa  to  resolve  particularly  difficult  nodes  including 
the  phylogenetic  structure  of  Hemipteroid  insects  as  well  as  across  the  quickly  evolving 
Phthirapteran  clades.  We  will  also  demonstrate  the  usefulness  and  power  of  aTRAM  to  assemble 
a  variety  of  datasets  from  single  whole-genome  sequencing  runs. 
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Natural  history  collections  contain  both  historical  and  contemporary  information  about  the 
ecology  of  our  natural  and  urban  areas.  The  research  and  instructive  potential  of  these  data  is 
rapidly  becoming  more  relevant  in  the  field  of  conservation  and  restoration  planning  as  more 
specimen  data  becomes  available  online. 


The  Cheadle  Center  for  Biodiversity  and  Ecological  Restoration  (CCBER)  is  involved  in 
restoring  250  acres  of  coastal  California  habitat  on  the  University  of  California  Santa  Barbara 
(UCSB)  campus  and  adjacent  areas,  and  contains  a  regional  collection  of  over  120,000 
specimens  representing  18,226  species  from  4  kingdoms.  The  majority  of  the  specimens  were 
collected  on  campus,  surrounding  UCSB  Reserve  System  lands,  or  in  the  greater  Santa  Barbara 
county  area.  Ecological  restoration  is  defined  as  the  process  of  restoring  ecosystems  based  on 
their  historic  trajectory,  and  before  they  were  damaged  or  transformed  by  human  activities. 
However,  the  discovery  of  information  about  habitats  and  organisms  is  often  difficult  to  obtain, 
especially  in  historically  populated  areas  like  coastal  California. 

This  presentation  will  review  examples  of  using  specimens  from  natural  history  collections  to 
inform  efforts  in  conservation,  and  more  specifically,  in  ecological  restoration.  Additionally,  we 
will  outline  our  efforts  to  include  insect  diversity  in  ecological  restoration  monitoring;  an 
important  step  in  surveying  the  health  of  restored  sites,  and  has  great  potential  for  research  in 
insect  response  to  global  climate  modification. 
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Abstract  text: 

The  pinacate  beetles  in  the  genus  Eleodes  Eschscholtz  are  a  diverse  group  of  over  200  species 
distributed  across  western  North  America.  Recent  advances  in  revisionary  systematics  of  the 
group  offer  new  hypotheses  of  taxon  concepts  and  their  distributions.  The  growing  body  of 
digitized  and  georeferenced  specimen  data  from  natural  history  collections  provides  the 
opportunity  to  test  and  explore  habitat  type  and  community  structure  of  various  taxon 
concepts.  Here  we  examine  distributions  of  Eleodes ,  which  are  known  as  generalist  scavengers, 
in  comparison  to  digitized  herbarium  records  to  explore  community  structure  and  distribution  of 


beetles  and  plants.  We  further  explore  distributional  patterns  and  community  structure  of 
competing  taxon  concepts.  Limitations  and  prospects  of  analyzing  digitized  specimen  data  are 
discussed. 
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Emerging  cyberinfrastructure  and  new  data  sources  provide  unparalleled  opportunities  for 
mobilizing  and  integrating  massive  amounts  of  information  from  organismal  biology,  ecology, 
genetics,  climatology,  and  other  disciplines.  Key  among  these  data  sources  is  the  rapidly  growing 
volume  of  digitized  specimen  records  from  natural  history  collections.  With  60  million  specimen 
records  available  online  through  iDigBio,  these  data  provide  excellent  information  on  species 
distributions  and  changes  in  distributions  over  time.  Particularly  powerful  is  the  integration  of 
phylogenies  with  specimen  data,  enabling  analyses  of  phylogenetic  diversity  in  a  spatio-temporal 
context,  the  evolution  of  niche  space,  and  more.  Such  data-driven  synthetic  analyses  may 
generate  unexpected  patterns,  yielding  new  hypotheses  for  further  study.  However,  a  major 
challenge  is  the  heterogeneous  nature  of  complex  data,  and  new  methods  are  needed  to  link  these 
divergent  data  types.  Ongoing  efforts  to  link  and  analyze  diverse  data  are  yielding  new  platforms 
for  comparative  analyses  of  biodiversity  data.  We  present  a  case  study  that  integrates 
phylogenies  with  heterogeneous  data  across  spatial  and  temporal  scales,  and  we  explore  patterns 
of  phylogenetic  diversity  in  Florida  plants,  with  fundamental  implications  for  the  conservation 
and  management  of  Florida’s  ecosystems.  This  test  case  sets  the  stage  for  further  integration  of 
phylogenetic,  distributional,  temporal,  and  environmental  data  for  discovering  patterns  of 
biodiversity  and  the  processes  that  shape  its  distribution,  assembly  into  communities,  and 
interactions  in  ecosystems.  Although  many  specific  hypotheses  may  be  addressed  through 
integrated  analyses  of  biodiversity  and  environmental  data,  perhaps  the  greatest  value  of  such 
data-enabled  science  will  lie  in  the  unanticipated  patterns  that  emerge. 
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One  of  the  most  ancient  ecosystems  in  the  southeastern  U.S.A.  is  scrub,  often  associated  with 
ridge  systems  that  were  most  likely  used  as  refugia  during  Pleistocene  sea  level  changes. 
Following  sea  level  stabilization,  these  habitats  effectively  remained  islands  due  to  unique  soil 
composition  and  a  lack  of  plant  diversity  leading  to  a  myriad  of  floral  and  faunal  endemics.  In 
particular,  arthropod  endemics  abound  as  in  the  grasshopper  genus  Melanoplus  (Orthoptera: 
Acrididae:  Melanoplinae).  Many  genus  members  possess  short  wings  incapable  of  flight  and  are 
unable  to  easily  disperse  over  large  distances,  which  makes  such  Melanoplus  species  ideal 
candidates  for  examining  speciation  hypotheses.  To  test  such  hypotheses,  the  Puer  Group  (PG), 
comprised  of  24  species  with  related  morphology,  was  chosen.  The  group  spans  four  neighboring 
states  (FL,  GA,  SC,  and  NC),  contains  many  scrub  endemics,  and  its  males  exhibit  great  genitalia 
variation.  A  good  beginning  for  delving  deeper  into  the  group’s  evolutionary  history  was 
determining  current  species  ranges  by  georeferencing  around  5,000  specimens,  borrowed  from 
various  U.S.  collections  and  gathered  in  the  field  during  recent  expeditions.  Via  the  creation  of 
maps,  detailed  field  notes,  and  different  type  of  anatomical  imaging,  the  backbone  of  this  project 
is  to  collate  as  much  data  as  possible  for  the  PG.  Then,  it  will  be  disseminated  it  to  a  wide 
audience  for  a  trio  of  purposes:  1)  raise  awareness  of  a  fascinating  system  of  study,  2)  create  a 
solid  platform  for  future  studies  to  build  upon,  and  3)  demonstrate  the  utility  of  integrating 
multiple  methods  of  investigation. 
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Numerous  tree  species  are  threatened  with  declines  due  to  exotic  species.  Perhaps  the  best- 
known  example  is  American  chestnut,  a  culturally  and  ecologically  important  tree  decimated  by 
chestnut  blight.  The  loss  of  American  chestnut  from  the  forest  canopy  in  the  U.S.  had  profound 
impacts  on  vertebrate  food  webs,  but  the  effects  of  chestnut  loss  on  insect  diversity  and  trophic 
interactions  are  largely  unknown.  Our  objective  is  to  generate  and  analyze  historical  and 
contemporary  insect  food  webs  for  chestnut  and  oak  focusing  on  herbivores  and  their  natural 
enemies.  We  constructed  a  data  matrix  containing  1,049  records  of  individual  insects  (221 
species)  associated  with  chestnut  using  information  and  specimens  associated  with  the  Hopkins 
Notes  and  Records  System  at  the  Smithsonian  Institution  National  Museum  of  Natural  History. 
In  order  to  discern  the  extent  of  novel  data  derived  from  the  Hopkins  System,  we  surveyed  the 
literature  to  construct  a  data  matrix  containing  259  records  of  individual  insects  (157  species) 
associated  with  chestnut.  Additionally,  we  placed  insect  traps  in  the  canopies  of  American 
chestnut,  Chinese  chestnut,  and  red  oak  trees  to  discern  the  contemporary  insect  fauna  sympatric 
with  those  tree  species.  This  effort  yielded  >100,000  target  insect  specimens.  We  also  hand 
collected  279  lepidopteran  larvae  to  discern  host-natural  enemy  associations  on  the  target  trees. 
This  presentation  focuses  on  how  multitrophic  data  derived  from  natural  history  collections,  the 
literature,  and  contemporary  sampling  are  gathered  and  managed;  types  of  research  questions 
that  could  be  addressed  using  data  from  those  sources;  and  how  products  from  this  research  are 
disseminated. 
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Abstract  text: 

Natural  history  collections  (NHC)  are  rich  repositories  that  document  our  planet's  ecosystems, 
both  past  and  present.  Within  the  past  decade  there  has  been  a  surge  to  revisit  NHCs  to  digitize 
specimens.  Digitized  NHCs  can  provide  a  wealth  of  insight  on  the  ecology,  abundance,  and 
distribution  of  rare  and  common  bees  (Hymenoptera:  Anthophila).  Studies  on  the  historic 
abundance  and  distribution  of  bee  species  in  particular  have  revealed  alarming  trends  of 
population  decline  and  local  extinctions.  Given  the  rapidly  growing  digital  vault  of  bee  data 
across  multiple  institutions,  we  will  discuss  how  NHCs  can  inform  the  conservation  of  bees. 
However,  we  will  also  highlight  some  of  limitations  and  biases  of  digital  specimen  data  that  must 
be  considered  when  characterizing  bee  communities. 
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Abstract  text: 


The  process  of  digitizing  specimen  data  can  be  done  via  a  collecting  event  approach  in  order  to 
maximize  efficiency  and  accuracy.  The  collecting  event  approach  involves  attaching  specimen 
data  to  previously  digitized  collecting  event  information,  rather  than  attaching  data  to  specimens 
Using  source  materials  such  as  field  notes  allows  for  less  transcription  errors  and  increases  the 
precision  with  which  localities  can  be  georeferenced.  In  addition,  this  approach  distinguishes 
between  true  absences  and  collecting  artifacts,  allowing  a  researcher  to  investigate  why 
specimens  occur  at  certain  sites  and  are  absent  at  others.  Several  recent  digitization  projects 
using  this  method  will  be  examined,  including  the  North  American  Macroinvertebrate  Database 
and  CReAC.  Specimen  data  can  be  digitized  using  source  materials  such  as  field  notes  in  order 
to  increase  the  accuracy  of  the  data  and  the  efficiency  of  the  digitization  workflow. 
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Abstract  text: 

Due  to  our  extensive  knowledge  about  the  taxonomy  of  Lepidoptera  and  the  ease  with  which  the 
appropriate  tissue  samples  can  be  obtained  from  dry  specimens  in  collections,  butterflies  and 
moths  have  served  as  a  model  group  for  developing  DNA  barcoding  methodology.  DNA 
barcoding  has  now  become  a  routine  tool  in  taxonomy,  and  many  species  of  Lepidoptera  have 
been  barcoded  at  least  once.  For  example,  the  Barcode  of  Life  initiative  has  produced  almost  a 
million  such  sequences  for  84,000  species  of  Lepidoptera  (half  of  the  world’s  described  fauna). 
However,  most  species  are  represented  by  a  single  or  few  barcodes.  In  my  presentation,  using  my 
own  taxonomic  work  as  well  as  several  examples  from  the  work  of  my  colleagues  at  the 
McGuire  Center  for  Lepidoptera  and  Biodiversity,  I  would  like  to  argue  that  many  more 
resources  need  to  be  invested  into  mitochondrial  DNA  barcoding,  generating  not  only  barcodes 
for  species  and  subspecies  that  have  not  been  barcoded  to  date,  but  also  representing  as  many 
populations  and  individuals  as  possible.  While  genomic  methods  are  increasingly  popular  for  the 
purposes  of  phylogenetic  reconstruction  and  evolutionary  research,  and  currently  dominate  grant 


proposals,  I  argue  that  it  is  equally  important  to  direct  more  resources  towards  DNA  barcoding, 
which  has  proved  to  be  the  best  taxonomic  tool  developed  in  the  last  100  years  for  resolving 
current  taxonomic  conundrums,  for  revealing  cryptic  species  and  for  describing  biodiversity. 
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Abstract  text: 


Our  increasing  capacity  to  collect  data  is  changing  science.  This  is  particularly  true  as  specimen 
data  is  being  digitized  and  availability  of  data  is  no  longer  the  bottleneck.  There  is  great  potential 
for  discovery,  but  we  are  primarily  failing  to  translate  this  sea  of  data  into  scientific  advances, 
because  researchers  are  not  trained  in  the  skills  needed  for  effective  management  and  analysis. 
The  question  then  becomes,  in  addition  to  scaling  data  production  and  computation,  how  do  we 
develop  and  deliver  training  to  scale  data  literate  researchers?  Course  curriculums  are  slow  to 
change,  need  qualified  instructors  and  are  already  full.  Short  courses  are  oversubscribed  and 
reach  a  limited  number  of  participants.  To  provide  scalable  and  distributed  training,  Data 
Carpentry  develops  and  teaches  domain-specific  hands-on  workshops  in  data  organization, 
management,  and  analysis.  This  is  a  grassroots  training  effort  developed  by  practitioners  for 
practitioners,  who  identify  core  skills  and  collaboratively  develop  lessons.  All  lessons  are  open 
source,  and  workshops  are  taught  by  volunteers  trained  by  the  Software  Carpentry  Foundation. 
With  iDigBio,  a  focus  has  been  on  training  in  the  biodiversity  community.  Workshops  are 
designed  for  people  with  little  to  no  prior  computational  experience  and  teach  in  two  days  how  to 
organize  and  clean  data,  manage  data  in  SQL  and  analyze  and  visualize  data  in  R  -  the  full  data 
lifecycle.  Workshops  are  in  high  demand,  but  this  model  allows  for  scaling  of  training  and 
teaches  the  foundational  skills  to  get  biologists  started  managing  and  analyzing  their  data 
effectively. 


Symposium 

Presentation  Title:  Developing  best  practices  for  data  management  across  all  stages  of  the  data 
life  cycle 

Author  Name:  Amber  Budden 
Author  Institution:  DataONE 

Session  Title:  Symposium:  Data  without  Borders:  Collecting,  Digitizing,  Using,  and  Re-using 
Biological  Specimen  Data 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0581 
DOI:  10. 1603/ICE.2016. 93746 

Abstract  text: 

Best  practices  for  empirical  data  collection  (experimental  design,  laboratory  techniques)  are 
often  well-covered  in  undergraduate  and  graduate  training,  yet  there  has  been  less  emphasis  on 
managing  the  resulting  data  effectively.  This  is  an  increasingly  important  skill  set;  many  funding 
agencies  require  data  management  plans,  and  journals  are  requiring  that  data  pertaining  to 
published  articles  be  accessible.  Researchers  with  good  data  management  skills  will  be  able  to 


maximize  the  productivity  of  their  research  program,  effectively  and  efficiently  share  their  data 
with  the  scientific  community,  and  potentially  benefit  from  the  re-use  of  their  data  by  others.  In 
this  talk,  I  will  highlight  some  of  the  pitfalls  to  be  avoided  when  working  with  data  and  introduce 
example  best  practices  and  tools  that  will  improve  your  data  management  skills  and  research 
program. 


Symposium 

Presentation  Title:  Data  capture  methodologies  in  digitisation  of  bee  pollinators 
Author  Name:  Nicole  Fisher 

Author  Institution:  Australian  National  Insect  Collection 

Session  Title:  Symposium:  Data  without  Borders:  Collecting,  Digitizing,  Using,  and  Re-using 
Biological  Specimen  Data 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0582 
DOI:  10.1603/ICE.2016.93719 
Abstract  text: 

Digitisation  is  an  activity  that  museums  and  academic  institutions  increasingly  recognize,  though 
many  still  do  not  embrace,  as  a  means  to  boost  the  impact  of  collections  for  global  research  and 
society  through  improved  access.  And  as  such,  many  researchers  still  fail  to  realise  the 
importance  of  data  capture  methodologies  used  in  digitisation. 

New  opportunities  exist  to  design  and  implement  processes  through  use  of  the  available 
technology  that  will  support  data  capture  to  enable  a  range  of  research  on  biodiversity  of 
pollinators  in  order  to  make  scientific  collections  increasingly  relevant. 

While  the  usefulness  of  specimen  digitisation  is  true  for  all  taxa,  immense  additional  benefits 
come  from  the  digitisation  of  bees.  This  group  of  organisms  is  of  prime  importance  as  they 
provide  most  of  the  world’s  pollination  ecosystem  services.  Through  international  collaborative 
efforts,  the  wealth  of  data  in  natural  history  museums  and  collections  about  the  diversity, 
distribution  and  biology  of  bees  may  be  utilised  for  international  biodiversity  efforts. 
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There  are  well  over  500  million  arthropod  specimens  housed  in  approximately  1,000  collections 
worldwide.  Although  reliable  estimates  are  not  available,  it  is  likely  that  less  than  5%  of  these 
specimens  have  been  digitized  and  the  current  rate  of  digitization  is  probably  not  even  adequate 
to  keep  pace  with  the  acquisition  of  new  specimens.  If  we  hope  to  achieve  the  goal  of  digitizing 
all  specimens  by  2050  we  need  to  develop  global  networks  that  can  overcome  many  of  the 
constraints  we  face  today.  We  will  review  the  current  holdings  of  arthropods  in  collections 
across  continents  and  digitization  efforts  from  data  providers  to  aggregators.  More  specifically, 
we  will  assess  the  type  of  collaborations  needed  and  the  technological  and  social  network  areas 
that  are  developing  to  obtain  the  goal  of  full  digitization. 
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Digitization  of  millions  of  historic  entomology  specimens  remains  an  enormous  challenge.  Our 
community  should  not  make  this  challenge  worse  by  generating  newly  collected,  undigitized 
specimens.  Entomologists  in  North  America  currently  generate  many  tens  of  thousands  of  new 
specimens  annually,  that  get  added  to  our  undigitized  backlog.  The  University  of  Alaska 
Museum  Insect  Collection  contains  over  1  million  specimens  represented  by  -230,000  database 
records,  of  which,  82%  have  been  collected  since  the  year  2000.  This  talk  will  describe  the  rapid 
growth  of  our  collection  and  database.  Methods  used  are  similar  to  those  established  by  Costa 
Rica's  INBio  in  the  1990s. 
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Natural  history  collections  are  one  of  the  most  important  sources  of  biodiversity  information  and 
their  digitization  is  essential  for  providing  greater  access  to  both  researchers  and  the  general 
public.  Industrial  approaches  are  needed  in  order  to  mobilise  the  vast  numbers  of  specimens  (up 
to  10  billion)  accumulated  by  the  natural  history  museums  in  the  world.  Following  the 
experience  of  the  Digital  Collection  Programme  (DCP)  in  the  Natural  History  Museum  we 
explore  several  ways  of  optimising  the  digitization  process  of  insect  collections.  Success  is 
impossible  without  an  organised  approach  to  project  management,  staff  buy-in  and 
administrative  support  on  all  levels.  Key  elements  of  industrial  digitisation  are:  detailed  yet 
flexible  workflows  which  can  accommodate  different  kinds  of  digitised  material;  automation 
through  software  and  hardware;  appropriate  staff  management;  and  community  involvement. 
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Imaging  of  specimens  is  now  regular  curatorial  practice  in  entomological  collections, 
complementing  longer- standing  efforts  to  capture  label  data  and  related  information.  Many 
different  imaging  approaches  exist,  but  a  common  thread  is  that  vast  quantities  of  images  are 
being  amassed  rapidly  around  the  globe.  Managing,  preserving,  and  safeguarding  this 
proliferation  of  images  is  critical  to  the  success  of  digitizing  entomological  collections.  This  talk 
examines  the  life  cycle  of  digital  assets  produced  during  imaging  projects  at  the  Yale  Peabody 
Museum,  with  focus  on  student  driven  workflows  in  the  Entomology  Division  and  other 
curatorial  departments.  Once  acquired,  Peabody's  digital  assets  flow  through  its  collections 
management  system  into  a  Yale  University-wide  digital  asset  management  system 
(DAM).  Peabody  Entomology  helped  develop  the  Yale  DAM,  harmonize  workflow  and 
metadata  from  dissimilar  campus  units,  and  integrate  several  collections  management  systems 
with  a  single  DAM  endpoint.  Adopting  this  infrastructure  has  allowed  Peabody  to  disseminate  its 
images  and  specimen  metadata  more  broadly  into  "foreign"  contexts,  such  as  the  Yale  Library's 
Finding  Aid  system  and  a  campus  asset  discovery  portal,  alongside  more  well-known 
biodiversity  outlets  for  entomological  collections  such  as  GBIF  and  the  National  Science 
Foundation's  iDigBio  initiative. 
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In  February  of  2013,  nine  students  at  Arkansas  State  University  came  together  to  form  the 
Natural  History  Collections  Curation  Club  (NHC3).  This  club  was  an  innovative  approach  to 
resolving  many  issues  facing  the  natural  history  collections  at  A-State.  The  university  houses 
collections  in  many  disciplines.  The  collections  were  primarily  built  in  the  1960s  and  1970s,  and 
by  2013  several  of  the  collections  were  in  disrepair  due  to  a  lack  of  funding  and  support.  The 
students  of  the  club  made  it  their  goal  to  restore  the  collections  by  dedicating  their  time  and 
helping  to  secure  funding.  These  efforts  have  resulted  in  funding  from  the  Dean  of  the  College  of 
Sciences  and  Mathematics  for  a  part-time  student  worker  in  the  collections,  supplies  for  several 
projects  including  jars  and  ethanol  for  restoring  the  fish  collections  and  materials  to  create  two 
large  specimen  mounts,  and  trips  to  visit  several  natural  history  museums.  The  NHC3  has  helped 
A-State  become  recognized  in  the  collections  field  where  it  was  previously  unknown.  The  club 
has  also  helped  other  universities  increase  student  interest  and  involvement  in  collections.  To 
date,  two  other  universities  have  active  natural  history  collections  clubs  as  a  result  of  the  A-State 
model.  Beginning  in  the  fall  of  2015  these  three  clubs  will  form  a  network  to  outreach  to  other 
universities  that  may  benefit  from  this  model.  Our  goal  is  to  use  the  Natural  History  Collections 
Club  Network  (NHCCN)  as  a  platform  to  motivate  students  across  the  United  States  to  become 
more  involved  in  university  specimen  collections. 
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Abstract  text: 

Introduction:  In  richness  both  of  species  and  of  ecological  disparity,  phytophagous  insects 
epitomize  diversity,  and  present  a  rich  field  of  questions  about  its  patterns,  limitations,  and 
evolutionary  causes.  The  evolution  of  the  ecological  variety  of  phytophagous  insects  is  largely  a 
history  of  host  shifts. 

Methods:  I  will  attempt,  in  this  introduction  to  the  symposium,  to  sketch  a  framework  of 
questions  and  hypotheses  about  the  evolution  of  host  shifts.  These  questions  begin  with  the 
phylogenetic  patterns  of  host  affiliation  within  and  among  insect  clades,  in  which  changes  in  diet 
breadth  and  the  role  of  plant  phylogeny  and  plant  features  present  a  multitude  of  questions.  I  will 
then  consider  both  extrinsic  (ecological)  and  intrinsic  (e.g.,  genetic)  influences  on  evolutionary 
changes  in  host  use,  influences  that  may  determine  both  inclusion  of  certain  plants  in  the  diet  and 
exclusion  of  (most)  others.  The  extent  to  which  expansion  of  diet  is  intrinsically  constrained, 
perhaps  requiring  the  evolution  of  novel  “key”  characters,  is  a  significant  question  for  both 
students  of  herbivores  and  of  evolution  generally. 

Results/Conclusion:  What,  finally,  are  the  macroevolutionary  and  macroecological  consequences 
of  host  shifts,  realized  and  unrealized?  Have  major  host  shifts  accelerated  insect  diversification? 
Have  they  spurred  the  evolution  of  novel  plant  defenses?  Are  there  yet  unpopulated  adaptive 
zones,  awaiting  future  phytophage  diversification? 
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Introduction:  Introductions  of  non-native  plants  provide  natural  experiments  to  examine  the 
factors  promoting  host  shifts  in  native  herbivore  populations.  The  silver- spotted  skipper 
( Epargyreus  clams ;  Hesperiidae),  a  widespread  North  American  legume-feeder,  has 
incorporated  a  variety  of  non-native  species  into  its  diet,  including  soy  bean  ( Glycine  max), 
invasive  kudzu  ( Pueraria  triloba)  and  Chinese  wisteria  ( Wisteria  sinensis). 

Methods:  We  experimentally  assessed  the  preference  and  performance  of  E.  claruson  three 
native  and  three  non-native  hosts  grown  in  a  common  garden,  quantifying  the  temporal  variation 
(seasonal  and  interannual)  in  both  plant  quality  and  natural  enemy-mediated  mortality,  to 
determine  the  relative  importance  of  ecological  factors  in  mediating  observed  host  shifts. 

Results/Conclusion:  All  six  plant  species  examined  (three  native,  three  non-native)  were  used  as 
hosts  in  both  the  field  and  in  oviposition  experiments;  both  adult  and  larval  preference  varied 
significantly  among  hosts,  with  the  most  preferred  hosts  including  one  native  and  one  non-native 
species.  Larval  performance  in  both  the  presence  and  absence  of  natural  enemies  was  assessed 
experimentally  over  two  years  in  the  common  garden,  and  demonstrated  consistent  effects  of 
host  plant  species  but  variable  top-down  effects,  with  a  strong  seasonal  component  for  both 
factors.  Among  the  non-native  species,  both  nutrition  and  natural  enemy  pressure  play  an 
important  role  in  facilitating  and/or  maintaining  host  use,  but  their  relative  importance  varies 
among  hosts.  Community  surveys  of  other  native  legume-feeding  herbivores  indicate  that  host 
shifts  were  most  common  for  externally  feeding  taxa  that  also  include  non-legumes  in  their  diets 
and  were  least  common  for  internal  feeders. 
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Abstract  text: 


Introduction:  The  ever-expanding  reach  of  exotic  plants  has  provided  ample  opportunities  for 
understanding  novel  interactions  between  plants  and  herbivorous  insects.  Observations  from 
realized  and  failed  colonizations  of  novel  hosts  across  numerous  plant  and  insect  taxa  suggest 
that  we  have  much  yet  to  learn,  and  that  research  should  extend  beyond  the  traditional 
framework  of  developmental  physiology  in  response  to  excised  plant  foliage. 

Methods:  Lycaeides  melissa  is  a  useful  model  for  understanding  heterogeneity  in  host 
colonization,  as  it  exhibits  patchy  use  of  an  exotic  host,  Medicago  sativa ,  throughout  the  Great 
Basin  of  Western  North  America.  We  have  explored  facets  of  this  interaction  that  include 
phytochemical  variation  among  plant  populations,  fungal  and  bacterial  symbionts  in  plants  and 
caterpillars,  and  interactions  with  mutualistic  ants. 

Results/Conclusion:  Successful  colonization  of  the  novel  host  by  L.  melissa  involves  the 
intersection  of  multiple  factors  that  allow  for  persistence  despite  relatively  poor  larval  growth 
associated  with  consuming  the  novel  host.  Variation  in  plant  traits  (among  individual  plants  and 
plant  populations)  relevant  to  herbivores  is  considerable  and  comparable  in  some  cases  to 
differences  among  host  plant  species.  In  addition,  intraspecific  variation  in  plant  traits  has 
divergent  effects  on  caterpillars  and  adult  butterflies.  This  complexity  is  considered  in  the 
context  of  genetic  architecture  that  underlies  host  use,  and  also  with  an  aim  towards  identifying 
aspects  of  the  plant-herbivore  interaction  that  could  be  profitably  studied  in  other  systems. 
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Abstract  text: 

Introduction:  Investigating  the  factors  that  influence  herbivore  host  range  expansion  can  provide 
insight  into  the  process  of  diet  shifts.  In  addition  to  plant  chemistry  and  natural  enemies,  we  are 
interested  in  the  role  that  the  immune  response  plays  in  the  incorporation  of  a  new  host  plant,  and 


whether  the  degree  of  its  importance  varies  depending  on  the  diet  breadth  and  sequestration 
ability  of  the  herbivore. 

Methods:  Herbivores  were  reared  on  either  their  native  host  or  a  naturalized  exotic  host 
( Plantago  lanceolata )  that  has  been  incorporated  into  the  diet  of  the  focal  species.  Each  native- 
exotic  pairing  differed  in  the  presence  or  amount  of  iridoid  glycosides.  In  addition,  each 
herbivore  ranged  on  a  spectrum  of  high  sequestration  ability  to  low  sequestration  ability. 
Herbivores  were  challenged  with  viral  or  bacterial  pathogen,  then  assayed  for  immune  strength, 
survival,  and  development. 

Results/Conclusion:  The  importance  of  the  immune  response  is  discussed  in  terms  of  the  diet 
breadth  and  sequestration  abilities  of  the  individual.  At  least  in  one  case,  it  appears  that  the 
immune  response  is  not  as  important  for  survival  against  pathogenic  enemies  as  plant  chemistry. 
This  is  most  likely  a  result  of  the  high  sequestration  ability  of  the  herbivore.  Moreover, 
regardless  of  the  immune  response,  survival  was  highest  of  the  exotic  host  suggesting  a 
beneficial  effect  of  incorporating  the  host  into  the  diet  of  the  herbivore.  It  appears  that  the 
importance  of  the  immune  response  in  host  range  expansion  is  context  dependent  with  diet 
breadth,  sequestration,  and  plant  chemistry  having  important  interactive  effects. 
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Abstract  text: 

Introduction:  The  enormous  diversity  of  herbivorous  insects  presents  a  puzzle  that  has  stimulated 
decades  of  ecological  and  evolutionary  inquiry.  Specifying  the  means  by  which  insects  shift 
between  host  plants  is  one  key  to  making  sense  of  this  diversity.  Recently,  microbiological 
research  has  uncovered  numerous  instances  of  insect-inhabiting  microbial  symbionts  that  have 
enabled  host  shifts,  raising  the  question:  To  what  extent  have  microbiota  played  a  role  in  the 


diversification  of  herbivorous  insects?  While  it  is  now  frequently  assumed  that  all  insects  host 
and  depend  upon  microbiota,  the  vast  majority  of  evidence  rests  on  certain  orders,  especially 
Hemiptera,  Blattodea,  and  some  of  the  Diptera  and  Hymenoptera.  This  assumption  remains 
largely  untested  for  some  of  the  most  species-rich  and  ecologically  important  insect  lineages. 

Methods:  I  will  present  research  into  the  sources,  abundance,  and  structure  of  larval  gut 
microbiota  across  one  mega-diverse  group  of  herbivorous  insects,  the  Lepidoptera,  using  16S 
rDNA  sequencing  of  field-collected  individuals  representing  over  a  dozen  families  in  various 
habitats  of  both  North  and  Central  America.  I  will  also  discuss  a  recent  experiment  on  Manduca 
sexta  where  the  gut  microbial  contribution  to  herbivory  was  explicitly  tested. 

Results/Conclusion:  I  found  that  wild  caterpillars  generally  host  very  low  numbers  of  gut 
bacteria  that  appear  to  be  inactive  transients  acquired  from  foliage.  These  findings  suggest  that  a 
microbial  basis  of  insect  diversity  may  not  be  ubiquitous  as  is  now  commonly  argued,  and  raise  a 
variant  of  the  earlier  question:  To  what  extent  has  a  lack  of  microbiota  underpinned  insect  host 
shifts,  and  by  extension,  diversification? 
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Abstract  text: 

Introduction:  Eurosta  solidaginis  is  a  gall-inducing  fly  that  has  formed  host  races  on  two 
subspecies  of  late  goldenrod  in  Minnesota  (U.S.):  Solidago  altissima  altissima  which  occurs  in 
the  forest  biome,  and  Solidago  altissima  gilvocanescens  which  occurs  in  the  prairie  biome.  We 
tested  the  hypothesis  that  a  geographic  mosaic  of  coevolution  has  produced  diversifying 
selection  that  has  led  to  the  differentiation  in  the  fly  host  races.  A  geographic  mosaic  of 
coevolution  occurs  when  differences  in  the  interactions  of  populations  of  two  species  in  different 
areas  results  in  geographic  differences  in  coevolved  traits.  We  hypothesized  that  coevolution  of 


Eurostawith  host  plants  and  natural  enemies  had  led  to  the  evolution  of  partial  reproductive 
isolation  between  the  host  races. 

Methods:  To  measure  genetic  differences  in  traits  of  the  interacting  species  we  conducted  a 
double  reciprocal  transplant  experiment.  In  three  experimental  gardens  located  in  the  prairie,  the 
forest,  and  at  the  prairie-forest  boundary  we  created  all  possible  combinations  of  plant,  fly  and 
site  and  measured  traits  that  could  produce  reproductive  isolation  among  local  populations. 

Results/Conclusion:  We  supported  the  hypothesis  that  geographic  variation  in  coevolved  traits 
influenced  reproductive  isolation  between  the  host  races  of  Eurosta.  Eurosta  populations  prefer 
to  mate,  oviposit  and  have  higher  survival  on  their  local  S.  altissima  subspecies.  Gall  size  is  a 
coevolved  trait  of  the  host  plant  and  fly,  and  flies  induce  gall  sizes  that  provide  the  best  defense 
against  local  communities  of  natural  enemies.  We  conclude  that  coevolved  prezygotic  and 
postzygotic  isolating  mechanisms  contributed  to  host  race  formation  in  Eurosta. 
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Abstract  text: 

Introduction:  It  would  be  highly  useful  to  be  able  to  predict  which  local  herbivore  species  might 
colonize  a  given  introduced  plant,  even  before  that  plant’s  introduction.  Recent  trophic 
interaction  models  suggest  that  most  novel  interactions  between  Lepidoptera  and  introduced 
plants  can  be  predicted  by  extrapolating  from  host-use  patterns  in  the  native  food  web.  These 
initial  models  were  mathematically  simple  and  used  very  little  information  about  the  introduced 
plants  or  herbivores  involved  to  make  predictions.  The  models  primarily  used  plant  evolutionary 
relationships  to  define  herbivore  host  breadth. 


Methods:  Here  we  ask  whether  additional  information  about  plant  traits,  regional  geography,  and 
history  of  introduction  improve  model  predictions  in  a  European  plant-Lepidoptera  food  web. 

We  also  test  whether  more  advanced  modeling  approaches  better  represent  herbivore  host 
affiliations  than  simple  models. 

Results/Conclusion:  We  found  that  additional  information  about  plants,  in  particular  their 
regional  geography,  improves  predictions  of  novel  host  use;  however,  phylogenetic  host 
constraint  was  still  the  primary  driver  of  novel  herbivore -plant  interactions.  Novel  herbivore- 
plant  interactions  are  largely  predictable  by  extrapolating  from  herbivores’  native  hosts,  and 
including  more  information  about  those  hosts  improves  predictions. 
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Abstract  text: 

Introduction:  Interactions  between  hosts  and  parasites,  including  plants  and  insects,  are 
ubiquitous,  incredibly  diverse,  and  have  played  a  large  role  in  efforts  to  understand  Darwinian 
evolution.  The  traditional  model  of  these  interactions  posits  a  relatively  simple  co-evolutionary 
arms  race  producing  (1)  high  levels  of  co-speciation  and  thus  congruence  between  host-parasite 
phylogenies  reinforced  by  (2)  little  to  no  ability  of  specialized  parasites  to  perform  on  and 
therefore  switch  to  novel  hosts  (i.e.,  specialization  as  a  ‘dead-end’).  However,  real  host-parasite 
associations  are  historically  and  ecologically  complex  with  abundant  evidence  of  host  switching. 
Moreover,  host  specializatiomtSGlf  is  an  evolutionarily  dynamic  trait  with  no  inherent 
directionality,  so  that  specialized  lineages  may  give  rise  to  more  generalized  lineages.  These 
observations  motivate  the  Parasite  Paradox:  How  can  parasites  that  are  highly  specialized  to  their 
co-evolved  hosts  make  switches  to  evolutionarily  novel  hosts? 


Methods:  A  proposed  resolution  is  that  the  abilities  of  parasites  to  utilize  novel  hosts  emerge 
from  well-known  mechanisms  (phenotypic  plasticity,  correlated  trait  evolution,  phylogenetic 
conservatism)  that  collectively  give  rise  to  so-called  'sloppy  fitness  space'.  Exploitation  of  sloppy 
fitness  space  has  been  proposed  to  facilitate  host  switching  by  ecological  fitting,  whereby 
organisms  form  novel,  persistent  interactions  using  traits  they  already  possess.  This  proposal  has 
been  tested  recently  using  an  individually-based  model  of  host  switching  by  parasites  in 
changing  host  environments. 

Results/Conclusion:  Key  insights  from  the  model  include  the  possibility  of  colonizing  distantly 
related  hosts  via  a  “stepping-stone”  process,  adding  a  high  degree  of  historical  contingency  to  the 
system. 
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Introduction:  A  likely  driver  of  the  hyperdiverse  phytophagous  insects  is  their  ability  to 
specialize  on  their  hosts  and  radiate  via  host-associated  differentiation  (HAD).  Most  existing 
research  on  HAD  explores  ways  in  which  insects  respond  to  differences  between  alternative  host 
species,  while  few  studies  examine  the  role  of  variation  within  alternative  hosts,  which  is  known 
to  influence  insect  preference  and  performance.  To  address  this  gap,  we  present  a  conceptual 
model  of  the  role  of  host-trait  variation,  both  within  and  between  alternative  host  species,  in 
facilitating  HAD.  We  test  predictions  of  our  model  for  herbivorous  insects  at  different  stages  of 
HAD  using  the  goldenrod  ( Solidago )  host-herbivore  system. 

Methods:  We  assessed  multiple  morphological  and  phenological  traits  to  quantify  the  variation 
among  individuals  of  both  ancestral  (S.  altissima )  and  novel  (S.  gigantea)  hosts,  generating 


distributions  of  available  host  individuals  that  vary  in  multi-dimensional  ‘trait  space’.  We  find, 
for  several  insect  taxa  in  the  process  of  HAD,  that  use  of  available  host  trait-space  is  selective  for 
particular  trait  values  on  the  ancestral  host,  but  appears  non-selective  (random)  on  the  novel  host. 
However,  for  an  insect  at  the  earliest  stages  of  HAD,  this  pattern  is  detected  only  when  using 
traits  related  to  stem  pubescence. 

Results/Conclusion:  Overall,  our  data  suggest  that  (i)  host  trait  use  differs  for  herbivorous  insects 
at  different  stages  of  divergence  and  (ii)  intra-specific  host  variation  may  play  a  role  in 
promoting  insect  host  shifts,  but  (iii)  identifying  key  traits  involved  in  host  preference  may  be 
critical  to  understanding  the  dynamics  of  host-associated  differentiation. 
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Abstract  text: 

Introduction:  Although  specialization  would  appear  to  constrain  host  use,  evidence  is 
accumulating  that  host  shifts  are  common  among  plant-feeding  insects,  and  that  they  represent  a 
critical  step  in  the  diversification  of  some  phytophagous  lineages.  Both  genetic  and 
environmental  components  of  insect  trait  variance  and  the  role  of  intraspecific  variation  in  plants 
are  recognized  as  drivers  of  host  shifts.  I  argue  here  that  plant  phenotypic  plasticity  in  particular 
may  play  an  important,  yet  unappreciated  mechanistic  role  in  the  use  of  novel  hosts  by 
phytophagous  insects. 

Methods:  In  this  talk  I  present  a  conceptual  model  outlining  a  possible  role  for  plant  phenotypic 
plasticity  in  bridging  gaps  in  trait  space  between  ancestral  and  novel  host  plants. 


Results/Conclusion:  Plants  exhibit  a  high  degree  of  plasticity  for  the  very  traits  that  determine 
their  susceptibility  to  herbivory,  so  some  growth  environments  may  produce  phenotypes  more 
susceptible  to  colonization  by  novel  herbivores  than  others.  Bridges  in  trait-space  between  novel 
and  ancestral  hosts  that  are  associated  with  plant  plasticity  may  be  both  more  abundant  and  more 
persistent  through  time  than  those  associated  with  extreme  plant  genotypes,  as  the  prevalence  of 
the  susceptibility-inducing  environment,  rather  than  genetic  variation  in  the  plant  population 
would  determine  what  proportion  of  the  population  is,  and  remains  susceptible.  It  is  broadly 
recognized  that  adaptive  shifts  to  phytophagy  expose  insects  to  ample  opportunities  for 
diversifying  selection.  The  plastic  bridge  perspective  adds  that  the  conditional  phenotypes  of 
these  living  environments  (i.e.,  host  plants)  may  provide  bridges  between  resource  islands. 
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Introduction:  Plant-feeding  insects  are  diverse.  The  text-book  explanation  for  this  diversity  is 
that  it  arose  through  adaptive  host  plant  specialization.  For  host-plant  specialization  to  be 
adaptive  there  need  to  be  genetic  tradeoffs  in  host  use,  but  these  tradeoffs  have  been  difficult  to 
demonstrate  with  performance  studies  of  extant  populations. 

Methods:  We  used  comparative  phylogenetic  approaches  to  test  the  adaptiveness  of  host 
specialization  and  its  role  in  taxonomic  diversification. 

Results/Conclusion:  We  found  evidence  for  macroevolutionary  tradeoffs  in  the  phylogenetic 
patterns  of  host  use  evolution  in  Lepidoptera,  but  not  in  Hemiptera.  In  butterflies,  diet  breadth 
has  a  negative  effect  on  speciation  rates,  speciation  events  are  seldom  coupled  to  host  range 
contractions,  and  speciation  rates  are  positively  correlated  with  rates  of  host  switching.  Thus,  in 


butterflies,  there  is  little  evidence  that  specialization  drives  speciation.  By  contrast,  in  scale 
insects,  diet  breadth  does  have  a  positive  effect  on  speciation  rates,  and  there  has  been  substantial 
cladogenetic  host  range  contraction;  i.e.,  it  does  appear  to  frequently  accompany  speciation. 
However,  host  plant  specificity  is  unlikely  to  be  adaptive  in  scale  insects,  as  a  consequence  of 
their  passive  wind-driven  dispersal  biology,  and  as  predicted  by  the  lack  of  evidence  for 
macroevolutionary  tradeoffs  in  host  use  in  Hemiptera.  This  premise  is  supported  by  the  strong 
asymmetry  of  cladogenetic  host  range  reductions  in  scale  insects.  Thus,  the  evolution  of  host  use 
in  plant-feeding  insects,  and  the  effects  of  host  use  on  diversification  may  depend  on  factors  that 
vary  among  insect  lineages. 
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Abstract  text: 

Introduction:  Genetic  divergence  and  speciation  in  plant-feeding  insects  could  be  driven  by 
contrasting  selection  pressures  imposed  by  different  host  plants.  Numerous  examples  of  host- 
associated  genetic  differentiation  (HAD)  have  been  found,  but  the  overall  importance  of  HAD  in 
insect  diversification  remains  unclear,  because  few  studies  have  investigated  its  frequency  in 
relation  to  all  speciation  events.  One  promising  way  to  infer  the  prevalence  and  repeatability  of 
HAD  is  to  estimate  genetic  differentiation  in  multiple  insect  taxa  that  use  the  same  set  of  hosts. 

Methods:  We  collected  population  samples  of  leaf-galling  Pontania  and  bud-galling  Euura 
sawflies  (Hymenoptera:  Tenthredinidae)  from  six  willow  species  (Stf/zvspp.)  in  two  replicate 
locations  in  northern  Finland  and  Sweden.  We  then  constructed  individual-level  phylogenetic 
trees  based  on  mitochondrial  COI  and  nuclear  ITS2  gene  sequences,  and  used  hierarchical 
analyses  of  molecular  variance  (AMOVA)  to  partition  genetic  variation  according  to  host  species 
and  location. 


Results/Conclusion:  Individuals  originating  from  the  same  willow  species  tended  to  cluster 
together  on  both  mitochondrial  and  nuclear  phylogenetic  trees.  Although  few  fixed  differences 
among  the  putative  species  were  found,  the  hierarchical  AMOVAs  showed  that  most  of  the 
genetic  variation  in  the  samples  was  explained  by  host  species  rather  than  by  sampling  location. 
However,  the  levels  of  HAD  measured  across  specific  pairs  of  host  species  were  not  correlated  in 
the  two  focal  galler  groups.  Therefore,  our  results  support  the  hypothesis  of  HAD  as  a  central 
force  in  herbivore  speciation,  but  also  indicate  that  evolutionary  trajectories  are  weakly 
repeatable  even  in  temporally  overlapping  radiations  of  related  insect  taxa. 
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Introduction:  How  host  plant  breadth  and  host  shifts  influence  patterns  of  diversification  in 
herbivorous  insects  remains  an  active  field  of  inquiry,  with  little  consensus.  Much  of  the 
disagreement  is  likely  due  to  variation  in  how  host  shifts  and  host  breadth  are  defined  and 
quantified,  the  taxonomic  level  of  hosts  used  to  describe  diet,  and  incomplete  information  on 
host  plant  use.  Butterflies  provide  a  unique  opportunity  to  estimate  the  strength  of  linkages 
between  host  use  and  diversification  owing  to  the  great  deal  of  knowledge  accumulated  for  this 
group. 

Methods:  We  use  host  records  for  four  families  of  butterflies  to  quantify  how  host  breadth  and 
inferred  host  shifts  have  affected  rates  of  diversification.  Further,  we  use  host  records  to  explore 
whether  syndromes  of  diet  repertoires  exist  and  if  they  are  consistent  across  butterfly  families. 
Finally,  we  examine  whether  plant  phylogeny  is  a  good  predictor  of  diet. 

Results/Conclusion:  The  effect  of  diet  breadth  on  diversification-rate  variation  is  idiosyncratic 
among  butterfly  families.  Host  plant  syndromes  appear  evident  because  there  are  taxonomic 


clusters  of  plant  families  that  frequently  occur  together.  Interestingly,  plant  phylogeny  (at  the 
level  of  family)  is  a  poor  predictor  of  diet  repertoire;  in  fact,  host  families  tend  to  be  over¬ 
dispersed  across  the  phylogeny. 
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Abstract  text: 

Introduction:  In  recent  years  there  has  been  an  increasing  emphasis  on  the  role  of  plasticity  for 
the  evolution  of  novel  traits  and  for  diversification.  An  example  of  this  in  the  context  of  insect- 
plant  interactions  is  the  oscillation  hypothesis,  where  plasticity  in  host  use  (manifested  as 
recurrent  changes  in  host  range)  has  been  suggested  to  facilitate  host  shifts  and  lead  to  increased 
diversification  rates.  Host  range  is  an  elusive  feature  of  insect-plant  associations.  However, 
because  of  its  potentially  far-reaching  consequences,  it  is  important  to  develop  a  deeper 
understanding  of  how  it  evolves/manifests,  both  mechanistically  and  in  terms  of  larger-scale 
patterns. 

Methods:  In  this  talk  I  will  outline  what  we  do  and  do  not  understand  about  host  range  and  how 
this  relates  to  the  oscillation  hypothesis. 

Results/Conclusion:  I  conclude  that  understanding  host  ranges  requires  an  appreciation  of  both 
current  ecological  opportunity  and  the  history  of  host  use,  as  manifested  in  the  genetic 
architecture.  I  show  that  a  deeper  understanding  of  host  range  dynamics  should  go  a  long  way 
towards  explaining  and  potentially  predicting  host  shifts  in  plant  feeding  insects  and  other 
organisms  involved  in  similar  parasitic  interactions,  including  those  causing  emergent  infectious 
disease. 
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Abstract  text: 

Introduction:  Trissolcus  is  a  genus  of  egg-parasitoid  wasps  that  attack  the  eggs  of  stink  bugs,  and 
contains  the  primary  candidate  for  biological  control  of  the  brown  marmorated  stink  bug 
( Halyomorpha  halys  Stal),  Trissolcus  japonicus  Ashmead.  Recent  revisionary  taxonomy  of 
Nearctic  Trissolcus  enabled  rapid  production  of  an  identification  key  to  differentiate  T.  japonicus 
from  the  North  American  species.  However,  the  taxonomy  of  Trissolcus  in  the  Palearctic  was  in 
a  dire  state,  resulting  partially  from  the  confluence  of  widely  distributed  species  and  intraspecific 
variation. 

Methods:  Specimens,  including  primary  types  for  most  species,  were  borrowed  from  collections 
throughout  Europe,  Asia,  and  North  America  to  provide  the  most  thorough  treatment  of 
Trissolcus  to  date.  Alpha  taxonomy  was  conducted  in  concert  with  molecular  phylogenetics  with 
synergistic  effects. 

Results/Conclusion:  More  than  half  of  the  previously  valid  species  names  for  Palearctic 
Trissolcus  are  treated  as  junior  synonyms.  Morphological  characters  are  mapped  onto  the 
molecular  phylogeny  and  interpreted  in  a  phylogenetic  context.  An  identication  key  is  provided 
for  ah  species.  Ah  species,  including  primary  type  specimens  examined,  are  photographed  and 
described. 
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Abstract  text: 

Introduction:  The  brown  marmorated  stink  bug  (BMSB),  Halyomorpha  halys  Stal,  is  an  invasive 
species  native  to  regions  of  Asia.  Since  its  introduction  into  the  United  States  in  the  mid- 1990’s 
it  has  become  a  significant  agricultural  pest  of  fruits,  vegetables,  legumes,  and  ornamental  plants 
in  managed  and  natural  systems.  The  highly  polyphagous  nature  of  this  insect  as  well  as  its  vast 
dispersal  capabilities  requires  an  integrated  approach  to  management.  Here,  we  examine  the 
potential  impact  of  indigenous  natural  enemies  on  BMSB  eggs  in  woody  ornamental  nurseries  in 
Maryland,  U.S. 

Methods:  We  sampled  naturally  laid  BMSB  egg  masses  and  fresh  sentinel  egg  masses  on  woody 
ornamental  tree  species  in  field  production  nurseries  to  determine  causes  of  egg  mortality  in 
2012  and  2013. 

Results/Conclusion:  Overall  egg  mortality  averaged  58%  for  both  years.  Parasitism  rates 
increased  from  32%  to  44%,  and  predation  was  10%  and  7%  in  2012  and  2013,  respectively.  We 
found  7  species  of  hymenopteran  egg  parasitoids  attacking  BMSB  eggs  with  high  rates  from  one 
particular  species,  Anastatus  reduvii.  Results  suggest  that  conservation  biological  control  in  this 
system  may  be  a  viable  option  with  emphasis  on  hymenopteran  egg  parasitoids. 


Symposium 

Presentation  Title:  Impact  of  native  natural  enemies  on  brown  marmorated  stink  bug  in  eastern 
U.S.  tree  fruit  and  vegetable  ecosystems 


Author  Name:  Jim  Walgenbach 


Author  Institution:  North  Carolina  State  University 

Session  Title:  Symposium:  Biological  Control  of  the  Invasive  Brown  Marmorated  Stink  Bug, 
Halyomorpha  halys ,  by  Exotic  and  Native  Parasitoids  and  Predators:  A  Global  Perspective 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0604 

DOI:  10. 1603/ICE.2016. 94829 

Abstract  text: 

Introduction:  The  invasive  brown  marmorated  stink  bug  (BMSB)  is  a  key  pest  of  numerous  tree 
fruit  and  vegetable  crops  in  the  eastern  U.S.  Native  natural  enemies  are  one  potential  tool  for 
managing  BMSB  populations  within  these  crops. 

Methods:  Surveys  were  conducted  to  assess  the  impact  of  native  natural  enemies  on  biological 
control  of  brown  marmorated  stink  bug,  Halyomorpha  halys ,  in  eastern  U.S.  tree  fruit  and 
vegetable  crops.  Apples,  peaches  and  fruiting  vegetables  were  common  crops  monitored. 

Results/Conclusion:  Overall,  approximately  10%  of  BMSB  eggs  were  eliminated  by  predators 
and  parasites,  and  there  was  no  difference  in  conventional  vs  organic  crops.  Telenomus  podisi 
was  the  most  common  parasitoid  recovered  from  eggs,  but  rarely  did  they  successfully  emerge. 
As  a  transient  host  with  low  damage  thresholds,  natural  control  of  this  invasive  pest  within  fruit 
and  vegetable  crops  may  play  a  minor  role  in  management  schemes.  However,  there  was  a  wider 
range  of  parasitoids  attacking  BMSB  eggs  in  adjacent  wooded  habitats,  which  is  the  source  of 
BMSB  attacking  eastern  US  tree  fruits  and  vegetables. 
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Introduction:  The  brown  marmorated  stink  bug,  Halyomorpha  halys, is  an  Asian  polyphagous 
species  that  has  become  an  invasive  crop  pest  in  North  America  and  Europe.  After  its  first 
detection  in  Switzerland  in  2004,  it  was  subsequently  found  in  other  European  countries  such  as 
Italy,  where,  since  2012,  it  has  rapidly  spread  in  the  northern  regions,  becoming  a  threat  to  many 
crops,  especially  in  pear  and  peach  orchards. 

Results/Conclusion:  Overall,  most  egg  parasitism  was  due  to  the  generalist  parasitoid  Anastatus 
sp.  (Eupelmidae)  and,  at  a  lower  level,  to  various  Scelionidae  species  (e.g.  Trissolcus  cultratus). 
In  northern  Italy,  the  amount  of  parasitized  eggs  ranged  from  3. 1%  in  2014  to  0.9%  in  2015  in 
Emilia  Romagna,  and  from  0.3%  on  exposed  egg-masses  to  21.4%  on  egg-masses  collected  in  a 
natural  habitat  in  2015  in  Piedmont.  Overall  parasitism  in  Switzerland  was  4.4%  in  2013. 
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Abstract  text: 

Introduction:  When  assessing  the  impact  of  invasive  species,  it  is  important  to  consider  how  the 
behavioural  response  of  indigenous  natural  enemies  to  the  invader  could  mediate  indirect 
ecological  effects  within  invaded  host/prey  communities.  In  this  context,  we  assessed  the 
behavioural  response  of  indigenous  North  American  and  European  egg  parasitoids 


(Hymenoptera:  Platygastridae)  to  eggs  of  the  invasive  Halyomorpha  halys  (Hemiptera: 
Pentatomidae). 

Methods:  We  conducted  detailed  behavioural  observations  of  indigenous  egg  parasitoids 
foraging  on  egg  masses  of  H.  halys  in  the  lab,  and  tracked  the  developmental  outcomes  of 
attacked  and  unattacked  eggs.  In  parallel,  we  ran  identical  experiments  with  suitable,  indigenous 
host  stink  bugs  (Hemiptera:  Pentatomidae)  from  the  invaded  North  American  and  European 
ranges. 

Results/Conclusion:  We  show  that  indigenous  egg  parasitoids  accept  the  eggs  of  H.  halys  at  a 
very  high  rate,  but  parasitoid  offspring  are  typically  unable  to  develop.  We  predict  that  this 
evolutionary  trap,  representing  both  an  egg  and  time  stink  for  indigenous  parasitoids,  will 
actually  indirectly  benefit  indigenous  stink  bugs  -  some  of  which  could  become  more  serious 
pests  as  a  result.  We  also  found  that  up  to  25%  of  H  halys  eggs  attacked  by  parasitoids  “abort” 
(do  not  complete  development).  This  implies  that  the  true  impact  of  indigenous  parasitoids  on  H. 
halys  may  be  underestimated  in  invaded  areas,  since  host  egg  abortion  in  field-collected  eggs 
would  not  be  attributed  to  parasitoids  unless  explicitly  considered.  We  discuss  the  implications 
of  this  parasitoid-induced  host  egg  abortion,  and  non-reproductive  parasitoid-induced  host 
mortality  in  general,  for  biological  control  programs. 
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Introduction:  Halyomorpha  halys ,  an  invasive  pest  from  East  Asia,  poses  a  major  threat  to 
agricultural  and  horticultural  crops  in  Europe  and  North  America,  and  efficient  control  methods 
are  required.  Biological  control  of  H.  halys  using  egg  parasitoids  is  promising,  however,  the 


potential  interactions  between  native  and  introduced  parasitoids  exploiting  H.  halys  egg  masses 
are  currently  not  well  known.  Therefore,  the  response  of  native  parasitoids  to  an  exotic  host,  such 
as  their  ability  to  recognize  and  accept  it  as  a  suitable  resource,  and  their  interactions  with 
introduced  exotic  parasitoids,  must  be  investigated. 

Methods:  Using  behavioural  assays  and  a  non-invasive  imaging  technique,  we  conducted  a  time 
course  developmental  study  that  examined  the  competitive  abilities  of  two  Platygastid  egg 
parasitoid  species,  one  native  and  one  exotic,  when  provided  with  egg  masses  of  H  halys. 

Results/Conclusion:  We  characterized  parasitoid  behaviour,  as  well  as  followed  and  visualized 
parasitoid  development  and  larval  interactions  inside  the  host.  Such  detailed  characterization  of 
both  host-parasitoid  and  parasitoid-parasitoid  interactions  will  provide  information  essential  for 
the  effective  use  of  egg  parasitoids  in  the  biological  control  of  H.  halys. 
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Abstract  text: 

Introduction:  In  response  to  the  possible  economic  threat  from  brown  marmorated  stink  bug 
(BMSB),  Halyomorpha  halys ,  in  California,  proactive  research  efforts  were  directed  towards  the 
development  of  a  biological  control  program  that  includes  resident  natural  enemy  species  (i.e., 
predators  and  parasitoids)  and  the  egg-parasitoid  Trissolcus  japonicus  from  the  home  range  of 
BMSB  (Beijing,  China).  To  this  end,  the  starting  objectives  of  this  project  were  to  identify  and 
screen  selected  species  for  their  ability  to  successfully  use  BMSB  as  a  developmental  resource. 

Methods:  Resident  natural  enemy  species  associated  with  motile  pentatomid  life  stages  were 
detected  using  BMSB  pheromone-baited  traps  deployed  in  various  counties;  detected  species 
include  Astata  spp.  and  Euclytia  flava.  Resident  pentatomid  egg  parasitoids  were  reared  from 
parasitized  sentinel  BMSB  egg  cards  or  other  pentatomid  wild  egg  masses  found  in  the  field; 
detected  species  include  Anastatus  pearsalli  and  Trissolcus  basalis.  Additionally,  safety  testing 
with  T.  japonicus  and  nine  other  non-target  pentatomid  species  was  started  at  the  University  of 
California,  Riverside  Quarantine  Facility. 

Results/Conclusion:  Preliminary  BMSB  exposure  trial  results  indicate  that  E.  flava,  A.  pearsalli , 
and  T.  basalis  have  limited  ability  to  successfully  develop  from  BMSB.  Consequently,  their 
combined  impact  on  BMSB  field  populations  in  California  requires  further  study.  In  comparison, 
although  T.  japonicus  is  able  to  parasitize  egg  masses  of  some  non-target  species,  levels  of 
parasitism  have  been  consistently  higher  on  BMSB  and  this  co-evolved  natural  enemy  shows 
promise  for  BMSB  control  in  California.  Additional  testing  will  help  define  the  ecological  host 
range  of  T.  japonicus  before  it  can  be  purposefully  released. 
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Introduction:  In  biological  control  of  the  invasive  stink  bug  Halyomorpha  halys  (Hemiptera: 
Pentatomidae),  habitat  and  tritrophic  effects  are  important  to  determine  potential  parasitoid 
effectiveness  across  its  broad  range  of  habitats  and  plant  hosts,  and  also  for  nontarget  impacts 
which  may  vary  similarly.  Using  contrast  between  fresh  and  freeze-killed  sentinel  H.  halys  egg 
masses,  and  contrast  between  H.  halys  egg  masses  and  those  of  the  native  beneficial  Podisus 
maculiventris  (Hemiptera:  Pentatomidae),  we  assessed  habitat-  and  host-specific  attack  and 
success  of  the  several  native  parasitoid  species  and  of  a  newly  discovered  adventive  Asian 
parasitoid  as  well. 

Methods:  We  measured  field  parasitism  of  fresh  and  freeze-killed  sentinel  egg  masses  H.  halys, 
and  in  fresh  sentinel  egg  masses  of  P.  maculiventris ,  in  three  different  habitats  in  2014-16 
(woods,  scattered  trees  and  soy  fields).  After  72h  field  deployment,  eggs  were  retrieved  from  the 
field  and  all  outcomes  determined  by  laboratory  rearing. 

Results/Conclusion:  Attack  and  success  of  parasitoids  on  eggs  of  H.  halys  varies  strongly  by 
species  and  habitat  and/or  host  plants.  Native  scelionid  wasps  (Hymenoptera:  Scelionidae) 
frequently  attacked  but  did  not  develop  successfully,  Trissolcus  spp.  attacked  primarily  in  woody 
habitats  and  Telenomus  podisi  in  field  crops.  Native  Anastatus  (Hymenoptera:  Eupelmidae) 
attacked  eggs  in  woody  habitats,  and  though  not  abundant  in  sentinel  eggs  at  our  sites,  more 
often  completed  its  development.  The  adventive  Trissolcus  japonicus  attacked  H.  halys  egg 
masses  exclusively  on  trees  in  relatively  open  habitats,  and  was  successful  in  development  and 
reproduction  on  its  Asian-native  host  H.  halys ,  and  also  on  the  predatory  nontarget  P. 
maculiventris. 
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Introduction:  Halyomorpha  halys  is  an  invasive  pest  of  American  agriculture.  As  an  exotic 
species,  it  exists  in  the  US  without  coevolved  natural  enemies,  perhaps  leading  to  its  current  pest 
status.  Predation  on  H.  halys  egg  masses  has  been  shown  to  be  relatively  low  across  much  of  its 
invaded  range.  To  identify  and  quantify  biological  control  of  H.  halys,  we  explored  the 
seasonality  of  predators  within  agroecosystems,  assessed  life-stage  specific  predation  in 
bioassays  and  used  molecular  tools  to  assay  field  collected  specimens  for  H.  halys  DNA. 

Methods:  We  sampled  for  potential  predators  of  H.  halys  in  soybean,  raspberry  and  peaches. 
Laboratory  studies  of  predation  on  H.  halys  were  performed  in  small  arenas  housing  a  sunflower 
plant,  1  predator  and  either  1  unhatched  egg  mass,  first  instar  nymphs  or  second  instar  nymphs. 
Predators  and  prey  were  then  observed  for  48  hours  using  closed  circuit  video  cameras.  Prey 
were  assessed  for  signs  of  predation.  Based  on  the  lab  trials,  predators  were  collected  in  several 
crops,  and  DNA  was  then  extracted  and  amplified  using  H.  /za/ys-specific  molecular  primers 
designed  for  this  study. 

Results/Conclusion:  Based  on  predator  seasonality  and  acceptance  of  H.  halys  in  lab  trials,  we 
show  that  relevant  predators  of  this  pest  are  not  ubiquitously  available  in  time.  In  these  lab 
feeding  trials,  members  of  Orthoptera  and  Reduviidae  were  shown  to  exhibit  life-stage  specific 
predation,  feeding  more  heavily  on  one  H.  halys  life-stage.  Finally,  by  using  molecular  GCA  (gut 
contents  analysis)  we  were  able  to  identify  several  taxa  of  H.  halys  predators. 
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Cachet  is  defined  as  the  state  of  being  respected  or  admired,  and  carrying  prestige.  As  the 
environmental  and  health  effects  of  some  synthetic  pesticides  became  more  widely  known  in  the 
1960s,  biological  control  was  respected  as  a  safer,  effective  and  more  environmentally  sound 
method  of  pest  management.  However,  with  the  recognition  of  potential  non-target  impacts  of 
introduced  natural  enemies,  the  cachet  of  biological  control  became  tarnished.  Several  examples 
are  given  in  which  this  loss  of  biocontrol  cachet  was  the  result  of  scientific  publications  based  in 
part  on  weak  or  biased  studies.  Results  of  these  publications  were  echoed  and  further  distorted  by 
the  popular  press.  This  has  contributed  to  a  shift  in  public  opinion,  that  in  turn  has  led  to 
extensive  regulations,  permit  delays,  and  increased  costs.  There  is  increased  potential  for 
distortion  of  the  facts  not  only  by  the  press,  but  also  via  social  media  online.  This  is  a  major 
challenge  facing  biological  control  implementation  today. 
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Classical  biological  control  began  in  the  late  1800’s;  many  of  the  successful  cases  have  been 
widely  celebrated  because  they  have  prevented  famines,  rescued  agricultural  industries,  and 
spared  the  environment  from  pesticide  use.  However,  negative  effects  of  classical  biological 
control  have  been  documented  as  well.  Until  the  1990’s,  negative  environmental  effects  of 


biological  control  did  not  have  a  strong  impact  on  the  way  that  classical  biological  control  was 
practiced.  A  clear  paradigm  shift  occurred  during  the  1990’s  however,  during  which  an  emphasis 
on  the  benefits  of  biological  control  was  supplanted  by  an  emphasis  on  risks.  In  this  presentation 
I  explore  the  timing  of  this  paradigm  shift  and  also  the  implications  of  the  abruptness  of  this 
shift.  One  such  implication  was  a  lack  of  risk/benefit  analyses.  I  briefly  review  three  case  studies 
in  which  negative  effects  have  been  unambiguously  shown  and  put  them  into  a  risk/benefit 
framework  in  an  attempt  to  address  the  question  of  net  effects  for  these  cases.  These  cases 
are  Rhinocyllus  conicus  released  against  Carduus  nutans ,  Compsilura  concinnata  released 
against  Lymantria  dispar ,  and  Urophora  spp.  released  against  Centaurea  maculosa.  Lastly,  I 
consider  the  future  of  classical  biological  control.  The  goal  is  a  new  paradigm  in  which  the  risks 
and  benefits  of  biological  control  are  assessed  and  fairly  balanced.  Important  elements  that  will 
allow  us  to  usher  in  this  new  paradigm  are  (i)  explicit  risk/benefit  models  for  biological  control, 
and  as  part  of  such  models  and  (ii)  an  ability  to  place  risks  and  benefits  in  a  similar  currency. 
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The  BIOCAT  global  database  of  introductions  of  insect  biological  control  agents  for  the  control 
of  insect  pests  was  updated  to  the  end  of  2010  to  include  6,158  introductions,  using  2,384 
different  insect  biological  control  agents  against  588  pest  species  in  148  countries.  Of  the 
introductions,  2,007  (32.6%)  led  to  establishment,  and  620  (10.1%)  resulted  in  satisfactory 
control  being  reported  against  172  (29.3%)  different  pest  species.  While  the  number  of 
introductions  per  decade  has  decreased  since  the  1970s,  the  proportion  of  programmes  that  have 
been  successful  has  increased.  This  reflects  the  greater  research  effort  now  made  to  optimize  the 
chances  of  successful  outcomes.  It  is  important,  however,  to  differentiate  between  the  success  of 
a  classical  biological  control  programme  and  its  impact.  The  former  addresses  the  completion  of 
all  steps  of  a  biological  control  programme  and  the  anticipated  reduction  of  the  target  pest, 


whereas  the  latter  addresses  the  societal  and  environmental  benefits  of  control  of  the  target  pest. 
The  Centre  for  Agriculture  and  Bioscience  International  (CABI),  an  international  not-for-profit 
organization,  has  recently  analysed  10  case  studies  of  CABI-supported  biological  control 
programmes  against  insect  pests  and  weeds  to  illustrate  aspects  of  success  and  impact.  This 
presentation  gives  an  overview  of  assessment  of  success  and  impact  of  biological  control 
programmes,  why  these  aspects  are  often  not  adequately  addressed,  how  they  might  be 
retroactively  addressed,  and  the  implications  for  donor-funding  of  biological  control 
programmes. 
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Augmentative  biological  control  has  been  used  for  some  2000  years,  but  became  a  popular  pest 
and  disease  management  method  only  100  years  ago.  Initially,  rearing  and  selling  of  natural 
enemies  was  a  cottage  industry.  Since  the  1980s,  the  commercial  biological  control  industry 
became  more  professional  and  developed  mass  production,  quality  control,  storage,  shipment  and 
release  methods.  Often,  exotic  natural  enemies  are  imported,  mass  produced  and  released. 
Therefore,  industry  together  with  scientists  have  designed  environmental  impact  assessment 
protocols,  to  prevent  importation  of  organisms  that  might  create  unwanted  side  effects  by 
attacking  native  natural  enemies  or  other  organisms.  Currently,  a  few  large  scale  producers  are 
active  worldwide,  and  hundreds  of  smaller  scale  producers  provide  natural  enemies  locally.  More 
than  250  species  of  invertebrate  biological  control  agents  are  now  commercially  available. 

Recent  developments  in  augmentative  biological  control  which  were  the  result  of  stricter 
regulation  and  the  implementation  of  the  Access  and  Benefit  Sharing  protocol  will  be 
summarized.  Augmentative  biological  control  can  and  will  increasingly  be  used  in  Integrated 
Pest  Management  programs  to  replace  conventional  synthetic  pesticides. 
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The  Everglades  is  a  two  million  acre  wetland  located  in  south  Florida.  It  encompasses  a  variety 
of  habitat  types  that  support  unique  flora  and  fauna,  including  endangered  species.  Invasive 
plants  within  this  ecosystem  can  change  hydrology,  alter  fire  regimes,  outcompete  native  plants, 
and  disrupt  ecosystem  services.  Weed  management  can  be  especially  challenging  in  the 
Everglades  due  to  the  scale  of  the  invasions,  difficulty  accessing  remote  invaded  areas,  and  the 
risk  of  collateral  damage  to  sensitive  habitats  from  large-scale  herbicide  applications.  Biological 
control  is  an  excellent  option  for  weed  management  in  this  ecosystem  because  biological  control 
agents  are  host-specific  and  form  self-sustaining  and  self-dispersing  populations.  Biological 
control  agents  have  been  released  against  several  Everglades  invaders  including  Melaleuca 
quinquenervia  (Cav.)  S.  T.  Blake,  melaleuca,  Eichhornia  crassipes  (Mart.)  Solms, 
waterhyacinth,  and  Lygodium  microphyllum(C&\.)  R.  Br.,  Old  World  climbing  fern.  The 
Comprehensive  Everglades  Restoration  Plan  (CERP)  is  a  multibillion  dollar  effort  to  restore  and 
protect  the  water  resources  of  more  than  18,000  square  miles  of  south  and  central  Florida, 
including  the  Everglades.  One  of  the  many  CERP  projects  involves  the  mass  rearing,  release,  and 
monitoring  of  weed  biological  control  agents.  This  work  is  a  collaborative  effort  between  local, 
state,  nonprofit,  and  federal  agencies  to  integrate  biological  control  with  other  weed  management 
techniques  to  adaptively  manage  invasive  weeds  in  the  greater  Everglades  ecosystem. 
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The  genetics  of  biocontrol  agents  is  a  topic  that  has  been  theorized  about  in  several  review 
papers  in  the  last  century,  but  little  applied  work  has  been  done  to  implement  some  of  the 
recommendations  resulting  from  theory.  Now  that  we  have  moved  on  from  the  age  of  “simple” 
population  genetics  to  the  age  of  various  types  of  “omics”,  what  possibilities  are  there  now  for 
application  of  some  of  these  new  techniques  for  biological  control?  First  some  of  the  overlooked 
lessons  from  the  population  genetic  age  for  classical  biological  control  will  be  discussed, 
followed  by  an  overview  of  the  potential  applications  of  new  genomics  tools  to  improve 
biocontrol  agents  used  in  inundative  and  inoculative  releases.  Many  of  the  new  techniques  offer 
opportunities  to  modify  biological  control  agents  for  specific  applications,  the  question  remains 
in  how  far  genetic  modification  of  insects  used  for  biological  control  will  be  accepted  by  both  the 
biocontrol  community  and  society. 
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Biological  control  is  an  underlying  pillar  of  integrated  pest  management,  yet  little  focus  has  been 
placed  on  assigning  economic  value  to  this  key  ecosystem  service.  Setting  biological  control  on  a 


firm  economic  foundation  would  help  to  broaden  its  utility  and  adoption  for  sustainable  crop 
protection.  Here  we  discuss  approaches  and  methods  available  for  valuation  of  biological  control 
of  arthropod  pests  by  arthropod  natural  enemies  and  summarize  economic  evaluations  in 
classical,  augmentative,  and  conservation  biological  control.  Emphasis  is  placed  on  valuation  of 
conservation  biological  control,  which  has  received  little  attention.  We  identify  some  of  the 
challenges  of  and  opportunities  for  applying  economics  to  biological  control  to  advance 
integrated  pest  management.  Interaction  among  diverse  scientists  and  stakeholders  will  be 
required  to  measure  the  direct  and  indirect  costs  and  benefits  of  biological  control  that  will  allow 
farmers  and  others  to  internalize  these  benefits  and  accelerate  adoption  for  private  and  the  public 
good. 
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Herbivores  that  are  introduced  for  biological  control  of  weeds  are  tested  for  their  host  specificity 
and  tolerance  of  climatic  conditions  in  the  target  area.  However,  the  potential  for  rapid  evolution 
in  traits  related  to  climate  or  host  specificity  challenges  our  ability  to  predict  safety  and 
effectiveness  of  biological  control  introductions.  By  reciprocally  transplanting  populations,  we 
demonstrate  rapid  adaptation  to  a  novel  host  plant  species,  Senecio  triangularis,  by  the  weed 
biological  control  agent  cinnabar  moth,  Tyria  jacobaeae.  We  document  recently  evolved  changes 
in  female  preference  and  larval  performance  on  the  non-target  host  plant  species  and  show  how 
these  changes  in  preference  and  performance  affect  population  growth  rates.  Translating  these 
results  into  population  level  responses  gives  insights  into  their  importance  for  weed  biocontrol 
safety  and  efficacy.  To  allow  for  future  screening  of  variation  related  to  host  plant  adaptation,  we 
document  a  range  of  phenotypic  traits  varying  between  the  derived  and  ancestral  genotypes  and 
discuss  their  importance  for  host  plant  adaptation.  Our  project  contributes  to  better 
understanding,  predicting,  and  managing  the  process  of  rapid  adaptation  of  a  biological  control 


organism  encountering  new  climates  and  host  plants  and  may  increase  the  safety  and  efficacy  of 
weed  biological  control  releases. 


Symposium 

Presentation  Title:  Trading  biodiversity  for  pest  problems:  The  role  of  complex  communities  in 
reducing  pests 

Author  Name:  Jonathan  Lundgren 
Author  Institution:  Ecdysis  Foundation 

Session  Title:  Symposium:  Status  and  Prospects  for  Biological  Control  in  the  21st  Century 
(IOBC) 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0620 
DOI:  10. 1603/ICE.2016. 93342 

Abstract  text: 

Recent  shifts  in  agricultural  practices  have  resulted  in  altered  pesticide  use  patterns,  land  use 
intensification,  and  landscape  simplification,  all  of  which  threaten  biodiversity  in  and  near  farms. 
Pests  are  major  challenges  to  food  security,  and  responses  to  pests  can  represent  unintended 
socioeconomic  and  environmental  costs.  Characteristics  of  the  ecological  community  influence 
pest  populations,  but  the  nature  of  these  interactions  remains  poorly  understood  within  realistic 
community  complexities  and  on  operating  farms.  Here  we  examine  how  species  diversity  and  the 
topology  of  linkages  in  species’  abundances  affect  pest  abundance  on  maize  farms  across  the 
Northern  Great  Plains.  Our  results  show  that  increased  species  diversity,  community  evenness, 
and  linkage  strength  and  network  centrality  within  a  biological  network  all  correlate  with 
significantly  reduced  pest  populations.  This  supports  the  assertion  that  reduced  biological 
complexity  on  farms  is  associated  with  increased  pest  populations,  and  provides  a  further 
justification  for  diversification  of  agroecosystems  to  improve  the  profitability,  safety,  and 
sustainability  of  food  production  systems.  Bioinventories  as  comprehensive  as  the  one  conducted 
here  are  conspicuously  absent  for  most  agroecosystems,  but  provide  an  important  baseline  for 
community  and  ecosystem  ecology  and  the  effects  of  food  production  on  local  biodiversity  and 
ecosystem  function.  Network  analyses  of  abundance  correlations  of  entire  communities  (rather 
than  focal  interactions,  e.g.,  trophic  interactions)  can  reveal  key  network  characteristics, 
especially  the  importance  and  nature  of  network  centrality,  which  aid  in  understanding  how  these 
communities  function. 
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Although  biological  control  is  in  some  ways  progressing,  it  remains  a  relatively  small  component 
of  overall  pest  management.  A  number  of  scientific,  economic  and  social  factors  (most  quite 
recent)  have  contributed  to  impeding  the  adoption  of  biocontrol.  These  include  perception  of 
detrimental  non-target  impacts,  restrictive  legislation  relevant  to  export,  import  and  release  of 
biological  control  agents,  marketing  power  of  chemical  industries,  inadequate  quantification  of 
economic  and  sociological  aspects,  and  downsizing  of  national  and  university  research  facilities 
devoted  to  biocontrol.  The  International  Organization  for  Biological  Control  (IOBC)  recently 
evaluated  the  current  issues,  constraints  and  needs  for  modern  biological  control,  addressing 
requirements  of  developed,  emergent  and  developing  countries.  We  have  identified  tangible 
options  for  streamlining  and  facilitating  biological  control  for  implementation  by  national  and 
international  entities,  as  well  as  researchers  and  practitioners  involved  in  pest  management. 

These  options  include:  1)  improve  communication  tools  to  educate  growers,  stakeholders  and 
decision  makers;  2)  promote  biological  control  through  the  publication  of  original  documents 
that  provide  credible,  well-documented  ways  to  understand  scientific  and  societal  issues  that  link 
biological  control  to  human  well-being,  conservation  ecology  and  sustainable  pest  management; 
3)  conduct  more  cost-benefit  analyses;  4)  identify  scientific  research  advances  that  may  help  to 
increase  biological  control  success  rates,  economic  returns,  and  adoption;  5)  emphasize  that 
expanded  globalization  of  trade  and  increased  movement  of  associated  exotic  invasive  species 
are  creating  a  greater  need  for  adoption  of  biological  control;  6)  increase  efforts  to  merge  and 
consolidate  IPM  for  arthropod,  weed  and  plant  disease  sectors. 
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Abstract  text: 

Background:  Cotton  is  a  high-value  cash  crop  in  Ethiopia  and  other  African  countries  but 
increasing  costs  of  pest  management  have  had  a  significant  impact  on  yield  and  profitability. 

A  study  was  conducted  in  2013  and  2014  to  determine  whether  supplementary  food  products 
would  attract  and  sustain  beneficial  insects  to  provide  effective  management  of  pests  in  cotton 
crops  in  the  southern  Ethiopian  Rift  Valley  region. 

Methodology:  We  evaluated  the  effectiveness  of  a  food-spray  product  developed  with  local 
ingredients  from  Benin  (BFP),  food-spray  product  (EFP)  developed  from  Ethiopian  ingredients 
and  a  mixture  of  individual  food-spray  products  with  and  without  neem  extracts. 

Results:  The  results  of  the  study  indicated  that  applications  of  BFP  and  of  EFP  alone  attracted 
and  retained  beneficial  insects  and  significantly  reduced  the  number  of  pests  resulting  in 
increased  cotton  yields  and  profitability.  In  economic  terms,  the  BFP  and  EFP  treated  plots  had 
the  highest  net  margins  18,418  and  18,642  ETB/ha  respectively  compared  with  unsprayed  plots 
(13,000  ETB).  Additions  of  neem  extract  to  the  food  spray  products  did  not  result  in  any 
significant  increase  in  seed  cotton  yields  or  net  margins. 

Conclusion:  The  use  of  food  sprays  was  effective  for  managing  cotton  pests  and  can  result  in 
significant  increases  in  crop  yields  and  profitability. 


Symposium 

Presentation  Title:  Biosafety  of  transgenic  crops  to  the  non-target  arthropods 


Author  Name:  Hari  Sharma 


Author  Institution:  Dr.  YS  Parmar  University  of  Horticulture  &  Forestry 

Session  Title:  Symposium:  New  Tools  and  Strategies  for  Integrated  Pest  Management  (IPM)  on 
Transgenic  (Bt)  and  Non-Transgenic  (Conventional)  Cotton  Crops 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0623 

DOI:  10. 1603/ICE.2016. 92395 

Abstract  text: 

Introduction: 

Genes  conferring  resistance  to  insect  pests  have  been  inserted  into  several  crops,  resulting  in 
increased  crop  yields  and  decreased  pesticide  use.  However,  there  is  a  need  for  in-depth  studies 
on  the  interaction  of  genetically  modified  crops  with  the  nontarget  arthropods  in  different 
ecosystems. 

Methods: 

A  comprehensive  review  of  biosafety  of  transgenic  crops  to  the  non-target  insects  was 
conducted. 

Results/Conclusion: 

In  general,  there  are  no  significant  effects  of  transgene  products  on  honeybees  at  levels  expressed 
in  transgenic  crops.  Similarly,  there  are  no  major  effects  of  transgenic  crops  on  predator 
abundance  under  field  conditions.  However,  some  reports  have  indicated  a  reduction  in  the 
fitness  of  chrysopid,  Chrysoperla  carnea  larvae  fed  on  caterpillars  reared  on  Bt  maize,  although 
no  such  effects  were  observed  in  subsequent  studies.  Two  spotted  ladybirds,  Adalia  bipunctata 
fed  on  aphids  colonizing  transgenic  potatoes  expressing  Galanthus  nivalis  lectin  have  shown  a 
decrease  in  fecundity  and  longevity.  Increased  levels  of  parasitism  by  Campoletis  sonorensis 
have  been  observed  on  the  transgenic  plants  as  compared  to  the  nontransgenic  plants.  However, 
the  levels  of  egg  parasitism  by  Trichogramma  spp.  and  Campoletis  chlorideae  are  not 
significantly  different  between  transgenic  and  nontransgenic  cottons.  There  are  no  adverse 
effects  of  transgenic  corn  on  parasitization  of  Ostrinia  nubilalis.  The  effects  of  transgenic  crops 
on  activity  and  abundance  of  natural  enemies  vary  across  cropping  systems.  There  is  a  need  to 
harmonize  the  protocols  to  assess  the  bio-safety  of  genetically  engineered  crops  to  non-target 
arthropods. 
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Abstract  text: 

Introduction: 

Cotton  is  an  important  crop  and  grown  on  more  than  4  million  ha  in  China.  Now  cotton-growing 
areas  have  two  major  regions:  Northern  Region  and  Northwestern  Region  in  China.  About  50% 
of  cotton  was  in  Northern  China.  Bt  cotton  has  been  widely  planted  in  Northern  China  since 
1997,  which  accounts  for  about  90%  of  all  cotton  varieties  in  here.  Widespread  planting  of  Bt 
cotton  significantly  suppressed  the  cotton  bollworm  ( Helicoverpa  armigera )  in  cotton,  reduced 
the  insectcide  by  25%  relative  to  that  before  the  commercialization  of  Bt  cotton,  and  then 
enhanced  the  abundance  and  richness  of  insect.  But,  the  reduction  of  chemicals  resulted  in 
increase  of  secondary  pests  such  as  mirids,  which  became  the  primary  pest.  Besides,  aphids  and 
mites  are  still  the  serious  pests  on  Bt  cotton. 

Methods: 

The  diversified  management  strategies  of  controlling  the  pests  on  Bt  cotton  have  been  used  as 
following:  habitat  management  (landscape  planning  and  design),  pheromone  traps  (sex 
pheromone  with  trans-2-Hexenal  etc.),  food  attractant  (butyl  acrylate  and  butyl  propionate), 
release  of  biocontrol  agents  (parasitoid  wasp,  Peristenus  relictus),  light  trap,  bio-pesticides. 

Results/Conclusion: 

The  damage  of  pest  insects  has  been  reduced  in  Bt  cotton.  However,  the  areas  of  Bt  cotton  have 
decreased  and  the  areas  of  maize  have  increased  in  Norther  China  in  recent  years.  Integrated  pest 
management  based  on  diversified  management  practices  can  efficiently  improve  the 
sustainability  of  agricultural  systems,  enhance  the  biological  control  of  insects  and  suppress  pest 
abundance  and  damage  in  Bt  cotton  system  in  Northern  China. 
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Abstract  text: 

Introduction:  Western  tarnished  plant  bug,  Lygus  hesperus ,  is  the  primary  Lygus  species 
inhabiting  cotton  and  several  other  crop  hosts  in  the  Texas  High  Plains  region. 


Methods:  A  comprehensive  field  study  was  conducted  to  characterize  the  host-plant  sequence  of 
Lygus  movement  from  non-cotton  habitats  to  cotton.  Field  cage  studies  were  also  conducted  to 
establish  the  Lygus  economic  threshold  for  Texas  cotton.  Lygus  damage  to  cotton  bolls  at  various 
Lygus  densities  was  determined  in  a  whole-plant  cage  study.  Individually  caged  cotton  plants 
were  exposed  to  five  levels  of  Lygus  (0,  1,  2,  4,  and  6  adults  per  plant)  for  one  week  when  plants 
were  at  two  selected  boll  development  stages  (mid-  versus  late  season).  Management 
recommendations  were  developed  based  on  economic  thresholds  and  sink-source  relationships  of 
non-cotton  host  plants. 

Results/Conclusion:  In  Texas  High  Plains  cotton,  Lygus  bugs  are  generally  more  pestiferous  in 
the  boll  development  stage  than  in  the  early  squaring  stage.  Until  cotton  begins  flowering,  Lygus 
prefers  to  stay  in  various  roadside  weed  hosts,  including  mustard,  alfalfa,  Russian  thistle, 
sunflower,  pigweed,  and  others.  As  roadside  weeds  senesce  and  cotton  begins  flowering,  cotton 
vulnerability  to  Lygus  infestations  increase.  Lygus  injury  to  maturing  bolls  is  generally  the 
highest  during  mid-season  (4-5  weeks  into  flowering).  In  the  Texas  High  Plains,  Lygus  can  be 
managed  using  comprehensive  ecologically-based  IPM  practices,  with  a  focus  on  non-cotton 
habitat  management.  This  presentation  discusses  the  Lygus  host  utilization  behavior  and  sink- 
source  relationships  of  non-cotton  host  habitats  influencing  Lygus  movement  into  cotton  and 
action  thresholds  and  insecticide  chemistries. 
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Abstract  text: 

Introduction:  The  Australian  cotton  industry  is  dominated  by  transgenic  Bt  (Bollgard  II®) 
cotton  varieties,  which  provide  a  strong  platform  for  integrated  pest  management  (IPM)  of 
lepidopteran  pests,  particularly  Helicoverpa  spp.  New  technologies  are  needed  to  manage 


potential  resistance  of  Helicoverpa  spp  to  transgenic  cotton  and  the  problem  posed  by  sucking 
pests  unaffected  by  transgenic  crops. 

Methods:  A  10  year  study  commenced  in  2001,  focused  on  the  selection,  screening  and 
identification  of  cotton  genotypes  and  plants  with  anecdotal  evidence  of  preference  or  non¬ 
preference  by  insect  pests.  The  study  identified  a  native  herbaceous  plant  species  ( Clitoria 
ternatea)  as  a  deterrent  to  Helicoverpa  spp.  oviposition  and  larval  feeding  as  well  as  causing 
direct  toxicity  to  Helicoverpa  spp.  and  sucking  pests,  due  to  the  presence  of  secondary  plant 
compounds  able  to  modify  the  behaviour  of  insect  pests.  A  solid  phase  extraction  (SPE) 
technique  was  used  to  provide  fractions  from  the  plant's  extract  which  were  profiled  by  High 
Performance  Liquid  Chromatography  and  assessed  for  activity  against  Helicoverpa  larvae  and 
sucking  pests.  A  bioactive  compound  from  fractions  was  isolated  to  develop  a  semiochemical 
product  (called  Sero-X®). 

Results/Conclusion:  Application  of  the  semiochemical  product  (Sero-X®)  on  commercial 
transgenic  and  conventional  cotton  crops  deterred  Helicoverpa  spp.  oviposition  and  larval 
feeding  and  caused  direct  mortality  to  Helicoverpa  larvae  and  sucking  pests.  No  negative  effect 
of  the  Sero-X®  product  on  beneficial  insects  (mainly  predatory  insects)  was  observed.  The 
ability  of  this  semiochemical  product  to  control  Helicoverpa  spp.  and  sucking  pests,  while 
conserving  beneficial  insect  populations  in  cotton  fields  will  be  discussed. 
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Abstract  text: 


Introduction: 


The  pest  status  of  green  vegetable  bug  ( Nezara  viridula,  GVB)  in  Australian  Bt  cotton  has 
increased  as  it  is  no  longer  controlled  by  sprays  applied  against  Helicoverpa  spp.  and  is  not 
affected  by  Bt  proteins.  Management  is  problematic  as  older,  cheaper  insecticides  are  effective 
but  disruptive  of  beneficial  populations,  increasing  risks  from  secondary  pests  like  silverleaf 
whitefly  (SLW,  Bemisia  tabaci ),  aphids  ( Aphis  gossypii)  or  mites  ( Tetranychus  urticae).  We 
developed  an  approach  to  investigate  more  selective  options  for  GVB  control. 

Methods: 

The  approach  ensured  pest  abundance:  SLW  infested  kale  plants  were  transplanted  into  cotton 
plots  and  between-replicate  rows  of  mung  beans  were  infested  from  a  GVB  culture.  GVB 
transferred  from  the  mung  beans  to  the  cotton.  GVB  were  also  collected  and  released  into 
marked  cotton  rows.  Insect  abundance  in  plots  was  assessed  before  and  after  spraying:  GVB  in 
the  marked  rows  by  beat  sheet,  SLW  visually  on  leaves  and  all  other  pests  and  beneficials  using 
suction  samplers.  Insecticides  compared  in  replicated  field  experiments  were  fipronil  +  salt, 
clothianidin  (for  3  years),  dimethoate  and  flonicamid  (for  2  years).  Three  sprays  were  applied 
each  year. 

Results/Conclusion: 

All  compounds  but  flonicamid  controlled  GVB.  Fipronil  (two  of  three  experiments)  or 
flonicamid  (one  of  two  experiments)  treated  plots  had  increased  SLW  abundance  and  dimethoate 
trended  that  way.  All  products  flared  mites,  likely  reflecting  negative  effects  on  key  beneficial 
species.  The  results  suggest  clothianidin  may  be  the  most  suitable  option  for  IPM  systems, 
though  still  with  risks  for  mites.  This  approach  highlighted  differences  between  compounds  and 
may  be  suitable  in  other  systems. 
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Abstract  text: 

Introduction:  The  EPG  technique  has  been  successfully  employed  to  examine  feeding 
behavioral  responses  of  aphids  to  elevated  CCE-grown  plants. 

Materials  and  Methods:  The  effect  of  elevated  CO2  on  feeding  behavior  of  Aphis  gossypii  was 
investigated  using  electrical  penetration  graphs  (EPG)  on  cotton.  Leaf  microstructures  and  foliar 
constituents  were  also  measured  to  quantify  the  impact  of  foliar  changes  on  leaf  nutritional 
quantity  and  quality,  owing  to  elevated  CO2,  on  stylet  penetration  and  food-quality  plasticity  of 
A.  gossypii. 

Results/Conclusion:  Significant  increases  in  body  weight,  fecundity  and  abundances  of  A. 
gossypii  were  found  in  elevated  CO2  in  contrast  to  ambient  CO2.  Elevated  CO2  significantly 
influenced  the  feeding  behavior,  including  the  increased  non-penetration  period,  E2< 8min 
(sustained  ingestion  probes  for  <8  min)  and  the  1st  E2> 8min  (first  occurrence  sustained  ingestion 
probes  for  >8  min),  and  decreased  E2> gmin  recordings.  Leaf  microstructures  were  significantly 
affected  by  CO2  levels,  with  thinner  upperside  epidermis  and  thicker  underside  epidermis  (UDE), 
sponge  tissues  (ST),  and  fence  tissues  under  elevated  CO2.  Therefore,  it  is  expected  that  A 
gossypii  would  potentially  spend  more  time  penetrating  the  thicker  leaf  UDE  and  ST  under 
elevated  CO2  conditions.  Furthermore,  elevated  CO2  significantly  enhanced  foliar  soluble  matter, 
including  soluble  sugars,  free  amino  acids  and  fatty  acids,  and  total  soluble  matter,  which  was 
congruent  with  increase/decrease  in  leaf  turgor/osmotic  potential.  Increased  leaf  turgor  and  leaf 
soluble  constituents  favored  the  ingestion  in  A.  gossypii ,  resulting  in  the  increases  in  body 
weight,  fecundity,  and  population  abundances  under  elevated  CO2.  The  management  implication 
of  aphid  feeding  behavior  will  be  discussed. 
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Abstract  text: 

Introduction: 

Biological  control  provided  by  natural  enemies  plays  an  important  role  in  integrated  pest 
management  on  cotton.  Agricultural  intensification  results  in  the  rapid  decline  of  farmland 
biodiversity,  which  can  affect  the  functioning  of  natural  pest  control.  Many  strategies  emphasize 
roles  of  non-crop  habitats  to  enhance  natural  enemy  populations,  but  little  research  has  been 
directed  toward  the  explicit  process  of  oviposition  preference,  habitat  selection  and  feeding 
behavior  of  natural  enemies  in  agricultural  systems  consisting  of  multiple  crops  such  as  cotton 
(C3  plant)  and  maize  (C4  plant) . 

Methods: 

Field  investigation  and  stable  carbon  isotope  ratio  analysis  from  complementary  laboratory  and 
field  samples  were  used  to  examine  the  process  of  oviposition  preference,  crop  colonization  and 
subsequent  feeding  by  the  predatory  beetle,  Propylea  japonica ,  in  agricultural  landscapes 
composed  of  cotton  and  maize. 

Results/Conclusion: 

Results  clearly  indicated  that  P.  japonica  adults  lay  their  eggs  on  aphid  infested  host  plants  in 
large  agricultural  fields,  preferentially  inhabit  maize  patches,  but  move  to  cotton  patches  to  feed 
on  aphids.  Results  suggest  that  maize  can  serve  as  a  habitat  or  refuge  source  for  the  predatory 
beetle  P.  japonica  and  benefits  predators,  providing  the  potential  to  enhance  biological  control 
for  insect  pests  in  cotton.  Habitat  management  with  a  suitable  proportion  and  spatial 
arrangement  of  cotton  and  maize  may  be  an  alternative  planting  pattern  to  enhance  biological 
control  in  order  to  meet  the  challenge  of  managing  non-target  pest  densities  in  Bt  cotton. 
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Abstract  text: 

Introduction:  The  western  flower  thrips,  Frankliniella  occidentalism  is  a  serious  pest  on  seedling 
cotton  in  Texas  and  other  regions  of  the  U.S.  cottonbelt.  Thrips  are  an  early  season  pest  which 
can  cause  severe  damage  to  seedling  cotton.  The  first  three  weeks  of  the  seedling  stage  is 
important  because  thrips  can  cause  significant  damage  during  this  period  when  plants  are  in  the 
1-3  true-leaf  stage.  The  objective  of  this  study  was  to  characterize  the  cotton  crop  response  to 
various  levels  of  thrips  injury  at  different  cotton  seedling  ages. 

Methods:  Density-dependent  threshold  studies  were  conducted  in  seedling  cotton  in  Lubbock  for 
three  years.  Freshly  collected  adult  thrips  were  released  at  various  densities  to  generate  a  damage 
gradient  across  density  treatments.  Insects  were  released  and  allowed  them  to  feed  for  5-7  days, 
and  the  cages  were  removed  after  the  exposure  period.  Multi-year  thrips  research  data  from 
various  locations  in  Texas  was  utilized  to  develop  thrips  management  recommendations  for 
Texas  cotton. 

Results/Conclusion:  Significantly  higher  thrips  densities  were  observed  from  treatments  where  1 
or  2  thrips  per  plant  were  released  per  seedling  compared  to  0.5  and  control.  Seedling  health, 
measured  by  visual  ranking,  declined  progressively  with  increased  thrips  densities.  Thrips 
densities  @0.5  thrips  per  plant  or  greater  significantly  reduced  plant  vigor.  Thrips  densities  of 
0.5,  1,  and  2  per  plant  at  the  early  seedling  stage  all  reduced  lint  yield  significantly  compared  to 
that  in  uninfested  control  plots.  Separate  thrips  management  recommendations  were  developed 
for  various  cotton  growing  regions  in  Texas. 
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Abstract  text: 

Introduction:  Responding  to  honey  bee  losses  during  planting  in  201 1  and  2012,  and  a  dearth  of 
data  collected  in  commercial  conditions,  we  were  asked  in  2013  to  determine  the  source, 
movement  and  exposure  levels  for  neonics  in  a  maize/soybean/wheat-dominated  ecosystem.  We 
are  reporting  on  significant  findings  following  3  years  of  detailed  study  using  9  apiaries,  paired 
with  9  modern  commercial  farm  operations,  each  contributing  2,  ±40  ha-fields  for  study. 

Methods:  We  focused  on  fields  planted  with  neonic-treated  maize  seed,  and  that  had  detailed 
agronomic  history  records.  Numerous  samples  and  observations  were  taken  from  each  field 
before,  during  and  after  maize  planting:  e.g.  soil,  soil  surface  dust,  air  and  dust,  water  in  and 
around  fields,  pollen/nectar  forage  in  and  around  fields,  samples  of  blooming  plants,  soil  that 
plants  were  growing  in  and  honey  bees  foraging  on  these  plants.  Thousands  of  samples  were 
analyzed  for  neonic  residues  using  high  performance  LC-ms-ms  with  sub  ppb  LOQ  and  LOD, 
using  soil  atrazine  as  a  marker.  Simultaneously  four  hives  near  each  pair  of  fields  were  sampled 
for  dead  bees  and  bee-collected  pollen,  with  pollen  taxa  and  pesticide  content  of  bees  and  pollen, 
determined. 

Results/Conclusion:  Over  95%  of  the  exposure  to  non  -target  organisms  for  neonicotinoid 
insecticide  seed  treatment  originated  from  planter  exhaust  during  planting.  Most  of  the  residues 
reaching  plant  surfaces,  found  in  air,  soil  surfaces  and  water,  in  and  around  fields  planted  with 
neonic-treated  seed  could  be  traced  back  to  what  comes  out  of  the  planter  exhaust,  not  from 
treated  seed  after  planting. 
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Abstract  text: 


Introduction:  Neonicotinoids  are  ubiquitous  in  crops  and  their  non-target  consequences  to 
beneficial  arthropods,  non-susceptible  herbivores,  and  pollinators  are  well  described.  Lesser 
known  are  the  mechanisms  underlying  direct  effects  of  these  insecticides  on  plants.  Early  studies 
demonstrated  that  neonicotinoid  insecticides  can  decrease  expression  of  a  few  genes  involved  in 
plant  defense  and  this  suppression  of  plant  defenses  was  linked  to  decreased  plant  resistance  to 
spider  mites,  which  are  not  susceptible  to  the  neonicotinoids.  The  goal  of  this  work  was  to 
expand  this  research  and  link  neonicotinoid-mediated  changes  in  plants  at  the  molecular  level  to 
their  impact  on  arthropod  communities. 

Methods:  We  examined  the  impact  of  neonicotinoid  exposure  via  seed  treatments  and  soil 
drenches  to  soybean  plants.  Changes  in  expression  of  plants  exposed  to  the  insecticides  and  to  a 
non-susceptible  herbivore,  spider  mites,  were  quantified  using  RNASeq  technology.  We  also 
measured  the  consequences  of  neonicotinoid  exposure  to  arthropod  communities  in  soybean 
fields  over  two  years. 

Results/Conclusion:  We  found  significant  reduction  in  transcription  of  defense  genes  in  plants 
exposed  to  either  mode  of  neonicotinoid  delivery.  We  propose  that  such  strong  and  long-lasting 
suppression  of  defense-related  genes  has  severe  consequences  to  plant  resistance  and  explains 
changes  in  arthropod  communities  we  observed  in  the  field.  On  the  other  hand,  expression  of 
defense  genes  increased  in  plants  as  a  consequence  of  spider  mite  herbivory  regardless  of 
neonicotinoid  presence.  This  suggests  that  plants  are  able  to  induce  defense  genes,  but  further 
research  is  necessary  to  establish  whether  this  is  reflected  in  the  accumulation  of  defense 
compounds. 
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Abstract  text: 


Introduction:  Research  on  non-target  effects  of  genetically  modified  plants  has  focused  primarily 
on  evaluating  adverse  effects  of  entomotoxins  from  Bacillus  thuringiensis  ( Bt ),  but  few  studies 
have  considered  intergenerational  transfer  of  these  entomotoxins.  This  presentation  will  report  on 
two  laboratory  experiments  demonstrating  uptake  and  transfer  of  Bt  entomotoxins  to  the 
offspring  of  non-target  organisms. 

Methods:  Bioassays  were  done  to  evaluate  Cry  toxin  uptake  and  transfer  to  the  offspring  by 
immunological  methods.  One  study  exposed  Cry  1  Ac  to  either  immatures  (3rd  instar)  or  adults  of 
a  lepidopteran  species,  Chlosyne  lacinia  (Geyer)  [Nymphalidae].  Another  study  exposed  Cry  IF 
to  adults  of  a  widely  distributed  aphidophagous  coccinellid  predator,  Harmonia  axyridis  (Pallas), 
using  an  artificial  tritrophic  system. 

Results/Conclusion:  The  toxins  were  uptaken  and  transferred  to  the  offspring  of  both  non-target 
species.  In  the  lepidopteran,  the  toxin  did  not  have  adverse  effects  on  the  parents,  however  it 
increased  mortality  and  development  time  in  neonates  of  the  next  generation.  In  the  coccinellid, 
the  toxin  did  not  have  adverse  effects  on  the  parents  or  the  neonates.  In  both  cases,  the  transfer  to 
the  offspring  could  result  in  potentially  longer  persistence  of  Cry  toxins  in  the  food  web,  which 
opens  up  new  routes  of  exposure  to  the  third  and  higher  trophic  levels  through  cannibalism, 
intraguild  predation  and  parasitoidism. 
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Abstract  text: 

Introduction:  The  widespread  adoption  of  transgenic  Bt  cotton  has  been  associated  with  severe 
outbreaks  of  non-target  pests  in  a  number  of  Bt  cotton-adoption  countries.  Understanding  the 
causes  of  these  outbreaks  is  critical  for  improving  ecological  risk  assessments  of  future 
transgenic  crops  and  management  of  non-target  pests. 

Methods:  We  have  been  studying  the  ecology  of  outbreaks  of  Pentatomid  stink  bug  species, 
namely  Nezara  viridula  and  Euschistus  servus ,  in  Bt  cotton  in  the  southeastern  United  States. 

Results/Conclusion:  The  effective  management  of  Lepidopteran  pests  by  Bt  cotton  has  led  to 
reduced  broad-spectrum  insecticide  use  and  reduced  interference  competition;  both  of  which 
have  likely  contributed  to  Pentatomid  outbreaks.  At  the  same  time,  other  work  in  southeast  US 
and  in  China  has  highlighted  the  importance  of  natural  enemies  for  preventing  non-target  pest 
outbreaks.  One  emerging  hypothesis  is  that  the  balance  of  insecticide  release,  competitive 
release,  and  the  efficacy  of  natural  enemies  likely  determines  which  non-target  pests  become 
more  problematic  and  to  what  degree.  In  this  talk,  I  will  review  work  that  we  have  conducted  on 
the  causes  of  Pentatomid  outbreaks  in  cotton  and  evaluate  the  evidence  for  this  multi-factorial 
hypothesis. 
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Abstract  text: 

Introduction:  The  brown  stink  bug,  Euschistus  servus  is  an  economically  important  pest  of 
many  agronomic  crops  in  the  southern  USA,  motivating  the  study  of  factors  influencing 
population  build-up  in  agricultural  regions  and  landscapes  to  facilitate  management. 

Methods:  ArcGIS  was  used  to  characterize  the  proportion  of  land-use  types  and  connectivity  of 
host  cropland  within  landscapes  in  two  regions  of  southern  Georgia  and  related  to  local  estimates 
of  the  finite  rate  of  population  increase  ( X )  of  E.  servus.  Estimates  of  X  as  well  as  densities  of 
predatory  fire  ants  and  Geocoris  spp.  were  obtained  in  four  major  crop  hosts — maize,  peanut, 
cotton  and  soybean — over  three  years.  The  area  under  the  colonist-incidence  curve  (Ac)  and  the 
progeny-incidence  curve  (Ap)  was  calculated  and  X  was  estimated  as  a  ratio  of  these  two 
(Ap/Ac).  Regression  analysis  was  used  to  predict  X  as  a  linear  function  of  landscape 
characteristics  and  predator  density. 

Results/Conclusion:  Fire  ant  density  within  crops  was  negatively  related  to  X.  There  was  a 
positive  relationship  between  X  and  the  proportion  of  maize  and  peanut  in  the  landscape.  There 
was  a  negative  relationship  between  X  and  the  proportion  of  cotton  and  soybean  in  the  landscape. 
The  proportion  of  woodland  and  pasture,  perimeter  to  area  ratio  of  cropland,  proportion  of  non¬ 
crop  hosts  in  the  woodland  adjacent  to  sampling  sites  and  mean  distance  to  crops  from  sampled 
sites  had  no  influence  on  X.  Euchistus  servus  reproduction  was  negatively  influenced  by  the  SW 
region  and  peanut  crops  overall.  Implications  for  the  management  of  E.  servus  populations  are 
discussed. 
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Introduction:  In  SE-USA,  the  use  of  Bt  cotton  has  induced  pest  outbreaks  of  several  stink  bug 
species.  Our  goals  were  to  determine  the  effect  of  spatial  aggregation  on  predictions  of  stink  bug 
infestations  on  late  season  crops,  the  relative  accuracy  of  three  predictive  models,  and  if  the 
sequence  of  host  use  may  contribute  to  outbreaks  on  Bt  cotton. 

Methods:  We  independently  estimated  population  parameters  for  the  models.  We  collected  stink 
bug  population  data  in  maize,  cotton,  peanut  and  soybean  for  three  years  at  three  spatial  scales: 
local,  landscape  and  region,  and  recorded  their  phenology  of  crop  use  and  relative  abundance. 

The  models  predicted  the  proportion  of  E.  servus  on  the  late  season  crops,  cotton,  peanut  and 
soybean  and  were  compared  using  the  error  mean  squares  (EMS)  of  the  predictions.  The  models 
were  a  phenology  model,  a  simple  patch  model  and  a  phenomenological  model  that  used 
populations  elsewhere  as  predictors. 

Results/Conclusion:  All  of  the  models  predicted  average  regional  populations  (EMS  [0.009, 
0.027])  better  than  local  or  landscape  populations  (EMS  [0.054,  0.129]).  At  the  local  and 
landscape  levels,  the  patch  model  was  worse  than  the  other  two  models.  However,  at  the 
regional  level,  the  phenomenological  model  was  worse.  These  results  suggest  that  local 
phenology  and  sometimes  other  local  factors  may  be  needed  to  predict  dynamics  at  local  and 
landscape  scales,  but  that  a  simple  patch  model  may  suffice  at  regional  scales.  Overall,  these 
results  suggest  that  the  pattern  of  host  use  has  contributed  to  outbreaks  of  brown  stink  bug  on  Bt 
cotton. 
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Introduction: 

Lange's  Metalmark  butterfly  ( Apodemia  mormo  langei ),  an  endangered  butterfly  species,  is  in 
imminent  danger  of  extinction  due  to  loss  of  habitat  in  the  Antioch  Dunes  National  Wildlife 
Refuge  of  California.  Habitat  loss  is  a  result  of  invasive  weeds  which  compete  with  the  food  of 
this  species,  Naked  Stem  Buckwheat  ( Eriogonum  nudum).  Various  mechanical  methods  of  weed 
control  have  not  been  successful  and  herbicides  have  been  used  for  weed  control  in  the  refuge. 
However,  concerns  about  the  potential  effects  of  herbicides  led  to  toxicological  studies  on  a 
related  surrogate  species,  Behr's  Metalmark  (A.  virgulti).  In  a  previous  study,  we  evaluated  the 
toxic  effects  of  three  commonly  used  herbicides,  triclopyr,  sethoxydim,  and  imazapyr  by 
exposing  first  instar  larvae  and  monitoring  them  through  their  life  cycle.  Exposure  to  these 
herbicides  resulted  in  significant  reductions  (24-36%  less  than  the  control)  in  the  number  of 
individuals  that  made  it  to  the  adult  stage. 

Methods:  In  this  study,  we  developed  deterministic  and  stochastic  matrix  population  models  to 
determine  the  potential  impact  of  these  herbicides  on  long-term  population  viability  of 
metalmark  butterflies. 

Results/Conclusion:  Modeling  results  showed  that  exposure  to  each  of  these  herbicides  would 
result  in  increased  probabilities  of  extinction  and  time  to  extinction  compared  to  control 
populations.  These  results  indicate  that  certain  conservation  practices  that  are  implemented  to 
improve  conditions  for  threatened  and  endangered  species  can  actually  result  in  more  rapid 
declines  of  these  species. 
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Introduction:  Systemic  neonicotinoid  insecticides  translocate  to  nectar  and  pollen  of  treated 
plants  where  foraging  bees  may  become  exposed,  leading  to  impaired  foraging  and  memory,  and 
possibly  to  bee  decline.  Little  studied  are  the  potential  effects  of  exposure  within  a  colony, 
particularly  on  the  reproductive  queens. 

Methods:  To  assess  the  effects  of  neonicotinoids  on  honey  bee  ( Apis  mellifera  L.)  queen 
fecundity,  queens  were  indirectly  exposed  through  trophallaxis  when  small  colonies  of  varying 
sizes  were  fed  imidacloprid  (0,  20,  50,  lOOppb)  in  syrup  for  3-weeks.  To  assess  the  effects  on 
bumble  bee  ( Bombus  impatiens  Cresson)  queen  survival  and  nest  founding,  queens  were  directly 
fed  imidacloprid  (1,5,  10,  25ppb)  in  syrup  for  18-days. 

Results/Conclusion:  We  observed  dose-dependent  adverse  effects  in  honey  bee  queen  egg- 
laying,  brood  production,  and  pollen  stores  in  all  treated  colonies.  Some  adverse  effects  were  not 
as  evident  in  larger  colonies,  likely  due  to  dilution  of  treatments  through  greater  foraging  efforts 
and  nestmate  interactions. 

In  contrast  to  honey  bees  queens  that  are  indirectly  exposed  to  neonicotinoids  in  nature,  bumble 
bee  queens  are  vulnerable  to  direct  exposure  while  foraging  for  resources  during  solitary  nest 
initiation.  Treated  bumble  bee  queens  exhibited  mortality,  even  at  concentrations  as  low  as  1 
ppb.  Queens  that  survived  initial  exposure  exhibited  dose-dependent  delay  in  nest  initiation, 
suggesting  some  recovery,  however,  the  delay  led  to  slower  worker  brood  emergence.  This  study 
improves  our  understanding  of  how  neonicotinoids  may  impact  colony  development  and 
identifies  risk  mitigation  options  in  early  spring  to  better  protect  honey  bee  and  bumble  bee 
queens. 
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Introduction:  Crops  and  management  practices  act  as  ecological  filters  influencing  the  associated 
biodiversity  by  systematically  favoring  some  species  while  excluding  others.  While  substantial 
work  has  been  conducted  on  the  impact  of  cropping  systems  on  pollinators  around  the  world, 
almost  no  knowledge  exists  in  water-limited  agroecosystems. 

Methods:  We  assessed  the  impact  of  organic  and  conventional  cropping  systems  on  bee 
communities,  weed  communities,  and  bee  colony  fitness  at  Big  Sandy,  MT.  We  collected  bees 
by  placing  pan-traps  along  55-meter  transects  in  conventional  and  organic  fields.  Weed 
communities  were  evaluated  along  25-meter  transects  per  field.  As  a  proxy  for  ecosystem 
services  provided  by  flowering  weeds,  we  placed  five  hives  of  Bombus  impatiens  in  each  field 
during  peak  weed  flowering.  The  impacts  of  cropping  systems  on  bee  and  weed  communities 
were  assessed  using  multivariate  ordination.  Colony  relative  growth  rate  was  compared  across 
cropping  systems  using  generalized  linear  mixed-effects  model. 

Results/Conclusion:  The  most  common  pollinators  were  members  of  the  genera  Agapostemon, 
Halictus,  Lasioglossum ,  and  Eucera.  We  failed  to  detect  an  impact  of  management  systems  on 
mean  abundance,  richness,  or  diversity  of  bee  taxa.  However,  we  observed  a  clear  temporal 
pattern  in  changes  of  bee  taxa  communities  and  an  increased  abundance  and  diversity  of  weed 
communities  in  organic  fields.  We  observed  higher  relative  growth  rate  of  B.  impatiens  colonies 
in  organic  fields. 

Higher  colony  growth  rate  may  be  due  to  the  greater  amount  of  pollen  and  nectar  provided  via 
weed  diversity.  Greater  floral  diversity  in  organically  managed  cropping  systems  can  enhance 
pollination  services. 
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Introduction:  Neonicotinoids  are  the  most  widely  used  insecticides  world-wide,  but  their  fate  in 
the  environment  remains  unclear,  as  does  their  potential  to  influence  non-target  species  and  the 
roles  they  play  in  agroecosystems.  Given  their  use  as  seed  treatments,  non-target  effects  of 
neonicotinoids  on  soil-dwelling  predators  may  be  especially  important. 

Methods:  We  investigated  the  fate  of  seed-applied  neonicotionids  in  a  soil  food  chain  in  no-till 
soybean  and  corn  systems.  Using  laboratory  and  field  experiments,  we  tested  the  influence  of 
neonicotinoid  movement  on  interactions  among  crops,  non-target  slug  pests,  and  their  arthropod 
predators.  In  soybean,  we  complemented  these  efforts  with  molecular  gut  content  analysis  to 
elucidate  trophic  connections  among  our  focal  taxa. 

Results/Conclusion:  Slug  pests  were  unaffected  by  neonicotinoids  in  the  laboratory,  but  were 
able  to  pass  the  toxins  up  the  food  chain,  with  lethal  and  sublethal  consequences  for  predators.  In 
the  laboratory  and  field,  neonicotinoid  residues  declined  through  the  food  chain  but  field- 
collected  slugs  still  contained  biologically  relevant  concentrations  of  neonicotinoids.  In  soybean, 
neonicotinoid  seed  treatments  depressed  early  season  predator  activity,  with  cascading  effects  on 
slug  activity,  crop  establishment,  and  yield.  Finally,  we  will  share  insights  gleaned  from 
molecular  analyses  on  the  structure  of  food  webs  in  no-till  cropping  systems  and  the  potential  for 
seed  treatments  to  alter  trophic  relationships. 
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Introduction:  The  use  of  the  surrogate  species  concept  is  widespread  in  environmental  risk 
assessment,  especially  in  efforts  aimed  at  protecting  species  that  are  endangered  or  those  that 
provide  ecosystem  services.  Surrogates  are  often  chosen  on  the  basis  of  convenience  or  vague 
resemblances  in  physiology  or  life  history  to  species  of  concern,  but  few  formal  protocols  exist 
for  the  choice  of  surrogates.  At  the  same  time,  our  ability  to  predict  how  economically  important 
species  or  species  of  concern  will  fare  when  subjected  to  disturbances  such  as  environmental 
contaminants  or  toxicants  is  often  based  on  woefully  misleading  comparisons  of  static  toxicity 
tests  (e.g.,  the  LC50). 

Methods:  Here  we  present  an  alternative  approach  that  features  a  simple  mathematical  model 
that  can  be  parameterized  with  life  history  data  and  then  applied  to  different  assemblages  of 
species.  Using  use  lab-derived  data  from  different  economically-important  species,  including 
parasitoid  wasps  important  for  biological  control,  we  illustrate  how  we  can  incorporate  life 
history  traits  into  models  in  order  to  better  predict  population  outcomes. 

Results/Conclusion:  We  find  that  we  cannot  reliably  predict  the  population  response  of  one 
species  based  on  the  response  of  similar  species  exposed  to  the  same  toxicants.  We  employ  a 
sensitivity  analysis  to  highlight  differences  in  life  history  parameters  that  might  drive  differences 
in  population  responses.  Furthermore,  we  discuss  limitations  of  the  use  of  a  surrogate  species 
perspective  in  conservation  and  risk  assessment,  and  suggest  further  possible  refinements  of  this 
approach. 


Symposium 

Presentation  Title:  From  biocontrol  to  precision-IPM  in  Africa:  Challenges  and  opportunities 
Author  Name:  Manuele  Tamo 

Author  Institution:  International  Institute  of  Tropical  Agriculture 

Session  Title:  Symposium:  Entomology  Around  the  World:  Past,  Present,  and  Future  Challenges 


Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0644 
DOI:  10. 1603/ICE.20 16.95 128 
Abstract  text: 

Introduction:  Cowpea,  the  most  important  grain  legume  in  West  Africa,  suffers  severe  yield 
losses  due  to  insect  pest  attack.  Synthetic  insecticides  provide  quick  wins  to  the  insect  pest 
problem  but  in  most  cases  the  negative  side  effects  outweigh  the  benefits.  Hence,  a  more 
sustainable,  science-driven  pest  management  approach  is  needed. 

Methods:  Efforts  are  currently  focusing  on  readily  deployable  solutions  such  as  the  application 
of  botanical,  fungal  and  viral  bio-pesticides,  together  with  targeted  releases  of  exotic  parasitoids. 
Using  the  case  study  of  the  legume  pod  borer  Maruca  vitrata ,  biodiversity  studies  in  the  putative 
area  of  origin  of  this  pest  have  revealed  a  higher  diversity  of  specific  natural  enemies,  which  are 
being  deployed  experimentally.  For  this  to  be  successful  at  a  large  scale  and  to  better  capture  the 
variability  at  farm  level,  a  prototype  farmer  interface  application  (FIA)  is  being  developed  to 
allow  low-literate  farmers  to  understand  and  collect  quantitative  and  diagnostic  data  on  pod 
borers.  These  data  are  subsequently  fed  into  an  expert  system  (ES),  which  uses  all  available 
databases  and  real-time  data  collected  with  FIA  to  assess  pest  problems  and  propose  local 
solutions  for  control  of  pod  borers. 

Results/Conclusion:  This  precision-IPM  approach  is  backed  by  robust  financial  and  economic 
analyses  to  provide  insights  on  the  potential  economic  impact  and  financial  sustainability  of 
selected  IPM  interventions.  Also,  decision  experiments  with  cowpea  farmers  are  helping  to 
understand  how  they  might  modify  their  investments  in  other  forms  of  pest  control  if  biological 
control  effectively  reduces  pest  pressure. 
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Psyllids  are  important  pests  of  agricultural  crops  worldwide.  These  insects  vector  bacterial  plant 
pathogens  that  are  increasingly  becoming  important  in  perennial  and  annual  crops  in  many  parts 
of  the  world.  The  fastidious  and  phloem-limited  bacterium  6 Candidatus  Liberibacter\  vectored 
by  at  least  seven  psyllid  species,  is  associated  with  numerous  newly-emerging  and  economically 
important  diseases  of  tree  fruit  and  vegetable  crops.  Huanglongbing,  or  citrus  greening,  caused 
by  at  least  three  species  of  Liberibacter  and  vectored  by  Asian  citrus  psyllid,  Diaphorina  citri , 
and  African  citrus  psyllid,  Trioza  erythreae ,  is  the  most  destructive  disease  of  citrus  in  the  world. 
Zebra  chip,  a  new  and  devastating  disease  of  potato  in  the  United  States,  Mexico,  Central 
America,  and  New  Zealand,  is  caused  by  ‘Ca.  L.  solanacearum  ’  (Lso)  and  transmitted  by  potato 
psyllid,  Bactericera  cockerelli.  Lso  also  severely  damages  other  important  solanaceous  crops, 
including  tomato,  pepper,  eggplant,  and  tobacco.  In  addition,  Lso  has  been  reported  to  severely 
damage  carrot  crops  in  northern  and  central  Europe,  where  it  is  transmitted  by  the  psyllid  Trioza 
apicalis.  Eurthermore,  this  bacterial  species  has  recently  been  reported  in  carrot  and  celery  crops 
in  the  Mediterranean  region,  including  Spain,  Canary  Islands,  and  Morocco,  where  it  is  vectored 
by  the  psyllid  Bactericera  trigonica.  History,  geographic  distribution,  biology,  epidemiology, 
economic  importance,  and  management  of  Liberibacter-associated  diseases  and  their  insect 
vectors  are  discussed  herein.  This  information  will  help  growers  in  many  parts  of  the  globe 
develop  effective  management  strategies  for  these  emerging  insect-transmitted  pathogens. 
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Introduction:  The  IR-4  Project  is  a  federally  funded  cooperative  unit  that  has  served  as  the  major 
resource  for  supplying  pest  management  tools  for  specialty  crop  growers  since  1963.  IR-4’s 
facilitate  registration  of  sustainable  pest  management  technology  for  specialty  crops  and  minor 
uses  by  developing  data  according  to  US  Environmental  Protection  Agency  (EPA)  mandated 
good  laboratory  practices  (GLP)  guidelines  to  support  new  tolerances  and  labeled  product  uses. 
IR-4  is  the  only  program  that  generates  GLP  data  in  support  of  petitions  submitted  to  the  US 
EPA  to  secure  pesticide  tolerances  for  specialty  crops.  Since  its  inception  in  1963,  IR-4  project 
has  achieved  over  10,000  food  crop  clearances  (including  biopesticides)  and  contributed  data  to 
over  25,000  new  uses. 

Methods:  In  2002,  Pest  Management  Canada  (PMC)  under  the  Minor  Use  Pesticides  Program,  a 
joint  initiative  between  Agriculture  and  Agri-Food  Canada  (AAFC)  and  Health  Canada’s  Pest 
Management  Regulatory  Agency  (PMRA)  began  partnering  with  IR-4  to  help  aid  in  this  effort 
on  the  Canadian  side.  The  objective  here  is  to  identify  and  prioritize  grower  selected  crop/pest 
needs  as  a  precursor  to  matching  them  with  potential  solutions.  The  agency  responds  to  grower 
needs  by  providing  specific  pest  management  solutions  that  foster  competitiveness,  sustainable 
crop  production  and  environmental  stewardship. 

Results/Conclusion:  Through  combined  efforts,  these  two  entities  assist  in  bringing  new 
technologies  and  reduced  risk  chemistries  through  each  country’s  regulatory  system  so  that  their 
growers  have  access  to  the  tools  that  they  need  to  be  able  to  produce  successful  crops  that  would 
allow  them  to  compete  in  global  markets. 
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Introduction:  Oriental  fruit  fly,  Bactrocera  dorsalis  (Hendel)  (Diptera:  Tephritidae),  is  the  most 
invasive  and  destructive  of  all  fruit  fly  pests.  Native  to  tropical  Asia,  it  was  introduced  to  and 


eradicated  from  the  Mariana  Islands,  the  Ryukus,  Australia,  Mauritius,  Nauru,  and  the  Cook 
Islands.  Introductions  to  Hawaii  (1946),  French  Polynesia  (1996),  Palau  (1996),  and  continental 
Africa  (2003)  were  not  eradicated,  and  biological  control  was  considered  as  an  alternative  to  help 
reduce  populations  to  manageable  levels. 

Methods:  Following  the  establishment  of  B.  dorsalis  in  Hawaii,  large-scale  foreign  explorations 
resulted  in  the  introduction  of  32  natural  enemies.  Of  these,  two  Braconid  parasitoids,  Fopius 
arisanus  (Sonan)  and  Diachasmimorpha  longicaudata  (Ashmead)  were  the  most  effective, 
reducing  the  overall  population  by  as  much  as  95%.  The  overcoming  of  rearing  challenges  and 
development  of  mass-rearing  techniques  enabled  researchers  to  disseminate  the  parasitoids  to 
other  countries  invaded  by  B.  dorsalism  in  more  recent  years. 

Results/Conclusion:  Both  parasitoids  were  introduced  to  French  Polynesia  (2003-2007),  resulting 
in  parasitism  as  high  as  70%,  and  reductions  of  fruit  infestations  by  87-94%.  Fopius  arisanus 
was  introduced  in  Senegal  in  2012  to  control  B.  dorsalis ,  which  had  quickly  spread  throughout 
tropical  Africa  following  its  detection.  The  parasitoid  soon  was  recovered  and  has  steadily 
increased,  with  parasitism  rates  of  20-25%  in  mango  orchards.  Plans  are  underway  to  introduce 
F.  arisanus  to  Palau  in  2016.  Results  from  Hawaii  and  French  Polynesia  demonstrate  the 
spectacular  impact  of  F.  arisanus  on  island  environments.  Hopefully  this  impact  will  be 
replicated  in  continental  Africa,  improving  fruit  quality  for  village  communities. 
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Introduction:  Stored  product  pests  are  expensive  in  that  they  attack  food  after  harvest,  after 
farmers  have  spent  time  and  other  inputs  to  grow  it.  Because  the  cash  value  of  these 
commodoties  tends  to  increase  after  harvest,  the  pests  also  reduce  future  income.  Farmers 


usually  try  to  control  pest  outbreaks  by  applying  pesticides  and  to  save  money,  they  often  use 
pesticides  intended  for  field  crops  rather  than  stored  products. 

Methods:  In  order  to  develop  an  integrated  management  approach  to  controlling  two  of  the  most 
important  pests  of  stored  maize  in  West  Africa,  the  larger  grain  borer  ( Prostephanus  truncatus ) 
and  the  maize  weevil  ( Sitophilus  zeamais),  we:  1)  analyzed  and  modeled  pest  population 
dynamics  using  lab  and  field  experiments;  2)  evaluated  the  efficacy  of  host  plant  resistance  and 
biological  control;  and  3)  developed  a  scouting  program  using  sequential  sampling  methods  to 
help  farmers  estimate  pest  density  and  avoid  unnecessary  pesticide  application. 

Results/Conclusion:  Information  on  population  dynamics  were  incorporated  in  the  framework  of 
weather-driven  population  simulation  models,  which  were  validated  with  field  data.  Those 
models  were  used  to  help  interpret  the  results  of  field  trials  involving  the  use  of  resistant  maize 
varieties  and  an  entomopathogenic  fungus  against  the  pests,  and  to  evaluate  an  introduced 
biological  control  agent,  Teretrius  nigrescens ,  against  P.  truncatus.  Information  on  pest 
population  growth  and  spatial  distribution  were  used  to  develop  and  validate  a  scouting  program 
for  farmers. 
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Introduction:  Malaria  and  kwashiorkor  (protein  energy  malnutrition  causing  physical/cognitive 
stunting)  are  interconnected,  wicked  problems  with  which  many  communities  in  sub-Saharan 
Africa  struggle.  We  tested  the  hypothesis  that  by  using  the  holistic  process,  sustainable, 
community-based  solutions  to  food,  health,  and  crop  production  issues  would  be  possible. 

Methods:  We  initiated  the  holistic  process  in  eleven  Bambara  farming  villages  in  south  central 
Mali  in  2005  with  gender-based  focus  groups,  and  selected  one  village  (Sanambele)  to  follow 


more  closely.  Sanambele  villagers  recognized  malaria  and  kwashiorkor  interfered  with  their 
desired  quality  of  life  and  were  committed  in  rectifying  this.  In-depth,  semi- structured 
interviews,  and  in  situ  observations  during  living/sharing  meals  with  families  followed  over  the 
next  decade.  Villagers  became  partners  with  faculty,  graduate/undergraduate  research  students  to 
solve  intertwined  issues  of  cerebral  malaria  and  kwashiorkor.  We  were  met  with  success,  and 
initiated  a  similar  process  in  other  Malian  villages  and  other  sub-Saharan  African  countries.  60 
interviews  were  conducted  with  mothers  in  Khwisero  District,  Kakamega  County  (county  with 
highest  malaria  transmission  in  Kenya).  Similar  data  from  101  in-depth  holistic  interviews 
conducted  in  Yaounde,  Cameroon,  and  nearby  Ewondo  village  (Nomayos)  were  analyzed. 

Results/Conclusion:  Deaths  from  cerebral  malaria  in  Sanambele  dropped  to  0  and  remained  at  0 
for  5  years  after  initiation  of  bio-cycle  storytelling,  women-run  handicraft  cooperative  and 
micro-loan  system,  and  management  of  anopheline  mosquito  populations  with  local  neem, 
Azadirachta  indica,  leaf  slurry.  Malaria  is  widely  viewed  as  a  fact  of  life  by  villagers.  Linkages 
between  resilience  to  malaria  and  sufficient  nutritional  inputs  for  children  were  not  recognized. 
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Old  world  bollworm,  Helicoverpa  armigera,  is  an  economically  important  agricultural  pest  in 
various  crops.  Until  recently,  this  insect  pest  has  been  restricted  to  Africa,  Asia,  and  Austria.  It 
has  recently  been  introduced  to  the  Americas  and  is  expected  to  pose  serious  threats  to  major 
agricultural  crops  including  corn,  cotton,  and  soybeans,  particularly  in  South  America.  This 
presentation  will  address  the  following  topics:  history  of  insecticide  resistance  and  the  challenges 
to  managing  H.  armigera ,  the  current  pest  status  of  H.  armigera  in  soybeans  in  major  soybean 
producing  South  American  countries,  and  pest  management  strategies  with  particular  emphasis 
on  deploying  transgenic  soybeans  as  one  of  IPM  tools  to  manage  H.  armigera  in  South  America. 
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Introduction:  The  honey  bee,  Apis  mellifera,  is  critical  for  honey  production  and  crop  pollination. 
The  ecto-parasitic  mite  Varroa  destructor  is  currently  the  most  serious  threat  to  beekeeping  and 
infested  bee  colonies  can  perish  within  a  few  weeks.  Populations  of  Varroa  mite  have  developed 
resistance  to  miticides  used  for  control.  Therefore,  we  examined  the  use  of  fungal  pathogens  as 
an  alternative  control  strategy. 

Methods:  Several  fungal  isolates  were  screened  for  pathogenicity  and  virulence  against  Varroa 
mites.  Colonies  infested  with  mites  were  treated  with  fungal  spores  in  different  formulations  to 
assess  their  field  efficacy.  Mite  infestation  levels  were  estimated  using  sticky  boards  and  ether 
rolls.  Numbers  of  mites  within  sealed  brood  cells  were  determined  as  well  as  residual  mites  in 
honey  bee  colonies. 

Results/Conclusion:  Hirsutella  thompsonii  and  Metarhizium  anisopliae  were  highly  pathogenic 
to  the  Varroa  mite  and  harmless  to  the  honey  bee.  Several  field  trials  indicated  that  strips  or 
paddy-blend  formulations  of  10  g  of  conidia  per  hive  (applied  twice)  were  successful  in 
significantly  reducing  numbers  of  mites  per  adult  bee,  reducing  number  of  mites  in  sealed  brood 
cells,  reducing  numbers  of  residual  mites,  and  improving  colony  strength  in  terms  of  adult  bee 
populations  and  brood  production  at  the  end  of  56  day  experimental  periods.  Results  also 
indicated  that  it  was  critical  to  have  fungal  spores  with  good  germination,  pathogenicity  and 
virulence.  Microbial  control  of  Varroa  mite  with  fungal  pathogens  is  feasible  and  could  be  a 
useful  component  of  an  integrated  pest  management  program  for  the  honey  bee  industry. 
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Genetically  modified  or  Biotech  (GM)  crops  have  been  grown  around  the  world  since  1996.  Last 
year,  nearly  18  million  farmers  grew  GM  crops  on  182  million  hectares  -  nearly  one  tenth  of  the 
arable  land,  in  28  countries.  Wider  adoption  of  molecular  breeding  tools  including  GM  and 
genomics  in  agricultural  research  can  foster  greater  food  security  and  stability  in  the  face  of 
volatile  climate  changes.  Ag  biotech  is  helping  to  develop  novel  crop  varieties  with  improved 
attributes.  Potential  benefits  include  hardier  crops  tailored  to  tolerate  climate  changes  including 
drought;  smaller  environmental  footprint  of  farming  (through  reduced  consumption  of  pesticides, 
fertilizers  and  fuel);  mitigating  global  warming  through  reduced  emission  of  greenhouse  gases; 
conserving  biodiversity  through  reduced  expansion  of  land  for  farming;  nutritionally  enhanced 
foods  with  added  vitamins,  anti-oxidants,  protein  quality  and  content;  better  foods  with  improved 
flavor,  enhanced  taste  and  longer  shelf  life;  developing  hypoallergenic  foods;  making  food  more 
affordable;  developing  greener  energy  alternatives.  GM  foods  undergo  extensive  regulatory 
testing  for  food,  feed  and  environmental  safety.  GM  food  has  absolute  safety  record  so  far  as 
there  has  not  been  any  instance  of  harm  from  the  20-year  span  of  consuming  such 
foods.  Nevertheless,  there  has  been  considerable  apprehension  and  opposition  to  food  biotech. 
Increased  public  understanding  of  this  technology's  benefits  and  safety  is  critical  to  ensure  its 
acceptance.  Scientific  community  can  help  foster  this  through  proactive  knowledge  sharing  with 
various  stakeholders,  increased  interaction  with  the  media  and  impacting  policy  makers  through 
science-based  information  on  the  food  and  environmental  safety  aspects  of  this  technology. 
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Based  on  the  South  African  experience,  genetically  modified  (GM)  crops  can  undoubtedly  help 
to  feed  Africans.  The  adoption  of  insect  resistant  and  herbicide  tolerant  maize  by  both  small¬ 
holder  and  commercial  farmers  in  South  Africa  has  increased  both  productivity  and  income. 
Small-holder  farmers  are  also  experiencing  a  decrease  in  post-harvest  fungal  infection  in  their 
insect  resistant  maize.  Other  crops  undergoing  field  trials  in  a  number  of  African  countries 
include  drought  tolerant  maize,  insect  resistant  cowpea,  virus  resistant  cassava  as  well  as  bananas 
resistant  to  bacterial  wilt  and  nematodes.  However,  the  cost  of  bringing  a  new  GM  crop  to 
market  is  proving  to  be  prohibitive  in  many  cases.  Thus  potentially  useful  crops,  such  as  maize 
resistant  to  the  African  endemic  maize  streak  virus  remain  undeveloped  in  laboratories.  In 
addition,  anti-GM  crop  sentiment  in  Europe  and  elsewhere  is  sending  negative  messages  to 
African  politicians  who  are  reluctant  to  approve  sorely  needed  improved  crops  that  their  well-fed 
compatriots  to  the  North  are  rejecting.  It  will  be  a  sad  indictment  on  our  society  if  non-scientific 
reasons  prevent  Africans  access  to  GM  crops. 
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Brazil  has  a  Biosafety  Law,  issued  in  2005,  including  all  activities  with  genetically  modified 
organisms  in  the  country.  It  establishes  safety  standards  and  supervisory  mechanisms  of 
activities  involving  GM  and  derivatives,  creates  the  National  Council  Biosafety  -  CNBS, 
restructures  National  Technical  Biosafety  Commission  -  CTNBio,  and  provides  for  the  National 
Biosafety  Policy.  CTNBio  is  composed  by  54  members  who  will  evaluate  and  decide  about  all 
activities  involving  GMOs  in  Brazil.  The  risk  assessment  needed  to  perform  with  GM  organisms 
is  very  extensive  in  order  to  assure  safety  for  humans,  animals  and  the  environment.  A  long  post¬ 
commercial  monitoring  is  also  required.  The  Ministries  of  Agriculture,  Health  and  Environment 
inspect  the  companies  developing  GM  seeds  and  products.  A  detailed  information  of  the  risk 
assessment  steps  and  time  required  for  a  GMO  approval  will  be  presented. 
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The  world  is  set  to  exceed  a  population  of  9  billion  people  by  2050.  In  past  centuries,  the  need 
for  more  food  normally  involved  planting  larger  acreages  of  our  staple  crops.  However,  our 
current  challenge  is  to  grow  as  much  as  70%  more  food  on  approximately  the  same  land  surface 
as  is  currently  farmed.  We  also  face  the  headwinds  of  climate  change,  limited  nutrient  sources 
and  an  energy  landscape  of  increasing  complexity.  To  meet  this  challenge,  the  status  quo  is  not 
an  option.  We  will  need  to  engage  a  wide  range  of  tools  and  technologies  towards  this  goal.  The 
technologies  that  are  appropriate  for  the  developed  world  may  be  quite  different  than  those 
required  in  developing  countries.  Thus,  finding  the  most  appropriate  technologies  for  such  a 
time-sensitive  problem  will  be  a  very  high  priority  for  agriculture.  Insect  pests  pose  a  big  threat 
to  food  security  in  both  the  industrial  and  developing  world  and  it  will  be  critical  to  find  flexible 
alternatives  to  tackling  insect  pests,  many  of  which  show  a  propensity  to  out-evolve  even  the 
most  effective  control  methods.  Applying  a  range  of  agricultural  technologies  will  be  essential 
and  good  science  will  need  to  take  precedence  over  ideologies  which  prevent  us  achieving  food 
security  for  all. 
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India  has  been  the  pioneer  to  modify  rules  under  Environmental  Protection  Act  1986,  for 
regulation  of  research,  manufacture,  use/import/export  and  storage  of  hazardous  micro 
organisms/  genetically  engineered  organisms  or  cells  as  early  as  1989.  These  rules  provided  a 
clear  regulatory  approval  process  each  at  the  levels  of:  Institution;  State  Governments;  and  at 
Central  Government  to  address  scientific  risk  assessment  in  Ministry  of  Science  and  Technology 
and  accord  final  approval  for  environment  release  in  Ministry  Of  Environment  And  Forestry. 
Interestingly,  the  rules  also  included  constitution  of  an  independent  rDNA  Advisory  Committee 
of  multidisciplinary  experts  to  advise  on  biosaftey  issues  with  emerging  technologies.  Several 
guidelines  and  SOPs  have  been  also  published  from  time-to-time  through  consultative  process  in 
harmony  with  international  best  practices.  Cotton  with  insect  resistant  Cry  1  Ac  gene  has  been  the 
first  crop  approved  for  commercial  release  in  March  2002.  Indian  experience  with  Bt  cotton  and 
its  versions  cultivated  by  7  million  farmers  in  12  million  hectares  and  that  no  food  crop  so  far  has 
been  approved  or  GM  food  /feed  imported  exposes  four  challenges  -  political,  public  Policy, 
technical  and  socio-economic  issues.  An  analysis  of  3  decades  of  experience  is  presented  and 
discussed  here  with  respect  to  regulatory  policy  and  capacity  ;  biosafety  assessment  process, 
post-release  management,  dynamics  of  seed  industry  and  markets;  public  perception  and 
response;  activist  agenda;  consumers  preparedness;  state  of  agricultural  extension;  inter- 
ministerial  coordination,  Center-  State  relations,  intellectual  property  and  legal  cases  . 
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The  use  of  insect-resistant  (IR)  Genetically  Modified  (GM)  crops  in  Argentina  dates  back  from 
1998.  Since  then,  this  kind  of  crops  was  rapidly  adopted  by  most  maize  farmers  until  reaching 
current  levels  of  96%  maize  seed  trade.  They  are  also  widely  used  in  cotton  production,  and  IR 
GM  soy  has  been  recently  introduced. 

As  in  other  regions  of  the  world,  it  has  been  reported  that  IR  GM  crops  are  providing 
comparative  environmental  benefits  due  to  the  reduction  in  the  use  of  chemical  insecticides  of 
broader  spectrum  and  persistence. 

All  these  crops  must  comply  with  an  official  agroecological  risk  assessment  process  before 
market  release  covering,  inter-allia,  effect  on  non-target  organisms,  effectiveness  against  target 
pests  (high  dose  products),  and  an  Insect  Resistance  Management  (IRM)  Plan  in  order  to  delay 
insect  resistance  evolution  to  GM  crops.  The  Argentine  regulatory  system  has  more  than  two 
decades  of  expertise  in  this  field,  and  has  been  recently  recognized  as  FAO  Center  of  Reference. 

At  the  regulatory  level  now  we  are  considering  novel  strategies  for  conferring  insect  resistance  in 
GM  crops,  such  as  the  use  of  non-Cry  proteins  and  RNA  interference. 

Recently,  we  have  detected  the  rise  of  insect  pest  that  overcome  the  IR  strategy  of  some  GM 
crops,  this  has  happened  earlier  in  other  countries  where  IR  GM  maize  is  planted  in  high 
acreages.  This  outcome,  however  predictable,  has  triggered  a  revision  of  regulatory  criteria  with 
the  aim  of  strengthening  the  useful  life  cycle  of  this  technologies. 


Symposium 

Presentation  Title:  GM  technologies  for  staple  crops  in  Africa  —  the  case  of  R&D  in  Uganda 
regulations  and  public  perceptions 


Author  Name:  Andrew  Kiggundu 


Author  Institution:  National  Agricultural  Research  Organisation 

Session  Title:  Symposium:  Global  Status,  Acceptance,  and  Challenges  of  GM  Crops 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0658 

DOI:  10. 1603/ICE.20 16. 105307 

Abstract  text: 

The  production  of  GMOs  has  developed  rapidly  widely  worldwide  where  commercial  production 
has  increased  to  more  than  170  million  hectares.  In  Africa,  three  countries,  South  Africa,  Burkina 
Faso  and  Sudan  are  currently  growing  commercial  GM,  while  others  like  Kenya,  Uganda, 
Nigeria,  Malawi  are  undertaking  confined  field  trials  of  crops  of  specific  relevance  to  Africa 
both  for  substance  livelihoods  and  income  generation.  This  paper  highlights  the  status  and 
progress  made  in  research  in  Uganda  on  staple  cooking  bananas  and  cassava  among  others. 
Delivery  of  resistant  crop  varieties  is  the  core  of  integrated  disease  and  pest  management  and 
therefore  sustaining  agricultural  productivity  in  resources  poor  subsistence  farming  in  Africa  is 
important.  The  regulatory  environment  which  is  mixed  across  the  continent  and  issues  of  public 
perception  are  also  discussed. 
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Genetic  engineering  has  demonstrated  an  overwhelmingly  favorable  record  of  safety  and 
efficacy  over  almost  two  decades.  However,  new  technologies  are  slow  to  emerge,  and  existing 
applications  suffer  from  a  generally  negative  public  perception  despite  a  strong  scientific 


consensus  supporting  their  use.  This  disconnection  between  perception  and  reality  is  due  to  a 
combination  of  factors.  Ambivalent  consumers  in  industrialized  countries  succumb  to  fear-based 
messaging  driven  by  activism  and  those  that  profit  from  vilifying  technology.  Scientists  and 
companies  supporting  these  technologies  have  countered  the  fear  message  with  an  evidence- 
based  approach  that  does  not  resonate  with  concerned  citizens  simply  looking  for  answers.  The 
result  is  a  continued  distrust  of  technology  used  to  produce  food.  Going  forward  it  is  necessary 
to  reframe  scientific  discussions  by  starting  from  a  platform  of  common  concerns,  and  then 
demonstrating  how  transgenic  technologies  can  help  meet  those  shared  goals.  Compelling 
emotional  appeals  can  be  generated  from  discussion  of  real  opportunities  lost.  Successful 
communication  in  biotechnology  will  require  scientists  to  earn  trust,  make  personal  connections, 
discuss  shared  values,  and  demonstrate  how  these  technologies  can  benefit  farmers,  the 
environment,  the  needy,  and  the  industrialized-world  consumer. 
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GM  crops’  research  in  China  began  at  1980s,  and  now  the  five  GM  crops,  Bt  poplar,  Bt 
cotton,  PRSV  papaya,  VR  sweet  pepper  and  DR  tomato  were  approved  planting  and 
commercialized.  The  GM  crops  of  widely  planting  and  adopting  in  China  are  Bt  cotton  and 
virus-resistant  papaya  and  the  adoption  rate  are  95%  and  99%  respectively.  In  2009  and  2014, 
the  Chinese  Government  has  approved  the  biosafety  certificates  to  Phytase  maize  and  Bt  rice, 
which  are  now  undergoing  field  trail  and  breeding.  Insect-resistant  maize  and  herbicide-tolerant 
maize  have  been  on  the  Productive  Field  Testing  stage  of  GMO  biosafety  assessment,  which 
were  developed  with  public  sectors  and  private  sectors,  especially  the  public  sector  institutions 
made  more  contribution  with  government  fund  support.  The  basic  research  for  supporting  GM 
crops  development  also  made  a  great  progress,  including  the  novel  Bt  genes  cloning  and  gene¬ 
editing  application. 
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Plant  biotechnology  has  established  a  proven  track  record  for  benefitting  farmers  and  consumers. 
A  continued  key  to  its  growth  and  success  is  the  responsible  management  of  the  technology 
throughout  the  product  life  cycle.  The  plant  biotech  industry  has  been  engaged  in  product 
stewardship  efforts  since  the  early  days  of  biotech  crops  -  from  working  to  ensure  safe  confined 
field  trials  prior  to  commercialization,  to  developing  and  implementing  effective  resistance 
management  program  through  farmer  outreach  and  education.  In  addition  to  ensuring 
responsible  use  of  the  technology  by  growers,  technology  developers  have  made  a  significant 
commitment  to  responsible  management  through  their  participation  in  Excellence  Through 
Stewardship®.  The  program  requires  an  analysis  of  biotech-related  operations  from  gene 
discovery  through  product  commercialization  to  ensure  stewardship  programs  and  quality 
management  systems  are  in  place.  Each  company  must  then  undergo  third-party  verification  of 
those  systems.  Companies  are  audited  for:  1)  general  stewardship  considerations;  2)  maintaining 
plant  product  integrity  throughout  their  operations;  3)  insect  resistance  management  programs;  4) 
product  launch  and  discontinuation  considerations;  and  5)  incident  response  management.  Since 
the  program  was  implemented  in  2008,  more  than  200  audits  have  occurred  in  30  countries  and 
participants  have  grown  from  10  to  45  organizations  around  the  world.  This  focus  on  responsible 
management  through  the  refinement  of  stewardship  programs  and  quality  management  systems 
has  resulted  in:  fewer  potential  incidents  related  to  product  integrity  concerns;  greater  confidence 
in  the  technology;  and  a  solid  platform  to  increase  the  durability,  sustainability  and  overall 
benefits  of  plant  biotechnology  for  the  future. 
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Scientists  are  facing  major  changes  in  scientific  publishing  and  communication.  Electronic 
publication  and  evolving  mechanisms  of  distributing  and  connecting  information  present  huge 
opportunities,  but  also  risks.  The  symposium  will  discuss  electronic  publication,  code¬ 
compliancy,  Open  Access  and  copyright,  data  publishing  and  re-use,  and  the  future  of  scientific 
papers,  journals  and  publishers.  After  a  general  introduction,  it  will  be  shown  how  Brill  meets 
both  author  demands  and  dissemination  requirements.  Last  but  not  least,  a  solution  to  disclose 
vast,  non-machine  readable  handwritten  archives  like  historic  expedition  field  diaries  and  inter¬ 
network  names  of  species,  localities,  etc.  with  illustrations  in  the  archive  itself  and  outside  it,  as 
well  as  with  the  museum's/  institute's  catalog  records  and  the  physical  objects  in  the  collection, 
will  be  presented. 
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Today  Researchers  need  to  secure  funding,  share  data,  promote,  publish  and  demonstrate  the 
impact  of  their  research.  At  Wiley,  we  know  Researchers  are  under  a  huge  pressure  to  succeed. 
Attend  the  workshop  and  learn  how  to  critically  assess  and  select  a  suitable  journal  for  article 
publication;  refine  your  paper  to  increase  your  chances  of  success;  submit  a  manuscript  and 
survive  peer  review;  and  apply  practical  techniques  to  increase  the  visibility  of  your  article  after 
it  has  been  published. 
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You  are  a  researcher;  you  have  carefully  formed  your  hypothesis,  designed  and  carried  out  your 
experiment(s),  collected  and  analyzed  your  data,  drawn  your  conclusions,  and  now  you  want  to 
share  this  knowledge  with  your  peers.  It  shouldn’t  be  hard,  should  it?  But  sometimes  it  feels  just 
that. 

In  a  world  with  a  seemingly  ever-increasing  number  of  journals  to  choose  from,  why  should  you 
select  one  title  over  another?  Does  it  really  matter  where  you  publish? 

The  factors  that  determine  where  you  would  prefer  to  publish  are  many  and  varied,  and  are  likely 
to  differ  between  people  and  disciplines,  even  between  co-authors  on  the  same  paper,  or  from 
one  research  study  to  the  next! 

Whether  it’s  Impact  Factor,  Open  Access,  speed  to  publication,  potential  reach,  an  author’s 
rights,  or  a  number  of  other  factors,  to  ensure  you  are  publishing  in  the  right  place  at  the  right 
time  for  the  right  reasons  it’s  worth  knowing  some  of  the  questions  to  ask  both  yourself  and  the 
journals  to  which  you’re  submitting. 


In  this  presentation  we  discuss  some  of  the  factors  that  may  affect  your  decision  of  where  to 
publish. 
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Your  paper  is  the  distillation  of  hundreds  of  hours  of  research  and  it  embodies  your  future 
aspirations.  You  should  entrust  it  to  a  publisher  who  is  as  dedicated  to  your  work  as  you  are,  who 
will  partner  with  you  to  ensure  its  success.  Springer  authors  are  the  heart  of  what  we  do  -  we 
deliver  the  support  you  need  to  succeed.  We  will  guide  you  from  user-friendly  submission 
systems,  through  helpful,  rigorous  and  rapid  peer  review  and  a  simple,  transparent  production 
process.  But  our  job  does  not  end  there.  Once  published,  your  paper  will  enter  into  the  wide 
digital  world  where  every  bit  of  text  must  compete  to  get  attention.  To  be  successful  in  the  digital 
world  additional  steps  are  necessary.  Whether  you  choose  to  publish  either  in  a  fully  open  access 
or  SpringerOpen  journal  or  you  decide  to  publish  an  open  access  paper  in  a  subscription-based 
journal,  your  paper  will  be  fully  compliant  with  all  open  access  conventions.  You  can  also  decide 
to  publish  your  paper  in  a  subscription  based  journal.  In  any  case,  Springer’s  marketing 
professionals  will  leverage  a  variety  of  tools  to  raise  awareness  for  your  work  and  make  your 
paper  easily  discoverable  by  your  colleagues.  Our  marketing  team  employs  search  engine 
optimization  as  well  as  online  advertising,  email  marketing  and  social  media  tools  to  highlight 
and  promote  your  work.  Springer  provides  the  support  and  the  peace  of  mind  to  enable  you  to 
focus  on  what  is  most  important:  your  research. 
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Abstract  text: 

The  scholarly  cycle  is  being  disrupted,  not  just  by  the  digital  transition,  but  by  the  scale  and 
complexity  of  the  entire  research  enterprise.  As  the  system  continues  to  grow  so  do  concerns  that 
publishing  as  traditionally  practiced  is  not  working  effectively. 

While  we  can’t  know  the  specifics  of  future  technology,  we  can  identify  the  characteristics  of  the 
system  we  need  to  reform  scholarly  communication  and  advance  science.  It  will  be  open, 
scalable,  networkable,  dynamic  and  collaborative;  it  will  be  able  to  organise  expert  attention  and 
criticism  where  review  is  most  effective;  and  it  will  reward  those  whose  ideas  propagate  through 
the  system  and  are  built  on  by  others.  Enabling  this  network  requires  a  transformation  in  the 
publishing  industry  to  focus  on  services  rather  than  commodities,  and  on  communities  rather 
than  individuals.  These  services  include  access  to  ah  relevant  outputs,  transparent  reporting 
practices,  the  adoption  of  persistent  identifiers  such  as  ORCID,  new  forms  of  review  and 
fundamental  changes  in  the  way  we  evaluate  and  reward  researchers. 

PLOS  has  been  at  the  forefront  of  this  Open  Science  transformation,  as  an  Open  Access 
publisher,  an  innovator  of  peer  review,  and  the  first  to  launch  article  level  metrics.  We  have  an 
opportunity  to  build  systems  that  scale  to  include  all  interested  parties,  and  truly  involve  them  in 
the  research  process,  bringing  their  expertise  where  it  can  best  be  applied  and  creating  a  system 
that  is  accountable  and  itself  open  to  independent  scholarly  scrutiny. 
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DOI:  10. 1603/ICE.2016. 95436 

Abstract  text: 

PeerJ  is  an  online-only  open  access  publisher  of  PeerJ  (a  peer-reviewed  journal  in  the  biological 
and  health  sciences)  and  PeerJ  PrePrints  (an  un-peer  reviewed  preprint  server). 

All  works  published  in  PeerJ  are  Open  Access  and  published  using  a  Creative  Commons  license 
(CC-BY  4.0).  Everything  is  immediately  available — to  read,  download,  redistribute,  include  in 
databases  and  otherwise  use — without  cost  to  anyone,  anywhere,  subject  only  to  the  condition 
that  the  original  authors  and  source  are  properly  attributed.  PeerJ  has  an  Editorial  Board  of  over 
1,200  respected  academics,  including  5  Nobel  Laureates  and  since  starting  in  2013  it  has 
published  several  hundred  entomology  articles. 

PeerJ  has  become  well  known  for  the  innovation  it  applies  to  academic  publishing,  and  for 
providing  an  improved  author  experience.  They  were  the  2013  winner  of  the  prestigious 
4  Association  of  Learned,  Professional  and  Scholarly  Publishers  Award  for  Publishing 
Innovation’  as  well  as  being  named  as  one  of  the  Top  10  Educational  Technology  Innovators  of 
2013  by  the  Chronicle  of  Higher  Education. 

In  this  presentation,  Pete  Binfield  (co-Founder  of  PeerJ)  will  outline  some  of  the  innovations  that 
PeerJ  has  pioneered,  such  as  their  optional  open  peer  review,  their  integrated  preprint  server,  and 
their  new  open  access  business  model.  He  will  explain  how  these  developments  work  together  to 
improve  the  overall  author  experience  at  the  lowest  possible  cost  to  the  author  and  how  they 
might  point  the  way  towards  the  possible  future  of  academic  publishing. 
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Abstract  Number:  0668 
DOI:  10. 1603/ICE.20 16.95413 
Abstract  text: 

Invertebrate  Systematics  is  an  international  phylogenetics  journal  published  by  CSIRO 
Publishing  with  endorsement  of  CSIRO  and  the  Australian  Academy  of  Science.  It  publishes  the 
results  of  comprehensive  phylogenetics  and  biogeographic  studies  on  any  group  of  invertebrates, 
and  also  accommodates  systematic  revisions  of  the  groups  concerned.  Contributions  on  the 
systematics  of  selected  species  that  are  of  particular  conservation,  economic,  medical  or 
veterinary  importance  are  also  considered.  The  journal  maintains  a  high  standard  of  production, 
uniform  format  and  copy  editing  through  its  professional  in-house  editorial  team.  Comprising  six 
issues  per  year  the  journal  publishes,  on  average,  about  36  papers  total.  The  current  impact 
factor  is  2.26  but  this  has  varied  from  1.59-2.56  over  the  last  few  years.  The  taxon  on 
composition  over  the  last  five  years  has  been  dominated  by  papers  on  insects,  arachnids  and 
crustaceans,  with  the  remainder  covering  molluscs  and  a  range  of  smaller  phyla.  Issues  that  the 
journal  is  currently  assessing  include  moving  to  electronic  only  publishing,  how  to  make  open- 
access  affordable,  and  the  problem  of  getting  researchers  to  review  papers. 
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Abstract  Number:  0671 
DOI:  10. 1603/ICE.2016. 95085 
Abstract  text: 

Introduction:  An  increasingly  worrying  impediment  in  biodiversity  publishing  is  the  continuing 
use  of  non-machine-readable  formats  (PDF,  paper).  Data  mining  and  re-use  from  these  formats 
requires  significant  post-publication  effort. 

Methods:  The  ARPHA  publishing  platform  is  designed  to  resolve  this  problem  as  the  first 
workflow  ever  to  support  the  full  life  cycle  of  a  manuscript,  from  authoring  through  submission, 
peer-review  and  publication  within  a  single  online  collaborative  environment.  The  data 


publishing  strategy  in  ARPHA  aims  at  increasing  the  proportion  of  structured  text  and  data,  to 
allow  for  both  human  and  machine  readability. 

Results/Conclusion:  ARPHA  consists  of  two  independently  functioning  journal  publishing 
platforms:  (1)  Entirely  XML-  and  Web-based,  end-to-end  workflow  ARPHA-XML,  and  (2) 
Document-based  ARPHA-DOC.  The  XML-based  workflow  was  pioneered  by  the  Biodiversity 
Data  Journal  Research  Ideas  and  Outcomes  (RIO)  and  One  Ecosystem  journals.  The  ARPHA- 
DOC  workflow  is  used  by  ZooKevs  and  another  15  journals.  The  ARPHA  authoring  tool 
provides  pre-defmed,  but  flexible  article  templates,  as  well  as  data  import/export  tools 
using  community  accepted  standards  (Darwin  Core,  TaxPub,  Dublin  Core),  track  change  and 
comments  functionality,  online  collaboration  between  co-authors,  reviewers  and  editors. 
Submission  to  the  journal  is  as  simple  as  the  click  of  a  button.  Other  distinct  features  of  ARPHA 
are:  (1)  import  and  download  of  data  into/from  article  text;  (2)  online  import  of  references;  (3) 
online  import  of  species  occurrences  from  GBIF,  BOLD  and  iDigBio,  (4)  automated  creation  of 
data  papers  manuscripts  from  metadata  in  GBIF  and  DataONE;  (5)  pre-submission  review  still 
while  authoring;  (6)  option  for  open  and  public  peer-review. 
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Abstract  text: 

A  scientific  infrastructure  capable  of  intelligently  managing  and  integrating  digital  biodiversity 
information  needs  access  to  all  names,  images,  taxonomic  and  other  biodiversity  data  in  formats 
that  can  be  understood  by  both  humans  and  computers.  If  we  are  to  realise  this  vision,  access  to 
and  re-use  of  data  and  information  must  be  open,  free,  and  independent  of  any  individual 
authorisation  by  other  persons  or  institutions.  The  growth  of  biology  into  a  big  data  science 
depends  on  ensuring  that  information  can  be  re-used,  whether  for  intended  and  expected  re-uses 
or  unforeseen  and  innovative  re-uses. 


Copyright  is  often  a  major  obstacle  to  access  to  and  re-use  of  biodiversity  information. 
Compilers  of  taxonomic  content  act  as  if  or  claim  that  they  hold  intellectual  property  rights  over 
their  data  and  information.  In  our  experience  such  arguments  are  often  without  legal  foundation. 
Many  components  of  taxonomic  information  are  not  subject  to  copyright  nor  to  other  forms  of 
intellectual  property  rights  and  can  therefore  not  be  monopolised. 

While  data  are  not  copyrightable,  copyright  may  be  applicable  over  their  selection  or 
arrangement.  However,  it  is  an  ethical  imperative  for  researchers,  institutions  and  publishers  to 
refrain  from  reserving  their  rights  in  such  cases  as  doing  so  severely  hampers  access  to  and  re¬ 
use  of  biodiversity  information.  93  institutions  and  more  than  200  individuals  from  around  the 
world  have  signed  the  Bouchout  Declaration  committing  to  keeping  biodiversity  information 
open  by  default.  This  is  especially  important  for  data  obtained  partly  or  fully  from  publicly 
funded  research. 
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Abstract  Number:  0673 

DOI:  10. 1603/ICE.2016. 93717 

Abstract  text: 

The  industry  of  insects  for  feed  is  not  a  new  one,  and  insects  as  a  food  source  is  certainly  not 
new  (to  most  people  in  the  world).  Why  then  has  the  Entomophagy  movement  seen  a  dramatic 
rise  in  popularity  among  western  populations  in  just  the  past  five  to  ten  years?  Is  it  because  of  the 
crunch  we're  starting  to  feel  on  the  planet,  so  well  laid  out  in  an  FAO  report  from  May  2013?  Is 
it  because  it  coincides  perfectly  with  the  rise  of  the  Organic,  GMO-free  and  Good  Food 
movements?  Can  it  be  attributed  to  the  emergence  of  social  media  and  the  interconnected-ness  of 
the  internet  age?  As  Ento-stakeholders  in  the  academic,  government,  private  and  public  sectors 
continue  to  guide  and  push  the  idea  further  into  the  public  conscious,  will  these  influences 
promote  transparency  and  honesty,  or  devolve  into  the  opaque  and  disingenuous  practices  of 
many  of  the  agricultural  industries  we've  seen  come  before  us?  All  of  these  questions  and  more 


about  the  past,  present  and  future  of  the  Insects  for  Food  and  Feed  Industry  will  be  answered, 
followed  by  a  tasting  session  with  a  variety  of  responsibly  sourced  edible  insect  products  for 
folks  to  try. 
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Abstract  text: 

About  one  half  of  the  world’s  countries  have  cultures  that  utilize  insects  in  their  diets,  resulting 
in  over  2,000  known  edible  insect  species.  Of  the  countries  that  do  not  eat  insects,  the  vast 
majority  is  in  the  northern  hemisphere,  and  thus  is  mostly  European  or  strongly  European- 
influenced.  Therefore,  it  is  Western  culture  that  is  the  outlier,  making  the  question  of  why 
people  don’t  eat  bugs  in  Western  culture  a  puzzling  one.  The  answer  to  this  question  is 
multifaceted  as  with  any  food.  Most  commonly,  it  is  suggested  that  insects  are  associated  with 
disease  and  are  pests  to  crops,  thus  stigmatizing  them  as  dirty  and  as  nuisances.  If  these 
explanations  were  true,  then  people  living  in  any  large  society  with  agricultural  resources  should 
not  eat  insects.  However,  that  prediction  is  easily  falsified  by  the  prevalence  of  insect  eating 
around  the  world  including  people  living  in  countries  with  large  populations  such  as  Mexico, 
China,  India,  etc.  It  is  true  that  the  average  Westerner  feels  disgust  when  they  think  of  eating 
insects,  but  associating  them  with  a  universal  trigger  to  aversion  or  with  the  modernity  of  our 
food  ways  is  nothing  more  than  a  post-rationalization.  In  this  paper  I  will  investigate  cultural 
factors  that  shape  disgust  and  how  our  disinterest  in  insects  as  food  stems  from  the  history  of 
European  colonial  power. 
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Abstract  Number:  0676 

DOI:  10.1603/ICE.20 16.945 15 

Abstract  text: 

The  people  of  Thailand  have  a  long  tradition  of  eating  insects.  Demand  for  these  delicacies 
supports  a  growing  industry  of  cricket  farmers  there.  Rearing  practices  of  the  house  cricket 
( Acheta  domesticus )  and  field  cricket  ( Teloegryllus  testaceus )  were  observed  at  a  homestead 
farm  in  Suphanburi,  Thailand  over  a  period  of  five  months.  The  practice  of  consuming  insects  as 
food  is  well  established  in  Thailand.  However,  for  Western  audiences,  cultural  perception  of 
entomophagy  can  be  a  significant  roadblock  to  widespread  acceptance.  Education  through  public 
engagement  is  key  to  overcoming  this  challenge.  One  model  for  effective  dissemination  of  this 
information  utilizes  a  two-part  public  program  format.  Part  I  includes  a  presentation  on  the 
benefits  of  eating  insects,  while  part  II  centers  on  the  cuisine,  with  a  strong  focus  on  the 
aesthetics  of  the  food  itself  as  well  as  accouterments  and  marketing  materials.  Inconsistencies  in 
the  language  and  culinary  presentation  of  entomophagy  can  detract  from  reaching  the  goal  of 


bringing  edible  insects  to  Western  societies.  These  disparities  should  be  addressed,  allowing 
education  and  therefore  the  industry  to  move  forward. 
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Abstract  text: 

The  last  several  years  have  seen  an  unprecedented  level  of  interest  in  insects  as  food  and  feed. 
Kevin  Bachhuber,  founder  of  Big  Cricket  Farms,  will  discuss  how  the  industry  has  changed  over 
the  last  two  years,  open  a  conversation  about  critical  gaps  and  challenges  ahead,  and  how  we  can 
address  them. 
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Abstract  text: 

For  decades,  select  academics  and  writers  have  touted  the  many  benefits  of  entomophagy,  with 
an  almost  unanimous  conclusion  that  Western  culture’s  aversion  to  the  concept  was  a  barrier  to 
mainstream  adoption.  In  2012,  Chapul  challenged  this  view  when  they  launched  the  first  food 
product  in  the  US  using  insects  as  a  form  of  nutrition  in  the  shape  of  an  energy  bar,  fortified  with 
cricket  flour.  Using  marketing  techniques  targeting  early  adopters,  Chapul  has  been  able  to 
penetrate  mainstream  markets  with  product  placement  on  over  500  store  shelves,  presenting 
insects  to  a  wide  range  of  consumers  via  natural  food  stores,  outdoor  recreation  outlets,  and  even 
mainstream  convenience  stores  like  7-Eleven.  Although  common  business  theory  suggests 
avoiding  the  introduction  of  a  consumer  product  with  no  demand,  Chapul  has  attempted  to 
embed  insects  into  current  food  trends  such  as  the  paleo  diet,  protein-focused  consumers,  and  the 
rapidly  increasing  organic  and  all-natural  food  markets.  The  marketing  techniques  used  to 
accomplish  this  have  relied  upon  positive,  solution-oriented  messaging. 
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Abstract  text: 

Black  soldier  flies  {Hermetia  illucens )  (BSF)  are  natural  decomposers  and  have  been  used  for 
waste  management  within  the  context  of  bioconversion.  The  larvae  of  BSF  can  reduce  a 
significant  amount  of  food,  animal  and  sewage  waste.  BSF  can  be  used  as  a  protein  source  due  to 
their  ability  to  convert  feed  into  edible  products.  The  aim  of  this  study  is  to  measure  the  health 
safety  and  nutritional  value  of  feed  produced  from  BSF  larvae  grown  on  organic  substrates.  BSF 
larvae  were  fed  on  four  different  types  of  organic  waste:  poultry  manure,  brewery  waste,  cow 
dung,  kitchen  waste.  Proximate  analysis  (content  of:  dry  matter,  ash,  organic  matter,  fat,  crude 
protein  and  neutral  detergent  fiber)  study  was  carried  out  to  determine  the  BSF  nutritional  value. 
BSF  microflora  pre  and  post  feeding  trials  were  investigated  using  both  morphological  and 


molecular  techniques.  BSF  had  ash  within  the  normal  range  for  similar  feeds.  The  moderate  to 
high  ash  content  also  implies  high  organic  matter  content  of  the  feeds.  BSF  had  very  high  fat 
content.  The  fat  content  influences  the  energy  content  of  the  feed.  The  fat  content  also  tends  to 
improve  the  handling  (especially  reducing  the  dustiness  of  the  ration)  and  palatability  of  the 
diets.  BSF  are  intended  for  use  as  protein  sources  in  poultry  and  fish  diets.  They  would  be  cheap 
replacements  to  the  expensive  protein  sources  such  as  fishmeal  and  oil  seedcakes  (e.g.  sunflower 
meals/cakes). 
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Abstract  text: 

Although  it's  clear  that  scientists  in  general  and  entomologists  in  particular  can  contribute 
immense  knowledge  and  meaning  to  the  growth  of  the  international  entomophagy  movement,  we 
should  not  overlook  the  expertise  of  those  who  study  meaning  from  a  narrative  point-of-view. 

Just  as  Darwin’s  findings  had  done  in  the  19th  Century,  entomophagy  challenges  society’s  idea  of 
what  we  are.  Among  general  food-types,  insects  offer  the  greatest  provable  benefits  and  are  the 
most  fiercely  condemned.  Large  mammals  are  the  most  damaging  to  the  planet’s  environment 
and  are  the  most  popular.  We  know  that  the  widespread  adoption  of  entomophagy  will  give  us  a 
far  better  future,  yet  our  cultural  conditioning  can  still  be  glimpsed  among  the  scientific 
community.  This  talk  addresses  the  conundrums  contained  within  the  subject-matter. 
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With  continued  use  of  insects  as  food  in  many  countries  throughout  the  world,  especially  those  in 
their  entomophagy  infancy,  there  has  to  be  more  research  into  insect  food  allergies.  Bites  and 
stings  from  various  arthropods  are  well-known  allergenic  issues  in  people  and  animals,  but  not 
so  with  the  introduction  of  certain  insect  derived  foods  into  the  American  and  European 
diets.  Over  the  years,  there  appears  to  be  more  reported  issues  with  food  allergies  with  respect  to 
many  types  and  varieties  of  foods.  There  have  also  been  reports  of  environmentally  associated 
allergic  reactions.  Insect  allergy  has  been  reported  in  workers  who  raise  certain  insects  such  as 
crickets,  mealworms,  grasshoppers  and  moths.  The  usual  allergens  are  considered  inhalant  or 
contactant  in  nature,  but  how  about  digestive  and  are  all  of  these  related  in  some  way?  The  most 
common  food  allergens  are  milk,  egg,  wheat,  soy,  peanut,  tree  nut,  fish  and  crustaceans.  A  red 
meat  allergic  response  had  to  do  with  a  specific  sugar  and  tick  bite.  The  more  typical  allergic 
reactions  include  shortness  of  breath,  repetitive  coughing,  weak  pulse,  hives,  tightness  in  your 
throat,  trouble  breathing  or  swallowing,  or  a  combination  of  symptoms  from  different  body 
areas,  such  as  hives,  rashes  or  swelling  on  the  skin  coupled  with  vomiting,  diarrhea  or  abdominal 
pain.  Anaphylaxis,  a  life-threatening  whole-body  allergic  reaction  can  impair  your  breathing, 
cause  a  dramatic  drop  in  your  blood  pressure  and  affect  your  heart  rate. 
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Introduction:  Insects  are  characterized  to  be  energy-efficient  sources  of  proteins.  In  some  parts  of 
the  world,  such  as  Oaxaca,  Mexico,  insects  are  sold  as  food.  In  fact,  insects  are  very  popular 
among  the  older  generations. 

Methods:  A  survey  of  26  local  women  that  sold  insects  as  food,  indicated  variable  lengths  of 
time  doing  so. 

Results:  Seventeen  had  been  in  the  business  for  16  years,  five  for  12-16  years  and  four  for  8-12 
years.  The  top-selling  insects  are  grassphoppers,  followed  by  mezcal  worms  and  ant  eggs.  The 
insects  are  prepared  in  different  ways  ranging  from  naturally  dried,  to  flavored  with  garlic  sauce 
and  spices.  Of  these  individuals  interviewed,  21  women  mentioned  that  insect  sales  are  their  only 
source  of  income.  Those  remaining  indicated  insect  sales  as  their  second  source  of  income.  Mean 
income  ranged  from  15  to  25  USA  dollars  per  day.  Furthermore,  under  closer  inspection,  it  was 
determined  that  tourists  were  those  primarily  purchasing  insects  as  food  followed  by  local 
people.  However,  sales  appear  to  be  declining.  Thus,  outreach  programs  and  goverment  support 
are  needed  to  improve  the  sale  and  consumption  of  insects  or  risk  the  loss  of  this  important 
Mexican  heritage. 
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Introduction:  The  field  of  morphometries  as  well  as  its  application  to  insects  and  other 
arthropods  have  grown  rapidly  in  the  last  several  years.  The  methods  of  geometric 
morphometries  now  offer  a  versatile  and  powerful  set  of  tools  for  addressing  a  wide  range  of 
biological  questions  while  explicitly  taking  into  account  the  anatomical  structure  of  the  parts 
under  study. 

Methods:  Particular  progress  has  been  made  in  adapting  the  statistical  methods  used  for  specific 
biological  applications  to  geometric  morphometries.  These  include  a  range  of  phylogenetic 
comparative  methods,  methods  for  studying  quantitative  genetics  and  analysing  natural  selection, 
and  methods  for  quantifying  morphological  integration  and  testing  hypotheses  of  modularity. 

Results/Conclusion:  As  a  result  of  these  developments,  it  is  possible  to  use  shape,  quantified  by 
geometric  morphometries,  as  a  common  currency  for  combining  those  different  biological 
contexts  in  multifaceted  studies. 

This  presentation  will  provide  an  overview  of  the  new  possibilities,  illustrate  them  with 
examples,  and  point  to  the  connections  with  the  other  presentations  featured  in  this  symposium. 
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Introduction:  Phenotypic  dimorphism  in  exaggerated  ornaments  such  as  horns  or  mandibles  in 
beetles  has  been  paid  much  attention  in  the  context  of  intraspecific  competition  and  sexual 
selection.  In  stag  beetles,  for  example,  such  dimorphism  can  be  frequently  seen  in  the  same 
populations.  In  an  Oedemeridae  beetle  Oedemera  sexualis,  while  males  possess  thick  hind 
femurs  in  most  of  the  populations,  those  in  some  populations  have  thready  femurs.  From 
phylogenetic  point  of  view,  it  is  intriguing  issue  to  elucidate  when  such  dimorphism  has  been 
established  and  how  the  feature  relates  to  the  behavior.  Here  we  aimed  to  examine  how 
dimorphism  in  male  femurs  and  in  copulatory  behavior  has  evolved  based  on  phylogenetic 
comparative  methods  and  geometric  morphometries. 

Methods:  We  have  collected  specimens  from  various  localities  in  western  Japan.  We  then 
conducted  measurements  of  linear  distance  in  several  body  parts  and  compared  allometric 
coefficients  of  hind  legs  among  local  populations.  Phylogenetic  relationships  among  localities 
were  inferred  from  mitochondrial  and  nuclear  markers.  The  dimensional  features  of  elaborated 
parts  will  be  assessed  using  geometric  morphometries  such  as  elliptical  Fourier  method. 


Results/Conclusion:  In  the  phylogenetic  analysis,  it  has  been  revealed  that  a  whole  population  of 
O.  sexualis  consists  of  briefly  three  major  clades.  All  individuals  possessing  thready  femurs 
clustered  together  in  the  same  clade  and  the  thready  feature  had  derived  from  the  lineages  of 
thick  femurs.  We  will  show  the  transformation  series  of  the  configuration  in  hind  femurs  in 
accordance  with  tree  topologies  and  will  discuss  the  strength  of  phylogenetic  signal  in  the 
deformation  of  femurs. 
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Introduction:  Rapid  diversification  in  male  genital  morphology  is  a  notable  evolutionary 
phenomenon  in  insects.  Sexual  selection  can  be  the  engine  of  this  process,  and  many  studies 
have  detected  sexual  selection  operating  on  genital  morphologies  within  single  species. 
However,  few  studies  have  examined  whether  sexual  selection  diversified  genital  morphologies 
between  closely  related  species.  We  addressed  this  issue  using  2  ground  beetle  species  with  the 
help  of  geometric  morphometries. 

Methods:  The  closely  related  Carabus  iwawakianus  and  Carabus  maiyasanusQx hibit  divergent 
genital  morphologies  in  a  sclerotized  copulatory  piece  (CP)  on  the  endophallus.  Morphological 
variations  in  the  CP  and  aedeagus  were  quantified  by  distance-based  and  landmark-based 
methods.  Male  fitness  was  evaluated  in  the  context  of  sperm  competition  via  spermatophore 
displacement.  Selection  was  estimated  by  multiple  regression  analyses  including  linear, 
quadratic,  and  correlational  terms.  Fitness  landscapes  were  visualized  by  a  thin-plate  spline 
method. 


Results/Conclusion:  We  detected  significant  selection  in  both  species,  but  their  shapes  differed. 
In  C.  iwawakianus  with  a  relatively  simple  CP,  directional  and  stabilizing  selections  operated  on 
aedeagus  length  and  CP  centroid  size,  respectively.  In  addition  to  these  selections,  correlational 
selections  between  the  shapes  of  the  aedeagus  and  CP  were  detected  in  C.  maiyasanus  with  a 
more  elaborate  CP.  The  fitness  landscape  in  C.  iwawakianus  was  weakly  convex  slope-shaped, 
but  that  in  C.  maiyasanus  was  complex  saddle-shaped.  This  difference  may  be  due  to  the 
difference  in  functional  integration  between  the  aedeagus  and  CP,  as  suggested  by  the 
correlational  selection  result.  Different-shaped  sexual  selection  may  result  in  divergent  genital 
morphologies  between  the  2  species. 
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Introduction:  Stout  and  slender  body  shapes  are  observed  in  the  carabid  beetles  feeding  on  land 
snails.  The  stout  shape  is  the  morphotype  of  the  beetles  with  wide,  short  heads  and  thoraces, 
whereas  the  slender  shape  is  the  morphotype  of  the  beetles  with  narrow,  long  ones.  This 
morphological  variation  occurs  in  the  only  snail-feeding  beetles,  and  not  reported  in  the  beetles 
living  on  insect  larvae  or  earthworms.  Why  is  this  divergent  pattern  observed  in  the  only  snail¬ 
feeding  carabid  beetles? 

Methods:  I  crossed  stout  beetles  ( Damaster  blaptoides  capito)  and  slender  beetles  ( Damaster 
blaptoides  fortunei )  and  produced  their  F 1  and  backcross  hybrids  with  intermediate  body  shapes. 
From  the  feeding  experiments  with  large  and  small  land  snails,  I  examined  the  difference  in  the 
performance  of  eating  snails  among  stout,  slender  and  intermediate  shapes.  I  also  conducted 
quantitative  trait  locus  (QTL)  mapping  to  examine  the  genetic  basis  of  these  morphotypes  on  the 
genome  level. 


Results/Conclusion:  Stout  beetles  could  eat  small  snails  with  their  powerful  jaw-biting,  whereas 
slender  beetles  could  eat  large  snails  by  inserting  their  heads  into  the  shells.  However, 
intermediate  shaped  beetles  frequently  failed  in  eating  those  snails.  Some  QTLs  associated  with 
the  body  shape  were  found  by  the  QTL  mapping.  The  result  suggests  that  intermediate  beetles 
are  maladaptive  in  eating  snails  because  of  the  trade-off  in  the  performance  between  crushing 
and  inserting,  which  may  result  in  the  morphological  divergent  pattern  in  the  snail-feeing  beetles. 
Genetic  basis  may  have  affected  the  evolutionary  process  of  the  morphological  divergence  in  the 
carabid  beetles. 
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Introduction:  Ants  show  enormous  species  diversity  is  the  tropics,  and  the  high  diversity  of  ant- 
mimics  is  also  found  in  the  regions.  If  the  species  richness  of  ant-mimics  has  been  promoted  by 
the  ant  biodiversity,  there  should  be  a  correlation  between  diversification  of  models  and  mimics. 
However,  the  hypotheses  have  so  far  not  been  tested.  This  is  partly  because  of  difficulty  in 
collection  of  mimics,  which  usually  are  very  small  number  individuals.  Furthermore,  there  are  no 
objective  methods  that  can  evaluate  mimetic  association  between  ants  and  ant-mimics.  In  the 
present  study,  focusing  on  ant-mimicking  salticid  genus  Myrmarachne,  we  test  if  species  diverse 
pattern  of  the  ant-mimicking  jumping  spiders  is  correlated  with  diversity  of  sympatric  ants. 

Methods:  l)We  examined  the  species  composition  of  ants  and  the  spiders  in  1,884  samples 
taken  with  sweeping  in  Danum  Valley  and  Lambir  Hills  in  Borneo,  and  Sakaerate  in  Thailand. 

2) We  developed  computer- vision  tools  for  assessment  the  mimetic  resemblance  by  objective  and 
quantitative  indexes.  3)Based  on  the  judgments  of  mimic-model  association,  we  tested  whether 


the  mimetic  and  species  richness  patterns  of  MyrmarachnewQYQ  matched  to  species  diversity 
pattern  of  sympatric  ants. 

Results/Conclusion:  Total  of  291  species  of  ants  and  40  species  of  Myr mar achne  spiders  were 
identified  from  the  samples.  We  detected  correlation  of  occurrence  species-numbers  between 
them  in  sympatric  places.  Further,  we  found  closely  mimetic  association  of  the  mimicking 
spiders  to  the  sympatric  ant-models  in  each  site.  These  results  supported  that  the  enormous 
diversity  of  tropical  ants  play  as  a  mechanism  to  creates  high  biodiversity  in  tropical  forest, 
though  ant-mimicry. 
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Introduction:  Pollination  by  sexual  deception  is  one  of  the  most  elaborate  and  complex  plant- 
insect  interactions.  In  Ophrys,  the  flowers  mimic  mostly  female  solitary  bees.  Traditionally  floral 
scent  has  been  considered  the  main  factor  driving  speciation  in  the  genus.  However,  shape 
analysis  has  been  shown  to  differentiate  between  very  closely  related  species  that  display  but  few 
genetic  differentiations.  Is  floral  shape  a  hidden  “magic  trait”  in  Ophrys? 

Methods:  We  used  Computed  Tomography  scanning  to  gather  3D  morphometric  data  from 
flowers  of  all  species  from  the  fusca  aggregate  from  Crete,  their  pollinators  (male  bees)  and  the 
object  of  the  flower's  mimicry  (female  bees).  Datasets  comprised  23  landmarks  on  13  species  of 
Ophrys  (87  flowers)  and  13  species  of  bees  (225  individuals).  Landmarking  on  flowers  focused 
on  floral  shape  and  position  of  the  reproductive  organs  (stigmatic  cavity  and  viscidia). 


We  tested  shape  covariation  between  flowers  and  their  pollinators,  and  constraint  and  relaxation 
on  variation  in  landmark  position.  We  also  tested  for  modularity  of  the  floral  shape  and  its 
correlation  with  that  of  the  pollinators. 

Results/Conclusion:  We  demonstrate  that  the  main  axes  of  flower  shape  variation  possibly  allow 
for  adjustment  of  the  reproductive  organs  to  the  pollinator's  shape,  and  the  presence  of  distinct 
shape  modules  in  the  flowers. 
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Introduction:  Asymmetry  of  insect  wings  is  often  used  as  a  measure  of  developmental  instability. 
It  is  expected  that  individuals  developing  in  unfavorable  environment  are  more  asymmetrical. 
The  unfavorable  conditions  should  also  result  in  smaller  body  size.  Therefore,  it  can  be  expected 
that  smaller  individuals  are  more  asymmetrical. 

Methods:  We  have  measured  wings  in  20  species  of  Syrphidae,  including  genera:  Cheilosia, 
Eristlis  and  Dasysyrphus.  13  landmarks  were  used  to  describe  the  wings.  Methods  of  geometric 
morphometries  were  applied  to  asses  asymmetry  of  shape  and  size  of  the  wings.  Asymmetry  of 
wing  size  was  measured  as  a  difference  between  the  centroid  size  of  the  left  and  the  right  wing. 
On  the  other  hand,  asymmetry  of  wing  shape  was  measured  as  Procrustes  distance  between  the 
right  and  the  left  wing. 

Results/Conclusion:  There  was  a  negative  correlation  between  wing  size  and  wing  shape 
asymmetry.  This  relationship  was  significant  in  species  with  large  sample  size.  On  the  other 
hand,  there  was  no  clear  relationship  between  wing  size  and  wing  size  asymmetry.  Many  species 
showed  directional  asymmetry  of  wing  size.  The  right  wings  tended  to  be  larger  than  the  left 


wings.  In  general,  there  was  a  significant  directional  asymmetry  of  wing  shape.  The  pattern  of 
difference  in  shape  between  the  right  and  the  left  wings  tended  to  be  similar  among  species. 
Wings  of  females  were  larger  than  wings  of  males.  However,  there  was  no  significant  difference 
between  the  sexes  in  asymmetry  of  wing  size  and  wing  shape. 
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Introduction:  A  longstanding  question  in  evolutionary  biology  is  how  natural  selection  acts  on 
standing  variation,  or  preexisting  genetic  variation  in  a  population.  Recent  studies  suggest  that 
HSP90,  one  of  the  molecular  chaperone  proteins  provides  a  molecular  mechanism  for 
modulating  the  genotype-phenotype  relationship.  The  inhibition  of  HSP90  function  results  in 
increased  genetic  variation  in  broad  range  of  organisms.  Such  increase  in  genetic  variation  is 
regarded  as  the  result  of  the  release  of  the  standing  variation  of  which  phenotypic  effect  is  hidden 
by  normal  HSP90  function.  At  the  moment,  however,  characteristics  of  genetic  variation  hidden 
by  HSP90  remains  unsolved. 

Methods:  In  this  study,  we  used  genome- wide  association  approach  to  evaluate  whether  HSP90 
modulates  the  genotype-phenotype  relationship  in  Drosophila  melanogaster.  We  quantified  size 
and  the  outline  shape  of  male  genitalia  of  157  Drosophila  Genetic  Reference  Panel  strains  using 
elliptic  Fourier  analysis  and  performed  principal  component  analysis.  We  then  used  principal 
component  scores  as  shape  scores  for  genome-wide  association  analysis. 


Results/Conclusion: 


The  project  is  still  ongoing,  but  we  want  to  discuss  the  effect  of  the  inhibition  of  HSP90  by  a 
pharmacological  inhibitor  of  HSP90,  geldanamycin  on  genotype-phenotype  relationships  of  male 
genital  size  and  shape. 
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Abstract  text: 

Introduction:  Camouflage  such  as  leaf  mimicry  and  lichen  crypsis  has  fascinated  many 
biologists.  Despite  much  interest,  how  such  a  special  resemblance  originated  remains  poorly 
understood.  Here  we  show  developmentally  modular  organization  of  lepidopteran  camouflage 
patterns  and  the  evolutionary  steps  toward  such  complex  phenotypes. 

Methods:  Comparative  morphological  analysis  based  on  the  Nymphalid  ground  plan  (NGP)  was 
used  to  decompose  lepidopteran  wing  patterns  into  the  common  building  blocks  shared  across 
numerous  species,  which  represents  developmental  modules  of  the  ground  plan.  Furthermore,  I 
developed  a  new  method,  a  morphological  correlation  network,  to  detect  variational  modules 
from  phenotypic  traits.  The  method  of  morphological  correlation  networks  is  made  of  combining 
a  standard  geometric  morphometries  with  network  theory. 

Results/Conclusion:  All  of  camouflage  patterns  analyzed  (i.e.  leaf  patterns  of  Kallima  inachus 
and  Oraesia  excavata ,  and  lichen  patterns  of  Hamadryas  feronia)  were  established  by  the  NGP 
developmental  modules.  Under  this  view,  the  differences  of  these  appearances  were  generated  by 
changing  individual  states  and  the  combinatorial  interactions  of  the  NGP  developmental 
modules.  Interestingly,  special  resemblance  to  leaf  mimicry  originated  with  generating  de 
wovomodules  by  rewiring  the  NGP  developmental  modules  and  with  accumulating  stepwise 
changes  of  the  character  states. 


[1]  Suzuki  et  al.  2014.  Gradual  and  contingent  evolutionary  emergence  of  leaf  mimicry  in 
butterfly  wing  patterns.  BMC  Evol  Biol  14:  229. 

[2]  Owen.  2014.  Mystery  Solved?  How  Butterflies  Came  to  Look  Like  Dead  Leaves.  National 
Geographic 

[3]  Suzuki.  2013.  Modularity  of  a  leaf  moth- wing  pattern  and  a  versatile  characteristic  of  the 
wing-pattern  ground  plan.  BMC  Evol  Biol  13:  158. 
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Abstract  text: 

Introduction:  Integrating  studies  of  morphological  diversification  with  phylogenetic  history  has 
been  crucial  for  understanding  the  evolution  of  organismal  shapes.  The  present  research  focused 
on  the  evolutionary  history  of  wing  shape  variation  in  the  Genus  Drosophila. 

Methods:  Different  morphometric  methods  such  as  principal  component  analysis,  partial  least 
squares  and  multivariate  regression  were  applied  to  phylogenetically  independent  contrasts  of 
shape  data  in  58  DrosophilaspQCiQS  and  one  subspecies. 

Results/Conclusion:  These  analyses  revealed  not  only  a  clear  phylogenetic  signal  on  Drosophila 
wing  shape,  but  also  showed  that  the  main  evolutionary  phenomenon  shaping  wing  morphology 
is  a  divergent  evolution  between  the  Subgenus  Sophophora  and  the  Subgenus  Drosophila.  The 
former  evolved  narrowed  and  smaller  wings,  as  clearly  observed  in  the  melanogaster  and 
ananassae  groups,  while  on  the  other  hand,  the  Drosophila  Subgenus  showed  relatively  more 
elongated  wings.  By  applying  multivariate  regressions  of  independent  contrasts  both 


evolutionary  allometry  and  a  significant  correlation  with  developmental  time  became  evident. 
The  concordance  between  phylogeny  and  morphology  provides  strong  evidence  to  support  that 
the  diversification  of  the  Drosophila  genus  was  associated  to  the  adaptive  radiation  of  this  group 
into  new  environments,  thus  being  reflected  in  wing  morphology. 
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Introduction:  Shape  comparison  plays  an  important  role  in  many  kinds  of  studies.  Traditionally, 
qualitative  comparison  methods  have  been  applied  in  morphological  variations.  There  are 
numerous  limitations  in  qualitative  comparison  methods  and  quantitative  comparison  methods 
are  wanted.  The  tools  of  geometric  morphometries,  3 -dimensional  reconstruction  and  finite 
element  analysis  (FEA)  have  a  tremendous  advantage  in  this  application. 

Methods:  Cladistics,  geometric  morphometries,  FEA  analysis  and  three-dimensional 
reconstruction  approaches  were  used. 

Results/Conclusion:  We  have  applied  these  approaches  on  the  studies  of  Scarabaeoidea 
(Coloeptera),  a  common  insect  with  a  long  and  strong  study  tradition.  Among  these  studies, 
extinct  and  extant  scarabs  were  used.  For  stances,  mandible  evolution  in  the  Scarabaeinae 
(Coleoptera:  Scarabaeidae)  and  adaptations  to  coprophagous  habits  were  studied  based  on 
geometric  morphometric,  cladistics  and  3 -dimensional  (3D)  reconstruction  approaches. 
Additionally,  a  finite-element  modeling  of  dung  beetle  protibia,  burrowing  leg,  reveals  trade-off 
strategy.  Furthermore,  3  new  extinct  families  of  Scarabaeoidea  and  first  fossil  records  of 
Dynamopodinae  and  Athyreini  were  found  based  on  several  well  preserved  fossil  or  ambers 
using  cladistics,  3 -dimensional  reconstruction  and  geometric  morphometries  approaches  as  well. 


Our  study  addresses  the  integration  and  modularity  of  geometric  morphometric  data  in  a 
phylogenetic  context. 
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Introduction:  Fluctuating  asymmetry  (FA),  the  variance  of  bilateral  differences,  has  been  widely 
used  to  infer  developmental  instability  due  to  environmental  causes.  For  tsetse  flies,  the  vectors 
of  sleeping  disease  in  Africa,  one  cause  of  stress  in  natural  conditions  is  starvation,  often 
experienced  during  the  hot  dry  season. 

Methods:  We  compared  the  patterns  of  asymmetry  of  field  collected  adult  tsetse  flies  with  their 
laboratory  counterparts.  Because  laboratory  specimens  have  no  nutritional  irregularity  as 
expected  in  the  natural  conditions,  we  predicted  for  laboratory  lines  a  reduced  FA  relative  to 
field  samples. 

Results:  For  both  sexes  of  the  4  species  which  could  be  analyzed,  i.e.,  Glossina  palpalis  palpalis, 
G.  p.  gambiensis,  G.  fuscipes  fuscipes  and  G.  tachinoides,  our  data  confirmed  a  significantly  less 
amount  of  FA  in  laboratory.  It  also  showed  an  unexpected  sexual  difference  in  the  field  not  seen 
in  the  laboratory,  showing  higher  amounts  of  FA  in  females. 

Discussion:  Except  for  the  sexual  difference  in  FA  for  field  specimens,  our  measurements  fitted 
our  expectations.  A  possible  explanation  for  higher  FA  in  field  females  could  be  related  to  their 
larger  dispersal  in  the  field:  females  collected  in  the  same  traps  as  males  could  be  recruited  from 
a  wider  territory,  thus  could  have  developed  in  more  diverse  conditions  of  stress. 


Conclusion:  The  FA  scoring  in  natural  populations  of  tsetse  flies  opens  new  questions  about  the 
biology  of  these  important  vectors. 
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Abstract  text: 

The  goal  of  research  on  genetically  modified  mosquitoes  is  to  create  improved  methods  for 
prevention  of  vector-borne  diseases  that  are  safer,  more  effective,  more  affordable  and  more 
sustainable  than  current  methods.  For  example,  computer  simulation  modeling  tells  us  that  new 
strategies  could  be  transformational  in  the  campaign  to  eradicate  malaria.  However,  as  a  novel 
technology,  genetically  modified  vectors  with  engineered  drive  must  ensure  environmental 
safety  and  social  acceptability.  Their  potential  to  persist  in  the  environment  introduces 
characteristics  that  do  not  fit  straightforwardly  into  existing  development  pathways  established 
for  other  vector  control  or  medical  products.  This  talk  will  describe  lessons  learned  to  date  from 
research  on  genetically  modified  mosquitoes,  including  experiences  with  field  site  selection,  risk 
assessment,  regulatory  and  community  engagement  requirements.  It  also  will  review  efforts  over 
the  last  10  years  to  define  a  responsible  development  pathway  for  these  new  technologies, 
including  the  WHO  Guidance  Framework  for  Testing  Genetically  Modified  Mosquitoes, 
recommendations  for  contained  field  trials  of  vector  mosquitoes  engineered  to  contain  a  gene 
drive  system,  and  the  National  Academy  of  Sciences  study  on  Gene  Drive  Research  in  Non- 
Human  Organisms:  Recommendations  for  Responsible  Conduct.  Finally,  it  will  raise  some 
issues  that  must  be  resolved  before  mosquitoes  with  engineered  drive  can  be  deployed  as  public 
health  tools.  It  is  crucial  to  make  certain  that  planning  for  regulatory  and  stakeholder  engagement 
aspects  is  keeping  up  with  the  rapid  advances  in  gene  drive  research. 
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Abstract  text: 

The  concept  of  altering  the  genetics  of  insect  populations  for  disease  or  population  control  has 
been  discussed  for  over  70  years.  So-called  “gene  drives”  work  by  using  non-mendelian 
inheritance  to  spread  introduced  genetic  traits  into  populations  at  high  frequencies,  even  in  the 
face  of  fitness  costs.  Gene  drives  were  initially  based  on  naturally  occurring  phenomena  such  as 
chromosomal  translocations  or  bacterial  symbionts.  Modern  advances  in  molecular  biology  (such 
as  transposable  elements,  homing  endonucleases  and,  most  recently,  CRISPR/Cas9)  have  made 
possible  the  development  of  highly  specific  and  targeted  engineered  gene  drive  systems.  I  will 
discuss  the  history  of  gene  drive  development,  potential  strategies  using  gene  drive  for  control  of 
diseases  and  pest  populations,  and  inherent  risks  and  benefits  of  deploying  this  technology  in 
nature. 
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Abstract  text: 


Introduction:  Research  groups  are  working  towards  the  deployment  of  gene  drives  for  controlling 
pests  in  the  environment.  These  applications  will  be  subject  to  some  form  of  regulatory  review, 
although  in  the  U.S.,  the  mechanisms  and  agencies  are  not  entirely  clear  and  will  depend  on  the 
species  and  transgenes  used.  This  paper  evaluates  past  methods  of  risk  analysis  in  regulatory 
decision-making  for  GE  insects  from  a  perspective  of  future-oriented  anticipatory  governance  for 
gene  drives. 

Methods:  GE  insects  for  population  suppression  have  been  approved  for  release  in  the  United 
States.  Although  they  did  not  technically  contain  gene  drives,  regulatory  assessments  for  them 
can  serve  as  clues  for  how  data  and  uncertainties  are  likely  to  be  considered  in  decision-making 
about  gene  drives.  Thus,  in  this  paper,  textual  analysis  is  used  to  examine  Environmental  Impact 
Statements  used  to  justify  release  of  these  GE  insects  in  the  U.S. 

Conclusions:  The  analysis  shows  that  “technologies  of  hubris”  guide  U.S.  risk  analyses  about  GE 
insects,  in  that  ambiguities  are  often  dismissed  and  normative  assumptions  buried.  Scientific 
reasoning  is  also  inconsistent  across  different  parts  of  the  assessments  in  order  to  support 
deployment.  In  comparison,  an  Australian  group  from  the  research  agency  CSIRO  produced  a 
risk  analysis  for  GE  insects  that  shows  “technologies  of  humility”.  Diverse  experts  and 
stakeholders  were  consulted  for  the  analysis,  and  the  uncertainties  in  ecological,  social,  and 
cultural  impacts  were  acknowledged.  Although  imperfect,  this  assessment  points  towards  an 
approach  for  risk  analysis  that  is  closer  to  visions  of  anticipatory  governance  for  gene  drives. 


Symposium 

Presentation  Title:  Pre-release  engagement  with  the  public:  The  case  of  Aedes  aegypti 
Author  Name:  Beth  Ranson 

Author  Institution:  Florida  Keys  Mosquito  Control  District 

Session  Title:  Symposium:  What  Constitutes  Responsible  Field  Release  of  Transgenic  Insects? 
Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0700 
DOI:  10.1 603/ICE.20 1 6.92367 


Abstract  text: 


Inroduction:  Releasing  a  genetically-modified  organism  into  the  environment  definitely  comes 
with  a  lot  of  hurdles. 

Methods:  The  biggest  hurdle  seems  to  be  public  opinion  and  acceptance.  With  the  anticipation  of 
a  trial  for  the  Oxitec  OX-5 13 A  genetically  modified  mosquito  in  the  Florida  Keys,  the  Florida 
Keys  Mosquito  Control  District  began  engaging  the  public  IN  201 1  about  a  potential  release. 

This  included  press  releases,  educational  presentations,  interviews  with  various  media  outlets, 
town  hall- style  meetings  and  community  surveys. 

Results/Conclusions:  We  will  present  the  challenges  faced  and  the  lessons  learned.  We  also  will 
answer  questions  such  as:  Does  a  face-to-face  survey  provide  the  same  results  as  a  mail-in 
survey?  Are  the  public  health  concerns  around  the  Aedes  aegypti  mosquito  fully  understood  by 
the  public?  Do  fears  of  unintended  consequences  cloud  the  message? 
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Abstract  text: 

New  molecular  technologies,  including  gene  editing  and  gene  drives,  have  created  new 
enthusiasm  for  applying  genetic  engineering  to  ecological,  agricultural,  and  public  health 
challenges.  At  the  same  time,  social  and  political  controversies  over  genetically  modified 
organisms  continue  to  evolve  rather  than  dissipate,  creating  uncertainties  in  terms  of  public 
acceptance,  user  adoption,  and  regulatory  approval  at  local,  national,  and  international  scales. 
These  uncertainties  are  not  only  costly  in  terms  of  money  and  time  spent  by  technological 
innovators,  but  also  raise  questions  about  how  best  to  align  scientific  research  and  practice  with 
public  values  and  priorities.  Public  engagement  practices  -  a  diverse  set  of  methods  to  enable 
learning,  deliberation,  and  exchange  of  perspectives  among  groups  with  different  kinds  of 
expertise  -  offer  one  partial  solution  to  the  challenge  of  navigating  questions  of  responsibility  in 
field  releases  of  transgenic  insects.  While  no  panacea,  public  engagement  has  been  shown  to 


improve  scientific  practice,  foster  technical  understanding  by  non-scientists,  and  inform 
governance  decisions.  Importantly,  many  approaches  exists,  each  of  which  creates  different 
opportunities  and  challenges  for  meaningful  implementation.  This  paper  reviews  social  science 
research  on  public  engagement  practices  related  to  the  governance  of  complex,  emerging 
technologies.  References  to  case  studies  and  typologies  of  public  engagement  will  highlight 
important  concepts,  and  recent  recommendations  and  protocols  by  the  National  Research 
Council  and  the  World  Health  Organization  will  provide  additional  context  and  insights 
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Abstract  text: 

The  New  World  Screwworm  is  a  devastating  pest  of  livestock  that  causes  economic  losses  of 
millions  of  dollars  annually  to  the  farming  industries  in  South  America.  This  pest  was  eradicated 
from  North  and  Central  America  through  a  control  program  based  on  the  Sterile  Insect 
Technique.  Currently  the  USDA-COPEG  biosecurity  facility  in  Panama,  mass  rears  and  releases 
millions  of  sterilized  insects  in  the  barrier  zone  between  Panama  and  Colombia,  preventing  the 
re-introduction  of  the  pest  from  southern  countries.  We  have  developed  a  transgenic  male-only 
strain  of  this  insect  using  a  tetracycline  repressible  female-lethal  genetic  system.  The  transgenic 
lines  have  been  tested  for  fitness  parameters  that  are  relevant  for  mass  rearing  and  performance 
in  the  field,  appearing  similar  to  the  wild  type  strain  currently  used  in  the  program.  One 
transgenic  line  is  currently  being  tested  under  mass  rearing  conditions  at  the  COPEG  plant  and 
an  application  has  been  submitted  to  the  Panamanian  Government  to  perform  field  trials  with 
sterilized  transgenic  males.  The  objective  of  the  field  study  is  to  evaluate  dispersal  and  longevity 
of  the  released  transgenic  insects  in  a  local  ranch  that  contains  all  the  habitats  most  common  to 
screwworm  distribution.  Sterile  transgenic  males  will  be  released  from  ground  sites  and  sticky 
field  traps  will  be  placed  at  different  locations  to  collect  insects  daily.  The  design  of  the  field  trial 
and  the  regulatory  approval  process  in  Panama  will  be  described. 
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Abstract  text: 

Anopheles  mosquitoes  transmit  malaria,  a  disease  that  claimed  438,000  lives  in  2015,  according 
to  WHO.  The  bulk  of  these  deaths  occur  in  Africa.  Vector  control  and  case  management  remain 
the  key  interventions  for  global  malaria  control  efforts.  Unfortunately,  the  effectiveness  of  these 
interventions  is  threatened  as  malaria  mosquitoes  have  developed  resistance  to  the  insecticides 
used  for  bed  nets  and  indoor  residual  spraying,  and  parasites  have  developed  resistance  to 
common  drugs.  In  addition  Anopheles  mosquitoes  can  escape  insecticides  by  behavioral 
avoidance,  biting  and  transmitting  malaria  outdoors.  Anopheles  species  also  transmit  pathogenic 
arboviruses  such  as  o’nyong  nyong.  Therefore,  it  is  necessary  to  develop  new/improved 
complementary  tools.  Release  of  genetically  modified  Anopheles  could  potentially  be  such  a 
tool.  Its  application  could  be  instrumental  for  the  control  of  vector-borne  diseases.  However  it  is 
crucial  that  African  scientists  and  regulators  are  involved  in  the  process  from  the  beginning.  The 
African  ownership  is  essential.  Safety,  ethical,  legal  and  social  issues  should  be  addressed 
inclusively  with  a  strong  stakeholder  engagement  program.  Equally  important  are  the  questions 
relative  to  the  environment.  Plans  for  risks  assessment,  risks  mitigation  and  monitoring  should 
accompany  such  an  innovative  project.  In  addition  questions  raised  about  gene  drive  need  to  be 
addressed.  Capacity  building  should  also  be  a  key  component  of  the  deployment  of  such 
technologies  into  Africa  where  they  are  mostly  needed.  Genetic  control  has  the  potential  to 
contribute  to  the  control  of  vector-borne  diseases.  However,  there  are  important  challenges  to  be 
addressed  in  partnership. 
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Abstract  text: 

Introduction:  Use  of  genetically  modified  insects  raises  understandable  concerns  as  with  any 
new  technology. 

Methods:  It  has  been  a  clear  focus  of  Projecto  Aedes  Transgenico  from  the  outset  to  adopt  full 
transparency  and  a  vigorous  and  proactive  community  engagement  campaign.  This  cuts  across 
all  levels  of  the  community  from  national,  regional  and  local  stakeholders,  public  health  and 
vector  control  agencies,  and  the  resident  community.  Engagement  with  media  via  radio,  TV  and 
press  at  local  and  national  level  has  been  vital  for  communication,  and  is  facilitated  by  a  full  time 
journalist  working  on  the  project.  In  a  country  that  suffers  from  dengue,  media  interest  remains 
high  with  continued,  overwhelmingly  positive  support  for  the  project.  In  addition  to  working 
with  the  national  regulatory  system,  meetings  and  seminars  have  been  organized  with  public 
health  and  political  leaders  at  all  levels  to  provide  information  and  opportunity  for  feedback.  It  is 
important  to  note  that  community  engagement  began  well  in  advance  of  any  release. 
Implementation  includes  communication  via  local  media,  community  meetings,  printed 
information,  school  presentations,  carnival  parades  and  use  of  truck  with  loudspeakers  and  face- 
to-face.  A  jingle  explaining  the  project  was  commissioned  which  accompanied  local  radio 
broadcasts  and  communication  events. 

Results/Conclusion:  The  relationship  and  trust  established  between  field  staff  and  community 
has  been  instrumental  and  began  during  baseline  monitoring  phase  before  any  releases  occurred. 
These  combined  efforts  have  resulted  in  visits  to  every  house  in  the  field  sites,  often  on  multiple 
occasions,  ensuring  the  highest  level  of  community  engagement  possible. 
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Abstract  text: 

Recent  advances  in  genome  editing  technologies  have  provided  exciting  new  avenues  of 
entomological  research.  In  this  talk,  I  will  give  an  overview  of  these  technologies  and  highlight 
recent  applications.  Three  genome  editing  technologies,  zing  finger  nucleases  (ZFNs), 
transcription  activator-like  effector  nucleases  (TALENs),  and  CRISPR/Cas9  nucleases,  have 
been  used  in  insect  systems.  In  all  3  methods,  nucleases  cut  specific  sequences  in  the  genome, 
resulting  in  either  (i)  an  indel  mutation  if  non-homologous  end-joining  repair  occurs,  or  (ii) 
insertion  of  new  DNA  elements,  when  homology  directed  repair  occurs  in  the  presence  of 
exogenous  DNA  containing  homology  arms  that  flank  the  cut  site.  While  ZFNs  and  TALENs  are 
effective,  the  main  drawback  is  that  a  new  protein  has  to  be  engineered  for  every  target  site  in  the 
genome.  In  contrast,  for  CRISPR/Cas9  a  new  target  site  only  requires  synthesis  of  a  short  guide 
RNA,  which  significantly  drives  down  the  cost  and  increases  throughput.  CRISPR/Cas9 
technology  can  also  be  modified  to  achieve  transcriptional  activation  or  repression,  large 
chromosomal  deletions,  and  chromatin  modification,  to  name  a  few.  In  addition  to  its  obvious 
benefit  to  functional  genomics  research,  CRISPR/Cas9  technology  provides  opportunities  to 
genetically  control  insect  populations.  For  example,  recent  studies  have  illustrated  the  potential 
to  use  CRISPR/Cas9  to  drive  non-Mendelian  inheritance  of  lethal  alleles  into  pest  populations. 
However,  the  ecological  consequences  and  long-term  implications  of  these  gene  drive  systems  is 
a  controversial  topic  of  debate. 
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Abstract  text: 

Introduction:  Silkworm,  Bombyx  mori ,  has  been  important  as  a  model  in  the  studies  of  insect 
physiology  and  genetics,  a  lepidopteran  pest  model  for  developing  insecticides,  a  model  of 
domestication  for  controlling  animal  behavior,  a  human  disease  model  for  drug  discovery,  a 
biofactory  for  producing  useful  materials,  etc.  The  transposon-based  genetic  tools  had  been 
developed  for  gene  function  studies  and  new  uses. 

Methods:  Recently,  we  have  developed  the  genome  editing  tools  in  the  silkworm  using  zinc 
finger  nucleases  (ZFNs),  transcription  activator-like  effector  nucleases  (TALENs)  and  clustered 
regularly  interspaced  palindromic  repeats/CRISPR-associated  (CRISPR/Cas)  system.  Gene 
targeting  methods  have  been  tried  first  against  BmBLOS2  gene,  which  is  located  in  the  Z 
chromosome  and  the  responsible  gene  for  distinct  oily  ( od)  mutant.  Then,  many  genes  have  been 
disrupted  by  TALENs  and  CRISPR/Cas9. 

Results/Conclusion:  The  disruption  of  BmBLOS2  gene  through  an  error-prone  DNA  repair 
process  of  non-homologous  end  joining,  although  the  mutation  rate  was  very  low  resulted  in  an 
oily  phenotype  of  the  skin.  TALENs  and  CRISPR/Cas9  were  also  successfully  used  for  the 
knockout  of  BmBLOS2  gene.  The  efficiency  of  gene  disruption  was  greatly  improved  using  a 
new  TALEN  backbone  vector,  which  is  optimized  for  use  in  Bombyx.  The  efficiency  of  the  gene 
knock-in  by  homologous  recombination  was  very  low  in  the  silkworm.  So,  we  have  developed 
the  efficient  knock-in  method  by  microhomology-mediated  end-joining-dependent  integration  of 
donor  DNA.  In  conclusion,  genome  editing  tools  have  been  rapidly  developed  and  will  greatly 
increase  the  usefulness  of  the  silkworm. 
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Abstract  text: 

Introduction:  Lepidoptera  is  the  second  largest  insect  Order  that  includes  more  than  160,000 
species.  It  has  economically  important  insect  including  silkworm,  and  agriculture  and  forest 
pests,  such  as  cotton  bollworm,  pine  caterpillars,  diamondback  moth  and  so  on.  The  genetic 
control  of  the  insects  will  produce  both  economic  benefits  and  environmental  friendly  pest 
control  methods. 

Methods:  Our  group  has  established  the  newly  emerged  genome  editing  platform  and  applied  it 
to  the  lepidopteran  insects  and  obtained  strains  for  such  purpose. 

Results/Conclusion:  In  the  silkworm,  we  successfully  edited  many  genes,  such  as  sex 
determination  pathway  genes,  the  development  related  genes  and  obtained  expected  genotype 
and  phenotypes.  For  example,  the  editing  was  applied  in  the  different  exons  of  doublesex  gene. 
The  knockdown  (KO)  of  female  specified  exon  resulted  in  the  significant  reduction  in  egg 
production.  Because  the  strains  are  inheritable,  we  could  obtain  the  female  only  stain  and  male 
only  strain  in  this  way  to  realize  the  purpose  for  insect  population  genetic  control.  The  platform 
is  also  applied  to  pest  insects.  We  succeeded  in  editing  several  pests  such  as  diamondback  moth, 
Asian  corn  borer  and  Spodoptera  litura.  Although,  the  editing  rate  is  not  as  high  as  we  get  in 
silkworm,  it  demonstrated  that  the  technique  could  be  applied  to  different  lepidopteran  insects. 
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Abstract  text: 


Introduction:  The  cricket  Gryllus  bimuculatus  is  a  model  system  for  studying  genetic 
mechanisms  of  embryogenesis  and  regeneration.  Previously,  we  have  established  gene  knock-out 
techniques  via  genome  editing  using  ZFNs  and  TALENs. 

Methods:  To  further  improve  genome-modification  technology  in  the  cricket,  we  have  tried  to 
introduce  CRISPR/Cas9  system  into  this  species.  We  designed  guide  RNAs  for  target  genes  and 
micro  injected  them  into  cricket  eggs  with  Cas9  nuclease  mRNA. 

Results/Conclusion:  The  efficiency  of  introducing  targeted  mutations  and  germline  mutations  by 
the  CRISPR/Cas9  system  was  significantly  higher  than  by  ZFNs/TALENs  in  our  examined 
cases.  Via  selection  of  Gi  heterozygous  mutants  with  Cell-based  mutation  assays  and  subsequent 
sibling  crosses,  we  obtained  homozygous  mutants  exhibiting  knockout  phenotypes.  Functions  of 
some  developmental  regulatory  genes,  such  as  segment-patterning  genes  and  Hox  genes,  were 
clarified.  Furthermore,  we  have  succeeded  CRISPR/Cas9-mediated  gene  knock-in  by  homology- 
independent  DNA  repair.  Using  this  method,  a  GFP-expression  cassette  was  knocked-in  into  a 
target  gene  exon,  leading  to  efficient  identification  of  knockout  embryos  with  fluorescent 
detection.  We  also  found  that  this  knock-in  method  was  easily  applicable  to  make  enhancer  trap 
lines.  We  will  present  more  recent  progress  in  development  of  genome-modification  methods  in 
the  cricket  and  discuss  its  potential  in  functional  genomics  in  insects. 
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Abstract  text: 

Introduction:  Malaria  parasite  transmission  strictly  depends  on  the  successful  development  of 
Plasmodium  in  the  Anopheles  mosquito  midgut.  Mosquito  control  is  the  key  to  block  the  spread 
of  the  disease.  Continuous  emergence  of  mosquito  insecticide  resistance  and  parasite  drug 


resistance,  combined  with  the  lack  of  an  effective  malaria  vaccine  severely  limits  our  ability  to 
contain  this  intolerable  burden.  Novel  approaches  to  fight  malaria  are  urgently  needed. 

Methods:  Mosquito  transgenesis  and  paratransgenesis  have  been  considered  as  the  2  promising 
novel  control  strategies  that  aim  at  interrupting  transmission  of  this  diseases.  Paratransgenesis 
involves  genetic  modification  of  mosquito  symbiont  for  the  delivery  of  effector  molecules  in  the 
vector  mosquito. 

Results/Conclusion:  We  have  shown  that  the  bacterium  Pantoae  agglomerans  engineered  to 
produce  anti  -Plasmodium  effector  molecules  strongly  inhibits  Plasmodium  development  in  the 
mosquito.  Recently,  we  discovered  one  core  symbiotic  bacterium  Serratia  sp.  from  Anopheles 
mosquitoes,  which  is  transmitted  both  vertically  from  female  to  larval  progeny  and  horizontally 
from  male  to  female  during  mating.  These  transmission  properties  suggest  that  the  recombinant 
Serratia  are  able  to  be  transmitted  among  the  mosquito  populations  in  nature.  We  have 
developed  a  method  for  genetically  transforming  them.  The  genetically  engineered  bacteria  could 
be  reintroduced  into  their  original  host  species,  thereby  producing  stable  paratransgeneic 
mosquitoes.  We  have  generated  paratransgenic  Anopheles  mosquitoes  that  are  refractory  to 
Plasmodium  infection,  or  interfering  with  mosquito  development.  This  approach  is  Tow-tech’ 
and  may  be  “universal”  in  the  control  of  vector-borne  diseases. 
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Abstract  text: 

Using  the  piggy Bac- mediated  GAL4/UAS  transgenic  system  established  in  Bombyx  mori,  we 
specifically  overexpressed  a  constitutively  active  form  of  Rasl  (. RaslCA )  in  the  posterior  silk 
gland  (PSG).  In  the  transgenic  silkworm,  Fil-GAL4  >  UAS-RaslCA  (Fil  >  RaslCA), 
overexpression  of  the  RaslCA  oncogene  specifically  in  the  posterior  silk  gland  increased  silk 
yield  and  the  efficiency  of  converting  food  into  silk  suggesting  promising  applications  in 


sericulture.  It  is  likely  that  Rasl  and  its  downstream  Raf-MAPK  and  PI3KTORC1  pathways  play 
critical  roles  in  regulating  fibroin  production,  while  the  detailed  molecular  mechanism  remains  to 
be  fully  elucidated.  The  completed  Bombyx  genome  sequence  makes  it  possible  to  use  functional 
genomics,  such  as  proteomics  and  transcriptomics,  to  achieve  the  above  goal.  The  transcriptomic 
and  proteomic  analyses  revealed  that  RaslCA  increases  silk  gland  cell  size  and  fibroin  protein 
synthesis  through  the  downstream  Raf-MAPK  and  PI3K-TORC1  pathways.  To  further  illustrate 
how  RaslCA  overexpression  increases  silk  yield,  we  compared  the  phosphoproteins  of  PSGs 
from  the  wild  type  and  7te7CA-overexpressed  silkworms  by  using  iTRAQ.  These  results  showed 
that  Rasl  activates  its  downstream  Raf-MAPK  signaling  and  phosphorylates  the  serine  site  Ser91 
of  SGF1,  a  key  transcription  factor  regulating  fibroin  gene  expression.  In  vivo  and  in  vitro 
studies  demonstrated  that  SGF1  serine  site  Ser91  is  critical  for  nuclear  import  and  further  affect 
its  degradation.  Integrating  these  three  aspects  of  functional  genomic  studies  on  how  RaslCA 
overexpression  in  PSG  improving  silk  production,  will  help  in  silk  yield  improvement  by 
molecular  breeding. 
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Introduction:  Engineering  sex-specific  sterility  is  critical  for  developing  transgene-based  Sterile 
Insect  Technology.  Targeted  genome  engineering  achieved  by  customized  ZFN,  TALENs  or 
CRIPSPR/Cas9  systems  has  been  exploited  extensively  in  a  variety  of  model  organisms. 

Methods:  Here,  we  model  a  novel  genetic  system  in  the  silkworm,  Bombyx  mori  that  results  in 
female-specific  or  male-specific  sterility  by  combining  transgenesis  with  transcription  activator¬ 
like  effector  nucleases  (TALENs)  or  CRIPSPR/Cas9  technologies.  We  exploited  genome  editing 
and  transgenesis  technologies  to  induce  mutations  in  either  the  female-specific  isoform  (< dsxM ), 
male-specific  isoform  ( dsxM )  or  sex-independent  region  (dsxc)  of  dsx  in  somatic  tissues  of  the 
lepidopteran  model  insect,  Bombyx  mori. 


Results/Conclusion:  Disruptions  of  gene  function  produced  either  sex-specific  sexually- 
dimorphic  defects  or  intersex  phenotypes;  which  are  differrent  from  those  seen  in  other  insects, 
including  Drosophila  melanogaster .  Our  data  provide  insights  into  divergence  of  the  insect  sex 
determination  pathways  contributed  by  the  most  conserved  downstream  component,  dsx. 
Somatic  TALEN  technologies  provide  a  promising  approach  in  the  future  insect  functional 
genetics  thus  providing  the  basis  for  the  development  of  attractive  genetic  alternatives  for  insect 
population  management. 
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Abstract  text: 

Introduction:  The  silkworm  minute  wing  gene  (mw)  mutation  is  one  of  mutations  of  silkworm 
wings,  controlled  by  recessive  gene  mw ,  the  mutant  wings  are  much  smaller  than  the  normal 
wings  in  pupa  stage  and  adult  stage,  mw  gene  had  been  proved  in  22th  linkage  group  in 
silkworm. 

Methods:  In  this  research,  an  imaginal  disc-derived  wing  morphogenesis  gene  was  proved  to  be 
responsible  for  mw  mutant  and  Crisp/Cas9  system. 

Results/Conclusion:  silkworm  variety  P50  which  has  the  normal  wing  formation  and  silkworm 
variety  U 1 1  which  has  the  minute  wing  (mw)  were  used  as  parental  strains  to  prepare  reciprocal 
populations,  a  linkage  map  of  12.4cM  was  constructed,  with  mw  mapped  at  the  end  of 
nscaf3056,  T2272  is  next  to  it,  which  was  l.lcM  away  from  it.  T2272  located  at  the  site  of 
1.265Mb  in  nscaf3056  after  blasting  the  silkworm  genome  database,  the  mw  gene  is  located 
between  the  end  of  the  nscaf3056  and  T2272,  which  has  275kb.  In  this  region,  there  are  15 
candidate  genes  totally,  among  them,  an  imaginal  disc-derived  wing  morphogenesis  gene  was 
found  to  be  differently  expressed  between  P50  and  ul  1 .  CRISPR/Cas9  system  was  adopted  to 


verify  this  gene,  the  results  showed  that  after  interference  the  expression  of  this  gene  in  normal 
wing  strain,  Nistari,  the  rate  of  minute  wing  mutation  was  about  50%. 
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Abstract  text: 

Introduction:  Lepidopteran  insects  (moths  and  butterflies)  are  the  second  largest  order  of  animals 
which  are  also  probably  the  most  widely  studied  groups  of  invertebrates.  The  Lepidoptera 
include  numerous  agricultural  pests  that  cause  widespread  economic  damage  to  commercial 
crops  and  trees,  as  well  as  the  model  insect  with  economic  importance,  i.e.  the  domesticated 
silkworm,  Bombyx  mori.  How  to  manipulate  Lepidoptera  genomes  is  becoming  the  critical  issue 
since  a  large  number  of  insect  genomic  information  has  been  released. 

Methods:  Advances  in  genetic  manipulation,  notably  transposon-based  genetic  transformation, 
have  been  successfully  established  in  B.  mori  and  applied  extensively  in  gene  function  analysis 
and  the  production  of  bioreactors.  Furthermore,  successful  establishment  of  genome  editing 
technologies  including  ZFNs,  TALENs  and  CRISPR/Cas  system  provide  potential  tools  for 
insect  functional  genomics.  Transgenesis  combined  with  genome  editing  technologies  will 
greatly  facilitate  lepidopteran  functional  genomics  and  future  genetic  control  of  Lepidopteran 
insects. 

Results/Conclusion:  Work  in  our  laboratory  is  focused  on:  1)  dissection  of  Lepidopteran  sex 
determination  pathway  and  sex-specific  regulatory  elements  using  transgenic  approach;  2) 
applications  of  transgene-based  Sterile  Insect  Technology  (SIT)  in  Lepidopteran  insects  and  3) 
applications  of  genome  editing  technologies,  especially  CRISPR/Cas9  system,  in  Lepidopteran 
functional  genomics. 
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Introduction: 

Volatile  organic  compounds  (VOC),  released  by  plants  in  response  to  insect  damage,  attract 
natural  enemies  of  the  herbivores.  Blends  of  VOC  are  composed  of  compounds  synthesized  by 
different  pathways,  including  six-carbon  aldehydes,  alcohols  and  esters,  monoterpenes, 
sesquiterpenes,  and  aromatic  compounds.  Additionally,  VOC  emitted  by  herbivore-damaged 
plants  trigger  defensive  reactions  in  neighboring  plants. 

Methods: 

Blend  composition  varies  qualitatively  and  quantitatively  among  different  plant  species  and 
varieties  of  the  same  species,  as  well  as  when  different  species  of  caterpillars  feed  on  the  same 
plant  species.  Plants  previously  exposed  to  these  signals  are  primed  to  respond  much  more 
strongly  than  unexposed  plants  to  subsequent  attack  by  herbivores. 

Results/Conclusions:  The  dynamic  nature  of  plant  defensive  signaling  with  VOC  provides 
opportunities  to  enhance  plant  defenses  or  manipulate  them  in  various  ways  to  create  sustainable 
pest  management  systems. 
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Introduction:  Differential  attraction  among  varieties  of  the  same  plant  species  to  insect  pests  of 
crops  and  their  natural  enemies  is  well  known  and  has  been  associated  with  differences  in  the 
emission  profiles  of  constitutive-  and  induced- volatile  organic  compounds  (VOCs).  However, 
the  attraction  of  disease  vectors  from  such  crop  plants  has  not  been  explored.  We  tested  this 
hypothesis  by  examining  different  cultivars  of  cowpea  ( Vigna  unguiculata  L.  Walp),  an 
important  food  grain  legume  in  tropical  Africa. 

Methods:  Screening  VOCs  from  four  varieties  showed  variation  in  the  emission  profile  of  the 
previously  known  mosquito  and  sand  fly  attractant,  l-octen-3-ol,  which  was  released  in  a 
relatively  higher  proportion  in  one  of  them  compared  to  the  others.  A  significantly  higher 
proportion  of  this  compound  was  released  in  the  nighttime  than  daytime,  in  agreement  with 
previous  results,  which  coincides  with  the  period  of  activity  of  these  nocturnal  insects.  We 
further  confirmed  attractiveness  of  mosquito  and  sand  flies  to  leaf  extract  VOCs  of  the  highest 
releasing  variety  in  field  trials  in  Kenya.  We  also  found  evidence  of  more  widespread  plant 
feeding  in  females  than  in  males.  Using  a  laboratory  colony  of  the  sand  fly  Phlebotomus 
duboscqi ,  we  found  that  l-octen-3-ol  is  detected  by  the  maxillary  palps  rather  than  the  antennae. 

Results/Conclusion:  Our  findings  suggest  that  breeding  for  different  traits  in  crops  may  lead  to 
co-selection  of  other  unintended,  yet  potentially  detrimental  phenotypes  such  as  altered  volatile 
profile  production  and  release,  with  unexpected  impacts  not  only  on  insect  pests  of  crops  and 
their  natural  enemies  but  also  on  disease  vectors 
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Introduction: 

Soil-dwelling  beneficial  entomopathogenic  (EPNs)  (Steinernema  spp.  and  Heterorhabditis  spp.) 
and  plant-pathogenic  nematodes  (PPNs)  ( Meloidogyne  spp.)  release  blends  of  water-soluble 
pheromones,  called  ascarosides,  that  also  function  as  cross  species  kairomones.  Since  these 
blends  can  induce  behaviors  such  as  dispersal,  avoidance,  attraction,  host  infectivity  and  mating, 
it  should  be  possible  to  utilize  ascarosides  for  control  of  beneficial  as  well  as  pest  nematodes. 

Methods: 

Comparable  to  above  ground,  plant  roots  can  release  herbivory  induced  volatile  organic 
compounds  (VOCs),  for  example,  roots  of  Zea  mays  in  response  to  feeding  by  the  beetle 
Diabrotica  virgifera  virgifera  and  citrus  cultivars  (( Citrus  paradisi  xPoncirus  trifoliata )  when 
fed  upon  by  the  root  weevil,  Diaprepes  abbreviatus.  These  VOCs  attract  EPNs  and  possibly  also 
PPNs.  A  below  ground  system  is  considerably  more  static  than  an  above  ground  system, 
therefore  sampling  of  semiochemicals  (removing  water  or  gas)  can  have  a  strong  detrimental 
effects  on  a  studied  system.  Recent  progress  made  on  behavioral  bioassays,  sampling  and  new 
analysis  techniques  that  can  handle  significantly  smaller  sample  sizes  will  be  presented. 

Results/Conclusion:  Understanding  the  similarities,  and  differences,  when  compared  with  more 
successful  above-ground  use  of  induced  volatiles  and  tritrophic  interactions  for  pest  control 
should  make  below-ground  IPM  much  more  feasible. 
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Introduction:  Plants  belonging  to  the  family  Solanaceae  have  been  among  the  most  well  studied 
with  regard  to  constitutive  and  inducible  defenses  to  herbivory,  with  several  compound  classes 
and  structural  barriers  implicated.  One  of  the  most  damaging  herbivorous  arthropods  of 
solanaceous  crops  is  the  invasive  tomato  red  spider  mite,  Tetranychus  evansi  (Baker  and 
Pritchard).  Spider  mites  use  their  stylets  to  puncture  individual  epidermal  cells  and  suck  out 
contents  of  the  mesophyll  cells  while  leaving  the  leaf  area  intact.  Crop  losses  of  up  to  90%  in 
smallholder  farming  systems  have  been  recorded  in  tomato  plants  under  severe  T.  evansi 
infestation.  African  nightshades,  belonging  to  the  ‘ Solanum  nigrum  complex’,  are  comprised  of 
economically  and  nutritionally  important  leafy  herbs  and  vegetables  that  are  widely  consumed  in 
African  communities  and  are  differentially  attacked  by  T.  evansi. 

Methods:  We  hypothesized  that  morphological  and  chemical  defenses  contribute  to  the  varied 
interaction  between  African  nightshades  and  T.  evansi.  We  tested  this  hypothesis  using 
laboratory  and  field-based  assays  and  analyses  of  plant  headspace  and  internal  chemicals. 

Results/Conclusion:  Our  results  showed  that  a  combination  of  physical  barriers  and  defense 
chemicals  influence  the  reproductive  success  of  T.  evansi.  The  implication  of  these  findings  for 
integrated  pest  management  of  T.  evansi  will  be  discussed. 
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Introduction:  The  citrophilus  mealybug,  Pseudococcus  calceolariae  (Masked)  (Hemiptera: 
Pseudococcidae),  is  a  pest  of  fruit  crops  in  many  regions  of  the  world.  Recently,  its  sex 
pheromone  has  been  identified  and  synthesized. 

Methods:  We  carried  out  field  experiments  with  the  goal  of  developing  monitoring  protocols 
using  pheromone-baited  traps  and  preliminary  experiments  envisioning  mating-disruption  for 
control.  Traps  checked  hourly  for  24  hours  showed  a  distinct  diel  pattern  of  male  flight,  between 
18:00  and  21:00  h.  The  presence  of  unnatural  stereoisomers  did  not  affect  trap  captures.  Dose  of 
isomeric  mixture  pheromone  (0-100  pg)  had  a  nonlinear  effect  on  male  captures,  with  10,  30, 
and  50  pg  capturing  similar  amounts.  The  effective  range  of  pheromone  traps  was  determined  by 
placing  traps  at  15,  40,  and  80  m  from  an  infested  blueberry  field,  loaded  with  0,  1  and  25  pg  of 
pheromone. 

Results/Conclusion:  For  all  distances,  25  pg  doses  captured  more  males  and  were  highly 
attractive  up  to  40  m.  There  was  a  significant  effect  of  lure  age  on  male  captures  (0-150  d),  with 
similar  amounts  of  males  captured  with  up  to  90-day-old  lures,  and  lower  captures  in  the  150- 
day-old  lures.  We  found  significant  positive  correlations  between  the  number  of  males  caught  in 
pheromone  traps  with  female  abundance  and  fruit  infestation  at  harvest.  Captures  of  males  in 
traps  in  plots  treated  with  pheromone  dispensers  were  much  lower  than  in  control  plots.  Our 
results  show  the  usefulness  of  the  pheromone  for  monitoring  at  field  level  and  indicate  that 
mating  disruption  might  be  a  promising  tool  for  control. 
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Introduction ’.Liriomyza  leafminers  constitute  a  serious  constraint  to  production  and  exportation 
of  vegetables,  grain  legumes  and  cut-flowers  in  sub-Saharan  Africa  (SSA).  In  SSA,  the  most 
damaging  leafminer  flies,  largely  considered  as  quarantine  pests,  are  Liriomyza  huidobrensis 
(Blanchard),  L.  sativae  (Blanchard)  and  L.  trifolii  (Burgess)  (Diptera:  Agromyzidae). 

Liriomyza  leafminer  adult  females  cause  damage  by  puncturing  leaves  for  feeding  and  laying 
eggs,  while  the  larvae  cause  damage  by  tunnelling  into  leaves,  creating  mines  that  result  in 
severe  yield  reductions.  In  addition,  the  pests  are  considered  quarantine  pests  in  key  export 
markets.  In  East  Africa,  farmers  rely  on  synthetic  pesticides  for  control  of  these  pests  in  legume 
farming  systems  which  are  ineffective  based  on  our  recent  findings. 

Methods:  To  contribute  to  the  control  of  these  pests,  we  have  identified  promising  farmer-  and 
environmentally-friendly  alternatives  including  botanicals,  parasitoids,  entomopathogenic  fungi 
and  endophytes  for  leafminer  flies’  control.  More  importantly,  we  have  initiated  a 
comprehensive  study  on  the  chemical  ecology  of  leafminers  aimed  at  exploiting  this  knowledge 
in  their  control. 

Results/Conclusion:  We  will  present  advances  made  in  testing  several  hypotheses,  viz.,  that 
volatile  organic  compounds  (VOCs)  mediate  (i)  leafminer-host-parasitoid  and  (ii)  leafminer- 
host-endophyte  interactions.  The  potential  of  using  these  findings  towards  developing 
sustainable  IPM  packages  in  the  horticultural  sector  in  East  Africa  will  be  discussed. 
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Introduction:  Vegetable  legumes  and  brassicas  are  important  crops  in  South  and  Southeast  Asia. 
These  crops  contribute  essential  nutrients  to  the  diets  of  consumers  across  the  region.  However, 
an  array  of  insect  pests  limit  their  productivity.  Because  of  the  high-value  nature  of  these  crops, 
farmers  indiscriminately  use  chemical  pesticides  in  an  attempt  to  produce  blemish-free 
vegetables.  Such  intensive  use  of  pesticides  poses  a  serious  threat  to  vegetable  growers, 
consumers,  and  the  environment.  Integrated  pest  management  (IPM)  strategies  allow  farmers  to 
manage  pests  effectively  with  minimal  adverse  impact  on  the  environment.  Chemical  ecology — 
the  use  of  insect  pheromones,  kairomones,  and  other  compounds — is  an  important  component  of 
IPM  strategies  for  monitoring  and  mass-trapping  target  pests. 

Methods:  An  improved  lure  and  trapping  strategy  were  developed  recently  to  control  legume  pod 
borer  ( Maruca  vitrata)  on  yard-long  bean  in  Southeast  Asia.  Sex  pheromone  lures  to  attract 
common  armyworm  ( Spodoptera  litura)  were  shown  to  reduce  pest  damage  significantly  in 
vegetable  legume  and  brassicas.  However,  the  practice  of  using  kairomones  against  bean  flower 
thrips  ( Megalurothrips  spp.)  in  tropical  Asia  needs  refinement,  although  combined  application  of 
kairomones  and  entomopathogenic  fungi  was  effective  in  beans  in  East  Africa.  Sex  pheromone 
lures  are  effective  monitoring  and  mass-trapping  tools  for  diamondback  moth  ( Plutella 
xylostella)  on  brassicas  in  tropical  Asia.  Improvements  are  being  made  to  enhance  the  efficacy  of 
aggregation  pheromone  lures  to  trap  striped  flea  beetle  ( Phyllotreta  striolata)  on  brassicas  in 
Southeast  Asia. 

Results/Conclusion:  Prospects  for,  and  problems  of,  using  chemical  ecology  to  develop  IPM 
strategies  for  vegetable  legumes  and  brassicas  will  be  discussed 
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Introduction:  The  eusocial  honey  bee  (Apis  mellifera)  uses  sugar-rich  floral  nectar  as  the 
foundation  for  honey, which  serves  as  an  energy  source  for  workers  to  support  foraging, 
thermoregulation,  wax  production,  and  colony  defense.  Because  it  is  made  from  nectar,  however, 
honey  is  also  rich  in  the  phytochemicals  produced  by  plants  to  mediate  interspecific  interactions. 
Many  of  the  variable  properties  of  honey,  including  antioxidant  capacity  and  antimicrobial 
activity,  are  attributable  to  its  phytochemical  content,  which  varies  according  to  floral  source, 
location,  and  season.  Although  toxic  effects  of  phytochemicals  in  honey  are  well-  known,  there 
is  increasing  evidence  that  phytochemicals  contribute  to  honey  bee  health  by  influencing 
behavior  and  by  enhancing  detoxificative  capacity  and  microbial  defense.  As  well  as  a 
supplementary  food  for  worker  and  drone  grubs,  honey’s  phytochemical  constituents  play  an 
integral  role  in  regulating  the  social  structure  of  the  hive. 

Methods:  The  extensive  body  of  literature  documenting  effects  of  phytochemicals  in  honey  on 
honey  bee  behavior,  physiology,  and  toxicology  is  reviewed,  with  a  focus  on  phenolic  acids  and 
flavonols,  ubiquitous  constituents  of  honey,  along  with  beebread  and  propolis. 

Results/Conclusion:  In  view  of  the  centrality  of  honey  to  the  lives  of  honey  bees,  reductions  in 
phytochemical  diversity  of  honey,  particularly  due  to  lack  of  floral  source  diversity,  may  have 
important  consequences  for  colony  health.  Moreover,  widespread  contamination  of  floral  tissues 
by  agrochemicals  that  interfere  with  metabolism  of  nectar  and  pollen  phytochemicals, 
particularly  systemic  ergosterol  biosynthesis-inhibiting  fungicides,  may  have  significant  impact 
on  the  health  of  a  broad  range  of  flower- visiting  species. 
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Introduction:  The  vast  diversity  of  plant  secondary  metabolites  has  long  fascinated  and  was 
hypothesized  to  be,  at  least  in  part,  the  result  of  a  co-evolutionary  process  between  plants  and 
their  insect  interactors.  Initially,  this  hypothesis  focused  on  the  defensive  function  of  plant 
secondary  metabolites  and  was  more  recently  expanded  to  information-transmitting  functions  in 
the  interactions  with  mutualists  (predators/parasitoids,  pollinators).  These  advance  in  our 
understanding  of  the  role  of  plant  chemistry  mediating  indirect  resistance  and  plant-pollinator 
interactions  and  the  resulting  conflicting  selection  by  mutualist  and  antagonists  on  chemical  traits 
necessitate  the  development  of  a  more  neutral  approach  on  studying  the  ecological  functions  and 
thus  the  evolution  of  plant  secondary  metabolite  diversity.  Here  I  will  discuss  the  implications  of 
generally  treating  plant  secondary  metabolites  as  vehicles  of  information  transfer  between 
organisms,  specifically  between  plants  and  their  antagonist  and  mutualistic  arthropod  interactors. 

Methods:  Laboratory  and  field  experiments  with  several  wild  Solanaceae  species  and  their 
insect  herbivores  were  used  to  address  functional  and  macro-evolutionary  aspects  of  information 
transfer.  HPLC  and  GC-MS  were  used  to  analyze  constitutive  and  inducible  secondary 
metabolite  production. 

Results/Conclusion:  Herbivore-induced  secondary  metabolite  production  affects  plant 
antagonists  and  mutualists  alike  and  thus  represents  a  major  target  of  conflicting  natural 
selection.  How  plants  can  cope  with  this  evolutionary  conflict  as  well  as  which  larger 
evolutionary  patterns  can  be  predicted/observed  will  be  discussed. 
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Introduction:  In  the  food  sciences,  volatile  organic  compounds  (VOCs)  are  used  as  indicators  of 
biochemical  processes  within  a  variety  of  foods.  Volatiles  can  be  used  to  assess  freshness, 
contamination,  even  nutritional  quality.  Further,  numerous  volatile  compounds  with  a  positive 
valence  in  human  perception  are  biosynthetically  linked  to  beneficial  nutrients  (e.g.  essential 
amino  acids).  Yet,  in  pollination  biology,  floral  volatiles  are  discussed  predominately  as 
advertisements  of  the  presence  of  a  nutritive  reward  with  little  or  no  correlation  to  reward 
identity  or  quality.  Indeed,  nectar  can  contain  compounds  that  are  biosynthetically  linked  to 
floral  volatiles.  If  there  is  a  consistent  correlation  between  floral  volatiles  and  nectar  chemistry, 
certain  compounds  may  serve  as  honest  indicators  of  nectar  nutritional  quality. 

Methods:  We  studied  greenhouse-grown  plants  of  the  yellow  evening  primrose,  Oenothera  flava, 
along  with  lab  colonies  of  Hyles  lineatads  an  ecologically  appropriate,  flower-nai've  pollinator. 
GC-MS  and  LC-MS  were  used  to  analyze  and  identify  floral  volatiles  and  nectar  components, 
respectively,  and  electrophysiological  techniques  were  used  to  measure  hawkmoth  olfactory  and 
gustatory  responses  to  these  substances. 

Results/Conclusion:  The  flowers  of  O.  flava  are  nectar-rich  and  emit  a  blend  of  nitrogenous 
volatiles  from  amino  acid  precursors.  The  nectar  of  O.  flava  contains  more  than  28  amino  acids 
and  other  nitrogenous  compounds,  including  the  specific  essential  precursors  of  the  nitrogenous 
floral  volatiles.  We  will  discuss  a  combination  of  chemical,  behavioral,  and  electrophysiological 
assays  testing  the  potential  for  these  nitrogenous  volatiles  to  act  as  honest  signals  of  nectar 
nutritional  content  and  chemical  composition. 
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Introduction:  The  role  of  scents  in  floral  nectar  is  poorly  studied,  but  because  they  are  directly 
linked  to  reward  nectar  scents  could  be  important  in  mediating  interactions  within  flowers.  In 
bee-pollinated  Penstemon  digitalis ,  one  of  the  components  of  the  floral  scent  bouquet,  linalool,  is 
also  emitted  from  nectar  and  associated  with  higher  fitness  in  plants. 

Methods:  Using  a  combination  of  field  and  lab  experiments  we  addressed:  Can  pollinators  use 
linalool  to  detect  the  presence  of  nectar?  Does  linalool  protect  against  floral  antagonists?  Does 
linalool  mediate  nectar  microbe  communities? 

Results/Conclusion:  Although  we  show  that  Bombus  impatiens,  bumblebees  can  detect  linalool 
and  associate  natural  variation  with  nectar  rewards,  in  the  field  P.  digitalis  flowers  are  not 
strictly  honest  because  emission  is  not  linked  with  nectar  production.  Yet,  plants  with  more 
flowers  and  higher  linalool  emissions  do  have  more  and  better  quality  nectar,  suggesting  that 
bees  could  use  linalool  to  increase  the  probability  of  visiting  rewarding  plants.  Conversely, 
linalool  appears  to  have  little  influence  on  antagonists.  While  linalool  does  affect  nectar-bacterial 
growth,  lab-reared  B.  impatiens  show  no  aversion  to  P.  digitalis  derived  bacteria,  suggesting  that 
any  filtering  of  nectar  bacteria  likely  does  not  affect  pollination  service  in  field  conditions.  Our 
results  suggest  the  role  of  nectar  scents  in  floral  interactions  are  likely  complex  and  may  vary 
depending  on  system  and  the  type  of  interactions. 
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Introduction:  Pollinating  insects  use  multiple  signals  and  cues  to  choose  among  a  diverse  array 
of  flowering  plant  species.  Floral  volatiles  are  one  cue  that  insects  utilize,  yet  our  understanding 
of  how  it  shapes  pollinator  behavior  -  and  how  this  in  turn  shapes  plant  evolution  -  is  still  in  its 
infancy.  Using  two  different  plant-pollinator  systems:  monkeyflowers  with  bumble 
bees/hummingbirds  and  orchids  with  a  variety  of  Lepidoptera  -  we  can  couple  chemical  ecology 
with  volatile  genetics,  insect  behavior,  and  plant  evolution. 

Methods:  Floral  volatiles  were  identified  from  sister  Mimulus  species.  Using  gas 
chromatography-coupled  multi-unit  recording  with  experienced  forager  bumble  bees  ( Bombus 
vosnesenskii ),  bioactivity  of  volatiles  of  the  two  plant  species  was  assessed.  Greenhouse  assays 
with  Bombus  impatiens  were  conducted  to  assess  the  role  of  scent  in  pollinator  behavior. 
Separately,  floral  volatiles  in  two  Gymnadeniaoxchxd  species  were  assessed.  The  role  of  these 
floral  volatiles  on  insect-plant  interactions,  mediated  by  insect  transfer  of  pollen  in  the  field  was 
determined. 

Results/Conclusion:  Floral  volatiles  play  diverse  roles  in  insect  behavior  in  the  Mimulus  system; 
three  of  the  nine  volatiles  in  M.  lewisii  elicit  electrophysiological  response  from  Bombus 
vosnesenskii  foragers.  In  addition,  in  planta  removal  of  one  volatile  component  of  the  M.  lewisii 
blend,  (E)-p-ocimene,  reduces  Bombus  impatiens  visitation  by  6%  and  floral  contact  by  11%. 
Removing  other  bioactive  volatiles  (limonene  and  p-myrcene)  had  no  effect  on  either  visitation 
or  floral  contact.  In  Gymnadenia ,  multiple  floral  volatiles  affect  seed  fertility  (a  measure  of 
pollination  success),  likely  by  mediating  interactions  with  pollinating  Lepidoptera. 
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Introduction:  The  ability  of  bees  to  learn  floral  features  is  an  adaptation  to  efficiently  exploit 
flowers  as  a  variable  food  source.  This  learning-based  flower  constancy  has  been  widely  studied 
in  nectar-foraging  pollinators,  but  little  is  known  how  pollen  affects  learning  in  bees.  We  ask 
whether  pollen  alone  is  sufficient  to  reinforce  learning,  and  whether  such  learning  processes 
differ  from  those  which  occur  during  reinforcement  with  sucrose  solution. 

Methods:  Colour-naive  bees  ( Bombus  terrestris ,  Apis  mellifera,  Apidae,  Hymenoptera)  were 
trained  individually  to  coloured  stimuli  that  were  rewarded  with  either  pollen  or  sucrose. 

Results/Conclusion:  Social  bees  are  pollen  generalists,  nevertheless  foraging  individuals  are 
known  to  preferentially  collect  the  pollen  of  certain  plants  over  others.  We  demonstrate  a  role  for 
learning  in  the  development  of  such  pollen  preferences,  finding  that  individual  bees  were  able  to 
not  only  discriminate  pollen  that  has  been  diluted  with  alpha-cellulose  to  varying  degrees,  but 
also  to  associate  such  differences  with  the  presence  of  a  coloured  cue.  In  further  experiments  we 
compared  colour  learning  between  individuals  rewarded  with  either  sucrose  or  pollen.  Because 
learning  is  usually  faster  if  the  reward  is  ingested,  we  expected  that  bees  would  learn  better  when 
rewarded  with  sucrose.  We  did  not  find  major  differences  during  the  acquisition  of  the  reversal 
colour-training  task.  However,  when  bees  were  asked  to  recall  colour  memories,  they  differed  in 
their  responses,  presumably  to  differences  in  the  strength  and  time-course  of  memory  formation. 
Such  variations  in  memory  consolidation  or  recall  are  likely  to  affect  decision-making  and 
foraging  dynamics  of  individual  bees. 
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Abstract  text: 

Introduction:  Floral  nectar  and  pollen  often  contain  plant  secondary  metabolites,  which  may 
affect  consumer  health  and  behavior,  structuring  outcomes  of  plant-pollinator  interactions. 

Below  ground  mutualisms  with  mycorrhizal  fungi  are  known  to  affect  aboveground  traits  of 
plants,  yet  little  is  known  of  how  mycorrhizae  affect  the  chemical  ecology  of  pollination.  Such 
multispecies  mutualisms  could  have  bearing  on  plant  reproductive  success,  an  important 
consideration  for  agriculture,  where  the  majority  of  crops  benefit  from  pollination  by  wild 
insects,  especially  bees.  Using  cultivated  highbush  blueberry  ( Vaccinium  corymb osumL.), 
ericoid  mycorrhizal  fungi  and  bumblebees,  we  ask  how  mycorrhizae  affect  bee  pollinators  and 
the  ecosystem  service  of  pollination. 

Methods:  We  grew  four  blueberry  cultivars  in  a  field  experiment  where  half  of  plants  were 
inoculated  with  mycorrhizal  fungi.  We  measured  effects  of  mycorrhizae  on  plant  morphological 
and  chemical  traits  important  to  reproduction,  as  well  as  bee  visitation  rates  and  pollen 
limitation.  To  study  how  blueberry  floral  chemistry  affects  bee  consumers,  we  compared 
reproductive  success  and  survival  of  common  eastern  bumblebee  queens  (Bombus 
impatiens  Cresson)  on  diets  with  varying  concentrations  of  blueberry  phenolic  compounds. 

Results/Conclusion:  Association  with  mycorrhizae  increased  leaf  area  and  number  while 
decreasing  damage  by  foliar  herbivores.  Mycorrhizal  plants  produced  larger  flowers  with  greater 
energetic  reward  for  pollinators,  but  this  effect  was  cultivar-specific.  Mycorrhizae  resulted  in 
greater  fruit  set  for  some  cultivars,  an  effect  we  conclude  is  due  to  alleviation  of  both  resource 
and  pollen  limitation.  Consuming  blueberry  phenolic  compounds  increased  bee  reproductive 
success,  but  offspring  were  smaller,  indicating  potential  trade-offs  for  bees  that  pollinate 
blueberry. 
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Abstract  text: 

Introduction:  At  least  26  plant  pathogens  are  transmitted  at  flowers  by  pollinators.  Despite  the 
ecological  and  economic  importance  of  pollinator-vectored  plant  pathogens,  we  know  little 
regarding  how  floral  traits  influence  disease  transmission.  This  lack  of  information  is  surprising 
given  the  pervasiveness  of  volatile  chemistry  in  attracting  pollinators  to  flowers,  as  well  as  non¬ 
volatile  chemistry  influencing  pathogen  establishment  in  vegetative  plant  tissues. 

Methods:  Here,  we  investigate  how  volatile  and  non-volatile  chemistry  of  blueberry  ( Vaccinium 
corymbosum)  influences  patterns  of  host  plant  resistance  and  transmission  of  mummy  berry 
disease  ( Monilinia  vaccinii-corymbosi),  an  economically  important  pollinator-vectored  fungal 
pathogen.  We  examined  how  volatile  chemistry  of  infected  leaves  mimic  floral  scent  and 
attraction  of  potential  vectors.  In  addition,  we  assessed  how  phenolic  oxidation  functions  as  a 
non-volatile  chemical  resistance  mechanism,  due  to  the  abundance  of  phenolics  in  blueberry 
tissues. 

Results/Conclusion:  We  found  evidence  of  floral  mimicry  in  the  volatiles  produced  by  leaves 
infected  with  mummy  berry  disease.  Three  volatiles  unique  to  blueberry  flowers  (cinnamyl 
alcohol,  cinnamic  aldehyde,  benzenepropanol)  and  two  unique  fungal  odors  (octenone  isomers) 
were  produced  by  infected  leaves.  Cimmanyl  alcohol  and  cinnamic  aldehyde  were  most 
attractive  to  potential  vectors,  including  bumble  bees  (Hymenoptera,  Apidae,  Bombus  sp.).  We 
found  a  negative  relationship  between  condensed  tannin  oxidation  and  susceptibility  to  mummy 
berry  disease.  Overall,  our  results  suggest  that  blueberry  possesses  phenolic-based  chemical 
defenses  against  mummy  berry  disease,  but  is  also  chemically  manipulated  by  mummy  berry  in 
order  increase  disease  transmission. 
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Abstract  text: 

Introduction :  Floral  traits  of  insect-pollinated  plants  face  opposing  selection  pressures  from 
antagonists  and  mutualists.  Plant  metabolites  mediate  herbivore  defence,  and  thus  could  also 
protect  nectar  for  adapted  legitimate  pollinators  in  specialised  pollinator  syndromes.  Nectaries  in 
flowers  of  Aconitum  occur  on  stalks  under  a  galea  (hood)  and  are  preserved  for  long-tongued 
bumblebee  species  ( Bombus  spp.).  However,  B.  terrestris,  a  short-tongued  European  species, 
occasionally  robs  nectar  through  holes  chewed  in  the  galea,  but  robbing  frequency  varies 
between  A.  napellus  and  A.  lycoctonum. 

Methods'.  We  used  motion-activated  video  monitoring  of  flower  visits  by  bumblebees  and 
correlated  this  with  alkaloid  concentrations.  We  recorded  repellent  effects  of  alkaloids  against 
bumblebee  workers  and  electrophysiological  responses  from  their  taste  sensilla. 

Results/Conclusion'.  Aconitine  and  lycaconitine,  the  major  alkaloids  in  nectar  and  galeas  of  A. 
napellus  and  A.  lycoctonum  respectively,  were  dose-dependently  repellent  to  B.  terrestris  at 
ecologically  relevant  concentrations.  A.  lycoctonum  received  5  times  more  legitimate  pollinator 
visits  than  A.  napellus  and  also  more  robbery.  Alkaloid  concentrations  in  the  galeas  of  both 
species  was  6-10  times  higher  than  nectar,  suggesting  that  higher  concentrations  of  alkaloids  in 
galeas  protects  against  nectar  robbers.  However,  concentrations  of  alkaloids  in  nectar  correlated 
positively  with  their  concentration  in  the  galea  but  correlated  negatively  with  legitimate  flower 
visits  in  A.  lycoctonum,  indicating  that  pollinators  were  repelled  by  nectar  in  flowers  that  were 
better  protected  from  robbers.  We  conclude  that  there  is  a  trade-off  in  Aconitum  between 
chemically  protecting  nectar  from  robbers  and  repelling  mutualists  with  toxic  nectar. 
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Introduction:  Honey  bees  ( Apis  mellifera ,  Hymenoptera,  Apidae)  encounter  and  tolerate 
potentially  toxic  secondary  metabolites  in  nectar  and  pollen.  We  have  investigated  responses  of 
both  adults  and  larvae  to  nicotine,  of  special  interest  because  of  the  structural  similarity  with 
synthetic  neonicotinoids.  We  consider  nicotine  alone  and  combined  with  other  stressors,  and  the 
underlying  detoxification  mechanisms. 

Methods:  Responses  of  adult  bees  were  assessed  using  caged  groups  of  100  newly  emerged 
workers,  fed  liquid  or  solid  diets.  Larvae  were  reared  in  vitro  on  a  royal  jelly-based  diet.  Protein 
networks  and  metabolic  pathways  involved  in  nicotine  detoxification  were  identified  using  mass 
spectrometry -based  comparative  proteomic  and  metabolomic  analysis  following  a  three  day 
nicotine  exposure.  The  metabolic  fate  of  nicotine  in  adults  was  explored  using  radiolabelled 
nicotine  and  LC-MS  analysis. 

Results/Conclusion:  Survival  of  caged  workers  was  unaffected  by  30  pM  nicotine  in  sucrose 
diets,  even  improving  in  the  case  of  weak  colonies.  Larvae  were  similarly  tolerant  of  nicotine  in 
their  diet.  Nicotine  increased  the  demand  for  protein,  but  bees  exposed  to  interacting  stressors  of 
dietary  nicotine  and  low  incubator  temperature  (30°C)  did  not  consume  more  protein  when  given 
a  choice.  Proteomic  and  metabolomic  analysis  showed  active  detoxification  of  nicotine  (300  pM) 
in  adults  and  larvae,  associated  with  increased  energetic  investment;  also  antioxidant  and  general 
stress  responses.  Larval  growth  and  development  pathways  were  also  affected.  Active 
detoxification  of  nicotine  was  confirmed  by  identification  of  its  known  catabolites.  We  have 
characterised  the  molecular  responses  of  healthy  honey  bees,  without  confounding  effects  from 
miticide  or  disease  treatment. 
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Introduction:  Insect  pollinators  like  bees  have  a  long-standing  mutualism  with  plants  in  which 
they  visit  flowers  to  obtain  nectar  and  pollen.  This  mutualism  is  complicated  by  the  fact  that 
nectar  and  pollen  are  often  laced  with  toxic  compounds  that  plants  produce  as  a  means  of 
defence  against  herbivores.  Here,  I  will  describe  the  pre-ingestive  mechanisms  that  honeybees 
{Apis  mellifera)  and  buff-tailed  bumblebees  {Bombus  terrestris)  possess  for  detecting  toxins  such 
as  pesticides. 

Methods:  Using  a  novel  assay  for  measuring  the  gustatory  sensitivity  of  bees  to  non-nutrient 
compounds  in  food,  we  measured  how  the  detection  threshold  of  bees  for  potential  toxins  is 
altered  by  the  concentration  of  sugar  found  in  food.  I  will  also  compare  the  relative  acuity  that 
each  species  has  for  the  detection  of  toxins.  I  will  also  present  data  from  electrophysiological 
recordings  of  the  gustatory  sensilla  of  the  bee’s  mouthparts  that  describe  the  mechanisms  bees 
and  other  insects  rely  on  for  the  detection  of  toxins  in  food. 

Results/Conclusion:  Bumblebees  show  surprising  sensitivity  to  toxins  in  food  compared  to 
honeybees.  This  sensitivity  is  conferred  by  population-level  responses  of  gustatory  neurons  in 
the  mouthparts. 
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Introduction:  Honeybee's  self-produced  gland  secretions  and  foraged  hive  products  should 
chiefly  facilitate  medication  and  sanitation  of  the  colony.  Apis  mellifera  developed  several 
behavioral  defense  strategies  known  as  ‘social  immunity’.  The  main  nutrients  of  a  bee  colony, 
honey  and  pollen,  contain  many  plant  compounds  that  prevent  microparasite  and  pathogen 


growth,  and  inhibit  viral  replication.  Secondary  plant  metabolites  in  nectar  are  especially  well 
known  for  their  antibiotic  effects.  These  highly  plant  specific  compounds  are  used  by  the 
individual  worker  honeybee  and  are  transmitted  via  trophallaxis  to  the  whole  colony.  Here  I  will 
show  cases  of  prophylactic  and  therapeutic  bee  product  application,  enhancing  honeybee  health. 

Methods:  1.  Using  a  high-throughput  cell  growth  assay  and  8  different  American  and  European 
foulbrood  associated  bacteria  strains,  we  tested  several  honeys  for  their  bacterial  growth 
inhibitory  activity.  2.  Therapeutic  self-medication  was  discovered  by  using  nurse  honeybees, 
infected  with  the  microsporidian  gut  parasite  Nosema  ceranae,  and  various  types  of  honey  in  a 
simultaneous  choice  assay. 

Results/Conclusion:  Notably,  monofloral  honeys  appeared  to  be  strain  specific  in  their 
antibacterial  activity.  The  specificity  of  the  monofloral  honeys,  and  the  strong  antimicrobial 
potential  of  the  polyfloral  honey  suggests  that  qualitative  variance  in  the  honey  stores  may  be 
highly  adaptive  for  ‘social  immunity’.  N.  cerate-infected  workers  preferred  honeys  with  the 
highest  antibiotic  activity  that  also  reduced  the  microsporidian  infection.  Since  worker  bees  not 
only  feed  themselves  but  also  larvae  and  other  colony  members,  honey  is  a  prime  candidate 
acting  as  a  self-medication  agent  in  honeybee  colonies  to  prevent  or  decrease  infections. 
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Introduction:  Secondary  compounds  play  a  critical  role  in  plant  defense  against  herbivores. 
Although  these  compounds  can  increase  plant  resistance  to  herbivore  feeding,  they  can  also 
benefit  herbivores  by  reducing  parasitism.  Plant  secondary  compounds  are  also  found  in  floral 
nectar,  and  there  is  growing  evidence  that  these  same  compounds  may  be  important  in  enabling 


pollinators  to  reduce  parasitism.  However,  the  degree  to  which  pollinators  may  seek  out  these 
compounds  as  a  form  of  self-medication  has  been  little  explored.  The  monoterpene  thymol  is 
found  in  the  nectar  of  Thymus  spp.  and  has  been  shown  to  reduce  parasitism  by  the  gut  parasite 
Crithidia  bombi  in  the  bumble  bee  Bombus  impatiens  (Hymenoptera,  Apidae).  We  explored  the 
hypothesis  that  feeding  on  thymol  would  provide  more  benefits  than  costs  for  infected  bees,  and 
that  bees  would  show  preference  for  thymol  but  only  when  parasitized. 

Methods:  We  used  microcolonies  of  queenless  bumble  bee  workers  to  measure  the  costs  and 
benefits  of  thymol  on  Crithidia  infection  and  bee  performance.  Laboratory  choice  tests  were 
used  to  test  whether  Crithidia  infection  affected  bee  preference  for  thymol. 

Results/Conclusion:  We  found  that  thymol  reduced  bee  parasitism  and  little  evidence  for  costs  of 
thymol  consumption  for  infected  or  uninfected  bees.  In  laboratory  choice  tests,  infected  bees 
showed  preference  for  thymol  whereas  uninfected  bees  showed  no  such  preference.  However, 
when  we  allowed  free-flying  infected  and  uninfected  workers  to  choose  among  artificial  flowers 
with  and  without  thymol,  infected  workers  in  general  foraged  poorly,  and  idiosyncratic  bee 
foraging  behaviors  obscured  strong  evidence  for  self-medication. 
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Abstract  text: 

Introduction:  While  much  has  been  learned  about  factors  that  influence  bee  pathogen  loads  and 
the  consequences  of  infection,  we  still  know  remarkably  little  about  the  role  of  plants  mediating 
bee-pathogen  dynamics.  Transmission  of  the  common  trypanosome  gut  pathogen  Crithidia 
bombi  to  its  Bombus  sp.  (Hymenoptera,  Apidae)  hosts  can  occur  through  shared  flower  foraging, 


but  whether  the  likelihood  of  transmission  differs  with  plant  species,  the  role  of  floral  traits  in 
mediating  such  transmission,  and  consequences  for  bee  colony  performance  is  unknown. 

Methods:  We  inoculated  inflorescences  of  15  plant  species  with  C.  bombi ,  allowed  experimental 
B.  impatiens  to  forage,  and  assessed  pathogen  acquisition.  We  used  results  to  choose  low-  and 
high-transmission  plant  species  that  were  manipulated  in  a  mesocosm  experiment  to  assess  how 
pollinator  plantings  shape  colony-level  pathogen  loads  and  performance,  using  Brassica  rapa 
(canola)  as  a  focal  crop  in  all  tents. 

Results/Conclusion:  There  was  four-fold  variation  in  plant  species  ability  to  transmit  C.  bombi  to 
B.  impatiens  hosts.  Number  of  open  flowers  predicted  transmission;  the  role  of  floral  chemical 
traits  is  being  explored.  In  tent  mesocosms,  colony  disease  loads  were  nearly  twice  as  high  in 
tents  containing  high-transmission  than  low-transmission  species,  with  canola-only  tents 
intermediate.  However,  colony  reproduction  was  higher  in  tents  with  than  without  co-flowering 
plants,  even  when  Crithidia  loads  were  increased.  Thus,  plant  species’  traits  at  the  community 
level  shaped  Crithidia  transmission  in  our  whole-community  manipulations. 
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Introduction:  Sterilising  or  castrating  parasites  rely  upon  host  survival  and  the  diversion  of  host 
resources  to  maximise  their  reproductive  fitness.  Bumble  bee  {Bombus  spp.)  queens  are 
parasitized  by  females  of  the  nematode  Sphaerularia  bombi ,  These  nematodes  invade  the 
haemocoel  of  hibernating  queens.  The  number  of  worms  in  a  host  can  range  from  1  to  more  than 
70.  When  the  queens  emerge  from  hibernation  in  the  spring  they  are  castrated  by  the  parasite, 
and  become  unwitting  vehicles  for  parasite  reproduction  and  dispersal. 


Methods:  We  combine  field  and  lab  studies  to  address  the  following  questions.  How  does 
parasite  virulence  relate  to  reproductive  fitness?  Does  intra-host  competition  drive  virulence?  Is 
the  parasite  a  true  host  generalist?  Can  hosts  defend  themselves  against  the  parasite? 

Results/Conclusion:  Using  Bombus  terrestris  as  a  model  system,  our  results  suggest  that 
parasites  compete  within  the  host  for  reproductive  fitness,  and  that  this  has  repercussions  for 
parasite  virulence,  as  predicted  by  classic  host-parasite  theory.  Preliminary  genetic  analyses 
suggest  that  the  parasite  can  bypass,  or  even  take  advantage  of  host  mechanisms  to  prevent 
infection.  In  a  second  host  species,  Bombus  hypnorum,  there  is  clear  evidence  for  host  resistance, 
but  this  may  be  circumvented  by  parasite  abundance.  Finally,  first  analyses  of  global  parasite 
diversity  suggest  that  several  ancient  lineages,  or  cryptic  species,  of  the  worm  may  exist, 
complicating  the  interpretation  of  previous  studies  and  our  understanding  of  host-parasite 
evolutionary  ecology  in  this  system. 
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Abstract  text: 

Introduction:  Insect  pathogenic  fungi  are  found  in  several  major  fungal  lineages.  Only  a  small 
fraction  of  the  entomopathogenic  fungi  are  able  to  infect  social  insect  societies  and  circumvent 
both  individual  and  social  immunity.  The  entomopathogenic  fungi  affecting  social  insects  are 
either  specialists  with  a  single  or  few  closely  related  host  species  or  generalists  with  broad  host 
range  infecting  many  insect  host  species.  The  most  intriguing  fungal  pathogen  adaptations  are 
found  in  the  specialist  species,  where  transmission  and  survival  outside  the  hosts  are  key  drivers. 
An  overview  of  the  adaptations  of  entomopathogenic  fungi  in  social  insects  including  host 
manipulation,  environmental  factors  and  spore  production  will  be  given  with  focus  on 
Entomophthorales  in  ants. 


Methods:  Field  studies  of  natural  infection  of  Pandora  formicae  (Entomophthorales)  in  Formica 
polyctena ,  the  red  wood  ant,  were  conducted  in  a  temperate  spruce  forest.  Day-to-day 
distribution  of  host-manipulated,  fungus-killed  ants  was  mapped  around  an  ant  nest  for  three 
consecutive  days  and  measured  against  ant  densities  and  infectiousness  of  cadavers.  In  addition, 
live  ants  were  sampled  monthly,  incubated  individually  and  assessed  for  fungal  infection  and 
fungal  structures. 

Results/Conclusion:  P.  formicae  did  manipulate  infected  F.  polyctena  ants  at  the  very  end  of  the 
infection  to  seek  elevated  positions  on  vegetation.  Moribund  ants  died  in  the  afternoon  with 
mandibles  locked  and  fungal  rhizoids  fixing  the  body  firmly  to  the  vegetation.  Next  day  the 
fungus  grew  out  of  the  cadaver  and  actively  discharged  infectious  conidia.  Favourable  for  fungal 
transmission  the  distribution  of  infectious  cadavers  followed  the  highest  density  of  ant  traffic. 
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Abstract  text: 

Introduction:  Like  all  other  beings,  honey  bees  (Apis  mellifera )  are  attacked  by  numerous 
pathogens.  Some  of  them  are  just  causing  covert  infections  while  others  are  causing  overt  disease 
symptoms  and  even  death  of  individuals  and  entire  colonies.  One  of  the  most  prominent 
examples  of  a  deadly  honey  bee  pathogen  is  the  Gram-positive,  spore-forming  bacterium 
Paenibacillus  larvae.  This  bacterium  causes  an  intestinal  infection  of  honey  bee  larvae  which 
develops  into  a  systemic  infection  eventually  killing  the  diseased  larvae.  This  disease  is  known 
as  American  Foulbrood  of  honey  bees  (AFB)  and  is  a  notifiable  disease  in  most  countries.  P. 
larvae  is  an  obligate  killer  because  death  of  larvae  and  conversion  of  larval  biomass  into 
bacterial  biomass  are  prerequisites  for  disease  transmission  within  and  between  colonies.  Hence, 
P.  larvae  must  have  evolved  effective  means  to  attack  larvae,  to  circumvent  the  larval  immune 
response,  and  to  finally  kill  and  decompose  larvae. 


Methods:  To  understand  these  processes  we  aimed  at  identifying  and  functionally  characterizing 
P.  larvae  virulence  factors.  Using  comparative  genome  and  proteome  analysis,  we  identified 
several  putative  virulence  factors.  Using  gene  inactivation  strategies  in  P.  larvae  coupled  to 
different  functional  assays  we  experimentally  proved  the  relevance  and  biological  role  of  these 
factors  and  their  contribution  to  P.  larvae  virulence  and  pathogenesis  of  AFB. 

Results/Conclusion:  Built  upon  these  findings  we  developed  a  model  for  molecular  pathogenesis 
of  P.  larvae  infections  furthering  our  understanding  of  the  pathobiology  of  this  deathly  pathogen. 
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Introduction:  Social  insects  are  considered  potential  powder  kegs  for  epidemic  diseases.  And  yet, 
we  know  from  hundreds  of  years  of  work  that  social  insects  generally,  and  ants  specifically,  have 
hundreds  of  species  of  parasite  that  infect  them.  In  this  talk  I  discuss  our  work  on  specialist  fungi 
(i Ophiocordyceps )  that  have  evolved  to  control  the  behavior  of  ant  workers. 

Methods:  To  understand  how  a  microbe  controls  ant  behavior  we  use  tools  from  transcriptomics, 
histology,  phylogenetics  and  field  experiments.  This  behavioral  manipulation  is  a  result  of  the 
reduced  opportunities  for  transmission  inside  the  nest  that  results  in  specialized  parasites  only 
transmitting  on  the  borders  of  the  colony.  I  will  show  how  behavioral  manipulation  of  worker 
behavior  has  arisen  independently,  multiple  times.  This  work  on  a  specialized  parasite  of  an 
insect  society  stands  in  contrast  to  recent  work  on  generalist  pathogens  Beauvaria  and 
Metarhizium  which  may  be  of  limited  use  where  the  goal  is  to  learn  generalizable  lessons  on  how 
insect  societies  evolve  in  the  face  of  disease  threats. 


Results/Conclusion:  Here  I  show  that  to  control  individual  ants  the  fungal  parasite  forms  a  3D 
colony  inside  the  ant’s  body  and  releases  neurochemicals  that  alter  the  nervous  system  of  the  ant. 
At  the  same  time  the  manipulated  ant  is  controlled  to  a  location  to  release  spores  that  affect  the 
whole  dynamic  of  the  colony.  I  finish  by  showing  how  such  a  relationship  evolves  over 
evolutionary  time  and  argue  that  the  nature  of  insect  societies  selects  for  parasites  to  evolve 
complex  manipulative  strategies. 
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Introduction:  Immunocompetence  enables  organisms  to  fight  challenges  by  parasites/pathogens. 
In  insects,  immunocompetence  is  represented  by  innate  immunity,  a  broad  repertoire  of  defense 
strategies  at  the  physical,  physiological,  molecular  and  behavioural  levels.  Additionally, 
behavioural  defenses  observed  in  social  insects  is  social  immunity  or  the  group  response 
operated  by  colony  members  that  act  synergistically  to  fight  an  infection.  Here  I  present  our  data 
on  the  immunocompetence  of  Polistes  dominula,  a  primitively  eusocial  wasp  that  is  native  of  the 
Mediterranean  region  but  has  become  invasive  worldwide. 

Methods:  We  first  characterized  the  wasp  cellular  response  to  a  general  immune  challenge:  we 
described  the  morphology  of  wasp  blood  cells  and  we  tested  their  ability  to  perform  phagocytosis 
and  encapsulation  of  a  foreign  object.  Second,  we  investigated  the  wasp  response  to  bacterial  and 
fungal  pathogens.  We  tested  these  responses  at  the  individual  level,  for  molecular  and 
physiological  mechanisms,  and  at  the  group  level,  to  explore  behavioural  defenses  and  social 
immunity.  Finally,  we  tested  individual  and  group  response  towards  a  highly  specific  and 
coevolved  parasite,  the  strepsipteran  Xenos  vesparum. 


Results/Conclusion:  We  found  that  P.  dominula  is  equipped  with  a  complete  immune  system  that 
is  effective  at  both  the  individual  and  group  levels.  P.  dominula  immune  response  fails  against  X 
vesparum ,  thus  showing  that  the  parasite  has  developed  a  strategy  to  manipulate  the  host 
immunocompetence  to  its  own  advantage.  However,  it  appears  that  this  manipulative  ability  has 
been  lost  as  a  consequence  of  the  disruption  of  the  host-parasite  association  that  followed  wasp 
invasion  into  North  America. 
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Introduction:  Dampwood  termites  live  under  significant  pathogenic  constraints.  Therefore,  they 
are  expected  to  be  prime  candidates  for  exhibiting  differential  parental  provisioning  when  facing 
disease.  Queens  that  anticipate  the  immunological  needs  of  their  offspring  based  on  their  own 
immune  status,  should  provision  their  young  accordingly.  Such  context  dependent  contributions, 
the  accompanying  costs/benefits,  and  the  mechanims  underlying  these  putative  maternal  effects 
remain  unknown. 

Methods:  Through  the  use-controlled  breeding  and  pathogenic  exposure,  we  measured  maternal 
effects  on  the  first  brood  of  Zootermospsis  angusticollis  incipient  colonies.  Young  queens  were 
injected  with  either  a  saline  solution,  heat-killed  Serratia  marcescens  or  a  non-lethal  injection 
with  live  Serratia  and  immediately  paired  with  naive  mates.  Maternal  survival,  reproductive 
output,  time  to  first  oviposition  and  morphometric,  protein  content  and  transcriptomic  analyses 
on  the  embryos  were  conducted. 

Results/Conclusion:  Our  results  indicate  that  embryos  from  queens  injected  with  live 
Serratia  were  consistently  smaller  than  those  of  saline  and  heat-killed  bacteria  treated  mothers. 

In  spite  their  smaller  size,  these  queens  oviposited  a  larger  number  of  smaller  embryos,  a  strategy 
that  likely  results  in  incipient  colonies  attaining  a  critical  first  worker  cohort.  Interestingly,  the 


embryos  of  challenged  queens  exhibited  differential  immune-related  gene  expression,  suggesting 
that  although  queens  coping  with  infection  during  oogenesis  incur  personal  and  transgenerational 
costs  (i.e.  smaller  embryos),  progeny  quality  in  terms  of  immune-protection  may  not  be 
compromised.  Because  termites  exploit  microbe-rich  environments  and  are  known  to  exhibit 
immune  responses  that  are  crucial  for  their  survival,  they  provide  a  unique  opportunity  to  study 
maternal  effects  in  a  non-hymenopteran  social  insect. 
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Introduction:  Invertebrates  lack  the  cellular  and  physiological  machinery  of  the  adaptive  immune 
system,  but  show  both  specificity  of  response  and  priming.  Functionally,  immune  priming  is 
comparable  to  immune  memory  in  protecting  individuals  against  subsequent  exposures  to  a 
known  parasite.  Persistence  of  this  immune  priming  can  cross  generations  ("trans-generational" 
immune  priming).  Modulation  of  offspring  immunity  based  on  parental  experience  prepares 
them  for  the  prevailing  parasite  environment.  Although  empirical  support  exists,  the  mechanistic 
foundations  underlying  such  immune  priming,  both  within  and  across  generations,  remain 
largely  unknown. 

Methods:  Using  a  transcriptomic  approach,  we  find  that  when  bumblebee  queens  are  challenged 
with  a  Gram-positive  bacterium  their  daughters  (workers)  constitutively  express  a  core  set  of  the 
genes  that  would  otherwise  be  induced  upon  direct  exposure  to  this  bacterium. 

Results/Conclusion:  Notably,  all  known  bumblebee  antimicrobial  peptides  are  highly  expressed 
in  these  naive  daughters  of  challenged  mothers.  We  also  detect  a  number  of  other  immune  genes, 
including  a  beta-glucan  receptor  protein,  which  is  implicated  in  recognizing  Gram-positive 
bacteria  and  the  induction  of  the  toll  signaling  pathway.  Maternal  challenge  results  in  a  distinct 


upregulation  of  their  daughters’  immune  system,  strikingly  similar  to  the  induced  response  of 
individuals  to  a  direct  immune  challenge.  This  will  mediate  protection  conferred  by  mothers  to 
their  offspring,  and  also  associated  costs  related  to  reconfiguration  of  constitutive  immune 
expression.  The  use  of  conserved  immune  pathways  in  producing  memory-like  responses  has 
important  implications  for  our  understanding  of  the  innate  immune  system,  including  the  innate 
components  of  immunity  in  vertebrates,  which  share  many  of  these  pathways. 
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Introduction:  Honey  bees  (Hymenoptera,  Apidae,  Apis  mellifera  L.)  collect  antimicrobial  plant 
resins  and  incorporate  them  into  the  nest  architecture  as  a  propolis  envelope.  The  propolis 
envelope  has  quantifiable  constitutive  benefits  to  the  immune  systems  of  adult  bees.  Here  we 
tested  if  the  propolis  envelope  promotes  an  inducible  defense  after  pathogen  challenge,  if 
colonies  self-medicate  by  increasing  resin  foraging,  and  if  foragers  change  their  preference  to 
resins  with  greater  antimicrobial  activity  after  challenge. 

Methods:  Colonies  with  and  without  a  propolis  envelope  were  challenged  with  the  fungal 
pathogen  Ascosphaera  apis  (Onygenales,  Ascosphaeraceae)  or  the  bacterial  pathogen 
Paenibacillus  larvae  (Bacillales,  Paenibacillaceae)  and  colony  clinical  signs  were  quantified. 
Immune  gene  expression  and  larval  food  antimicrobial  activity  were  measured  for  colonies 
challenged  with  P.  larvae.  Numbers  of  resin  foragers,  botanical  origin  of  resin  loads  and 
biological  activities  of  resins  were  quantified  before  and  after  challenge  with  both  pathogens. 

Results/Conclusion:  Pathogen  challenged  colonies  with  a  propolis  envelope  showed  significantly 
reduced  clinical  signs  of  infection.  Colonies  with  a  propolis  envelope  challenged  with  P.  larvae 
had  increased  antimicrobial  peptide  gene  expression  in  nurse-age  bees  and  increased 
antimicrobial  activity  of  larval  food  compared  to  challenged  colonies  without  a  propolis 


envelope.  The  number  of  resin  foragers  significantly  increased  after  challenge  with  the  fungal 
pathogen,  but  not  after  challenge  with  the  bacterial  pathogen.  Findings  to  date  indicate  that  bees 
do  not  change  their  resin  foraging  preferences  after  challenge.  Studies  continue  on  the 
antimicrobial  activity  of  volatiles  emitted  by  the  propolis  envelope  and  on  bees’  resin  foraging 
preferences. 
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Abstract  text: 


Introduction:  Honey  bees  live  in  large  colonies  (-50,000  individuals),  but  sociality  has  both  costs 
and  benefits.  In  some  ways,  social  life  enables  individuals  within  colonies  to  better  fend  off 
pathogens  and  parasites  than  if  they  were  solitary.  However,  an  environment  with  many 
genetically  related  individuals  in  a  close  space  creates  opportunities  for  invaders  to  infest  this 
large  supply  of  hosts.  Social  insects  have  developed  a  suite  of  defenses,  both  at  the  individual 
level  (e.g.,  encapsulation,  antimicrobial  peptides)  and  group  level  (e.g.,  grooming  of  nestmates). 
Understanding  the  evolution  of  immunity  of  individuals  has  been  of  great  interest.  It  is  possible 
that  a  de-emphasis  on  individual  immunity  has  been  compensated  by  the  evolution  of  defenses  at 
the  colony  level.  These  group-level  defenses — known  as  social  immunity — emerge  from 
collective  behaviors  of  individuals  that  arise  to  resist  infection. 

Methods:  We  studied  multiple  parasite-resistance  mechanisms  on  honey  bee  colony  health  and 
productivity  and  how  bees  are  able  to  compensate  for  an  experimentally-induced  reduction  in 
individual  immunity. 

Results/Conclusion:  There  is  a  paucity  of  information  concerning  how  the  suite  of  individual  and 
social  defenses  interact  to  affect  parasite  transmission  and  colony  fitness.  Since  multiple 
defenses  can  act  against  the  same  parasite,  how  do  colonies  invest  in  these  differing  defenses? 
Furthermore,  are  there  strong  benefits  (or  even  costs)  to  expressing  multiple  defenses  at  the 
individual  and  colony  levels?  These  are  important  questions  in  the  basic  biology  of  social  insects 
and  the  evolution  of  immune  defense  that  also  have  significant  implications  to  the  beekeeping 
industry. 
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Abstract  text: 


Introduction:  Eicosanoids,  particularly  prostaglandins  (PGs)  are  oxygenated  derivatives  of 
arachidonic  acid.  PGs  mediate  several  aspects  of  insect  cellular  immune  reactions  to  microbial 
infection,  including  nodulation,  phagocytosis,  cell  migration  and  cell  spreading.  We  provide 
context  by  reviewing  some  of  these  PG  actions,  then  report  on  recent  experiments  designed  to 
test  the  hypothesis  that  PGs  also  mediate  behavioral  fever  reactions  to  infection  in  fall 
armyworm  larvae,  Spodoptera  frugiperda  and  that  infections  influenced  expression  of  immune- 
related  genes,  including  phospholipase  A2  (PLA2). 

Methods:  Larvae  were  placed  in  a  heat  gradient  trough  and  allowed  to  select  their  preferred 
temperatures.  After  4  h,  larvae  were  infected  with  bacteria,  then  larval  fever  temperatures  were 
recorded  at  selected  times  post  infection  (PI).  Aside  from  fever,  we  recorded  the  influence  of 
infection  and  fever  on  expression  of  PLA2. 

Results/Conclusion:  Infected  larvae  generated  behavior  fevers  by  shifting  thermal  preferences 
to  significantly  warmer  areas.  Larvae  treated  with  an  inhibitor  of  PG  biosynthesis  did  not 
generate  fevers.  The  fevers  led  to  increased  larval  survivorship,  which  was  abrogated  in  larvae 
that  could  not  generate  fever.  Expression  of  PLA2  was  increased  in  epidermis  and  fat  body  at  2  h 
PI,  in  epidermis,  midgut  and  Malpighian  tubules,  but  not  fat  body,  at  5  h  PI.  By  24  h  PI,  PLA2 
expression  had  returned  to  basal  levels.  These  findings,  along  with  other  work  reported  in  this 
symposium,  highlight  the  increasing  range  of  eicosanoid-signaled  functions  in  insect  immunity. 
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Introduction:  Eicosanoids  mediate  cellular  immune  responses  in  insects,  including  phagocytosis 
of  invading  microbes.  Phagocytosis  entails  two  major  steps,  the  internalization  of  microbes  and 


the  subsequent  killing  of  them  via  formation  of  reactive  oxygen  species  (ROS).  Here,  we  test  that 
eicosanoids  mediate  ROS  production  by  activating  NADPH-dependent  oxidase  (NOX)  using 
Spodoptera  exigua. 

Methods:  A  cDNA  database  for  NADPH  oxidase  4  ( SeNOX4 )  was  generated  from  the  midgut  of 
S.  exigua  larvae  with  pyrosequencing.  For  silencing  of  SeNOX4 ,  dsRNA  was  developed  using 
MEGA  Script  RNAi  kit  and  expression  level  was  measured  by  qRT-PCR.  Number  of  E.  coli  in 
S.  exigua  hemolymph,  phagocytosis,  and  ROS  were  measured  after  RNAi  to  SeNOX4. 

Results/Conclusion:  A  SeNOX4  was  identified  and  cloned,  yielding  a  full  ORF  encoding  547 
amino  acid  residues.  SeNOX4  was  expressed  in  all  life  stages  except  eggs,  and  exclusively  in 
hemocytes.  Bacterial  challenge  and,  separately,  arachidonic  acid  (AA)  injection  increased  its 
expression.  The  internalization  step  was  inhibited  by  dsRNA  suppression  of  SeNOX4  expression 
and,  separately  by  dexamethasone  (DEX)  treatments.  However,  injecting  AA  to  ds SeNOX4- 
treated  larvae  did  not  rescue  the  phagocytic  activity.  Hemocytic  ROS  production  increased 
following  bacterial  challenge,  which  was  sharply  reduced  in  dsSeAOX4-treated,  and  separately, 
in  DEX-treated  larvae.  AA  partially  reversed  the  suppressed  ROS  production  in  ds SeNOX4- 
treated  larvae.  Treating  larvae  with  either  the  ROS-suppressing  ds SeNOX4  construct  or  DEX 
rendered  experimental  larvae  unable  to  inhibit  bacterial  proliferation  in  their  hemocoels.  We 
infer  that  eicosanoids  mediate  ROS  production  during  phagocytosis  by  inducing  expression  of 
SeNOX4. 
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Introduction 


Ticks  are  obligatory  ectoparasites,  whose  salivary  secretions  contain  various  bioactive 
components  that  aid  in  the  manipulation  of  hosts'  defenses,  allowing  for  the  transmission  of 
pathogens  that  are  critical  to  human  and  animal  health.  The  blacklegged  tick,  Ixodes  scapularis , 
transmits  the  most  important  tick-borne  pathogen,  Borrelia  burgdorferi ,  the  causative  agent  of 
Lyme  disease.  Ticks  secrete  large  amounts  of  prostaglandin  E2  (PGE2)  into  the  host,  where  its 
anti-hemostatic,  anti-inflammatory,  and  immunosuppressive  properties  facilitate  blood 
feeding.  We  investigated  the  presence  of  a  tick  PGE2  synthase  enzyme,  which  can  be  targeted  to 
disrupt  tick  feeding  in  the  long  term. 

Methods 

We  have  identified  and  cloned  a  gene  encoding  a  PGE  synthase  ortholog  (PGES2)  in  I. 
scapularis ,  which  is  similar  to  mammalian  PGES2.  The  expression  pattern  and  subcellular 
localization  of  PGES2  was  investigated  via  quantitative  real  time  polymerase  chain 
reaction.  Examination  of  PGES2  levels  in  ticks  fed  on  naive  versus  immune  challenged  hosts 
explores  the  effects  of  host  acquired  immunity  to  ticks  on  PGES2  expression  in  tick  salivary 
glands.  Lastly,  we  expressed  a  recombinant  tick  PGES2  in  Escherichia  coli  to  investigate  its 
enzymatic  ability  to  synthesize  PGE2  from  PGEb. 

Conclusion  /Results 

Our  findings  suggest  that  PGES2  is  expressed  in  the  salivary  glands  upon  blood  feeding  and 
constitutively  throughout  tick  feeding.  The  identification  and  functional  study  of  PGES2,  along 
with  the  description  of  its  expression  patterns,  provides  critical  information  into  the  biosynthetic 
pathway  of  PGE2  in  tick  salivary  glands,  and  opens  the  door  to  future  studies  into  the  disruption 
of  tick  feeding. 
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Periodical  ecdysis  is  a  common  phenomenon  taking  place  in  arthropods  that  occupy  over  80%  of 
known  animals.  Insect  ecdysis  is  a  very  important  step  for  development.  Ecdysis  molting  fluid 
produced  by  epidermal  cells  and  dermal  glands  can  fill  the  space  between  the  old  and  new 
cuticles.  We  disclose  that  there  are  many  innate  immunity  proteins  including  prophenoloxidase 
(PPO)  cascades  in  the  molting  fluids.  Molting  fluids  can  inhibit  the  growth  of  bacteria  in  vitro. 
They  are  important  to  protect  the  new  and  tender  stages  from  infection  by  pathogens  during 
ecdysis.  PPO  is  a  very  important  immunity  protein  that  mainly  exists  in  the  hemolymph. 
Suppression  on  the  PO  (activated  phenoloxidase)  activity  in  insects  leads  to  the  reduction  of 
innate  immunity.  When  spores  of  Beauveria  bassiana  were  applied  to  4th  molting  stage  larvae, 
the  depositions  of  PPO  and  (3GRP  are  very  different  in  the  new  cuticles.  However,  when  spores 
of  Beauveria  bassiana  were  applied  to  5th  molting  stage  larvae,  PPO  was  found  to  be  expressed 
in  the  epidermis  cells,  which  is  different  from  the  earlier  report.  Further  works  show  that  PPO 
and  (3GRP  in  the  insect  molting  fluids  can  bind  to  the  spores  of  Beauveria  bassiana.  We  are  now 
trying  to  identify  whether  different  proteins  of  the  insect  PPO  pathway  play  an  important  role  in 
the  interaction  between  the  host  and  pathogen. 
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Zhen  Zou1,  Guang-Hua  Xiong1,  Long-Sheng  Xing1,  Zhe  Lin1,  Chengshu  Wang2,  institute  of 
Zoology,  Chinese  Academy  of  Sciences,  Beijing  100101,  China.  2Shanghai  Institutes  for 
Biological  Sciences,  Chinese  Academy  of  Sciences,  Shanghai  200032,  China. 


Introduction:  Entomopathogenic  fungi  represents  a  promising  alternative  to  chemical 
insecticides  for  pest  management.  Innate  immunity  governs  the  host  defense  against  invading 
pathogens  in  invertebrates.  Thus,  more  efforts  need  to  focus  on  deciphering  the  molecular 
mechanisms  of  interactions  between  fungi  and  their  host  pests. 

Methods:  We  employed  a  high  throughput  RNA-seq  approach  to  examine  genome-wide 
changes  of  gene  expression  in  cotton  bollworm  Helicoverpa  armigera  larvae  after  an  immune 
challenge.  Immunotranscriptomes  of  normal  fifth  instar  larvae  and  larvae  challenged  by  fungus 
Beauveria  bassiana  or  Gram-negative  bacterium  Enterobacter  cloacae ,  were  obtained. 

Results/Conclusion:  A  non-redundant  unigene  dataset  containing  37,694  sequences  were 
assembled  from  RNA-seq  libraries.  Immunity-related  genes  encoding  pattern  recognition 
receptors,  signal  modulators,  and  immune  effectors  were  annotated  based  on  sequence  similarity 
to  those  homologs  known  to  participate  in  immune  response  in  other  insects.  Differential 
expression  analysis  demonstrated  that  a  large  proportion  of  immune-related  genes  were 
significantly  regulated  at  the  transcript  level  after  immune  challenge  with  fungi  or  bacteria. 
Functional  classification  analysis  suggested  that  differentially  expressed  genes  (DEGs)  were 
mainly  enriched  in  immunity  related  pathways  as  well  as  energy  and  metabolism  pathways. 
Additionally,  phylogenetic  analysis  indicated  that  the  repertoire  of  immunity-related  genes  is 
well  conserved  in  H.  armigera.  This  study  provided  insights  into  host-pathogen  interaction 
between  H.  armigera  and  its  pathogens  and  facilitated  the  further  research  on  anti-fungal 
immunity. 
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Introduction:  Bursicon  is  a  heterodimeric  neuropeptide  responsible  for  cuticle  tanning  and  wing 
expansion  in  insects,  acting  through  a  specific  G  protein-coupled  receptor  DLGR2,  encoded  by 
the  rickets  gene  in  Drosophila.  Each  of  bursicon  subunits  could  also  form  homodimers,  however 
homodimers’  function  remains  unknown  until  recently.  Here  we  show  that  bursicon  homodimers 
act  via  an  unknown  receptor  to  induce  the  expression  of  antimicrobial  peptide  (AMP)  and  stress 
genes  during  the  venerable  molting  period. 

Methods:  Recombinant  bursicon  homodimers  from  Drosophila  melanogaster  and  Aedies 
agyptwQYQ  expressed  in  HEK293  cells,  purified  and  tested  for  their  functions  in  inducing  AMP 
and  stress  gene  expression  in  vivo  and  in  vitro  using  microarray  and  RNA  seq.  The  results  were 
verified  using  qPCR.  Their  signaling  pathways  were  explored  using  Western  blot  and  genetic 
mutation. 

Results/Conclusion:  Microarray  and  RNA  seq  analyses  revealed  that  bursicon  homodimer  a 
panel  of  differentially  expressed  genes,  including  those  innate  immune  response.  We  have  shown 
that  homodimers  induced  expression  of  AMP  and  stress  genes  is  via  the  immune  deficiency 
(IMD)  pathway  by  activating  transcription  factor  NF-kB  Relish  and/or  via  the  JAK/Stat  pathway 
by  activating  transcription  factor  Stat92E,  resulting  in  inhibition  of  bacterial  growth.  Because  the 
bursicon  homodimers  induce  expression  of  the  immune  and  stress  genes  prior  to  infection,  we 
concluded  that  the  homodimers  act  in  prophylactic  immunity  during  the  vulnerable  molting 
periods. 
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Introduction:  Bursicon  is  a  heterodimer  neuropeptide  that  regulates  cuticle  sclerotization  in 
insects.  It  consists  of  two  cystine  knot  proteins,  bursicon  a  (burs  a)  and  bursicon  p  (burs  p). 
Recent  studies  show  that  both  bursicon  subunits  also  form  homodimers.  However,  biological 
functions  of  the  homodimers  have  remained  unknown  until  now. 

Methods:  The  full-length  cDNA  sequences  of  burs  a  and  burs  p  were  amplified  from  the  central 
never  systems  by  RT-PCR  and  RACE.  Corresponding  burs  p  protein  was  expressed  by  293 T 
cells.  The  effect  of  recombinant  burs  p  on  immune  genes  was  measured  by  qRT-PCR.  For 
silencing  of  burs  p,  dsRNA  was  developed  using  a  MEGA  Script  RNAi  kit  and  mRNA  level  was 
measured  by  qRT-PCR.  The  influence  of  burs  p  homodimers  on  immune  function  was  checked 
by  qRT-PCR. 

Results/Conclusion:  Burs  ft  was  cloned  from  Helicoverpa  armigera  (HaBursp).  Sequence 
analysis  found  that  the  full-length  sequence  of  HaBursp  is  779  bp  with  420bp  open  reading 
frame  encoding  139  amino  acid  residues.  The  temporal  expression  profile  manifested  that 
HaBursp  was  ubiquitous  expressed  during  the  whole  developmental  stages  and  reached  its  peak 
in  pupa  stage.  The  recombinant  HaBursp  protein  expressed  was  confirmed  to  be  a  homodimer  by 
Western  blot.  The  mRNA  levels  of  the  corresponding  immune-associated  genes  (cecropinl, 
cecropin2,  cecropin3,  cecropinD,  attacin,  gloverin,  defensin,  moricin,lebocin  and  lectin)  were 
significantly  increased  following  HaBursp  treatment.  RNAi-mediated  knockdown  of  HaBursp 
resulted  to  significant  decrease  in  mRNA  level  of  these  immune-associated  genes.  Altogether 
these  results  confirmed  that  HaBursp  homodimer  acts  in  the  immune  response  of  of  Helicoverpa 
armigera. 
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Introduction:  Insect  host/parasitoid  interactions  are  co-evolved  systems  in  which  host  defenses 
are  balanced  by  parasitoid  mechanisms  to  disable  or  hide  from  host  immune  effectors.  The  larval 
endoparasitoid  Cotesia  chilonis  injects  venom  and  bracoviruses  into  the  host  Chilo  suppressalis 
during  oviposition.  Here  we  study  the  effects  of  the  polydnavirus  (PDV)-carrying  endoparasitoid 
C.  chilonis  (Hymenoptera:  Braconidae)  parasitism,  venom  and  calyx  fluid  on  its  host’s  cellular 
and  humoral  immunity. 

Methods:  The  physiological  experiments  were  performed  for  the  studies  on  host  hemocyte 
composition,  cellular  spreading,  encapsulation  and  melanization  in  terms. 

Results/Conclusion:  Total  hemocyte  counts  (THCs)  were  higher  in  parasitized  larvae  than  in 
unparasitized  larvae  in  the  late  stages  after  parasitization.  The  percentages  of  plasmatocytes  and 
granulocytes  and  the  hemocyte  mortality  did  not  differ  between  parasitized  and  unparasitized 
hosts,  but  in  vitro  spreading  behavior  of  hemocytes  was  inhibited  significantly  by  parasitism 
through  the  course  of  parasitoid  development.  The  parasitism  by  C.  chilonis  suppressed  the 
encapsulation  response  and  melanization  in  the  early  stages.  Venom  alone  could  not  alter  the 
cellular  immune  responses,  including  effects  on  THCs,  mortality,  percentages  of  hemocytes,  cell 
spreading  and  encapsulation,  but  it  could  inhibit  humoral  immunity  by  reducing  melanization 
within  6  h  after  injection.  Different  from  venom,  calyx  fluid  had  a  significant  effect  on  the  cell 
spreading,  encapsulation  and  melanization  from  6  h  after  injection.  However,  dose-response 
studies  indicated  the  effects  of  venom  and  calyx  fluid  synergized  so  that  at  equal  doses,  injection 
of  both  had  a  stronger  and  more  persistent  effect  on  immune  system  than  either  alone. 
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Introduction:  To  ensure  successful  parasitism,  parasitoid  wasps  inject  venom  with  their  eggs 
into  host  to  suppress  the  host  immune  response  which  includes  melanization.  Pteromalus 
puparum  is  a  pupal  endoparasitoid  wasp  that  parasitizes  a  number  of  butterflies  including  the 
agricultural  pest  small  cabbage  white  butterfly,  Pier  is  rapae. 

Methods:  The  venom  protein  was  separated  using  Agilent  Bio  IEX  column.  The  fraction  was 
identified  by  LC-MS/MS  searching  against  the  P.  puparum  transcriptomic  database.  Venom 
serpin  isoform  was  expressed  both  in  E.  coli  using  pET-28a  vector  and  in  Sf9  cell  line  using  Bac- 
to-Bac  baculovirus  expression  system. 

Results/Conclusion:  Venom  from  Pteromalus  puparum  inhibited  the  host  melanization  in  vitro 
in  a  dose-dependent  manner.  A  serpin  splicing  isoform  with  PO  inhibitory  activity  was  separated 
and  identified.  This  serpin  gene  has  at  least  15  splicing  isoforms  that  differ  only  in  the  C- 
terminal  region  which  contain  the  reactive  center  loop.  RT-PCR  result  showed  that  the  separated 
isoform  in  venom  was  differentially  expressed  in  venom  gland.  Recombinant  venom  serpin 
isoform  was  demonstrated  to  suppress  the  host  PPO  activation  in  a  dose-dependent  manner 
rather  than  inhibit  PO  activity  directly.  Pull  down  assays  showed  that  venom  serpin  isoform 
formed  SDS-stable  complexes  with  host  hemolyph  proteins.  HP8  and  PAP1  were  identified  in 
the  complexes  by  LC-MS/MS.  The  interaction  between  venom  serpin  isoform  and  HP8  and 
PAP1  was  further  confirmed  by  specific  antibodies  against  host  hemolyph  proteases.  Overall,  our 
results  suggest  that  venom  serpin  isoform  from  P.  puparum  inhibits  its  host  PPO  activation  by 
forming  complexes  with  host  hemolyph  proteinases. 
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Abstract  text: 


Introduction:  In  higher  plants,  [Ca2+]cyt  signals  play  an  important  role  in  the  regulation  of  many 
physiological  processes  including  stress-related  responses.  Recent  studies  indicated  that 
intracellular  Ca2+signaling  initiated  by  insect  herbivory  is  an  important  but  intricate  network  with 
multiple  components,  involving  positive  and  negative  regulators  of  appropriate  defense 
reactions. 

Methods:  In  order  to  visualize  induced  Ca2+  signals,  real-time,  non-in vasive  imaging  of  entire 
Arabidopsis  thaliana  rosettes  -  expressing  the  cytosol-localized  Ca2+reporter  aequorin  -  was 
performed  using  a  high-resolution  photon-counting  camera  system. 

Results/Conclusion:  Results  will  be  presented  providing  evidence  that  in  Arabidopsis  leaves, 
insect  herbivory  induces  [Ca2+]cyt  signals  within  the  plant.  In  more  detail,  cytosolic  free  calcium 
elevations  in  both  local  and  systemic  leaves  could  be  monitored  in  response  to  wounding  and 
Spodoptera  littoralis  larvae  feeding.  Systemic  [Ca2+]cyt  signals  were  found  predominantly  in 
adjacent  leaves  with  direct  vascular  connections  to  the  treated  leaf  and  appeared  with  a  delay  of  1 
to  2  minutes.  The  systemic  [Ca2+]cyt  response  was  suppressed  by  the  presence  of  insect-derived 
oral  secretions  as  well  as  in  a  mutant  of  the  vacuolar  cation  channel  TPC1.  Beyond  [Ca2+]cyt 
changes,  multiple  calcium  sensor  proteins,  in  particular  calmodulin-like  proteins  (CMLs),  decode 
raising  Ca2+signals.  These  CMLs  include  positive  and  negative  regulators  of  downstream 
phytohormone  signaling  and  eventually  may  modulate  the  appropriate  defense  reactions.  The 
underlying  mechanisms  of  local  and  systemic  herbivory-induced  signaling  will  be  discussed. 
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Introduction:  Fatty  acids  are  essential  components  of  membrane  lipids,  and  are  also  precursors 
for  synthesis  of  oxylipins,  a  diverse  family  of  molecules  that  contribute  to  plant  signaling  and 


defense.  Numerous  stresses  including  insect  herbivory  cause  changes  in  fatty  acid  metabolism, 
including  accumulation  of  free  fatty  acids  and  altered  expression  of  fatty  acid  desaturases  and 
dioxygenases.  Here,  we  explore  the  influence  of  plant  fatty  acid  metabolism  on  levels  of 
resistance  to  aphids. 

Methods:  Aphid  bioassays  were  performed  on  loss-of-function  mutants  to  assess  the  influence  of 
genes  involved  in  fatty  acid  metabolism  on  aphid  resistance.  RNAseq,  lipidomics,  and  reporter 
genes  responsive  to  reactive  oxygen  species  were  also  utilized  to  characterize  plant  responses  to 
aphid  infestation  in  mutants  with  modified  levels  of  resistance. 

Results/Conclusion:  Our  results  indicate  that  omega-3  fatty  acid  desaturases  promote 
susceptibility  to  aphids,  whereas  alpha-dioxygenase  1  contributes  to  aphid  resistance.  The 
influence  of  fatty  acid  desaturases  on  aphids  is  due  in  part  to  changes  in  plant  hormone  signaling 
and  transcriptional  reprogramming  in  response  to  aphids.  Moreover,  fatty  acid  desaturase  levels 
also  modify  the  constitutive  redox  status  of  plant  cells,  which  may  influence  defensive  responses. 
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Introduction:  Conifers  display  an  array  of  physical  and  chemical  defenses  against  stem  boring 
insects  and  their  phloem-feeding  larvae.  Stone  cells,  characterized  by  extremely  thick  cell  walls, 
provide  a  robust  physical  defense  associated  with  resistance  against  bark  beetles  and  weevils. 
They  occur  as  individual  cells  or  clusters  in  the  primary  cortex  or  secondary  phloem  of  conifer 
bark.  In  Sitka  spruce  ( Piceasitchensis ),  abundance  of  stone  cells  in  the  cortex  of  apical  shoot  tips 
is  positively  correlated  with  resistance  to  white  pine  weevil  ( Pissodesstrobi ). 

Methods:  Detailed  characterization  of  the  stone  cell  phenotype  from  contrasting  Sitka  spruce 
genotypesresistant  (R)  or  susceptible  (S)  to  the  weevil  revealed  differences  in  distribution, 
abundance,  morphology,  biochemical  composition,  and  molecular  characteristics. 


Results/Conclusion:  Weevil  larvae  that  fed  on  R  trees  in  tissues  with  high  quantities  of  cortical 
stone  cells  for  a  prolonged  period  of  time  were  significantly  delayed  developmental^,  and 
movement  through  the  bark  was  hindered  when  compared  to  larvae  from  S  trees  under  the  same 
conditions.  Changes  in  terpenoid,  phenolic,  and  anatomical  bark  traits  were  observed  in  the 
cortex  of  R  trees  but  were  absent  in  S  trees.  Transcriptomes  of  R  and  S  trees  also  showed 
significant  differences  prior  to  and  upon  feeding  by  larvae.  We  conclude  that  stone  cells  occupy 
tissues  crucial  to  the  completion  of  the  insect  lifecycle,  which  synergistically  enhance  the 
defensive  capabilities  of  additional  endogenous  chemical  and  physical  traits  within  the  tree.The 
stone  cell  defense  of  conifers  is  durable  and  facilitates  multiple,  overlapping  strategies  for 
protection  against  insect  pests  through  an  integrated  defense  syndrome. 
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Introduction:  We  are  interested  in  plant  defense  to  aphids  and  related  phloem-feeding  insects, 
which  cause  severe  plant  damage,  through  feeding  activities  and  as  vectors  of  plant  viruses.  A 
focus  has  been  on  resistance  to  bluegreen  aphid  (BGA)  in  the  model  legume  Medicago 
truncatula,  where  we  have  identified  a  candidate  gene,  called  AKR  ( Acyrthosiphon  kondoi 
resistance),  that  conditions  resistance  to  this  aphid. 

Methods:  Targeted  approaches  including  reverse  genetic  approaches  to  identify  signalling 
pathways  and  genomic  methods  involving  transcriptomics  and  metabolomics  are  helping 
understand  how  this  gene  confers  aphid  resistance,  through  the  identification  of  signalling 
pathways,  transcription  factors,  and  key  metabolites  important  for  AKR  mediated  resistance. 

Results/Conclusion:  In  parallel,  progress  on  elucidating  the  BGA  genome  and  transcriptomic 
studies  involving  both  mRNA  and  smRNA  studies  on  resistant  and  susceptible  hosts  will  also  be 


presented.  Progress  is  also  being  made  in  identifying  and  cloning  other  aphid  resistance  genes 
in  M.  truncatula  including  single  dominant  resistant  genes  against  spotted  alfalfa  aphid  (SAA) 
and  pea  aphid  (PA).  We  have  also  characterized  moderate  forms  of  resistance  to  BGA,  PA,  SAA, 
and  cowpea  aphid  that  are  genetically  more  complex  and  mediated  through  multiple  QTLs. 
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Introduction:  Herbivore-induced  volatile  organic  compounds  (HIPVs)  prime  non-attacked  plant 
tissues  to  respond  more  strongly  to  subsequent  attacks.  Chemical  communication  theory  predicts 
that  HIPVs  may  initially  have  evolved  because  of  their  direct  benefits  for  the  emitter  and  were 
subsequently  adopted  as  infochemicals.  While  evidence  for  direct  benefits  of  HIPVs  is 
accumulating,  clear  examples  of  individual,  herbivore-specific  compounds  that  act  as  both  direct 
defences  and  signals  within  the  same  plant  species  are  still  surprisingly  rare. 

Methods:  We  investigated  the  biological  roles  of  indole,  an  aromatic  volatile  that  is  released 
rapidly  and  specifically  upon  herbivore  attack. 

Results/Conclusion:  Using  indole-deficient  mutants  and  synthetic  indole  dispensers,  we  show 
that  herbivore-induced  indole  enhances  the  induction  of  defensive  volatiles  in  neighbouring 
maize  plants.  Furthermore,  the  release  of  indole  is  essential  for  priming  of  mono-  and 
homoterpenes  in  systemic  leaves  of  attacked  plants.  Indole  exposure  markedly  increases  the 
herbivore-induced  production  of  the  stress  hormones  jasmonate-isoleucine  conjugate  and 
abscisic  acid,  which  represents  a  likely  mechanism  for  indole-dependent  priming.  At  the  same 
time,  indole  also  directly  decreases  food  consumption,  plant  damage,  and  survival  of  Spodoptera 
littoralis  caterpillars  and  acts  as  a  strong  repellent  for  S.  littoralis  adults.  Together,  these  results 


provide  a  potential  evolutionary  trajectory  by  which  the  release  of  a  HIPV  as  a  direct  defence 
may  have  preceded  its  use  as  a  cue  by  herbivores  and  an  alert  signal  by  plants. 
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Introduction:  Spodoptera  litura  is  a  generalist  insect  and  feeds  on  more  than  290  crops  that 
belong  to  90  families.  In  this  study,  the  mechanism  in  the  adaption  of  S.  litura  from  artificial  diet 
that  contents  soybean  and  wheat  bran  to  glucosinolate-based-  defensive  Cruciferae  Brassica 
juncea  was  studied. 

Methods:  The  midgut  transcriptomic  analysis  revealed  that  vast  detoxification  genes  belonging 
to  different  families  of  oxidoreductases,  transferases  and  esterases  were  up-regulated  in 
response  to  the  phytochemicals  in  B.  juncea;  while  a  large  number  of  proteinases  were  down- 
regulated.  Moreover,  more  detoxification  genes  were  differently  expressed  when  post  fed  with  B. 
juncea  for  48  h  rather  than  6  h. 

Results/Conclusion:  Total  530  miRNAs  including  117  known  and  413  novel  miRNAs  from  the 
same  samples  for  transcriptomic  analysis  were  identified  by  large-scale  solexa  sequencing 
technology,  and  16  and  13  miRNAs  were  up-regulated  while  34  and  25  miRNAs  were  down- 
regulated  post  feeding  for  6  and  48  h,  respectively.  MiRNA  target  genes  were  predicted  by  using 
RNAhybrid  and  PITA  target  prediction  tool,  and  the  results  showed  that  more  target  genes  of 
down-regulated  and  up-regulated  miRNAs  belong  to  up-regulated  detoxification  enzymes  and 
down-regulated  proteinases,  respectively.  Injecting  sli-miR-375-3p  mimic,  a  down-regulated 
miRNA  into  5th  instar  larvae  resulted  in  about  70%  mortality  post  feeding  on  B.  juncea  for  24  h, 
and  depressed  the  protein  level  of  detoxification  gene  slgstel  which  was  up-regulated  during  S. 


litura  feeding  on  B.  juncea.  The  results  indicate  that  the  down-regulated  miRNAs  are  involved 
in  S.  litura  adapting  to  B.  juncea  by  enhancing  detoxification  enzyme  expression. 
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Introduction:  Maize  ( Zea  mays  L.)  is  arguably  the  world’s  significant  cereal  crop,  but  also  suffers 
severe  yield  losses  due  to  insect  infestation.  Corn  leaf  aphid  [CLA;  Rhopalosiphum  maidis 
(Fitch)]  is  an  economically  important  pest  of  several  monocot  crops,  including  maize.  In  addition 
to  extensive  crop  damage,  CLA  also  acts  as  a  vector  for  viruses  that  cause  devastating  diseases  in 
maize.  Feeding  by  CLA  triggers  the  rapid  accumulation  of  the  maize  insect  resistancel  ( mirl ), 
which  encodes  a  cysteine  protease,  in  the  resistant  maize  Mp708  genotype.  In  addition,  CLA 
feeding  rapidly  accumulates  mirl  both  locally  and  systemically,  suggesting  that  mRNA 
transcripts  encoding  Mirl -CP  contribute  to  intraplant  defense  signaling  in  Mp708  genotype. 
Resistance  to  CLA  in  Mp708  involves  both  antibiotic  and  antixenotic  factors,  compared  to  B73 
and  Tx601  maize  susceptible  inbred  lines. 

Methods:  We  have  used  "omic"'  approaches  to  understand  the  novel  resistance  mechanisms 
utilized  by  maize  plants  against  insect  pests  of  maize. 

Results/Conclusion:  Feeding  behavior  studies  using  Electrical  Penetration  Graph  (EPG) 
technique  revealed  that  CLA  spent  less  time  in  the  sieve  elements  of  Mp708,  thus  confirming 
that  Mp708’s  resistance  to  CLA  is  phloem-localized.  Recent  transcriptomic  and  metabolomic 
profiling  of  maize  genotypes  provide  important  clues  on  additional  factors  that  contribute 
to  mirl -dependent  defense  against  CLA.  The  underlying  mechanisms  of  local  and  systemic 
CLA-induced  signaling  networks  will  be  discussed. 
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Introduction:  Plant  responses  to  attack  by  insect  herbivores  often  involve  metabolic  changes  that 
result  both  in  the  production  of  defense  compounds  and  the  inhibition  of  vegetative  growth.  The 
“dilemma  of  plants  to  grow  or  defend”  (Herms  and  Mattson,  1992,  Q  Rev  Biol61\  283)  posits 
that  allocation  of  limited  resources  to  processes  involved  in  growth  or  defense  generates 
physiological  tradeoffs;  investments  in  defense  reduce  plant  growth,  whereas  rapid  growth 
needed  to  outcompete  neighboring  plants  antagonizes  plant  resistance  to  herbivory. 

Methods:  We  are  exploiting  genetic  tools  in  Arabidopsis  thaliana  to  better  understand  how 
growth  and  anti-insect  defense  are  mechanistically  integrated  at  the  level  of  hormone  response 
networks,  with  particular  focus  on  the  plant  defense  hormone  jasmonate. 

Results/Conclusion:  We  will  describe  a  novel  approach  to  genetically  uncouple  growth-defense 
tradeoffs  and  report  on  how  this  approach  is  being  used  to  create  new  host  plant  genotypes  that 
grow  and  defend  well  simultaneously.  The  ability  to  unlink  growth-defense  tradeoffs  through 
genetic  manipulation  of  key  regulatory  proteins  may  provide  a  solution  to  increase  bioenergy 
conversion  and  deposition  in  densely  planted  crop  plants. 
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Introduction:  The  green  peach  aphid  (GPA;  Myzus  persicae  Siilzer)  is  an  important  phloem-sap 
consuming  pest  of  more  than  400  plant  species  in  50  plant  families.  In  addition,  it  vectors  several 
important  viral  diseases.  The  interaction  between  Arabidopsis  thaliana  and  GPA  has  been 
utilized  to  identify  plant  genes  and  mechanisms  that  limit  GPA  infestation,  as  well  as  genes  that 
are  targeted  by  the  GPA  to  facilitate  infestation.  The  PHYTO ALEXIN -DEFICIENT 4  (PAD 4) 
gene  is  an  important  regulator  of  processes  that  curtail  GPA  fecundity  and  feeding  from  sieve 
elements.  PAD4  expression  is  elevated  in  the  vascular  tissues  at  the  site  of  GPA  feeding,  as  well 
as  in  adjacent  non- vascular  tissues.  Additional  factors  associated  with  the  PAD4  pathway  in 
Arabidopsis  defense  against  the  GPA  have  been  identified. 

Methods:  A  combination  of  molecular-genetic,  biochemical,  and  electrophysiological  methods, 
as  well  as  fecundity  assays  were  utilized  to  characterize  the  function  of  other  genes  involved  in 
the  TMTU-regulated  mechanism  in  defense  against  the  GPA. 

Results/Conclusion:  An  actin  depolymerizing  factor  and  an  EF-hand  containing  putative  Ca2+- 
binding  protein,  both  of  which  are  expressed  in  the  vascular  tissue,  are  associated  with  the 
/MTU-dependent  pathway  in  defense  against  the  GPA. 
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Introduction:  The  yields  and  quality  of  cassava  ( Manihot  esculenta ),  a  major  food  staple  in 
developing  countries,  are  strongly  impacted  by  phloem-feeding  whiteflies,  such  as  Bemisia 
tabaci  and  Aleurotrachelus  socialis.  Whiteflies  are  responsible  not  only  for  direct  damage  due  to 
feeding,  but  also  for  the  transmission  of  plant  viruses.  To  date,  little  is  known  about  cassava’s 
resistance  mechanism  to  whiteflies.  Our  goal,  as  part  of  the  Multidisciplinary  Cassava- Whitefly 
project,  is  to  identify  the  genes  underlying  whitefly  resistance  in  South  American  and  African 
cassava.  We  have  employed  a  unique  source  of  natural  resistance  to  whiteflies  in  the  South 
American  genotype  Ecu72,  which  is  resistant  to  both  the  South  American  whitefly  A.  socialis 
and  the  B.  tabacispQciQS  attacking  cassava  in  Africa.  Ecu72  expresses  a  strong,  phloem-mediated 
resistance  that  kills  whitefly  nymphs. 

Methods:  To  identify  candidate  whitefly  resistance  genes,  the  Ecu72  and  whitefly-susceptible 
Col2246  were  infested  with  A.  socialis  at  different  time  points. 

Results/Conclusion:  A  number  of  differentially  expressed  transcripts  that  were  positively  or 
negatively  correlated  with  resistance  were  identified.  We  will  report  the  analyses  of  these  time- 
courses.  Differentially  regulated  transcripts  have  been  mapped  to  the  cassava  genome  and  are 
being  correlated  with  the  segregation  of  whitefly  resistance  loci  in  a  mapping  population.  At  the 
present  time,  time-course  infestations  of  other  whitefly-resistant  genotypes  from  South  America 
are  being  characterized  to  determine  if  resistance  mechanisms  are  conserved  or  if  novel 
strategies  are  deployed  in  these  genotypes. 
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Introduction:  Over  35  years  ago  in  their  landmark  review  paper,  Price  et  al.  (1980)  cogently 
argued  that  plant  insect  interactions  must  be  viewed  in  a  multitrophic  context.  Since  the 
publication  of  their  paper,  the  study  of  tritrophic  interactions  has  grown  nearly  exponentially. 

Methods:  Recent  work  in  our  laboratory  has  led  to  our  central  hypothesis  that  the  third  trophic 
level  comprised  of  symbiotic  gut  bacteria  and  parasitoids  manipulate  plant  perception  of  their 
herbivore  hosts. 

Results/Conclusion:  We  argue  that  manipulation  of  herbivore  perception  would  benefit  the 
parasitoid  or  bacteria  by  reducing  sustained  release  of  HIVs  that  would  attract  competitors 
including  predators  that  may  consume  parasitized  hosts.  Further,  manipulation  by  specific 
bacteria  may  reduce  competition  from  competing  bacteria.  To  paraphrase  Price  et  al.  (1980): 
Consideration  of  the  third  trophic  level  is  indispensable  towards  understanding  how  plants 
perceive  or  recognize  herbivores.  Our  model  systems  include  tomato  and  maize,  and  three 
noctuid  species  ( Helicoverpa  zea ,  Spodoptera  frugiperda,  and  Trichoplusia  ni ),  and  collectively 
they  show  that  gut  symbiotic  bacteria  and  braconid  parasitoids  may  mediate  plant  perception 
through  changes  in  herbivore  elicitors  and  effectors. 
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Introduction:  Myzus  persicae  (green  peach  aphids)  and  many  other  hemipteran  species  are 
specialized  for  feeding  from  phloem  sieve  elements.  As  these  insects  are  consuming  phloem  sap, 
they  also  intermittently  inject  saliva  into  the  phloem  sieve  elements.  Components  of  the  saliva 
play  a  critical  role  in  allowing  the  aphids  to  maintain  their  feeding  sites  for  extended  periods  of 
time. 

Methods:  Analysis  of  artificial  diet  that  had  been  fed  upon  by  aphids  has  identified  more  than 
100  aphid-derived  proteins  and  several  small  molecules  that  are  presumed  to  be  involved  in 
mediating  plant-aphid  interactions.  The  function  of  specific  aphid  salivary  proteins  was  analyzed 
by  exogenous  expression  in  host  plants  and  by  targeted  gene  silencing  in  the  aphids. 

Results/Conclusion:  Differential  expression  of  M.  persicae  salivary  genes  on  different  host  plants 
suggested  that  the  production  of  salivary  proteins  plays  a  role  in  the  adaptation  of  aphids  to 
different  host  plants.  The  biosynthesis  of  small  molecules  in  aphids  was  verified  by  providing 
isotope-labeled  precursors  to  aphids  feeding  from  artificial  diet.  Plant  gene  expression  studies 
and  reporter  constructs  verified  that  small  molecules  in  aphid  saliva  elicit  specific,  localized 
responses  in  the  plants  from  which  M.  persicae  are  feeding. 
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Introduction:  Solarium  elaeagnifolium  (Solanaceae)  is  an  invasive  weed  native  to  the  United 
States.  Since  World  War  II,  the  species  has  invaded  many  countries,  and  Greece  is  one  of  them. 

Methods:  Using  populations  in  Greece  that  differ  in  their  biogeography,  we  examined  how 
growth,  fitness,  and  plant  defense  traits  are  affected  by  local  herbivory  and  the  underlying 


biochemical  signaling  mechanisms  that  mediate  species  interactions  and  local  adaptations  among 
these  populations.  We  then  used  a  microsatellites  based  population  genetics  approach  to 
determine  the  relatedness  of  individuals  within  and  among  the  populations,  to  examine  the 
history  of  invasion. 

Results/Conclusion:  In  this  talk,  I  will  discuss  the  major  findings  from  3  years  of  field  work  and 
lab-based  bioassays  and  analytical  chemistry  work  which  has  provided  us  with  interesting  results 
on  species  interactions,  mating  systems,  and  community  ecology  of  S.  elaeagnifolium. 
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The  agricultural  research  team  of  USAID's  Feed  the  Future  Initiative  approaches  crop  protection 
in  3  essential  ways;  1)  conventional  breeding,  2)  the  use  of  genetically-engineered  crops,  and  3) 
the  use  of  integrated  pest  management  (IPM).  In  November  2014,  a  new  5  year  IPM  program 
was  competitively  awarded  to  Virginia  Tech  University.  This  talk  will  discuss  how  and  why  this 
new  program  differs  significantly  from  the  predecessor  10  year  program.  New  aspects  include  a 
pre-award  "e-consultation"  process,  reduction  of  focal  countries,  closer  integration  with  USAID 
field  offices,  ties  with  sustainable  intensification,  and  new  initiatives  in  invasive  species 
modeling  and  global  climate  change. 
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Leaf  miner  ( Liriomyza  cicerina  Rondani)  is  an  important  pest  affecting  chickpea  in  West  Asia 
and  North  Africa.  Grain  yield  losses  caused  by  this  pest  could  be  as  high  as  45%  in  susceptible 
cultivars.  Breeding  efforts  to  develop  resistant  varieties  to  this  pest  started  in  1999  when  the  first 
5  crosses  were  made  at  ICARDA,  Aleppo,  Syria.  As  a  result,  7  lines  which  possessed  good 
agronomic  background,  seed  quality  and  relatively  high  yielders  were  registered  as  sources  of 
resistance  in  Crop  science  in  2007.  More  crosses  were  made  recently  to  combine  Leaf  miner 
resistance  with  better  agronomic  characters  and  resistance  to  key  diseases  such  as  Aschochyta 
blight.  It  has  been  found  that  there  is  significant  negative  correlation  between  the  concentration 
of  oxalic  acid  in  chickpea  leaves  and  leaf  miner  damage,  indicating  that  this  acid  plays  a  role  in 
resistance  to  this  pest.  Efforts  are  also  underway  to  develop  molecular  markers  associated  with 
resistance  to  Leaf  miner  and  thus  facilitating  breeding  efforts.  A  number  of  botanical  oils  from 
Melia  azedarach,  Azadirachta  indica ,  Eucalyptus  globulus  and  Romarinus  officinalis  showed 
good  level  of  control  against  Leaf  miner.  Early  planting  of  chickpea  in  winter  is  less  damaged  by 
the  leaf  miner  compared  to  the  spring-sown  crop. 
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The  Red  Palm  Weevil  (RPW),  Rhynchophorus  ferrugineus  Olivier  (Coleoptera:  Curculionidae), 
is  among  the  world’s  major  invasive  pest  species  reported  to  infest  40  palm  species  worldwide.  It 
has  a  geographic  range  that  has  significantly  expanded  over  the  last  3  decades,  after  it  was 
detected  in  the  Gulf  region  of  the  Middle  East  during  the  mid  1980s.  The  Near  East  and  North 
African  (NENA)  countries  grow  both  the  Canary  Island  Palm,  Phoenix  canariensis,  and  the  date 
palm,  Phoenix  dactylifera ,  the  2  most  preferred  hosts  of  RPW,  where  first  reports  of  RPW  were 
mainly  due  to  palms  transported  for  ornamental  landscaping.  Large  scale  shipments  of  palms  for 
ornamental  gardening  pose  a  threat  to  date  palm  farmers  of  the  region,  warranting  the  need  to 
implement  strict  quarantine  regimes  on  lines  of  the  European  Union. 

Since  2010  the  Food  and  Agriculture  Organization  of  the  United  Nations  has  rendered  technical 
assistance  to  enhance  cooperation  and  networking  between  the  targeted  countries  in  NENA,  and 
strengthen  the  capacity  of  these  countries  for  the  management  of  RPW  to  reduce/prevent  its 
spread  to  non-infested  areas  within  the  infested  countries  and  to  other  non-infested  countries. 

This  paper  presents  an  overview  of  the  situation  of  combating  RPW  in  NENA  countries  and  IPM 
strategy  applied  for  effective  management  of  RPW. 
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Introduction:  The  head  miner  (MHM)  Heliocheilus  albipunctella  de  Joannis  (Lepidoptera: 
Noctuidae)  is  a  chronic  insect  pest  of  pearl  millet  in  Niger.  Damage  is  due  to  larvae  that  feed  on 
the  panicle  and  caused  up  to  85%  yield  losses.  Augmentative  biological  control  with  releases  of 
the  parasitoid  braconid  wasp  Habrobracon  hebetor  Say  is  the  most  promising  strategy  for 
controlling  MHM.  Therefore,  ongoing  options  are  to  establish  a  cottage  industry  to  scale  up 
parasitoid  production. 

Methods:  Since  2013,  different  experiments  are  being  carried  out  to  fine-tune  and  standardize  the 
rearing  and  release  techniques. 

Results/Conclusion:  Our  findings  indicated  that  the  highest  production  of  parasitoids  is  achieved 
when  H.  hebetor  are  given  later  larval  stage  C.  cephalonica  to  parasitize.  Also,  honey  and  sugar 
solution  are  the  best  medium  supporting  longest  parasitoid  lifespan  (up  to  1  month)  for  use  in  a 
timer  manner.  Furthermore  optimal  time  for  mating,  egg  fertilization,  and  highest  progeny 
production  is  achieved  when  females  are  confined  with  males  for  24h  in  30mL  capacity  vials. 
Moreover,  parasitoid  numbers  can  be  increased  by  50%  when  adding  a  small  proportion  of 
cowpea  flour  to  the  millet-based  diet  of  C.  cephalonica  larvae.  Finally,  releases  of  the  parasitoids 
significantly  increased  the  parasitism  of  MHM  as  compared  to  control  villages  and  significantly 
higher  parasitism  was  recorded  in  villages  where  1,600  parasitoids  were  released.  Discussions 
with  farmers  have  established  the  “public  good”  nature  of  distributing  the  parasitoids.  The 
solution  is  to  establish  community-based  businesses  that  sell  to  farmers’  groups  for  the  whole 
community  in  multiple  villages. 
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Introduction:  Long  nhung  mite  (Eriophyes  dimocarpi )  is  a  vector  of  Witches’  Broom  disease  on 
longan.  The  mite  is  very  small  in  size  but  multiplies  rapidly.  Management  of  the  mite  using 
chemicals  leads  to  high  residues  on  products. 

Methods:  Therefore,  this  study  attempts  to  use  plant  extracts,  entomopathogenic  fungi  and  soft 
chemicals  against  the  mite. 

Results/Conclusion:  The  results  show  that  extracts  from  onion  ( Allium  sepa)  and  turmeric 
(< Curcuma  domestica)  at  a  concentration  of  0.1%  were  effective,  causing  92.80%  and  83.99% 
mortality,  respectively,  under  laboratory  conditions.  In  the  field,  onion  extract  at  a  concentration 
0.1%  was  effective,  providing  up  to  72.33%  mortality  at  14  days  after  treatment.  In  another 
experiment,  Paecilomyces  sp.  provided  89.25%  mortality  under  laboratory  conditions  and 
68.70%  under  field  conditions  at  10  days  after  treatment.  The  survey  on  natural  enemies  of  E. 
dimocarpi  on  Tieu  Da  Bo  longan  orchards  in  the  Mekong  delta  showed  that  larvae  Arthrocnodax 
sp.  (Diptera:Cecidomyiidae)  was  a  predator  of  E.  dimocarpi.  Arthrocnodax  sp.  appeared  in  low 
frequencies  in  investigated  whole  gardens.  In  another  study,  4  different  soft  chemicals  such  as 
Abamectin+Petroleum  oil  (Visober  88.3EC),  Emamectin  benzoate  (Prodife's  6WDG),  Karanjin 
(Takare  2EC)  and  Abamectin  (Brightin  1.8EC)  at  0.125%  provided  70%  mite  control  at  14  days 
after  treatment  under  field  conditions. 
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Introduction:  Yard-long  bean  ( Vigna  unguiculata  subsp.  sesquipedalis )  is  the  most  popular 
legume  in  Southeast  Asia,  accounting  for  7%  of  the  total  vegetable  production  area.  It  is 
cultivated  on  more  than  130,000  ha  in  Indonesia,  Thailand,  and  Vietnam.  Maruca  vitrata 


(Lepidoptera:  Crambidae)  is  considered  the  most  serious  pest  of  yard-long  bean.  A  recent  study 
confirmed  that  more  than  90%  of  growers  rely  on  chemical  pesticides  as  a  prophylactic  measure 
to  manage  M.  vitrata.  Intensive  pesticide  use  is  detrimental  to  the  natural  enemies  in  yard-long 
bean  production  systems,  and  can  have  adverse  effects  on  the  health  of  producers  and  consumers 
Sustainable  management  tactics  such  as  integrated  pest  management  (IPM)  strategies  offer  a 
safer  alternative  to  toxic  chemical  substances. 

Results/Conclusion:  A  biopesticide-based  integrated  pest  management  strategy  for  yard-long 
bean  has  been  developed  and  validated  in  Southeast  Asian  countries.  When  an  IPM  strategy 
incorporating  Bacillus  thuringiensis  and  neem  was  followed  in  Thailand,  pod  damage  was 
reduced  by  up  to  85%  and  marketable  yield  almost  doubled.  About  a  50%  reduction  in  pod 
damage  and  several-fold  yield  increases  due  to  IPM  interventions  have  been  reported  in  Lao 
PDR  and  Thailand.  Participatory  IPM  trials  confirmed  that  farmers  using  IPM  methods  reduced 
pesticide  use  without  sacrificing  yield.  Since  B.  thuringiensis  and  neem-based  biopesticides  are 
available  in  many  countries  in  Southeast  Asia,  wider  adoption  is  possible  if  the  technology  is 
promoted  effectively  among  vegetable  legume  growers.  The  potential  of  a  yard-long  bean  IPM 
strategy  and  the  means  for  large-scale  promotion  in  the  region  will  be  discussed. 
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We  are  presenting  challenges  and  opportunities  for  the  development  and  deployment  of  a 
‘biological  control  pipeline’  addressing  insect  pest  problems  in  cowpea  ( Vigna  unguiculata)  in 
West  Africa.  Biodiversity  and  population  genetic  studies  have  been  carried  out  both  in  West 
Africa,  where  Maruca  vitrata  is  a  major  pest  on  cowpea,  and  in  selected  areas  of  tropical  Asia, 
the  putative  area  of  origin  of  this  pest.  Findings  from  these  studies  have  been  used  to  guide  the 


identification  of  novel  biological  control  candidates,  which  are  subsequently  assessed  for  their 
potential  in  sustainably  reducing  pest  populations.  Pre-release  assessment  studies  are  targeting 
critical  questions  such  as  potential  impact  on  biodiversity  and  biosecurity  in  general,  together 
with  factors  leading  to  successful  establishment  such  as  host  finding  capacity  and  intra-guild 
competition.  Also,  experience  from  the  field  has  indicated  the  importance  of  the  right 
deployment  system  for  establishing  a  population  of  the  released  natural  enemy  through 
inoculative  releases.  Using  the  case  study  of  the  legume  pod  borer  M.  vitrata ,  the  presentation 
leads  through  the  various  steps  of  this  development-to-deployment  process,  including 
partnerships  with  e.g.  social  enterprises.  The  same  approach  is  also  presented  for  the 
development  of  biopesticides  against  the  same  target  pest,  as  one  of  the  valuable  components  of 
integrated  pest  management  (IPM)  for  cowpea. 
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Introduction:  Production  of  high-value  vegetables  has  been  advocated  for  enhanced  food  security 
in  subsistence  agriculture  in  developing  countries  of  Asia  and  Africa. 

Methods:  The  IPM  Innovation  Lab  program  of  the  USAID  is  pursuing  a  paradigm  shift  from 
pesticide-based  control  tactics  to  eco-friendly  IPM  strategies  as  a  viable  alternative  to  mitigate 
crop  losses  due  to  virus  diseases  in  vegetable  crops  grown  by  subsistence  farmers. 

Results/Conclusion:  Production  of  high-value  vegetables  has  been  advocated  for  enhanced  food 
security  in  subsistence  agriculture  in  developing  countries  of  Asia  and  Africa.  With  increased 
frequency  of  outbreaks  of  virus  diseases  due  to  a  variety  of  factors,  a  system-wide  approach  has 
been  advocated  to  deploy  sustainable  strategies  for  mitigating  crop  losses  in  vegetable  crops  due 
to  virus  diseases  transmitted  via  seed  and  by  insect  vectors.  By  incorporating  science-based 


knowledge  about  virus  diseases  and  their  dissemination  pathways  and  pursuing  farmer 
participatory  approaches,  IPM  packages,  consisting  of  different  components  conferring  additive 
effect  in  reducing  and/or  suppressing  disease  incidence,  are  being  promoted  for  mitigating 
negative  impacts  of  economically  important  virus  diseases.  Technology  transfer  via  institutional 
capacity  building  is  vital  to  empower  agricultural  research  and  extension  professionals  and  other 
stakeholders  to  be  self-reliant  in  implementing  IPM  strategies  for  sustainable  crop  management 
against  virus  diseases. 


Symposium 

Presentation  Title:  Pest  management  in  rain-fed  crops  in  the  semi-arid  tropics:  Prospects  and 
problems 

Author  Name:  Hari  Sharma 

Author  Institution:  Dr.  YS  Parmar  University  of  Horticulture  &  Forestry 

Session  Title:  Symposium:  Integrated  Pest  Management  Components  and  Packages  for  Tropical 
Crops 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0776 
DOI:  10.1603/ICE.20 16. 107357 

Abstract  text: 

Introduction:  There  has  been  a  tremendous  change  in  the  pest  spectrum  and  the  pest  management 
practices  in  rainfed  crops  in  the  semi-arid  tropics  over  the  past  5  decades.  There  has  been  a 
qualitative  shift  in  pest  management  tactics  from  cultural  and  mechanical  control  and  use  of 
synthetic  insecticides  to  greater  use  of  microbials,  natural  plant  products,  seed  treatment  and 
transgenic  crops  for  pest  management.  Use  of  insect-resistant  genetically  modified  crops  has 
brought  about  qualitative  changes  in  pest  management  practices.  Strategies  for  pest  management, 
in  general,  have  been  dominated  by  the  search  for  ‘silver  bullet’  products/interventions  to 
minimize  the  losses  due  to  insect  pests.  However,  therapeutic  interventions  in  biological  and 
ecological  systems  provide  only  a  short-term  relief,  and  the  effects  of  such  interventions  are 
neutralized  by  the  countermoves  within  the  ecological  systems.  Long-term  answers  to  pest 
problems  can  only  be  sought  by  restructuring  and  managing  ecosystems  in  a  way  that  enhances 
the  ability  of  inbuilt  mechanisms  to  resist  insect  damage,  while  the  therapeutic  tactics  serve  as  a 
backup  to  the  natural  regulatory  processes.  There  is  a  need  to  develop  crop  cultivars  with 
resistance  to  major  pests,  and  exploit  the  modern  tools  of  biotechnology  to  increase  the  efficacy 
of  biopesticides  and  natural  enemies,  and  increase  the  levels  of  host  plant  resistance  to  insects 


and  gene  pyramiding  for  biotic  and  abiotic  stresses  for  sustainable  crop  protection  and 
conservation  of  the  environment. 
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Insect  pests  pose  a  challenge  in  reducing  quantities  and  qualities  of  rice  products  along  the  value 
chain.  Insect  pests  reduce  yield  potential  primarily  during  vegetative  growth  stages  of  rice  plants. 
Insect  feeding  injuries  during  rice  reproductive  stages  may  contribute  to  local  yield  quantity  and 
quality  losses.  During  the  storage  and  distribution  period,  rice  grains  are  exposed  to  further 
potential  loss  due  to  storage  pests’  activities.  In  tropical  irrigated  rice  production,  the  diversity 
and  abundance  of  natural  enemies  in  rice  fields  have  been  shown  to  adequately  regulate  pest 
populations.  However,  widespread  availability  of  insecticides  has  made  insecticide  overuse  a 
common  risk  factor  in  rice  production  throughout  many  South  East  Asian  countries.  Abuse  of 
insecticides  in  rice  production  reduces  the  diversity  and  abundance  of  natural  enemies  in  rice 
fields  and  disrupts  their  ecosystem  function  of  pest  regulation,  not  to  mention  the  inherent  risks 
to  human  health.  In  the  last  decade,  entomological  research  at  the  International  Rice  Research 
Institute  has  partly  focused  on  designing  a  number  of  ecologically-based  integrated  pest 
management  (IPM)  tactics  to  reduce  insecticide  dependency  in  tropical  irrigated  rice  production. 
The  tactics  include  conservation  of  natural  enemy  populations  through  effective  messaging  to 
reduce  insecticide  application  and  introduction  of  flowering  crops  in  rice  habitat,  exploration  of 
botanicals  as  insect  pest  repellent  and  utilization  of  endophytic  microbes  in  enhancing  rice 
defense.  The  challenges  and  opportunities  presented  by  some  of  these  tactics  in  reducing  insect 
vulnerabilities  across  the  rice  value  chain  will  be  discussed. 
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Introduction:  Increasing  concern  about  the  over  and  misuse  of  chemical  pesticides  in  recent 
years,  particularly  in  vegetables,  have  brought  about  a  renewed  interest  in  Integrated  Pest 
Management  (IPM)  in  Nepal,  both  from  public  and  research  sectors. 

Methods:  Through  the  USAID  funded  Integrated  Pest  Management  Innovation  Lab  (IPM  IL), 
full  season  IPM  packages  for  important  vegetable  crops  tomato,  cucumber  and  cauliflower  were 
developed  and  evaluated  in  several  locations  during  2009-2014.  IPM  packages,  which  are 


holistic  suites  of  IPM  recommendations  and  practices,  includes  seed/seed  bed  treatment  using 
Trichoderma/Psuedomonas ,  soil  solarization,  roguing  virus  infected  plants,  use  of  nylon  nets  in 
nursery,  insect  monitoring  using  pheromone  traps,  vegetable  grafting  against  diseases,  use  of 
plastic  trays  and  coco-peat,  neem-based  pesticides,  bio-fertilizers,  bio-control  agents  etc. 

Results/Conclusion:  IPM  packages  significantly  reduce  chemical  pesticide  use  and  are  also 
economically  competitive  with  farmer  practices.  In  2013,  through  an  associate  award  (AA),  the 
support  to  the  Nepal  program  was  extended  to  establish  a  structure  to  facilitate  the  technology 
transfer  of  IPM  packages  for  high-value  vegetable  crops  in  the  Feed  the  Future  (FtF)  districts  in 
collaboration  with  the  USAID  Knowledge-based  Integrated  Sustainable  Agriculture  and 
Nutrition  (KISAN)  project  and  at  the  meantime  working  with  private  sectors  to 
strengthen/support  supply  chains  of  bio-products  and  IPM  tools.  More  than  80%  of  the  farmers 
under  IPM  IL  and  42%  in  the  KISAN  project  have  been  recorded  to  have  already  adopted  IPM 
practices  and  packages  in  vegetables.  Efforts  to  further  expand  and  popularize  IPM  practices  and 
technologies  in  vegetable  growing  areas  are  in  progress. 
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Introduction:  The  terrestrial  heteropteran  family  Aradidae,  commonly  known  as  “flat  bugs” 
occurs  in  all  zoogeographic  regions  and  comprises  about  270  genera  and  2000  species.  They  are 
classified  today  in  eight  extant  subfamilies:  Aneurinae,  Aradinae,  Calisiinae,  Carventinae, 
Chinamyersiinae,  Isoderminae,  Mezirinae  and  Prosympiestinae.  All  of  them  -  except 
Chinamyersiinae  and  Prosympiestinae,  which  are  restricted  to  Australia  and  New  Zealand  -  are 
recorded  from  the  Neotropical  Region. 


Methods:  Investigation  of  literature  sources,  inventory  of  institutional  collections  and  own 
studies  of  rich  material  proved,  that  the  number  of  genera  and  species  recorded  from  this  region 
was  continuously  increasing  in  the  last  25  years.  Kormilev  &  Froeschner  (1987)  reported  68 
genera  and  472  species,  Coscaron  &  Contreras  (2012)  cited  already  80  genera  and  509  species. 
Recent  discoveries  by  the  author  raise  this  numbers  by  six  genera  and  seven  new  species  (Heiss 
2013,2014). 

Results/Conclusion:  Images  of  a  variety  of  species,  representatives  of  all  six  subfamilies  will  be 
presented,  reflecting  the  diversity  of  Neotropical  Aradidae.  Most  interesting  are  the  apterous, 
predominantly  endemic  taxa  found  only  in  stable  environmental  conditions  of  tropical  -  and 
subtropical  forests,  thus  important  bioindicators  of  undisturbed  habitats,  which  are  now 
endangered  by  the  rapid  deforestation  in  the  whole  region. 
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Introduction:  The  Pentatomoidea  is  a  megadiverse  group  of  true  bugs  that  comprises  more  than 
7,000  described  species.  In  the  Neotropical  region,  phytophagous  pentatomoid  species  include 
pests  of  important  crops  such  beans,  corn,  fruits,  maize,  soybean  and  wheat,  and  predaceous 
species  are  useful  as  biological  control  agents.  Nevertheless,  classification  of  the  group  at 
subfamily  and  tribal  level  is  still  unsettled,  and  studies  on  their  evolutionary  history  are  limited. 

Methods:  A  list  of  stink  bugs  associated  to  crops  in  the  Neotropical  region  was  compiled  and 
presented  under  current  subfamilial  and  tribal  classification.  Available  literature  on 
Pentatomoidea  phylogeny  and  classification  was  consulted.  In  addition,  a  phylogenetic  analysis 
of  Pentatomidae  based  on  morphology  is  presented,  including  114  species  as  terminal  taxa. 


Outgroup  species  include  terminal  taxa  from  Acanthosomatidae,  Cydnidae,  Dinidoridae  and 
Scutelleridae. 

Results/Conclusion:  In  the  Neotropical  region  most  of  the  species  of  economic  importance 
belong  to  the  family  Pentatomidae,  which  includes  at  least  14  predacious  species  in  9  genera,  and 
22  phytophagous  species  in  14  genera  associated  to  crops.  All  pentadomids  are  included  in  4 
main  monophyletic  groups:  subfamilies  Asopinae  and  Edessinae,  and  2  groups  of  genera 
currently  classified  in  the  polyphyletic  subfamily  Pentatominae  (e.g.  Euschistus  group  and 
Nezara  group).  Other  neotropical  species  associated  to  cultivated  plants  are  found  in 
Acanthosomatidae  (2  spp.),  Cydnidae  (9  spp.),  Dinidoridae  (1  sp.),  Scutelleridae  (4  spp.)  and 
Thyreocoridae  (6  spp.).  Except  for  Nezara  viridula ,  all  species  associated  to  cultivated  plants  in 
the  Neotropics  are  endemics. 
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Introduction:  The  family  Scutelleridae  is  global  in  distribution  and  quite  diverse  in  size  and 
appearance.  These  bugs  have  typically  been  referred  to  as  ‘shield  bugs’  but  the  term  ‘jewel  bugs’ 
is  sometimes  used  for  brightly  colored  Old  World  taxa.  This  term  does  not  accurately  describe  all 
scutellerids,  though,  because  many  are  rather  dull  colored.  Neotropical  shield  bugs  tend  to  be 
cryptic  in  coloration  and  poorly  known  taxonomically  and  biologically.  Species  numbers  are 
probably  greatly  underestimated  and  these  little  studied  bugs  are  in  need  of  taxonomic, 
ecological  and  biological  studies  in  the  Neotropics.  Overall,  these  bugs  are  in  need  of  taxonomic, 
ecological  and  biological  studies  in  the  Neotropics. 


Methods:  Neotropical  scutellerids  from  many  major  collections  around  the  world  were  studied, 
along  with  those  collected  by  us.  Observations  on  biology  of  these  bugs  were  compiled  from 
publications,  label  data  and  our  own  observations. 

Results/Conclusion:  In  the  Neotropics,  25  genera  are  recorded,  some  of  them  also  distributed  in 
Nearctic  region  along  with  several  undescribed  genera.  About  1 12  species  are  recorded  in  this 
region;  however,  because  most  of  the  genera  need  revision,  this  number  is  probably 
underestimated.  Characters  used  to  separate  genera  will  be  discussed.  Scutellerids  are  generally 
considered  to  be  primarily  phytophagous  although  some  are  attracted  to  and  may  feed  on  carrion. 
The  life  cycle  has  been  studied  for  only  a  few  species  and  host  plant  information  is  generally 
lacking.  Species  of  Pachycoris  Burmeister  practice  maternal  care  and  two  species  of  this  genus 
are  considered  pests  of  Jatropha  curcas  L.,  a  biofuel  plant. 
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Introduction:  The  Carpocorini  is  the  most  diverse  tribe  within  the  Pentatominae  (Pentatomidae), 
comprising  about  500  species  assigned  to  90  genera.  Because  of  its  morphological  diversity,  the 
tribe  is  suspect  of  polyphyly.  In  the  Neotropics,  the  16  genera  included  in  the  Euschistus -group 
account  for  most  Neotropical  carpocorine  diversity  and  include  species  associated  to  crops  of 
legumes.  The  monophyly  of  the  Euschistus-group  was  tested  as  well  as  its  generic  relationships. 
Special  attention  is  given  to  Dichelops ,  a  genus  with  important  crop  feeding  species  in  the 
Neotropics. 

Methods:  A  morphological  matrix  comprising  149  discrete  and  continuous  characters  was  coded 
for  60  taxa  of  Carpocorini.  Ingroup  included  all  genera  assigned  to  Euschistus-group  and  all 
species  of  Dichelops.  Analyses  were  run  under  parsimony  with  different  combinations  of 
morphological  datasets  (continuous  and  discrete  characters)  and  character  weighting  methods 
(equal  and  implied  weights),  totalizing  five  analyzes. 

Results/Conclusion:  Irrespective  of  datasets  or  character  weighting  methods  employed  during 
analyses,  the  following  results  were  consistently  recovered:  monophyly  of  Euschistus-group , 
monophyly  of  most  genera,  paraphyly  of  Dichelops.  Paraphyly  of  Dichelops  has  an  important 
outcome  for  applied  biology,  because  some  species  are  known  for  feeding  on  cotton,  corn, 
soybean,  and  wheat  and  represent  important  crop  pests  in  the  Neotropics.  Phylogenetic  analyzes 
of  total  evidence  had  higher  node  support  values  than  analyzes  with  discrete  characters 
only,  what  corroborates  literature  evidences  that  continuous  characters  are  a  source  of 
phylogenetic  information. 
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Introduction:  Among  the  7  infraorders  of  Heteroptera,  Nepomorpha  comprises  the  true  aquatic 
bugs,  and  Gerromorpha,  the  semiaquatic  bugs.  These  worldwide  distributed,  mainly  predatory 
bugs  play  important  roles  in  freshwater  ecosystems,  and  knowledge  about  them  is  essential  for 
the  study  of  water  biology.  During  the  last  2  decades,  there  has  been  increasing  interest 
concerning  Neotropical  aquatic  bugs. 

Methods:  The  purpose  of  this  presentation  is  to  show  some  of  the  recently  published  and  ongoing 
projects  concerning  aquatic  bugs  from  the  Neotropics,  including  not  only  aspects  of  systematics 
and  diversity,  but  also  ecology,  behavior  and  evolution,  which  are  still  very  scarce  when 
compared  to  those  based  on  Palearctic  and  Nearctic  species.  Besides  shorter  works,  such  as 
faunistic  lists,  descriptions  and  taxonomic  notes,  these  studies  include  revisions  and  phylogenies 
at  different  levels  (from  single  genus  to  order)  using  morphological  and/or  molecular  data, 
geographic  distribution  modelling  and  implications  for  conservation,  evolution  of  morphological 
traits  and  its  association  with  behavior,  and  the  use  of  Neotropical  species  as  models  for 
evolutionary  ecology  and/or  evolutionary  developmental  biology. 

Results/Conclusion:  The  number  of  described  species  exceeds  4,400,  and  the  fauna  from  the 
Neotropics  is  very  diverse,  respectively  with  more  than  700  and  500  known  species  of 
Nepomorpha  and  Gerromorpha.  Most  of  the  literature  concerning  Neotropical  aquatic  bugs  is 
concentrated  on  isolated  species  descriptions  or  revisionary  studies  including  local  species. 

These  have  been  published  mainly  from  the  end  of  the  19th  century  to  the  1950’s,  with  some 
notable  exceptions  during  the  second  half  of  the  20th  century. 
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Introduction:  Neotropical  stink  bug  Piezodorus  guildinii  (Westwood)  is  an  important  pest  of 
soybean  in  the  Americas  (ranging  from  Argentina  to  southern  United  States).  To  implement 
holistic  pest  management  programs  it  is  necessary  to  understand  how  the  biotic  and  abiotic 
factors  regulate  its  population. 

Methods:  Seasonal  occurrence  (cultivated  and  perennial  uncultivated  host  plants,  overwintering 
niches),  and  morphological  (body  morphometry  and  color)  and  physiological  (lipid  content  and 
development  of  reproductive  organs)  changes  in  adults  were  studied.  Complementarily,  the 
biology  with  different  forage  legumes  and  under  different  photoperiod  and  temperature 
conditions  was  studied  at  the  laboratory. 

Results/Conclusion:  On  perennial  uncultivated  plants  and  in  overwintering  niches  only  adults 
were  captured  (autumn  and  winter);  whereas  on  forage  legumes,  both  nymphs  and  adults  were 
intercepted.  Field  and  laboratory  results  indicate  that  alfalfa  is  an  important  host  plant,  adults 
were  present  almost  the  entire  year,  the  abundance  (adults  and  nymphs)  were  higher  in 
comparison  with  the  other  plants  species  and  overwintering  niches,  insects  fed  on  alfalfa  and 
soybean  immature  pods  had  similar  performance.  Adults  collected  in  different  seasons  showed 
differences  in  morphology  and  physiology.  In  autumn  and  winter,  both  sexes  showed  the  same 
changes  that  were  recorded  in  the  laboratory  at  10hL-20  °C.  Under  these  environment  conditions 
adults  accumulate  energy  reserves,  show  undeveloped  reproductive  structures,  smaller  body,  and 
less  feeding  activity,  and  particularly  females  show  clear  coloration  of  the  pronotum  band  and 
connexivum,  indicating  reproductive  diapause.  Implement  management  tactics  during  spring  on 
alfalfa  may  be  successful  to  reduce  population  of  bugs  prior  to  their  colonization  of  soybean. 
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Introduction:  Around  45  species  of  stink  bugs  have  its  sex  pheromone  identified,  however  for 
only  few  species  the  sex  pheromone  is  available  for  the  producers,  such  as  Neartic  Euschistus 
spp.  and  the  Neotropical  Euschistus  her  os  (F.).  There  is  a  strong  feeling  that  semiochemicals 
may  become  an  important  tool  to  a  more  sustainable  pest  management  method.  The  compound 
( 2R,6R,\0S )-  methyl-2,6, 10-trimethyltridecanoate  (2,6,10  TMTD)  was  identified  as  the  sex- 
pheromone  of  the  E.  heros.  This  molecule  is  stable,  present  high  volatility  and  it  is  high 
attractive  to  E.  heros  females.  Presenting  all  traits  necessary  to  be  used  as  a  sex  pheromone  for 
monitoring  and  control  insects  on  field  conditions. 

Methods:  Field  trap  tests  using  lures  containing  1  mg  of  TMTD  were  conducted  in  Central 
Region  of  Brazil,  during  three  consecutive  soybean  seasons  2004/2005,  2005/2006  and 
2006/2007  and  a  second  set  the  experiment  in  201 1/2012.  The  field  experiments  were  conducted 
to  evaluate  attractiveness  of  the  2,6,10  TMTD  lure,  the  best  distribution  of  traps,  the  number  of 
traps  per  hectare,  and  to  evaluate  the  trap  efficiency  compared  to  the  traditional  method  of 
sampling  stink  bugs. 

Results/Conclusion:  The  pheromone  lure  remains  attractive  form  more  than  30  days;  the 
pheromone  traps  were  more  efficient  than  the  shake  cloth  sampling  technique;  the  catches  were 
similar  in  traps  deployed  around  the  field  border  or  in  the  center  of  field  crops;  traps  captured 
more  females  of  E.  heros  than  males;  traps  caught  other  stink  bugs  species,  such  as  Dichelops 
melacanthus  (Dallas);  and  traps  attracted  egg  parasitoids. 
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Introduction:  Feeding  by  phytophagous  stink  bugs  (Heteroptera:  Pentatomidae)  causes  host 
injury  by  two  mechanisms:  mechanical  and  chemical.  Mechanical  damage  is  caused  by  insertion 
of  their  large  stylets  (mandibles  +  maxillae)  that  cut  the  vegetative  tissue  and  cause  its 
destruction.  Chemical  stress  includes  secretion  of  salivary  sheath  introduced  into  the  tissue,  plus 
salivary  enzymes  secreted  and  introduced. 

Methods:  Laboratory  studies  were  conducted  with  different  species  of  stink  bugs  feeding  on 
different  tissues,  and  their  mechanical  and  chemical  damage  evaluated. 

Results/Conclusion:  Results  indicated  that  the  indentation  at  the  tip  of  mandibles  plus  the  back 
and  forth  (lacerating)  movements  of  the  stylets  during  feeding  are  the  main  factors  causing 
physical  injury.  When  bugs  feed  on  hard  tissues,  these  indentations  become  partially  worn  with 
time.  The  sheath  remains  after  stylet  removal,  indicating  sites  of  stylets  introduction.  Salivary 
enzymes  secreted  and  introduced  cause  cell  destruction  and  metabolization  of  protein  bodies. 
The  type  of  salivary  enzyme  activity  varies.  For  example,  Euschistus  heros  (F.)  has  a  much 
greater  activity  of  amylase  feeding  on  seeds  rich  in  amylase,  than  Edessa  meditabunda  (F.) 
feeding  on  soybean  stem,  poor  in  amylase.  The  resulting  host  injury  is  variable,  according  to 
different  species  of  stink  bug,  due  to  their  behavior  (movement  of  stylets  inside  the  food)  and 
due  to  the  variable  enzyme  activity.  This  last  causes  cell  wall  invagination  and  destruction,  and 
fusion  of  cell  contents  such  as  proteins,  resulting  in  the  major  portion  of  the  total 
injury.  Waveforms  EPG-originated  revealing  feeding  sites  and  resulting  tissue  damage  will  be 
presented  and  discussed. 
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Introduction:  The  incidence  of  the  green-belly  stink  bug,  Dichelops  melacanthus  (Dallas; 
Heteroptera:  Pentatomidae)  on  maize  crop  in  the  neotropics  (Brazil)  has  increased  with  time, 
especially  due  to  the  continuous  availability  of  food  throughout  the  year.  This  insect  causes 
injury  to  seedlings,  killing  them  shortly  after  their  emergence  from  the  soil.  If  the  plant  survives, 
it  is  possible  to  see  areas  with  necrotic  lesion  that  increase  in  a  transverse  pattern  on  the  sheet, 
with  perforations  on  the  leaves  or  tillers  (side  shoots).  This  pest  is  currently  one  of  the  most 
important  to  maize,  both,  on  conventional  and  on  Bt  hybrids. 

Methods:  Susceptibility  of  different  maize  cultivars  has  been  evaluated  in  the  greenhouse  and  in 
field  tests  comparing  plots  with  or  without  the  presence  of  different  densities  of  the  D. 
melacanthus ,  for  varying  periods  of  time.  Resulting  damage  were  assessed  using  a  visual  scale  of 
injury  and  grain  yield. 

Results/Conclusion:  Damaged  maize  plants  by  the  insect  reduced  development  up  to  50%  and 
became  less  competitive  for  water  and  nutrients  uptake.  In  the  field,  with  1  adult  per  5  plants 
during  a  week  infestation  period,  there  was  an  average  reduction  in  grain  yield  between  20%  and 
33%  depending  on  the  cultivar  tested.  D.  melacanthus  became  a  major  concern  for  Brazilian 
farmers  that  cultivate  Bt  corn,  especially  when  corn  is  grown  in  the  second  season  following 
soybean  in  the  summer.  In  this  case,  seed  treatment  is  an  appropriate  control  measure  to  reduce 
the  pest  population  and  mitigate  the  resulting  damage  to  the  plant. 
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Abstract  text: 

Introduction:  The  bronze  bug  Thaumastocoris  peregrinus  (Carpintero  &  Dellape  ;Hemiptera: 
Thaumastocoridae)  was  detected  in  Brazil  in  2008  and  infested  approximately  150.000/year  of 
eucalyptus  plantations  during  2010-2014.  This  pest  reduced  wood  productivity  in  10-15  %  after 
two  years  of  heavy  plant  infestation. 

Methods:  Pest  monitoring  was  conducted  in  Argentina,  Brazil  and  Uruguay  and  was  based  in 
yellow  stick  traps  placed  in  eucalyptus  plantations.  The  main  strategy  to  control  the  pest  was 
biological  control  using  the  exotic  egg  parasitoid,  Cleruchoides  noackae  (Lin  &  Huber; 
Hymenoptera:  Mymaridae),  imported  from  Australia  in  2012.  This  parasitoid  was  released  in 
these  three  countries  and  in  Chile.  Parasitoids  were  recovered  in  releasing  points  after  20-30 
days. 

Results/Conclusion:  In  2014,  laboratory  and  field  evaluations  shown  parasitism  rate  between  50 
-  60  %  in  all  areas  where  it  was  released,  and  the  egg  parasitoid  was  successfully  established  in 
different  regions  of  Brazil.  The  main  natural  enemies  recorded  were  the  predatory  chrysopid 
Chrysoperla  externa  (Hagen)  and  predatory  stink  bugs  Supputius  cincticeps  (Stal)  and 
Atopozelus  opsimus  Elkins  preying  nymphs  and/or  adults  of  T.  peregrinus.  Microbial  control 
through  commercial  formulations  of  Beauveria  bassiana  (Balsamo)  were  successful  in 
laboratory  and  field  tests.  Natural  entomopathogenic  fungi  (genera  Fusarium,  Paecilomyces  and 
Zoophtora)  caused  substantial  mortality  of  T.  peregrinus.  Chemical  insecticides  tested  against  T. 
peregrinus  were  Bifenthrin,  Etofenprox  and  Acetamiprid,  which  are  current  under  registration  in 
Brazil.  The  bronze  bug  pest  is  still  spreading  in  South  America  and  more  studies  are  necessary  in 
different  environmental  conditions  in  the  neotropics  in  order  to  proper  manage  the  pest. 
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Abstract  text: 

Introduction:  Insects  in  the  suborder  Heteroptera  (true  bugs)  include  over  40,000  species 
worldwide.  Insect-microorganism  interactions  are  of  great  importance  and  were  discovered  over 
50  years  ago.  However,  mainly  due  to  advances  in  molecular  techniques,  only  recently  has  the 
nature  of  these  associations  become  clearer.  Many  important  agricultural  pests  and  disease 
vectors  within  true  bugs  are  associated  with  endosymbionts  in  a  close  relationship.  In  this 
suborder,  though  symbionts  can  be  found  in  the  insect  s  lumen  or  within  the  gastric  caeca,  the 
main  objective  is  to  elucidate  the  caeca-associated  symbionts. 

Methods:  By  using  the  phylogenetic  placement  of  the  gene  16S  RNA  of  the  symbionts,  it  is 
possible  to  show  that  some  symbionts  have  coevolved  with  true  bugs  to  the  scope  that  host 
fitness  is  impacted  by  the  elimination  or  alteration  of  their  symbiont.  Through  genetic 
modification  (paratrangenesis)  of  symbionts  it  is  possible  to  utilize  them  for  disease  control  or 
pest  management. 

Results/Conclusion:  Symbionts  associated  with  true  bugs  of  the  neotropics  including  bugs  of  the 
families  Acanthosomatidae,  Alydidae,  Coreidae,  Pentatomidae,  Phyrrocoridae  and  Scutelleridae 
will  be  presented  and  discussed.  Phylogenetic  relationships  between  gut  symbionts  of 
heteropteran  species  will  also  be  presented,  as  well  as,  Actinobacteria  diversity  of  12  genera  that 
inhabit  the  midgut  of  pentatomids.  With  the  increasing  interest  and  understanding  of  the  stink 
bugs/endosymbiont  associations,  and  their  ecological  and  physiological  features,  it  will  only  be  a 
matter  of  time  before  pest/vector  control  programs  utilize  this  information  and  technique. 
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Introduction:  The  most  prevalent  and  economically  important  stink  bug  species  in  Brazil  are  the 
Neotropical  brown  stink  bug  (NBSB),  Euschistus  heros  (F.),  and  Dichelops  melacanthus{DdX\di% 
Heteroptera:  Pentatomidae).  In  the  mid-1990s,  failures  to  control  NBSB  with  endosulfan  were 
reported.  For  this  reason,  insecticides  doses  increased  up  to  2.5-fold  the  recommended  dose.  This 
species  have  been  controlled  with  organophosphates  and  endosulfan  since  the  1960s. 

Methods:  Mortality  was  evaluated  and  recorded  after  48  h  of  topical  applications  of  insecticide 
suspensions.  Adult  mortality  was  subjected  to  probit  analysis. 

Results/Conclusion:  Possibly  due  to  the  long  history  exposure,  the  largest  variability  among 
NBSB  populations  has  been  observed  for  endosulfan.  LC50  of  this  product  ranged  from  1.9  to 
29.8  pg  of  a.i.adult"1.  Due  to  ecological  toxicity  and  persistence,  this  product  has  been  banned 
from  the  Brazilian  market.  Topical  applications  of  acephate  at  the  screening  concentration  of  7.1 
pg  of  a.i.adult"1  to  geographic  populations  of  NBSB  resulted  in  mortality  rates  ranging  from  14.7 
to  99.1%.  The  absence  of  prior  baseline  information  of  stink  bug  Brazilian  populations  have 
compromised  clear  inference  on  resistance.  The  first  formulated  products  containing 
neonicotinoids  and  pyrethroids  have  been  recommended  since  2004  to  control  stink  bugs. 
Currently,  these  mixtures  are  the  most  used  against  both  pest.  Bioassays  testing  thiamethoxan  + 
lambda-cyhalothrin  screening  doses  in  populations  of  NBSB  collected  in  201 1,  and  more 
recently  (2014),  showed  mortality  rates  ranging  from  79.5  to  98%  and  from  16.7  to  94.4%, 
respectively.  This  decrease  in  susceptibility  indicates  a  probable  early  evolution  of  E.  heros 
resistance  to  these  mixtures. 
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Introduction:  Wireworms  (Coleoptera:  Elateridae),  the  larvae  of  click  beetles  are  serious,  yet 
sporadic,  pests  of  corn,  cereals,  potatoes  and  other  important  field  crops.  Organochloride  and 
Lindane  had  been  the  standard  insecticides  for  wireworm  control  but  eventually  banned  in  2009. 
Trap  cropping  has  shown  its  effectiveness  in  diverting  wireworms. 

Methods:  In  this  study,  corn,  wheat,  durum,  barley,  pea,  lentil  and  canola  were  intercropped  with 
spring  wheat  at  2  locations:  Valier  (Site  A)  and  Conrad  (Site  B),  Montana,  USA,  2015.  Two 
plant  variables:  total  plants  count  and  undamaged  plants  count  in  line  intercept  of  lm  and  total 
number  of  wireworms  trapped  were  measured.  CRBD  experimental  design  was  used  with  7 
treatments  and  6  replications.  In  an  individual  plot,  3-  lm  line  intercepts  were  selected  randomly 
from  wheat  rows  and  the  count  was  taken  followed  by  trap  crop.  Data  were  taken  weekly  up  to  5 
counts  then  once  in  2  weeks.  For  wireworms,  destructive  soil  samples  of  0. 15x0. 15x0. 15m3  were 
taken  at  random  very  next  day  after  plant  count.  A  total  of  8  observations  were  taken  at  each 
sites. 

Results/Conclusion:  There  were  no  significant  difference  among  total  plant  counts  of  wheat  in 
both  sites.  However,  significant  difference  was  reported  in  numbers  of  undamaged  wheat 
plants/m  when  intercropped  with  pea  or  lentil  in  both  sites.  The  numbers  of  wireworms  in  wheat 
rows  were  significantly  lower  when  intercropped  with  pea.  Hence,  our  first  year  data  shows  that 
pea  and  lentil  are  the  superior  trap  crops  for  wireworm  management  in  spring  wheat. 
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Introduction:  Characterizing  pest  status  of  organisms  across  variable  cropping  landscapes  is 
critical  for  developing  integrated  management  strategies  due  to  variation  in  species’  ecology  and 
crop  impacts.  Wireworms,  soil-dwelling  larvae  of  click  beetles,  have  resurged  as  problematic 
pests  of  cereal  crops  in  the  Pacific  Northwestern  United  States.  Yet,  the  knowledge  of  the 
ecology  of  wireworm  species  across  cereal-growing  landscapes  remains  limited. 

Methods:  We  conducted  2  large-scale  studies  to  examine  the  distribution  and  seasonal  population 
dynamics  of  wireworm  species  in  wheat-growing  fields. 

Results/Conclusion:  First  study  revealed  13  wireworm  species  found,  although  3  species, 
Limonius  infuscatus ,  L.  calif  brnicus,  and  Selatosomus pruininus  accounted  vast  majority  of 
individuals  collected.  Moreover,  the  community  composition  of  wireworm  species  varied 
considerably  across  our  sampled  region  in  response  to  environmental  and  agronomic  factors. 
Second  study  showed  that  as  spring  moves  into  summer  L.  californicus  feeds  more  aggressively, 
whereas  L.  infuscatus  is  less  aggressive  and  decreases  in  abundance  as  crop  season  progresses. 
Our  results  suggest  that  management  of  wireworms  needs  to  be  tailored  to  the  specific  species 
present  in  a  field.  We  also  investigated  whether  diverse  wireworm  communities  are  more 
impactful  than  single  species  at  inflicting  damage  to  wheat  plants.  Our  results  revealed  that 
wireworms  are  more  productive  and  cause  considerably  higher  damage  to  crops  if  present  as  a 
single  species  in  the  field  rather  than  as  a  multi-species  complex.  The  overall  aim  of  this  study 
was  to  improve  our  knowledge  of  the  biology  and  ecology  of  wireworms  so  more  effective  and 
environmentally  benign  pest  management  programs  can  be  developed. 
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Wireworms,  the  larval  stage  of  click  beetles,  are  important  soil-dwelling  pests  of  a  wide  variety 
of  field  crops  grown  in  North  America  and  globally.  Their  current  resurgence  can  be  attributed  in 
part  to  the  removal  of  many  conventional  insecticides  that  were  used  to  control  them,  and  new 
pest  management  approaches  are  needed.  Recent  advances  in  DNA  sequencing  technology  have 
fundamentally  changed  the  ability  to  characterize  the  molecular  biology  of  insect  pests.  The 
whole  genome  sequence  and  transcriptome  of  a  pest  species  have  become  one  component  of  its 
basic  biology.  Efforts  to  expand  molecular  knowledge  of  the  sugar  beet  wireworm  ( Limonius 
californicus )  and  its  application  to  developing  new  pest  management  tools  will  be  discussed. 
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Introduction:  Tillage  practices  may  have  an  important  role  to  suppress  Hgrzctopopulations  since 
they  can  cause  soil  dry  up  meanwhile  egg  hatching  and  first  instars  development  occur. 
Therefore  no  tillage  (NT)  introduction  might  result  in  a  significant  increase  of  wireworm 
populations. 

Methods:  Experimental  design  was  established  in  3  farms  in  North-Eastern  Italy  in  order  to 
compare  conventional  tillage  (CONV,  ploughing,  harrowing  and  hoeing)  versus  conservation 
tillage  (No  Tillage,  NT)  under  the  same  rotation  (winter  wheat,  canola,  maize,  soybean)  over  a  5 
year  period  (201 1-2015).  In  each  field  (4  fields  per  each  treatment  in  a  single  farm)  Agriotes  (A. 
brevis  Candeze,  A.  sordidus  Illiger,  A.  ustulatus  Schaller,  H.litigiosus  Rossi)  population 
dynamics  were  studied  using  bait  traps  for  larvae  and  pheromone  traps  (YATLORf).  Seed  and 
plant  damage  by  wireworms  was  also  assessed  in  each  field,  particularly  maize  fields. 

Results/Conclusion:  No  significant  differences  between  wireworm  densities  in  CONV  and  NT 
fields  were  found.  Beetle  population  levels  were  not  different  as  well.  NT  conditions  did  not 
change  ratio  among  species.  Plant  damage  was  low  even  in  NT  fields  as  predictable  by 
wireworm  densities;  in  fact,  the  latter  never  exceeded  the  thresholds.  Causes  that  stopped 
wireworms  increase  in  NT  fields  despite  favorable  conditions  will  be  discussed. 
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Introduction:  Wireworms  are  currently  regarded  a  major  pest  problem  in  potato  production 
systems  in  many  parts  of  Europe,  both  with  organic  and  conventional  growers.  Control  options 
targeting  wireworms  are  limited,  due  to  phasing  out  of  effective  insecticides  in  Europe  (i.e. 
fipronil);  for  organic  growers  only  ineffective  options  are  available.  Alternative  control 
strategies,  using  biocontrol  agents,  are  so  far  not  effective  and  too  expensive.  Wireworms  use 
carbon  dioxide  gradients,  established  by  growing  roots,  to  locate  their  host  plants.  The  “attract 
and  kill”  approach  (A&K)  makes  the  larvae  crawl  to  the  control  agent  by  combining  the  agent 
with  capsules  emitting  CO2. 

Methods:  To  make  this  strategy  work  under  field  conditions,  the  capsules  need  to  build  up  CO2 
gradients  significantly  higher  than  the  background  CO2  concentrations  in  the  soil  for  at  least 
several  weeks.  We  formulated  these  capsules  with  an  isolate  of  a  wireworm  effective 
entomopathogenic  fungus  (M  brunneum),  acting  as  the  kill  component.  Capsule  field  treatments 
were  applied  into  the  potato  dams,  either  below  or  between  the  tubers  during  the  growing  season 
using  fields  with  a  high  incidence  of  wireworm  damage  in  previous  years. 

Results/Conclusion:  Application  of  different  types  of  the  A&K  capsules  resulted  in  significantly 
lower  tuber  damage  in  most,  but  not  all  fields,  depending  on  capsule  types  and  ways  of 
application.  Based  on  these  results  a  final  capsule  type  is  now  commercially  available  for  a 
standardized  application  routine  in  potato  fields;  capsules  can  be  applied  by  using  equipment 
available  for  granulated  insecticides.  The  implementation  roadmap  for  this  strategy  will  be 
discussed. 
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Abstract  text: 

Introduction:  Wireworms,  the  soil-dwelling  larvae  of  click  beetles  (Coleoptera:  Elateridae), 
cause  severe  damage  in  arable  crops  and  vegetable  production.  They  are  very  difficult  to  control 
because  of  their  multiannual  subterranean  development,  their  wide  range  of  host  plants  and  their 
ability  to  retreat  into  deep  soil  layers  for  weeks  or  even  months,  where  they  survive  food 
shortage,  adverse  environmental  conditions  or  control  measures.  Entomopathogenic  fungi  of  the 
genus  MetarhiziumsLYQ  important  natural  enemies  of  wireworms  in  pastures.  However,  their 
abundance  in  arable  soils  is  usually  low. 

Methods:  Barley  kernels  colonized  with  Metarhizium  brunneum  (FCBKs)  were  applied  into 
summer  oat  as  cover  crop  in  late  summer,  before  planting  of  potatoes  in  the  following  season.  A 
defined  number  of  a  certain  wireworm  species  was  released  into  semi-field  plots.  The  data 
collected  was  (1)  numbers  of  colony  forming  units  in  the  soil  (CFUs),  (2)  survival  of  recaptured 
wireworms  and  (3)  potato  damage  at  harvesting  time,  1  year  after  treatment.  The  FCBK 
treatment  was  compared  to  an  untreated  control  and  a  treatment  with  insecticide-coated  summer 
oat  seeds. 

Results/Conclusion:  M.  brunneum  established  successfully  in  the  cover  crop,  but  CFUs  dropped 
significantly  during  the  following  season.  About  2/3  of  the  wireworms  died  from  mycosis,  and 
potato  damage  was  reduced  in  the  FCBK  treatment.  The  application  strategy  provided  an 
extended  period  of  exposure  of  wireworms  to  the  fungal  inoculum,  which  probably  enhanced 
chances  for  infection.  In  addition,  the  cover  crop  may  have  provided  a  more  favorable 
environment  for  fungal  establishment  than  the  arable  crop  itself. 
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Introduction:  Researchers  are  gaining  understanding  to  bring  us  closer  to  a  biologically-based 
wireworm  management  solution  using  entomopathogens.  While  attention  has  largely  been 
focussed  on  controlling  larvae  for  crop  protection,  additionally  targeting  adult  click  beetles  can 
reduce  the  input  of  new  larvae  into  agricultural  land.  Aiming  biocontrols  at  click  beetles  to 
reduce  their  fecundity  during  the  rotation  crop(s),  in  addition  to  resident  larvae  during  cropping 
years  represents  a  comprehensive  strategy  that  may  be  the  biologically-based  control  solution  for 
which  we’ve  been  hoping. 

Methods:  Rice  granules  conidiated  with  Metarhizium  brunneum  LRC1 12  (MetLRCl  12)  were 
applied  in  the  field  as  a  band  together  with  sex  pheromone  formulated  into  a  granular  substrate. 
The  attraction,  conidia  dose,  and  mortality  of  released  Agriotes  obscurus  beetles  were  assessed 
over  time.  In  the  greenhouse,  male  and  female  beetles  were  released  into  three  soil  treatments 
sown  with  common  grasses:  field  soil  containing  104  copies  Metarhizium  DNA/g,  sterile  soil 
with  KfMetLRCl  12  conidia/g  added,  and  sterile  soil.  Fecundity  was  assessed  after  5  months. 

Results/Conclusion:  Attracting  and  killing  beetles  using  MetLRCl  12  and  granular  pheromone 
was  nearly  100%  efficacious.  Beetle  passage  through  the  band  implied  opportunity  for 
autodissemination.  Dose-mortality  curves  derived  from  sampled  beetles,  and  degree-day 
infection  models  provided  predictive  tools  to  anticipate  efficacy  during  any  seasonal  period.  In 
the  greenhouse,  beetle  fecundity  was  almost  entirely  prevented  when  beetles  were  reared  in  soil 
containing  104  copies  Metarhizium  DNA/g  and  104  MetLRCl  12  conidia/g,  suggesting  that 
entomopathogens  applied  to  rotation  crops  can  reduce  or  eliminate  the  input  of  new  larvae 
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Introduction:  In  Canada,  damage  by  wireworms  (Coleoptera:  Elateridae)  of  various  exotic 
(Agriotes  obscurus ,  A.  lineatus  and  A.  sputator )  and  endemic  (i.e.  Limonius  californicus , 
Hypnoidus  bicolor)  species  has  now  increased  to  the  crisis  stage  in  key  crops  such  as  cereals, 
potatoes,  vegetables  and  others.  Traditionally,  economic  wireworm  damage  has  been  managed 
by  targeting  the  wireworm  stage  at  planting  with  insecticidal  controls,  but  this  strategy  is  no 
longer  achieving  the  expected  results  in  certain  agricultural  areas.  As  a  result,  it  has  become 
necessary  to  broaden  the  IPM  toolbox  to  include  additional  approaches  for  the  management  of 
the  adult,  click  beetle  stage  in  production  areas  at  greatest  risk. 

Methods:  Since  1999,  we  have  developed  various  traps  and  deployment  strategies  for  the  survey, 
monitoring  and  management  of  the  exotic  ^gnctospecies  click  beetles  occurring  in  British 
Columbia  (BC)  and  Prince  Edward  Island  (PEI).  In  2014,  a  new  pheromone  trap  was  developed 
to  enumerate  populations  over  time  and  space  and  potentially  guide  various  click  beetle  or 
current  season  progeny  reduction  approaches,  including  timely  mechanical  disturbance,  and/or 
biological  and  chemical  sprays  applied  to  fields  at  greatest  risk. 

Results/Conclusion:  The  new  traps,  which  are  very  inexpensive  to  manufacture  and  can  be 
installed  and  inspected  rapidly,  also  offer  new  opportunities  for  economically  mass  trapping 
males.  This  presentation  describes:  the  overall  efficacy  of  the  new  trap  relative  to  existing  traps; 
optimal  trap  spacing,  field  positioning  and  number  required  for  monitoring  and/or  mass  trapping; 
trap  interpretation  relating  to  click  beetle/neonate  reduction  activities;  and  adult  IPM  case  studies 
conducted  in  BC  and  PEI. 
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Abstract  text: 

Introduction:  The  larva  of  the  click  beetle  Agriotes  sputator  (Coleoptera:  Elateridae)  is  identified 
as  a  major  pest  of  potatoes  and  other  vegetable  crops  in  Prince  Edward  Island  Canada.  In  2013, 
an  estimated  financial  loss  of  7.5  million  was  attributed  to  wireworm  damage  and  the  cost  of 
using  insecticides  to  protect  the  crop  against  this  pest.  Over  the  past  10  years,  a  steady  increase 
in  the  wireworm  population  has  resulted  in  the  spread  of  this  species  into  un-infested  crop 
land.  Pheromones  were  the  main  approach  used  to  trap  adults  but  mass  trapping  of  male  beetles 
to  reduce  populations  has  been  unsuccessful.  Our  objective  was  to  create  a  trap  that  would  attract 
both  male  and  female  beetles  and  could  be  used  to  reduce  populations. 

Methods:  A  light  trap  was  invented  and  tested  in  2015.  The  trap  consists  of  a  solar  powered 
spotlight,  a  16oz  glass  as  a  pitfall  trap,  and  a  %  inch  wire  cage  to  prevent  large  carabid  beetles 
from  entering.  Control  traps  lacked  a  light  source.  The  traps  were  placed  in  two  wireworm 
infested  fields  in  PEI  and  collected  every  two  days  from  May  14  -  July  30.  All  collected  beetles 
were  counted  and  sexed. 

Results/Conclusion:  Results  show  significantly  higher  numbers  of  both  male  and  female  beetles 
in  the  light  traps  compared  to  the  controls.  Catches  consisted  of  40%  females  and  60%  males  for 
a  total  of  930  beetles  per  trap.  The  trap  is  an  efficient  method  of  mass  trapping  females  before 
they  lay  eggs  which  in  turn  can  contribute  to  population  reduction. 
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Abstract  text: 

Wireworms  (Coleoptera:  Elateridae)  are  a  serious  pest  problem  on  potato  [Solanum  tuberosum ] 
worldwide.  Species  complexes  vary  considerably  across  geographic  regions.  In  the  Mid- 
Atlantic  Region  of  the  U.S.,  the  primary  wireworms  found  in  agricultural  fields  belong  to  the 
genera  Melanotus,  Conoderus,  and  Aeolus,  with  Melanotus  communis  being  the  dominant 
species  attacking  potato.  For  over  50  years,  preventative  at-planting  applications  of  soil 
insecticides  have  been  the  most  common  tactic  for  managing  these  pests.  However,  all  of  the 
cyclodiene  insecticides  and  most  of  the  carbamates  or  organophosphates  that  were  historically 
used  for  this  purpose  have  lost  U.S.  registrations  on  food  crops.  Only  ethoprop  and  phorate 
remain  on  potato  and  these  can  be  difficult  for  growers  to  obtain.  A  decade  of  field  efficacy 
experiments  conducted  on  potatoes  in  Virginia  (U.S.)  have  shown  that  the  phenylpyrazole 
insecticide  fipronil,  as  well  the  pyrethroid  bifenthrin,  and  neonicotinoid  compounds 
imidacloprid,  thiamethoxam,  and  clothianidin  all  provide  moderate  control  of  wireworms  in 
potato  that  is  comparable  to  that  of  the  organophophates,  but  that  control  failures  also  can 
occur.  The  biggest  challenge  is  controlling  wireworms  that  migrate  to  tubers  later  in  the 
season.  In  this  presentation  we  evaluate  the  efficacy  of  post-planting  applications  of  bifenthrin 
and  foliar  applications  of  spirotetramat  to  improve  the  control  efficacy  of  at-planting  soil 
insecticides. 
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Abstract  text: 

Wireworms  (Coleoptera:  Elateridae)  are  important  insect  pests  of  newly  planted  sugarcane  in 
southern  Florida.  Although  several  wireworm  species  are  found  in  Florida  sugarcane  fields,  the 
corn  wireworm,  Melanotus  communis ,  is  the  most  important  species.  Soil  insecticides  are 
typically  used  at  sugarcane  planting  for  wireworm  protection.  Numerous  studies  have  been 
conducted  to  reduce  the  impact  of  M.  communis  in  Florida  sugarcane.  These  studies  include  the 
effect  of  weeds  on  wireworm  populations,  reduced  rates  of  insecticides  for  control,  controlled 
flooding  of  fields,  effect  of  soil  depth  on  wireworm  populations,  sampling  methods,  etc.  This 
research  has  been  used  by  growers  to  reduce  insecticide  usage  against  wireworms  in  Florida 
sugarcane. 
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Abstract  text: 

The  beetle  Family  Scarabaeidae  is  well  known  for  its  distinctive  and  sometimes  spectacular 
members  some  of  which  have  become  important  pests  either  as  larval  root  feeders  or  adults 
consuming  plant  foliage.  The  Scarabaeidae  are  highly  diverse  with  a  small  percentage  that  have 
become  pests  which  are  difficult  to  control  due  to  the  cryptic  position  of  the  larvae  in  the  soil  and 
the  usually  nocturnal  activity  of  the  adults.  Within  their  natural  environments,  scarab  species  are 
usually  held  in  check  by  predators  or  pathogens  but  when  there  is  a  chance  to  escape  from  these 
pressures,  through  extreme  climatic  events,  major  land  use  change  or  invasion  of  new  land  areas 
assisted  by  human  transportation,  populations  can  explode.  Spread  between  continents  and 
islands  has  been  assisted  by  transportation  often  as  larvae  in  soil  or  adults  in  material  transported 
by  air.  Pest  species  have  spread  around  the  Northern  and  Southern  Hemispheres  but  not  between 
hemispheres  suggesting  that  seasonal  matching  will  be  an  important  factor  in  invasion 
success.  Once  a  scarab  population  is  established,  it  is  extremely  difficult  and  costly  to 


eradicate.  After  a  period  of  effective  quarantine  control,  reports  of  invasive  scarabs  appear  to  be 
once  again  on  the  rise.  Reinforcement  of  quarantine  measures,  early  detection  and  concerted 
action  for  eradication  are  necessary  if  the  spread  of  scarab  pests  is  to  be  contained. 
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The  Team  Scarab  lab  at  the  University  of  Nebraska  State  Museum  specializes  in  the  systematics 
of  scarabaeoid  beetles,  some  of  which  are  of  economic  significance.  This  research  and  outreach 
is  augmented  by  our  extensive  library  and  collections,  including  the  U.S.  National  Collection  of 
Scarabs  from  the  Smithsonian  Institution  in  Washington,  D.C.,  that  is  at  Nebraska  for  a  lengthy 
period  of  off-site  enhancement.  The  lab  has  an  ever-growing  website  that  is  continually  building 
keys  to  enable  identifications,  hosting  checklists  and  a  directory  of  scarab  workers  of  the  world, 
the  Scarabs  Newsletter,  field  trip  reports,  scarab  links,  and  hundreds  of  images.  All  of  which 
enable  the  broader  user  community  of  taxonomists,  the  public,  and  applied  entomologists  to 
access  scarab  data  and  resources,  find  other  specialists  by  taxon  of  interest  or  geographical 
location,  and  to  make  identifications  with  online  keys. 


Symposium 

Presentation  Title:  The  Japanese  beetle:  Still  bugging  us  100  years  later 

Author  Name:  Michael  G.  Klein 

Author  Institution:  The  Ohio  State  University 


Session  Title:  Symposium:  Scarabs  without  Borders:  Lessons  from  a  Century  of  Invasions 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0808 

DOI:  10. 1603/ICE.2016. 94972 

Abstract  text: 

2016  marks  the  100th  anniversary  of  the  Japanese  beetle,  Popillia  japonica  Newman,  discovery 
in  a  nursery  in  Riverton,  New  Jersey.  Larvae  probably  came  in  with  a  shipment  of  iris  bulbs  from 
Japan  sometime  before  1912  when  shipments  weren’t  examined  for  insects.  Now,  five  countries 
have  infestations:  The  U.S.,  Canada,  Portugal  (The  Azores),  Japan,  and  Russia.  Both  China  and 
Korea  were  previously  recorded  as  having  P.  japonica,  but  it  was  reported  in  1988  and  1999, 
respectively,  that  they  only  have  the  closely  related  P.  quadriguttata.  Presently,  all  states 
touching  either  side  of  the  Mississippi  River,  and  those  to  the  east,  are  infested,  with  the 
exception  of  Florida.  In  addition,  both  North  and  South  Dakota  have  several  infestations,  at  least 
those  in  North  Dakota  from  a  nursery  in  Minnesota.  The  rest  of  the  states  in  that  tier,  Nebraska, 
Kansas,  Oklahoma,  and  Texas  all  have  infestations  with  no  eradication  efforts  taking  place. 

There  is  an  old  isolated  infestation  in  Montana,  and  a  newer  one  in  Idaho,  where  it  appears  that 
"containment"  is  the  plan.  The  colder  weather  there  may  help  keep  populations  at  lower  levels, 
but  cold  eradicating  those  populations  is  not  likely.  Over  the  years,  eradication  programs  based 
on  traps,  lures,  and  larval  and  adult  insecticides  have  been  successful  on  single  small  P. 
japonica  populations  in  Nevada,  New  Mexico,  western  Colorado,  and  Utah,  and  several 
eradications  have  been  carried  out  in  California  and  Oregon.  Only  California  is  working  on  any 
now.  No  infestations  have  been  reported  from  Arizona,  Washington  and  Wyoming. 
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Scarabaeine  dung  beetles  are  considered  beneficial,  and  species  have  been  deliberately 
introduced  in  several  countries  to  help  disperse  and  bury  cattle  dung  in  pastures.  Exotic  dung 
beetles  have  been  spectacularly  successful  in  the  south-west  agricultural  region  of  Australia 
which  has  a  winter  dominant  rainfall  and  where  cattle  are  largely  grazed  on  dryland  annual 
pastures.  Fifteen  species  of  Scarabaeinae  from  Africa  or  Europe  were  released  in  the  region 
from  1972-1983,  and  most  became  established  in  2-3  years.  These  species  spread  naturally,  but 
were  also  cropped  and  redistributed.  In  2012-2014,  some  35  years  after  introduction,  we  studied 
the  occurrence  and  abundance  of  these  exotic  species,  and  found  that  ten  species  were 
established  in  the  region  and  five  species  failed  to  establish.  We  recorded  an  average  of  six 
species  per  site,  and  their  distribution  and  abundance  in  the  three  climatic  zones  within  the  region 
were  different.  There  were  some  changes  in  the  community  structures  between  1972-1983  and 
2012-2014,  but  indications  are  that  the  dung  beetle  species  have  now  reached  a  regional 
equilibrium. 
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The  African  black  beetle  ( Heteronychus  arator ),  also  referred  to  as  the  black  maize  beetle  due  to 
the  damage  the  adult  beetle  does  to  this  staple  crop,  is  found  over  a  wide  geographical  area  in 
southern  Africa  and  as  far  north  as  Ethiopia.  It  was  identified  in  New  South  Wales,  Australia,  in 
the  early  1930s  and  has  now  spread  to  the  Australian  Capital  Territory,  Queensland,  South 
Australia,  Victoria  and  Western  Australia.  It  is  thought  to  have  entered  New  Zealand  from  New 
South  Wales  not  long  before  1937,  where  its  distribution  closely  matches  a  12.8  degrees  Celsius 
isotherm  for  mean  annual  air  temperature,  and  it  is  gradually  extending  into  the  southern  coastal 
parts  of  the  North  Island.  The  adult  beetle  has  a  wide  host  range,  but  larvae  in  New  Zealand 
damage  mainly  pasture  grasses  through  their  root  feeding  from  mid-summer  to  early  autumn. 


Outbreaks  are  sporadic  and  largely  governed  by  climate.  Adult  beetles  are  strong  fliers  and  often 
swarm  in  autumn  when  populations  are  high,  which  together  with  an  attraction  to  light,  is  likely 
to  account  for  their  invasiveness  across  countries  and  continents.  In  New  Zealand,  fungal 
endophytes  of  grasses  ( Epichloe  spp)  are  used  to  deter  adult  feeding,  reducing  oviposition  and 
larval  populations  in  infected  ryegrass  and  tall  fescue  pastures.  Use  of  the  bacteria,  Yersinia 
entomophaga ,  as  a  biopesticide  is  also  being  investigated.  In  this  paper  the  distribution  records  of 
black  beetle  are  explored  to  trace  its  dispersal  pathways,  and  techniques  for  its  management  as  a 
pasture  pest  are  outlined. 
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Introduction:  Oryctes  rhinoceros  (coconut  rhinoceros  beetle;  CRB),  a  major  pest  of  coconut  and 
other  palms,  was  first  detected  on  Guam  in  2007.  Adults  damage  and  sometimes  kill  palms  when 
they  bore  into  crowns  to  feed  on  sap.  Grubs  feed  on  decaying  vegetation.  Massive  amounts  of 
decaying  vegetation  generated  by  typhoons,  agricultural  activities,  or  war  may  initiate  a  positive 
feedback  cycle  whereby  palms  killed  by  adults  become  breeding  sites  producing  even  more 
adults. 

Method:  Eradication  was  attempted,  but  failed  when  the  CRB  population  spread  to  all  parts  of 
the  island  by  2010.  Attempted  implementation  of  classical  biological  control  using  Oryctes 
nudivirus  (OrNV),  the  preferred  biocontrol  agent  for  CRB,  also  failed.  Metarhizium  majus  was 
successfully  introduced,  spread  naturally,  and  is  killing  about  20%  of  grubs  before  they  become 
adults.  Improved  pheromone  traps  equipped  with  solar-powered  ultraviolet  light  emitting  diodes 
catch  more  than  10  times  as  many  beetles  as  standard  pheromone  traps  for  CRB.  Fish  gill  nets 
are  being  draped  over  piles  of  green  waste  to  trap  beetles  attempting  to  leave  or  enter  these 
potential  breeding  sites.  Dogs  and  radio-tagged  CRB  were  used  to  discover  cryptic  breeding 
sites.  However,  island-wide  population  suppression  by  these  methods  has  recently  been 


overwhelmed  by  massive  numbers  of  adults  emerging  from  abundant  breeding  sites  created  by 
Typhoon  Dolphin  which  visited  Guam  in  May  2015. 

Results/Conclusion:  Without  an  effective  density-dependent  biocontrol  agent,  such  as  an  OrNV 
isolate  which  is  highly  pathogenic  for  the  CRB-Guam  biotype,  many  if  not  most  palms  on  Guam 
will  be  killed  by  CRB. 
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Abstract  text: 

Introduction:  Oryctes  rhinoceros  (coconut  rhinoceros  beetle;  CRB)  is  a  major  pest  of  coconut 
and  oil  palm,  but  the  discovery  of  O.  rhinocerosnudivims  (OrNV)  in  the  1960s  enabled  the 
successful  management  of  populations  in  Pacific  Island  Countries.  Augmentative  release  of 
OrNV  continues  to  be  an  important  mechanism  for  CRB  management.  For  ~40  years  after 
adoption  of  this  biocontrol  strategy,  no  new  outbreaks  of  CRB  were  reported  from  uninfested 
palm  growing  islands  in  the  Pacific,  ensuring  continuity  of  palm  based  village  economies. 
However,  the  situation  has  recently  changed.  For  first  time  in  ~40  years,  CRB  invasion  into 
completely  new  areas  has  been  reported  in  the  Pacific  (Guam,  Port  Moresby,  Honolulu,  and 
Honiara). 

Methods:  Palm  damage  assessments  and  CRB  collections  were  conducted  across  several 
geographic  locations  within  the  Pacific  and  SE  Asia  regions.  Pathogen  challenge  bioassays  were 
performed  on  outbreak  CRB  using  isolates  of  OrNV.  Molecular  analyses  were  carried  out  on 
tissue  samples  obtained  from  CRB  collections  to  characterize  differences  between  CRB 
populations  and  to  detect  presence  of  OrNV. 

Results/Conclusion:  Common  to  all  new  outbreak  areas  is  the  high  incidence  of  severe  palm 
damage  not  seen  since  the  introduction  of  OrNV.  Attempts  to  introduce  OrNV  into  the  Guam 


CRB  population  were  unexpectedly  unsuccessful,  raising  the  possibility  that  the  CRB  population 
that  invaded  Guam  (the  CRB-G  ‘biotype’)  could  be  resistant  to  the  commonly  applied  OrNV 
isolates.  Molecular  analyses  of  several  CRB  populations  demonstrated  that  the  CRB-G  ‘biotype’ 
is  also  found  in  Honolulu,  Port  Moresby,  Honiara,  and  Palau. 
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In  new  planting,  or  replanting,  of  oil  palms  in  Malaysia,  burning  is  prohibited,  thus  making  the 
rotted  plant  residues  conducive  for  Oryctes  rhinoceros  (Coleoptera:  Scarabaeidae)  breeding. 
Damage  by  newly  emerged  adults  can  cause  yield  losses  up  to  25%.  In  high  risk,  or  outbreak 
areas,  early  trapping  using  the  aggregating  pheromone  ethyl-4-methyloctanoate  at  the  field 
boundaries  hinders  migrating  adults  from  coming  into  the  replanted  blocks.  Installation  of  one 
trap  per  two  hectares  is  practiced  either  for  adult  mass  trapping  or  for  monitoring  purposes.  The 
biological  control  agent  Metarhizium  anisopliae  can  be  applied  by  various  methods,  but  the 
artificial  breeding  site  (ABS)  method  is  preferable  and  is  more  economic  than  other 
techniques.  The  ABS  integrates  a  pheromone  trap  to  attract  adults  to  the  breeding  site,  followed 
by  later  spraying  with  the  fungus.  High  numbers  of  dead  infected  beetles,  especially  the  larvae, 
significantly  reduce  the  emergence  of  next  generation  adults.  The  Oryctes  nudivirus  (OrNV)  is 
another  biological  agent  which  affects  the  longevity  of  immature  and  adult  stages,  and  of  the 
fecundity  of  the  female  beetle.  Impact  of  the  release  of  OrNV  on  beetle  populations  is  only 
found  in  young  replanted  areas.  Census  to  determine  a  damage  threshold  level  is  carried  out  on  a 
regular  basis  starting  as  early  6  months  after  planting  up  to  3  years  after  replanting.  When  the 
damage  level  is  more  than  10%,  planters  prefer  to  use  cypermethrin  to  control  the  pest.  Spraying 
of  this  chemical  on  young  palms  has  significantly  reduced  palm  damage  as  early  1 1  weeks  after 
spraying. 
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Mitigate  the  spread  of  invasive  scarabs!  Identification  of  invasive  scarabs  is  the  first  step  in 
preventing  the  introduction  of  unwanted  scarab  pests.  However,  lack  of  taxonomic  expertise  and 
lack  of  global  knowledge  greatly  impedes  identification  of  invasive  and  introduced  scarab 
species.  To  address  this  problem,  we  have  developed  interactive  on-line  and  mobile  tools  that 
facilitate  screening  and  identification  of  economically  destructive  invasive  scarab  species  in 
Hawaii  and  Guam.  These  tools  allow  for  identification  of  scarab  species  that  are  invasive  pests  in 
regions  where  they  are  adventive  as  well  as  scarabs  that  were  purposefully  introduced  for 
biological  control  of  dung  and  dung  flies.  The  foundation  of  this  tool  is  over  70  scarab  species 
that  are  recorded  from  Hawaii  and  Guam  (such  as  the  coconut  rhinoceros  beetle  ( Oryctes 
rhinoceros )  and  the  mango  flower  beetle  ( Protaetia  fusca )),  as  well  as  several  scarab  species 
with  a  high  potential  for  introduction  to  the  state  of  Hawaii,  the  U.S.  mainland,  and  U.S. 
territories  such  as  the  Japanese  beetle  ( Popillia  japonica)  and  the  Philippine  chafer  ( Anomala 
sulcatula)).  Tools  were  designed  for  non-experts  (e.g.,  citizen  scientists)  as  well  as  trained 
entomologists  (e.g.,  USDA  scientists,  quarantine  inspectors,  and  port  inspectors).  We  will 
highlight  features  of  this  USDA  tool  for  identification  of  scarab  adults  and  larvae  (on-line  key 
and  factsheets,  mobile  application,  and  DNA  barcoding  methods)  and  discuss  the  potential  for 
scaling  this  tool  to  other  geographic  regions  that  may  be  impacted  by  the  spread  of  invasive 
scarabaeoids  (e.g.,  Florida,  California,  Puerto  Rico,  and  the  American  Pacific). 


Symposium 

Presentation  Title:  Semiochemistry  of  scarabs:  A  European  perspective 


Author  Name:  Jozsef  Vuts 


Author  Institution:  Rothamsted  Research 


Session  Title:  Symposium:  Scarabs  without  Borders:  Lessons  from  a  Century  of  Invasions 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0815 

DOI:  10. 1603/ICE. 2016. 95541 

Abstract  text: 

The  superfamily  Scarabaeoidea  comprises  a  large  and  diverse  monophyletic  group.  Members 
share  ancestral  characteristics,  but  often  exhibit  considerable  differences  in  their  ecology, 
physiology  or  mating  strategies.  A  large  number  of  species  are  regarded  as  pests  of  crop  or 
amenity  plants,  whilst  others  are  beneficial  to  human  beings  and  may  be  extremely  rare  as  a 
result  of  anthropogenic  activities.  A  significant  number  of  chemical  ecology-based  studies  have 
been  conducted  with  the  Scarabaeoidea  to  characterize  semiochemicals,  such  as  pheromones  and 
plant-derived  allelochemicals,  influencing  their  behaviour.  These  may  be  used  either  to  control 
or  to  preserve  populations  of  the  beetles,  depending  upon  pest  or  beneficial  status.  This  talk  aims 
to  review  the  role  and  identity  of  semiochemicals  for  European  chafers  in  the  subfamilies 
Melolonthinae,  Rutelinae  and  Cetoniinae  (family  Scarabaeidae).  Sex  pheromones  have  been 
discovered  for  pest  species  in  the  Amphimallon,  Melolontha  and  Rhizotrogus  genera 
(Melolonthinae),  as  well  as  for  the  endangered  Osmoderma  eremita  (Cetoniinae),  and  also  sex 
attractants  for  other  pests  such  as  Anomala  spp.  (Rutelinae).  Plant-derived  allelochemicals  attract 
Cetonia,  Epicometis,  Oxythyrea  (Cetoniinae)  and  Phyllopertha  (Rutelinae)  species  that  damage 
fruit  crops  and  amenity  plants.  We  will  mention  the  interplay  between  pheromones  and  plant 
volatiles  influencing  chafer  behaviour  and  how  “eavesdropping”  predators  utilise  chafer 
pheromones  as  kairomones  to  find  prey.  We  will  also  present  our  ongoing  work  on  chemical 
communication  of  the  forestry  and  crop  pests  Polyphylla  and  Anisoplia  spp. 
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A  review  of  the  chemicals  used  to  control  larval  (white  grubs)  and  adult  scarabs  in  turf  and 
ornamentals  will  be  presented,  from  the  chlorinated  hydrocarbons  to  the  anthranilic 
diamides.  Performance  of  currently  registered  turf  insecticides  will  be  discussed  using  one  of 
three  application  strategies:  preventive,  curative  and  rescue.  Performance  of  newer  microbial 
insecticides  will  be  included.  Published  results  on  using  chemical  controls  for  management  of 
adult  scarabs  on  ornamental  plants  will  be  summarized.  Issues  identified  as  causing  poor 
insecticide  performance  (i.e.,  early  degradation,  adsorption,  incorrect  timing,  insect  resistance 
and  behavior)  will  be  presented. 
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Abstract  text: 

Management  of  turf  in  residential  areas  creates  considerable  challenges.  Grass  systems  have  to 
contend  with  a  range  of  biotic  (living)  and  abiotic  (environmental)  stresses  to  survive  and  thrive. 
In  addition,  provincial  and  municipal  regulations  in  Canada  increasingly  limit  the  type  of  inputs 
that  can  be  used  to  improve  lawn  health.  Yet  we  have  a  number  of  tools  at  our  disposal  that  can 
be  utilized  to  create  more  durable  lawn  turf  systems.Three  species  of  white  grubs  commonly 
infest  lawns  and  amenity  turf  in  Ontario;  the  European  chafer,  Rhizotrogus  majalis ,  is  the  most 
common.  Applications  of  insect-pathogenic  nematodes,  e.g.  Heterhorhabditis  bacteriophora  and 
Steinernema  glaseri ,  can  reduce  chafer  infestations  by  50-60%,  providing  treatments  are  timed 
appropriately.  Fungal  biopesticides  containing  Metarhizium  brunneum  or  Beauveria  bassiana 
have  demonstrated  similar  efficacy.  Tall  fescues  and  ryegrasses  harbor  a  range  of  endophytic 
microbes,  some  of  which,  e.g.  Epichloe  sp.,  produce  secondary  metabolites  (e.g.  loline  alkaloids) 


which  deter  insect  feeding  and  slow  development.  Grass  species  which  possess  the  requisite 
aesthetic  qualities  and  have  superior  tolerance/resistance  to  insect  and  other  environmental 
stresses  can  be  readily  integrated  into  lawn  mixes,  and  help  create  a  sustainable  foundation  for 
urban  turfgrass  systems.This  presentation  will  review  some  of  the  research  done  on  the  use  of 
microbial  biopesticides  and  their  integration  with  other  biological  inputs  for  improved  turf 
performance  and  durability  in  the  face  of  multiple  environmental  challenges. 
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Phyllophaga  vetula  is  one  of  the  most  important  soil  inhabiting  pests  for  maize  in  Mexico. 
For  over  forty  years  a  wide  variety  of  agrochemicals  have  been  employed  to  control  this  pest,  but 
the  use  of  these  compounds  has  triggered  soil  pollution  which  has  led  to  adverse  health  effects. 
The  Laboratory  of  Pathology  and  Microbial  Control  of  Insects  (INIFAP,  Uruapan  Experimental 
Station,  Michoacan)  has  focused  on  the  use  of  entomopathogenic  fungi  for  controlling  this  pest. 
Investigations  have  been  carried  out  to  find,  evaluate  and  produce  native  strains  of  Beauveria 
bassiana  and  Metarhizium  anisopliae.  Several  strains  with  high  biocontrol  potential  of  these 
insects  have  been  identified,  applied  in  farmers’  fields,  resulted  in  ca,  80%  larval  control,  and 
increases  of  >1000kg/ha  in  yield.  An  Integrated  Pest  Management  strategy  for  pest  scarabs  in 
maize  has  been  developed  by  combining  applications  of  entomopathogenic  fungi  and  using 
native  varieties  of  maize  with  strong  root  systems.  Research  on  the  interactions  between  plants, 
their  pests  and  beneficial  microorganisms  in  the  rhizosphere  contributes  to  the  design  and 
implementation  of  biological  control  strategies;  however,  few  studies  have  employed  a  multi- 
trophic  approach.  As  part  of  this  work,  we  studied  the  role  of  interactions  between  the 
entomopathogenic  fungus  B.  bassiana  and  arbuscular  mycorrhizal  fungi  (AMF)  ( Rhizophagus 
irregularis,  an  indigenous  species  of  mycorrhiza)  on  P.  vetula.  Combinations  of  the  AMF  and 
the  entomopathogenic  fungus  B.  bassiana  in  maize  synergistically  counteracted  the  effects  from 
root  herbivory  by  P.  vetula  in  terms  of  plant  biomass  and  nutrition. 
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The  genus  Phyllophaga  encompasses  nearly  900  species  in  the  Nearctic  and  Neotropical 
ecozones  including  >200  species  in  the  United  States  alone.  Many  species  are  endemic  to 
Caribbean  islands.  Members  of  the  genus  Phyllophaga  are  generally  polyphagous  and  some 
have  become  agricultural  pests.  Several  non-native  species  of  Phyllophaga  are  already 
established  as  invasives  in  the  United  States.  Climate  change  and  increased  trade  may  foster 
establishment  of  other  Phyllophaga  species.  The  unusual  sex  pheromones  of  the  Phyllophaga 
will  also  be  discussed. 
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Abstract  text: 

Introduction:  Vector  control  has  been  credited  with  over  half  of  the  responsibility  for  dramatic 
reductions  in  malaria  transmission  during  the  last  14  years.  The  vast  majority  of  the  interventions 
have  been  insecticide  treated  bed  nets  (ITNs)  and  indoor  residual  spraying  (IRS).  As  a  result  of 
the  extensive  use  of  pyrethroids  for  vector  control  and  agriculture,  operationally  significant 
resistance  has  threatened  the  gains  against  malaria.  Alternative  active  ingredients  and  additional 
interventions  are  clearly  needed  in  order  to  maintain  progress  and  to  move  forward  toward 
eradication  of  the  parasite. 

Methods:  The  Bill  &  Melinda  Gates  Foundation  initiated  a  program  called  "Innovation  to 
Impact"  to  identify  new  methods  of  vector  control  and,  especially,  to  facilitate  the  use  of  those 
methods  against  malaria  and  other  vector-borne  diseases.  Months  of  work  by  a  coalition  of  the 
Gates  Foundation,  the  World  Health  Organization,  Boston  Consulting  Group,  the  Innovative 
Vector  Control  Consortium,  and  a  coalition  of  industry  and  donor  groups  set  about  finding  the 
causes  of  this  problem  and  the  way  to  solve  it. 

Results/Conclusion:  The  relationship  between  industry  and  the  operational  vector  control  effort 
was  revised  by  redesigning  the  approval  and  guidance  system  for  entomological  interventions 
against  disease.  We  hope  that  what  has  been  a  hall  of  mirrors  that  hid  the  pathway  from  ideas  to 
products  will  become  a  clear  path  toward  progress  against  vector-borne  diseases. 
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Introduction:  Many  mosquito-borne  diseases  lack  effective  vaccines  and  medications,  and  the 
limitations  of  traditional  vector  control  have  inspired  novel  approaches  based  on  genetic 
engineering  to  manipulate  vector  populations.  However,  the  short  and  long-term  epidemiological 
effects  of  these  transgenic  strategies  are  highly  uncertain.  If  neither  vaccines,  medications  nor 
transgenic  strategies  by  themselves  suffice  for  managing  infection,  integrating  these  approaches 
becomes  key. 

Methods:  We  present  a  mathematical  modeling  framework  to  evaluate  the  potential  for  combined 
strategies  to  prevent  disease  invasion  or  reduce  disease  incidence.  We  use  both  analytic  and 
numerical  simulation  approaches  to  explore  the  impact  of  such  control  measures,  using 
parameter  values  appropriate  for  the  dengu dAedes  aegypti  system. 

Results/Conclusion:  We  demonstrate  synergistic  interactions,  in  which  deficiencies  of  one 
approach  can  be  mitigated  by  the  strengths  of  another,  but  also  that  some  combinations  can 
amplify  disease  resurgence  that  follows  in  the  wake  of  a  failed  intervention.  We  find  that  for 
systems  at  the  disease-endemic  equilibrium,  even  modest  perturbations  induced  by  weak 
interventions  can  exhibit  strong,  albeit  transient,  epidemiological  effects.  This,  together  with  our 
finding  that  under  some  conditions  combining  strategies  could  have  transient  adverse 
epidemiological  effects  suggests  that  a  relatively  long  time  horizon  may  be  necessary  to  discern 
the  efficacy  of  alternative  intervention  strategies. 
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Abstract  text: 

Introduction:  Dengue  virus  (DENV)  causes  more  human  morbidity  and  mortality  than  any  other 
arboviral  disease.  Presently,  there  are  no  commercially  available  dengue  vaccines  or  DENV 
antivirals,  although  progress  on  their  development  is  encouraging.  Current  dengue  prevention 
programs  are  limited  to  mosquito  control.  A  few  well-documented  successes  indicate  that  when 


rigorously  applied,  vector  control  can  reduce  DENV  transmission  and  disease.  Unfortunately, 
these  successes  are  exceptions.  Although  the  concept  of  vector  control  seems  reasonable  and 
straightforward,  successful  broad  scale  application  has  been  difficult  to  achieve  and  harder  to 
sustain.  It  is  expected  that  after  an  effective  DENV  vaccine  is  available,  dengue  prevention  will 
continue  to  rely  on  vector  control  because  the  two  strategies  compliment  one  another.  A  dengue 
vaccine  can  be  used  to  artificially  elevate  herd  immunity  and  vector  control  can  be  used  to  lower 
the  force  DENV  of  infection.  Although  the  concept  of  integrated  intervention  for  dengue 
prevention  is  gaining  increasingly  broader  support,  no  consensus  has  been  reached  regarding 
how  to  combine  them  or  which  vector  control  approach  in  combination  with  a  vaccine  will  result 
in  the  biggest  reduction  in  DENV  transmission. 

Methods:  In  this  talk  I  will  review  vector  control  tools  and  strategies  and  ways  for  assessing  their 
epidemiological  impact  in  combination  with  a  vaccine.  I  will  assess  vector  management  for 
dengue,  identified  key  missing  information,  and  proposed  ways  to  advance  dengue  prevention. 

Results/Conclusion:  A  main  conclusion  will  be  that  vector  control  can  continue  to  be  effective, 
but  for  that  to  happen  implementation  must  be  done  expediently,  comprehensive,  and  sustained. 
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Abstract  text: 

Introduction:  An  unprecedented  20-fold  scale  up  in  the  investment  in  long  lasting  insecticide 
treated  bednets  (LLINs)  and  indoor  residual  spraying  (IRS)  since  2000  has  resulted  in  dramatic 
reductions  in  malaria  mortality  in  sub-Saharan  Africa.  Malaria  prevention  through  LLINs  relies 
on  one  class  of  chemistry,  the  synthetic  pyrethroids.  As  expected  from  a  monotherapy,  efficacy 
is  being  eroded  by  the  development  of  insecticide  resistance  and  urgent  action  is  needed  to  stop 
its  spread,  as  well  as  find  novel  classes  of  chemistry  for  public  health  use. 


Methods:  IVCC  is  a  Product  Development  Partnership  that  works  as  a  catalyst  between  public 
and  private  organisations  to  overcome  the  barriers  to  the  development  of  new  solutions  for  vector 
control.  In  partnership  with  global  agrochemical  companies,  funders  and  academia,  IVCC  has  a 
robust  pipeline  of  new  active  ingredients  and  formulations  in  development.  Without  disruptive 
change  in  the  vector  control  innovation  process,  it  could  take  twelve  years  to  bring  a  new 
insecticide  through  development,  registration  and  approval  and  into  the  market  place.  In  an 
initiative  called  Innovation  to  Impact  (121),  IVCC  is  working  closely  with  the  Bill  and  Melinda 
Gates  Foundation  and  a  broad  array  of  stakeholders  to  dramatically  reduce  ‘time  to  market’, 
saving  lives  in  the  process. 

Results/Conclusion:  Existing  insecticides  used  in  LLINs  and  IRS  were  developed  and  registered 
first  for  agricultural  use,  so  a  great  deal  of  pioneering  work  is  going  across  the  stakeholder 
community  to  optimize  the  pathway  to  market,  making  novel  insecticides  available  in  the  2020- 
2025  timeframe. 
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Abstract  text: 

Introduction:  Methodology  that  target  adult  female  Aedes  aegypti  mosquito  within  houses  have 
great  potential.  One  such  method,  Insecticide -treated  screening  (ITS)  involve  permanently 
affixing  Insecticide-treated  nets  to  windows-doors  to  prevent  vectors  from  entering  houses  and  is 
expected  to  act  both  as  personal  protection  but  also  as  at  household-level.  We  present  recent 
evidence  of  the  evaluation  of  ITS-based  interventions  on  dengue  vectors  in  South  Mexico. 

Methods:  Cluster  randomized  trials  were  conducted  in  Merida  and  Acapulco  (South  Mexico) 
deploying  ITS  as  single  or  combined  interventions  with  immature  control.  Basically,  we 
investigated  the  effect  of  ITS  permanently  mounted  on  indoor-resting  adult  mosquitoes  presence 
and  abundance  (and  immature)  sequentially  over  two  years.  The  screens  (Duranet,  Clarke 


Mosquito  Control)  were  made  of  a-cypermethrin-treated  nonflammable  polyethylene  netting. 
Cross-sectional  entomologic  surveys  quantified  mosquito  infestations  at  baseline  (pre¬ 
intervention)  and  in  four  post-intervention  surveys  at  6-monthly  intervals  corresponding  to 
dry/rainy  seasons. 

Results/Conclusion:  The  protection  of  houses  with  ITS  reduced  both  Aedes  infestation  and 
abundance  at  the  household  level  immediately  and  over  2  years  after  their  implementation.  For 
immature-based  indicators  significant  reductions  were  observed  immediately  after  the 
intervention.  We  found  the  use  of  LLIS  was  a  popular  intervention,  and  perceived  efficacy  was 
reinforced  by  a  reduction  in  other  domestic  pests.  The  polyethylene  netting  was  durable  on 
windows;  it  was  often  damaged  on  the  lower  sections  of  doors  but  readily  repaired  by 
reinforcement  with  metal  mesh.  Dengue  vector  control  programs  using  house  screens  are 
ongoing  in  selected  cities  in  Mexico  and  Brazil. 
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Abstract  text: 

Introduction:  Since  2005,  huge  progress  has  been  made  in  the  fight  against  malaria,  with  the  vast 
majority  of  the  public  health  gains  the  result  of  major  efforts  to  step  up  vector  control  through 
insecticide -treated  bednets  and/or  indoor  residual  spraying.  These  gains,  however,  remain  fragile 
due  to  spreading  and  intensification  of  insecticide  resistance  in  vector  populations  across  Africa. 

Methods:  First,  we  developed  a  novel  way  of  exposing  mosquitoes  to  insecticidal  agents,  using 
polarity  incorporated  in  netting.  Second,  within  an  EU-funded  project  that  ran  between  2012- 
2015,  a  completely  novel  delivery  method  was  developed,  the  so-called  ‘eave  tube’.  This 
approach  was  field-tested  in  more  than  1800  houses  in  southern  Tanzania. 


Results/Conclusion:  Within  a  BMGF  funded  project,  a  Phase  III  RCT  is  currently  underway  to 
assess  the  epidemiological  impact  of  this  novel  intervention.  Progress  will  be  reported  and  future 
prospects  of  this  novel  vector  control  tool  will  be  discussed. 
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Abstract  text: 

Introduction:  Approaches  for  controlling  Aedes  aegypti  and  preventing  arbovirus  outbreaks 
include  increasing  mosquito  mortality,  lowering  population  fecundity  or  both.  A  way  to  induce 
mortality  and  reduce  fecundity  consists  of  targeting  gravid  ovipositing  females,  which  are  also 
the  physiological  stages  most  likely  to  carry  viruses.  We  present  the  results  of  a  vector  control 
study  targeting  gravid  Ae.  aegypti  females  using  CDC  Autocidal  Gravid  Ovitraps  (AGO  traps) 
and  its  impact  on  local  chikungunya  outbreaks. 

Methods:  The  hypothesis  stated  that  the  presence  of  AGO  control  traps  prevented  local  outbreaks 
of  CHIKV  as  indicated  by  the  presence  of  the  virus  in  local  mosquitoes.  We  measured  the 
weekly  density  of  female  A.  aegypti  per  sentinel  AGO  trap  in  two  neighborhood  having  three 
AGO  traps  per  home  in  most  >85%  of  homes  and  in  two  nearby  neighborhoods  without  control 
traps.  Following  the  emergence  of  chikungunya  virus  (CHIKV)  in  Puerto  Rico  in  May  2014,  a 
total  of  1334  pools  of  A.  aegypti  females  was  collected  and  analyzed  for  RT-PCR  to  identify 
CHIKV  RNA  between  June  and  December  2014  in  the  four  study  sites. 

Results/Conclusion:  There  were  10.5  times  more  A.  aegypti  females  per  trap  per  week  and  10 
times  more  CHIKV  positive  pools  in  non-intervention  areas.  Detection  of  several  positive  pools 
in  consecutive  weeks  in  non-intervention  areas  indicated  local  CHIKV  outbreaks  from  the  end  of 
September  to  the  beginning  of  November  2014.  A  study  on  infection  rates  of  residents  of  the 
four  study  areas  is  undergoing  to  determine  if  AGO  traps  prevented  CHIKV  infections  in  people. 
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Abstract  text: 

Introduction:  As  goals  of  malaria  elimination  and  eradication  are  put  forth,  and  the  scope  of 
dengue  continues  to  grow,  new  vector  control  paradigms  and  tools  as  well  as  further 
optimization  of  current  products  will  be  required  to  meet  public  health  demands.  Spatial 
repellents  fit  into  this  goal  when  considering  outdoor,  day,  and/or  early-evening  biting 
mosquitoes  -  areas  of  transmission  where  LLINs  and  IRS  may  have  minimal  effect.  In  addition, 
spatial  repellents  used  in  combination  with  other  interventions  have  the  potential  for  added 
protective  benefit,  especially  in  areas  where  traditional  interventions  have  reached  their  efficacy 
limits. 

Methods: This  study  is  a  prospective,  cluster-randomized,  participant  and  observer-blinded, 
placebo  controlled  trial  conducted  in  multiple  sites  endemic  for  either  malaria  or  dengue.  The 
primary  objective  is  to  demonstrate  and  quantify  the  protective  efficacy  (PE)  of  a  spatial 
repellent  product  in  reducing  the  incidence  of  malaria  and  dengue  virus  infections.  Secondary 
objectives  address  key  issues  related  to  the  optimization  and  application  of  spatial  repellents  for 
public  health  and  confirm  the  range  of  contexts  within  which  PE  can  be  achieved. 

Results/Conclusion:  This  study  will  generate  rigorous  evidence,  documenting  and  evaluating 
the  impact  of  a  spatial  repellent  product  on  human  infection  rates,  to  be  considered  and  used  to 
acquire  full  recommendation  of  spatial  repellent  products  for  inclusion  in  disease  control 
programs. 
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Abstract  text: 

Introduction:  The  efficacy  of  the  insecticides  used  for  vector  control  is  compromised  by  the 
coverage  achieved  and  by  cost,  insecticide  resistance  and  community  compliance.  Despite  this, 
insecticides  remain  essential  for  the  control  of  dengue,  Zika,  chikungunya  and  malaria.  Faster, 
more  flexible  methods  of  insecticide  delivery,  offering  improved  efficacy,  are  needed.  An  under¬ 
exploited  group  of  volatile  pyrethroids  and  a  new  approach  to  larviciding  have  potential  in  this 
regard. 

Methods:  The  autodissemination  of  pyriproxyfen  was  tested  in  Iquitos  and  Madeira  against 
Aedes  aegypti  using  a  fan-assisted  lure-and-release  tool.  Impacts  on  adult  emergence  from 
aquatic  habitats  and  adult  abundance  were  measured.  In  separate  trials,  passive  formulations  of 
volatile  pyrethroids  were  deployed  as  “hangable”  devices  in  urban  houses  and  experimental  huts 
(Bangkok,  Cairns  and  Iquitos).  Impacts  on  adult  Ae.  aegypti  and  An.  darlingi  were  determined 
through  conventional  trapping,  human  landing  catches  and  behavioural  assays. 

Results/Conclusion:  Sentinel  larval  habitats  exhibited  >83%  emergence  inhibition  within  200m 
of  pyriproxyfen-treated  lure-and-release  devices.  Post-treatment  numbers  of  adult  mosquitoes 
decreased  by  >40%.  Deployment  of  volatile  pyrethroids  in  urban  houses  caused  25-40%  of  Ae. 
aegypti  mosquitoes  to  be  knocked  down  and  >80%  of  bites  to  be  prevented  3m  from  the  volatile 
source.  In  experimental  huts,  Anopheles  mosquitoes  did  not  bite  in  the  presence  of  the  volatiles. 
The  formulation  used  (a  metofluthrin  impregnated  net)  did  not  require  heat  or  power  and 
remained  effective  for  >20  days.  These  are  not  simple  repellents,  nor  are  they  overwhelmed  by 
conventional  pyrethroid  resistance.  Registered,  safe  insecticides,  used  inventively,  may  provide 
essential  defences  against  mosquito-borne  diseases. 
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Abstract  text: 

Introduction:  Chemical  insecticides  used  to  control  mosquitoes  are  typically  in  the  form  of 
larvicides  and  adulticides,  sprayed  by  hand  or  by  vehicles,  e.g.,  truck-  or  aircraft-mounted 
sprayers.  Larvicides  have  been  proven  effective  at  reducing  mosquito-borne  disease 
transmission.  However,  implementation  at  a  programmatic  level  can  be  difficult.  The  aquatic 
habitats  of  many  mosquito  species,  including  the  Asian  tiger  mosquito  ( Aedes  albopictus ),  can  be 
small  and  difficult  to  find  and  treat  ( i.e .,  ‘cryptic  breeding  sites’). 

Methods:  Here  we  discuss  an  auto-dissemination  approach  in  which  mosquitoes  ‘self-deliver’  a 
pesticide  to  cryptic  breeding  sites.  Pyriproxyfen  (PPF)  was  directly  applied  to  adult  male  Ae. 
albopictus  and  Ae.  aegypti  to  examine  for  transfer  of  PPF  to  breeding  sites,  and  to  examine  for 
an  effect  on  adult  population  size. 

Results/Conclusion:  Data  suggests  the  ability  of  PPF -treated  males  to  cross-contaminate 
females  and  to  directly  deliver  PPF  to  breeding  sites,  at  levels  that  eliminate  immature 
survivorship.  Field  trial  results  from  2014  and  2015  with  He.  albopictus  demonstrate  an  ability 
of  PPF-treated  males  to  transmit  lethal  doses  to  oviposition  containers,  and  a  decline  in  the  Ae. 
albopictus  population  was  observed  following  the  introduction  of  PPF-treated  males.  We  will 
also  present  results  from  a  2015  study  in  which  He.  aegypti  males  were  pre-dusted  with  PPF  and 
shipped  cross-country  and  released  in  Clovis,  CA  to  examine  for  PPF  transfer  to  oviposition 
containers. 


Symposium 

Presentation  Title:  R&D  activities  of  the  Joint  FAO/IAEA  Insect  Pest  Control  Laboratory 
toward  sterile  insect  technique  (SIT)-based  population  control  of  mosquito  species 

Author  Name:  Hanano  Yamada 

Author  Institution:  Joint  FAO/IAEA  Division  of  Nuclear  Techniques  in  Food  and  Agriculture 


Session  Title:  Symposium:  Innovative  Strategies  of  Mosquito  Control 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0839 

DOI:  10. 1603/ICE.2016. 93281 

Abstract  text: 

Introduction:  The  mosquito  is  the  most  dangerous  animal  on  earth  killing  around  750,000 
people  per  year.  Transmitting  malaria,  dengue  and  chikungunya,  the  vectors  remain  and  have 
become  in  recent  years  (for  the  new  invasive  mosquito  species)  a  major  international  public 
health  concern  with  more  than  2.5  billion  people  living  in  areas  of  exposure.  In  addition  to 
conventional  control  methods,  several  genetic  control  strategies  have  recently  been  developed 
and  the  sterile  insect  technique  (SIT)  appears  as  an  additional  and  quite  promising  tool  to  fight 
deadly  mosquitoes. 

Methods:  The  Insect  Pest  Control  Laboratory  (IPCL)  of  the  Joint  FAO/IAEA  Division  in 
Seibersdorf  (Austria)  continues  to  work  on  the  development  of  the  SIT  package  for  disease- 
transmitting  mosquitoes,  i.e.  the  malaria  vector  Anopheles  arabiensis  and  the  vectors  for  dengue 
and  chikungunya,  Aedes  aegypti  and  Aedes  albopictus.  Mass  rearing  equipment  and  standard 
operational  protocols  were  successfully  developed  and  validated  to  ensure  the  production  of 
good  quality  sterile  males  through  the  different  steps  of  mass  production  and  sterilisation  prior  to 
their  release  in  the  field. 

Results/Conclusion:  In  addition  to  several  studies  in  small  field  pilot  areas  for  proof  of  concept, 
more  and  more  efforts  are  now  made  to  develop  efficient  genetic  sexing  strains  based  on 
classical  genetics  but  also  affordable  aerial  release  methods  to  ensure  the  feasibility  of  Area- 
Wide  Integrated  Vector  Management  Programme  to  control  vector-borne  diseases  in  the  Member 
States. 
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Abstract  text: 

Introduction :New  strategies  for  mosquito  control  are  under  development;  and  the  genetic 
manipulation  is  one  choice  to  the  fight  against  the  mosquito.  The  Sterile  Insect  Technique  (SIT) 
subsidized  the  bases  for  RIDL  (Release  of  Insect  carrying  a  Dominant  Lethal  gene)  technology 
development,  once  it  also  comprises  mass  rearing  and  release  of  male  mosquitoes,  but  instead 
being  sterile,  males  transfer  a  lethal  gene  to  their  offspring. 

Methods:  This  technology  was  employed  to  demonstrate  suppression  using  transgenic 
mosquitoes.  In  doing  so,  it  is  possible  to  evaluate  and  compare  the  transgenic  male  to  the  wild- 
type  population  under  open  field  conditions  in  two  areas  in  the  city  of  Juazeiro  (northeast  area  in 
Brazil).  Biological  aspects  such  as  compatibility,  competitiveness  and  longevity  were  analyzed 
under  lab  and  field  conditions.  For  field  trials,  ovitraps  were  used  for  monitoring  (ovitrap  index 
and  number  of  egg/trap  calculation)  and  female  adult  collection  using  BG  Sentinel. 

Results/Conclusion:  In  all,  we  were  not  only  able  not  to  demonstrate  compatibility  between 
wild-type  population  and  0X5 13  A  line,  but  also  a  male  dispersal  up  to  200m,  with  a  recapture 
rate  of  3.2  days.  Around  18  million  males  released  in  Itaberaba  were  able  to  suppress  Ae.  aegypti 
population  in  around  60-70%.  In  Mandacaru,  reduction  was  around  60%  (ovitrap  index  and 
number  of  eggs/trap).  During  the  study,  the  release  rate  in  Mandacaru  was  reduced  from  10,300 
males/ha/week  to  2,100  male/ha/week.  As  result,  there  was  no  change  in  the  ovitrap  index  over 
time,  but  the  number  of  eggs/trap,  reduced  from  0.80  to  0.55  eggs/trap. 
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Abstract  text: 


Introduction:  The  endosymbiotic  bacterium  Wolbachia  is  widely  recognized  for  its  ability  to 
induce  both  a  reproductive  abnormality  known  as  cytoplasmic  incompatibility  (Cl)  and  a 
resistance  to  dengue  virus  in  mosquitoes.  Wolbachia-basQd  population  suppression  strategy, 
referred  to  as  Incompatible  Insect  Technique  (IIT),  entails  the  release  of  male  mosquitoes 
infected  with  Wolbachia ,  resulting  in  sterile  matings  and  a  reduction  in  the  mosquito  population. 

Methods:  Here,  we  will  report  an  ongoing  field  trial  to  control  dengue  mosquito  vectors  through 
males  release  to  induce  female  sterility  in  Guangzhou,  China.  The  released  Aedes  albopictus  HC 
strain  carry  a  novel  Wolbachia  from  Culex  pipiens  mosquito,  which  induces  both  Cl  toward  the 
wild  type  mosquito  and  resistance  to  dengue  virus.  Mass  rearing  capacity  has  been  successfully 
developed  with  a  production  of  >1  million  males  per  week.  An  X-ray  irradiator  has  been 
developed  for  mass  production  to  prevent  from  the  potential  population  replacement  caused  by 
the  released  females  escaped  from  the  sex  separator. 

Results/Conclusion:  Significant  suppression  of  mosquito  population  has  been  accomplished  in 
the  release  sites  compared  to  the  control.  We  will  discuss  our  results  in  relation  to 
implementation  of  SIT/IIT  for  the  area-wide  suppression  of  mosquito  population  for  disease 
control. 
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Abstract  text: 

Introduction:  Several  arboviruses,  such  as  Dengue,  Chikungunya  and  Zika,  impose  serious 
burden  towards  public  health  in  tropical  and  sub-tropical  regions  of  the  world.  Current  control 
methods  mainly  depend  on  insecticides  for  mosquito  control  and  because  of  that,  resistance 
against  frequently  used  chemicals  is  increasingly  widespread. 


Methods:  Our  approach  involves  the  use  of  a  naturally  occurring  bacterium  called  Wolbachia, 
which  manipulates  the  reproduction  of  their  host  in  order  to  be  vertically  transmitted  from  the 
female  to  its  offspring.  This  bacterium  is  present  in  at  least  40%  of  all  insect  species  worldwide 
but  it  has  never  been  found  in  Aedes  aegypti  (dengue  vector).  When  stably  introduced  into  A. 
aegypti,  Wolbachia  was  able  to  block  dengue  virus  transmission  and  significantly  reduced 
Chikungunya  virus  and  Plasmodium  gallinaceum  load  in  this  mosquito. 

Results/Conclusion:  Currently,  as  part  of  the  Eliminate  Dengue  Program,  field  tests  are  been 
carried  out  in  Australia,  Vietnam,  Indonesia,  Colombia  and  Brazil  where  Wolbachia- containing 
mosquitoes  have  been  released  to  replace  wild  populations  of  A.  aegypti.  Here,  we  will  update  on 
the  latest  Brazilian  trials,  including  the  vector  competence  assays  using  dengue  patient’s  blood 
and  discuss  the  potential  of  using  this  approach  to  significantly  reduce  the  burden  of  vector- 
borne  diseases  in  Brazil,  besides  being  perfectly  complementary  to  current  control  methods. 
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Abstract  text: 

Introduction:  New  mosquito  control  methods  are  needed  for  reasons  including  invasive  vector 
species  establishment,  growing  problems  with  insecticide  resistance  and  the  global  spread  of 
mosquito-borne  pathogens,  e.g.,  Chikungunya  virus,  which  is  currently  above  one  million  cases 
in  the  Americas. 

Methods:  An  autocidal  approach  for  suppressing  mosquito  populations  is  based  on  Wolbachia , 
an  endosymbiotic  bacteria  that  is  common  in  many  invertebrate  species.  Similar  to  the  sterile 
insect  technique,  the  Wolbachia  approach  is  based  on  repeated,  inundative  releases  of 
Wolbachia-infQctQd  males  to  cause  a  form  of  conditional  sterility  in  the  targeted  populations.  In 
2013,  an  EPA  Experimental  Use  Permit  (No.  89668-EUP-l)  was  awarded  to  conduct  field 
performance  tests  of  the  Wolbachia  approach  with  the  Asian  tiger  mosquito  ( Aedes  albopictus) 


in  California,  New  York  and  Kentucky.  In  2015,  a  second  EUP  was  awarded  to  field  trial 
Wolbachia  against  the  Yellow  Fever  mosquito  ( Ae .  aegypti )  in  California. 

Results/Conclusion:  Presented  here,  will  be  the  results  of  open  release  field  trials,  public 
engagement  efforts,  and  a  summary  of  communication  and  coordination  between  industry, 
federal  and  local  regulators,  experts  in  insect  rearing,  and  abatement  district  managers. 
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Abstract  text: 

Introduction:  African  Swine  Fever  (ASF),  is  the  most  dangerous  of  pigs  diseases  of  our  time, 
which  has  not  created  any  effective  means  of  specific  prevention.  It  has  a  wide  area  of  spreading 
in  African  and  Asian  countries,  including  a  number  of  European  countries.  The  virus  that  causes 
the  disease  is  transmitted  directly  from  pig  to  pig,  but  transmitted  to  pigs  by  soft  ticks  as  well, 
which  act  as  biological  vectors.  Several  species  of  soft  ticks  worldwide  are  known  to  have  ASF 
competent  vectors.  European  wild  boar  is  a  potential  reservoir  for  the  virus  and  increases  the  risk 
for  occurrence  of  ASF  in  new  parts  of  the  world.  There  were  3  outbreaks  of  ASF  in  the  former 
Soviet  Union  in  1977.  Practical  Veterinary  Service  applied  epidemics  control  means  and  prevent 
the  formation  of  natural  foci  of  ASF.  According  to  the  OIE,  now  ASF  is  being  recorded  in  at 
least  24  countries  including  Ukraine. 

Methods:  For  conducting  the  research  we  used  information  on  population  density  of  wild  boars 
in  Ukraine,  distribution  and  outbreaks  of  ASF  in  Ukraine  for  the  last  three  years  among  wild  and 
domestic  pigs,  the  presence  of  soft  ticks  in  these  natural-and-geographic  areas,  as  well  as 
serological  and  molecular-and-genetic  methods. 


Results/Conclusion:  The  developed  system  of  ASFS  spread  prediction  using  Q-Gis  information 
system,  monitoring  serological  and  entomological  research  in  Ukraine  provides  a  definition  of 
the  possible  risks  of  infection  and  accelerate  the  response  to  outbreaks  of  ASF. 
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Abstract  text: 

Introduction:  While  there  is  no  evidence  of  African  swine  fever  endemicity  among  wild  boar 
populations  in  Eastern  Europe,  concerns  over  possible  scenario  where  the  disease  becomes 
established  in  a  wildlife  foci  have  yet  to  be  fully  addressed.  For  example,  one  of  the  major 
constraints  in  assessing  such  possibility  is  the  absence  of  relevant  scientific  information  on 
distribution  and  ecology  of  potential  arthropod  vectors  on  the  affected  territories. 

Methods:  We  compiled  published  records  of  Ornithodoros  verrucosus ,  the  only  representative  of 
the  genus  reported  from  mainland  Ukraine,  and  performed  field  collections  at  sites  in  two 
regions  of  southern  Ukraine. 

Results/Conclusion:  Presence  of  O.  verrucosus  was  confirmed  in  2  localities  in  the  Kherson  and 
Mykolaiv  regions  and  1  new  locality  was  discovered  in  the  Mykolaiv  region.  The  ticks  were 
collected  from  riverine  cliffs  and  limestone  outcrop  habitats  in  association  with  reptilian  and 
mammalian  hosts.  The  significance  of  these  findings  and  outlook  for  further  research  are 
discussed.  Along  with  refinement  of  the  species’  distributional  data,  studies  on  vector  ecology 
and  laboratory  vector  competence  experiments  for  ASFV  represent  the  essential  next  step  in 
assessment  of  O.  verrucosus  vectorial  role. 
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Introduction:  Equine  piroplasmosis  (EP)  is  a  disease  of  equidae  and  their  hybrids  (mules),  caused 
by  the  tick-borne  protozoan  parasites  Babesia  caballi  and  Theileria  equi.  To  complete  their  life 
cycle  these  parasites  undergo  a  complex  series  of  developmental  events  in  their  tick  vectors; 
transmission  of  each  parasite  species  is  restricted  to  a  few  competent  tick  species.  Successful 
eradication  programs  and  strict  import  testing  has  eliminated  EP  from  the  United  States  and  since 
eradication  there  had  been  no  evidence  for  endemic  vector-borne  transmission  in  the  U.S.  until  a 
2009  outbreak  of  T.  equi  in  Texas. 

Methods:  Our  goal  is  to  identify  competent  vectors  of  EP  parasites  in  the  outbreak  region.  The 
basic  method  is  to  collect  and  colonize  vector  species  and  test  their  vector  competence  in 
transstadial,  intrastadial  and  transovarial  transmission  studies.  We  use  field  isolates  of  the 
parasite  and  a  combination  of  PCR  and  serology  to  detect  acquisition  and  transmission. 

Results/Conclusion:  We  have  shown  that  Amblyomma  cajennense  s.l.  (now  know  as  A.  mixtum) 
and  Dermacentor  variabilis  were  present  on  horses  during  the  outbreak  and  Texas  populations  of 
both  species  are  competent  intrastadial  vectors  of  T.  equi.  On  going  work  also  suggests  that 
Rhipicephalus  (Boophilus)  microplus  is  an  exceptionally  efficient  intrastadial  vector,  but  this 
one-host  tick  does  not  transmit  T.  equi  transovarially.  Vector  relationships  are  critical  to  the 
epidemiology  of  the  parasites  causing  EP.  Understanding  the  vector  ecology  of  these  tick-borne 
equine  pathogens  is  a  key  component  in  the  development  of  control  strategies  to  prevent  the 
spread  equine  Theileria  and  Babesia. 
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Introduction:  The  North  American  Mosquito  Project  is  a  national  mosquito  surveillance  program 
that  collected  Culex  tarsalis  and  Aedes  vewmsmosquitoes  throughout  their  known  distributions 
in  the  United  States.  Both  mosquitoes  are  identified  in  laboratory  studies  as  competent  for  Rift 
Valley  Lever  virus  (RVLV)  transmission. 

Methods:  Pull  genome  single  nucleotide  polymorphism  discovery  was  used  to  identify  genetic 
markers  that  defined  discrete  mosquito  populations. 

Results/Conclusion:  Reported  here  are  the  population  genetics  and  phylogenetics  of  both 
mosquito  species  and  possible  clues  to  the  species  origins.  Implications  to  range  expansion  in  a 


global  climate  and  impact  of  the  two  species  in  the  event  of  a  RVFV  introduction  will  be 
discussed. 
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Abstract  text: 

Introduction:  The  changing  climate  and  constant  pressure  to  produce  food  sufficient  for  the 
increasing  human  population  lead  to  higher  frequency  of  contacts  between  humans  and  animals. 
It  is  known  that  a  majority  of  infectious  disease  of  man  in  the  developing  countries  originate  in 
animals  (Foresight,  Infectious  Diseases:  Preparing  for  the  Future',  Office  of  Science  and 
Innovation,  London,  2006).  The  increased  contact  leads  to  greater  likelihood  of  disease  spill-over 
from  animals  to  human.  One  such  disease  is  Rift  Valley  fever  (RVF),  transmitted  from  infected 
animals  to  man  through  the  bite  of  vectorially  competent  mosquitoes.  Humans  get  infected  by 
RVF  virus  also  through  contaminative  contact  with  tissues  of  infected  animals.  The  disease 
causes  major  loses  in  livestock  and,  thus,  has  significant  negative  impact  on  the  livelihoods  of 
livestock  keepers. 

Methods:  In  the  paper,  we  will  present  and  discuss  strategies  adopted  by  different  affected 
countries  in  Africa  to  manage  impacts  of  Rift  Valley  fever.  The  review  will  consider  the  current 
diagnostic  methods  and  those  under  development  for  use  in  surveillance,  vaccines  in  use  and 
those  under  development  for  management  of  RVF. 

Results/Conclusion:  Outbreaks  of  RVF  usually  follow  weather  conditions  which  favour  increase 
in  mosquito  populations.  The  outbreaks  are  temporally  cyclical,  occurring  once  every  15  or  so 
years.  However,  this  is  not  always  the  case.  For  example,  the  recent  major  outbreaks  of  the 
disease  in  eastern  Africa  (2006-2008)  and  southern  Africa  (2008-2011)  were  unusual  in  their 
seasonality  and  severity. 
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Introduction:  Culicoides  sonorensis  are  minute  hematophagous  biting  midges  of  great 
agricultural  importance  as  primary  vectors  of  bluetongue,  epizootic  hemorrhagic  disease, 
vesicular  stomatitis,  African  horse  sickness,  and  Schmallenberg  viruses.  C.  sonorensis  feed 
primarily  on  domestic  sheep  and  cattle,  but  opportunistically  feed  on  a  variety  of  wildlife  and  on 
humans.  The  ability  to  obtain  blood  meals  from  this  wide  host  range  speaks  to  the  versatility  of 
the  midge  salivary  components.  We  recently  identified  45  proteins  in  C.  sonorensis  saliva 
including  anti-hemostatic  factors  and  protease  inhibitors  designed  to  limit  host  blood  loss  during 
feeding,  as  well  as  proteins  to  immunomodulate  host  defenses.  Evidence  of  vector-enhanced 
virus  transmission  by  midge  feeding  has  been  reported  for  bluetongue,  but  whether  due  to  direct 
vector-virus  interactions,  or  vector-host  immunomodulation  during  feeding,  or  both,  is  not  clear. 
One  reason  is  that  very  little  is  known  about  the  effects  of  Culicoides  feeding  on  the  host, 
particularly  in  the  hours  directly  after  a  blood  meal  has  been  taken,  which  is  a  critical  time  period 
for  virus  transmission  and  primary  site  infection. 

Methods:  Using  a  murine -midge  feeding  model,  we  examined  skin  and  lymph  nodes  at  specific 
time  points  post  feeding  to  characterize  local  immune  responses  by  real  time  PCR,  flow 
cytometry,  and  immunostaining. 

Results/Conclusion:  Vasodilation,  hemorrhage,  and  CD32+  cell  infiltration  were  observed  at  bite 
sites.  There  were  increased  populations  of  CD4+,  CD8+,  B  cells,  and  cytokine  expression 
observed  in  the  draining  lymph  nodes.  Overall  immune  response  patterns  induced  by  Culicoides 
feeding  and  the  affect  on  orbiviral  infection,  dissemination,  and  immunopathology  will  be 
discussed. 
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Introduction:  The  Arthropod  Borne  Animal  Diseases  Unit  (ABADRU)  mission  is  to  solve  major 
endemic,  emerging,  and  exotic  arthropod-borne  disease  problems  in  livestock.  The  ABADRU 
has  4,  5-year  project  plans,  under  2  ARS  National  Research  Programs;  Animal  Health  NP103 
and  Veterinary,  Medical,  and  Urban  Entomology  NP  104.  These  plans  include  research  on 
bluetongue  virus  (BTV;  exotic  and  domestic),  epizootic  hemorrhagic  disease  (EHD),  vesicular 
stomatitis  virus  (VSV),  and  Rift  Valley  fever  virus  (RVFV).  Transmission  of  arboviruses  and 
disease  events  are  largely  driven  by  complex  and  often  unknown  factors  related  to  vector  biology 
and  ecology,  as  well  as  host,  virus  and  environmental  factors.  Bluetongue  virus  and  epizootic 
hemorrhagic  disease  virus  (EHDV)  are  arthropod-transmitted  viruses  in  the  genus  Orbivirus  of 
the  family  Reoviridae.  Recent  epidemiological  and  clinical  observations  will  be  summarized. 
Current  research  projects  directed  towards  the  viral  agents  and  respective  vectors  will  also  be 
summarized. 

Methods:  The  aim  of  this  presentation  is  to  discuss  what  we  know  about  the  epidemiology  and 
vector  transmission  (real  or  potential)  of  Orbiviruses,  Flaviviruses  and  Bunyaviruses  among 
domestic  and  wild  ruminants  in  North  America. 

Results/Conclusion:  In  recent  years,  changes  in  the  pattern  of  West  Nile  virus,  epizootic 
hemorrhagic  disease  virus  and  bluetongue  virus  infections  and  disease  have  forced  the  scientific 
community  to  revisit  some  fundamental  areas  of  research  especially  regarding  disease 
pathogenesis,  epidemiology,  vector  competence  and  virus  ecology.  These  research  efforts  will 
facilitate  development  of  effective  intervention  and  prevention  strategies. 
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Abstract  text: 

The  evolutionary  history  of  the  parasitoid  wasp  superfamily  Chalcidoidea  is  largely  unknown 
mainly  because  their  rich  fossil  record  has  never  been  comprehensively  studied.  Here,  the  first 
overview  of  the  fossil  history  of  Chalcidoidea  is  presented  based  on  more  than  1,000  fossils  from 
Cretaceous,  Eocene,  and  Miocene  ambers.  Previously  unrecognized  specimens  from  Lebanese 
amber  significantly  increase  the  minimum  age  of  the  superfamily  to  about  130  million  years.  The 
phylogenetic  relationships  of  these  stem  group  representatives  to  extant  Chalcidoidea  are 
discussed.  Chalcidoidea  already  exhibited  a  broad  diversity  in  the  Lower  Cretaceous.  Recently 
discovered  fossils  from  Burmese  amber  (~99  mya)  help  dating  the  crucial  transition  from  endo- 
to  ectoparasitoidism.  The  minimum  ages  of  further  biological  transitions  are  presented  based  on 
new  fossil  records  of  various  chalcidoid  families  and  subfamilies.  The  new  fossils  provide 
important  calibration  points  for  molecular  dating  studies  and  constitute  a  rich  source  of 
phylogenetically  relevant  morphological  data  that  is  revealed  by  digital  microscopy  and  pCT. 
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Abstract  text: 

Several  described  genera  of  Mymaridae  are  the  most  ancestral  group  or  groups  within  the  family. 
Macalpinia  and  Triadomerus  are  Cretaceous  fossils  from  Canadian  amber  and  Myanmymar  is 
from  Burmese  amber.  Eustochomorpha,  from  Australia,  is  extant;  it  has  not  been  found  as 
fossils.  Several  other  extant  genera  also  have  ancestral  features  and  appear  to  be  closely  related 
to  the  Cretaceous  fossils.  All  are  loosely  united  by  several  plesiomorphies:  female  funicle  8- 
segmented,  clava  2-  or  3 -segmented,  and  fore  wing  venation  at  least  half  as  long  as  wing  length. 
Otherwise,  they  are  quite  different  from  one  another,  suggesting  that  Mymaridae  had  evolved 
and  diversified  well  before  100  MYA.  No  synapomorphy  has  yet  been  found  to  unite  the  genera. 
Two  other  Cretaceous  fossils,  Carpentariana  and  Enneagmus  appear  to  be  more  derived,  due  to 
loss  of  segments  in  the  female  antenna  and  tarsi;  such  losses  occur  in  most  extant  genera. 
Morphological  features  of  the  ancestral  genera  are  illustrated  and  compared  to  each  other  and  to 
features  found  in  Rotoitidae,  arguably  the  next  most  ancestral  family  of  Chalcidoidea,  and 
Mymarommatidae,  the  sister  group  to  Chalcidoidea.  The  relatively  few  reliable  published  host 
records  show  that  species  of  Mymaridae  parasitize  a  wide  range  of  host  families  in  at  least  six 
insect  orders  -  Coleoptera,  Diptera,  Hemiptera,  Hymenoptera,  Odonata,  Psocoptera  -  and  several 
doubtful  records  also  suggest  Lepidoptera  and  possibly  Thysanoptera.  A  likely  reason  for  this 
wide  host  range  is  proposed. 
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Abstract  text: 

It  has  long  been  thought  that  evolution  of  a  complex  of  morphological  characters  associated  with 
jumping  locomotion  is  characteristic  of  a  monophyletic  group,  including  Eupelmidae, 
Tanaostigmatidae  and  Encyrtidae.  These  characters,  studied  most  intensively  in  Eupelmidae, 
include  expansion  of  the  acropleuron  to  comprise  most  of  the  surface  of  the  mesopleuron, 
together  with  expanded  mesopleural-mesopleural  muscles  that  provide  the  mechanical  force  for 
jumping.  Associated  adaptations  include  modifications  to  the  prepectus,  mesotibial  spur,  and 
mesobasitarsus.  The  structure  of  the  mesopleuron  is  similar  in  Encyrtidae  and  Tanaostigmatidae 
and  species  in  both  families  are  powerful  jumpers,  leading  to  the  hypothesis  that  all  three 
families  form  a  monophyletic  clade.  However,  these  relationships  have  been  difficult  to 
demonstrate  with  molecular  data.  Although  these  three  families  formed  a  monophyletic  group  in 
a  recent,  comprehensive  analysis  using  only  morphological  data,  Encyrtidae  were  not  related  to 
Eupelmidae+Tanaostigmatidae  when  both  nuclear  (28S  D2-D5)  and  mitochondrial  (18S) 
ribosomal  sequences  were  added  to  the  analysis.  The  results  of  analysis  of  transcriptomes  of 
exemplar  taxa  of  Chalcidoidea  reported  by  Ralph  Peters  in  this  symposium  now  provide  strong 
evidence  that  Eupelmidae,  Tanaostigmatidae  and  Encyrtidae  are  unrelated  to  one  another.  If  true, 
each  family  has  acquired  jumping  behavior  independently.  This  provides  an  opportunity  to  re¬ 
examine  the  character  systems  associated  with  jumping  behavior  using  a  process  of  reciprocal 
illumination.  These  character  systems  will  be  explored  to  determine  the  features  common  to  all 
three  families,  and  the  characters  themselves  will  be  re-examined  in  the  context  of  related  taxa  to 
determine  how  the  convergence  has  occurred. 
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Abstract  text: 

The  obligate  mutualism  between  fig  trees  {Ficus  species,  Moraceae)  and  their  pollinating  wasps 
(Agaonidae,  Hymenoptera)  stands  among  the  few  outstanding  cases  of  plant-insect 
diversification.  Our  recent  findings  strongly  suggest  that  the  fig-pollinator  mutualism  represents 
an  extreme  case  among  plant-insect  interactions  of  coordinated  dispersal  and  long-term  co¬ 
diversification.  Phylogenetic  analyses  for  figs  and  fig  wasps  (200  ssp.  each)  under  relaxed 
molecular  clock  assumptions  suggested  the  Cretaceous  diversification  of  crown  groups  and 
contemporaneous  divergence  for  nearly  half  of  all  fig  and  pollinator  lineages.  Event-based  co- 
phylogenetic  analyses  further  supported  the  co-diversification  hypothesis.  Recently,  we  proposed 
the  inclusion  of  Sycophaginae,  an  unclassified  subfamily  of  non-pollinating  fig  wasps,  within 
Agaonidae  based  on  several  morphological  apomorphies.  In  our  talk,  we  will  present  the 
molecular  estimates  of  a  global  phylogeny  of  Agaonidae  sensu  lato ,  based  on  ca  500  species  and 
~6  kb  of  DNA  sequence  data.  We  will  investigate  the  biogeographical  histories  of  the  major 
clades  and  compare  their  timing  of  radiation  and  dispersion  with  available  data  on  Ficus.  We  will 
compare  these  results  to  those  inferred  from  RAD-seq  (shallower  nodes)  and  exome  capture 
(deeper  nodes)  data  sets. 
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Abstract  text: 

Trichogramma  are  minute  chalcid  wasps  that  are  egg  parasitoids  of  10  insect  orders  (mainly 
Lepidoptera).  Several  species  are  commercialized  for  the  control  of  crop  pests  of  major 
economic  importance.  Nevertheless,  experts  agree  that  the  taxonomy  of  the  genus  needs 
improvement.  Morphological  identification  is  difficult  for  non-specialists  and  molecular 
characterization  is  only  partially  and  heterogeneously  carried  out,  which  may  hamper  the 
efficiency  of  biocontrol  programs.  Many  species  of  Trichogramma  are  described  as  highly 
polyphagous.  However,  so  called  “generalists”  may  be  complexes  of  stenophagous  species  with 
uncertain  reproductive  isolation.  Finally,  infections  by  facultative  symbionts  can  influence 
individual  fitness,  reproductive  isolation  and  ecological  specialization,  but  there  is  little  data  on 
most  symbionts  associated  with  Trichogramma  species.  Classical  molecular  markers  (CO/, 

ITS2)  are  not  enough  informative  to  decipher  species  complexes,  identify  potential  hybridization 
between  strains,  understand  the  genetic  characterisation  of  phenotypic  traits  important  for 
biocontrol  success.  A  change  of  scale  is  necessary  and  Next-generation  sequencing  brings 
solutions.  In  this  talk  we  will  present  how  we  managed  to  tackle  the  major  obstacle  of  the  small 
size  of  trichos  to  obtain  ca  120,000  RAD-tags  of  lOObp  each  along  the  genome  of  every 
specimen  we  analyzed.  We  will  show  that  these  unprecedented  data  sets  open  new  avenues  to 
decipher  relationships  among  species  complexes  with  high  confidence  and  identify  genetic  flow. 
In  an  attempt  to  elucidate  the  causes  of  reproductive  barriers,  we  will  analyze  our  results  in  the 
light  of  the  microbiome  of  each  strains  obtained  with  deep  sequencing  of  multiple  amplicons  of 
the  bacterial  16S  rRNA. 
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Despite  being  one  of  the  smaller  families  in  terms  of  currently  valid  species,  the  chalcidoid 
family  Aphelinidae  is  relatively  diverse  both  biologically  and  morphologically.  The  composition 
of  the  family  has  varied  greatly  in  terms  of  included  genera,  as  well  as  in  its  tribal  and 
subfamilial  classification.  Two  genera,  Abler  us  and  Cales,  were  recently  elevated  to  family 
status  (Azotidae,  Calesidae).  The  history  of  Aphelinidae  classification  is  reviewed  briefly,  and 
the  pros  and  cons  of  splitting  the  group  and  erecting  monogeneric  families,  are  discussed. 
Clearly,  molecular  sequence  data  are  contributing  very  significantly  to  the  clarification  of  both 
deep  and  shallow  relationships  within  the  group,  but  how  do  we  provide  even  a  relatively  stable 
classification  as  new  technologies  reveal  new  patterns? 
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Abstract  text: 

The  Encarsia  pergandiella  species  complex  (Hymenoptera:  Aphelinidae)  includes  parasitoids  of 
whiteflies  that  vary  in  reproductive  mode  and  endosymbiotic  bacterial  infection,  and  that  are 
widely  used  as  biological  control  agents  against  key  agricultural  pests  such  as  Bemisia  tabaci  and 
Trialeurodes  vaporariorum.  Two  members  of  this  complex  are  E.  gennaroi,  uninfected  by 
facultative  symbionts,  and  E.  suzannae ,  infected  by  the  symbiont  Cardinium  that  causes 
cytoplasmic  incompatibility  (Cl).  Encarsia  gennaroi  and  E.  suzannae  are  morphologically  and 
genetically  differentiated,  yet  they  are  still  able  to  mate  and  produce  hybrid  offspring.  Theory 
shows  that  unidirectional  Cl  in  conjunction  with  nuclear  incompatibilities  can  accelerate 


speciation,  yet  there  are  few  empirical  examples  that  support  this  scenario,  and  the  general 
importance  of  Cl  in  speciation  remains  controversial.  Using  E.  suzannae  and  E.  gennaroi,  we 
performed  laboratory  mating  preference  and  crossing  experiments,  and  also  examined 
competitive  outcomes  following  a  secondary  contact  scenario  in  population  cage  and  greenhouse 
experiments.  We  aimed  to  1)  assess  the  role  of  Cl-inducing  Cardinium  and  genetic  isolation 
mechanisms  in  reproductive  isolation  and  competitive  interactions  of  Encarsia ,  and  2)  evaluate  if 
and  how  the  interaction  of  such  species  affects  the  biological  control  of  a  key  agricultural  pest. 
The  results  indicate  a  pattern  of  post-zygotic  isolation  between  these  species  consistent  with 
reproductive  isolation  evolving  in  the  context  of  Cl  and  symbiont  infection. 
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Abstract  text: 

Trichogramma  are  minute  parasitoid  wasps  used  globally  for  controlling  Lepidopteran  pests. 
Many  Trichogramma  are  infected  with  Wolbachia ,  a  bacterium  that  modifies  reproduction, 
resulting  in  asexual  populations  of  all-female  Trichogramma.  Over  time,  Trichogramma  can 
evolve  dependencies  on  their  resident  Wolbachia  for  the  production  of  female  offspring.  We 
present  the  genome  sequence  for  a  parthenogenesis-inducing  (PI)  Wolbachia  strain  (wTpre) 
infecting  a  Wolbachia-&Q^Qn&Qnt  Trichogramma  pretiosum  colony.  After  comparison  to  16  other 
Wolbachia  genomes  from  five  supergroups,  we  show  that  wTpre  has  the  largest  number  of 
singleton  genes  of  any  arthropod-infecting  strain.  However,  closer  analyses  revealed  that  many 
of  these  singletons  are  not  truly  unique  genes,  but  represent  truncated  versions  of  Wolbachia 
genes  that  were  not  assigned  orthologs.  In  the  wTpre  genome,  there  is  evidence  for  truncation  of 
the  protein-coding  sequences  in  20%  of  open  reading  frames,  mostly  as  a  result  of  frameshift 
mutations.  One  third  of  truncated  genes  were  of  phage,  transposon,  or  ankyrin  gene  origin. 
Additionally,  truncated  wTpre  genes  were  more  likely  to  carry  a  “hypothetical”  annotation  than 
their  homologs  from  other  Wolbachia  genomes  (Chi-Square,  p  <  0.0001).  While  we  hypothesize 


that  these  truncations  have  accompanied  the  evolution  of  parthenogenesis,  additional  sequencing 
of  Yl-Wolbachia  is  necessary  to  determine  whether  or  not  truncations  are  pervasive  across  all  PI- 
Wolbachia ,  just  the  Trichogramma-mfQcXmg  Wolbachia ,  or  are  unique  to  the  obligate  wTpre 
strain. 
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Differences  in  parasitism  among  potential  host  species  can  provide  strong  selection  for 
divergence  and  speciation  in  parasitic  Hymenoptera.  However,  little  is  known  about  the 
evolution  or  genetic  architecture  of  host  specificity.  Here  we  report  research  on  the  genomics  and 
genetics  of  host  specificity  in  Aphelinus  species.  We  have  sequenced,  assembled,  and  annotated 
the  genomes  and  transcriptomes  of  twelve  Aphelinus  species  in  five  complexes.  Using  coding 
sequences,  we  developed  a  robust  phylogeny,  onto  which  we  mapped  parasitism  of  seven  diverse 
species  of  aphids.  For  some  aphids,  parasitism  was  phylogenetically  conserved,  with  closely 
related  parasitoids  showing  similar  levels  of  parasitism.  For  other  aphids,  parasitism  diverged 
between  closely  related  parasitoids,  consistent  with  host-driven  speciation.  To  explore  the 
genetic  architecture  of  differences  in  host  specificity,  we  crossed  and  backcrossed  Aphelinus 
atriplicis ,  which  readily  parasitizes  Diuraphis  noxia ,  with  Aphelinus  certus ,  which  rarely 
parasitizes  this  aphid.  Using  genetic  markers  from  reduced-representation  genomic  libraries,  we 
mapped  quantitative  trait  loci  (QTF)  affecting  parasitism  of  D.  noxia.  We  found  eight  QTF  (six 
of  which  interacted  in  their  effects)  that  explained  ~40%  of  the  variation  in  parasitism  among 
backcross  females.  We  compared  the  genomes  and  transcriptomes  of  these  parasitoid  species  to 
find  genes  that  diverged  in  sequence  or  expression,  and  we  tested  whether  divergent  genes 
mapped  to  QTF  affecting  parasitism  of  D.  noxia.  We  identified  14  divergent  genes  that  mapped 
to  parasitism  QTF  or  significantly  affected  parasitism  by  themselves.  These  are  among  the  first 
results  on  the  genetic  architecture  of  host  specificity  in  parasitic  wasps. 
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Abstract  text: 

Morphometric  data  play  an  important  role  in  the  differentiation  of  cryptic  species,  as  they  often 
can  only  be  recognized  by  gaps  in  some  quantitative  characters.  This  is  also  the  case  for  many 
groups  of  Chalcidoidea,  where  the  use  of  distance  measurements  has  a  long  tradition.  For 
instance,  it  is  quite  common  to  include  up  to  30  body  ratios  in  species  descriptions  of 
Pteromalidae,  Eulophidae,  Aphelinidae,  and  other  families.  Here  I  present  multivariate  ratio 
analysis  (MRA),  a  relatively  new  set  of  statistical  tools  addressed  to  the  practical  needs  of 
taxonomists.  On  the  one  hand,  MRA  goes  far  beyond  the  simple  calculation  of  body  ratios,  as  it 
allows  the  examination  of  covariation  for  multiple  characters  and  taxa.  This  is  done  by 
modifying  the  raw  data  matrix,  which  is  then  subjected  to  either  a  principal  component  analysis 
or  a  linear  discriminant  analysis.  The  analysis  also  allows  a  clear  separation  of  variation  in  size 
and  shape  as  well  as  an  estimation  of  their  correlation  (allometry).  On  the  other  hand,  the  results 
of  MRA  can  be  interpreted  in  terms  of  body  ratios.  For  instance,  it  is  possible  to  extract  the  best 
separating  ratios  of  two  groups,  which  can  be  included  in  identification  keys  or  descriptions. 
Such  best  ratios  clearly  improve  the  descriptive  part  of  a  taxonomic  study.  The  application  of 
MRA  is  demonstrated  using  species  complexes  of  the  genera  Pteromalus  and  Anisopteromalus. 
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Eucharitidae  (Hymenoptera:  Chalcidoidea)  is  the  only  family  of  insects  known  to  specialize  as 
parasitoids  of  a  eusocial  insect  host.  They  attack  the  brood  of  five  subfamilies  of  ants, 
Ectatomminae,  Formicinae,  Myrmicinae,  Myrmeciinae  and  Ponerinae.  The  family  is  nested  in  a 
clade  with  Perilampidae,  with  all  known  members  having  planidiaform  larvae.  Monophyly  of  the 
larger  clade  has  been  supported  in  a  series  of  morphological  and  molecular  analyses. 
Planidiaform  larvae  allow  for  adults  to  deposit  their  eggs  remote  from  the  host.  By  using  a 
foraging  ant  vector  to  carry  the  planidia  to  the  host  brood,  Eucharitidae  are  able  to  deposit  their 
eggs  at  an  even  greater  distance  from  the  host,  and  allowed  them  to  radiate  on  a  eusocial  insect 
host.  Our  latest  molecular  results  are  based  on  analyses  of  a  taxon-rich  traditional  molecular 
analysis  using  ribosomal  and  mitochondrial  genes,  and  taxon  poor  but  loci-rich  data  set  from  a 
combined  Anchored  Enrichment  (AE)  and  Transcriptome  data  set.  The  AE  data  set  (390  loci) 
provides  strong  support  for  a  paraphyletic  Perilampidae  and  leading  to  a  monophyletic 
Eucharitidae.  The  AE  data  set  can  be  combined  with  orthologs  mined  from  the  transcriptome 
data  set,  and  then  merged  with  the  ribosomal  data  for  a  taxon-rich  analysis  across  the  group.  We 
also  combine  these  data  with  a  revised  look  at  morphological  features  across  the  clade.  The 
timing,  sequence  of  events  and  ecological  diversification  across  the  clade  will  be  discussed,  with 
a  discussion  of  the  behavior  of  the  planidia  as  it  relates  to  the  various  host  groups  being  attacked. 
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Chalcids  often  play  an  important  role  in  regulating  arthropod  populations  given  the  majority  of 
chalcid  species  are  primary  arthropod  parasitoids.  Consequently,  chalcids  have  become  the  most 
successful  group  used  in  applied  biological  control.  To  date,  over  800  chalcid  species  have  been 
associated  with  targeted  biological  control  programs  and  one -third  of  all  biocontrol  programs  in 
which  partial  or  complete  economic  control  of  an  insect  pest  was  achieved.  Here,  we  discuss  the 
strengths  of  chalcids  as  biological  control  agents  as  well  as  their  limitations  using  Tamarixia 
radiata  (Waterson)  (Hymenoptera:  Eulopidae),  a  widely  used  biological  control  agent  of  the 
pestiferous  Asian  citrus  psyllid,  Diaphorina  citri  Kuwayama  (Hemiptera:  Liviidae),  as  a  case 
study.  In  201 1,  T.  radiata  was  introduced  into  California  as  part  of  a  classical  biological  program 
aimed  at  suppressing  D.  citri  populations  in  urban  areas.  This  host-specific  ectoparasitoid  has 
established  multiple  stable  populations  across  southern  California  and  it  has  even  spread  to  sites 
where  it  was  never  released.  Life  table  studies  indicate  that  T.  radiata  is  helping  to  limit  D.  citri 
population  growth  and  spread  at  some  urban  sites,  but  not  others.  Biweekly  D.  citri  and  T. 
radiata  phenology  surveys  conducted  across  eleven  CA  residential  sites  from  2012  to  2015 
found  significant  variation  in  parasitoid  activity  across  sites  with  mean  annual  parasitism  rates 
ranging  from  0-18%.  Taken  together,  our  results  suggest  that  biological  control  by  chalcids,  and 
T.  radiata  in  particular,  remain  an  integral  part  of  biocontrol  and  IPM  programs  that  compliment 
rather  than  replace  cultural,  mechanical,  and  chemical  control  methods. 
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The  use  of  genetic  distances  to  identify  species  within  the  framework  of  DNA  barcoding  has  to 
some  extent  accelerated  the  development  of  biodiversity  studies.  However,  using  a  fixed 
threshold  to  delimit  all  species  may  lead  to  overestimating  species  biodiversity.  In  this  study  we 
use  a  new  data  set  of  cytochrome  oxidase  subunit  1  (COI)  sequences  for  366  specimens  within 


the  genus  of  Cletus,  as  well  as  conduct  an  analysis  on  the  same  genetic  data  for  collected 
morphologically-defined  species  from  previous  phylogeographic  studies,  in  order  to  test  whether 
high  intraspecific  genetic  differentiations  are  common  with  the  premises  of  comprehensive 
sampling.  The  results  indicated  that  C.  punctiger  (Dallas,  1852)  and  C.  graminis  Hsiao  &  Cheng, 
1964  should  be  the  same  species,  and  that  the  distributional  record  of  C.  pugnator  (Fabricius, 
1787)  in  China  should  be  reconsidered.  High  intraspecific  genetic  differentiations  (0-4.35%) 
were  found  in  C.  punctiger.  Furthermore,  as  for  the  mined  data,  the  maximum  intraspecific  K2P 
distances  of  186  species  (48.44%)  exceed  3%.  If  genetic  distance  is  used  to  delimit  species 
boundaries,  the  minimum  interspecific  K2P  distance  of  the  congeneric  species  should  be 
considered  rather  than  only  using  the  fixed  empirical  value;  otherwise,  the  species  biodiversity 
may  be  overestimated. 
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Ectrichodiinae,  the  millipede  assassin  bugs,  is  a  morphologically  diverse  subfamily  of 
Reduviidae  with  >700  species  in  -120  genera  distributed  worldwide.  Many  species  are 
aposematically  colored  and  potentially  sequester  millipedes’  secondary  metabolites  for  defensive 
purposes.  The  evolution  of  aposematic  coloration  has  been  widely  studied  in  vertebrate  and  some 
invertebrate  groups  (e.g.,  Coleoptera  and  Lepidoptera).  Some  vertebrate  studies  suggest  a 
correlation  between  aposematic  coloration  and  body  size,  but  such  a  correlation  has  not  been 
widely  investigated  at  a  phylogenetic  scale  in  insects.  In  addition  to  traditional  aposematic 
coloration,  several  Ectrichodiinae  species  display  metallic  coloration,  which  functions  as  an 
aposematic  signal  in  other  Heteroptera.  It  is  currently  unknown  if  metallic  coloration  derived 
from  non-metallic  aposematic  coloration.  Drastic  sexual  dimorphism  is  a  relatively  common 
phenomenon  within  Ectrichodiinae  and  poses  significant  difficulty  in  associating  sexes  using 
morphology  alone.  Dramatic  differences  in  adult  phenotypes  have  been  shown  to  evolve  multiple 


times  within  other  insect  lineages  and  may  have  done  so  in  Ectrichodiinae.  Such  traits  make 
Ectrichodiinae  attractive  for  ecological  and  evolutionary  research.  However,  relationships  within 
Ectrichodiinae,  as  well  as  between  Ectrichodiinae  and  the  sister  group  Tribelocephalinae,  has  not 
been  firmly  established  and  impedes  accurate  investigations  of  character  evolution  and  correlated 
trait  analyses.  As  such,  the  most  comprehensive  combined  molecular  and  morphological 
phylogeny  for  these  two  subfamilies  is  reconstructed  and  subsequently  used  to  investigate  the 
evolution  of  coloration  and  extreme  sexual  dimorphism. 


Symposium 

Presentation  Title:  Sea-level  fluctuation  and  host-plant  habitat  requirements  influence  the 
Pleistocene  history  of  the  invasive  species  Amphiareus  obscuriceps  (Hemiptera:  Anthocoridae): 
Inferences  from  molecular  phylogeography  and  ecological  niche  modeling 

Author  Name:  Danli  Zhang 

Author  Institution:  Nankai  University 

Session  Title:  Symposium:  Recent  Advances  in  Heteropteran  (Hemiptera)  Systematics  and 
Evolution 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0869 
DOI:  10. 1603/ICE.2016. 94098 
Abstract  text: 

Sea-level  fluctuation  played  an  important  role  in  shaping  the  population  structure  during  the 
glacial  period  on  account  of  the  exposure  and  submergence  of  land  bridges.  The  flower  bug 
Amphiareus  obscuriceps ,  which  is  is  an  invasive  species  and  native  to  across  the  East  China  Sea 
(ECS).  We  tested  the  ECS  land  bridge  hypothesis  as  a  communicating  corridor  or  filter  forH. 
obscuriceps  during  the  Last  Glacial  Maximum  (LGM).  Considering  its  strong  dispersal  ability 
and  host  plant  habitat  requirement,  we  tested  whether  these  ecological  properties  have  a  weak  or 
strong  influence  on  shaping  the  current  genetic  structure.  We  used  comprehensive  sampling  in 
native  area  and  applied  ecological  niche  modeling  and  multilocus  genetic  markers  to  test  the 
hypothesis.  Phylogenetic  and  network  analyses  indicated  that  A.  obscuriceps  was  composed  of 
two  major  lineages,  i.e.,  China  and  Japan.  Divergence  time  on  the  two  sides  of  the  ECS  was 
estimated  to  be  approximately  1.13  (0.90-1.31)  Ma,  which  was  approximately  the  same  period 
that  the  sea  level  increased.  Our  LGM  niche  modeling  of  the  related  host  plants  exhibited  a 
similar  habitat  gap  on  the  exposed  ECS  continental  shelf  between  China  and  Japan,  but  showed  a 
continuous  distribution  across  the  Taiwan  Strait.  In  conclusion,  the  ecological  properties, 
together  with  sea  level  fluctuation  during  the  Pleistocene  across  the  ECS,  could  have  shaped  the 


demographic  history  of  A.  obscuriceps  in  the  native  area.  The  host  plant  habitat  requirement 
could  also  be  the  key  to  the  colonization  of  A.  obscuriceps. 
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With  less  than  400  described  species,  Dipsocoromorpha,  the  minute  litter  bugs,  is  one  of  the 
smallest  infraorders  of  Heteroptera  (Hemiptera).  Most  Dipsocoromorpha  are  small  and  cryptic, 
resulting  in  small  numbers  of  curated  specimens  in  natural  history  collections.  However,  vast 
numbers  of  species  are  estimated  to  be  undescribed,  but  species  discovery  and  documentation 
has  been  fairly  slow.  The  US  National  Science  Foundation  funded  “Litter  Bug  ARTS  project” 
focuses  on  assembling,  documenting,  and  describing  litter  bugs,  with  focus  on  the 
Schizopteridae.  More  than  21,000  specimens  of  Dipsocoromorpha  have  so  far  been  assembled 
for  this  project,  images  of  types  and  other  specimens  are  now  available  through  the  Heteroptera 
Species  Pages,  several  genera  and  genus  groups  have  been  taxonomically  revised,  and 
phylogenies  of  Schizopteridae  and  Dipsocoromorpha  are  emerging.  These  phylogenies  are  used 
as  the  basis  for  investigations  into  the  evolution  of  wing  type  and  sexual  dimorphism  and  male 
genitalia  as  well  as  the  biogeographic  history  of  the  group. 
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The  family  Tingidae  comprises  about  2500  species  worldwide.  Recent  phylogenetic  analyses 
based  on  molecular  and  morphological  data  split  the  family  into  three  subfamilies,  namely  the 
Vianaidinae,  the  Cantacaderinae,  and  the  Tinginae.  Nevertheless,  some  alternative  hypotheses 
have  been  proposed.  According  to  recent  studies,  the  origin  of  the  Tingidae  is  suspected  to  be 
Gondwanan,  somewhere  between  South  America  and  the  Australian  Region,  the  Vianaidinae 
being  basal  in  the  family  and  endemic  to  South  America.  However,  these  studies  focused  mainly 
on  the  Cantacaderinae.  Here  again,  we  question  the  origin  of  the  Tingidae,  considering  a  wide 
range  of  taxa  in  light  of  new  molecular  data,  using  fossil  calibration  to  dating  their  emergence. 
The  first  results  match  with  a  Gondwanan  origin  but  different  scenarios  of  distribution  have  to  be 
considered. 
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The  Isometopinae  are  a  small  group  of  predatory  plant  bugs  comprising  about  40  genera  and 
about  200  species  in  five  tribes.  The  morphological  characters  defining  the  subfamily,  and  tribes, 
including  the  nearly  holoptic  eyes,  the  uniquely  shaped  heads,  the  presence  of  ocelli,  and  the 
saltatorial  legs,  have  been  studied  by  a  number  of  authors,  including  Herczek,  Akingbohungbe, 
and  Henry  in  a  series  of  papers.  In  this  paper,  we  re-evaluate  some  of  these  earlier  studies  and 
present  some  new  hypotheses  on  the  relationships  among  the  tribes,  as  well  as  the  relationship  of 
these  peculiar  bugs  with  their  sister  groups,  the  Cylapine  and  Psallopinae,  the  latter  of  which  was 
recently  given  tribal  status. 
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Eccritotarsini  is  the  largest  tribe  of  the  plant  bug  subfamily  Bryocorinae  (Heteroptera:  Miridae) 
containing  60%  of  total  subfamily  diversity  (ca.  640  species).  Species  of  this  taxon  are  extremely 
variable  in  the  general  appearance,  sizes  and  coloration.  In  contrast  to  most  plant  bug  taxa 
associated  with  rosid  and  asteroid  eudicot  clades  (Cassis  &  Schuh,  2012),  eccritotarsines  are 
frequently  restricted  to  monocots.  No  attempt  has  been  made  to  infer  phylogenetic  relationships 
within  the  Eccritotasini  on  a  global  scale,  and  the  only  cladistic  analysis  within  the  group  was 
that  of  Stonedahl  (1988)  for  a  group  of  six  genera  from  the  Indo-Pacific  and  West  Africa.  Here 
we  present  the  first  phylogenetic  study  of  the  Eccritotarsini  using  129  morphological  characters 
scored  for  92  terminal  taxa  broadly  representing  the  taxonomic  diversity  within  the  tribe. 
Analyzed  under  parsimony,  Eccritotarsini  is  resolved  as  a  monophyletic  clade,  although  united 
by  only  one  uncontradicted  synapomorphy,  viz.  the  presence  of  large,  circular  pulvilli  broadly 
attached  to  the  inner  surface  of  the  claw.  Two  major  clades  are  recognized:  the  clade  containing 
nine  Old  World  genera,  Sinevia,  Michailocoris,  Gunadhya  Carinimiris,  Crassiembolius, 
Diocleroides,  Dioclerus,  Bunsua ,  and  Bryocorellisca  plus  the  remaining  eccritotarsines.  The 
latter  clade  is  united  by  many  synapomorphies  previously  believed  to  be  diagnostic  for  the  entire 
tribe,  namely  the  comblike  row  of  long  setae  on  pulvillus,  asymmetrical  parempodia,  reduced 
scent  gland  evaporative  area,  and  lanceolate,  posteriorly  extended  peritreme.  From  the  topology 
obtained  we  discuss  the  evolution  of  several  morphological  traits  and  the  classification  of  the 
tribe. 
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The  morphological  characters  of  the  Phylinae  (Heteroptera:  Miridae)  have  been  investigated 
several  times  in  the  past  few  years  for  their  informativeness  in  understanding  their  contributions 
to  phylogeny.  The  addition  of  molecular  data  into  large  scale  analyses  of  the  subfamily  has 
resulted  in  several  tribes  being  resurrected  and  new  phylogenetic  hypotheses  being  generated. 
We  further  investigate  these  new  hypotheses  of  relationships  with  data  on  additional  taxa,  and 
explore  how  they  have  helped  us  contextualize  new  and  novel  morphological  synapomorphies 
for  known  and  newly  described  taxa. 
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This  study  investigated  the  influences  of  geographic  isolation  and  climate  fluctuation  on  the 
genetic  diversity,  speciation,  and  biogeography  of  the  genus  Pseudovelia  (Hemiptera:  Veliidae) 
in  subtropical  China  and  tropic  Indo-China  Peninsula.  The  nucleotide  and  haplotype  diversities 
of  the  species  decreased  with  reduction  in  species  distribution  limits.  The  gene  tree  was 
congruent  with  the  taxonomy  of  monophyly,  except  for  four  species.  The  conflicts  between  the 
genes  and  species  tree  could  be  due  to  long-term  isolation  and  incomplete  lineage  sorting. 
Diversification  analysis  showed  that  the  diversification  rate  (0.08  sp/My  shifted  to  0.5  sp/My) 
changed  at  2.1  Ma,  which  occurred  in  the  early  Pleistocene  period.  Ancestral  area  reconstruction 
suggested  that  subtropical  species  possibly  evolved  from  the  tropics  region  (i.e.,  Indo-China 
Peninsula).  Results  implied  that  narrow  endemics  harbored  relatively  low  genetic  diversity 
because  of  small  effective  population  and  genetic  drift.  Radiation  of  subtropical  Pseudovelia 
species  was  rapidly  promoted  by  Pleistocene  climate  fluctuations  and  geographic  isolation.  The 
acute  rising  of  the  Hengduan  Mountain  with  the  entire  uplift  of  the  Qinghai-Tibet  plateau 
induced  the  initial  diversification  of  Pseudovelia  species.  These  results  highlighted  the 
importance  of  geographical  isolation  and  climate  changes  in  promoting  speciation  in  mountain 
habitat  islands. 
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Introduction:  Tropical  lowland  ecosystems  are  expected  to  become  warmer  and  drier — with 
rapid  change  allowing  little  opportunity  for  adaptation.  Species  that  currently  favor  warm,  dry 
microclimates  may  thrive,  at  the  expense  of  moisture-dependent  species.  This  project  proposes 
that  cerambycid  microclimate  preferences  extend  to  the  interior,  as  well  as  the  exterior,  of  the 
host  branch. 


Methods:  Prior  to  the  amplification  of  the  Panama  Canal,  67  trees  and  lianas  (in  25  families) 
were  felled  and  investigated  for  saproxylic  beetles.  Disks  were  removed  from  bait  branches  to 
analyze  bark  thickness,  wood  density,  moisture  content,  nitrogen  content  and  nitrogen  stable 
isotope  values.  Branches  with  lighter  wood  were  expected  to  have  high  moisture  and  nitrogen 
contents,  and  to  be  colonized  by  moisture-dependent  cerambycids  with  relatively  short  life 
cycles. 

Results/Conclusion:  The  traits  that  best  predicted  cerambycid  community  structure  were  bark 
thickness  (correlated  with  species  richness)  and  wood  density  and  moisture  content  (correlated 
with  beetle  subfamily  and  emergence  time).  The  two  most  densely  colonized  plant  families  had 
wood  that  was  relatively  nitrogen-rich,  but  patterns  were  not  consistent  among  families. 

Branches  with  dense,  dry  wood  were  preferentially  colonized  by  Cerambycinae;  typically  diurnal 
species  associated  with  warm,  dry  microclimates.  Branches  with  less  dense,  moist  wood  were 
preferentially  colonized  by  Lamiinae;  often  crepuscular  species  preferentially  associated  with 
moist  microclimates.  Warmer,  dryer  conditions  are  likely  to  lead  to  increased  mortality  or 
dieback  in  moisture-dependent  trees.  If  lamiines  (and  other  moisture-dependent  saproxylic 
beetles)  experience  population  declines,  increased  necromass  would  be  slower  to  decompose, 
impacting  forest  nutrient  cycling. 
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Introduction:  The  tribe  Eburiini  is  currently  composed  by  22  genera  and  253  species,  with 
geographical  distribution  restricted  to  America  (including  the  Caribbean). 


Methods:  Through  cladistic  methodology  the  monophyly  of  Eburiini  and  their  genera  were 
tested.  The  matrix  was  composed  of  85  terminal  taxa,  52  from  the  ingroup  (including 
representatives  of  all  the  recognized  genera)  and  33  from  the  outgroup,  and  115  characters  of  the 
adult  morphology.  The  matrix  was  analyzed  under  equal  weights  and  implied  weights. 

Results/Conclusion:  In  both  analyses  was  observed  that  as  currently  known,  the  tribe  is  not 
monophyletic.  In  order  to  recover  the  tribe’s  monophyly  two  genera  of  Heteropsini  were 
transferred  to  Eburiini,  Heterops  and  Eburiola.  The  transference  of  Heterops ,  type-genus  of 
Heteropsini,  results  that  these  two  tribes  are  considered  synonyms,  having  priority  the  name 
Eburiini.  The  tribe  Dychophyiini  was  resurrected  to  include  the  genera  allocated  in  Heteropsini 
and  that  were  not  transferred  to  Eburiini.  Dychophyiini  was  a  subjective  senior  synonym  of 
Heteropsini  Lacordaire,  1868,  but  considered  invalidated  when  in  synonymy  with  this  name  by 
to  be  a  nomen  oblitum.  The  subgenus  Eburia  ( Eleutho )  was  recovered  as  monophyletic  and 
elevated  to  genus  level.  The  species  Eburia  sordida  and  Eburia  fuliginea  were  transferred  to 
Pantomallus ,  recovering  the  monophyly  of  the  genus.  With  the  transference  of  the  genera 
Heterops  and  Eburiola  and  the  new  status  of  Eleutho ,  Eburiini  is  composed  by  25  genera  and 
263  species.  Of  the  15  not  monotypic  genera  of  Eburiini,  ten  recovered  its  monophyly: 
Cupanoscelis ,  Dioridium ,  Erosida ,  Eleutho ,  Heterops ,  Pantomallus ,  Pronub  a,  Susuacanga , 
Uncieburia  and  Volxemia. 
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Abstract  text: 

Introduction:  The  tribe  Rhopalophorini  is  composed  by  30  genera,  two  subgenera  and  185 
species  with  a  geographical  distribution  to  the  Americas  except  Amphiroe  Newman,  1840  from 
Australia.  In  2003,  Marques  &  Napp  performed  a  cladistic  analysis  of  Rhopalophorini, 


concluding  that  the  tribe  is  monophyletic  and  supported  by  eight  synapomorphies.  Cosmisoma, 
allocated  in  Rhopalophorini,  was  described  by  Audinet-Serville  (1834)  to  Cerambyx  scopipes 
Klug,  1825  and  Saperda  scopulicornis  Kirby,  1818.  Subsequently,  Laporte  (1840)  designated 
Saperda  scopulicornis  as  type  species  of  the  genus.  Currently  Cosmisoma  is  composed  by  42 
species  and  three  subspecies  which  are  distributed  in  the  Neotropical  Region,  from  Mexico  to 
Argentina. 

Methods:  Herein,  we  present  a  cladistic  analysis  of  Cosmisoma.  The  matrix  was  composed  of  53 
terminal  taxa,  44  from  the  ingroup  (including  representatives  of  all  the  recognized  species  and 
subspecies)  and  nine  from  the  outgroup,  and  62  characters  of  the  adult  morphology.  The  matrix 
was  analyzed  under  implied  weights. 

Results/Conclusion:  Cosmisoma  was  not  recovered  as  monophyletic.  In  order  to  recover  the 
monophyly  of  the  genus  we  proposed  the  synonymy  with  Disaulax  Audinet-Serville,  1833, 
which  has  the  priority  of  the  name.  Disaulax ,  as  herein  defined,  is  supported  by  one  non¬ 
homoplastic  synapomorphy:  tuft  of  long  setae  on  the  fifth  antennomere;  and  by  three 
homoplastic  synapomorphy:  anterior  third  of  prosternum  glabrous;  the  width  of  mesosternal 
process  as  long  as  the  mesocoxal  cavity;  the  length  of  urotergite  1  more  than  two  times  the 
length  of  the  urotergite  2. 
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Introduction:  Insect  herbivores  and  the  plants  they  eat  make  up  a  majority  of  the  multicellular 
species  on  Earth.  Adaptation  to  host  plants  promotes  speciation  in  various  herbivores  through 
what  has  been  coined  ecological  speciation.  This  has  yet  to  be  explored  in  the  diverse  Coleoptera 


family  Cerambycidae  and  could  prove  important  in  the  generation  of  their  great  diversity.  In  the 
Great  Basin  of  North  America,  terrestrial  sky  islands  support  conifer  forest  habitat  and  the 
conifer  feeding  cerambycid  Monochamus  clamator. 

Methods:  We  investigate  how  neutral  and  adaptive  processes  have  influenced  reproductive 
isolation  in  these  beetles  using  comparative  transcriptome  data  gathered  using  RNA-Seq.  Seven 
sky  islands  were  sampled,  with  different  host  plant  composition.  Using  a  total  of  55 
transcriptomes,  comparative  analyses  were  conducted  to  determine  the  influence  of  available 
host  plant  makeup  on  gene  patterns.  Genetic  isolation  of  the  beetles,  their  historical  demography 
and  their  relationships  were  also  tested. 

Results/Conclusion:  Preliminary  results  show  increased  divergence,  and  gene  expression 
differences,  between  Monochamus  clamator  populations  that  have  experienced  different  host 
pressures. 
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Introduction:  Beetles  in  the  family  Cerambycidae  sensu  stricto  (8  diverse  subfamilies,  -35,000 
total  described  species)  greatly  impact  natural  ecosystems,  e.g.,  as  primary  agents  of  wood 
degradation  and  as  pollinators.  Several  are  economically  important  pests  of  woody  plants 
because  their  feeding  damage  (especially  larval)  can  kill  the  host  directly  or  make  it  susceptible 
to  pathogens.  Despite  the  ecological  and  economic  significance  of  Cerambycidae,  no  published 
higher-level  molecular  phylogeny  exists  for  the  group;  thus,  its  internal  relationships  and 
evolutionary  history  remain  disputed. 


Methods:  Using  data  obtained  via  anchored  hybrid  enrichment,  we  reconstructed  the  first  higher- 
level  molecular  phylogeny  of  Cerambycidae  sensu  lato  (including  Cerambycidae  5.  str. , 
Disteniidae,  Vesperidae,  and  Oxypeltidae).  Our  resulting  phylogenomic  data  set  consisted  of 
DNA  sequences  from  more  than  five  hundred  1 : 1  orthologous  nuclear  loci,  representing  nearly 
as  many  genes,  from  exemplars  of  all  subfamilies  of  Cerambycidae  s.  str.,  near  relatives  in  the 
superfamily  Chrysomeloidea,  and  outgroups.  We  separately  analyzed  both  nucleotide  and  amino 
acid  sequence  data. 

Results/Conclusion:  The  resulting  phylogenetic  trees  both  confirmed  relationships  previously 
predicted  based  on  morphology,  and  revealed  new  insights  into  relationships  among  the  major 
groups  of  Chrysomeloidea.  Notable  findings  included  the  placement  of  Disteniidae  sister  to 
Cerambycidae  s.  str.,  the  placement  of  Orsodacnidae  and  Megalopodidae  within  a  clade  also 
containing  Cerambycidae  5.  /.  and  not  within  a  clade  containing  Chrysomelidae,  and  recovery  of 
a  paraphyletic  Megalopodidae.  Our  findings  shed  new  light  on  the  phylogeny  of  this  diverse  and 
ecologically-significant  group  of  beetles,  and  set  the  stage  for  deeper  sampling,  and  further 
resolution  of  the  phylogeny  and  evolution  of  Cerambycidae  and  other  Chrysomeloidea. 
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Introduction:  The  genus  Callipogon  Audinet-Serville  is  a  small  group  of  longhorn  beetles  in  the 
subfamily  Prioninae  whose  distribution  is  restricted  mostly  to  the  Neotropical  region.  Callipogon 
relictus  serves  as  the  unique  exception,  inhabiting  the  East  Asian  subregion  of  the  Palearctic. 

This  disjunction  in  distribution  suggests  that  the  genus  may  be  a  relict  of  an  ancient  prionine 
lineage  with  a  much  wider  distribution. 


Methods:  To  gain  further  insight  into  phylogeny  and  biogeography  of  Callipogon,  we 
reconstructed  the  first  molecular  phylogeny  of  the  genus  using  multilocus  DNA  sequence  data. 
We  investigated  divergence  time  estimates  using  a  Bayesian  relaxed  clock  model  with  fossil 
calibration,  and  performed  biogeographic  analyses  under  the  dispersal-extinction-cladogenesis 
model.  Furthermore,  to  evaluate  the  threatened  status  of  Callipogon  relictus ,  we  estimated  the 
future  distribution  of  Callipogon  relictus  using  species  distribution  modeling  based  on 
comprehensive  climatic  data. 

Results/Conclusion:  Both  Bayesian  and  ML  inferences  confirmed  the  sister  relationship  between 
the  Palearctic  and  Neotropical  lineages  of  Callipogon ,  despite  the  genus  appearing  to  be  a 
polyphyletic  group.  Our  biogeographic  analyses  suggested  that  the  ancestral  lineage  of 
Callipogon  originated  in  Mesoamerica  during  the  Paleocene  and  dispersed  into  the  Eastern 
Palearctic  region  across  Beringia  in  the  late  Eocene.  The  split  between  the  Palearctic  and 
Neotropical  lineages  appeared  to  be  the  result  of  vicariance  event  following  the  demise  of 
boreotropical  forest  across  Beringia  during  the  terminal  Eocene  event  circa  34  MYA.  We  also 
found  that  the  distribution  of  the  uniquely  relictual  Palearctic  species  is  likely  to  shrink 
drastically  in  the  next  50  years,  highlighting  the  urgent  need  for  more  systematic  conservation 
plans. 
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Introduction:  Mature  tropical  forests,  reduced  or  fragmented  due  to  anthropogenic  activities,  are 
sometimes  replaced  by  secondary  forests.  Specialist  species  are  particularly  vulnerable  to  forest 
transformation  due  to  their  limited  adaption  to  rapid  changes  in  microclimate,  or  the  ability  to 


locate  suitable  host.  This  study  explores  how  forest  successional  stage,  tree  composition,  and 
stratum  affect  specialization  and  community  structure  of  saproxylic  cerambycid  beetles. 

Methods:  Forty  trees  in  five  families  were  sampled  in  a  mosaic  of  old-growth  and  secondary 
forest  on  the  Osa  Peninsula,  Costa  Rica.  Branches  were  severed  and  exposed  for  beetle 
colonization.  Reared  cerambycids  were  analyzed  for  species  richness,  abundance,  ecological 
specificity,  and  community  structure  for  each  forest  stage. 

Results/Conclusion:  Both  forest  stages  had  similar  species  richness,  but  abundance  was  higher  in 
old-growth  forest.  Overall  community  structure  was  most  strongly  influenced  by  host  plant 
species;  with  most  plant  families  it  was  also  impacted  by  forest  successional  status.  Moraceae 
was  the  exception,  presumably  because  the  focal  tree  species  was  equally  abundant  in  both  forest 
stages.  Small  patches  of  old-growth  forest  appear  to  act  as  refuges  for  specialist  cerambycids,  but 
secondary  forest  may  create  barriers  to  dispersal.  The  vulnerability  specialized  saproxylic  insects 
to  land  use  change  will  be  linked  to  the  ability  of  their  preferred  hosts  to  disperse  and  persist  in 
successional  habitats. 
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Abstract  text: 

Introduction:  The  beetle  family  Buprestidae  (Coleoptera),  with  over  500  genera  and  more  than 
15,000  species,  is  one  of  the  most  diverse  groups  on  Earth.  Members  of  the  metallic  wood  boring 
beetles  are  also  highly  economically  important.  For  example,  costs  associated  with  the  Emerald 
Ash  Borer  alone  are  estimated  to  reach  $10.7  billion  by  2019.  Accurate  identification  of 
buprestid  beetles  is  an  arduous  task  and  no  keys  to  worldwide  genera  currently  exist. 


Methods:  Here  we  present  a  USDA-funded  electronic  tool  (Lucid3.5)  for  the  identification  of 
nearly  all  genera  within  the  Buprestidae.  Started  by  Dr.  Bellamy  during  his  career  as  a 
preeminent  buprestid  authority,  we  have  revised  and  modified  his  key,  bringing  this  valuable 
resource  to  completion.  The  testing  and  refinement  of  this  tool  has  been  assisted  by  numerous 
world  experts. 

Results/Conclusion:  This  key  currently  comprises  over  80  characters  and  ~250  states,  including 
morphological  features,  illustrations,  and  up-to-date  distributional  data.  In  addition  to  this 
interactive  tool,  a  web-based  interface  provides  informative  fact  sheets  that  include  taxonomic 
information,  similar  genera,  plant  host  data  for  adult  and  immature  life  stages,  and  extensive 
image  gallery,  and  critical  references.  It  is  our  aim  that  this  tool  will  prove  useful  for  a  number  of 
individuals  and  agencies,  especially  those  interested  in  detecting  known  and  suspected  buprestid 
pests. 
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Introduction:  The  Taxonomic  Catalog  of  the  Fauna  of  Brazil  (CTFB)  is  an  initiative  of  the 
Brazilian  Society  of  Zoology,  with  support  from  the  Ministry  of  Science  and  Technology  and  the 
Ministry  of  the  Environment.  The  catalogue  is  an  online  taxonomic  reference  on  Brazilian 
species  and  whose  main  objective  is  to  serve  as  a  bridge  between  the  taxonomic  decisions  made 
by  specialists  and  the  actions  of  the  Brazilian  government  that  involve  biodiversity  management 
and  the  environment. 

Methods:  The  implementation  of  the  CTFB  was  designed  to  unfold  in  two  stages:  1)  a  first  stage 
in  which  lists  of  the  species  names  and  authorships  of  valid  metazoan  species  of  Brazil  are 


constructed,  uploaded  to  an  online  information  system,  and  validated  by  specialists  from  various 
fields;  2)  a  second  stage  in  which  synonymies  and  information  on  the  biology,  distribution,  and 
taxonomic  status  is  included  for  each  valid  species. 

Results/Conclusion:  Initial  results  show  that  the  order  Coleoptera  is  the  most  diverse  in  number 
of  species,  totaling  33,215  species;  representing  about  25%  of  the  fauna  recorded  for  Brazil.  In 
the  family  Cerambycidae,  4,330  species  are  registered  for  Brazil.  Only  nine  authors  described 
about  half  (2,157)  of  the  species.  Over  the  past  50  years  the  number  of  species  described  in 
Cerambycidae  is  impressive:  more  than  1,600  species  have  been  described.  In  the  family 
Buprestidae,  1,525  species  are  registered  for  Brazil.  Two  authors  in  particular,  C.  Kerremans  and 
J.  Obenberger,  described  417  and  510  species,  respectively,  which  represents  about  66%  of  the 
known  Brazilian  species  of  Buprestidae. 
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Introduction:  The  cerambycoid  beetles  include  the  large  family  Cerambycidae  as  well  as  three 
smaller  families  previously  classified  as  cerambycid  subfamilies:  Disteniidae,  Oxypeltidae,  and 
Vesperidae.  Together,  these  families  are  a  charismatic  and  economically  important  group  of 
beetles  with  an  estimated  4,000  genera  and  more  than  35,000  described  species  worldwide. 
Cerambycoids  are  among  the  most  serious  wood  boring  pest  species  in  the  world,  affecting 
various  agricultural  crops,  ornamental  trees,  and  lumber  products,  causing  millions  of  dollars  in 
damage  each  year.  The  USDA-funded  website  LongicornID  is  an  electronic  tool  for  diagnosing 
cerambycoid  families,  subfamilies,  and  tribes.  The  first  three  editions  of  LongicornID  were 
focused  on  adult  forms  only. 


Methods:  LongicornID  was  recently  updated  to  include  identification  of  cerambycoid  larvae.  The 
updated  tool  provides  illustrations  of  diagnostic  morphological  characters  and  interactive 
(Lucid3.5)  keys  to  families,  subfamilies,  and  a  selection  of  invasive  species. 

Results/Conclusion:  We  discuss  some  of  the  challenges  encountered  in  the  development  of  this 
latest  edition,  and  present  our  vision  for  the  future  of  larval  identification  using  a  molecular 
barcode  library  currently  in  development  at  the  Purdue  Entomological  Research  Collection. 
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Abstract  text: 

Introduction:  In  1995  we  started  a  long-term  research  project  to  understand  the  diversity  and 
patterns  of  spatial  and  temporal  distribution  of  various  groups  of  insects  in  the  dry  tropical  forest 
in  Mexico.  This  project  grew  out  of  studies  conducted  in  the  region  of  Chamela,  Jalisco,  the 
results  showed  great  regional  diversity,  but  also  the  importance  of  determining  what  this 
diversity  represented  for  the  preservation  of  the  dry  tropical  forest  in  the  country.  This  forest  is 
the  most  diverse  and  threatened  ecosystems  in  tropical  America  and  tropical  ecosystems  in  the 
country,  it  hosts  the  largest  number  of  endemic  species. 

Methods:  To  date,  Cerambycidae  have  been  studied  in  10  locations,  mainly  in  the  Pacific  slope, 
with  nearly  600  species  recorded,  representing  37%  of  the  known  species  for  the  country. 

Results/Conclusion:  The  richness  values  estimated  between  these  locations  ranged  between  121- 
338  species  and  the  Shannon  diversity  index  between  3.3  and  4.1.  Phenologically,  the  group  is 
very  seasonal,  registering  between  87-96%  of  species  in  the  rainy  season,  and  the  activity  was 
restricted  to  one  or  two  months  in  most  cases.  Beta  diversity  between  pairs  of  assemblies  had  a 
variation  between  72-92%  of  dissimilarity  in  species  composition  and  this  dissimilarity 


responded  in  greater  proportion  to  the  replacement  of  species  and  not  the  difference  in  the 
number  of  species  in  each  assembly  (richness).  The  percentage  of  endemic  species  among  sites 
varied  between  18-65%. 
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Abstract  text: 

Introduction:  The  velvet  longhorned  beetle,  Trichoferus  c<2wp^tr^(Faldermann)(VLB; 
Cerambycidae:  Cerambycinae:  Hesperophanini),  is  native  to  east  Asia  where  it  feeds  on  a  wide 
range  of  tree  species,  including  orchard  and  timber  trees.  Larvae  of  VLB  can  be  transported  in 
wood  packing  material,  and  individuals  are  frequently  intercepted  in  quarantine  facilities. 
Populations  of  VLB  have  established  outside  of  the  native  range  of  the  species,  including  near 
Salt  Lake  City,  UT  USA.  Adults  are  nondescript  and  nocturnal,  and  nothing  is  known  of  their 
pheromone-mediated  biology,  which  hinders  monitoring  and  control  efforts. 

Methods:  Beetles  were  not  significantly  attracted  to  traps  baited  with  any  of  the  known 
cerambycid  pheromones,  including  2,3-alkanediols  or  hydroxy  ketones,  which  are  male-produced 
pheromone  components  of  multiple  species  in  the  subfamily  Cerambycinae.  Subsequently,  we 
isolated  and  identified  a  novel  variant  of  the  conserved  2,3-alkanediol/  hydroxy  ketone  chemical 
structure  from  headspace  volatiles  of  males  but  not  females.  The  male-produced  compound  was 
tested  in  field  bioassays.  In  addition,  histological  sectioning  revealed  subcuticular  metathoracic 
glands  present  in  males,  but  not  females.  Glands  were  connected  to  pits  in  the  cuticle. 

Results/Conclusion:  The  glands  and  pits  are  diagnostic  for  production  of  volatile  pheromones  of 
the  2,3-alkanediol/hydroxyketone  structure  by  males  of  other  cerambycine  species.  Our  work 
demonstrates  the  utility  of  the  metathoracic  gland  trait  for  predicting  pheromone  use  in 


cerambycines.  Moreover,  our  results  support  the  hypothesis  that  cerambycid  species  with  novel 
pheromones  may  be  more  successful  invaders  than  exotic  species  that  share  pheromone 
components  with  native  species. 
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Abstract  text: 

Introduction:  The  phylogenetic  relationships  of  Cerambycidae  have  been  poorly  studied  and 
most  current  systematic  proposals,  especially  at  the  tribal  level,  still  retain  the  ideas  of  the 
pioneering  classifications  of  Lacordaire  (1869-1872).  To  help  addressing  the  lack  of  modern 
systematic  perspectives  on  this  group  of  beetles,  our  study  focuses  on  the  Neotropical  and 
Ethiopian  tribe  Polyrhaphidini,  trying  to  infer  its  phylogenetic  placement  within  the  Lamiinae 
based  on  molecular  characters. 

Methods:  We  analyzed  three  species  of  Polyrhaphis  (P.  grandini ,  P.  kempfi  and  P.  spinipennis ) 
and  93  additional  specimens  belonging  to  43  out  of  78  currently  accepted  tribes  of  Lamiinae.  The 
specimens  were  characterized  for  several  mtDNA  and  nuclear  genes,  including  coxl,  rrnL,  CPS 
domain  of  the  CAD  locus,  winglessmd  EFl-a. 

Results/Conclusion:  Maximum  likelihood  analyses  retrieved  Polyrhaphidini  as  polyphyletic, 
with  the  studied  representatives  occupying  divergent  supported  positions  within  a  larger  clade 
consisting  of  Acanthoderini,  Morimopsini  and  Xenofreini.  Thus,  the  limits  of  Polyrhaphidini 
need  to  be  reassessed  and  should  be  only  retained  for  the  species  related  to  the  type,  P.  spinosa , 
and  the  other  species  should  be  assimilated  to  other  genus.  While  the  focus  of  the  study  were  the 
Polyrhaphidini,  the  taxonomic  density  of  Lamiinae  in  our  trees,  the  largest  to  date  based  on 
molecular  data,  allowed  an  initial  assessment  of  congruence  with  current  tribes.  Our  data 


revealed  high  support  for  the  monophyly  of  most  tribes,  although  we  could  identify  some 
discrepancies  that  should  help  refining  the  limits  and  recognizing  valid  characters  for  an 
objective  natural  classification  of  historically  conflicting  tribes,  e.g.  Acanthocinini  and 
Acanthoderini. 
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Abstract  text: 


Introduction:  Farmers  planted  genetically  engineered  corn,  cotton,  and  soybeans  that  produce 
insecticidal  proteins  from  the  bacterium  Bacillus  thuringensis  (Bt)  on  a  cumulative  total  of  >700 
million  hectares  worldwide  from  1996  to  2015.  These  Bt  crops  kill  some  key  insect  pests,  yet  are 
not  toxic  to  most  other  organisms  including  people.  Bt  crops  can  suppress  pests,  reduce 
insecticide  sprays,  and  increase  farmer  profits,  but  their  benefits  are  diminished  or  lost  when 
pests  evolve  resistance.  Here  we  review  data  monitoring  resistance  to  7  Bt  proteins  in  13  major 
pest  species  targeted  by  Bt  crops  on  6  continents. 

Methods:  Of  the  27  sets  of  monitoring  data  analyzed  as  of  2015,  7  show  severe  field-evolved 
resistance  in  2  to  8  years  with  practical  consequences  for  pest  control  (i.e.,  practical  resistance). 
Eight  show  statistically  significant  but  less  severe  field-evolved  resistance  and  12  show  no 
evidence  of  decreased  susceptibility  after  2  to  15  years.  The  surge  in  cases  of  practical  resistance 
since  2005  is  associated  with  increased  cumulative  exposure  to  Bt  crops  and  increased 
monitoring.  In  addition,  practical  resistance  to  Bt  crops  is  associated  with  a  scarcity  of  refuges  of 
host  plants  that  do  not  produce  Bt  proteins  and  non-recessive  inheritance  of  resistance. 

Results/Conclusion:  To  maximize  the  benefits  of  Bt  crops,  we  encourage  implementation  of 
large  refuges  of  non-Bt  host  plants  together  with  alternative  control  tactics,  particularly  when 
inheritance  of  resistance  is  not  recessive  and  alleles  conferring  resistance  are  not  rare. 
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Abstract  text: 

Introduction:  The  noctuid  stemborers  Busseola  fusca  and  Sesamia  calamistis  and  the  crambid, 
Chilo  partellus  attack  maize  in  Africa.  B.  fusca  and  C.  partellus  were  the  primary  pests  of  maize 
but  since  deployment  of  Bt  maize,  C.  partellus  has  basically  disappeared,  even  in  non-Bt  maize. 
This  study  assessed  the  status  of  resistance  of  these  three  borer  species  to  both  single-gene  Bt 
maize  that  expresses  CrylAb  and  the  pyramid  that  expresses  Cry  1  A.  105  and  Cry2Ab2. 


Methods:  Bioassays  were  conducted  in  which  larvae  of  different  populations  species  were 
allowed  to  feed  on  plant  tissue  of  the  respective  maize  hybrids.  Larval  survival,  mean  larval  mass 
and  time  till  50%  mortality  (LT50)  was  reached  was  determined  in  feeding  bioassays  for 
different  populations  of  these  species. 

Results/Conclusion:  Except  for  one  B.fusca  population  which  was  susceptible  to  CrylAb  maize, 
between  40-60%  survival  was  observed.  The  LT50  for  the  different  B.fusca  populations  on 
CrylAb  maize  ranged  between  5. 1  and  24.9  days  for  the  most  susceptible  and  resistant 
populations  respectively,  while  the  LT50  values  on  for  the  same  populations  on  the  pyramided 
hybrid  ranged  between  4.7  and  7.0  days.  No  survival  of  B.  fusca  larvae  was  observed  on  the 
pyramided  hybrid  and  no  other  stem  borer  species  survived  for  longer  than  1 1  days.  The 
pyramided  hybrid  seems  to  functions  as  a  high-dose  event  against  B.  fusca.  A  high  dose  event, 
together  with  improved  refuge  compliance  may  contribute  to  a  longer  effective  use  of  the 
pyramided  event  than  was  the  case  with  the  single  gene  event  (MON810). 
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Abstract  text: 

Introduction:  Bt  maize  expressing  the  toxin  CrylAb  was  released  in  the  European  Union  (EU)  in 
1998  to  control  two  key  pests:  Sesamia  nonagrioides  (Mediterranean  corn  borer,  MCB)  and 
Ostrinia  nubilalis  (European  corn  borer,  ECB).  Compa  CB  (Event  176)  was  the  only  variety 
grown  until  2003,  resulting  in  last  generation  larvae  exposed  to  sublethal  concentrations  of  toxin. 
It  was  gradually  replaced  by  MON810  hybrids  and  disallowed  in  2006.  At  present,  the  event 
MON810  is  the  only  variety  approved  for  cultivation  in  the  EU,  with  Spain  accounting  for  92% 
of  the  total  area.  As  no  other  Bt  events  are  available,  resistance  management  has  relied  on  the 
high-dose/refuge  strategy. 


Methods:  An  ongoing  monitoring  program  to  detect  changes  in  the  susceptibility  of  field 
populations  of  target  pests  to  Cry  lAb  was  initiated  in  Spain  in  1998.  It  is  focused  on  three  agro- 
ecological  regions  with  different  adoption  rates,  covering  >90%  of  Bt  maize  surface.  The 
susceptibility  to  CrylAb  of  field-collected  populations  was  assessed  in  neonates  of  the  FI 
generation  using  dose-response  bioassays.  Recently,  the  true  armyworm  Mythimna 
unipuncta  (secondary  pest)  has  been  included  in  the  monitoring  program,  since  it  can  reach  high 
levels  of  resistance  after  a  few  generations  of  laboratory  selection. 

Results/Conclusion:  Our  data  reveal  no  shift  in  susceptibility  to  CrylAb  in  field  populations  of 
the  target  pests  after  17  years  of  cultivation  of  Bt  maize.  Additionally,  no  field  failures  have  been 
reported  so  far.  For  MCB,  low  initial  adoption  rates  and  the  EU  policy  decision  to  replace  Event 
176  with  MON810  maize  were  key  to  prevent  resistance. 
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Abstract  text: 

Introduction:  In  Latin  America,  cultivation  of  transgenic  crops  during  2014/2015,  reached  74 
million  hectares,  almost  half  of  the  global  GM-planted  area.  Brazil  is  the  largest  country 
cultivating  transgenic  plants  in  Latin  America,  accounting  for  57%  of  planted  acreage.  The 
second  largest  is  Argentina,  with  24.4  million  hectares,  followed  by  Paraguay,  Uruguay,  Bolivia, 
Mexico  and  Colombia.  To  date,  insect  resistance  to  Bt  crops  has  been  reported  in  Puerto  Rico 
and  Brazil.  In  Puerto  Rico,  resistance  was  detected  in  Spodoptera  frugiperda  on  Bt-corn 
expressing  Cry  IF  protein.  In  Brazil,  populations  of  S.  frugiperda  were  resistant  to  the  same 
toxin,  and  cross-resistance  to  Cry lAa,  CrylAb  and  Cry  1  Ac  toxins  (present  in  other  transgenic 
events  used  in  Brazil)  was  also  seen,  but  cross-resistance  to  Cry2Aa  and  Cry2Ab  toxins  has  not 
been  identified. 


Methods:  Methods  included  binding  competition  assays,  enzymatic  activities  and  gene 
expression  analysis. 

Results/Conclusion:  Heterologous  competition  assays  among  CrylF  and  CrylA  toxins  showed 
that  they  share  binding  sites,  and  therefore  it  is  not  recommended  to  use  pyramided  plants  with 
these  toxins  to  control  S.  frugiperda  or  to  use  other  genetically  modified  crops  expressing  these 
proteins  in  the  same  agricultural  setting.  Data  from  different  S.  frugiperda  populations  collected 
at  different  fields  related  to  their  aminopetidase-N,  alkaline  phosphatase  and  cadherin  activities 
will  be  presented.  In  face  of  this  scenario,  it  is  important  that  all  involved  agents  (companies, 
extension  services,  farmers,  scientific  community  and  governments)  of  GM-producing  countries 
unite  their  efforts  to  establish  guidelines  that  will  enable  greater  durability  of  Bt  technologies, 
either  as  bioinsecticides  or  as  Bt  crops. 
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Abstract  text: 

Introduction:  Bt  3d-Cry  toxins  are  used  worldwide  in  transgenic  crops  to  control  pests.  The  mode 
of  action  of  CrylA  toxins  involves  the  sequential  interaction  with  different  larval  gut  proteins 
such  as  aminopetidase-N  (APN),  alkaline  phosphatase  (ALP)  and  cadherin  triggering 
oligomerization  of  the  toxin  and  membrane  insertion  to  form  lytic  pores.  Cadherin  has  been 
shown  to  facilitate  CrylA  toxin  oligomerization  while  APN  and  ALP  facilitate  oligomer 
membrane  insertion.  Additional  insect  molecules  like  an  ABCC2  transporter  are  also  involved  in 
CrylA  toxin  mode  of  action  since  Cry  lAc-resistance  in  different  insect  species  is  linked  to 
ABCC2  mutations.  CrylAMod  toxin  engineered  to  lack  a-helixl  forms  oligomers  without 
cadherin  binding  and  counter  Cry  lAc-resistance  in  Pectinophora  gossypiella  linked  to  cadherin 
mutations  or  Plutella  xylostella  linked  to  ABCC2  mutation. 


Methods:  Oligomerization  assays  of  Cry  1  Ac  and  CrylAcMod  were  performed  using  BBMV 
from  susceptible  and  Cry  1  Ac-resistant  populations  of  P.  gossypiella  or  P.  xylostella  by  revealing 
oligomers  by  western-blots. 

Results/Conclusion:  By  analyzing  oligomerization  of  Cry  1  Ac  in  samples  where  brush  border 
membrane  vesicles  (BBMV)  were  or  were  not  separated  by  centrifugation  we  showed  that 
oligomer  formation,  rather  than  oligomer  membrane  insertion,  was  affected  in  BBMV  from  both 
resistant  populations.  In  contrast,  CrylAcMod  was  still  able  to  form  oligomers  in  BBMV  from 
both  resistant  populations.  We  show  that  the  enhanced  toxicity  of  CrylAcMod  correlates  with  its 
capacity  to  oligomerize.  Also,  our  findings  indicate,  for  the  first  time,  the  functional  role  of 
ABCC2  in  Cry  lAc-toxicity.  The  main  conclusion  is  that  ABCC2  and  cadherin  fulfill  the  same 
role  facilitating  Cry  1  Ac  oligomerization  in  different  insect  species. 
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Abstract  text: 

Introduction:  Vip3  toxins  are  Bacillus  thuringiensis  (Bt)  proteins  which  are  secreted  into  the 
medium  during  vegetative  growth.  For  this  reason  they  do  not  contribute  to  the  insecticidal 
activity  of  bioinsecticides  prepared  from  Bt  spore/crystal  mixtures.  Vip3  proteins  are  highly 
active  against  Lepidoptera  and  show  a  relatively  broad  insecticidal  spectrum. 

Methods:  Midgut  juice  was  obtanied  from  Spodoptera  exigua  and  Spodoptera  frugiperda. 
CrylAVip3Aa  was  labeled  with  Iodine- 125  and  used  in  binding  assays  with  brush-border 
membrane  vesicles  of  final  instar  larvae. 

Results/Conclusion:  The  mode  of  action  of  Vip3  proteins  shares  general  features  with  that  of 
Cry  1  proteins,  in  that  they  are  proteolitically  activated  in  the  insect  midgut,  bind  to  specific 
receptors  and  form  pores  in  the  membrane.  However,  they  differ  notably  when  different  steps  are 


studied  in  detail.  For  example,  Vip3  proteins  do  not  have  a  protease-resistant  core,  or  at  least  not 
as  resistant  as  in  the  case  of  Cry  1  proteins.  This  implies  that  the  activation  step  within  the 
insect’s  midgut  is  more  critical  in  the  case  of  Vip3  proteins  because  there  is  a  dynamic 
equilibrium  between  protoxin  activation  and  toxin  degradation.  A  second  differential  feature 
between  Cryl  and  Vip3  proteins  is  that  they  bind  to  different  membrane  binding  sites.  This  has 
been  shown  with  different  insect  species  using  either  labeled  Cry  proteins  or  labeled  Vip3 
proteins,  and  performing  competition  studies  with  unlabeled  heterologous  competitors.  For 
resistance  management  purposes,  Vip3  proteins  are  good  partners  to  Cryl  and  Cry2  proteins 
since  they  do  not  target  the  same  membrane  receptors. 
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Abstract  text: 

Introduction:  Insecticidal  crystal  toxins  from  the  bacterium  Bacillus  thuringiensis  (Bt)  kill 
insects  via  a  complex  mode  of  action  resulting  in  the  creation  of  cytolytic  pores  in  the  membrane 
of  midgut  epithelial  cells.  Beginning  with  Heliothis  virescens ,  genetic  studies  in  species  of  Bt- 
resistant  Lepidoptera  and  Coleoptera  have  found  mutations  in  ABC  transporters.  Cryl  A,  Cry  1C, 
Cry2A,  and  Cry3B  toxins  each  appear  to  target  a  different  member  of  the  ABC  superfamily. 

Methods:  We  will  present  the  results  of  functional  studies  using  germline  transformation,  RNA 
interference,  and  heterologous  expression. 

Results/Conclusion:  The  data  confirm  the  essential  role  of  ABC  proteins  in  Bt  toxin  mode  of 
action.  It  is  proposed  that  ABC  proteins  function  in  the  insertion  of  toxin  monomers  or  the  toxin 
oligomeric  pre-pore  structure  into  the  midgut  epithelial  membrane,  a  crucial  step  for  which  the 
mechanism  has  not  been  known  in  detail.  Properties  of  ABC  transporters  suggest  strategies  to 
increase  efficacy  of  Bt  toxins  and  to  delay  the  evolution  of  Bt  toxin  resistance  in  target  insect 
pests. 
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Abstract  text: 

Introduction:  The  cabbage  looper,  Trichoplusia  ni ,  is  one  of  the  insect  species  that  has  developed 
resistance  to  Bacillus  thuringiensis  (Bt)  sprays  in  an  agricultural  environment. 

Methods:  In  T.  ni  populations  resistant  to  Bt  var.  kurstaki  formulations,  mechanisms  of  resistance 
to  multiple  Cry  toxins  (e.g.  CrylA  and  Cry2A  toxins)  were  selected.  Genome  sequencing  and 
genetic  linkage  analyses  were  conducted  to  understand  the  genes  associated  with  resistance  and 
the  underlying  mechanisms  for  the  resistance. 

Results/Conclusion:  Biological  and  genetic  analyses  indicated  that  the  mechanisms  of  resistance 
to  different  Cry  toxins  in  T.  ni  are  genetically  independent,  leading  to  differential  biological  and 
molecular  changes.  The  results  from  our  studies  indicate  that  T.  ni  populations  can  develop 
resistance  to  different  types  of  Cry  toxins  and  can  become  resistant  to  multi-toxin  Bt  plants  with 
multiple  resistance  mechanisms. 
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Abstract  text: 

Introduction:  Transgenic  crops  producing  Bacillus  thuringiensis  (Bt)  proteins  kill  key  insect 
pests,  providing  economic  and  environmental  benefits.  However,  the  evolution  of  pest  resistance 
threatens  the  continued  success  of  such  Bt  crops.  Field  populations  of  the  pink  bollworm 
( Pectinophora  gossypiella)  in  the  United  States  have  remained  susceptible  to  Bt  toxins  Cry  1  Ac 
and  Cry2Ab,  but  field-evolved  practical  resistance  to  Bt  cotton  has  occurred  widely  in  India. 

Methods:  Here  we  describe  the  genetics  of  resistance  to  Cry  1  Ac  and  Cry2Ab  in  P.  gossypiella. 

Results/Conclusion:  For  resistance  to  Cry  1  Ac,  we  found  that  both  laboratory-selected  resistance 
in  strains  from  Arizona  and  field-evolved  resistance  to  Cry  1  Ac  in  Bt  cotton  in  India  are 
associated  with  mutations  in  a  gene  encoding  a  cadherin  protein  that  binds  Cry  1  Ac.  Of  the  25 
cadherin  mutations  we  found  in  lab  strains  and  field  populations,  20  involve  alternative  splicing 
or  mis-splicing  of  messenger  RNA.  We  used  two  rounds  of  laboratory  selection  to  achieve 
extremely  high  resistance  to  Cry2Ab.  Inheritance  of  resistance  to  Cry2Ab  was  recessive, 
autosomal,  conferred  primarily  by  one  locus,  and  independent  of  Cry  1  Ac  resistance.  We  created 
a  strain  with  high  resistance  to  both  toxins  by  crossing  the  Cry2Ab-resistant  strain  with  a 
Cry  1  Ac-resistant  strain,  followed  by  one  selection  with  Cry2Ab.  This  multi-toxin  resistant  strain 
survived  on  field-collected  Bt  cotton  bolls  producing  both  toxins.  Our  results  demonstrate  the 
risk  of  evolution  of  resistance  to  pyramided  Bt  plants,  particularly  when  field  populations  are 
already  resistant  to  one  toxin  in  the  pyramid  and  refuges  are  scarce,  as  seen  with  Bt  cotton  and  P. 
gossypiella  in  India. 
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Introduction:  Transgenic  crops  producing  insecticidal  proteins  from  the  bacterium  Bacillus 
thuringiensis  (Bt)  represent  the  most  successful  biotechnological  application  of  an 
entomopathogen  to  date.  The  most  serious  threat  to  the  sustainability  of  these  Bt  crops  is  the 
evolution  of  resistance  in  targeted  pests.  The  fall  armyworm,  Spodoptera  frugiperda ,  is  a 
devastating  polyphagous  pest  of  economically  important  crops  including  corn,  cotton  and  rice.  In 
the  first  documented  case  of  practical  resistance  to  a  Bt  crop  in  the  U.S.,  populations  of  S. 
frugiperda  in  Puerto  Rico  developed  resistance  to  transgenic  corn  producing  the  Cry  1  Fa  protein. 

Methods:  Using  a  strain  of  S.  frugiperda  developed  from  insects  collected  in  Puerto  Rico,  we 
performed  binding  assays  and  quantification  of  receptor  transcript  levels  using  real-time  PCR. 
We  also  used  backcrosses  to  test  for  genetic  linkage  between  resistance  and  the  detected 
alterations  in  Cry  toxin  receptors. 

Results/Conclusion:  The  results  identify  reduced  availability  of  a  crucial  Cry  lFa  toxin  receptor 
as  the  mechanism  resulting  in  reduced  Cry  1  Fa  toxin  binding  and  resistance  to  Cry  1  Fa  corn.  In 
this  presentation  we  will  share  the  most  current  data  on  the  molecular  characterization  of  this 
resistance  mechanism  in  S.  frugiperda  and  efforts  in  developing  methods  to  detect  and  monitor 
the  dispersion  of  the  resistance  allele. 
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Introduction:  Evolution  of  insect  resistance  to  Bt  proteins  is  a  serious  threat  to  the  sustainability 
of  transgenic  Bt  crop  technology.  Fall  army  worm,  Spodoptera  frugiperda  (Lepidoptera: 
Noctuidae),  is  a  common  target  of  Bt  corn,  Bt  cotton,  and  Bt  soybean.  To  date,  S.  frugiperda  is 
the  first  and  only  target  pest  that  has  developed  field  resistance  to  Bt  crops  at  multiple  locations 
across  different  countries  and  continents. 

Methods:  During  the  last  5  years,  intensive  laboratory  and  greenhouse  studies  were  conducted  to 
characterize  the  cross-resistance,  inheritance,  and  fitness  costs  of  the  Cry  IF,  Cry  1A.  105,  and 
Cry2Ab2  resistance  in  S.  frugiperda.  These  three  Bt  toxins  are  common  insecticidal  proteins 
expressed  in  many  Bt  crop  products. 

Results/Conclusion:  The  results  showed  that  CrylA  proteins  (e.g.  CrylAa,  CrylAb,  and 
CrylAc)  are  not  effective  against  S.  frugiperda.  Cry  IF  and  CrylA.  105  in  S.  frugiperda  are 
highly  cross-resistant  to  eachother,  indicating  a  similar  mode  of  action  between  the  two  Bt 
proteins.  There  is  no  cross-resistance  between  Cry2Abl  and  Cry  IF  or  CrylA.  105.  In  some  cases, 
the  resistance  is  likely  controlled  by  a  single  autosomal  recessive  gene  and  not  associated  with 
fitness  costs.  However,  variations  in  the  inheritance  and  significant  fitness  costs  were  also 
observed  in  some  populations,  suggesting  that  there  may  be  a  diversified  genetic  basis  to  the 
resistance.  The  information  generated  from  this  study  should  be  valuable  in  understanding 
resistance  mechanisms  and  developing  effective  strategies  for  resistance  management. 


Symposium 

Presentation  Title:  Considering  amino  acid  sequence  similarity  of  toxins  for  development  of 
sustainable  Bt  crop  pyramids 

Author  Name:  Yves  Carriere 

Author  Institution:  University  of  Arizona 

Session  Title:  Symposium:  Bt  Mode  of  Action,  Resistance  Mechanisms,  and  Global  Patterns 
Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0903 
DOI:  10. 1603/ICE.2016. 93651 


Abstract  text: 


Introduction:  Cross-resistance  is  a  key  factor  affecting  durability  of  Bt  crop  pyramids.  Results 
from  a  previous  study  with  diamondback  moth  ( Plutella  xylostella )  have  indicated  that  cross¬ 
resistance  is  associated  with  amino  acid  similarity  of  domain  II  between  toxins.  We  conducted  a 
comparative  analysis  to  evaluate  the  generality  of  this  finding. 

Methods:  We  analyzed  data  from  80  cases  involving  10  major  pests  and  7  sets  of  Bt  toxins.  We 
considered  related  strains  of  pests  selected  or  not  with  a  toxin  in  the  laboratory  and  evaluated 
cross-resistance  to  other  toxins  used  in  pyramids.  Amino  acid  sequence  similarity  of  domain  I,  II, 
and  III  was  quantified  for  sets  of  toxins  using  the  EMBROSS  Needle  algorithm. 

Results/Conclusion:  Amino  acid  sequence  similarity  of  domain  II,  but  not  of  domain  I  and  III, 
was  significantly  associated  with  cross-resistance.  Although  cross-resistance  was  pervasive,  it 
was  sometimes  weak  and  thus  most  likely  to  reduce  durability  of  pyramids  against  pests  with 
low  inherent  susceptibility  to  Bt  toxins.  The  association  between  similarity  of  domain  II  and 
cross-resistance  indicates  that  the  most  common  type  of  resistance  to  Bt  toxins  involves  reduced 
binding  to  midgut  receptors.  This  association  could  be  used  to  improve  choice  of  toxins  in 
pyramids  and  resistance  management  strategies. 
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Abstract  text: 

Introduction:  Coleoptera  is  the  most  species-rich  metazoan  order  (beetles),  with  approximately 
380,000  species.  All  four  extant  suborders  are  found  in  the  fossil  record,  with  69%  of  all  beetle 
families  and  63%  of  extant  beetle  families  preserved.  Today's  rich  variety  of  beetles  may  be  due 
to  an  historically  low  extinction  rate  rather  than  a  high  rate  of  new  species  emerging. 
Scarabaeoidea  is  one  of  the  important  superfamiles,  there  are  more  then  20,000  species  in  the 
world  and  at  least  1,800  species  in  China.  Hundreds  species  of  scarabaeiods  are  pests  in 


agriculture,  and  about  86%  of  loss  of  plant  roots  were  caused  by  immature  scarabaeoids  called 
chafers  (white  grubs).  The  top  three  pest  species  in  China  are  Holotrichia  parallela ,  Holotrichia 
obeita ,  and  Anomala  carpulenta. 

Methods:  In  this  talk  we  will  introduce  Bacillus  thuringiensis  (Bt)  and  its  toxins  that  are  specific 
to  chafers  as  well  as  chafer  response.  We  will  present  chafer  specific  Bt  stains,  their  toxins,  the 
midgut  protein  that  binds  with  the  toxins,  the  gut  bacteria  inhibition  of  Bt,  and  the  gut  enzyme 
that  may  protect  against  Bt  infection. 

Results/Conclusion:  The  preliminary  data  partially  explain  the  chafer’s  strong  environmental 
adaptation  ability;  even  against  the  specific  pathogen  chafers  have  evolved  an  exceptionally 
effective  defense  system.  The  chafer's  strong  environmental  adaptation  ability  could  also  explain 
why  beetles  have  a  low  extinction  rate. 
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Abstract  text: 

Introduction:  Bt  maize  and  cotton,  first  introduced  circa  1996,  were  used  intensively  for  over  15 
years  with  very  limited  instances  in  which  resistance  impacted  the  economics  of  crop  production. 
This  changed  dramatically  in  2014  with  the  widespread  failure  of  CrylF-based  maize  products  to 
control  Spodoptera  frugiperda  throughout  much  of  Brazil  and  Argentina.  The  severity  and 
rapidity  of  development  of  Spodoptera  resistance  prompted  the  biotechnology  industry  to  launch 
fundamental  changes  in  its  approach  to  implementation  of  insect  resistance  management 
programs.  Attention  is  focused  foremost  on  achieving  planting  of  needed  refuges  of  non-Bt 
crops.  However,  tropical  agriculture  also  demands  requires  adoption  of  integrated  pest 
management  measures,  especially  those  involving  pest  avoidance  and  cultural  controls,  in  order 
for  resistance  management  measures  to  be  effective  in  sustaining  product  durability.  Thus,  the 


IRAC  (Insecticide  Resistance  Action  Committee)  Biotechnology  Committee  established  in¬ 
country  task  teams  to  draft  best  management  practices  for  IPM  of  maize  cotton  and  soy. 

Methods:  I  will  summarize  from  refereed  literature  and  industry  sources  new  developments  in 
implementation  of  IRM  (insect  resistance  management)  programs  in  Latin  America  and  the 
impact  that  they  are  having  globally  on  IRM  programs.  This  will  include  activities  of  the  IRAC 
Plant  Biotechnology  Committee,  IRM  audits  conducted  by  Excellence  through  Stewardship  and 
grower  and  seed  association  activities. 

Results/Conclusion:  Sustaining  efficacy  of  Bt  crops  in  Latin  America  will  require  growers  to 
plant  needed  refuges,  Industry  to  uphold  the  standards  it  has  established  for  IRM  implementation 
and  governments  to  provide  reasonable  incentives  for  both. 
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Abstract  text: 

Introduction:  Concerns  over  GM  crops  engineered  to  express  Bacillus  thuringiensis  (Bt)  toxins 
continue  because  expanding  Bt  adoption  creates  high  selection  pressure  against  targeted  pest 
species.  Additionally,  not  all  Bt  crops  necessarily  meet  the  preferred  criteria,  including  a  “high 
dose”  for  all  insect  pests;  this  is  one  assumption  that  is  critical  for  successful  insect  resistance 
management  (IRM)  programs. 

Methods:  I  reviewed  the  literature  on  the  current  status  of  insect  resistance  to  Bt  crops  and  IRM 
strategies  that  have  been  deployed  to  delay  the  evolution  of  resistance.  I  also  discuss  how  IRM 
and  integrated  pest  management  (IPM)  concepts  can  be  used  more  effectively. 

Results/Conclusion:  Many  complementary  tactics  are  available  for  Bt  crop-pest  systems, 
including  biological  control  and  cultural  controls.  Whether  intended  or  not,  growers  who 


integrate  Bt  crops  with  other  compatible  pest  management  tactics  (unique  modes  of  action)  are 
generally  more  successful  in  extending  the  efficacy  of  Bt  traits.  In  some  cases  reduced 
insecticide  use  has  also  enhanced  IPM  options  for  non-target  or  secondary  pests.  Within  the 
context  of  IRM  and  IPM,  a  primary  question  continues  to  be  asked:  What  can  we  learn  from  the 
case  studies  of  Bt  resistance  vs.  longer-term  success,  to  better  design  future  IRM  plans?  Here,  I 
review  current  theory  and  case  studies  for  Bt  crops  within  the  context  of  grower  decision¬ 
making.  I  then  summarize  key  IRM  elements  necessary  for  Bt  crops  within  an  IPM  context,  and 
several  reasons  why  the  goals  of  IRM  and  IPM  may  be  best  understood  from  a  landscape,  or 
area- wide  management  perspective. 
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Abstract  text: 

Introduction:  Flying  insects  possess  a  range  of  stereotypic  flight  responses  that  are  triggered  by 
particular  sensory  stimuli.  One  of  the  most  extreme  flight  responses  is  the  evasive  maneuver  in 
response  to  looming  stimuli,  which  enables  an  animal  to  avoid  collisions  and  escape  from 
approaching  predators.  Here,  we  have  studied  the  aerodynamics  and  body  and  wing  kinematics 
of  visually-elicited  evasive  maneuvers  in  freely  flying  fruit  flies. 

Methods:  Using  an  array  of  high-speed  cameras  (7,500  frames  per  second),  we  tracked  body  and 
wing  kinematics  throughout  the  behavioral  response.  The  maneuvers  were  triggered  using  a 
circular  looming  stimulus  displayed  on  a  cylindrical  array  of  FEDs  on  the  arena  walls.  The  wing 
kinematics  were  determined  using  an  automated  tracking  routine  and  were  replayed  in  a 
dynamically-scaled  mechanical  model  of  a  fruit  fly  to  study  the  aerodynamic  forces  and  torques 
that  govern  the  maneuver. 


Results/Conclusion:  The  free-flight  experiments  show  that  rapid  evasive  maneuvers  in  fruit  flies 
consist  of  a  precisely  directed  combined  body  roll  and  pitch  maneuver,  followed  by  an  increase 
in  total  aerodynamic  force  production.  As  a  result,  the  wing  stroke  plane,  and  consequently  the 
average  flight  force  vector,  are  directed  away  from  the  looming  threat.  Our  results  show  that  the 
fly  controls  roll,  pitch,  and  flight  force  independently,  by  varying  distinct  kinematic  features  of 
its  wing  motion  on  a  wingbeat-to-wingbeat  basis. 
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Introduction:  In  addition  to  their  routine  ranging  flights,  many  insects  can  migrate  over  great 
distances,  and  sometimes  across  continents.  During  these  flights,  they  depend  on  multiple 
sensory  organs  to  acquire  information  about  their  own  speeds,  and  to  sustain  their  speed  and 
direction  over  long  distances.  However,  when  flying  in  unpredictable  conditions,  sensory  cues 
from  a  single  sensory  modality  are  unreliable  for  measuring  ambient  environmental  parameters. 
For  instance,  purely  optic-flow-based  measurements  of  body  speed  can  be  misleading  for  insects 
which  experience  sideslip  while  flying  in  a  crosswind.  In  such  situations,  sampling  from  multiple 
sensory  cues  reduces  the  ambiguity  arising  from  variability  in  feedback  from  single  modalities. 
How  do  insects  use  information  from  multiple  modalities  to  coordinate  behaviours  that  are 
important  for  flight?  To  address  this  question,  we  have  investigated  the  antennal  positioning 
behaviour,  which  is  crucial  for  flight,  in  the  honeybee  Apis  mellifera  and  the  Oleander 
hawkmoth,  Daphnis  nerii. 

Methods:  We  used  high-speed  videography  to  film  the  flight  of  tethered  and  freely-flying  bees 
and  moths.  Flying  insects  were  presented  with  airflow  cues  in  a  wind  tunnel  or  using  DC  fans, 
and  optic  flow  cues  that  consisted  of  moving  visual  gratings. 


Results/Conclusion:  Antennal  positioning  reflex  is  a  function  of  mechanosensory  feedback  from 
Johnston’s  organs,  and  visual  feedback  from  eyes.  These  act  upon  the  antennal  position  in 
opposing  ways;  frontal  airflow  causes  antennae  to  actively  move  forward  against  aerodynamic 
drag,  whereas  front-to-back  optic  flow  causes  antennae  to  move  backward.  Thus,  the  two 
opposing  behaviors  maintain  antennal  position  in  a  state  of  dynamic  equilibrium. 
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Abstract  text: 

Introduction:  Flying  insects  possess  a  range  of  stereotypic  flight  responses  that  are  triggered  by 
particular  sensory  stimuli.  One  of  the  most  extreme  flight  responses  is  the  evasive  maneuver  in 
response  to  looming  stimuli,  which  enables  an  animal  to  avoid  collisions  and  escape  from 
approaching  predators.  Here,  we  have  studied  the  aerodynamics  and  body  and  wing  kinematics 
of  visually-elicited  evasive  maneuvers  in  freely  flying  fruit  flies. 

Methods:  Using  an  array  of  high-speed  cameras  (7,500  frames  per  second),  we  tracked  body  and 
wing  kinematics  throughout  the  behavioral  response.  The  maneuvers  were  triggered  using  a 
circular  looming  stimulus  displayed  on  a  cylindrical  array  of  FEDs  on  the  arena  walls.  The  wing 
kinematics  were  determined  using  an  automated  tracking  routine  and  were  replayed  in  a 
dynamically-scaled  mechanical  model  of  a  fruit  fly  to  study  the  aerodynamic  forces  and  torques 
that  govern  the  maneuver. 

Results/Conclusion:  The  free-flight  experiments  show  that  rapid  evasive  maneuvers  in  fruit  flies 
consist  of  a  precisely  directed  combined  body  roll  and  pitch  maneuver,  followed  by  an  increase 
in  total  aerodynamic  force  production.  As  a  result,  the  wing  stroke  plane,  and  consequently  the 
average  flight  force  vector,  are  directed  away  from  the  looming  threat.  Our  results  show  that  the 


fly  controls  roll,  pitch,  and  flight  force  independently,  by  varying  distinct  kinematic  features  of 
its  wing  motion  on  a  wingbeat-to-wingbeat  basis. 
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Abstract  text: 

Introduction:  Dragonflies  are  highly  successful  aerial  predators  that  pursue  a  variety  of  prey, 
engaging  in  complex,  three-dimensional  pursuits  that  are  typically  completed  in  less  than  a 
second.  Because  mechanistic  studies  of  aerial  predation  are  scarce,  we  do  not  yet  know  whether 
predators  employ  a  general  kinematic  and  behavioral  strategy  when  pursuing  most  prey,  or 
whether  they  tailor  their  pursuit  to  each  prey  type;  nor  do  we  know  how  widely  prey  species 
differ  in  their  survival  strategies  and  in  their  sensorimotor  capabilities. 

Methods:  To  address  these  questions,  we  examined  aerial  interactions  between  dragonflies  and 
dipteran  prey,  filming  hundreds  of  encounters  with  high-speed  video  to  reconstruct  3-d 
trajectories,  quantify  flight  biomechanics,  and  examine  pursuit  and  escape  strategies.  We  studied 
three  species  of  libellulid  dragonflies  ( Libellula  cyanea ,  Pachydiplax  longipennis ,  and 
Sympetrum  rubicundulum)  pursuing  four  species  of  dipteran  prey.  By  analyzing  large  numbers 
of  encounters  between  different  predator-prey  pairs,  we  were  able  to  identify  common 
mechanical  features  of  dragonfly  predation,  infer  which  prey  species  can  sense  and  actively 
respond  to  approaching  predators,  and  pinpoint  key  factors  that  help  determine  the  outcome  of 
predator-prey  interactions. 

Results/Conclusion:  Surprisingly,  we  found  that  two  of  the  dragonfly  species  achieve  similar 
levels  of  capture  success  and  expend  similar  amounts  of  power  to  capture  prey,  but  they  do  so 
using  very  different  capture  strategies:  slow,  stealthy  approaches  that  prey  rarely  detect  vs.  rapid, 


powerful  approaches  that  prey  try  to  evade  but  rarely  can.  These  findings  highlight  the 
importance  of  examining  complex  flight  behaviors  such  as  predator-prey  interactions  in  a 
natural,  comparative  context. 
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Abstract  text: 

Introduction:  Insects  are  capable  of  rapid  maneuvers  in  response  to  or  in  the  creation  of  changes 
in  orientation.  However,  these  maneuvers  are  often  brief  and  composed  of  continuously  varying 
flight  conditions  and  wing  kinematics.  Thus,  these  transient  maneuvers  are  difficulty  to  study, 
often  leading  investigators  to  tethered  flight  experiments,  which  produce  continuous  maneuvers 
through  manipulation  of  sensory  inputs  but  break  the  mechanical  feedback  connection  between 
torque  production  and  accelerations  and  velocities.  We  present  results  from  rotating  flow  flight 
chambers,  which  require  continuous  aerodynamic  torque  production  in  free  flight  and  thus 
produce  a  continuous  maneuver,  simplifying  study  of  kinematics  and  aerodynamics. 

Methods:  We  flew  hawkmoths  ( Manduca  sexta)  in  flows  of  varying  magnitude  rotating  about  the 
vertical  and  lateral  axes  and  quantified  wing  motions  via  high  speed  videography  with  automated 
analysis  routines.  The  moths  exhibited  asymmetric  and  symmetric  wing  kinematic  responses  to 
the  different  challenges.  Rotation  about  the  vertical  axis  was  primarily  associated  with 
asymmetric  changes  to  wing  long  axis  rotation,  i.e.  wing  pitch  angle,  with  slight  changes  to  wing 
stroke  plane  angle.  This  is  in  contrast  to  earlier  maneuvering  studies  where  wing  pitch  angle 
varied  only  sporadically  and  asymmetric  changes  to  stroke  plane  angle  were  found  more 
consistently.  Thus,  the  primary  source  of  yaw  torque  is  likely  wing  pitch  asymmetry  while  stroke 
plane  changes  may  provide  stability. 


Results/Conclusion:  Rotating  flow  flight  chambers  produce  continuous  maneuvering  responses 
in  free  flying  insects  and  will  also  likely  prove  useful  for  studying  the  neuromuscular  control  and 
metabolic  cost  of  flight  maneuvers  in  insects. 
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Abstract  text: 

Introduction:  Many  insects  are  capable  of  long-distance  movements  either  through  migration  or 
through  more  stochastic  processes  related  to  weather.  Such  movements  have  profound 
consequences  for  the  study  of  the  evolution  of  insect  migration  and  dispersal  as  well  as  for  the 
consequences  of  such  movements  for  agricultural  crops.  However,  the  small  size  of  most  insects 
has  prevented  the  efficient  tracking  of  individuals. 

Methods:  Recent  developments  in  the  use  of  measurements  of  stable  isotopes  of  naturally 
occurring  elements  such  as  C,N,H,0  and  S  have  led  to  the  development  of  forensic  tools  to  infer 
insect  origins.  In  particular,  the  measurement  of  stable-hydrogen  isotope  abundance  (52H  )  in 
insect  wing  or  exoskeleton  chitin  can  be  linked  to  known  continental  patters  of  52H  in 
precipitation.  By  calibrating  precipitation  52H  isoscapes  with  insect  chitin  values,  it  is  possible  to 
now  generate  predictive  spatial  models  of  the  distribution  of  52H  in  insect  chitin  and  so  use  this 
as  a  predictor  of  origin. 

Results/Conclusion:  I  will  demonstrate  the  use  of  this  approach  using  examples  from  terrestrial 
( Danaus  plexippus,  Macrosteles  quadrilineatus)  and  aquatic  emergent  species  ( Pantala 
flavescens,  Anax  junius ).  Stable-carbon  (513C)  and  nitrogen  (515N)  isotope  measurements  can 
further  inform  geographic  origins  through  the  tracing  of  C3  vs  C4  plant  crops  and  through  the 
influence  of  agricultural  fertilizers,  respectively.  The  advent  of  new  technologies  will  also 
provide  greater  flexibility  for  deriving  isotopic  measurements  in  the  field.  These  concepts  are  not 
new  but  their  potential  has  really  not  been  fully  appreciated  in  the  entomological  community. 
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Abstract  text: 

Introduction:  A  suite  of  migratory  butterflies  and  a  diurnal  uraniid  moth  fly  through  central 
Panama  at  the  onset  of  the  rainy  season,  and  effect  directional  flight  in  the  presence  of 
sometimes  adverse  winds. 

Methods:  We  make  concurrent  measurements  of  insect  airspeed,  heading,  and  wind  speed  and 
wind  direction  to  infer  the  extent  of  drift  compensation  used  by  different  taxa  to  maintain 
preferred  directional  headings.  We  also  catch  individual  insects  following  speed  measurements 
for  morphological  measurements,  which  enables  assessment  of  airspeed  compensation  for 
variable  levels  of  lipid  loading. 

Results/Conclusion:  Migratory  nymphalid  and  pierid  butterflies  exhibit  high  levels  of 
compensation  for  ambient  wind  drift,  whereas  the  moth  Urania  fulgens  is  much  less  capable  of 
heading  adjustment  relative  to  adverse  winds.  Analogously,  various  migratory  butterfly  taxa 
increase  their  airspeed  with  higher  levels  of  lipid  loading,  but  U.  fulgens  consistently  flies  at  a 
relatively  constant  airspeed.  Within  the  same  migratory  assemblage,  different  lepidopteran  taxa 
thus  exhibit  diverse  behavioral  capacities  albeit  flying  through  the  same  physical  environment. 
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Abstract  text: 

Introduction:  Monarch  butterflies  ( Danaus  plexippus)  breeding  in  eastern  North  America  are 
famous  for  their  annual  fall  migration  to  their  overwintering  grounds  in  Mexico.  However,  the 
mechanisms  they  use  to  successfully  reach  these  sites  remain  poorly  understood. 

Methods:  We  use  flight  simulators  to  test  whether  monarchs  are  true  navigators  who  can 
determine  their  location  relative  to  their  final  destination  using  both  a  ‘compass’  and  a  ‘map’. 
We  recorded  the  orientation  of  wild-caught  monarchs  at  the  capture  location  in  in  south-western 
Ontario  and  after  the  same  individuals  had  been  displaced  2,500  km.  We  also  analyzed  50  years 
of  recovery  data  of  tagged  monarchs. 

Results/Conclusion:  In  Ontario  the  butterflies  flew  in  south-westerly  directions  toward  their 
wintering  grounds.  When  displaced  2,500  km  to  the  west,  the  same  individuals  continued  to  fly 
in  a  general  southwest  direction,  suggesting  monarchs  use  a  simple  vector  navigation  strategy, 
i.e.  use  a  specific  compass  bearing  without  compensating  for  displacement.  We  also  showed  that 
the  directional  concentration  and  the  angular  standard  deviation  of  recoveries  from  tagged 
monarchs  largely  conformed  to  two  mathematical  models  describing  the  directional  distribution 
of  migrants  expected  under  a  vector  navigation  strategy.  The  analysis  of  tagged  recoveries  also 
showed  that  the  increasing  directionality  of  migration  from  north  to  south  is  largely  due  to  the 
presence  of  geographic  barriers  that  guide  individuals  towards  overwintering  sites.  Our  work 
suggests  that  monarchs  breeding  in  eastern  North  America  likely  combine  simple  orientation 
mechanisms  with  geographic  features  that  funnel  them  towards  Mexican  overwintering  sites 
(Mouritsen  et  al.  2013;  PNAS  110,  7348-7353). 
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Abstract  text: 

Introduction:  Seasonal  long-distance  migration  occurs  in  many  animal  systems,  from  birds  to 
marine  species,  terrestrial  mammal  and  insects.  Our  work  linking  migrations  to  infectious  disease 
dynamics  has  emphasized  that  even  though  animal  migration  is  often  assumed  to  enhance  the 
spread  of  infectious  disease,  there  are  several  ways  that  migration  can  have  the  opposite  effect 
and  actually  lower  pathogen  risk.  This  can  occur  through  periodic  host  escape  from  pathogens 
that  accumulate  in  the  environment  over  time,  and  when  infected  animals  migrate  less 
successfully  (processes  we  refer  to  as  'migratory  escape'  and  'migratory  culling'). 

Methods:  We  have  explored  these  processes  empirically  using  monarch  butterflies  and  their 
interactions  with  a  protozoan  parasite  as  a  model  system.  Monarchs  have  a  global  distribution 
and  are  best  known  for  undertaking  a  spectacular  annual  migration  in  N.  America,  but  non- 
migratory  populations  also  occur  throughout  the  tropics  and  subtropics. 

Results/Conclusion:  Our  work  showed  that  the  remarkable  geographic  variation  in  parasite 
prevalence  among  wild  populations  likely  arises  from  variation  in  host  migratory  propensity,  and 
further  provided  support  for  migratory  escape  and  culling  in  driving  down  prevalence  in  the 
migratory  populations.  More  recent  work  indicated  that  the  energetic  demands  of  migration  can 
generate  tradeoffs  between  lipid  reserves  (necessary  for  long-distance  journeys)  and  costly 
immune  defense.  Through  long-term  studies  of  monarchs  and  their  parasites,  we  are 
investigating  the  effects  of  parasitism  on  monarch  fitness,  the  effect  of  monarch  migration  on  the 
dynamics  of  this  host-parasite  interaction,  the  evolution  of  virulence  of  the  parasite,  and 
environmental  and  genetic  determinants  of  host  resistance. 
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Abstract  text: 

Introduction:  The  Australian  plague  locust  Chortoicetes  terminifera  is  an  important  pest  of  crops 
through  much  of  temperate  Australia.  It  is  highly  migratory  and  damage  generally  arises  from 
populations  originating  at  locations  hundreds  of  kilometres  away,  often  in  the  subtropics. 
Prediction  of  movement  events  is  a  key  requirement  for  the  pre-emptive  suppression  of 
populations  in  remote  areas  that  is  preferred  for  management  of  this  species. 

Methods:  A  fully-automated  special-purpose  radar  system  operating  in  inland  eastern  Australia 
detects  overflying  insects  and  provides  information  on  their  height,  speed,  heading  direction, 
flight  direction,  and  identity.  Radar  echoes  from  C.  terminiferadXQ  generally  distinguishable  from 
those  produced  by  other  common  migrants  in  this  region,  and  a  large  dataset  of  flight  vectors 
ascribable  to  this  species  has  been  accumulated.  Information  on  the  wind  and  temperature  at  the 
height  and  time  of  flight  is  available  from  a  regional-scale  dynamic  meteorological  model. 

Results/Conclusion:  C.  terminifera  movements  occur  principally  at  night,  mostly  at  heights  of 
<800  m,  and  extend  over  ranges  of  up  to  ~400  km.  The  flight  season  extends  from  November  to 
April,  with  some  seasonal  variation  in  the  most  commonly  occurring  movement  directions. 
Focust  orientations  show  a  broad  spread  about  a  mean  direction  that  varies  with  the  direction  of 
the  wind,  and  thus  with  both  height  and  time.  The  effect  of  the  locusts'  orientations  and  air 
speeds  on  the  distance  and  direction  moved  is  usually  modest,  and  population  movements  are 
determined  primarily  by  the  availability  of  wind  transport  in  different  directions. 
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Introduction:  An  outbreak  of  beet  armyworms  (Spodoptera  exigua)  and  other  lepidopteran  pests 
devastated  cotton  production  in  the  Lower  Rio  Grande  Valley  of  Texas  in  1995.  Major 
infestations  occurred  later  in  the  year  several  hundred  kilometers  away  in  other  cotton  production 
areas  in  Texas  and  Oklahoma,  but  information  is  lacking  to  connect  the  infestations  by  these 
migratory  pests. 

Methods:  The  objective  of  this  study  was  to  evaluate  the  capability  of  WSR-88D  Doppler 
weather  radar  in  locating  and  monitoring  pest  emigration  from  severely  infested  areas. 

Results/Conclusion:  Maximum  radar  reflectivity  identified  discrete  source  areas  in  the  vicinity 
of  major  infestations  in  cotton  by  beet  armyworms  that  had  been  reported  in  Willacy  County, 
Texas.  The  source  areas  of  maximum  clear-air  radar  reflectivity  (13.5  to  16.5  dBZ)  appeared 
approximately  0.5  h  after  sunset  and  displaced  downwind.  We  envision  the  development  of  crop 
pest  advisories  that  estimate  the  timing,  intensity,  and  displacement  of  insect  migration  based  on 
WSR-88D  Doppler  radar  data  and  atmospheric  data. 
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Introduction:  Spodoptera  frugiperda  (J.  E.  Smith)  (Lepidoptera:  Noctuidae)  was  described  in 
1797  from  specimens  collected  in  Georgia,  U.S.A.  The  first  reported  outbreaks  of  this  pest 
occurred  in  1854,  1899,  and  1912,  when  larvae  attacked  a  wide  range  of  crops  in  almost  every 
state  east  of  the  Rocky  Mountains.  However  it  was  still  believed  that  S.  frugiperda  “hibernated” 
as  a  pupa  in  parts  of  the  country  that  had  freezing  temperatures  in  the  winter.  It  wasn’t  until  the 
early  20th  century  that  entomologists  determined  that  this  species  annually  migrated  from 
southern  Texas  and  southern  Florida  and  that  weather  systems  played  a  role  in  insect  transport. 

Methods:  The  use  of  blacklight  traps  and  sex  pheromone-baited  traps  for  monitoring  populations, 
plus  databases  such  as  USDA’s  Cooperative  Insect  Survey  Report  and  Penn  State’s  PestWatch, 
expanded  the  knowledge  of  moth  movement  throughout  eastern  and  central  North  America. 

Results/Conclusion:  The  more  recent  discovery  of  DNA  haplotype  profile  differences  between 
moths  overwintering  in  Texas  versus  those  from  Florida  has  given  us  an  opportunity  to  map  the 
migration  of  this  species  and  the  ability  to  identify  complexities  in  the  distribution  of  populations 
that  have  not  been  detected  by  other  means. 
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Abstract  text: 

Introduction:  Most  insect  migrants  fly  at  considerable  altitudes  where  they  utilise  fast-flowing 
winds  to  achieve  rapid  long-distance  transport.  The  nocturnal  aerial  migrant  fauna  has  been  well 
studied  with  entomological  radars,  and  many  studies  have  demonstrated  the  widespread 
occurrence  of  common  orientation  of  flight  headings.  Common  orientation  typically  occurs  close 
to  the  downwind  direction  (thus  ensuring  that  a  large  component  of  the  insects’  self-powered 
speed  is  directed  downstream),  and  in  nocturnal  insects  at  least,  the  downwind  headings  are 


seemingly  maintained  by  direct  detection  of  wind-related  turbulent  cues.  Despite  being  far  more 
abundant  and  speciose,  the  day-flying  windborne  migrant  fauna  has  been  much  less  studied  by 
radar;  thus  the  frequency  of  wind-related  common  orientation  patterns  and  the  sensory 
mechanisms  involved  in  their  formation  remain  to  be  established. 

Methods:  Here  we  analyse  a  large  dataset  of  radar-detected  windborne  insect  migrants  flying 
hundreds  of  metres  above  southern  UK,  during  the  daytime  and  at  sunset.  We  assess  the  degree 
and  frequency  of  common  orientation  of  flight  headings  of  a  wide  range  of  insect  migrants 
during  these  time  periods.  In  addition,  we  investigate  relationships  between  mean  flight  headings 
and  downwind  directions;  and  (seasonal  differences  in  these  orientation  parameters. 

Results/Conclusion:  We  discuss  sensory  mechanisms  which  most  likely  play  a  role  in  the 
selection  and  maintenance  of  flight  headings,  and  the  implications  of  these  flight  behaviours  on 
the  migratory  movements  of  the  species  studied. 
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Abstract  text: 

Gene  suppression  via  RNA  interference  (RNAi)  provides  an  alternative  strategy  for  insect  pest 
management.  The  ingestion  by  insects  of  double-stranded  RNAs  (dsRNAs)  targeting  essential 
insect  genes  can  trigger  RNAi  and  lead  to  growth  inhibition,  developmental  aberrations,  reduced 
fecundity,  and  mortality.  This  environmental  RNAi  response  is  particularly  acute  in  certain 
coleopteran  species,  most  notably  the  western  corn  rootworm,  a  devastating  pest  impacting  corn 
production  in  the  United  States.  The  development  of  next-generation  rootworm-protected  corn 
hybrids  includes  an  RNAi-based  trait  that  provides  a  mode-of-action  distinct  from  those  of 
Bacillus  thuringiensis  insecticidal  protein-based  traits  currently  used  for  rootworm  pest 
management.  Unfortunately,  many  insect  species  including  important  lepidopteran  and 


hemipteran  pests  appear  largely  recalcitrant  in  their  response  to  environmental  RNA,  suggesting 
biological  barriers  that  thus  far  limit  the  utility  of  RNAi  for  agricultural  pest  management.  This 
talk  will  highlight  recent  efforts  to  understand  the  barriers  to  RNA  delivery  in  recalcitrant  insect 
species,  describe  recent  advances  in  the  commercial  development  of  insect-protected  crops,  and 
biological  insecticides  utilizing  RNAi. 
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Abstract  text: 

Introduction:  RNA  interference  (RNAi)  is  a  gene  silencing  mechanism  currently  being 
developed  as  a  potential  tool  for  insect  pest  management.  The  western  corn  rootworm  is  the  main 
target  pest  for  transgenic  plants  that  express  double  stranded  RNA  (dsRNA).  Thus  far,  most 
genes  proposed  as  targets  for  RNAi  cause  lethality  in  the  larval  stage.  Here  we  describe  an 
alternative  approach  for  pest  management  with  RNAi-mediated  knockdown  of  developmental 
genes  in  the  western  corn  rootworm  via  dsRNA  fed  to  adult  females.  Knockdown  of  genes  in  the 
offspring  when  parents  are  provided  with  dsRNA  is  defined  as  parental  RNAi  (pRNAi).  Western 
corn  rootworm  females  were  fed  dsRNA  of  several  embryonic  genes,  all  genes  generated  almost 
complete  absence  of  egg  hatching. 

Methods:  To  further  assess  the  utility  of  this  strategy  for  pest  management,  we  evaluated  the 
dose,  duration,  and  timing  of  exposure  necessary  to  achieve  a  pRNAi  response  for  two 
developmental  genes. 

Results/Conclusion:  The  ability  to  knockdown  the  expression  of  genes  involved  in  embryonic 
development  to  prevent  eggs  from  hatching  offers  a  unique  opportunity  to  control  western  corn 
rootworms.  This  is  particularly  important  for  this  insect  given  its  ability  to  develop  resistance  to 
multiple  management  strategies.  This  technology  could  be  deployed  with  larval  control 


technologies  including  Bt  and/or  RNAi  lethal  genes,  and  be  used  to  increase  the  durability  of 
transgenic  traits.  Thus  far,  pRNAi  is  a  proof  of  concept  and  further  characterization  is  necessary 
to  determine  if  this  strategy  could  be  successful  in  a  field  setting. 
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Abstract  text: 

Introduction:  The  use  of  RNA  interference  (RNAi)  for  pest  management  has  been  demonstrated 
under  laboratory  and  field  conditions.  This  new  technology  is  a  Highly  Specific  Pest  Control 
(HiSPeC)  strategy;  it  is  more  environmentally-friendly  by  controlling  a  desired  target  species 
with  no  effects  on  non-target  species.  The  Diaprepes  root  weevil  (DRW),  Diaprepes  abbreviatus 
(Coleoptera),  is  a  pest  of  citrus  trees;  larvae  feed  on  roots  and  adults  feed  on  leaves. 

Methods:  In  order  to  develop  an  RNAi  approach  to  control  DRW,  we  screened  dsRNA 
molecules  designed  to  CRW  transcripts.  Each  dsRNA  was  tested  in  feeding  bioassays  designed 
for  larvae  or  adults.  For  larvae,  the  dsRNA  was  mixed  with  diet  and  individual  larvae  were 
allowed  to  feed  on  the  diet/dsRNA.  Larval  development  (weight  gain)  and  mortality  were 
evaluated  at  15  and  30  days.  For  adults,  a  dsRNA  solution  was  sprayed  over  a  leaf  bouquet,  and 
after  drying,  was  caged  with  20  adults.  The  bouquet  was  replaced  every  5  days.  Insect  mortality 
was  recorded  daily  up  to  20  days  and  compared  with  controls  (water  and  GFP  dsRNA).  RT- 
qPCR  analysis  was  conducted  to  evaluate  down-regulation  of  RNAi  targets. 

Results/Conclusion:  Among  all  dsRNA  molecules  tested,  dsRNA  “S”  resulted  in  reduced  weight 
gain  and  increased  mortality  in  larvae.  Results  indicate  that  adults  were  more  sensitive  to  dsRNA 
ingestion,  as  mortality  induced  by  dsRNA  “S”  reached  100%  after  20  days.  RT-qPCR  analysis 


corroborates  with  mortality  data.  These  results  indicate  that  DRW  is  susceptible  to  orally 
ingested  dsRNA,  opening  a  possibility  to  use  non-transgenic  RNAi  strategies  to  control  DRW. 
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Abstract  text: 

Introduction:  Invasive  insect  pests  are  a  threat  to  our  nation’s  agricultural  food  supply  and 
diverse  landscapes.  Measures  to  control  such  pests  and  reduce  their  spread  using  conventional 
pesticides  have  been  employed  with  variable  success.  Management  of  invasive  insects  using 
newer  biologically-  or  genetically-based  control  methods  employing  entomopathogens  or 
molecular  biopesticides,  such  as  RNA  interference  (RNAi),  has  potential  to  become  the  new 
paradigm  in  insect  pest  management.  RNAi  was  demonstrated  in  C.  elegans  and  D. 
melanogaster  and  since  has  gained  popularity  in  several  fields  of  research  in  silencing  targeted 
genes  by  degradation  of  homologous  sequence  RNA  promoting  translational  arrest.  Destructive 
insect  pests  such  as  the  gypsy  moth  and  brown  marmorated  stink  bug  have  collectively  caused 
billions  of  dollars  of  ecological  and  economic  damage  to  forests  and  specialty  crops  in  the 
United  States,  respectively.  RNAi  in  lepidopteran  and  hemipteran  insects  have  been  developed 
and  tested  with  limited  success.  Of  the  most  successesful  RNAi  reported  in  these  insects, 
dsRNAs  were  delivered  by  micro  injection.  Successful  use  of  RNAi  as  molecular  biopesticides 
for  biocontrol  of  these  insects  in  the  environment  will  require  that  dsRNAs  are  delivered  in  vivo 
through  ingestion. 

Methods:  We  have  delivered  effective  insect-specific  dsRNAs  orally  by  feeding  to  overcome 
both  these  challenges  for  a  significant  knockdown  in  gene  expression  and  physiological 
variations. 


Results/Conclusion:  Our  recent  progress  demonstrates  that  ingestion  of  dsRNA  can  significantly 
deplete  specific  gene  targets  in  invasive  insects  establishing  a  potential  practical  application  of 
RNAi  aiding  the  development  of  new  molecular  biopesticides  as  tools  for  insect  pest 
management. 
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Abstract  text: 

Introduction:  Canola,  which  is  one  of  Canada’s  most  important  crops,  is  prone  to  attack  from  a 
variety  of  insect  pests,  with  flea  beetles  (Coleoptera:  Chrysomelidae:  Galerucinae:  Alticini) 
being  the  most  economically  damaging.  Synthetic  insecticides  are  routinely  used  to  control  the 
pest  insects,  but  with  growing  concerns  about  the  negative  impacts  of  these  chemicals  on  non¬ 
target  species,  new  reduced-risk  insecticides  are  needed.  Previously,  we  and  others  have 
demonstrated  that  ingested  double-stranded  RNAs  (dsRNAs)  can  kill  insects  by  inducing  RNA 
interference  (RNAi)  that  targets  genes  essential  for  insect  growth  or  development.  Here,  we 
describe  our  efforts  to  develop  dsRNAs  that  can  selectively  kill  flea  beetles,  without  adversely 
affecting  non-target  species. 

Methods:  Insects  were  fed  discriminating  doses  of  different  dsRNAs  to  identify  those  with 
insecticidal  activity.  DsRNAs  were  massed  produced  and  topically-applied  to  canola  plants  in 
different  formulations  to  assess  their  ability  to  withstand  pest  insect  attack.  Persistence  and 
bioactivity  of  the  topically-applied  dsRNAs  on  canola  leaves  under  a  variety  of  environmental 
conditions  was  determined.  Bioinformatic  analyses  and  feeding  bioassays  were  conducted  on 
non-target  species,  to  determine  which  dsRNAs  had  minimal  off-target  impacts. 

Results/Conclusion:  Numerous  dsRNAs  have  been  identified  as  highly  effective  in  killing  both 
species  of  flea  beetles,  but  had  minimal  impacts  on  non-target  species.  Topically-applied 


dsRNAs  were  remarkably  persistent  on  canola  leaves  and  effectively  protected  the  plants  from 
insect  attack.  These  findings  suggest  that  there  is  immense  potential  for  topical  formulations  of 
dsRNA-based  insecticides  to  protect  not  just  canola,  but  many  other  crops  with  a  new  generation 
of  species-limited  insecticides. 
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Abstract  text: 

Introduction:  RNAi  technology  permits  safe  removal  of  the  targeted  insect  pest  while  not 
affecting  non-target  species.  Topical,  non-transgenic  delivery  methods  for  RNAi,  as  foliar 
sprays,  or  root  drenches  provide  a  more  rapid  management  tool  where  transgenic  approaches 
take  many  more  years  to  develop.  Hemipterans  of  concern  include:  Asian  citrus  psyllid, 
Diaphorina  citri;  glassy-winged  sharpshooter,  Homalodisca  vitripennis ;  citrus  aphid,  Toxoptera 
citricidus,  whitefly,  Bemisia  tabaci.  Psyllids  of  concern  are:  Cacopsylla  melanoneura,  Pear 
psylla:  Cacopsylla  pyri ,  and  Potato  psylla:  Bactericera  cockerelli.  All  these  vectors  transmit 
bacterial,  phytoplasmal,  or  viral  plant  pathogens  that  severely  limit  crop  sustainability 
worldwide.  The  Asian  citrus  psyllid  transmits  a  deadly  plant-infecting  C.  Liberibacter  bacterium 
of  citrus  trees  causing  huanglongbing;  the  Cacopsylla  psyllids  transmit  phytoplama’s;  H. 
vitripennis  transmits  Xylella  fastidios  abacterm  causing  Pierce’s  disease  of  grapevines,  and 
‘scorch-like’  disease  in  many  fruit  crops. 

Methods:  Bioassays  consisted  of  feeding  dsRNAs  to  insects  through  cut  plant  tissue  or  potted 
seedlings,  lOOng  dsRNA/0.25g  of  cut  plant  tissue,  or  100  ug  dsRNA/potted  tree.  Trials  were 
comprised  of  8  cuttings  or  10  seedlings  for  each  controls  or  treatments  with  20  adult  insects  per 
cage.  Non  target  dsRNA’ s  include  GFP,  or  Sacbrood  Virus.  Positive  dsRNA  control  was 
arginine  kinase. 


Results/Conclusion:  Observed  mortality  across  8-15  d  was  observed;  significant  mortality  was 
observed  on  day  5.  Mortality  rates  varied  for  dsRNAs  from  26-100%.  Trials  showed  the  dsRNA 
treatment  induced  significant  insect  mortality  over  controls,  with  no  significant  mortality  when 
ingested  by  honey  bees,  Apis  mellifera.  RNAi-based  technologies  continue  to  show  highly 
specific,  environmentally  safe,  pest  management. 
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Abstract  text: 

Introduction:  The  potential  of  RNAi  to  control  proliferation  of  insects  affecting  crops  has  been 
demonstrated  using  double-stranded  RNA  (dsRNA).  There  are  several  issues  that  need  to  be 
addressed  to  fully  harness  the  power  of  dsRNA  for  broad  acre  RNAi-based  pest  control 
applications.  The  RNA  must  be  produced  in  a  cost-effective  manner,  stable  under  environmental 
conditions,  and  be  delivered  to  its  target.  We  present  a  novel  method  to  achieve  all  of  the  above 
goals  utilizing  E.  coli  as  a  host  for  the  production  of  dsRNA. 

Methods:  RNA  is  currently  manufactured  by  any  one  of  the  following  processes:  chemical 
synthesis,  in-vitro  transcription,  and  conventional  fermentation.  In  order  to  avoid  the  costs 
associated  with  the  addition  of  nucleotides  to  the  above  mentioned  reactions,  we  utilize  the  RNA 
producing  machinery  of  E.  coli  to  create  dsRNA  by  using  a  fermentation  process.  In  addition, 
our  RNAi  active  target  molecules  can  be  produced  inside  of  a  highly-stable  protein  container 
derived  from  a  bacteriophage.  The  protein  coat  protects  the  cargo  RNA  from  UV  light  and 
nucleases  as  well  as  other  environmental  conditions  that  could  damage  RNA. 

Results/Conclusion:  We  have  demonstrated  the  scalability  of  the  fermentation  process,  enabling 
us  to  project  large-scale  manufacturing  costs  slightly  under  $2/gram  of  dsRNA.  Also,  because  of 
the  inherent  stability  of  the  encapsidated  target  RNA,  we  believe  that  it  will  be  stable  under  a 


wide  variety  of  conditions  that  could  be  present  from  the  time  of  dsRNA  production  to  the  time  it 
is  taken  up  by  an  insect  and  provided  to  the  RNAi  machinery. 
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Abstract  text: 


Introduction:  RNA  interference  (RNAi)  technologies  show  promise  as  specific,  cost-effective 
methods  for  the  suppression  of  agricultural  pests,  invasive  weeds,  pathogens,  and  maintaining 
the  health  of  beneficial  animals  in  agriculture  or  endangered  species.  For  example,  by  targeting 
genes  involved  on  physiologically  crucial  processes,  RNAi  can  affect  longevity  and 
reproduction.  The  RNAi  mechanism  relies  on  the  near-perfect  match  of  ~21  -nucleotide  small 
interfering  RNAs  (siRNAs)  to  a  target  mRNA  making  it-in  theory-highly  species  specific, 
biodegradable,  and  thus  an  excellent  biopesticide.  However,  it  can  be  a  challenge  to  ensure 
specificity  due  to  incomplete  information  on  natural  polymorphism.  Polymorphisms  may 
suppress  RNAi  efficacy,  increase  chances  of  off-target  effects,  or  affect  non-target  species. 

Methods:  We  have  developed  a  conceptual  framework,  a  computational  capability,  and  a 
statistical  error-correction  framework  which  balances  the  cost  and  accuracy  of  predicting  natural 
polymorphism  from  short  read  sequencing  data.  We  also  provide  a  prototype  database  system  for 
interacting  with  this  information  in  a  user-friendly  and  geo-located  manner.  We  are  currently 
seeking  to  collaborate  and  populate  this  system  with  natural  variants  of  multiple  species.  Even 
though  the  capability  is  generic,  we  are  particularly  interested  to  survey  species  that  may  be 
affected  by  environmental  RNAi  deployment  in  order  to  form  and  test  multi-species  interaction 
hypotheses. 

Results/Conclusion:  Ultimately,  we  aim  to  deliver  a  system  to  evaluate  “environmental  RNAi 
fate”  within  a  risk  assement  framework  system.  Such  a  system  would  be  a  valuable  asset  in 
assisting  the  industry,  regulatory,  political  societies  with  developing  the  safe  use  of  this  next 
generation  of  biopesticides. 
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Introduction:  RNAi  is  a  naturally  occurring  process,  however  its  use  for  managing  insect  pests 
has  raised  questions  about  potential  unintended  effects  on  non-target  species  in  spite  of  its 
longstanding  role  in  pest  and  disease  management.  To  meet  this  challenge,  characterize  the 
activity  spectrum,  and  inform  the  environmental  risk  assessment,  we  developed  a  hypothesis- 
based  approach  for  a  maize  product  expressing  a  dsRNA  targeting  the  Snf7  ortholog  (DvSnf7)  in 
Western  Corn  Rootworm  (Diabrotica  virgifera  virgifera)  and  the  Cry3Bbl  protein. 

Methods:  Consistent  with  the  existing  paradigm  for  ecological  effects  testing  and  risk 
assessment,  this  approach  demonstrates  the  flexibility  and  robustness  of  the  currently 
accepted  framework.  Critical  to  this  assessment  was  the  incorporation  of  well-designed 
laboratory  bioassays  that  provided  a  high  level  of  certainty  in  the  conclusions  of  the  ecological 
assessment.  These  studies  were  designed  to  be  of  sufficient  duration  based  upon  the  RNAi  mode 
of  action  to  evaluate  critical  developmental  landmarks,  and  for  some  species  include 
reproductive  endpoints  in  addition  to  growth  and  survival  endpoints.  Results/Conclusion:  This 
presentation  provides  an  overview  of  the  activity  spectrum,  bioinformatics  analysis,  interaction 
assessment  between  Snf7  and  the  Cry3Bbl  protein,  exposure  scenarios,  and  the  results  from  the 
effects  testing  program  put  into  the  context  of  an  ecological  risk  assessment.  Based  on  the 
assessment,  the  DvSnf7  RNA  is  shown  to  be  highly  specific  and  not  likely  to  produce  adverse 
effects  on  beneficial  non-target  species  at  field  exposure  levels. 
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Abstract  text: 

Introduction:  The  Canadian  Food  Inspection  Agency  (CFIA)  regulates  the  environmental  release 
of  plants  with  novel  traits  (PNTs),  including  those  expressing  novel  RNA  interference  (RNAi) 
traits  that  alter  gene  expression  in  target  pests.  Similar  to  Bt  crops,  insecticidal  RNAi  crops  are 


regulated  in  Canada  because  they  contain  a  trait  which  is  both  new  to  the  Canadian  environment 
and  has  the  potential  to  affect  the  specific  use  and  safety  of  the  plant  with  respect  to  the 
environment  and  human  health. 

Methods:  The  science-based  environmental  safety  assessment  used  to  evaluate  Bt  crops  and  any 
other  PNT  can  be  applied  to  insecticidal  RNAi  crops.  Criteria  considered  in  the  safety 
assessment  include  the  potential  impact  of  the  PNT  on  non-target  organisms  and  biodiversity,  the 
potential  for  the  PNT  to  become  a  weed  or  a  plant  pest,  and  the  impact  of  gene  flow  from  the 
PNT  to  wild  relatives.  Insect  resistance  management  may  be  a  condition  for  the  environmental 
release  of  insecticidal  RNAi  crops  to  delay  the  development  of  resistance  in  the  target  pest(s). 

Results/Conclusion:  RNAi  corn  targeting  the  pest  complex  Diabrotica  spp.  has  been  developed, 
and  the  completed  environmental  safety  assessment  will  be  discussed. 
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Abstract  text: 

Introduction:  The  transgenic  event  MON  87411  introduces  a  novel  mode  of  action  for  control  of 
multiple  corn  rootworm  species  via  in-planta  expression  of  both  the  Cry3Bbl  Bt  protein  and 
double-stranded  RNA  (dsRNA)  targeting  mRNA  of  the  Snf7  ortholog  in  western  corn  rootworm 
(WCR)  {Diabrotica  virgifera  virgifera),  DvSnf7.  The  first  commercialized  product  containing 
MON  8741 1  will  be  marketed  under  the  registered  trademark  SmartStax®PRO  and  contain 
stacked  events  for  insect  protection  and  herbicide  tolerance,  including  MON  8741 1  and  DAS- 
59122-7. 


Methods:  Field  studies  were  conducted  from  2012-2015  across  the  U.S.  corn  growing  region  to 
evaluate  the  efficacy  and  field  performance  of  SmartStax®  PRO  compared  to  other  current 
commercialized  Bt  products.  Selection  of  field  trial  locations  was  made  by  prioritizing  fields  in 
geographies  where  populations  exhibiting  reduced  susceptibility  to  Cry3  proteins  have  been 
documented  or  where  rootworm  populations  were  otherwise  expected  to  be  high. 

Results/Conclusion:  Across  site-years,  SmartStax®  PRO  hybrids  demonstrated  significantly 
lower  levels  of  root  damage  compared  to  all  untraited  controls.  Root  protection  provided  by 
SmartStax®  PRO  hybrids  was  superior  compared  to  current  commercial  products  expressing  Bt 
alone,  and  the  relative  difference  was  greatest  under  higher  levels  of  rootworm  feeding.  Adult 
emergence  of  both  WCR  and  northern  corn  rootworm  (NCR)  (Diabrotica  barberi )  was 
significantly  lower  for  SmartStax®  PRO  hybrids  compared  to  all  other  treatments.  The 
commercialization  of  SmartStax®  PRO  will  provide  an  additional,  effective  option  for  corn 
growers  as  part  of  an  integrated  approach  to  management  of  corn  rootworm  and  shows  promise 
as  a  plausible  strategy  for  insect  resistance  management  (IRM). 
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Abstract  text: 

Introduction:  The  African  sweetpotato  weevil  Cylas  puncticollis  Boheman  (SPW)  is  considered 
the  major  threat  to  sweet  potato  production  in  Sub-Saharan  Africa  (SSA),  and  can  devastate  its 
production  up  to  60-100%.  RNA  interference  (RNAi)  technology  can  add  genetic  resistance 
against  this  insect  pest  in  sweet  potato.  Important  prerequisites  to  use  RNAi  in  pest  control  is  the 
presence  of  an  efficient  RNAi  response  in  the  target  organism  and  the  identification  of  suitable 
target  genes. 


Methods:  To  evaluate  the  functionality  of  the  RNAi  mechanism  in  this  species,  double- stranded 
RNA  (dsRNA)  was  injected  into  second-instar  larvae  targeting  laccase2,  a  gene  involved  in  the 
sclerotization  of  the  exoeskeleton.  Subsequently,  we  performed  a  screening  for  lethality  of  24 
potential  target  genes  by  micro  injection,  followed  by  an  oral  evaluation  of  the  dsRNAs  that 
performed  the  best  in  the  microinjection  assays. 

Results/Conclusion:  Knockdown  of  laccase2  inhibited  the  sclerotization  of  the  exoskeleton  in 
treated  insects,  indicating  that  a  systemic  RNAi  pathway  is  present  in  C.  puncticollis.  Moreover, 
we  observed  high  toxicity  for  12  dsRNAs  (>75%  mortality)  after  micro  injection.  The  3  best 
dsRNAs  were  chosen  for  the  oral  delivery  assay.  These  revealed  that  oral  delivery  of  dsRNA  can 
elicit  a  siginificant  toxicity,  although  lower  than  with  microinjection.  Ex  vivo  assays  confirmed 
that  dsRNAs  taken  up  orally  are  affected  by  degradation  in  the  C.  puncticollis  digestive  system. 
From  these  results,  we  can  conclude  that  RNAi  has  potential  in  the  control  of  C.  puncticollis ,  but 
the  delivery  and  potential  protection  against  degradation  of  the  dsRNA  will  have  to  be 
optimized. 
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Abstract  text: 

Introduction:  The  Khapra  beetle,  Trogoderma  granarium  Everts,  is  one  of  the  world's  most 
destructive  pest  of  grains  and  seeds  in  storage  facilities.  This  pest  is  on  the  list  of  the  100 
“World’s  Worst”  invaders.  T.  granarium  prefer  to  feed  on  whole  grain  and  cereal  products  such 
as  wheat,  barley,  and  rice,  but  also  on  almost  any  dried  plant  or  animal  matter,  including  dog 
food,  dried  orange  pulp,  bread,  and  dried  coconuts.  T.  granariumis  not  established  in  the  U.S.A., 


but  the  numbers  of  interceptions  across  the  U.S.  ports  of  entry  has  dramatically  increased  since 
2011. 


Methods:  In  this  presentation,  I  am  analyzing  the  number  of  interceptions  of  this  pest  recorded  at 
the  USDA  Agricultural  Quarantine  Activity  Systems  (AQAS)  from  1984  to  2014. 

Results/Conclusion:  The  number  of  interceptions  were  very  low  from  1990  to  2010,  but  after 
2011,  the  number  of  interceptions  increased  by  more  than  500%.  The  highest  number  of 
interceptions  tended  to  occur  during  the  months  of  August  and  September  whereas  the  lowest 
number  occurs  in  December.  The  majority  of  interceptions  occur  in  Texas,  followed  by 
California,  New  Jersey,  New  York  and  Georgia.  India  is  the  country  of  origin  with  more 
interceptions,  followed  by  Saudi  Arabia  and  Pakistan.  The  commodity  with  more  infestation  is 
rice  and  rice  products,  followed  by  squash  seeds  and  chick  pea. 
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Abstract  text: 

Introduction:  The  khapra  beetle,  Trogoderma  granariumis  a  pest  of  stored  products,  particularly 
grain,  which  has  a  wide  host  range  where  it  can  survive,  such  as  flour,  skins,  pasta,  fibers,  and 
others.  Therefore,  it  is  necessary  to  establish  quarantine  regulations  to  prevent  and  avoid  the 
entry  of  khapra  beetle  to  Mexico.  On  August  2,  1995,  Mexican  Official  Standard  NOM-005- 
FITO-1995  is  established  and  to  date,  there  have  been  six  amendments  to  that  law.  The  last 
change  was  made  on  January  21,  2010. 

Methods:  The  Official  Mexican  Standard  establishes  the  products  of  absolute  quarantine,  where 
it  is  prohibited  the  introduction  and  transit  through  the  country  to  a  third  country  and  the 
countries  of  origin.  In  a  second  group  are  established  the  products  of  partial  quarantine,  such  as 
vegetables,  susceptible  of  being  infested  by  the  Khapra  beetle. 

Results/Conclusion:  The  changes  that  have  been  made  are  in  the  products  of  absolute  to  partial 
quarantine;  however,  the  products  that  remain  of  absolute  quarantine  are:  beans,  wheat,  sorghum, 
sunflower,  canola,  flax,  and  hemp.  The  products  that  changed  from  absolute  to  partial  quarantine 
are:  rice,  corn,  and  sesame. 
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Abstract  text: 


Introduction:  The  Khapra  beetle  Trogoderma  granarium  Everts  is  regarded  as  the  most  important 
quarantine  insect  in  stored  products  worldwide.  Within  the  EPPO  region  there  are  areas  where  T. 
granarium  is  endemic,  including  an  extremely  wide  area  of  the  Southern  Mediterranean,  from 
Morocco  to  Israel.  Also,  in  some  EU  countries  such  as  Austria,  Belgium,  Hungary,  Luxembourg, 
Italy,  the  Netherlands  and  Spain  T.  granariumhas  been  already  detected,  but  there  is  no  evidence 
of  its  establishment. 

Methods:  Recently,  there  are  indications  that  this  species  could  be  established  in  the  South  of 
Spain  and  Greece.  So  far  it  had  been  considered  that  the  environmental  conditions  of  Europe 
were  not  favorable  for  its  establishment.  Nevertheless,  global  warming  and  increasing 
international  food  trade  might  expand  its  distribution  in  the  near  future.  Therefore, it  is  necessary 
to  determine  the  presence  and/or  establishment  of  T.  granarium  in  order  to  be  able  to  take  the 
necessary  measures  for  its  eradication  and  management. 

Results/Conclusion:  Surveys  in  different  storage  and  food  processing  facilities  of  Spain  and 
Greece  have  been  conducted.  Samples  of  individuals  have  been  classified  either  according  to  the 
taxonomic  keys  available  or  using  specific  primers  of  T.  granarium  in  the  case  of  the  larvae. 
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Abstract  text: 

Introduction:  Dermestid  beetles  are  scavengers  that  feed  on  dried  animal  tissue  and  plant 
material.  A  number  of  species  spanning  several  dermestid  genera  are  pestiferous  and  can  cause 
product  damage  and  economic  burden.  Of  greatest  concern  is  the  khapra  beetle,  Trogoderma 
granarium  Everts,  a  notorious  pest  of  stored  grain.  Trogoderma  granarium  is  currently  not 
established  in  the  United  States,  however  interception  of  this  species  is  increasingly  frequent  at 
U.S.  borders.  Rapid  identification  of  the  khapra  beetle  is  difficult  due  morphological  similarity 
with  native  Trogoderma  species  and  that  key  diagnostic  characters  are  often  damaged  due  to 
abrasion  while  in  transport. 

Methods:  While  the  taxonomy  and  natural  history  of  the  pestiferous  individuals  is  well 
understood,  species  relationships  are  not.  We  sought  to  develop  rapid  and  accurate  molecular 
methods  of  detection  for  T.  granarium  and  test  the  monophyly  of  North  American  Trogoderma 
species. 

Results/Conclusion:  DNA  was  amplified  and  partial  gene  regions  were  sequenced  for  193  taxa 
including  1 1  Trogoderma  species,  four  subspecies  and  specimens  representing  10  other 
dermestid  genera.  With  this  information  we  designed  two  methods  for  detection  of  T.  granarium 
using  molecular  methods  and  all  phylogenetic  analyses  recovered  a  monophyletic  Trogoderma 
sans  Trogoderma  fasciferum. 
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Abstract  Number:  0941 


DOI:  10. 1603/ICE.2016. 91843 
Abstract  text: 

Introduction:  In  the  United  States,  khapra  beetle,  Trogoderma  granarium  is  considered  a 
quarantine  species  and  great  effort  is  made  to  prevent  its  introduction.  Since  2011,  there  have 
been  more  than  300  interception  records  annually.  The  consequences  of  establishment  include 
increased  control  and  management  costs  for  the  grain  industry  and  the  potential  for  trade  barriers 
for  US  exports. 

Methods:  Cultures  of  field  and  laboratory  strains  of  T.  granarium  were  established  at  the  USDA 
APHIS  Otis  Laboratory  and  a  series  of  small  scale  fumigation  experiments  were  conducted  to 
develop  methyl  bromide  alternative  quarantine  level  treatments.  Sulfuryl  fluoride  was  evaluated 
alone  and  in  combination  with  propylene  oxide  for  efficacy  across  all  life  stages  of  T.  granarium. 

Results/Conclusion:  Results  found  eggs  to  be  most  tolerant  life  stage  to  sulfuryl  fluoride.  At  30 
°C  eggs  were  almost  10-fold  more  tolerant  than  dormant  larvae,  the  next  closest  life  stage,  and 
treatments  required  to  produce  quarantine  level  control  exceeded  label  concentration  x  time  (CT) 
product  use  restrictions  in  48  and  72  h  treatments.  Dormant  larvae  were  significantly  more 
tolerant  than  non-dormant  larvae  at  20  °C  in  4  hr  treatments,  however  this  difference  was 
immediately  lost  when  the  temperature  was  increased  to  30  °C.  Addition  of  propylene  oxide  to 
provide  control  of  eggs  was  effective  at  CT  <15  h-mgL'1,  thus  a  combination  treatment  of 
sulfuryl  fluoride  and  propylene  oxide  would  significantly  reduce  sulfuryl  fluoride  rates  and 
duration  to  achieve  quarantine  level  control  across  all  life  stages. 
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Abstract  text: 


Introduction:  The  khapra  beetle,  Trogogerma  granarium  Everts,  is  an  important  pest  of  stored 
products  worldwide  and  is  the  only  stored  products  pest  that  is  currently  quarantined  in  the 
United  States.  The  larvae  of  T.  granariumfQQd  on  a  wide  range  of  dry  food  products  of  plant  and 
animal  origin  including  cereals,  dried  fish  and  museum  specimens.  They  can  undergo  dormancy 
or  quiescence  in  response  to  adverse  conditions,  hide  secretively  in  small  cracks  and  cervices  and 
survive  without  food  for  months  or  even  years. 

Methods:  In  this  study,  we  evaluated  the  residual  efficacy  of  the  insect  growth  regulators  (IGRs), 
methoprene  and  pyriproxyfen  applied  on  wood,  metal,  and  concrete,  against  small  and  large  T. 
granarium  larvae.  The  larvae  were  exposed  with  a  food  source  on  the  treated  surfaces  and 
residual  assays  were  conducted  at  1,  30,  60  and  90  days  post-treatment. 

Results/Conclusion:  In  general,  small  larvae  were  more  susceptible  than  the  large  larvae.  For  the 
both  larval  categories,  consistently  high  larval  mortality  was  obtained  on  the  metal  surface 
treated  with  IGRs,  indicating  greater  residual  persistence  on  metal  compared  to  wood  and 
concrete. 
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Abstract  text: 

Introduction:  The  Khapra  beetle,  Trogoderma  granarium  Everts,  is  a  stored  product  insect  pest 
that  is  subject  to  quarantine  regulations  throughout  the  world.  It  is  a  potential  invasive  species, 
and  research  often  must  be  conducted  in  secure  quarantine  laboratories  and  facilities.  There  is 
potential  to  use  surrogate  or  substitute  species  of  Trogoderma  to  estimate  susceptibility  of  T. 


granarium  to  contact  insecticides  and  insect  growth  regulators  (IGRs),  or  even  to  non-chemical 
controls  such  as  low  temperatures  and/or  heat  treatments. 

Methods:  We  have  conducted  a  series  of  studies  comparing  susceptibility  of  T.  variabile  Ballion 
and  Trogoderma  inclusum  LeConte  the  larger  carpet  beetle,  to  the  red  flour  beetle,  Tribolium 
castaneum  (Herbst).  Both  T.  variable  and  T.  inclusum  are  more  tolerant  than  T.  castaneum  to 
pyrethrin  aerosols  and  the  contact  insecticides  chlorfenapyr,  deltamethrin,  and  cyfluthrin. 

Results/Conclusion:  Further  expansion  of  the  research  has  indicated  that  susceptibility  of  T. 
granarium  to  various  insecticides  is  similar  to  that  of  T.  variabile  and  T.  inclusum ,  in  addition,  T. 
inclusum  is  also  more  tolerant  to  cold  temperatures  compared  to  T.  castaneum.  Many  studies 
have  been  conducted  using  T.  castaneum  and  Tribolium  confusum  Jacquelin  du  Val  as  model 
species  to  estimate  susceptibility  of  stored  product  beetles,  as  they  are  usually  harder  to  kill  than 
other  pests  of  stored  raw  grains.  However,  Trogoderma  species  would  be  more  appropriate  for 
use  as  surrogate  species  to  develop  control  programs  for  T.  granarium.  Both  T.  variabile  and  T. 
inclusum  are  easy  to  mass-rear  and  maintain  in  laboratory  colonies. 
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Abstract  text: 

Introduction:  The  khapra  beetle,  Trogoderma  granarium  (Coleoptera:  Dermestidae)  is  a  pest  of 
stored  grain  in  north  Africa,  Turkey,  Middle  East,  Pakistan  and  India.  It  is  a  quarantine  insect  for 
much  of  the  rest  of  the  world.  It  is  often  intercepted  in  USA  and  Canada  in  food  imports.  Khapra 
beetle  can  be  controlled  with  methyl  bromide,  but  this  fumigant  is  restricted  to  quarantine  and 
pre-shipment  uses  and  is  to  be  phased-out.  Thus,  there  is  an  urgent  need  to  find  new  methods  of 
control,  such  as  extreme  temperatures. 


Methods:  A  number  of  factors  increase  tolerance  to  extreme  temperatures;  the  most  important  of 
these  are  life  stage,  diapause  and  acclimation.  Khapra  beetle  has  a  larval  facultative  diapause,  an 
arrest  in  development  that  improves  its  survival  under  extreme  environments. 

Results/Conclusion:  The  survival  for  all  life  stages:  eggs,  larvae,  diapausing  larvae,  acclimated 
larvae,  acclimated-diapausing  larvae,  pupae,  and  adults  at  sub-zero  temperatures  and  at  high 
temperatures  (40  to  60°C)  will  be  presented. 
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Abstract  text: 

Introduction:  The  control  of  wood  boring  beetles  in  structural  timber  is  uniformly  regulated  in 
the  European  Union.  Registration  and  authorization  of  wood  preservatives  for  the  European 
market  have  to  follow  a  regulated  procedure  as  described  under  the  Biocidal  Product  Directive 
“EU  528/2012”.  Non-biocidal  measures  of  control  such  as  physical  means  are  regulated 
individually  by  each  member  state  on  the  national  level. 

Methods:  I  will  review  the  Biocidal  Product  Directive  that  demands  voluminous  data  sets  for 
product  identity,  environmental  and  health  risk  assessments,  proof  of  efficacy,  and  management 
strategies  to  avoid  the  development  of  resistance,  just  to  name  the  most  important.  With  TTIP 
(Transatlantic  Trade  and  Investment  Partnership)  on  the  horizon,  it  must  be  expected  that  wood 
preservatives  coming  from  the  North  American  Market  to  Europe  and  vice  versa  will  be 
mutually  recognized  in  the  future,  despite  existing  differences  in  registration  requirements.  My 
presentation  will  focus  on  major  differences  in  standard  efficacy  tests  for  wood  preservatives 
with  claims  for  beetle  control,  which,  next  to  others,  have  to  be  passed  before  product  placement 
on  the  respective  market. 


Results/Conclusion:  Desirable  needs  for  the  future  harmonizing  will  be  identified  in  order  to 
overcome  consumers'  distrust  in  TTIP  in  respect  to  wood  preservatives. 
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Abstract  text: 

Introduction:  Wood  is  a  renewable  resource  widely  used  as  a  structural  material  and  for  a  variety 
of  artefacts,  thanks  to  its  particularly  advantageous  mechanical  properties  and  aesthetic 
characteristics.  However,  due  to  its  organic  nature,  it  is  subjected  to  physical  and  biological 
deterioration.  A  novel  treatment  based  on  polyamidoamines  (PAAs)  functionalized  with 
siloxanes  was  developed  and  patented.  PAAs  were  synthesized  by  nucleophile  addition  of 
ethanolamine  (EtA)  and/or  3 -aminopropytriethoxy silane  (APTES)  to  N,N’-methyl-bis- 
acrylamide  (MBA).  Considering  the  technology  and  products  for  wood  protection  in  EU  and 
USA,  the  existing  standard  norms  to  test  effectiveness  against  termites  are  exclusively  focused 
on  subterranean  species  (Rhinotermitidae).  Due  to  great  differences  in  bio-ethology,  they  are  not 
suitable  for  drywood  termites  (Kalotermitidae),  that  are  increasingly  indicated  as  serious  wood 
pests. 

Methods:  The  present  work  tested  the  efficacy  of  three  PAAs  formulations  (named  A,  B,  C)  as 
wood  preservatives,  using  the  standard  EN  1 18  for  the  subterranean  Reticulitermes  lucifugus  and 
a  purposely  developed  protocol  for  the  drywood  termite  Kalotermes  flavicollis. 

Results/Conclusion:  All  PAAs  formulations  were  characterized  by  ESI-MS,  NMR,  FTIR.  Our 
bioassays  used  the  EN  118  protocol,  and  all  formulations  were  effective  in  preserving  wood 
against  R.  lucifugus ,  resulting  in  negligible  wood  consumption  and  significantly  higher  mortality 
than  controls.  Regarding  K.  flavicollis ,  all  formulations  resulted  in  a  significant  reduction  of 
wood  damage  and  formulation  B  was  the  most  effective  at  increasing  termite  mortality.  Overall, 


PAAs  treatments  look  promising  as  innovative  wood  preservatives  against  termites,  with  low 
effective  concentration,  low  environmental  impact  and  good  fixation  qualities  into  the  wood. 
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Abstract  text: 

Introduction:  Wood  in  the  sea  is  consumed  by  a  range  of  arthropods.  In  the  high  intertidal  zone, 
the  amphibious  weevil  Pselactus  spadix  and  the  oedemerid  beetle  Nacerdes  melanurafovm 


tunnels  in  fungally-degraded  wood  of  fixed  structures.  Lower  in  the  intertidal  zone,  wood  is 
colonised  by  marine  crustaceans  which  can  attack  undecayed  wood. 

Methods:  This  presentation  will  focus  on  the  ability  of  isopods  (family  Limnoriidae)  and 
amphipods  (family  Cheluridae)  to  digest  wood  without  the  aid  of  gut-resident  microbes. 

Results/Conclusion:  Wood  is  sliced  and  ground  by  mouthparts,  and  the  resulting  particles  packed 
into  a  columnar  food  mass  which  extends  from  the  stomach  along  the  length  of  the  digestive 
tract.  Blind  ending  lobes  of  the  hepatopancreas  (=digestive  gland)  connect  to  the  stomach  via 
filter-protected  openings.  Muscle  fibres  surround  these  lobes  and  the  hindgut  has  circular, 
oblique  and  longitudinal  muscles.  It  is  hypothesized  that  this  musculature  facilitates  the 
exchange  of  fluids  between  the  hepatopancreas  and  the  hindgut.  Transcriptomics  show  that  the 
dominant  cell  type  in  the  heptopancreas  produces  a  wide  range  of  enzymes,  particularly  glycosyl 
hydrolases  (GHs)  of  families  GH5,  7,  9,  30  and  35  in  the  nomenclature  of  the  CAZy 
carbohydrate  active  enzyme  database.  These  enzymes  have  capabilities  that  extend  beyond  those 
of  endogenous  GHs  of  insects.  Both  chelurids  and  limnoriids  produce  copious  amounts  of  GH7 
enzymes  which  act  as  a  cellobiohydrolases,  releasing  cellobiose  from  the  ends  of  cellulose 
chains.  The  structure  of  heterologously-expressed  GH7  protein  from  Limnoria 
quadripunctatahas  been  solved,  and  its  functional  properties  measured  and  predicted. 
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Abstract  text: 

Introduction:  Wood  is  used  for  many  different  purposes,  particularly  with  respect  to 
hygrothermal  environmental  conditions  that  affect  the  type  and  speed  of  material  degradation  by 
biological  agents.  Under  dry  conditions,  wood  boring  beetles  from  two  different  families  of 
Coleoptera  (Cerambycidae  and  Anobiidae)  are  the  main  agents  of  timber  degradation.  In  parallel, 


the  growing  importance  of  degradation  of  wood-in-service  by  drywood  termites  (Isoptera: 
Kalotermitidae)  will  also  be  reviewed. 

Methods:  The  presence  and  relative  importance  of  wood  boring  beetles  and  drywood  termites 
that  occur  in  Southern  Europe  will  be  discussed. 

Results/Conclusion:  Invasive  species,  and  in  particular  the  drywood  termite  Crypt otermes  brevis 
(Walker),  play  a  key  role  in  this  new  status  quo.  C.  brevis  distribution  is  vast,  due  to  secondary 
introductions,  and  found  on  all  continents,  except  Antarctica,  while  their  endemic  habitat  have 
been  identified  in  the  Pacific  coastal  desert  of  South  America.  The  presence  of  C.  brevis  in 
Europe  previously  has  been  reported  by  Nunes  and  co-workers,  and  added  data  that  included 
continental  Spain  (Barcelona)  and  Portugal  (Lisbon),  together  with  previous  identifications  in 
other  European  countries  as  well  as  the  Portuguese  islands  of  Madeira  and  Azores.  In  certain 
areas  of  the  Europe,  the  impact  of  these  wood-infesting  insects  on  buildings  has  led  to  significant 
changes  in  the  use  patterns  of  wood. 
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Abstract  text: 

Introduction:  The  deathwatch  beetle,  Euvriletta  peltata ,  is  a  pest  of  in-service  structural  wood  in 
much  of  the  eastern  United  States.  It  is  most  commonly  found  infesting  moisture-laden  structural 
wood  members  in  crawlspace  construction,  mainly  in  un-kept  or  second  homes.  The  beetle 
emerges  from  infested  wood  members  in  late  spring  or  early  summer,  mates,  lays  eggs,  and 
larvae  re-enter  the  wood  where  they  spend  the  bulk  of  their  life  in  the  immature  stage  consuming 
sapwood.  The  structural  pest  control  industry  typically  applies  boron-based  products  to  infested 
wood  to  (a)  kill  existing  larvae  in  the  wood  and  (b)  to  protect  the  wood  from  potential  re¬ 
infestation. 


Methods:  Beetle-infested  structural  wood  (joists)  in  a  crawlspace  of  a  single-family  home  in 
Griffin,  GA  (just  south  of  Atlanta,  Georgia,  USA)  were  treated  with  several  products  (Talstar 
[bifenthrin],  Premise  [imidacloprid],  Timbor  (disodium  octoborate  tetrahydrate,  DOT],  or  Bora- 
Care  [DOT])  and  beetle  emergence  patterns  and  wood  moisture  content  followed  for  four  years. 

Results/Conclusion:  In  untreated  joists  (control  treatment)  beetle  emergence  began  in  late  May 
and  peaked  during  a  two  week  period  from  the  first  to  third  week  of  June;  no  emergence  was 
detected  outside  this  time.  The  acute  toxicants  (bifenthrin  and  imidacloprid)  did  not  stop  beetle 
emergence,  and  by  implication  re-infestation.  The  oral  toxicant,  DOT,  stopped  beetles  from 
emerging,  and  beetles  did  not  re-infest  DOT  treated  wood.  Two  applications  of  DOT  to  one  side 
of  infested  joists  did  not  impact  beetle  emergence  on  the  untreated  side. 
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Abstract  text: 

Introduction:  Termites  are  associated  with  many  other  microbes  and  microscopic  animals. 
Among  those  associates,  several  recent  studies  have  shown  that  the  nematode  fauna  is  different 
among  families  of  termites,  i.e.,  the  nematode  fauna  associated  with  Kalotermitidae  is  clearly 
different  from  the  two  other  families,  Rhinotermitidae  and  Termitidae.  However,  comparisons 
between  the  basal  group  inhabiting  dry  conditions  (Kalotermitidae)  with  derived  groups 
inhabiting  more  moist  conditions  (Rhinotermitidae  and  Termitidae)  did  not  clarify  the 
determinants  of  the  associated  nematode  fauna,  i.e.,  habitat  preference  or  phylogenetic  status.  To 
obtain  further  information,  the  nematode  fauna  of  Hodotermopsis  sjostedti  belonging  to 
Termopsidae,  a  primitive  group  inhabiting  relatively  moist  conditions  was  examined. 

Methods:  One  termite  colony  was  obtained  from  Amami  Island,  Kagoshima,  Japan  in  June  2014. 
The  workers  collected  from  that  colony  were  rinsed  by  distilled  water,  dissected  and  spread  on 


2.0%  water  agar,  and  kept  at  room  temperature  to  allow  the  nematodes  to  propagate.  In  total,  80 
individual  workers  (10  individuals  /  plate  x  8  plates)  were  examined.  Cultured  nematodes  were 
observed  under  light  microscopy  for  genus-level  identification.  In  total,  four  species, 
Halicephalobus  sp.,  Bunonema  sp.,  Diplogastrellus  sp.  and  Aphelenchoides  sp.  were  isolated. 

Results/Conclusion:  The  nematode  fauna  of  H.  sjostedti  was  closer  to  those  of  the 
Rhinotermitidae  and  Termitidae  than  the  Kalotermitidae.  Considering  the  phylogenetic  position, 
i.e.,  Termopsidae  is  the  most  basal,  followed  by  Kalotermitidae  and  the  other  two  families;  the 
nematode  fauna  seems  more  affected  by  habitat  preference  than  by  phylogenetic  status. 
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Abstract  text: 

Introduction:  Wood  boring  insects  such  as  powderpost  beetles  ( Lyctus  spp.)  and  dry  wood 
termites  ( Incisitermes  spp.)  are  known  as  worldwide  invasive  pests  of  seasoned  wood.  These  pest 
species  have  expanded  their  distribution  through  international  and  domestic  trade  of  infested 
wood  and  wood  products.  Rapid  detection  and  accurate  identification  of  these  two  pest  species 
are  needed  and  necessary  tools  for  their  eradication  in  newly  introduced  sites.  However,  it  is 
difficult  to  get  suitable  adult  specimens  for  morphological  identification  leading  to  their 
eradication  because  of  their  cryptic  and  hidden  habits  deep  within  wood.  In  our  study,  we  tested 
a  rapid  molecular  detection  and  identification  method  for  species  level  identification  using  the 
frass  of  several  species  of  Lyctus  and  Incisitermes. 

Methods:  Species-specific  primers  for  L.  brunneus  and  I.  minor  were  designed  based  on  partial 
sequences  of  COI  and  16S  regions,  respectively.  DNA  extracted  from  adults  of  three  species  of 
Bostrichidae  ( L .  brunnesus ,  L.  africanus  and  Sinoxylon  conigerum)  and  three  species  of 
Kalotermitidae  (/.  minor ,  /.  schwarzi  and  Neotermes  koshunensis ),  and  their  frass  were  used  as 


templates  for  species-specific  DNA  amplification  tests  using  the  loop-mediated  isothermal 
amplification  (LAMP)  and  nested  PCR  assays. 

Results/Conclusion:  Some  of  our  designed  primers  successfully  identified  the  insects  to  species 
from  their  frass;  however,  further  improvements  will  be  needed  before  this  methodology  is 
feasible  for  wide-scale  field  use. 
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Abstract  text: 

Introduction:  Termite  inspections  are  generally  conducted  by  searching  for  visible  evidence  that 
include  live  and  dead  individuals,  alate  wings,  fecal  pellets,  damaged  wood  containing  galleries, 
shelter  tubes  connecting  the  structure  to  the  soil,  or  auditory  signals  such  as  soldier  head-banging 
and  worker  feeding  sounds.  Finding  evidence  of  termites  and  the  damage  they  cause  requires 
extensive  training  and  field  experience  for  inspectors.  Reliable  and  easy-to-use  technology  is 
critically  needed  to  aid  the  termite  control  industry  in  creating  reports,  as  well  as  treatment  and 
prevention  recommendations.  We  developed  and  tested  a  non-contact  sensor  that  collects 
acoustic  emission  (AE)  readings  of  termite  feeding  under  laboratory  conditions  and  using 
Coptotermes  formosanus  workers  and  soldiers.  We  also  compared  the  non-contact  AE  detector 
performance  to  commercially  available  contact  sensors  and  their  ability  to  collect  AE  termite 
feeding  data. 

Methods:  One  hundred  workers  and  ten  soldiers  of  C.  formosanusw ere  inserted  into  a  centrally 
drilled  cavity  within  a  short  piece  of  rectangular  Sugi  sapwood.  Sample  pieces  of  wood 
containing  termites  were  connected  to  a  portable  AE  detection  device  that  contained  one  of  the 
sensor  types. 


Results/Conclusion:  AE  variables  collected  were  feeding  events  and  there  was  considerable 
variability  among  sensor  types  and  over  time.  At  present,  we  were  unable  to  determine  the 
source  of  this  variability  after  examining  the  variables  sensor  type,  sensor  placement  from 
feeding  source  and  wood  surface  air  velocity.  Additional  studies  are  planned  to  further 
demonstrate  and  clarifying  the  termite  detection  ability  and  capability  of  non-contact  AE  sensors. 
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Abstract  text: 

Introduction:  The  bamboo  powderpost  beetle  Dinoderus  minutus  is  a  major  pest  of  bamboo  used 
in  many  traditional  wooden  buildings  in  Japan.  In  this  study,  using  D.  minutus ,  X-ray  CT  and 
acoustic  emission  (AE)  monitoring  were  employed  separately  to  nondestructively  observe  and 
monitor  larval  development  and  feeding  from  first  instar  to  pupation. 

Methods:  Using  laboratory  reared  colonies,  eggs  laid  by  adult  female  beetles  between  layers  of 
filter  paper  were  collected  for  further  investigation.  Small  wafers  of  bamboo  ( Phyllostachys 
bambusoides )  were  later  inoculated  with  a  single  newly  hatched  first  instar  larva.  Samples 
prepared  in  this  manner  were  then  scanned  by  the  X-ray  CT  system  every  3-5  days  with  a 
resolution  of  19-60  pm/pixel.  Scanning  each  sample  continued  until  pupation.  Another  set  of  test 
samples  containing  first  instar  larvae  were  continuously  monitored  for  feeding  activity  using  an 
AE  sensor  (150  kHz  resonant  frequency),  which  was  glued  to  each  wafer,  and  the  total  number 
of  detectable  AE  events  while  feeding  were  recorded  for  analyses. 

Results/Conclusion:  The  progression  of  larval  body  size  and  feeding  tunnel  length  inside 
bamboo  samples  was  easily  observed  in  the  CT  images.  The  amount  of  bamboo  consumed  was 
quantified  by  measuring  the  length  and  diameter  of  feeding  tunnels.  Results  from  AE  monitoring 


confirmed  real-time  and  continuous  larval  feeding  activity;  however,  AE  generation  ceased 
during  periods  of  ecdysis  and  pupation.  Additional  testing  using  X-ray  CT  and  AE  is  ongoing 
and  will  help  to  further  clarify  and  quantify  larval  development  and  feeding  activity. 
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Introduction:  Understanding  the  biology  and  ecology  of  single-piece  nesting  termites  is  hindered 
by  their  cryptic  habits  and  the  inability  to  study  them  without  serious  damage  from  destructive 
sampling.  For  our  study  using  an  X-ray  CT  scan,  we  were  able  to  non-destructively  observe  nest¬ 
founding  and  incipient  colony  interactions  for  the  western  drywood  termite,  Incisitermes 
minor(  Hagen). 

Methods:  Two  timbers,  Hinoki  timber  ( Chamaecyparis  obtusa  Endl.)  and  a  Western  red  cedar 
timber  ( Thuja  plicata ),  each  with  dimensions  of  50  (R)  x  50  (T)  x  300  mm  (L)),  where 
artificially  infested  with  I.  minor.  After  several  months  in  order  for  the  new  king  and  queen  to 
acclimate  to  their  new  surroundings,  each  timber  was  subjected  to  biannual  X-ray  CT  scans  and 
analysis  at  Kyushu  National  Museum,  Kyushu  Japan.  The  equipment  used  for  our  investigations 
was  an  YXLON  International  GMBH  and  the  data  was  reconstructed  by  volume  graphics 
software  (VGStudio  MAX  2.1,  Volume  Graphics  GmbH). 

Results/Conclusion:  For  the  Hinoki  timber,  we  observed  three  proximate  royal  chambers  at  the 
beginning  of  the  study;  however,  colony  fusion  occurred  after  one  year.  Reviewing  the  scan  data 
over  time,  we  observed  the  fusion  happened  early  in  the  first  year.  The  continuous  observation 
over  time  and  among  colonies,  will  allow  us  to  determine  if  these  fusions  and  interactions  are 
peaceful  or  aggressive  as  royal  pairs  compete  for  control  of  the  nest  and  wood  resource.  This 
study  represents  the  first  reporting  of  colony  fusion  and  incipient  colony  interactions  for  I.  minor. 
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Abstract  text: 

Introduction:  The  methods  of  transportation  and  invasion  of  wood-attacking  insects  are  discussed 
with  special  reference  to  the  global  wood  trade  and  changes  in  housing  construction. 

Methods:  Global  wood  imports  and  exports  were  surveyed  using  national  forestry  statistics  data. 
Surveys  were  also  sent  to  members  of  the  Japanese  Termite  Control  Association  in  2008  and 
2014  on  the  type  and  frequency  of  wood- infesting  pests  they  encountered. 

Results/Conclusion:  The  summarized  global  wood  trading  data  revealed  China  was  the  largest 
importer  of  sawn  lumber  followed  by  the  US  and  Japan.  Historically,  countries,  such  as 
Malaysia,  Indonesia  and  Thailand,  accounted  for  20%  of  total  global  exports  of  wooden 
composite  materials.  However,  today,  China  represents  the  largest  share  of  wooden  composite 
material  exports.  These  results  suggest  not  only  direct  transportation  of  insect  pests,  from  Asian 
tropical  countries  to  temperate  countries,  but  also  the  indirect  movement  of  these  insects  via 
China. 

We  have  also  detected  the  spread  of  Lyctus  africanus  in  Japan,  multiple  invasions  of  Lyctus 
planicollis ,  and  increased  infestations  of  Heterobostrychus  hamatipennis  and  H.  aequalis.  The 
trade  statistics  and  surveys  predict  that  the  risk  of  invasion  by  wood-attacking  insects  from  the 
Asian  Tropics  will  increase.  Promoting  causes  for  this  increased  risk  could  include  highly 
insulated  houses  with  constant  temperature  throughout  the  year  that  appear  to  be  supporting  the 
growth  of  exotic  tropical  insects. 
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Abstract  text: 

Common  prior  to  WWII,  the  common  bed  bug,  C.  lectularius,  was  nearly  eradicated  in 
developed  countries  during  the  1940’s  and  1950’s  due  to  the  widespread  use  of  DDT  and  other 
control  measures.  However,  in  recent  years  an  unprecedented  global  resurgence  has  occurred, 
likely  facilitated  by  anthropogenically  influenced  factors  such  as  the  evolution  of  insecticide 
resistance,  increased  national  and  international  travel,  global  commerce  and  the  local 
proliferation  of  secondhand  shops.  In  light  of  this  resurgence,  demand  for  research  on  its  biology 
has  remarkable;  one  such  area  being  focused  on  understanding  patterns  of  infestation  dynamics 
and  dispersal.  Given  that  bed  bugs  may  disperse  both  actively  and  passively  (human-mediated), 
hierarchical  patterns  of  genetic  associations  contrast  markedly.  Using  a  suite  of  molecular 
markers,  including  mtDNA,  microsatellites,  ddRADseq  generated  SNPs,  and  Mr-associated 
sequences,  we  are  investigating  invasion  history,  infestation  dynamics,  and  gene-flow, 
hierarchically  from  the  local  to  the  international  level.  In  this  presentation,  we  will  summarize 
our  key  findings  and  highlight  new  avenues  of  research  currently  underway  aimed  at 
understanding  the  global  resurgence  of  this  species  of  significant  human  health  concern. 
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Introduction:  Aedes  aegypti  is  the  main  vector  of  dengue  virus  and  other  important  arboviruses 
such  as  Chikungunya  and  Zika.  These  diseases  affect  millions  of  people  every  year  and  there  are 
no  effective  vaccines  currently  available,  thus  disease  control  relies  on  management  of  mosquito 
populations.  Although  individual  dispersal  of  Ae.  aegyptm  restricted  to  hundreds  of  meters, 
long-distance  dispersal  is  commonly  driven  by  human  movements  and  trade  routes. 

Methods:  We  genotyped  ~4,000  Ae.  aegy/?tmiosquitoes  from  82  geographic  locations,  derived 
from  five  continents,  using  12  micro  satellite  loci.  The  data  were  analyzed  for  evidence  of 
population  structure  at  different  geographic  levels,  isolation  by  distance,  dispersal  history,  and  to 
estimate  population  demographic  parameters. 

Results/Conclusion:  We  describe  the  global  population  structure  of  Ae.  aegypti.  The  data  are 
consistent  with  historical  migration  of  this  species  out  Africa  to  the  Americas  and  subsequently 
to  Asia.  Temporal  stability  of  the  populations,  recent  invasions,  and  population  outliers  are 
discussed. 


Symposium 

Presentation  Title:  Invasion  of  the  BLTs:  Patterns  and  mechanisms  of  the  geographic  expansion 
of  Lyme  disease  in  the  midwestern  U.S. 

Author  Name:  Brian  F.  Allan 

Author  Institution:  University  of  Illinois 

Session  Title:  Symposium:  How  Human  Activities  Shape  the  Global  Distribution  of  Insects 
Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  0959 
DOI:  10.1 603/ICE.20 1 6.94464 


CANCELLED 


Symposium 


Presentation  Title:  Phylogeography  of  the  fungus-growing  termite  Macrotermes  gilvus  and 
insight  into  open-vegetation  dispersal  corridors  in  Pleistocene  southeast  Asia 

Author  Name:  Veera  Singham 

Author  Institution:  Universiti  Sains  Malaysia 

Session  Title:  Symposium:  How  Human  Activities  Shape  the  Global  Distribution  of  Insects 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  0960 

DOI:  10.1 603/ICE. 20 1 6.94402 

Abstract  text: 

Introduction:  Hitherto,  the  mode  of  faunal  dispersal  through  the  open- vegetation  landscapes  that 
characterized  the  lowlands  of  Southeast  Asia  throughout  much  of  the  Pleistocene  remains 
unclear.  However,  identifying  the  dispersal  route  is  crucial  for  understanding  the  biogeography 
history  of  the  region.  Here  we  show  the  spatiotemporal  dynamics  of  early  faunal  dispersal 
associated  with  open- vegetation  landscapes  through  ancestral  reconstruction  of  termite  dispersal 
in  this  region. 

Methods:  Two  hundred  Macrotermes  gilvus  (Hagen)  colonies  were  sampled  from  multiple 
localities  throughout  Southeast  Asia.  We  implemented  two  independently  inherited  molecular 
markers  that  include  the  mitochondrial  DNA  and  polymorphic  microsatellite  loci  for  the 
phylogeographic  inference.  Molecular  dating  based  on  fossil  calibration  and  discrete 
phylogeographic  analysis  was  used  to  reconstruct  ancestral  dispersal  events  of  M.  gilvusm 
Southeast  Asia. 

Results/Conclusion:  The  termite  dispersal  events  were  multidirectional  radiating  eastwards  and 
southwards  out  of  Indochina,  which  was  identified  as  the  root  location  in  early  Pleistocene. 
Central  Java  served  as  a  central  link  to  the  south  of  the  equator,  establishing  termite  colonies  in 
Borneo  and  Sumatra.  For  the  first  time,  we  propose  that  a  west-east  open  dispersal  corridor  was 
present  across  the  now  submerged  Sunda  shelf.  We  found  at  least  two  independent  entry  routes 
for  terrestrial  species  associated  to  open- vegetation  to  infiltrate  Sumatra  and  Borneo  at  different 
time  points.  Our  findings  supported  several  existing  hypothesis  of  savanna  corridor  in  Southeast 
Asia  and  additionally  provided  resolution  on  alternative  dispersal  route  associated  to  open- 
vegetation  across  Sundaland  during  the  Pleistocene. 
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Abstract  text: 

Introduction:  Within  the  last  two  centuries  the  cabbage  white  butterfly  {Pier is  rapae)  has  become 
one  the  most  abundant  and  widespread  butterflies  on  the  planet.  Global  trade  routes  and  the 
widespread  cultivation  of  cruciferous  plants  likely  have  facilitated  the  range  expansion  of  this 
species.  The  cabbage  white  butterfly  is  believed  to  have  originated  from  Europe,  but  the  invasion 
history  of  this  species  has  never  been  explored. 

Methods:  A  citizen  science  project  -  Pieris  Project  -  was  created  to  recruit  people  from  across 
the  world  to  collect  specimens  from  putative  native  and  introduced  populations.  A  subsample  of 
this  collection  containing  250  individuals  from  23  countries  (135  locations)  was  sequenced  using 
a  reduced-representation  approach  (ddRADseq)  to  generate  a  genome-wide  set  of  more  than 
10,000  SNPs.  We  used  these  genotypic  data  to  infer  the  source(s)  of  butterflies  within  each 
invaded  country  using  a  model-based  Bayesian  inference  framework  (approximate  Bayesian 
computation)  that  assumes  complex  demographic  scenarios.  Various  other  population  genetic 
parameters  also  were  estimated  for  each  region. 

Results/Conclusion:  Within  a  year  of  the  launch  of  our  citizen  science  project,  we  received  over 
1,500  butterflies,  from  23  countries  (including  30  states  within  the  USA),  that  were  collected  by 
more  than  100  participants.  In  addition  to  reconstructing  the  invasion  history  of  the  cabbage 
white  butterfly,  our  study  illustrates  the  powerful  approach  of  using  citizen  science  to  explore 
how  human  activities  alter  the  phylogeography  of  organisms. 
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Abstract  text: 

This  study  is  to  test  if  differences  in  land-use  could  influence  distribution  and  community 
structure  of  both  invasive  and  endemic  ant  (Formicidae)  species.  A  transect  was  set  up  along  the 
meridional  Provincial  Highway  No.l  (approximately  460  km  long),  and  the  litter  sample  was 
collected  every  4  km,  resulting  into  more  than  13 1  sample  locations  along  the  transect.  Ants 
were  extracted  from  the  litter  samples  using  Winkler  bag  method,  and  results  revealed  a  total  of 
6,916  ants  belonging  to  6  subfamilies,  29  genera  and  69  species  including  17  exotic  species. 
Among  the  sampling  sites,  the  exotic  ants  are  found  most  abundant  in  agricultural  and  others 
land-use,  which  comprised  16%  and  15%  of  total  land-use  along  the  transect,  respectively. 
Comparisons  of  ant  community  structures  among  sample  sites  of  different  land-use  types 
indicated  that  abundance  and  richness  of  both  endemic  and  exotic  ant  species  are  negatively 
correlated  with  human  population  density,  which  is  surprising  simply  because  most  of  studies 
have  suggested  a  positive  correlation  between  exotic  ants  and  anthropogenic  activities.  How 
land-use  shape  influences  the  composition  of  ants  is  further  discussed. 
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Abstract  text: 

Introduction:  Insect  invasions  are  often  characterized  by  a  stratified  process  where  species  spread 
through  two  or  more  distinct  mechanisms.  These  mechanisms  include  a  diffusion-like  process 


that  is  determined  by  the  natural  dispersal  capabilities  of  the  insect,  and  long-distance  dispersal 
that  is  largely  mediated  by  human  patterns  of  commerce.  Human-mediated,  long-distance 
dispersal  is  largely  thought  to  be  a  stochastic  process.  However,  genetic  data  from  native  ant 
introduced  populations  of  insects,  combined  with  interception  records  and  patterns  of  human 
trade,  are  shedding  light  into  this  complex  form  of  dispersal. 

Methods:  I  review  the  recent  literature  on  human-mediated  jump-dispersal  in  insects  (particularly 
ants)  and  suggest  avenues  for  research  that  take  advantage  of  integrating  genetic,  behavioral  and 
economic  data. 

Results/Conclusion:  My  analyses  highlight  the  value  of  approaches  that  combine  data  from 
diverse  sources  to  quantify  patterns  of  spread  across  multiple  stages  of  the  invasion  process  - 
opportunity  and  transport,  establishment,  and  spread. 
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Introduction 

Glycaspis  brimblecombei  Moore  (Hemiptera:  Psyllidae)  is  a  eucalypt  feeder  native  to  Australia. 
Infestations  of  G.  brimblecombei  can  cause  leaf  wilt,  dieback  and  death  in  weak  or  severely 
infested  plants.  G.  brimblecombei  was  first  recorded  outside  its  native  distribution  in  California 
in  1998  and  has  since  spread  to  South  America,  Europe  and  Africa.  In  these  countries,  G. 
brimblecombei  has  been  noted  to  have  a  preference  for  some  eucalypt  genotypes.  We  used  a 
range  of  commerical  eucalypt  genotypes  in  South  Africa  to  investigate  the  patterns  of  host 
preference  within  Eucalyptus  and  how  these  patterns  are  influenced  by  development  rate.  We 


also  investigated  the  influence  of  leaf  color,  as  G.  brimblecombeihas  been  reported  to  be 
attracted  to  the  color  red. 

Methods 

Twenty-eight  genotypes  were  infested  with  G.  brimblecombeiin  choice  tests  to  examine  patterns 
of  host  preference.  Infestations  were  scored  in  winter  and  summer  of  2015.  Ten  of  the  least 
infested  genotypes  from  the  initial  score  were  used  in  no-choice  tests,  with  a  susceptile  genotype 
as  control.  Nymph  and  adult  survival  and  size  was  compared  between  three  less  preferred  and 
three  susceptible  genotypes.  A  spectrophotometer  was  used  to  measure  the  amount  of  red  in  the 
leaves  of  all  the  genotypes. 

Results/Conclusion 

The  results  showed  significant  differences  in  infestation  between  eucalypt  species  and  hybrids. 

G.  brimblecombei  did  oviposit  on  less  preferred  genotypes  in  the  no-choice  tests,  but  these 
nymphs  did  not  develop  into  adults.  Spectrophotometer  results  indicated  that  color  might  not 
play  a  large  role  in  determining  host  preference. 
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Laricobius  nigrinus  is  a  predator  of  hemlock  woolly  adelgid  (HWA),  Adelges  tsugae.  HWA  is  a 
serious  pest  of  eastern  and  Carolina  hemlocks  causing  hemlock  dieback  and  death.  HWA  is 
being  controlled  through  several  different  methods  including  through  the  use  of  predators  such 
as  L.  nigrinus.  Releases  of  L.  nigrinus  began  in  2003,  and  its  establishment  has  been  documented 


throughout  the  eastern  U.S.  where  it  has  been  released.  In  fall  2014,  we  set  up  nine  field  sites  in 
six  states  from  New  Jersey  to  Georgia.  The  sites  had  L.  nigrinus  released  four  years  prior  to  the 
start  of  the  study,  and  recoveries  of  L.  nigrinus.  Three  treatments  were  set  up  at  each  of  the  sites, 
cage  (excluded  L.  nigrinus ),  no  cage  which  allows  for  predation,  and  open  cage  to  assess  cage 
microclimate.  The  first  sample  was  taken  when  HWA  broke  diapause  in  October/November,  the 
second  at  peak  oviposition  of  HWA  in  February/  March,  and  the  third  sample  at  peak  L. 
nigrinus  larval  predation  March/April.  The  first  sample  documented  HWA/cm,  the  second  HWA 
mortality  and  signs  of  L.  nigrinus ,  and  the  third  to  assess  presence  of  L.  nigrinus.  The  first  year 
results  showed  mortality,  taken  in  February /March,  these  varied  based  on  site  location,  with  sites 
further  north  showed  higher  rates  of  mortality.  L.  nigrinus  were  recovered  from  eight  of  the  nine 
sites  in  the  first  year  of  the  assessment.  The  second  year  of  the  study  was  conducted  at  the  same 
field  sites.  Results  from  this  two  year  study  will  be  reported. 
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The  hemlock  woolly  adelgid  (HWA),  Adelges  tsugae  Annand  (Hemiptera:  Adelgidae)  is  an 
invasive  pest  of  eastern  and  Carolina  hemlock  trees.  The  HWA  strain  causing  significant 
hemlock  mortality  in  the  eastern  United  States  is  native  to  southern  Japan.  Current  methods  to 
control  HWA  populations  includes  the  introduction  of  predators  from  the  native  habitat  of  HWA. 
Beetles  in  the  genus  Laricobius  are  adelgid  specialists.  In  2005,  Laricobius  osakensis ,  was 
discovered  in  Japan  and  in  2010  was  approved  for  release  in  the  eastern  United  States.  Since 
2012,  there  have  been  adult  releases  at  15  sites  and  egg  releases  at  4  sites.  As  releases  continue, 
our  short-term  objectives  are  to  assess  establishment  and  dispersal  of  the  predator.  The  long-term 
objective  is  to  asses  their  impact  on  HWA.  At  this  meeting,  we  will  report  the  results  for  our 
short-term  objectives. 
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The  hemlock  woolly  adelgid  (HWA),  Adelges  tsugae  Annand,  is  an  invasive  pest  of  eastern 
hemlock,  Tsuga  canadensis  (L.)  Carriere,  in  the  eastern  North  America.  Scymnus  (Pullus) 
coniferarum  Crotch  (Coleoptera:  Coccinellidae)  is  a  small  lady  beetle  that  preys  on  HWA  in  the 
western  U.S.  and  is  absent  from  hemlock  stands  in  the  East.  HWA  infestations  of  western 
hemlocks  in  the  western  U.S.  are  not  lethal,  and  it  is  thought  that  S.  coniferarum  is  one  of  the 
primary  predators  that  prevent  HWA  populations  from  reaching  damaging  levels  in  this  region. 
While  preliminary  studies  have  shown  the  release  of  this  beetle  to  be  of  limited  ecological  risk, 
more  information  is  needed  on  the  life  history  of  HWA  and  S.  coniferarum  in  their  native  range 
to  understand  this  predator’s  establishment  potential  in  the  eastern  U.S.  To  relate  seasonal 
abundance  of  S.  coniferarum  and  HWA,  six  sites  were  sampled  near  Tacoma,  WA  twice 
monthly,  for  one  full  year.  Three  types  of  sites  were  sampled:  pure  hemlock  stands,  non-hemlock 
conifer  stands,  and  mixed  stands  of  hemlock  and  other  native  conifers.  This  will  help  us 
determine  if  other  adelgid  hosts  are  necessary  for  S.  coniferarum  to  survive.  This  dynamic  is 
crucial  information  as  we  evaluate  S.  coniferarum ’s  potential  as  a  biological  control  agent  in  the 
eastern  U.S. 
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Use  of  the  neonicotinoid  insecticide,  imidacloprid,  has  been  found  to  be  highly  effective  in 
suppressing  hemlock  woolly  adelgid,  Adelges  tsugae  Anand,  (HWA).  Similarly,  Laricobius 
nigrinus  Fender  (Coleoptera:  Derodontidae)  has  been  found  to  be  a  likely  candidate  for 
biological  control.  Each  control  tactic  has  different  objectives  and  outcomes.  In  an  attempt  to 
utilize  the  best  of  both  approaches,  a  project  was  designed  to  develop  a  pest  management 
strategy  that  utilizes  both  tactics  concurrently  within  the  same  sites.  The  goal  of  this  project  was 
to  assess  the  efficacy  of  a  combined  chemical  -  biological  control  strategy  designed  to  reduce 
HWA  populations  and  improve  the  health  of  hemlock  forests.  The  project  was  conducted  across 
three  states;  Kentucky,  West  Virginia  and  Tennessee,  from  2010  to  2016.  Data  collected  describe 
tree  health,  HWA  population  and  recovery  of  L.  nigrinus  predators.  Thus  far,  tree  health  has 
declined  across  all  sites  regardless  of  treatment  type,  and  HWA  population  indices  have  been 
shown  to  be  highly  variable.  L.  nigrinus  was  initially  recovered  from  its  release  plots;  however, 
there  have  been  no  further  successful  recoveries. 
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Abstract  text: 

Introduction 

Eastern  hemlock,  Tsuga  canadensis ,  is  currently  experiencing  widespread  mortality  due  to  the 
invasive  hemlock  woolly  adelgid  ( Adelges  tsugae).  Eastern  hemlock  looper  ( Lambdina 
fiscellaria ),  another  hemlock  pest,  is  a  native  lepidopteran  that  has  reached  outbreak  levels  in  the 
past.  While  these  insects  share  a  host  and  overlap  in  range,  little  is  known  about  interactions 
between  them.  Previous  research  has  shown  that  adelgid  infestation  increases  methyl  salicylate 
concentrations  in  hemlock  tissue,  while  plant  defense  against  looper,  a  chewing  insect,  likely 
occurs  via  jasmonic  acid.  Because  the  salicyclic-  and  jasmonic-acid  plant  defense  pathways  are 
mutually  antagonistic,  we  tested  the  hypothesis  that  prior  infestation  with  adelgid  affects  looper 
performance  via  the  host’s  chemical  defenses.  Specifically,  we  hypothesized  that  hemlock 
responses  to  the  early-arriving  adelgid  will  reduce  plant  defense  against  the  later-arriving  looper. 


Methods 

Loopers  were  reared  to  pupation  on  hemlock  foliage  that  was  either  infested  or  uninfested  with 
adelgid.  Within  those  treatments,  groups  of  foliage  were  sprayed  with  defensive  elicitors  to 
induce  either  the  jasmonic-  or  salicylic-acid  pathway.  Looper  performance  was  assessed  by 
measuring  survival  as  well  as  days  to-  and  weight  at-pupation. 


Results/Conclusions 

Looper  performance  was  greatest  on  both  adelgid-infested  and  uninfested  foliage  that  had  been 
sprayed  with  the  salicylic  acid  elicitor.  Our  results  suggest  that  adelgid  infestation  causes 
defensive  signaling  cross-talk  that  interferes  with  the  ability  of  eastern  hemlock  to  defend  itself 
against  looper  herbivory. 
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The  pine  bark  adelgid,  Pineus  strobi  (Hemiptera:  Adelgidae)  is  a  native  herbivore  of  eastern 
white  pine,  Pinus  strobus ,  in  eastern  North  America.  Little  work  has  been  done  to  study  this 
adelgid’ s  natural  history,  especially  in  the  southern  reaches  of  its  range.  The  only  known 
predator  to  specialize  on  pine  bark  adelgid  is  Laricobius  rubidus  (Coleoptera:  Derodontidae), 
which  is  closely  related  to  Laricobius  nigrinus ,  a  biological  control  agent  introduced  for  hemlock 
woolly  adelgid.  Recently  it  was  found  that  the  two  predator  species  successfully  hybridize  and 
produce  fertile  offspring.  It  is  unknown  what  effect,  if  any,  this  interaction  will  have  on  adelgid 
populations.  Thus,  it  is  important  to  better  understand  detailed  life  cycle  of  the  pine  bark  adelgid 
in  Virginia  forests.  Data  collected  on  the  seasonal  phenology  of  the  pine  bark  adelgid  over  2 
years  indicates  that  this  species  may  undergo  up  to  6  generations  per  year  in  southwestern 
Virginia.  This  is  distinct  from  its  natural  history  in  colder  climates  where  it  does  not  complete 
more  than  5  generations  yearly. 
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Abstract  text: 


Eastern  white  pine  ( Pinus  strobus  L.)  has  experienced  severe  dieback  in  recent  years.  In  parallel, 
the  white  pine  bast  scale  ( Matsucoccus  macrocicatrices  Richards),  has  been  found  in  high 
densities  on  symptomatic  individuals.  Previously  believed  to  be  a  benign  grazer  of  white  pine, 
native  to  New  England  and  eastern  Canada,  the  scale  insect  is  strongly  associated  with  the 
current  dieback  in  Georgia. 

Here,  we  present  work  elucidating  infestation  tendencies  in  the  Chattahoochee  National  Forest. 
Trees  were  cut  from  five  sites  for  insect  counts  and  fungal  canker  measurements.  To  determine 
which  size  class  the  scale  insect  prefers,  saplings  (n=3),  pole  timber  (n=3),  and  saw  timber  (n=3) 
sized  trees  were  assessed  at  each  site  (N=45).  To  determine  the  most  affected  parts  of  the 
canopy,  branches  from  the  lower,  middle  and  upper  canopy  -  as  well  as  the  proximal,  medial, 
and  distal  sections  of  each  limb  -  were  separated  for  analysis. 

Results  reflect  the  observed  tendency  for  branch  dieback  to  be  most  severe  in  intermediate  sized 
trees  and  occur  from  the  bottom  up.  Pole-sized  trees  (5”-l 1”  DBH),  lower  canopy  branches,  and 
proximal  branch  sections  connected  to  the  bole  had  the  highest  incidence  of  white  pine  bast 
scales  and  pathogen-induced  cankers.  In  addition,  the  number  of  scale  insects  was  significantly 
correlated  with  surface  area  of  cankers  caused  by  pathogens.  These  results  provide  compelling 
evidence  that  white  pine  bast  scale  is  a  main  driver  of  the  recent  dieback,  likely  facilitating 
infection  of  trees  by  fungal  pathogens. 
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Introduction:  The  hemlock  woolly  adelgid  ( Adelges  tsugae)  and  the  elongate  hemlock  scale 
( Fiorinia  externa)  are  common  invasive  insects  that  attack  Tsuga  canadensis  (eastern  hemlock) 


in  the  eastern  United  States.  Hemlock,  a  native  shade-tolerant  conifer  that  plays  an  important  role 
in  structuring  ecosystems  and  providing  unique  habitat,  is  threatened  throughout  much  of  its 
range  by  the  adelgid. 

Methods/results:  Hemlock  saplings  were  planted  in  the  field  under  a  deciduous  forest  canopy, 
infested  with  adelgid  only,  scale  only,  adelgid  and  scale,  or  neither  insect,  and  harvested  after 
four  years.  Adelgid- infested  trees,  regardless  of  scale  presence,  invested  ~15%  more  biomass 
belowground  than  control  trees.  The  wood/needle  ratio  of  adelgid-infested  trees  was  ~20% 
higher  than  that  of  control  trees,  a  result  consistent  with  the  needle  desiccation  and  drop 
indicative  of  adelgid  infestation.  Production  of  new-flush  foliage  in  adelgid-infested  trees  was 
one-third  that  of  control  trees,  suggesting  that  adelgid  infestation  limits  the  ability  of  hemlocks  to 
maximize  early-spring  carbon  gain  prior  to  hardwood  leaf-out.  The  consequences  of  decreased 
new-flush  production  for  adelgid-infested  trees  are  compounded  by  delays  in  bud  break 
(averaging  three  days  later)  and  changes  in  chemical  composition.  Scale  affected  neither  foliar 
production  nor  timing  of  bud  break. 

Conclusion:  Adelgid-induced  decreases  in  new  foliage  production  and  delays  in  bud  break,  in 
concert  with  the  accelerated  bud  break  of  co-occurring  hardwoods  due  to  climate  change, 
threaten  early-spring  resource  gain  in  hemlocks.  While  scale  has  virtually  no  impact,  the  adelgid 
substantially  alters  resource  acquisition  and  allocation  in  eastern  hemlock. 
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Ambrosia  beetles  (Coleoptera:  Curculionidae:  Scolytinae  and  Platypodinae)  are  important  wood 
boring  pest.  The  beetles  do  not  consume  the  wood,  but  instead  they  build  gallery  systems  in 


which  they  cultivate  fungi  for  food.  Since  1960s,  it  has  been  known  that  the  pivotal  organ  of  the 
symbiosis  is  the  mycangium,  a  membranous  or  sclerotized  pocket  in  which  the  fungi  are  carried, 
and  the  primary  mutualists  are  selected  from  non-mutualistic  fungi.  However,  researchers 
underestimated  the  phylogenetic  diversity  of  mycangia,  as  well  as  their  developmental 
plasticity.  To  determine  the  ontogeny  of  the  mycangium,  we  dissected  by  hand  or  scanned  with 
micro-CT  the  mycangia  in  various  developmental  stages  in  four  Xylosandrus  ambrosia  beetle 
species  with  a  large,  mesonotal  mycangium:  Xylosandrus  amputatus ,  Xylosandrus  cr as sius cuius, 
Xylosandrus  discolor  and  Xylosandrus  germanus.  We  processed  130  beetle  samples  from  the 
USA  and  China.  All  four  species  display  three  stages  of  the  mycangium  development:  1)  Young 
callow  adults  do  not  have  mycangium  and  the  pro-mesonotal  membrane  is  flat.  2)  In  fully  mature 
adults  during  migration,  the  pro-mesonotal  membrane  invaginates  and  most  individuals  have 
mycangium  of  variable  size  and  symmetry,  mostly  filled  with  the  symbiont  inoculum.  3)  After 
successful  establishment  of  their  new  galleries,  most  females  discharge  the  bulk  of  the  fungal 
inoculum  and  resorb  the  mycangium  again.  Mycangia  are  much  more  dynamic  than  previously 
thought,  and  their  appearance  and  disappearance  corresponds  to  the  dynamics  of  the  symbiosis. 
Studies  of  the  fungal  symbionts  or  studies  of  plant  pathogen  transmission  in  ambrosia  beetles 
need  to  consider  which  developmental  stage  to  target. 
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Thousand  cankers  disease  (TCD)  is  a  pest  complex  formed  by  the  association  between  the 
walnut  twig  beetle  (WTB),  Pityophthorus  juglandis  (Coleoptera:  Curculionidae:  Scolytinae),  and 
the  fungal  pathogen  Geosmithia  morbida.  TCD  has  caused  widespread  death  of  walnut  trees 
throughout  the  West  and  has  recently  been  introduced  to  the  midwestern  and  eastern  U.S.,  and 
threatens  black  walnut  ( Juglans  nigra)  throughout  its  native  range.  Currently,  monitoring  and 
detection  efforts  for  WTB  rely  on  a  pheromone  lure  that  is  effective  from  a  limited  distance, 


while  plant-  and  fungal-derived  volatile  organic  compounds  (VOCs)  that  may  facilitate  host 
location  remain  poorly  understood.  In  this  study,  we  performed  olfactometry  and  field 
experiments  to  test  the  hypothesis  that  adult  beetles  are  attracted  to  volatiles  of  black  walnut 
and  G.  morbida.  Previous  work  established  that  WTB  are  more  attracted  to  volatiles  emitted 
from  girdled  limbs  of  black  walnut  than  intact  branches.  By  comparing  volatile  profiles  of 
girdled  and  intact  branches  with  gas  chromatography-mass  spectrometry,  we  found  four 
compounds  that  were  more  abundant  in  the  girdled  branches.  We  then  performed  olfactometer 
bioassays  to  evaluate  the  attraction  of  WTB  to  those  four  compounds.  We  also  tested  the  extent 
to  which  these  volatiles  enhanced  attraction  of  adult  WTB  to  pheromone-baited  traps  in  the  field. 
Finally,  we  characterized  the  VOCs  of  G.  morbida  and,  through  behavioral  bioassays,  discovered 
a  suite  of  pathogen-specific  compounds  that  are  attractive  to  WTB.  Identification  of  volatiles  that 
attract  WTB  will  lead  to  the  development  of  an  improved  lure  used  for  detection  and  monitoring 
efforts  to  preserve  black  walnut. 
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Thousand  cankers  disease  (TCD)  is  a  pest  complex  formed  by  the  association  between  the 
walnut  twig  beetle  (WTB),  Pityophthorus  juglandis  (Coleoptera:  Curculionidae:  Scolytinae),  and 
the  fungal  pathogen  Geosmithia  morbida.  TCD  has  caused  the  widespread  death  of  walnut  trees 
throughout  the  West.  Currently  the  pest  complex  has  been  confirmed  in  seven  eastern  states 
within  the  native  range  of  black  walnut  ( Juglans  nigra).  Here,  I  present  current  work 
characterizing  the  assemblage  of  scolytine  beetles  and  weevils  associated  with  eastern  black 
walnut  and  phytopthogenic  fungi  recovered  from  TCD  symptomatic  trees  in  the  east,  which  is 
essential  in  the  understanding  of  the  etiology  and  epidemiology  of  this  disease  complex.  In  2014, 
we  reared  scolytine  beetles  from  stem  and  branch  sections  of  four  TCD-symptomatic  trees 
growing  in  Butler  Co.,  Ohio  to  determine  the  extent  to  which  other  insects  might  transmit  the 


pathogen.  We  reared  eight  predominant  beetle  taxa  and  recovered  G.  morbida  and  other  fungal 
pathogens,  including  Fusarium  solani ,  from  bark  and  ambrosia  beetles  emerged  from 
symptomatic  trees.  In  summary,  a  suite  of  insect  species  colonizes  black  walnut  as  TCD 
develops  and  may  be  capable  of  transmitting  G.  morbida. 
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Abstract  text: 


Introduction 


Longicorn  borers  (Cerambycidae)  are  phloem  and  sapwood  feeding  insects  and  have  become 
serious  pests  of  native  trees  in  forest  ecosystems  across  the  globe.  A  recent  drought  in  the 
Northern  Jarrah  Forest  (NJF)  saw  a  significant  increase  in  infestation  by  Phoracantha 
semipunctata  in  jarrah  ( Eucalyptus  marginata)  and  marri  (Cory mb ia  calophylla)  trees.  Sap-stain 
(Ophiostomatoid)  fungi  occur  in  Eucalyptus  trees  in  Australia  and  also  longicorn  borers  are 
commonly  present.  The  aim  of  this  study  was  to  investigate  whether  there  was  a  relationship 
between  longicorn  borers  and  sap-stain  fungi  in  Eucalyptus  forests  experiencing  drought. 

Methods 

Trials  were  conducted  on  native  Eucalyptus  trees  experiencing  drought  and  the  use  of  ringbarked 
trees,  at  sites  within  the  NJF  of  Southwestern  Australia.  Samples  were  collected  from  sapwood 
and  tested  for  damage  from  borer  activity  and  the  presence  of  sap-stain  fungi.  Also  moisture  of 
sapwood  was  measured  at  regular  intervals. 

Results/Conclusion 

In  Australia,  drought  affected  Eucalyptus  trees  are  subject  to  borer  activity  once  their  moisture 
content  drops  below  c.a.  50%.  Also  sap-stain  fungi  were  often  found  in  damaged 
phloem/sapwood  from  borer  activity.  This  indicates  that  borer  activity  may  be  facilitating  the 
spread  of  sap-stain  fungi  in  Eucalyptus  trees  in  the  NJF.  These  fungi  closely  resemble  those 
species  of  Ophiostoma  and  Ceratocystis  that  commonly  occur  in  native  Australian  forests.  Given 
borer  outbreaks  are  highly  likely  in  the  future  with  Australia’s  drying  climate,  it  is  expected 
widespread  infection  of  sap-stain  fungi  within  Eucalyptus  forests  will  occur. 
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Abstract  text: 

The  wide  scale  adoption  of  genetically  modified  cotton  producing  insecticidal  Cry  proteins  from 
Bacillus  thuringiensis  (Bt),  has  led  to  area- wide  suppression  of  major  lepidopteran  pests  and  a 
reduction  of  insecticide  application.  However,  non-target  pests  not  susceptible  to  the  produced 
Cry  proteins,  such  as  the  plant  bug  Lygus  hesperus ,  have  increased  in  Bt  cotton  fields  in  some 
parts  of  the  world.  In  addition  to  the  reduced  application  of  insecticides,  L.  hesperus  might  also 
benefit  from  reduced  caterpillar  damage  on  Bt  cotton.  The  latter  was  found  to  reduce  the 
induction  of  insecticidal  terpenoids  enhancing  the  crops’  susceptibility  to  other  herbivores.  The 
effects  of  plant  induction  on  L.  hesperus  development  was  studied  by  caging  nymphs  on  Bt  and 
non  -Bt  cotton  plants  which  were  either  non-damaged,  previously  damaged  by  Bt  tolerant 
caterpillars  ( Spodoptera  exigua),  or  treated  with  jasmonic  acid  (JA),  a  plant  hormone  known  to 
induce  cotton  defense.  Caterpillar  induction,  and  to  a  lesser  extent,  JA  induction  of  plant 
defenses  negatively  affected  L.  hesperus  survival  compared  to  non-damaged  plants.  This  result 
was  consistent  for  Bt  and  non -Bt  plants.  Induced  plants  showed  increased  levels  of  several 
terpenoids  (incl.  gossypol)  compared  to  non-induced  plants.  Artificial  diet  feeding  assays, 
however,  revealed  no  effect  of  purified  gossypol  on  L.  hesperus  development  and  reproduction 
suggesting  that  gossypol  alone  cannot  explain  the  effect  of  induced  cotton  plants  on  L.  hesperus. 
This  study  underpins  the  importance  of  plant-mediated,  indirect  interactions  between  herbivores 
for  explaining  agro-ecological  processes  and  indicates  how  insect-resistance  plant  traits  can 
indirectly  impact  herbivore  communities. 
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Abstract  text: 


Whole-plant  caged  field  experiments  were  conducted  in  2014  and  2015  to  characterize  the  injury 
of  South  Texas  cotton  from  a  species  complex  of  boll-feeding  sucking  bugs  represented  by  one 
plant  bug  species  ( Creontiades  signatus)  and  three  stink  bug  species  ( Euschistus  servus, 
Acrosternum  hilare,  Piezodorus  guildinii).  Field-collected  stink  bugs  and  verde  plant  bug  were 
used  to  infest  cotton  maintained  insect  injury  free.  Whole  plants  were  caged  (4  plants  per  cage) 
with  four  insect  densities:  0  (control),  0.25  bugs  per  plant  (1  bug  per  cage),  1  bug  per  plant  (4 
bugs  per  cage),  and  2  bugs  per  plant  (8  bugs  per  cage).  Each  treatment  was  replicated  12  times 
for  each  of  two  bloom  specific  periods:  mid  and  late  bloom.  Bugs  remained  caged  on  plants  7 
days  then  terminated.  After  the  infestation  period,  the  whole  plants/bolls  were  allowed  to  mature 
inside  the  cages.  Boll  response  to  feeding  from  verde  plant  bug  and  stink  bugs  resulted  in 
external  and  internal  boll  injury  in  the  form  of  warts,  lint  deterioration,  and  boll  rot.  Bolls  were 
rated  at  harvest  on  a  0  to  4  scale,  corresponding  to  the  number  of  damaged  locules.  Cotton  boll 
rot  was  scored  by  presence  or  absence  visually  and  the  number  of  diseased  locules.  Yield  data 
were  estimated  by  the  weight  of  lint.  Significant  boll  injury  and  boll  rot  differences  were 
detected  across  bloom  periods  and  species,  but  fewer  species  differences  were  detected  in  yield. 
Insect  density  relationships  were  used  to  calculate  and  compare  economic  injury  levels  (EILs). 
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The  cotton  fleahopper  and  the  verde  plant  bug  (Hemiptera:  Miridae)  have  become  more 
problematic  in  recent  years  in  the  cotton  growing  region  of  South  Texas.  They  feed  on 
reproductive  tissue:  squares  (cotton  fleahopper)  and  young  bolls  (verde  plant  bug).  Feeding 
during  these  stages  can  cause  severe  damage  to  the  final  cotton  yield  as  well  as  introduce  cotton 
boll  rot.  A  pest  management  issue  is  that  outbreaks  vary  from  year  to  year  and  their  densities 


vary  from  field  to  field.  Edges  and  ecotones  are  often  used  in  landscape  ecology  to  aid  in 
interpreting  the  functional  heterogeneity  of  an  organism;  in  the  case  of  these  cotton  insects,  how 
the  surrounding  landscape  effects  their  population  occurrence  and  movement  from  squaring 
through  flowering.  The  goal  of  this  study  was  to  investigate  the  spatial  relationships  with  these 
pest  populations  to  get  a  better  understanding  of  why  some  of  these  pests  are  present  in  some 
areas  and  not  present  in  others.  Our  study  found  an  edge  effect  for  both  verde  plant  bugs  and 
cotton  fleahoppers  (more  bugs  were  found  nearer  to  the  field  edge)  and  ecotone  modifies  the 
strength  of  the  edge  effect.  Edge  effect  was  more  predominant  in  the  cotton/natural  habitat 
ecotone  than  the  others.  This  information  can  prove  to  be  useful  in  pest  management  as  it  may 
help  managers  focus  on  fields  or  areas  of  fields  that  may  be  of  higher  risk  to  colonization  by 
these  pests. 
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Euschistus  servus  has  recently  emerged  as  a  potential  pest  in  Arizona  and  S.E.  California  cotton. 
E.  servus  has  been  present  in  low  desert  agricultural  systems  for  at  least  a  century,  but  has  not 
been  considered  a  primary  or  economic  pest  since  1963.  Chemical  control  options  for  E.  servus 
are  broadly  toxic  organophosphates  and  pyrethroids,  which  have  limited  efficacy  and  are 
disruptive  to  an  existing  multi-pest  (. Lygus  hesperus  and  Bemisia  tabaci )  IPM  program,  which 
makes  use  of  fully  selective  insecticides  to  maximize  biological  control.  E.  servus  treatments 
may  lead  to  increased  costs  and  reduced  yield  and  cotton  quality  due  to  other  pest  resurgences 
and  outbreaks.  The  objective  of  this  project  was  to  perform  benefit-cost  analyses  using  empirical, 
ecoinformatic,  and  economic  data.  We  performed  a  whole/ split  plot  replicated  field  trial,  tracking 
pest  densities  and  sprays  targeting  E.  servus,  L.  hesperus,  and  B.  tabaci  as  well  as  impacts  on 
arthropod  natural  enemies.  Control  measures  were  deployed  on  thresholds  according  to  treatment 
design:  whole  plots  received  different  insecticides  targeting  E.  servus ;  split  plots  received 


treatments  targeting  L.  hesperus  or  B.  tabaci ,  both,  or  neither.  We  also  mined  two  existing 
pesticide  use  databases  in  an  ecoinformatic  analysis.  Our  goal  was  to  evaluate  the  overall  impact 
of  E.  servus  management  decisions  on  costs  and  yields.  Factors  examined  in  analysis  include  lint 
quality  measures  (HVI)  and  aflatoxin  levels  in  cottonseed.  We  found  that  management  of  L. 
hesperus  affects  E.  servus  damage,  and  that  pesticide  costs  quickly  outweigh  the  benefits  of 
treating  for  E.  servus. 
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The  stages  of  rice  heading  that  are  most  susceptible  to  rice  stink  bug  damage  have  been  properly 
identified,  however,  the  question  of  when  rice  stink  bugs  are  no  longer  capable  of  causing 
significant  yield  loss  is  less  clear.  It  has  been  shown  that  rice  stink  bugs  are  able  to  damage  the 
rice  plants  in  the  soft  dough  stage  and  into  the  hard  dough  stage  by  causing  an  increase  in  pecky 
rice,  however,  at  what  percentage  of  hard  dough  rice  stink  bugs  are  no  longer  able  to  warrant  an 
insecticidal  response  is  still  not  fully  understood.  The  objective  of  this  study  was  to  determine 
what  percentage  of  hard  dough  was  no  longer  able  to  receive  significant  damage  from  rice  stink 
bugs. 

Potential  damage  to  rice  was  examined  using  7  hard  dough  percentages  ranging  from  15-100%, 
containing  9  levels.  Sleeve  cages  contained  0  or  2  rice  stink  bugs  per  panicle,  which  were  added 
at  the  beginning  of  the  targeted  percentage  and  removed  directly  before  harvest.  For  each  hard 
dough  percentage  x  rice  stink  bug  number  combination,  5  replications  were  performed.  Rice 
panicles  within  the  cages  were  harvested  and  sorted  into  clean,  damaged,  and  blank  kernels,  with 
a  percentage  of  each  found  for  each  combination.  Weight-per-seed  measurements  were  then 
taken  and  paired  with  light  box  designations  of  rice  stink  bug  damaged,  kernel  smut,  false  smut, 
and  other  damage  for  damaged  rice.  This  information  for  each  hard  dough  percentage  x  rice  stink 
bug  infestation  level  was  then  used  to  determine  ability  to  damage. 
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Successful  application  of  insecticides  for  stink  bug  management  through  overhead  irrigation 
would  reduce  application  costs,  soil  compaction  and  applicator  exposure  while  enabling  growers 
to  treat  multiple  fields  simultaneously.  The  objective  of  these  experiments  was  to  compare  the 
efficacy  of  chemigation  versus  a  ground  rig  insecticide  application.  The  seven  treatments 
included  an  untreated  and  bifenthrin  (468  ml/ha)  or  dicrotophos  (585  ml/ha)  applied  by  ground 
rig  (93.5  liters/ha),  the  same  treatments  applied  by  chemigation  (25,396  liter/ha)  and  the  same 
treatments  mixed  with  vegetable  oil  (1169  ml/ha)  and  applied  by  chemigation.  Lab  and  field 
assays  were  conducted  to  evaluate  treatments.  Laboratory  assays  showed  that  there  were  no 
surviving  southern  green  stink  bugs  when  adults  were  dipped  in  an  insecticide  solution  prepared 
at  the  same  dilution  as  a  ground  rig  application.  However,  nearly  80%  of  Nezara  viridula 
exposed  to  chemigation  concentrations  of  dicrotophos  and  20%  of  these  bugs  exposed  to 
chemigation  concentrations  of  bifenthrin  survived.  Adding  oil  decreased  survival  by  15%  for  the 
dicrotophos  treatment  but  slightly  increased  survival  in  the  bifenthrin  treatment.  In  the  field,  we 
applied  insecticides  after  the  second  week  of  bloom  and  again  after  the  fourth  week  of  bloom. 
Stink  bug  induced  boll  injury  immediately  decreased  following  the  first  application.  However, 
boll  injury  increased  in  both  chemigation  treatments  with  bifenthrin  following  the  second 
application,  thereby  suggesting  that  the  insect  populations  rapidly  became  tolerant  of  this 
treatment.  The  authors  conclude  that  chemigation  will  not  provide  adequate  suppression  of  stink 
bugs  in  cotton. 
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Feeding  behavior  of  piercing-sucking  insects  is  most  rigorously  studied  using 
eletropenetrography  (EPG).  This  technique  utilizes  an  electrical  circuit  to  record  waveforms 
caused  by  voltage  fluctuations  when  a  wired  insect  inserts  its  stylet  into  an  electrified  plant.  Past 
researchers  have  asserted  that  the  electrical  signal  applied  to  the  plant  does  not  influence  insect 
behavior;  however,  this  assertion  has  seldom  been  tested.  Our  objective  was  to  test  whether 
applied  signal  type,  level,  or  amplifier  sensitivity  (input  impedance)  quantitatively  changed  the 
behavior  of  the  painted  stink  bug,  Bagrada  hilaris.  Our  2x2  experimental  design  used  an 
adjustable  four-channel  AC-DC  monitor  to  compare  two  input  impedances  (107  or  109  Ohms) 
against  two  signal  types  (AC  or  DC).  The  first  experiment  used  high  voltage  (550  mV);  the 
second  used  low  voltage  (50  mV).  Adult  females  B.  hilaris  were  wired,  starved  for  one  hour, 
then  recorded  for  seven  hours  on  the  4th  leaf  of  Napa  cabbage  plants,  Brassica  rapa  var. 
‘pekinensis’.  Our  results  confirmed  that  electrical  signals  applied  in  an  EPG  circuit  directly 
affected  feeding.  Less  feeding  was  performed  at  higher  voltage  than  at  lower  voltage.  Within 
each  experiment,  feeding  was  also  influenced  by  signal  type  and  input 
impedance.  Consequently,  applied  signal  type,  level,  and  input  impedance  all  affect  painted 
stink  bug  feeding.  As  EPG  is  used  more  often  in  the  future  for  insecticide  efficacy,  host  plant 
resistance,  and  other  needed  studies  of  stink  bug  feeding,  researchers  must  carefully  choose  their 
monitor  settings  to  avoid  deleterious  electrical  effects  on  their  insect  subjects. 
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Kudzu  bugs,  Megacopta  cribraria,  a  known  pest  of  soybeans,  were  first  introduced  from  Japan 
to  Georgia  in  2009.  Over  the  next  four  years,  kudzu  bugs  rapidly  expanded  their  range  to  their 
current  northern  limit  in  Maryland  but  have  since  slowed  in  spread.  The  absence  of  spread 
northward  coupled  with  below  average  winter  temperatures  following  establishment  questions 
the  bug’s  ability  to  overwinter  in  more  northern  states.  Therefore,  we  wanted  to  determine  the 
potential  of  cold  tolerance  limits  on  distribution.  Cold  tolerance  parameters  were  determined  by 
the  super  cooling  point  and  the  lower  lethal  temperature  to  kill  50%  of  the  population  (LT50). 

The  super  cooling  point,  or  the  point  at  which  the  insect’s  body  freezes,  was  measured  three 
times  during  the  fall  of  2015  at  three  locations.  Each  location  was  in  a  different  climatic  region 
from  Maryland  to  northern  Virginia.  The  LT50  was  measured  at  the  same  sites  during  the  fall  of 
2015.  In  addition  to  determining  the  cold  tolerance,  we  wanted  to  pinpoint  a  timeframe  in  which 
the  bugs  are  moving  to  overwintering  locations.  Movement  was  assessed  both  in  the  field  as  well 
as  in  a  caged  experiment.  Field  movement  was  monitored  once  a  month  during  the  fall  whereas 
the  caged  experiment  was  checked  twice  weekly  throughout  the  fall  of  2015.  Ultimately,  these 
cold  tolerance  parameters  and  movement  timeframes  can  be  added  to  a  model  predicting 
overwintering  survival  and  thus  emergent  spring  populations  for  growers.  Results  will  be 
discussed. 
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Capable  of  significant  yield  reduction  in  soybean  ( Glycine  max  Merrill.),  the  invasive  kudzu  bug 
Megacopta  cribraria  (Fabricius)  has  spread  across  at  least  13  states  throughout  the  southeastern 
U.S.  since  its  detection  in  North  America  in  2009.  Effective  control  has  only  been  realized  to 
date  through  insecticide  application.  However,  the  discovery  of  white  mycelial  growth  on  M. 
cribraria  cadavers  in  Georgia  and  South  Carolina  in  2012-13  documented  the  first  occurrence  of 
Beauveria  bassiana-mQdmtQd  (Balsamo)  Vuillemin  mortality  of  kudzu  bugs  in  North  America. 
This  study  seeks  to  understand  fungal-host  interactions  though  the  use  of  novel  sampling 
techniques  to  gain  insight  on  spatiotemporal  differences  in  B.  bassiana  transmission  and 
persistence  in  M.  cribraria.  Traps  placed  on  the  edge  of  soybean  fields  will  be  used  to  survey  the 
prevalence  of  B.  bassiana  in  overwintering  M.  cribraria  populations,  and  samples  will  span  the 
length  of  the  dormancy  period.  Additionally,  the  phenology  of  annual  soybean  colonization  and 
seasonal  population  dynamics  of  M.  cribraria  and  associated  B.  bassiana  infection  will  be 
surveyed  using  both  traditional  and  alternative  monitoring  tools.  Information  obtained  from  this 
research  will  include  the  evaluation  of  the  accuracy  of  innovative  monitoring  technology  in 
surveying  M.  cribraria  in  soybean  as  well  as  the  identification  of  important  stages  in  the 
transmission  cycle  of  B.  bassiana  in  M.  cribraria  that  may  be  exploited  for  management 
purposes. 
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Abstract  text: 


Halyomorpha  halys,  brown  marmorated  stinkbug,  was  first  introduced  into  the  U.S.  in  the  mid- 
1990s.  Since  its  introduction,  it  has  spread  to  42  states  and  2  Canadian  provinces  and  become  a 
major  crop  pest  in  the  Pacific  Northwest,  Mid-Atlantic,  and  Piedmont  regions.  This  polyphagous 
pest  has  multiple  hosts  including  major  cash  crops  such  as  apples,  peaches,  vegetables,  soybean, 
and  corn.  As  the  distribution  advances  into  the  southeastern  U.S.,  there  is  growing  concern  about 
damage  to  large  acres  of  southern  field  crops.  Understanding  the  edge  effects  in  cotton,  soybean, 
and  corn  will  enable  formulation  of  pest  management  strategies  in  these  important  crops.  A  team 
of  scientists  from  the  University  of  Georgia  in  collaboration  with  North  Carolina  State 
University  quantified  brown  marmorated  stinkbug  populations  in  and  around  cotton,  corn,  and 
soybean  fields  located  in  Cleveland  County,  NC.  Weekly  population  density  and  boll  injury  were 
estimated  using  pheromone  baited  traps,  sweep  net  samples  and  visual  inspection.  Starting  in 
early  June  and  extending  into  September,  ten  fields  were  sampled  each  year  in  2015  and  2016. 
Data  from  2015  suggest  strong  edge  effects  in  all  three  field  crops.  Boll  injury  data  from  cotton 
fields  indicate  increased  stink  bug  feeding  on  the  edges  of  the  fields  followed  by  a  linear 
decrease  with  distance  from  the  field  edge.  Captures  in  traps  on  the  field  edges  suggest  that  there 
are  two  generations  of  brown  marmorated  stink  bugs  in  the  study  area. 
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Introduction 

Halyomorpha  halys  (Stal),  brown  marmorated  stink  bug,  is  an  invasive  insect  native  to 
Asia,  which  was  accidentally  introduced  to  the  United  States  in  the  mid-late  1990s.  After 
introduction  to  the  U.S.,  nuisance  problems  progressed  to  severe  agricultural  damage.  Most 
nuisance  problems  resulted  from  H.  halys  adults  seeking  out  overwintering  sites  in  human-made 
structures.  Anecdotal  observation  by  researchers  and  the  public  have  indicated  that  there  is  an 


elevational  gradient  in  the  preference  for  overwintering  sites,  however  no  study  to  date  has 
specifically  assessed  this  pattern.  The  goal  of  this  study  was  to  examine  the  correlation  between 
elevation  and  the  selection  of  overwintering  sites  by  H.  halys  adults. 

Methods 

We  conducted  visual  observations  in  transects  in  the  mid-Atlantic  region  including,  Virginia, 
West  Virginia  and  Maryland  in  the  fall  of  2014  and  2015.  Each  transect  consisted  of  locations  at 
low,  middle,  and  high  elevations.  Each  transect  was  located  in  a  linear  path  over  the  selected 
topographic  environment.  Sites  were  visually  observed  for  15  min  on  a  weekly  basis  during  the 
peak  H.  halys  fall  dispersal  period  and  all  H.  halys  adults  were  recorded. 

Results/Conclusions 

For  most  sites,  there  were  significantly  more  H.  halys  observed  at  high  or  mid-elevation 
locations  when  compared  with  low  elevation  locations.  In  Virginia,  this  pattern  did  not  hold, 
likely  due  to  extremely  low  populations  at  those  sites.  Our  results  highlight  an  important  aspect 
of  this  species’  overwintering  biology,  and  may  have  relevance  for  homeowners  as  well  as 
growers. 
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Developing  an  effective  attract-and-kill  strategy  for  an  insect  pest  requires  knowledge  of  how  to 
attract  and  then  effectively  eliminate  it  from  the  population,  requiring  insight  into  insect  response 
to  color,  shape,  and  semiochemicals.  To  develop  an  effective  attract-and-kill  trap  for  harlequin 


bug  (HB),  Murgantia  histrionica  (Hahn),  an  economically  important  pest  of  brassicaceous  crops 
in  the  United  States,  we  conducted  a  series  field  and  lab  studies.  In  a  lab  color-choice  study,  we 
found  dark  green  to  be  most  attractive  for  nymphs  and  adults,  and  yellow  and  white  the  least 
attractive.  We  compared  green  and  yellow  panel  traps  in  the  field,  both  baited  with  the 
aggregation  pheromone  of  HB,  murgantiol,  and  showed  that  green  panels  caught  significantly 
more  HB  and  fewer  non-target  lady  beetles  than  did  the  baited  yellow  panels.  Investigating  the 
effect  of  trap  type  with  the  addition  of  semiochemical  attractants  in  the  field,  we  found  that  a 
pyrethroid-treated  ramp,  square  panel,  and  pyramidal  trap  all  intercepted  HB  effectively  in  the 
field,  with  the  pyramidal  trap  killing  the  most  HB.  Also,  the  combination  of  murgantiol  with  a 
low  emission  of  benzyl  isothiocyanate  was  more  attractive  than  murgantiol  alone  for  all  trap 
types.  To  integrate  this  information  into  an  effective  attract-and-kill  strategy,  we  explored  the 
potential  of  using  pyrethroid  treated  screen  as  a  killing  agent  for  the  trap.  We  determined  the 
LT50  of  HB  nymphs  on  PermaNet®,  a  deltamethrin-treated  screen,  and  showed  this  product  to  be 
promising  as  trap  construction  material  for  managing  HB. 
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Lygus  lineolaris  is  a  key  pest  affecting  cotton,  Gossypium  spp.  The  pest  is  widely  distributed  in 
the  U.S.,  especially  in  eastern  and  mid-southern  states.  Nearly  53%  of  U.S.  cotton  acreage  was 
infested  by  Lygus  spp.  in  2002.  An  individual  lygus  bug  is  capable  of  destroying  up  to  23,400 
cotton  squares  per  hectare.  Fifth  instar  nymphs  are  the  most  aggressive  feeders,  hence  cause 
more  economic  loss.  Nonetheless,  little  is  known  about  how  lygus  feeding  causes  square 
damage.  The  objective  of  our  research  was  to  better  understand  damage  to  cotton  squares  from 
fifth  instar  nymphs,  by  performing  a  time  course  study  of  internal  anatomical  changes  to  squares 
after  a  standardized  amount  of  feeding.  Four  hours  of  nymphal  probing  was  applied  via 
electropenetrography  (EPG)  to  one  cotton  square  on  each  of  32  plants.  Each  plant  was  held  for 


either  0,  4,  12,  or  24  hours  (8  plants  per  treatment).  Squares  were  then  excised  and  prepared  for 
light  microscopy.  Compared  with  healthy,  undamaged  control  squares,  L.  lineolaris  nymphal 
feeding  caused  grossly  enlarged  empty  spaces,  varying  amounts  of  cellular  degradation,  and 
discoloration  of  tissues.  Also,  fifth  instar  nymphal  feeding  induced  histological  signs  of  tannin 
accumulation  as  a  defensive  response,  at  all  time  periods.  Cellular  degradation  and  tannin 
accumulation  increased  over  the  first  12  hours,  whereas  empty  spaces  in  tissues  were  larger  at  24 
hours,  suggesting  a  progression  of  damage  symptoms.  This  study  will  be  helpful  in  studying  the 
role  of  tannins  in  cotton-lygus  interactions,  and  in  eventual  development  of  new,  resistant  cotton 
varieties. 
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Native  bees  are  important  pollinators  that  have  garnered  attention  following  challenges  facing 
commercial  pollinators  including  honeybees.  The  resulting  awareness  suggests  the  need  for 
improved  stewardship  for  all  pollinators  specifically  by  including  citizens  in  conservation  efforts. 
This  study  aims  to  determine  the  efficacy  of  citizen  science  protocols  for  monitoring  of  bee 
diversity  and  compare  bee  diversity  in  public  gardens  located  in  the  inner  city  and  in  natural 
areas  on  the  outskirts  of  the  City  of  Fort  Collins,  Colorado.  Citizen  science  protocols  provide  a 
variety  of  benefits  including  reduced  research  costs,  increased  efficiency  of  personnel  and 
resource  use,  and  increased  opportunities  to  connect  people  to  nature  facilitating  habitat 
protection  and  pollinator  conservation.  Our  long  term  goals  include  development  of  informed 
guidelines  for  policy  makers  on  urban  land  use  decisions  that  include  conservation  of  bee 
diversity.  We  recruited  and  trained  16  citizen  scientists  to  identify  bee  species  in  four  different 
gardens,  working  closely  with  them  to  ensure  procedural  accuracy.  In  addition,  researchers 
independently  identified  and  recorded  bee  species,  collecting  samples  as  needed  for  voucher 
specimens  and  for  future  identification.  Including  citizen  science  volunteers  proved  to  be  an 
effective  method  to  collect  data  as  indicated  by  the  similarity  between  those  documented 


independently  by  researchers.  We  conclude  that  investing  sufficient  time  in  training  each 
volunteer  ensures  accuracy  of  data  collected  by  citizen  scientists.  Analyses  of  bee  diversity  data 
is  in  progress  and  we  anticipate  higher  bee  abundance  and  diversity  in  the  inner  city  gardens  due 
to  increased  diversity  of  flowering  plant  species  in  urban  areas. 
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As  part  of  the  economic  downturn  and  ensuing  foreclosures,  Cleveland,  Ohio,  U.S.  maintains 
over  1,400  hectares  of  vacant  land.  Vacant  land  could  potentially  offer  important  foraging  habitat 
for  pollinators.  Our  goal  is  to  determine  how  management  strategies  influence  pollinator 
foraging  patterns  within  urban  vacant  lot  greenspaces. 

We  examined  pollinator  foraging  within  five  vacant  lot  treatments:  mown  and  unmown  vacant 
lots  with  existing  vegetation,  a  low-growing  flowering  lawn  seed  mix  (fleur-de-lawn),  and  low  (4 
forbs)  and  high  (16  forbs)  diversity  pocket  prairies.  These  sites  were  located  in  8  inner-city 
neighborhoods  of  Cleveland,  Ohio,  with  each  neighborhood  containing  one  site  of  each  habitat 
type.  Sampling  occurred  once  a  month  in  July,  August,  and  September  of  2015.  Floral  visitors 
were  collected  with  bee  vacuums  during  timed  floral  surveys.  To  compare  the  communities,  the 
floral  visitation  information  was  used  to  make  interaction  networks  using  the  Bipartite  package 
in  R.  A  total  of  2,053  plant  visitors  greater  than  3  mm  were  collected  in  2015  in  72  different 
arthropod  families  including  957  bees  and  251  hoverflies.  Successional  meadows  had  the  highest 
network  level  specialization  whereas  the  fleur-de-lawn  and  low  diversity  prairie  had  the  lowest. 
Pollinator  generality  was  highest  in  the  fleur-de-lawn  and  low  diversity  habitats  and  similar  at 
the  other  treatments. 

Sites  were  in  early  establishment  in  2015.  Thus,  floral  resources  were  similar  between  habitat 
types,  with  most  floral  abundance  coming  from  “weedy”  flora.  We  expect  to  see  a  larger 


difference  in  the  pollinator  communities  in  the  subsequent  years  once  the  habitats  more  fully 
establish. 
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Urban  greenspace  is  critical  in  supporting  ecosystem  services  such  as  pollination  and  pest 
regulation.  Yet,  greenspace  management  and  placement  within  a  city  landscape  can  limit  the 
value  of  these  patches  for  conserving  beneficial  insects.  This  study  investigated  how  redesigning 
plant  communities  within  vacant  lots  influenced  a  habitat’s  ability  to  support  insect  pollinator 
and  predator  communities.  Biodiversity  Ecosystem  Function  (BEF)  theory  hypothesizes  that 
increasing  plant  biodiversity  would  stabilize  and  increase  the  productivity  of  other  organisms 
within  an  ecosystem.  However,  biodiversity’s  influence  is  context  dependent  and  varies  amongst 
trophic  levels.  Our  research  examines  BEF  theory  in  urban  Cleveland,  OH  by  quantifying  how 
patch  and  landscape  scale  heterogeneity  impact  cavity  nesting  bees  and  wasps,  two  taxa 
responsible  for  pollination  and  resource  capture  of  arthropod  pests.  We  seeded  forty  vacant  lots 
in  eight  neighborhoods  with  one  of  five  planting  treatments.  We  then  determined  how  both  local 
vegetation  and  landscape  features  influenced  wasp  and  bee  nesting  productivity.  To  monitor 
nesting,  we  established  one  trap  nest  filled  with  twenty  cardboard  nesting  straws  in  each  lot. 

Once  per  month,  from  May -August  2015,  we  collected  all  occupied  straws  and  X-rayed  their 
contents.  We  found  that  larvae  within  trap  nests  were  more  abundant  in  landscapes  dominated  by 
built  structures  versus  landscapes  composed  of  more  vegetation.  Our  results  indicate  green  space 
is  more  valuable  in  increasingly  built  landscapes  and  can  be  used  to  guide  management  of  vacant 
land  to  support  (1)  urban  conservation  of  wasps  and  bees,  and  (2)  increased  ecosystem 
functioning  in  urban  environments. 
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Introduction:  Fire  has  a  major  impact  on  the  structure  and  function  of  many  ecosystems  globally. 
Pyrodiversity,  the  diversity  of  fires  within  a  region  (where  diversity  is  based  on 
fire  characteristics  such  as  extent,  severity  and  frequency),  has  been  hypothesized  to  promote 
biodiversity,  but  changing  climate  and  land  management  practices  have  eroded  pyrodiversity.  To 
assess  whether  changes  in  pyrodiversity  will  have  impacts  on  ecological  communities,  we  must 
first  understand  the  mechanisms  that  might  enable  pyrodiversity  to  sustain  biodiversity,  and  how 
such  changes  might  interact  with  other  disturbances  such  as  drought. 

Methods:  Focusing  on  plant-pollinator  communities  in  mixed  conifer  forest  with  frequent  fire  in 
Yosemite  National  Park,  California,  we  examine  how  pyrodiversity,  combined  with  drought 
intensity,  influences  those  communities.  We  find  that  pyrodiversity  is  positively  related  to  the 
richness  of  the  pollinators,  flowering  plants,  and  plant-pollinator  interactions. 

Results/Conclusion:  On  average,  a  5%  increase  in  pyrodiversity  led  to  the  gain  of  approximately 
one  pollinator  and  one  flowering  plant  species  and  nearly  two  interactions.  We  also  find  that  a 
diversity  of  fire  characteristics  contributes  to  the  spatial  heterogeneity  (p-diversity)  of  plant  and 
pollinator  communities.  Lastly,  we  find  evidence  that  fire  diversity  buffers  pollinator 
communities  against  the  effects  of  drought- induced  floral  resource  scarcity.  Fire  diversity  is  thus 
important  for  the  maintenance  of  flowering  plant  and  pollinator  diversity,  and  predicted  shifts  in 
fire  regimes  to  include  less  pyrodiversity  compounded  with  increasing  drought  occurrence  will 
negatively  influence  the  richness  of  plant  and  pollinator  communities  in  this  and  other  forested 
ecosystems. 
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Prescribed  rangeland  fire  is  a  common  management  tool  used  to  improve  forage  and  limit  honey 
mesquite  dominance  in  the  Texas  Rolling  Plains.  Fires  result  in  changes  to  vegetation  that  can 
subsequently  influence  insect  populations  and  communities.  Ground-dwelling  insects  are  an 
important  food  source  for  many  game  animals  and  significant  nutrient  recyclers.  Our  study  was 
conducted  on  two  private  ranches  and  one  public  wildlife  management  area  in  north  central 
Texas.  We  applied  3  dormant  season  prescribed  fires  and  opportunistically  used  a  wildfire  in 
2014.  In  2015  we  conducted  6  dormant  season  prescribed  fires.  Insects  were  sampled  using  five 
pitfall  traps  per  each  burned  patch  and  each  paired  control  site.  Each  500  mL  pitfall  trap  was 
filled  with  200  mL  of  1 : 1  solution  of  water  and  propylene  glycol  with  a  drop  of  unscented  dish 
detergent.  Pitfall  traps  were  collected  weekly  for  four  weeks  between  July  and  August  in  both 
years.  Ground-dwelling  insects  were  later  identified  to  highest  taxonomic  resolution  possible  and 
counted.  We  also  measured  foliar  ground  cover  and  plant  species  composition  within  1  m2 
square  frames,  and  vegetation  structure  along  four  transects  per  paired  treatment  and  control 
sites.  Our  analysis  will  consist  of  model-based  multivariate  methods.  Covariates  will  include  % 
litter,  %  bare  ground,  %  live  vegetation,  Shannon's  H'  diversity,  and  visual  obstruction. 
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Introduction:  Rapid  biodiversity  loss  and  a  lack  of  basic  knowledge  of  biodiversity  combine  to 
form  one  of  the  most  serious  problems  facing  the  natural  sciences.  DNA  barcoding  and 
metabarcoding  have  the  potential  to  revolutionize  the  study  of  biodiversity.  However,  these  new 
technologies  require  substantial  testing  to  optimize  their  implementation.  This  study  will  explore 
the  use  of  next  generation  sequencing  in  metabarcoding  arthropod  samples  and  production  of 
specimen  based  DNA  barcodes. 

Methods:  Arthropod  samples  were  collected  from  a  temperate  and  a  tropical  forest  using  Malaise 
traps.  Parasitoids  and  representative  specimens  from  all  orders  in  samples  from  both  locations 
were  removed  with  a  leg  from  each  returned  to  its  respective  sample.  COI  barcodes  were 
generated  for  each  of  these  specimens  to  provide  a  check  of  metabarcoding  success  and  to 
investigate  the  diversity  of  the  parasitoid  guild  in  greater  detail.  For  metabarcoding,  DNA  from 
all  specimens  within  each  Malaise  trap  sample  was  sequenced  in  bulk. 

Results:  Biodiversity  metrics  such  as  species  richness  and  evenness  will  be  assessed  for  each 
site.  Results  will  be  compared  to  those  from  a  traditional,  morphological,  biodiversity  survey. 
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Agricultural  activity  associated  with  habitat  conversion  is  a  major  driver  of  biodiversity  loss 
across  the  tropics.  The  decline  of  species  richness  is  a  common  outcome  of  conversion  to 
agricultural  land-use,  but  the  associated  changes  in  functional  and  phylogenetic  diversities,  and 
spatial  patterns  of  beta-diversity,  are  not  well  understood.  These  patterns  may  shed  light  on 
underlying  ecological  processes  that  are  of  both  basic  and  applied  interest;  for  example  the 
relative  roles  of  stochastic  assembly,  ecological  filtering,  and  competition  in  structuring 
ecological  communities  as  well  as  broader  consequences  for  ecological  functioning  in 
agroecosystems.  Here  we  investigate  the  effects  of  conversion  to  rubber  plantation  ( Hevea 
brasiliensis )  on  leaf-litter  ant  taxonomic,  functional  and  phylogenetic  diversities  at  local  and 
among-sites  scale  in  Xishuangbanna,  Southeast  China.  We  found  a  sharp  decline  of  ant  species 
richness  in  rubber  plantations  compared  with  nearby  forest  habitat,  with  low  beta  diversity 
indicating  spatial  homogeneity  of  communities  in  rubber  plantation.  In  addition,  patterns  of  both 
functional  alpha  and  beta  diversities  suggested  the  emergence  of  a  functionally  distinct  ant 
community  in  the  agroecosystem  compared  to  the  forest  habitats.  These  results  support  a  role  of 
ecological  filtering  in  structuring  the  taxonomic  and  functional  composition  of  both  rubber  and 
forest  habitats.  In  contrast,  changes  in  phylogenetic  diversity  were  modest  and  not  significantly 
different  from  random  expectations  despite  strong  phylogenetic  signal  of  functional  traits.  This 
study  highlights  the  need  for  a  pluralistic  approach  to  characterizing  the  loss  of  biodiversity  in 
agroecosystems,  as  well  as  understanding  the  underlying  mechanisms  of  community  assembly 
driving  this  biodiversity  loss. 
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Unidentified  species  of  armored  scales  (Diaspididae)  from  the  U.S.  National  Entomological 
Collection  have  been  awaiting  identification  and  description  for  approximately  40  years.  These 
specimens  were  collected  in  New  Caledonia  in  1963  and  1978  on  a  variety  of  plant  species.  New 
Caledonia  is  considered  a  biodiversity  hotspot  and  is  home  to  many  unique  flora  and  fauna  that 
can  be  found  nowhere  else  in  the  world.  With  the  addition  of  these  new  species  descriptions  of 
Diaspididae,  the  total  number  of  described  scale  species  found  in  New  Caledonia  is  now  over 
100. 
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Abstract  text: 

Allopatric  speciation  appears  to  be  the  main  driver  for  tropical  species  diversification, 
particularly  for  paramo  species,  which  show  high  diversity  and  endemicity.  The  present  research 
aims  to  elucidate  speciation  patterns  of  widely  distributed  species  of  beetles  from  isolated 
paramo  patches  across  Ecuador.  Sampling  targets  were  16  sites  in  the  paramo  ecosystem  (3500  - 
4000  m),  through  pitfall  traps  and  hand  collecting.  Ground  beetles  and  weevils  appear  to  be  the 
most  abundant  taxa  in  sampled  paramos  from  eight  provinces.  Preliminary  phylogeographic 
analyses  using  mitochondrial  DNA  for  Dyscolus  alpinus  (Coleoptera,  Carabidae)  from  six 
localities  shows  14  unique  haplotypes  and  some  level  of  differentiation  between  populations  in 
the  eastern  and  western  slopes,  as  well  as  between  the  northern  and  southern  branches  of  the 
Ecuadorian  Andes.  These  data  will  be  compared  to  Rad-Seq  analyses  to  establish  commonalities 
with  these  two  methodologies.  Similar  phylogenetic  analyses  are  being  done  for  other  widely 
distributed  species  (i.e.  Peltalleus  columbianus  and  Notiobia  peruviana).  With  these  results,  we 
also  expect  to  correlate  the  patterns  with  geological  events  such  as  the  rise  of  the  eastern  and 
western  cordillera,  which  have  proven  to  be  important  barriers  of  species. 
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The  Madrean  Sky  Island  Archipelago  is  a  natural  laboratory  within  which  to  study  the  relation 
between  landscape  structure  and  genetic  variation  across  time.  This  region  is  located  within  the 
southwestern  United  States  and  northwestern  Mexico  and  is  composed  of  over  60  isolated 
mountains  located  between  the  Rocky  Mountains  and  the  Sierra  Madre  Occidental.  These 
mountains  are  called  "Sky  Islands"  because  they  contain  discrete  patches  of  high  elevation 
woodlands  surrounded  by  a  sea  of  desert  and/or  grassland.  For  species  that  require  a  montane 
environment,  the  surrounding  desert  acts  as  a  barrier  preventing  them  from  dispersing  between 
mountain  ranges.  The  result  is  a  lack  of  contemporary  gene  flow  between  Sky  Island  populations 
of  flightless,  poorly  dispersing  species.  However,  during  the  Last  Glacial  Maximum  (-10,000 
years  ago),  there  were  opportunities  for  gene  flow.  The  climate  within  the  region  was  cooler  and 
wetter;  woodland  habitat  patches  were  larger,  connecting  many  of  today’s  isolated  mountain 
ranges.  To  infer  the  historical  corridors  and  barriers  to  population  movement  for  this  region,  we 
generated  SNP  data  with  ddRADseq  for  Synuchus  dubius  (Coleoptera:  Carabidae),  a  flightless 
ground  beetle  species  restricted  to  the  isolated,  high-elevation  pine  woodland  patches  of  this 
region.  Phylogenetic  reconstructions  and  analyses  of  haplotype  distributions  across  the  Sky 
Islands  indicate  that  a  large  source  population  at  the  northern  boundary  of  the  Sky  Island  region 
has  repeatedly  provided  dispersing  individuals  during  the  Pleistocene  glacial  cycles  and  that  the 
likelihood  of  a  Sky  Island  population  being  replaced  by  dispersing  individuals  decreases  as  its 
distance  from  that  source  increases. 


Student  Paper  (Oral)  Presentation  Competition 


Presentation  Title:  Defense  mechanisms  of  Pachyrhynchus  weevils 

Author  Name:  Lu-Yi  Wang 

Author  Institution:  National  Taiwan  Normal  University 

Session  Title:  Graduate  Student  Oral  Competition:  Biodiversity,  Biogeography,  and 
Conservation  of  Arthropods:  Diversity 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1003 

DOI:  10. 1603/ICE.2016.1 12480 
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Aposematic  species  often  have  a  repellent  secondary  defense  associated  with  conspicuous 
coloration.  The  colorful  patterns  of  Pachyrhynchus  weevils  have  been  found  to  serve  as  warning 
signals  against  the  predation  of  lizards.  This  study  focused  on  the  defense  mechanisms  of 
Pachyrhynchus  weevils  in  Taiwan.  Here,  we  test  three  hypotheses:  (1)  The  morphological 
defense:  Pachyrhynchus  are  too  hard  to  be  eaten.  (2)  The  behavioral  defense:  The  claws  at  the 
end  of  the  tarsus  of  Pachyrhynchus  in  couple  with  behavior  may  play  a  role  in  defense.  (3)  The 
chemical  defense:  There  are  chemicals  in  Pachyrhynchus  that  are  repellent  or  toxic  to  attacking 
predators.  We  first  compared  the  hardness  of  Pachyrhynchus  with  other  sympatric  prey  of  the 
lizard.  Next,  we  performed  manipulative  experiments  to  test  the  importance  of  the  hardness  and 
claws  in  defense.  Finally,  we  utilized  GC-MS  to  analyze  the  chemical  profile  of  Pachyrhynchus 
and  compared  these  compounds  with  chemicals  that  other  insects  use  as  deterrents.  Among  these 
three  possible  defenses,  we  found  that  the  hardness  of  exoskeleton  may  be  the  primary  defense 
that  Pachyrhynchus  uses  to  deter  predators.  Behavioral  defense  is  the  supplementary  strategy. 
Since  there  is  no  specialized  secretory  gland  nor  chemicals  found  in  Pachyrhynchus  weevils,  the 
chemical  defense  hypothesis  was  excluded.  Our  findings  provided  the  first  empirical  evidences 
to  support  that  the  physical  hardness  is  the  main  secondary  defense,  underlying  their  aposematic 
coloration. 
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Many  agricultural  landscapes  aim  to  maximize  the  amount  of  harvestable  land,  which  has 
resulted  in  a  reduction  of  agroecosystem  biodiversity.  This  study  investigates  the  relationships 
that  exist  among  cover  crop  diversity,  insecticide  use,  and  soil  conservation  practices,  soil  health, 
and  insect  communities  in  a  corn  production  system.  The  objective  of  the  study  is  to  implement 
plant  diversity  and  soil  management  to  increase  insect  biodiversity,  as  well  as  to  explore  the 
relationships  between  insect  communities,  plant  diversity,  and  soil  health.  The  hypothesis 
addressed  in  this  study  was  that  insecticide  use  versus  cover  crop  utilization  affect  pest 
abundance  and  predator:  prey  ratios  in  corn  fields,  and  that  profitability  of  the  corn  production 
system  differs  between  treatment  types.  Insect  diversity  and  soil  properties  were  assessed  in  plots 
that  have  one  of  the  following  treatments:  corn  following  bare  soil  with  conventional  pest 
management  practices  such  as  genetically  modified  (GM)  varieties  and  insecticide  use  (bare 
soil),  or  corn  preceded  by  a  cover  crop,  with  non-GM  corn  and  no  insecticidal  treatments  (cover 
crop).  Soil  Organic  Matter  (SOM),  water  infiltration,  and  soil  bulk  density  were  measured  in 
each  field.  Insect  communities  were  assessed  by  taking  soil  cores,  quadrat  suction  sampling,  and 
counting  insects  on  whole  corn  plants.  Results  reveal  that  there  is  no  difference  in  pest 
abundance  between  treatments,  except  for  aphids,  which  were  significantly  less  abundant  in  the 
cover  crop  treatment.  Treatment  had  no  effect  on  com  yield,  while  overall  profitability  remains 
to  be  calculated. 
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Insects  and  other  arthropods  are  among  the  most  abundant  and  diverse  animals  on  Earth.  This  is 
especially  true  in  Hawaii  where  they  constitute  the  majority  of  the  islands’  endemic  fauna  and 
play  important  roles  in  Hawaii’s  ecosystem  functions.  Although  arthropods  are  omnipresent  in 
nearly  every  terrestrial  ecosystem,  studying  these  animals  is  challenging.  Detection  and 
identification  is  difficult  because  many  insect  species  are  small  and  very  mobile  with  immense 
population  sizes,  complex  morphologies  and  diverse  life  histories.  Moreover,  their  habitats  may 
be  in  harsh  climates  and  terrain  that  is  difficult  to  access.  We  have  catalogued  nearly  7,000 
individual  insect  records  from  2012-2015  as  the  baseline  biodiversity  estimate  for  three 
prominent  native  plant  species  ( Chenopodium  oahuense ,  Geranium  cuneatum ,  and  Sophora 
chrysophylla)  in  the  2,800m  elevation  subalp ine  region  of  the  Maunakea  Volcano  on  Hawaii 
Island.  To  analyze  these  data,  we  used  statistical  software  (Estimates  9.0)  to  estimate  and 
compare  arthropod  abundance  and  species  richness  on  these  three  plant  species.  The  ultimate 
goal  of  our  research  is  to  demonstrate  the  use  of  limited  empirical  data  to  develop  an  alternative, 
targeted  sampling  approach  that  uses  species  accumulation  curves  and  sequential  sampling  plans 
to  offset  the  challenges  of  arthropod  sampling  and  diversity  estimates  for  Maunakea’ s  subalpine 
plants.  By  developing  quantitative  models  that  facilitate  arthropod  monitoring  and  annual 
comparisons,  our  research  results  will  help  the  Office  of  Maunakea  Management  minimize  the 
cost  and  effort  required  to  monitor  and  protect  rare  endemic  species  and  mitigate  invasive 
species  effects  in  Maunakea’ s  subalpine  environment. 
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The  Hawaiian  endemic  wekiu  bug,  Nysius  wekiuicola,  is  a  unique  flightless  insect  that  inhabits 
the  rock  tephra  cinder  cones  above  -3,500  m  elevation  on  the  summit  of  the  Maunakea  volcano. 
The  wekiu  bug  is  a  species  of  conservation  concern  due  to:  a)  its  restricted  range  of -1,618  ha  in 
alpine  stone  desert  habitat  and  b)  variability  in  observed  relative  densities.  This  carnivorous 
scavenger  species  has  evolved  behavioral  and  morphological  adaptations  to  withstand  the  harsh 
alpine  environment  at  the  mountain  summit.  Although  the  wekiu  bug  has  been  monitored 
annually  since  2001  and  intermittently  since  1982,  little  is  known  about  the  insect’s  densities  and 
distributions  through  time.  Both  direct  habitat  modification  threats  and  indirect  climate  change  or 
competitive  species  threats  are  not  well  understood.  We  compiled  all  available  wekiu  bug  data  to 
show  intra-  and  inter-annual  patterns,  trends,  and  variability. 

Wekiu  bug  capture  rates  and  distribution  patterns  within  and  between  cinder  cones  are  extremely 
variable  from  year  to  year.  The  greatest  difference  in  wekiu  bug  relative  density  was  observed 
between  the  summers  of  2013  and  2014  when  capture  abundances  decreased  from  5,290  to  52,  at 
daily  capture  rates  of  18.2  and  0.2  following  a  year  of  intense  drought.  This  decrease  also 
corresponded  to  decreases  in  observed  distributions  within  cinder  cones,  where  insects  were 
absent  from  many  of  the  monitoring  sites.  Understanding  the  temporal  variability  and  spatial 
distribution  of  this  insect,  in  conjunction  with  abiotic  data,  can  provide  insights  to  land  managers 
for  the  continued  management  and  conservation  of  this  species. 
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Introduction:  Climate  change  is  expected  to  bring  about  elevated  temperatures  and  abnormal 
weather  such  as  drought  and  water  stress  that  can  affect  rice  pests.  A  serious  pests  that  might  be 
affected  is  the  brown  planthopper,  Nilaparvata  lugens( Stal).  Although  there  is  some  information 
on  the  effects  of  single  stresses  onN.  lugens,  little  is  known  about  the  combined  effects  of  water 
stress  and  temperatures. 

Methods:  We  investigated  the  combined  effects  of  5  temperature  levels  and  4  water-stress  levels 
on  the  biological,  physiological  and  biochemical  changes  in  N.  lugens ,  and  analyzed  the 
differential  gene  and  transcript  expression  of  RNA-Seq  experiments  with  Illumina  technology  de 
novo  transcriptome  sequencing. 

Results/Conclusion:  Water-stress  and  temperatures  had  no  significant  interaction  effects  on  N. 
lugens.  Each  factor  had  significant  impacts  on  the  longevity  and  oviposition  of  N. 
lugens.  Longevity  and  oviposition  at  38°C  were  significantly  lower  than  at  other 
temperatures.  Between  22°C  and  26°C  there  was  no  difference.  Egg  hatch  was  not  significantly 
different  under  the  two  stress  conditions.  Transcriptome  sequencing  obtained  565  significant, 
differentially  expressed  genes  of  which  348  were  up-regulated  and  217  were  down-regulated. 

GO  enrichment  analyzed  278  significant  transcriptions  and  there  are  153  GO  term  up-regulated 
and  125  down-regulated.  In  addition,  350  associative  pathways  were  involved  in  significant 
pathway  enrichment.  The  study  revealed  that  the  significant  differences  in  longevity  and 
oviposition  and  the  differential  expressed  genes  under  stress  conditions  were  a  kind  of  adaptive 
response  of  insect  to  adverse  ecological  conditions. 
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Introduction:  Temperature  is  an  important  bioclimatic  factor  for  plants  and  insects,  variously 
affecting  their  life  processes.  In  a  plant-based  insect  food-web,  each  organism  has  its  own 
thermal  window.  Thus,  the  relative  ability  to  respond  to  temperature  change  is  ecologically 
critical,  as  any  temperature  change  may  cause  a  shift  in  the  potential  equilibrium  of  the  food 
web.  Unfortunately,  evaluating  the  relative  performance  of  multi-level  food  webs  lacks  a 
common  measure  to  simultaneously  compare  different  trophic  levels. 

Methods:  We  developed  a  tri-trophic  food  web  performance  ratio  (cp3t)  based  on  relative 
productivity  for  a  model  plant-herbivore-parasitoid  food-web.  Biomass  was  used  as  a  common 
currency  between  the  trophic  levels,  linking  different  ecological  rates  in  a  single  metric  to  predict 
relative  biomass  productivity  across  trophic  levels.  We  evaluated  the  model  food  web  under 
three  experimental  climate  change  scenarios  defined  as:  the  reference  (current)  and  two  future 
regimes  obtained  by  simulation  for  the  2050  horizon  for  southern  Canada  using  the  Canadian 
Regional  Climate  Model  (CRCM).  The  food  web  comprised:  potato,  Solarium  tuberosum ,  the 
potato  aphid  Macrosiphum  euphorbiae,  and  the  parasitoid  wasp  Aphidius  ervi. 

Results/Conclusion:  Despite  having  the  narrowest  thermal  window,  the  parasitoid  arriving  in  the 
food  web  briefly  after  the  herbivore,  dominated  the  food-web  in  biomass  production  in  a  top- 
down  way  in  all  three  climate  change  scenarios.  Using  the  same  approach,  we  were  able  to 
determine  that  in  the  absence  of  parasitoids  the  herbivore  greatly  outperforms  the  plant  in 
biomass  production  as  expected.  Results  are  discussed  in  terms  of  ecological  and  agricultural 
implications. 
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Introduction:  The  coffee  berry  borer  (CBB)  is  the  most  damaging  coffee  pest  in  the  world.  The 
species  distribution  model  (SDM)  allows  projection  of  the  potential  distribution  of  target  species 
based  on  the  relationship  between  species’  bioclimatic  variables  and  their  ecological 
requirements. 

Methods:  A  total  of  97  CBB  from  241  sites  were  sampled  and  georeferenced  in  Puerto  Rico. 
Nineteen  bioclimatic  variables  and  altitudes  with  30  seconds  (ca.  1  km)  spatial  resolution  and 
downloaded  from  WorldClim  dataset  were  used.  Maxent  3.3.3k  was  used  to  analyze  the  data  and 
to  establish  the  potential  and  actual  distribution.  Jackknife  tests  were  used  to  determine  the  most 
influential  bioclimatic  variables  associated  with  CBB  presence.  Finally,  ArcGIS  10.2.2  was  used 
to  create  the  spatial  data  layers.  Distribution  maps  were  generated  illustrating  the  suitable  area 
for  coffee  berry  borer  in  Puerto  Rico  and  predictable  infestation  levels. 

Results/Conclusion:  Jackknife  tests  of  variable  contribution,  showed  that  precipitation  in  the 
wettest  quarter  (33.3),  altitude  (24.4),  and  precipitation  seasonality  (15.3)  were  the  three  most 
important  bioclimatic  predictors  of  H.  hampei  habitat  distribution.  A  weak  linear  relationship 
was  observed  between  environmental  suitability  distribution  and  relative  infestation  of  CBB. 
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Beneficial  soil  micro-organisms  hold  potential  to  increase  plant  growth  and  boost  plant 
immunity.  Agronomic  practices  that  improve  soil  health,  such  as  no-till  and  cover  crops,  benefit 
the  physical  characteristics  of  soil  and  are  thought  to  increase  diversity  of  microbial 
communities.  These  practices,  however,  have  yet  to  be  linked  with  changes  in  indigenous 
beneficial  soil  microbes  that  can  improve  crop  resistance  to  insect  feeding.  By  comparing  plant 
growth  and  herbivory  in  different  quality  soils,  we  examined  how  indigenous  microbial 
communities  influence  plant  defense  and  herbivore  growth,  and  whether  plant  responses  to 
insects  are  affected  by  “soil  health”  practices  via  microbes.  We  collected  soils  on  farms  with 
conventional  and  “soil  health”  management  practices  and  used  feeding  assays  with  black 
cutworm  ( Argotis  ipsilon )  and  measured  defenses  of  maize  grown  in  these  different  soils.  We 
pasteurized  some  of  the  soil  to  separate  the  effects  of  microbes  from  abiotic  characteristics  of 
soil.  We  hypothesized  that  microbial  communities  in  soils  managed  with  long-term  no-till  and 
cover  crops  would  help  maize  be  more  resistant  to  herbivores.  These  data  are  fundamental  to 
understanding  how  insect  communities  may  be  affected  by  using  “soil  health”  practices,  and  may 
contribute  to  increased  overall  health  of  agricultural  ecosystems. 
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Introduction:  Spiders  are  considered  an  effective  biological  control  agent  in  agricultural 
ecosystems  because  they  are  obligate  predators,  and  they  can  feed  on  many  insect  pest  species. 
Riechert  and  Lockley  (1984)  reported  that  spiders  can  kill  a  greater  number  of  prey  than  they  can 
consume.  The  main  objective  of  this  study  was  to  determine  the  effects  of  organic  fertilizers  and 
beneficial  flowering  plants  on  spider  populations. 

Methods:  The  experimental  area  was  800  m2  and  divided  into  two  treatments  and  each  treatment 
used  two  replicates,  the  first  treatment  was  an  organic  fertilizer  with  mealy  cup  sage  {Salvia 
farinacea )  that  surrounded  two  plots  of  eggplant  and  the  second  treatment  was  a  chemical 
fertilizer  treatment  without  flowering  plants.  The  spiders  were  collected  from  five  eggplants 
from  each  plot  by  direct  count. 

Results/Conclusions:  The  total  number  of  spiders  by  direct  count  was  435  individuals, 
represented  by  13  families  but  most  were  from  Araneidae,  Tetragnathidae,  Linyphiidae  and 
Theridiidae.  Numbers  of  Lycosidae,  Pisauridae,  Thomisidae,  Philodromidae,  Theridiosomatidae, 
Mastophoridae,  Oxyopidae  and  Salticidae  were  low  in  both  treatments.  Repeated  measures 
ANOVA  showed  that  numbers  of  web  spiders  (Araneidae,  Tetragnathidae,  Linyphiidae,  and 
Theridiidae)  clearly  increased  in  the  eggplant  field  with  organic  fertilizers  and  surrounded  by 
mealy  cup  sage  compared  with  the  eggplant  field  with  chemical  fertilizers  and  without  flowering 
plants.  Finally,  the  combination  of  organic  fertilizers  and  flowering  plants  may  enhance  the 
numbers  of  web  building  spiders  by  managing  the  microhabitats,  microclimates,  or  increasing 
alternative  prey. 
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Introduction:  Ants  are  considered  as  a  keystone  group  within  most  ecosystems,  including 
through  ant  plant  interactions.  Ants  are  especially  able  to  contribute  to  seed  dipersal,  passively 
through  granivory  (predation)  or  actively  by  myrmecochory  (seeds  with  co-evolved  ants’ 
attractive  structure).  Such  ant  seed  dispersal  processes  are  especially  critical  on  poor  nutrient 
soils  as  observed  in  Australia,  which  is  a  major  hotspot  of  myrmecochory.  But,  to  date,  no  study 
has  been  undertaken  to  evaluate  the  magnitude  of  this  ant  plant  mutualism  across  the  nearby 
Pacific  region.  Based  on  the  strong  affinities  of  its  fauna  and  flora  with  Australia,  New 
Caledonia  appears  as  an  ideal  setting  to  test  such  co-evolved  processes.  But  exotic  ants  are  also  a 
major  concern  for  the  region  and  have  been  described  to  interfere  or  to  disrupt  such  ecosystem 
processes.  Here  we  provide  results  from  a  seed  dispersal  experiment  in  a  pre-forest  on  ultramafic 
soils  in  southern  New  Caledonia. 

Methods:  We  developed  an  experimental  approach  in  plots  both  invaded  and  univaded  by  the 
little  fire  ant  ( Wasmannia  auropunctata ).  We  offered  resident  ants  seed  bearing  elaiosomes 
( Acacia  spirorbis)  on  a  10X10  m  grid. 

Results/Conclusion:  The  little  fire  ant  was  responsible  for  less  seed  dispersal  events  than  native 
ants  and  it  dispersed  seeds  significantly  shorter  distances  than  native  ants  and  always  lost  seeds 
on  the  way  back  to  nest.  The  littel  fire  ant  appears  less  efficient  for  seed  dispersal  service  than 
native  ants.  Therefore,  such  an  invasion  can  deeply  affect  ecosystems  processes,  far  more  than 
the  native  ant  species'  extirpation  alone. 
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Introduction:  More  people  on  the  planet  now  live  in  urban  areas  than  in  rural  areas.  Urban  forests 
play  a  critical  role  in  maintaining  environmental  health  and  human  well-being.  However,  urban 
trees  are  subject  to  stressors  such  as  higher  temperatures,  reduced  water  availability,  soil 
compaction,  and  poor  soil  nutrition.  As  a  result,  growth  and  vigor  of  urban  street  trees  is  reduced 
while  pest  abundance  is  often  greater  than  that  of  rural  trees.  The  effects  of  herbivory  further 
stress  trees,  resulting  in  a  negative  feedback  which  maintains  the  poor  condition  of  many  urban 
trees.  Urban  areas  are  warmer  than  surrounding  suburban  and  rural  areas  and  urban  heat 
increases  herbivory  by  increasing  pest  survival  and  fecundity.  Forest  fragments  in  urban  areas 
may  serve  as  cool  refugia  for  urban  trees  that  reduce  herbivory  and  maximize  ecosystem 
services. 

Methods:  We  examined  the  effects  of  insect  herbivory  and  pest  load  on  tree  health  in  trees  within 
and  surrounding  urban  forest  fragments.  Trees  along  transects  from  forest  edges  toward  the 
interior  of  fragments  were  inspected  for  insect  pests  and  overall  vigor.  Forest  transects  were 
established  in  fragments  along  gradients  of  size,  temperature,  and  sharpness  of  edge. 

Results/Conclusion:  Correlations  among  pest  load,  tree  health,  and  temperature  are  discussed  in 
relation  to  tree  position  within  the  fragment  as  well  as  fragment  size. 
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Introduction:  Pest  herbivores  can  decrease  tree  health  and  ultimately  reduce  the  ecosystem 
services  that  trees  provide.  Unfortunately,  certain  pest  insects  are  found  at  higher  densities  in 
cities  than  in  surrounding  natural  areas,  and  within  a  single  city,  pests  can  be  more  abundant  in 
hot,  highly  urbanized  areas.  The  rate  at  which  pest  populations  build  up  on  a  tree  after  it  is 
planted  could  have  important  implications  for  the  tree’s  lifetime  ecosystem  services.  However, 
little  is  known  about  these  rates  of  pest  buildup  and  whether  they  vary  across  a  city. 

Methods:  To  address  this,  we  sampled  Acer  rubrum  (red  maple)  trees  in  their  second,  third,  sixth, 
tenth,  and  twelfth  growing  seasons  for  Melanaspis  tenebricosa  (gloomy  scale),  an  armored  scale 
pest.  Trees  were  selected  across  a  gradient  of  urban  conditions  based  on  impervious  surface 
cover.  We  measured  environmental  variables  such  as  the  complexity  and  diversity  of 
surrounding  vegetation,  temperature,  and  natural  enemy  communities  and  are  tracking  tree 
growth  and  condition  over  time. 

Results/Conclusion:  Almost  all  trees  in  their  third  growing  season  had  detectable  populations  of 
Melanaspis  tenebricosa ,  indicating  that  this  insect  colonizes  many  urban  trees  in  the  years 
immediately  following  planting.  However,  the  buildup  of  populations  over  time  is  highly 
variable,  as  trees  in  their  twelfth  growing  season  had  a  wide  range  of  Melanaspis  tenebricosa 
population  sizes.  Our  results  can  inform  strategies  for  effectively  managing  Melanaspis 
tenebricosa  in  urban  areas  and  highlight  the  complexities  of  managing  urban  forests  for  pests 
generally. 
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Introduction:  One  of  the  most  diverse  and  abundant  aquatic  insects  are  non-biting  midges 
(Diptera:  Chironomidae).  Lists  of  their  ecosystem  functions  would  be  extensive  -  from  being  a 
major  component  of  aquatic  vertebrate  diets  to  providing  aquatic-terrestrial  coupling  via 
transport  of  nutrients  from  aquatic  ecosystems  back  to  terrestrial  ecosystems.  One  of  the 
overlooked  ecosystem  services  of  these  midges  is  the  impact  of  their  larvae  (via  sediment 
reworking/ventilation  )-on  lake  sediment  respiration  one  of  the  main  drivers  of  carbon 
sequestering  in  lakes. 

Methods:  We  designed  a  microcosm  experiment  aiming  to  account  for  chronomid  impact  on 
sediment  respiration  (and  via  carbon  sequestering)  in  shallow  lakes  at  changing  temperatures. 

We  measured  the  impact  of  non-biting  midge  larvae  ( Chironomus  plumosus)  on  sediment 
respiration  non-invasively,  using  the  novel  bioreactive  tracer  resazurin,  which  measures  sediment 
respiration.  The  method  detects  respiration  created  by  enhanced  bacterial  metabolism  due  to 
larval  activity,  but  not  the  larva's  own  respiration. 

Results/Conclusion:  Larvae  increase  sediment  respiration  in  microcosms  up  to  3-4  times 
compared  to  uninhabited  sediments.  Bioturbation  impacts  on  sediment  respiration  increased  with 
rising  water  temperatures.  While  at  5  °C  sediment  respiration  rates  with  and  without  chironomids 
differed  only  insignificantly,  at  30  °C  sediment  respiration  in  microcosms  with  2000 
chironomids  per  m2  was  4.9  times  higher  than  uninhabited  sediments.  Our  results  indicate  that 
lake  water  temperature  increases  could  significantly  enhance  sediment  respiration,  with  severe 
consequences  such  as  increased  CO2  release.  Therefore,  the  importance  of  bioturbating  benthic 
animals  as  drivers  of  enhanced  sediment  CO2  release  should  be  carefully  examined. 
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Introduction:  Arbuscular  mycorrhizal  fungi  (AMF)  are  ubiquitous  plant-fungus  symbionts  in 
natural  and  agricultural  ecosystems.  They  play  a  vital  role  in  mediating  plant  resistance  against 
herbivores.  Rice  ( Oryza  sativa)  also  establishes  root  associations  with  AMF.  However,  little  is 
known  about  the  underlying  molecular  mechanisms  of  these  interactions.  We  studied  how  AMF 
colonization  leads  to  changes  in  rice  gene  expression,  up-regulating/down-regulating  resistance- 
related  genes,  thereby  increasing  performance  of  fall  armyworm  ( Spodoptera  frugiperda ,  FAW). 

Methods:  In  a  greenhouse  experiment,  we  characterized  molecular  responses  to  FAW-damaged 
and  undamaged  rice  plants  colonized  or  not  colonized  with  mycorrhizae  to  identify  candidate 
marker  genes  and  gene  networks  involved  in  plant  defense.  Leaves  were  collected  at  24  hours 
after  larvae  fed  from  rice  plants  subjected  to  four  treatments:  mycorrhizae  FAW-damaged  (MD) 
and  undamaged  plants  (MUD),  and  non-mycorrhizae  damaged  (NMD)  and  undamaged  plants 
(NMUD).  Following  the  feeding,  leaves  of  the  plant  were  removed  and  the  tissue  was  prepared 
for  RNA  isolation  and  synthesis  of  cDNA.  Transcriptome  analysis  documented  differential  gene 
expression  among  the  four  treatments. 

Results/Conclusion:  Validation  of  altered  expression  levels  of  eighteen  unigenes  that  encode 
plant  defense  biosynthetic  enzymes  and  transcription  factors  using  quantitative  Real-Time  PCR 
will  be  discussed  to  reveal  novel  underlying  mechanisms  during  rice-AMF-FAW  interactions. 
The  primary  genes  of  interest  were  plant  defense  genes  associated  with  the  salicylic  acid  and 
jasmonic  acid  pathways.  Our  results  indicate  that  AMF  colonization  causes  changes  in  gene 
expression  related  to  defense  responses,  with  important  consequences  for  rice-FAW  interactions. 
Ongoing  research  will  provide  insights  into  underlying  mechanisms  of  plant  resistance  in  rice. 
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Introduction:  Fatty  acid  desaturases  (FADs),  which  introduce  double  bonds  into  the  acyl  chains 
of  fatty  acids,  influence  plant  resistance  to  diverse  stresses,  including  insect  herbivores, 
pathogens,  extreme  temperatures,  drought  and  salinity.  Mutations  that  suppress  Fatty  Acid 
Desaturase  7  (. FAD7 )  in  tomato  (, Solarium  lycopersicum)  alter  the  fatty  acid  profile  of  chloroplast 
membranes  and  enhance  resistance  against  potato  aphids  (. Macrosiphum  euphorbiae).  We 
hypothesize  that  changes  in  the  chloroplast  membrane  in  TZTDZ-impaired  plants  may  alter 
photosynthesis,  which  may  then  influence  plant  defense  responses. 

Methods:  To  test  the  influence  of  FAD7  on  photosynthesis,  we  compared  chlorophyll  content, 
gas  exchange,  and  chlorophyll  fluorescence  in  isogenic  tomato  genotypes  with  normal  and 
impaired  FAD7  function  under  two  light  intensities.  Measurements  with  a  SPAD-502 
chlorophyll  meter  (Minolta)  indicated  that  loss  of  function  of  FAD7  reduced  total  chlorophyll 
content  at  low  light  (-220  pM/m2/sec),  but  not  at  moderate  light  (-400  pM/m2/sec). 

Results/Conclusion:  At  both  light  intensities,  measurements  of  chlorophyll  fluorescence  with  a 
LI-6400  Photosynthesis  System  (Li-COR)  indicated  that  minimal  chlorophyll  fluorescence  (Fo) 
was  lower  in  FUDZ-impaired  mutants  than  in  wild-type  plants,  and  this  appeared  to  enhance  the 
maximum  quantum  efficiency  of  photosystem  II  (Fv/Fm,  with  Fv  =  Fm  -  Fo).  Consistent  with  the 
increase  in  quantum  efficiency,  measurements  of  gas  exchange  suggested  that  carbon 
assimilation  and  stomatal  conductance  were  higher  in  mutants  than  wild-type  plants  at  moderate 
light.  These  data  indicate  that  FADs  influence  photosynthetic  activity,  which  may  partly  explain 
the  influence  of  this  set  of  enzymes  on  plant  resistance  to  a  diverse  set  of  biotic  and  abiotic 
stresses. 
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Drought  events  are  projected  to  increase  in  frequency  and  intensity  around  the  world.  This  trend 
may  benefit  sap-feeding  insects  such  as  aphids,  because  of  increased  nitrogen  availability  in  the 
phloem  as  a  consequence  of  water  stress.  However,  adverse  effects  may  also  emerge  due  in  part 
to  a  loss  of  plant  cell  turgor  pressure  and  thus  a  reduction  in  the  feeding  efficiency  of  aphids 
under  prolonged  drought.  Our  study  examined  the  response  of  bird  cherry-oat  aphid 
(Rhopalosiphum  padi  (L.))  performance  and  feeding  behavior  to  drought-stressed  wheat  plants 
( Triticum  aestivum  L.).  We  manipulated  drought  stress  and  assessed  the  effects  on  aphid 
performance,  propensity  to  emigrate  from  a  host  plant,  and  efficiency  of  sap  consumption.  We 
found  that  altered  plant  properties  driven  by  water  stress  had  a  negative  effect  on  aphid 
fecundity,  arrestment  on  host-plants,  and  honeydew  production,  indicating  that  drought-stressed 
plants  were  an  overall  lower  quality  resource  for  aphids.  Understanding  the  response  of  bird 
cherry-oat  aphid  performance  and  feeding  behavior  to  drought-stressed  plants  is  critical  because 
these  aphids  are  vectors  of  cereal  yellow  dwarf  virus  in  wheat  systems.  Drought-induced 
reduction  in  feeding  time  and  increased  plant-to-plant  movement  could  limit  the  vector’s  ability 
to  properly  acquire  the  pathogen  and  infect  healthy  plants,  potentially  reducing  the  risk  of 
disease  in  regions  afflicted  with  prolonged  drought. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Maize  defense  responses  to  phloem  sap-sucking  corn  leaf  aphid 

Author  Name:  Suresh  Varsani 

Author  Institution:  University  of  Nebraska 

Session  Title:  Graduate  Student  Oral  Competition:  Insect-Plant  Interactions  in  a  Changing 
Climate 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  1020 
DOI:  10. 1603/ICE.2016. 115425 
Abstract  text: 

Maize  ( Zea  mays  L.)  is  one  of  the  world’s  significant  cereal  crops,  but  also  suffers  huge  yield 
losses  due  to  insect  infestation.  Corn  leaf  aphid  (CLA),  Rhopalosiphum  maidis  (Fitch),  is  an 
economically  important  pest  of  several  monocot  crops,  including  maize.  CLA  feeds  on  the 
phloem  sap  of  the  host  plant  and  deprives  them  of  nutrients.  In  addition,  it  vectors  viral  diseases. 
We  had  previously  demonstrated  that  CLA  feeding  rapidly  triggers  the  accumulation  of  maize 
insect  resistance 1  ( mirl ),  which  encodes  a  cysteine  protease,  in  the  resistant  maize  Mp708 


genotype.  Furthermore,  aboveground  feeding  by  CLA  rapidly  sends  as  yet  unidentified  signal(s) 
to  the  roots  that  trigger  belowground  accumulation  of  mirl.  Our  results  indicate  that 
aboveground  feeding  by  CLA  provides  enhanced  resistance  to  subsequent  herbivory  by 
belowground  feeding  of  western  corn  rootworm  (WCR),  suggesting  that  roots  may  also  act  as  a 
site  for  toxin  synthesis  in  response  to  aboveground  herbivory.  Currently,  we  are  monitoring  the 
role  of  callose  deposition,  an  important  plant  defense  mechanism  that  contributes  to  phloem 
occlusion  to  curtail  the  infestation  of  phloem-feeding  insects,  in  altered  CLA  proliferation  on 
different  resistant  and  susceptible  maize  genotypes.  Results  from  our  work  will  help  us  to  better 
understand  the  maize  defense  mechanisms  against  phloem-feeding  insects. 
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Introduction:  Wheat  yields,  particularly  in  South  Africa  and  the  United  States  of  America,  are 
severely  reduced  through  infestation  by  Diur aphis  noxia  Kurdjumov  (Hemiptera:  Aphididae). 

The  development  of  new,  more  virulent  aphid  biotypes  which  overcome  the  resistance  afforded 
by  select  wheat  cultivars,  makes  control  of  this  cereal  pest  challenging.  While  the  mechanisms 
behind  biotypification  remain  unclear,  changes  in  the  epigenetic  phenomenon  of  methylation 
could  be  a  contributing  factor,  yet  remain  unexplored.  The  aim  of  this  study  was  to  determine  if 
methylation  plays  a  role  in  biotype  development  and  related  increases  in  virulence. 

Methods:  Methylation  of  four  South  African  D.  noxia  biotypes  was  investigated.  Global  levels  of 
methylation  and  demethylation  were  measured  through  antibody  immunoprecipitation  of 
methylcytosines  and  5’hydroxymethylcytosines  (a  demethylation  intermediate)  respectively.  In 
addition,  biotypic  methylation  profiles  were  compared  using  the  methylation  sensitive 
amplification  polymorphism  (MSAP)  fingerprinting  technique. 


Results/Conclusion:  Methylation  levels  did  not  differ  significantly  between  biotypes  and  were  all 
below  0.2%  which  is  in  line  with  reported  insect  methylation  levels  of  less  than  1%.  The 
hydroxymethylation  level  of  the  highly  virulent  South  African  mutant  biotype,  SAM  (0.46%), 
was  significantly  higher  than  the  other  biotypes.  Because  demethylation  is  associated  with  the 
reactivation  of  silenced  genes,  highly  virulent  biotypes  like  SAM  might  employ  this  mechanism 
to  overcome  plant  resistance,  by  reactivating  genes  that  enable  a  better  response  to  plant 
defenses. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Impact  of  farmscaping  on  stink  bug  density  over  corn 
Author  Name:  Arun  Babu 

Author  Institution:  North  Carolina  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Integrated  Pest  Management  and  Sustainable 
Agriculture:  Landscape  Systems 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1022 

DOI:  10.1603/ICE.2016.1 15491 

Abstract  text: 

Introduction:  Brown  stink  bug,  Euschistus  servus  (Say),  is  a  damaging  pest  of  corn  in  the 
southeastern  United  States.  Adult  emerging  after  overwintering  in  late  March  through  early  April 
sustain  themselves  on  wild  hosts  until  the  nearby  agricultural  crop  becomes  attractive.  There  is 
little  information  on  the  impact  of  manipulating  weed  hosts  to  manage  the  population  buildup  of 
stink  bugs  and  reduce  their  movement  into  nearby  corn.  This  research  focus  is  on  the  possibility 
to  reduce  stink  bugs  in  corn  by  manipulating  the  weedy  field  borders  with  mowing  and  selective 
broadleaf  herbicide  applications. 

Methods:  The  experiment  was  carried  out  in  North  Carolina  during  2015  and  2016.  A  2X2 
factorial  experiment,  with  replicated  strips  along  a  canal  bank  (100m  per  strip),  was  created 
using  mowing  and  dicamba  treatments  every  30-40  days.  Weed  plots  were  sampled  using  sweep 
nets  and  corn  plants  were  visually  sampled  for  stink  bugs. 

Results/Conclusion:  Results  indicate  that  adult  E.  servus  movement  from  overwintering  quarters 
to  weed  plots  began  around  the  first  week  of  April  and  their  population  on  spring  weeds  peaked 
around  30  April.  Adult  E.  servus  numbers  in  weed  plots  started  declining  around  the  first  week 


of  May,  which  coincided  with  the  germination  and  seedling  growth  of  corn.  Hence,  E.  servus 
was  moving  from  spring  weed  hosts  to  seedling  corn  during  this  time.  Early  in  the  season,  the 
presence  of  weed  hosts  in  field  borders  may  temporarily  serve  as  a  sink  for  E.  servus,  slightly 
delaying  their  movement  to  the  corn. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Farming  practices  can  affect  the  kudzu  bug,  an  invasive  soybean  pest  in  the 
US 

Author  Name:  Alejandro  Del  Pozo 

Author  Institution:  North  Carolina  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Integrated  Pest  Management  and  Sustainable 
Agriculture:  Landscape  Systems 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1023 

DOI:  10. 1603/ICE.2016.1 12208 

Abstract  text: 

Introduction:  The  kudzu  bug,  Megacopta  cribraria  (Hemiptera:  Plataspidae),  was  introduced  in 
southern  U.S.  during  2009,  and  it  is  considered  an  important  pest  in  soybeans.  When  left 
uncontrolled,  kudzu  bug  can  reduce  yield  up  to  59%.  A  series  of  experiments  were  conducted  to 
better  understand  how  production  practices  could  influence  population  densities  of  the  kudzu  bug 
in  soybeans. 

Methods:  The  main  goal  of  these  studies  was  to  identify  if  manipulation  of  planting  date,  varietal 
selection,  insecticide  use,  tillage  system,  and  ground  cover  negatively  impacted  the  kudzu  bug. 

In  our  studies,  we  tested  three  planting  dates,  four  maturity  groups,  two  insecticide  treatments, 
two  tillage  systems,  and  different  ranges  of  organic  residue  on  the  soil.  More  kudzu  bugs  were 
found  in  untreated  soybeans  planted  in  April. 

Results/Conclusion:  There  were  more  kudzu  bugs  in  conventionally  tilled  plots,  where  there  was 
almost  no  plant  residue  on  top  of  the  ground.  Additionally,  there  was  a  correlation  between 
residue  on  the  soil  and  kudzu  bug  numbers.  On  the  other  hand,  kudzu  bugs  were  not  consistently 
affected  by  the  manipulation  of  maturity  group  in  soybeans.  Knowing  where  kudzu  bug 
establishes  can  aid  scouting  efforts  in  soybeans.  Ultimately,  information  on  how  production 


practices  in  soybeans  affect  the  kudzu  bug  may  help  grower  select  practices  to  minimize  kudzu 
bug  density  and  injury. 
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The  kudzu  bug,  Megacopta  cribraria  (F.)  (Hemiptera:  Plataspidae),  originally  from  Asia  was 
first  detected  in  the  United  States  in  Georgia  in  2009.  Its  distribution  since  then  has  rapidly 
expanded  across  the  Southeast,  and  it  is  currently  established  in  14  states.  Megacopta  cribraria  is 
a  pest  of  legumes  especially  soybeans,  an  economically  important  crop  in  the  United  States.  Use 
of  chemical  insecticides  has  been  the  prevalent  control  measure  available  to  growers  since  its 
appearance.  To  reduce  the  threat  M.  cribraria  poses  to  soybean  and  prevent  the  negative  effects 
of  over  use  of  chemical  insecticides,  trap  cropping  was  evaluated  as  an  alternative  control 
strategy  against  M.  cribraria  in  soybeans.  In  a  previous  study,  M.  cribraria  demonstrated  a 
strong  preference  for  the  giant  speckled  and  fordhook  lima  beans  over  soybean.  Thus,  we 
hypothesized  that  giant  speckled  and  fordhook  lima  beans,  used  as  trap  crops  will  reduce  M. 
cribraria  damage  on  soybean.  To  test  this  hypothesis,  perimeter  and  sequential  trap  crop 
modalities  were  employed,  putting  into  consideration  pests’  arrestment  and  effect  of  border  spray 
on  natural  enemies’  abundance.  The  prospects  of  this  study  in  the  management  of  M.  cribraria  in 
soybean  production  will  be  discussed. 
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Abstract  text: 

Introduction:  Feeding  by  an  invasive  stink  bug,  Megacopta  cribraria  (F.),  can  reduce  soybean 
yields  in  the  southeastern  US  by  as  much  as  60%  in  untreated  fields.  In  2013,  Paratelenomus 
saccharalis  was  discovered  parasitizing  M.  cribraria  egg  masses  in  kudzu  and  soybean  growing 
in  Georgia  and  Alabama. 

Methods:  Megacopta  cribraria  egg  masses  from  two  commercial  soybean  fields  in  Georgia  were 
sampled  in  2015  and  2016  at  a  density  of  one  sample  per  0.6  ha  to  determine  the  within-field 
distribution  of  egg  masses.  All  egg  masses  within  a  square  meter  at  each  sample  site  were 
collected,  enumerated,  and  assessed  for  parasitism.  Weekly  egg  counts  and  parasitism  rate  were 
analyzed  for  spatial  clustering  and  associations  between  clustering  indices  using  Spatial  Analysis 
of  Distance  Indices  (SADIE). 

Results/Conclusion:  Peak  M.  cribraria  egg  counts  occurred  in  mid- July,  while  peak  parasitism 
and  total  wasp  emergence  occurred  in  early  August.  The  significance  of  whole  field  spatial 
clustering  patterns  of  M.  cribraria  eggs  varied  by  week.  Clustering  patterns  of  parasitism  were 
significant  from  early  August  through  the  remainder  of  the  sampling  period;  however,  clustering 
of  parasitism  was  not  always  associated  with  areas  of  high  egg  mass  aggregation.  For  egg 
masses,  there  was  a  significant  effect  of  week,  sample  location,  and  the  interaction  between  week 
and  location.  Only  week  was  significant  for  percent  parasitism.  The  dissociation  among  areas  of 
egg  mass  aggregation  and  parasitism  suggest  factors  other  than  host  density  affect  the 
distribution  of  Paratelenomus  saccharalis  in  commercial  soybean  fields. 
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Eggplant,  Solarium  melongena  L.,  is  a  favored  food  for  Colorado  potato  beetle 
(CPB),  Leptinotarsa  decemlineata(Say ),  which  commonly  invades  fields  causing  intense 
defoliation  leading  to  extreme  yield  loss.  In  our  region  eggplant  is  often  grown  on  small  farms 
where  long  distance  crop  rotation  is  not  feasible.  Previous  work  has  shown  that  increasing  the 
diversity  of  the  field  habitat  with  straw  or  winter  cover  crops  can  slow  CPB  invasion,  reduce 
their  numbers,  and  increase  predator  density.  We  are  currently  conducting  research  to  refine  the 
use  of  winter  cover  crop  residues  and  conservation  tillage  techniques  to  increase  economic 
benefits  for  eggplant  growers.  Taking  full  advantage  of  the  field  ecosystem  requires 
understanding  two  common  predatory  stink  bugs,  Perillus  bioculatus{ Fabricius)  and  Podisus 
maculiventris  (Say),  which  feed  on  CPB.  While  these  bugs  are  voracious  predators  their  numbers 
are  greatly  suppressed  by  wasps  which  parasitize  stink  bug  eggs.  These  wasps  use  a  variety  of 
chemical  and  environmental  cues  to  locate  eggs,  which  may  be  disrupted  by  cover  crop  residue. 
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Abstract  text: 

Introduction:  Agricultural  intensification  frequently  results  in  the  loss  of  natural  habitats  in 
agricultural  landscapes.  These  simplified  landscapes  lack  plant  and  associated  insect 
biodiversity,  leading  to  reduced  pest  suppression.  Habitat  management  seeks  to  support  natural 
enemies  and  facilitate  their  movement  across  the  landscape.  Native  perennial  plantings  can 
supply  floral  resources,  stable  overwintering  sites  and  alternative  hosts  and  prey  to  natural 
enemies.  Because  plants  differ  greatly  in  the  quantity,  quality,  and  availability  of  floral 
resources,  potential  insectary  plants  must  be  screened  to  determine  what  insects  they  attract. 

Methods:  This  study  examined  54  native  Michigan  and  2  non-native  perennial  plants.  Plants 
were  established  as  seedlings  in  single-species  plantings  in  randomized  common  gardens.  The 
arthropod  community  associated  with  the  flowers  was  sampled  during  the  summers  of  2015  and 
2016  during  peak  bloom  of  each  species  using  a  vacuum  sampling  method. 

Results/Conclusion:  Plants  differed  in  relative  attractiveness  to  natural  enemies  and  herbivores. 
Relative  abundance  of  natural  enemy  taxa  also  varied  across  plant  species  and  time  and  varied 
with  floral  area.  Additional  research  is  needed  to  refine  how  mixtures  of  the  most  attractive 
plants  can  be  optimally  deployed  to  enhance  biocontrol  within  specific  agroecosystems.  We 
propose  that  methodologies  similar  to  ours  can  be  used  to  develop  local  native  insectary  plant 
lists  for  other  regions. 
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Abstract  text: 

Introduction:  Recent  studies  in  natural  ecosystems  have  demonstrated  that  intraspecific  plant 
diversity  at  local  scales  can  play  as  important  a  role  as  plant  species  diversity  in  regulating 
herbivorous  insects.  However,  relatively  few  studies  have  tested  this  effect  in  agricultural 
systems.  Additionally,  a  growing  body  of  literature  illustrates  that  it  is  not  just  local-scale 
diversity  that  drives  herbivore  dynamics  -  landscape  composition  also  plays  a  significant  role  in 
shaping  herbivore  communities.  In  this  study,  we  examined  how  intraspecific  crop  diversity  at 
the  field-scale  and  landscape  composition  work  independently  and  interactively  to  influence  the 
incidence  and  abundance  of  cruciferous  herbivores,  including  the  imported  cabbageworm  (Pieris 
rapae)  and  flea  beetles  ( Phyllotreta  spp).  We  collaborated  with  farms  in  the  Finger  Lakes  region 
of  NY  State  that  grow  different  varieties  of  B.  oleracea  crops,  such  as  cabbage  and  broccoli. 

Methods:  Throughout  the  growing  season,  we  visually  sampled  herbivore  communities  on  plots 
with  low  to  high  levels  of  intraspecific  B.  oleracea  diversity  situated  across  a  gradient  of 
landscape  complexity.  Preliminary  analyses  indicate  that  the  effect  of  intraspecific  diversity  on 
Phyllotreta  spp.  depends  on  landscape  context,  specifically  the  percent  of  pasture  within  a  500  m 
radius  of  the  plot. 

Results/Conclusion:  Our  results  also  indicate  a  negative  correlation  between  intraspecific 
diversity  at  the  plot  level  and  the  incidence  of  P.  rapae  larvae.  Overall,  our  data  suggest  that 
enhancing  intraspecific  crop  diversity  can  suppress  insect  herbivore  populations  and  that 
understanding  plot-level  dynamics  as  well  as  landscape  structure  is  vital  to  effective  herbivore 
management. 
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Abstract  text: 

Introduction:  Increased  habitat  complexity  and  flowers  provided  by  living  mulch  cover  crops  can 
encourage  the  establishment  of  pollinators  and  natural  enemies  which  can  suppress  certain  pests. 
However,  more  studies  are  needed  to  further  define  the  effects  of  living  mulch  on  the  nature, 
magnitude,  and  temporal  variation  of  these  feeding  guilds  and  the  overall  community  structure. 

Methods:  To  do  this,  visual  counts  of  arthropod  natural  enemies,  pests,  and  pollinators  of 
cucumbers  ( Cucumis  sativus)  were  made  throughout  the  growing  season  in  plots  of  cucumber 
interplanted  with  red  clover  living  mulch  cover  crop  (CC)  and  plots  of  cucumber  monoculture 
(M).  Feeding  guilds  and  community  composition  was  compared  between  CC  and  M  plots.  The 
plants  growth,  flower,  and  fruit  number  was  assessed  throughout  the  season.  At  the  end  of  the 
growing  season  cucumber  fruits  from  the  two  treatments  were  assessed  for  damage  caused  by 
arthropods,  counted  to  determine  yield,  measured,  and  compared. 

Results/Conclusion:  It  is  expected  that  the  natural  enemy  and  pollinator  populations  will  be 
higher  and  the  pest  populations  lower  in  the  CC  compared  to  the  M  plots  especially  early  in  the 
season.  Similarly,  it  is  expected  that  there  will  be  less  damage  on  the  CC  than  the  M  plots. 
Overall  the  yield  between  the  CC  and  M  plots  is  not  expected  to  be  significantly  different. 
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Abstract  text: 

Introduction:  An  adequate  and  reliable  pollination  service  is  essential  for  commercial  apple 
production.  Honeybees  are  important  pollinators,  but  wild  bees  can  be  more  effective  pollinators. 
A  diverse  community  of  wild  pollinators  can  buffer  against  environmental  change  and  provide 
insurance  against  uncertainty  in  availability  of  honeybee  hives  and  variable  visitation  rates. 
However,  wild  bees  and  hoverflies  are  declining  in  Britain  and  some  other  regions  of  the  world, 
which  has  been  linked  to  a  loss  of  natural  habitat  and  floral  resources.  Pressure  from  some 
retailers  is  leading  towards  minimal  pesticide  residues  in  fresh  produce,  and  under  the  European 
Sustainable  Use  Directive  (2009/1 28/EC)  it  is  a  legal  requirement  to  encourage  and  support 
Integrated  Pest  Management  (IPM)  strategies  in  crop  production.  The  use  of  wildlife  friendly 
farming  methods  to  provide  habitat  and  reduce  pesticide  risks  is  therefore  being  strongly 
advocated,  but  a  better  understanding  of  this  approach  is  required.  Numerous  studies  have 
demonstrated  that  wildflower  strips  in  cropped  areas  can  improve  the  local  abundance  and 
diversity  of  pollinators  and  natural  enemies. 

Methods:  Using  a  pairwise  experimental  design  at  a  one-hectare  plot  scale,  this  study  is 
examining  whether  wildflower  strips  enhance  pollinators  and  natural  enemies,  and  the  ecosystem 
service  they  provide. 

Results/Conclusion:  This  talk  will  present  results  showing  an  increase  in  pollinator  visitation 
rates  in  plots  associated  with  high  flowering  plant  diversity  in  sown  strips  and  an  increase  in 
natural  enemies  leading  to  a  decrease  in  aphid  abundance  in  apple  trees.  Based  on  this  study, 
preliminary  recommendations  for  growers  are  discussed. 
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Habitat  management  is  an  important  tool  in  promoting  ecosystem  services  such  as  pest 
suppression  and  pollination  in  agroecosystems.  However,  many  studies  have  shown  mixed 
results  from  habitat  management,  sometimes  leading  to  increased  pest  pressure  and  other  times 
reducing  pest  loads  significantly.  It  is  critical  to  understand  the  underlying  community  structure 
of  the  arthropods  that  habitat  management  promotes  in  order  to  determine  what  elements  of  the 
communities  contribute  to  the  desired  ecosystem  services.  To  begin  to  answer  these  questions  we 
established  mixed  vegetable  crops  adjacent  to  five-year-old  native  prairie  plots  used  to  promote 
beneficial  insects.  We  used  a  multi-point  sampling  program  to  compare  the  community  structure 
of  the  arthropods  found  in  prairies  and  adjacent  vegetable  crops,  as  well  as  in  crop  plots  without 
adjacent  habitat.  Conducting  bioinventories  and  quantifying  species  richness,  abundance,  and 
evenness,  allowed  us  to  gauge  the  effects  of  incorporating  prairie  planting  into  habitat 
management  programs  on  both  beneficial  and  pest  arthropods.  This  allowed  us  to  begin  to  parse 
out  what  elements  of  the  modified  habitat  have  the  greatest  impact  on  natural  enemy  and 
pollinator  communities  and  the  concomitant  ecosystem  services. 
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Introduction:  The  early  soybean  production  system  consist  of  planting  group  3  and  4  soybean  in 
March  and  April  to  avoid  late  season  drought  stress,  insect  pressure,  and  disease  problems.  In 
recent  years  we  have  seen  a  significant  drop  in  cotton  acres  and  increased  grain  acres  in 
Mississippi.  To  manage  harvest  growers  in  Mississippi  have  trended  away  from  the  early 
soybean  production  system,  and  have  planted  more  maturity  group  5  soybean  from  mid- April 
through  July  to  help  manage  harvest.  With  these  planting  dates  being  delayed  later  and  later,  it 
leaves  soybean  more  vulnerable  to  late  season  insect  pest  such  as  stink  bugs,  soybean  loopers, 
and  corn  earworms. 

Methods:  In  2013  and  2014,  seven  planting  dates  of  soybean  were  planted  in  both  the  hills  and 
delta  regions  of  Mississippi  to  quantify  the  seasonal  occurrence  of  caterpillar  pests. 

Results/Conclusion:  Only  soybean  planted  after  May  30  reached  threshold  for  caterpillar  pests  in 
both  years  of  the  study.  Because  only  the  later  planting  dates  reached  economic  threshold,  in 
2015  three  later  planting  dates  of  soybean  were  used.  Treatments  consisted  of  automatic  diamide 
applications  (Prevathon)  to  simulate  Bt  soybeans  compared  to  threshold  treatments.  This  paper 
will  address  the  potential  value  of  Bt  soybeans  to  Mississippi  producers  and  identify  seasonal 
periods  of  greatest  risk  from  insect  pests  in  soybeans. 
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This  project  was  created  to  design  and  implement  a  qualitative  data  network  whereby  trained 
reporters  update  pest  occurrence  and  abundance  weekly.  The  model  system  included  sugarcane 
aphid  infestations  on  grain  sorghum  and  white  mold  infection  in  peanut  as  observed  by  Georgia 
Cooperative  Extension  Agents  located  throughout  the  state.  Agents  entered  their  observations 
weekly  into  a  smartphone  app  linked  to  a  database  that  would  send  automated  real-time  alerts  to 
geographically  relevant  stakeholders.  To  assess  the  functionality  and  viability  of  the  system, 
replicated  small  plot  studies  were  established  at  three  locations  in  Georgia.  Treatments  in  the 
small  plot  studies  related  to  timing  of  insecticide  and  fungicide  applications  to  manage  the  target 
pests.  Specific  treatments  included  an  untreated  control,  a  grower  standard  (prescriptive 
applications  as  recommended  by  Cooperative  Extension),  and  an  experimental  treatment  regime 
that  was  driven  by  the  real-time  alerts.  At  the  end  of  the  study,  the  plots  were  harvested  and  the 
economic  implications  of  each  treatment  were  analyzed  based  on  required  inputs  and  market 
value  of  the  commodity. 
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Abstract  text: 

Herbivorous  insects  account  for  more  than  one-quarter  of  the  species  of  modern  fauna. 
Reciprocal  interactions  between  plants  and  herbivorous  insects  have  long  been  investigated  over 
various  timescales;  however,  their  origin  and  initial  evolution  is  still  shrouded  in  mystery.  As  the 
basal  lineage  of  land  plants,  bryophytes  are  the  key  to  inferring  the  initial  evolution  of  plant- 
herbivore  interactions.  There  is  a  notion  that  bryophytes  are  not  eaten  by  animals.  Although 
bryophytes  are  less  susceptible  to  herbivory,  we  have  discovered  that  some  insect  lineages 
specialize  in  feeding  on  a  subset  of  bryophyte  species.  Our  phylogeny-based  studies  on  a 
bryophyte-feeding  insect  lineage,  Rhagionidae  (Diptera),  exemplify  the  long-standing 
associations  between  bryophytes  and  herbivorous  insects.  We  illustrate  how  the  bryophyte- 
feeding  insects  have  modestly  diversified  in  Japan,  and  discuss  the  mechanisms  underlying  the 
common  patterns  of  the  diversification  of  bryophyte-feeding  insects. 
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Abstract  text: 


Specialization  and  character  displacement  provide  a  way  for  coexisting  species  to  partition  niche 
space,  whether  via  ecological  speciation  or  divergence  after  secondary  contact.  Diversification 
patterns  and  incidence  of  geographic  range  overlap,  climatic  and  microhabitat  niche  overlap,  and 
morphological  character  displacement  were  compared  among  regional  communities  of  predatory 
robber  flies  in  the  genus  Lasiopogon  (Diptera:  Asilidae).  The  patterns  of  relationships  delineated 
by  phylogenetic  trees  provide  powerful  insight  for  untangling  how  ecological  selective  forces 
create  local  communities  and  patterns  of  species  diversity  by  assembling  tips  from  across  the 
tree;  however,  coupling  these  phylogenetic  relationships  with  analyses  of  biogeography, 
morphology,  and  niche  resources  allows  us  to  better  comprehend  not  just  who  a  given  species 
split  from,  but  with  whom  it  evolved.  The  hierarchical  nature  of  these  relationships  can  also  help 
us  understand  which  axes  of  variation  have  been  more  influential  in  fueling  character 
displacement  and  competitive  specialization.  A  species  tree  for  Nearctic  Lasiopogon  (60  species) 
was  estimated  from  multi-locus  genetic  data,  and  ecological  niche  models  and  morphology  were 
obtained  from  historical  museum  specimens  and  fresh  sampling.  Climatic  niche  conservatism  is 
prevalent  across  species  groups  of  Lasiopogon ,  but  closely  related  taxa  show  divergence  in 
microhabitat  preferences  and  external  morphology. 
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Rudolfina  Rohacek  was  originally  described  for  a  single,  highly  autapomorphic  European 
species,  but  two  North  American  species  have  since  been  described:  one  from  caves  in  the 
western  United  States  and  one  with  a  disjunct  western-northeastern  distribution.  Perhaps 
surprisingly,  Rudolfina  is  also  at  the  heart  of  an  extraordinarily  diverse  and  still  inadequately 
known  Neotropical  limosinine  fauna.  We  here  consider  the  results  of  sorting  through  over  10,000 
specimens  of  “RudolfinaALkt”  specimens  from  North,  South  and  Central  America,  and  review 
what  can  be  inferred  about  the  behaviour,  distributions,  and  unique  morphology  of  species  in  this 


group.  Much  remains  to  be  done  to  resolve  the  enormous  and  largely  undescribed  Neotropical 
limosinine  fauna,  but  resolution  of  the  “Rudolfina  group”  is  a  significant  step  towards  a 
workable  classification  for  the  subfamily. 
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The  generic  and  species  concepts  of  the  Syrphidae  subtribe  Criorhinina  are  revised  relying  on  the 
results  of  a  phylogenetic  analysis  of  molecular  data,  review  of  morphological  characters  and 
examination  of  primary  type  specimens.  With  their  robust  size  and  convincing  wasp  or  bee 
mimicry,  members  of  the  subtribe  Criorhinina  are  among  the  most  charismatic  species  of 
Syrphidae.  Eighty  species  in  nine  Criorhinina  genera  are  currently 
recognized:  Criorhina  Meigen,  1822,  Sphecomyia  Latreille,  1829,  Merapioidus  Bigot, 

1879,  Matsumyia  Shiraki,  1949,  Deineches  Walker,  1852,  Flukea  Etcheverry, 

1966,  Lycastris  Walker,  1857,  Malometasternum  Shannon,  1927  and  Pseudopocota  Mutin  & 
Barkalov,  1995.  Six  genes:  COI,  18s,  28s,  CAD,  AATS  &  Period  were  used  to  resolve  placement 
of  and  explore  monophyly  and  generic  limits  of  the  subtribe  Criorhinina.  The 
genera  Romaleosyrphus  Bigot,  1882  and  Brachymyia  Williston,  1882  are  resurrected  from 
synonymy.  Wasp  mimicry,  previously  confined  to  the  genus  Sphecomyia ,  is  found  to  not  have  a 
single  point  of  origin.  Evolution  of  wasp  mimicry  in  the  Sphecomyia  s.s.  group  is 
examined.  Deineches  nudiventris  (Macquart,  1846)  and  Matsumyia  ferdinandi  (Herve-Bazin, 
1914)  are  resurrected  from  synonymy.  Pseudopocota  is  newly  combined 
with  Chalcosyrphus  Curran,  1925.  Six  new  species  synonyms,  23  new  species  and  1 1  new 
combinations  are  proposed.  Evidence  for  the  creation  of  several  new  genera  is  presented. 
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Abstract  text: 

Introduction:  Silk  and  hawk  moth  caterpillars  (Bombycoidea)  are  consumed  by  many  predators 
and  consequently  have  evolved  a  multitude  of  antipredator  defenses.  Recent  studies  have  shown 
that  defense  sounds  are  widespread  and  varied  throughout  the  phylogeny.  However,  not  all 
species  produce  sounds  and  we  sought  to  explain  this  variation.  We  tested  the  hypothesis  that 
acoustic  defenses  are  size-dependent  and  thus  predicted:  (1)  in  sound-producing  species,  sound 


production  will  occur  only  in  later,  larger  instars;  and  (2)  late  instars  of  larger  species  are  more 
likely  to  produce  sounds  than  late  instars  of  smaller  species. 

Methods:  To  determine  at  what  size  sound-producing  species  begin  to  produce  sounds,  we  reared 
caterpillars  of  four  species.  We  found  that  in  all  four  species  sound  production  began  at  the  third 
instar,  thereby  only  occurring  once  larvae  reached  a  certain  size  (x  length  =  26.27mm).  For  our 
comparative  study  we  explored  the  relationship  between  body  size  and  sound  production  across 
the  bombycoid  phylogeny.  We  collected  over  60  species  within  Bombycoidea  and  tested  them 
for  sound  production. 

Results/Conclusion:  On  average  sound-producing  species  were  larger  than  non-sound-producing 
species.  However,  since  not  all  large  species  produce  sound,  a  large  body  size  does  not  predict 
sound  production.  Our  results  to  date  show  that  sound  production  is  restricted  to  large 
individuals  within  and  between  species.  This  could  be  because  larger  individuals  may  have  a 
greater  physiological  capacity  to  produce  sound,  and/or  because  there  is  greater  selection 
pressure  on  larger  individuals  by  predators  to  evolve  antipredator  defenses. 
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The  leaf  mining  moth  genus  Philodoria  (Lepidoptera:  Gracillariidae)  includes  30  poorly  studied 
species  that  are  endemic  to  the  Hawaiian  Islands.  Most  species  are  monophagous,  feeding 
internally  within  the  leaf  of  a  single  endemic  plant  species,  but  the  genus  as  a  whole  is  known  to 
feed  on  as  many  as  12  different  plant  families.  Approximately  75%  of  the  group’s  host  plants  are 
threatened  or  endangered,  making  these  moths  particularly  vulnerable.  A  comprehensive 
systematic  treatment  has  not  been  conducted  in  over  thirty  years,  and  the  systematics, 


phylogenetics,  and  conservation  status  of  many  of  these  moths  remains  largely  unknown.  Here, 
we  present  preliminary  data  from  recent  systematic  and  phylogenomic  work  on  Philodoria,  and 
discuss  future  plans  to  study  the  biogeography  of  the  group.  In  addition,  we  outline  our  efforts  to 
raise  awareness  for  Philodoria  conservation  in  both  conservation  and  public  audiences  alike. 
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The  taxonomic  history  of  Noctuinae  is  complicated  by  two  major  issues:  (a)  the  ranking  of  the 
subfamily  and  tribes  relative  to  other  groups  and  (b)  its  tribal  classifications.  There  have  been  a 
series  of  tribal  classifications  within  Noctuinae,  which  is  complicated  by  an  overall  change  in 
ranking  of  the  containing  groups.  Here  we  discuss  the  classification  of  genera  within  the 
Noctuini  sensu  Lafontaine  and  Schmidt  (2010).  Previous  work  treated  this  lineage  as  a  subfamily 
(Noctuinae)  with  two  tribes,  Agrotini  and  Noctuini  (Lafonatine  2004).  With  its  change  in  rank  to 
a  tribe,  the  Noctuini  contains  two  subtribes,  the  Agrotina  and  the  Noctuina.  The  most  widely 
debated  classification  has  been  the  membership  of  these  subtribes  and  the  possiblity  of  a  third 
lineage  which  comprises  Aniclinia  (=  Aniclina  and  related  genera),  now  combined  with 
Agrotina.  This  research  focuses  on  the  taxonomic  relationships  within  the  Noctuini  using  three 
molecular  markers  (CO-I,  EF1-  a,  and  DDC).  Phylogenies  were  constructed  using  a  total 
evidence  approach  with  both  Maximum  Likelihood  and  Bayesian  methods.  We  will  examine  the 
generic  relationships  within  the  Noctuini,  monophyly  of  three  possible  subtribes,  and  how  this 
phylogeny  impacts  current  taxonomy.  Future  directions  for  this  work  will  also  be  discussed. 
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Introduction:  Significant  progress  has  been  made  in  developing  evolutionary  hypotheses  of  anti- 
predatory  defenses  in  derived  tiger  moth  lineages,  but  critical  knowledge  gaps  in  our 
understanding  of  how  these  strategies  may  have  evolved  in  the  earlier  lineages  still  exist.  For 
example,  data  suggests  adults  of  some  lichen-feeding  clades  (i.e.,  tribe  Lithosiini)  are  unpalatable 
to  vertebrate  predators  and  may  also  use  acoustic  defense  against  bats.  Yet  little  is  known  about 
the  phylogenetic  relationships  among  the  Lithosiini,  which  precludes  our  understanding  of  the 
origins  of  other  chemically-mediated  behaviors  in  tiger  moths. 

Methods:  We  sampled  species  of  the  widely  distributed  North  American  lichen  moth  genus 
Hypoprepia  Hiibner  in  order  to  clarify  species  limits  and  examine  their  chemical  relationship 
with  their  lichen  hosts.  An  integrative  approach  to  species  delineation  was  undertaken  by 
utilizing  morphological,  molecular,  chemical,  distributional,  and  behavioral  data  in  the 
Hypoprepia  complex.  Next-generation  sequencing  (WideSeq)  was  employed  to  generate  a  robust 
phylogenetic  hypothesis  for  the  group.  Advanced  microscopy  (SEM)  coupled  with  high 
performance  liquid  chromatography-mass  spectrometry  (HPLC-MS)  was  utilized  to  develop 
novel  character  systems  for  comparative  analyses. 

Results/Conclusion:  These  combined  results  will  be  discussed  in  the  context  of  evolutionary 
history,  lichen  host  associations  and  species  circumscription  in  the  highly  variable  Hypoprepia 
complex. 
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Introduction:  Long  term  efforts  to  delimit  species  of  silverspot  butterflies  in  the  genus  Speyeria 
(Nymphalidae:  Argynnini)  have  resulted  in  continuing  taxonomic  instability  due  to  a  high  degree 
of  variation  in  wing  morphology.  This  problem  is  pronounced  in  western  North  America,  where 
eastern  and  western  populations  collide  in  widespread  sympatry.  While  some  phenotypic 
variation  in  Speyeria  is  due  to  geographic  differences,  several  species  can  also  produce  viable 
hybrid  offspring  that  are  intermediate  in  phenotype,  demonstrating  that  we  know  little  about 
species  interactions  in  this  genus.  Thus,  Speyeria  represents  a  candidate  system  for  exploring  the 
robustness  of  species  delimitation  methods  in  difficult-to-characterize  taxonomic  groups. 

Methods:  Using  traditional  Sanger  sequencing  as  well  as  Next-Generation  Sequencing 
techniques  for  de  novo  single  nucleotide  polymorphism  (SNP)  discovery,  we  generated  both 
mitochondrial  and  nuclear  phylogenies  for  species  sampled  throughout  western  Canada  and  the 
United  States.  Topological  incongruities  between  the  mitochondrial  and  nuclear  phylogenies 
were  examined  using  a  variety  of  bioinformatic  programs  to  test  for  evidence  of  introgression. 

Results/Conclusion:  We  present  several  instances  of  phylogenetic  disagreement  between 
mitochondrial  and  nuclear  markers,  indicating  complex  interspecies  relationships  marked  by 
multiple  introgression  events.  Our  work  provides  further  support  for  the  importance  of  a  multi¬ 
method  approach  to  species  delimitation. 
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The  Erebinae  is  one  of  the  most  species  rich  subfamilies  of  the  Noctuoidea.  Moths  in  this 
subfamily  possess  numerous  adaptations  for  predator  defense.  Erebine  moths  possess  some  of 
the  most  sensitive  hearing  organs  (tympana)  of  the  Lepidoptera,  and  some  Erebinae  possess 
striking  wing  coloration  revealed  when  the  moths  are  startled.  The  subfamily  feeds  on  a  broad 
range  of  host  plants,  and  includes  several  pest  species.  However,  the  scope  of  evolutionary 
studies  within  the  Erebinae  is  currently  limited  by  the  lack  of  a  robust  phylogenetic  hypothesis 
for  the  group.  This  study  seeks  to  address  this  issue  by  using  anchored  hybrid  enrichment 
sequencing  to  obtain  large  numbers  of  unlinked  genes  for  phylogenetic  analysis  through 
maximum  likelihood,  parsimony,  and  gene  tree-species  tree  approaches.  Taxon  sampling 
includes  type  genera  for  19  of  the  23  tribes  of  Erebinae.  This  study  provides  the  first  robust 
support  for  a  backbone  phylogenetic  hypothesis  within  the  Erebinae.  Our  results  are  then 
compared  to  previous  morphological  and  molecular  hypotheses  of  tribal  composition  and  inter¬ 
tribal  relationships.  Numerous  novel  relationships  within  the  subfamily  are  also  proposed. 
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Introduction:  The  emerald  moths  (Geometridae:  Geometrinae)  are  a  cosmopolitan  subfamily 
with  over  225  genera.  Like  many  other  Lepidoptera,  emerald  moths  have  a  pair  of  tympanal 
organs  that  enable  them  to  hear.  They  also  possess  two  patches  of  elongate  sensory  setae,  called 
chaetosemata,  on  the  dorsal  head.  Chaetosemata  have  been  speculated  to  be  associated  with 
sound  perception  in  some  Lepidoptera,  though  their  precise  sensory  function  is  unknown.  Both 
tympana  and  chaetosemata  are  known  to  exhibit  significant  morphological  variation  between 
family-level  taxa,  but  the  variation  between  genera  has  not  been  well-studied. 

Methods:  A  survey  of  the  tympana  and  chaetosemata  morphology  in  Geometrinae  reveals 
noticeable  variation  in  both  structures.  These  data  are  mapped  onto  a  Geometrinae  phylogeny 
generated  from  genomic  data  using  anchored  hybrid  enrichment. 

Results/Conclusion:  The  resulting  analysis  indicates  multiple  evolutionary  origins  of  certain 
character  states  of  sensory  structures,  including  the  presence  of  a  less-developed  tympanal 
sclerite  and  the  presence  of  relatively  long  setae  on  the  chaetosemata. 
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Plantation  forestry  is  suffering  from  increasing  invasions  by  diseases  and  insect  pests  globally. 
The  woodwasp,  Sirex  noctilio ,  native  to  Europe,  and  Pissodes  species,  native  to  Europe  and 
North  America  are  Firms  feeding  insects  which  have  become  pests  outside  their  native  range.  In 
areas  where  these  species  co-occur,  the  nature  and  consequences  of  interactions  between  them 
are  unknown.  We  studied  pattern  and  degree  of  co-occurrence  of  S.  noctilio  and  Pissodes  sp.  in 
plantations  of  non-native  pines  in  South  Africa  to  understand  possible  interactions  and 
population  level  feedbacks.  We  also  compared  density,  adult  body  size  and  within-tree 


distribution  of  both  insects  in  the  presence  versus  absence  of  the  other  species.  An  average  of 
68%  co-occurrence  was  recorded,  ranging  between  55-80%  across  sites.  Both  S. 
noctilio  and  Pissodes  sp.  were  more  abundant  in  trees  where  they  occur  alone  relative  to  co¬ 
inhabited  trees.  Within-tree  distribution  of  S.  noctilio  remained  unaffected  in  the  presence 
of  Pissodes  sp.,  however,  in  the  presence  of  S.  noctilio ,  Pissodes  sp.  were  more  frequent  in  the 
bottom  tree  section  than  in  the  middle.  The  body  size  of  S.  noctilio  and  Pissodes  sp.  in  co¬ 
inhabited  trees  did  not  differ  from  the  corresponding  body  size  in  Sirex  only  and  Pissodes  only 
trees.  Sirex  invasion  in  South  Africa  is  likely  to  contribute  to  an  increase  in  Pissodes  population. 
The  present  study  detected  potential  indicators  of  facilitative  and  exploitative  interactions 
between  S.  noctilio  and  Piss  ode ssp.  and  will  be  useful  for  future  research  and  management  of 
these  species. 
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Two  closely  related  ambrosia  beetles  ( Euwallaceasp .)  have  been  identified  in  commercial 
avocado  groves  in  California.  The  polyphagous  shot  hole  borer  (PSHB)  and  the  Kuroshio  shot 
hole  borer  (KSHB)  are  morphologically  indistinguishable,  but  genetically  distinct.  Already 
widespread  in  a  variety  of  reproductive  host  trees  common  in  the  urban  landscape,  the  beetles 
represent  a  significant  threat  to  trees  in  both  landscape  and  agricultural  settings.  Adult  females 
construct  galleries  in  the  xylem  system  of  host  trees,  where  they  cultivate  symbiotic  fungi  as  a 
food  source  for  their  developing  young.  The  galleries  compromise  the  structural  integrity  of 
infested  trees,  which  can  represent  a  serious  safety  hazard  in  urban  environments,  and  disrupt  the 
flow  of  water  and  essential  nutrients  within  the  xylem.  The  fungi  extract  nutrients  from  the 


xylem  system,  further  depriving  the  tree  of  nutrients  essential  for  healthy  growth  and  fruit 
production. 

The  control  of  ambrosia  beetles  and  their  associated  fungi  using  chemical  pesticides  is 
complicated  because  of  their  location  inside  the  host  trees.  The  application  of  insecticides  to  the 
external  surfaces  of  trees,  where  the  beetles  must  first  alight  prior  to  boring,  has  the  potential  to 
kill  beetles  by  contact  activity.  However,  once  the  beetle  burrows  inside  the  tree,  surface 
treatments  are  largely  ineffective.  We  are  currently  evaluating  trunk  injections  of  the  systemic 
insecticide  emamectin  benzoate  for  the  management  of  the  beetles.  Following  injection,  we  have 
been  tracking  the  movement  of  insecticide  within  the  tree  over  time  by  quantifying  residues  in 
wood  cores  taken  at  different  heights. 
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Most  of  the  pines  planted  in  the  lower  elevations  of  central  and  southern  Arizona  are 
Mediterranean  species  that  are  known  to  survive  in  dry  climates  in  their  native  range.  Many  of 
these  pines  were  planted  over  50  years  ago  and  have  reached  maturity  in  the  southern  Arizona 
climate.  Following  some  years  of  drought  and  less  than  adequate  irrigation  practices  to 
supplement  the  needs  of  these  pines,  many  have  become  stressed  and  susceptible  to  attacks  from 
bark  beetles.  Subsequently,  a  native  Ips  species,  Ips  calligraphus  (sixspined  ips),  historically 
found  at  higher  elevations  was  found  at  lower  elevations  in  the  City  limits.  The  sixspined  Ips  are 
now  infesting  a  significant  number  of  trees  that  we  mapped  using  ground  detection  surveys  in 
2014-2015  with  many  more  susceptible  trees  in  nearby  areas.  It  is  not  known  if  this  Ips  life 
cycle  will  mimic  that  found  in  the  higher  elevations  or  if  there  will  be  a  difference  based  on  the 


lack  of  cold  temperatures  that  they  normally  experience  in  their  native  ponderosa  pine  forest 
habitat.  In  addition,  there  does  not  seem  to  be  an  active  pitch-based  defense  mechanism  in 
Mediterranean  pines  attacked  by  beetles  in  Tucson  as  is  normally  observed  in  native  ponderosa 
pine  attacks.  Understanding  the  lifecycle  of  the  beetles  and  the  best  management  practices 
needed  to  protect  the  trees  will  reduce  the  potential  of  future  bark  beetle  infestations. 
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The  southern  pine  sawyer  ( Monochamus  titillator ),  and  Carolina  sawyer  (M  carolinensis) 
coexist  in  the  Ozark  National  Forest.  Monochamus  titillator  and  M.  carolinensis  have 
overlapping  distributions  and  appear  to  occupy  the  same  ecological  niche  -  similar  seasonal 
flight  patterns,  life  history,  and  host  material.  Field  studies  were  carried  out  investigating 
temporal  and  height  flight  patterns,  oviposition  height  preferences,  and  emergence  densities  of 
adult  M.  titillator  and  M.  carolinensis.  We  found  that  99%  of  Monochamus  flight  is  crepuscular. 
Significantly  higher  number  of  M.  titillator  was  found  in  traps  at  breast  height  and  canopy 
compared  to  M.  carolinensis ,  and  there  is  a  higher  number  of  Monochamus  oviposition  pits  in 
the  canopy  than  found  at  breast  height. 
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Introduction:  Dendroctonus  ponderosae ,  the  mountain  pine  beetle  (MPB),  is  one  of  the  most 
destructive  insect  pests  of  pine  forests  in  North  America  and  responsible  for  billions  of  dollars  in 
losses  annually.  Bark  beetle  outbreaks  have  produced  massive  die-offs  of  susceptible  pines, 
creating  millions  of  acres  populated  with  dead,  dried  out  trees  and  drastically  increasing  the  risk 
of  severe  forest  fires. 

Methods:  ISCA  Technologies’  SPLAT  Verb  is  a  novel,  long-lasting,  and  easy-to-use  MPB 
management  platform  that  effectively  targets  the  pest  using  a  bark  beetle  anti-aggregation 
pheromone,  verbenone,  to  repel  attacking  beetles  from  treated  trees.  SPLAT  Verb  is  formulated 
to  provide  continuous,  stable  release  verbenone  for  a  period  of  3  to  6  months  (long  enough  to 
cover  the  entire  beetle  flight  period)  at  levels  that  disrupt  the  aggregation  behavior  of  MPB,  thus 
protecting  individual  pine  trees  or  forest  stands.  We  have  evaluated  the  capacity  of  SPLAT  Verb 
to  provide  protection  at  both  the  individual  tree  and  small  stand  (area-wide)  levels  in  several 
locations  across  the  northwestern  U.S.,  and  have  achieved  consistently  strong  results  when 
compared  to  untreated  control  and  a  competitor  product,  hand-applied  verbenone  pouches.  Here 
we  describe  how  SPLAT  Verb  techniques  designed  for  operational  use  make  it  easier  to  use  and 
more  efficient  than  other  current  technologies. 

Results/Conclusion:  In  a  time  when  we  are  witnessing  unprecedented  levels  of  tree  mortality 
attributed  to  MPB  outbreaks  across  much  of  western  North  America,  SPLAT  Verb  brings  a  fresh 
and  efficacious  new  approach  to  the  management  of  MPB  and  the  protection  of  our  forest 
resources. 
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Experiments  are  being  completed  to  evaluate  how  row-crop  agriculture  in  the  Midsouthern 
United  States  is  affecting  honey  bee  health.  Hives  were  establish  in  agricultural  and  low- 
agricultural  settings.  Hive  weights,  bee  numbers,  varroa  mite  and  virus  loads,  food  (pollen) 
sources,  pesticide  contaminants,  and  other  parameters  are  being  analyzed  to  assess  impact  on  bee 
health. 
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Honey  bees  are  the  dominant  pollinator  of  many  crop  systems  and  wild  bees  support  more  stable 
and  efficient  pollination  services  in  specialty  crops.  However,  habitats  that  can  support  these 
bees  are  decreasing  and  becoming  more  homogenous  in  many  agricultural  landscapes,  prompting 
the  need  for  conservation  programs  that  deliberately  add  wildflower  patches  into  farm 
landscapes.  Commercial  blueberry  production  depends  on  pollination  by  honey  bees  and  wild 
bees,  and  in  the  major  production  region  of  Michigan  both  types  of  pollinators  are  common. 
Despite  the  increasing  investment  in  pollinator  habitats,  it  is  still  unclear  how  to  prioritize  their 
locations.  To  identify  regions  where  the  addition  of  wildflower  plantings  for  pollinators  would 
provide  benefit  and  where  it  would  be  more  likely  to  be  adopted,  we  developed  a  sequential  GIS- 
based  selection  approach  to  identify  marginal  croplands  with  annual  crops  currently  in  southern 
Michigan  that  were  in  proximity  to  blueberry  fields  and  evaluated  township-level  potential  for 
land  to  convert  to  pollinator  habitat.  To  identify  regions  with  potential  to  support  honey  bee 
colony  health  we  used  a  different  series  of  selection  criteria  and  mapped  suitable  locations  within 
the  Lower  Peninsula  of  Michigan.  Our  study  shows  that  both  pollinator  habitat  quantity  and 
placement  of  enhancements  are  important  for  delivering  pollination  services  to  crops  and  that 
crop  field  size  is  an  important  factor  in  the  amount  of  benefit.  The  prioritization  framework 
outlined  here  is  highly  applicable  to  other  pollinator-dependent  crops  and  other  landscapes  where 
beekeepers  maintain  colonies,  and  it  can  help  guide  subsequent  regional  investment  in  pollinator 
conservation  programs. 
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Introduction 

Given  their  importance  as  pollinators,  there  is  interest  in  incorporating  data  on  bumble  bees 
( Bombus  spp.)  into  risk  assessments  for  pesticide  registration.  Recently  proposed  pesticide 
toxicity  assessment  protocols  for  bumble  bees  must  be  validated  and  refined.  During  semi-field 
studies,  colonies  are  caged  to  a  pesticide-treated  flowering  surrogate  plant  in  the  field.  The  plant 
used  in  these  studies  must  be  attractive  to  foragers  to  ensure  colony  exposure  to  the  test 
compound.  Additionally,  the  plants  must  produce  an  adequate  supply  of  quality  nectar  and  pollen 
to  sustain  colonies  during  the  test  period.  In  terms  of  these  criteria,  it  is  not  known  which  plant(s) 
would  be  optimal  for  use  in  semi-field  studies  with  bumble  bees. 

Methods 

We  confined  B.  impatiens  colonies  to  small  plots  of  flowering  buckwheat  ( Fagopyrum 
esculentum ),  red  clover  ( Trifolium  pratense ),  and  purple  tansy  ( Phacelia  tanacetifolia )  for  16 
days,  and  then  maintained  the  colonies  in  the  lab  until  the  emergence  of  new  queens.  We 
compared  worker  foraging  activity  and  colony  development  on  the  three  plant  types  to  assess 
their  suitability  as  surrogate  plants  in  semi-field  pesticide  studies  with  bumble  bees. 

Results/Conclusions 

Although  colony  development  was  similar  on  all  three  plant  types,  worker  foraging  activity  was 
consistently  highest  on  buckwheat.  Buckwheat  also  grew  quickly,  was  the  least  expensive  plant 
in  terms  of  seed  and  input  cost,  and  required  little  maintenance.  Therefore,  to  ensure  colony 
pesticide  exposure,  adequate  colony  development,  and  favourable  plant  growth,  we  suggest 
buckwheat  as  an  optimal  plant  for  use  in  semi-field  pesticide  toxicity  assessments  with  B. 
impatiens. 
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In  Ontario  there  are  32  economically  important  crops,  representing  6  major  types  (orchard  fruit, 
berry  fruit,  field  fruit  and  vegetables,  forage  and  oilseeds,  greenhouse  crops,  and  other  crops), 
that  require  insect  pollination.  There  is  considerable  evidence  demonstrating  the  importance  of 
flower  visits  by  insects  to  crop  pollination  globally,  particularly  for  the  6  major  crop  types  found 
in  Ontario.  An  emerging  theme  from  this  global  evidence  is  that  proximity  of  natural  or  semi¬ 
natural  habitat  to  agricultural  lands  is  frequently  linked  to  increased  yield  in  a  range  of  crops, 
although  such  information  is  not  available  for  Ontario.  These  insect  dependent  crop  types 
represent  approximately  2.67  million  hectares  of  land  in  Ontario.  However,  in  comparison  to  the 
number  of  studies  investigating  pollination  of  crops  relevant  to  the  province  from  the  USA  and 
Europe,  there  is  considerably  less  evidence  from  Ontario  or  Canada.  In  addition,  information  on 
pollinator  contribution  to  crop  pollination  is  dated  or  generally  lacking  for  many  Ontario  crops. 
Currently,  research  on  the  importance  of  wild  pollinators  for  crop  pollination  in  Ontario  is 
severely  lacking.  This  is  concerning  given  wild  pollinators  are  linked  with  increased  fruit  set  in 
at  least  34%  (1 1  of  32)  of  the  insect  dependent  crops  in  Ontario.  The  financial  implications  of 
this  knowledge  gap  are  unclear  because  it  is  unknown  how  much  the  estimated  value  ($895 
million/year)  of  pollination  services  to  crops  in  the  province  are  provided  by  wild  pollinators 
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A  native  of  the  Palearctic,  the  silver  Y  moth,  Autographa  gamma  (Linnaeus),  is  an  important 
pest  that  causes  economic  damage  to  crops  such  as  wheat,  cotton,  grape,  and  maize.  Nearly  half 
of  the  United  States  is  considered  suitable  habitat  for  A.  gamma ,  and  thus  regulatory  agencies 
have  prioritized  exclusion  efforts  for  A  gamma  to  avoid  establishment  of  this  species  in  North 
America.  Complicating  these  efforts  is  the  fact  that  several  species  are  similar  in  appearance 
(adult  and  larvae)  to  A.  gamma.  These  similarities  make  identifications  problematic,  and  have 
resulted  in  false  positive  identifications  in  the  past.  For  example,  an  adult  Autographa  captured 
in  Pennsylvania  in  2010  was  mistakenly  identified  as  A.  gamma ;  it  was  later  determined  that  the 
specimen  was  actually  a  native  North  American  species,  A.  californica.  The  problem  of  adult 
identification  is  magnified  with  the  number  of  non-target  species  and  quantity  of  individuals 
attracted  to  A.  gamma  traps.  In  many  cases,  every  non-target  needs  to  be  examined  closely. 
Identification  of  larvae  is  also  difficult  because  of  morphological  similarity  between  species,  and 
origin  is  usually  not  useful  in  separating  Plusiinae  larvae  from  the  Old  World  because  most 
species  occur  across  the  entire  Palearctic.  Molecular  methods  are  needed  to  confirm  species-level 
identifications  of  intercepted  specimens  and  to  determine  the  exact  species  of  Plusiinae  arriving 
at  U.S.  ports  of  entry.  Here  we  outline  the  development  of  a  real-time  PCR  assay  designed  to 
diagnose  both  adults  and  larvae  of  A.  gamma  captured  in  domestic  surveys  and  detected  at  ports 
of  entry. 
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Quantitative  food  webs  provide  a  powerful  framework  to  understand  and  sustainably  manage 
fundamental  ecological  functions.  However,  to  elicit  a  comprehensive  picture  of  trophic 
interactions  in  real  food  webs  is  challenging  due  to  their  inherent  complexity  and  our  limited 


capacity  to  empirically  quantify  trophic  interactions.  Here,  we  develop  a  high-throughput 
metabarcoding  approach  to  characterise  the  species-rich  parasitoid  network  associated  with  the 
eastern  spruce  budworm  ( Choristoneura  fumiferana  SBW)  -  an  outbreak  lepidopteran  pest  in  the 
eastern  North  American  boreal  forests.  Our  combination  of  five  complementary  16S  and  COI 
universal  primers  allows  a  full  coverage  (100%)  and  high  taxonomical  resolution  (>76%)  of  all 
Hymenoptera  and  Diptera  species  parasitizing  the  SBW.  We  demonstrate  that  our  approach 
provides  reliable  and  quantitative  trophic  information  that  is  equivalent  or  superior  to  the  speed 
and  resolution  provided  by  traditional  rearing  methods  alone.  We  argue  that  the  basic  technical 
requirements  for  metabarcoding  substantially  overcome  traditional  requirements  for 
identification  expertise  in  taxonomically  challenging  groups.  Using  our  metabarcoding  approach, 
we  compare  the  changes  in  the  SBW  food  web  before  and  after  the  application  of  Bacillus 
thuringiensis  (Bt)  insecticide.  In  the  light  of  our  findings,  we  discuss  the  practical  guidelines  for 
improved  biological  control  and  pest  management  practices. 


Paper  (Oral)  Presentations 

Presentation  Title:  Molecular-based  initiatives  to  support  the  identification  of  Helicoverpa 
armigera  (Hiibner)  in  the  New  World 

Author  Name:  Todd  Gilligan 

Author  Institution:  USDA  -  APHIS 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Forest  Insects, 
Pollinators,  Systematics,  and  Remote  Sensing 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1060 

DOI:  10.1603/ICE.2016.1 15972 

Abstract  text: 

The  Old  World  bollworm  (OWB),  Helicoverpa  armigera  (Hiibner),  is  one  of  the  most  important 
agricultural  pests  in  the  world.  This  species  was  first  discovered  in  Brazil  in  2013,  and  it  has 
been  subsequently  found  throughout  South  American  and  the  Caribbean.  In  June  and  July,  2015, 
three  specimens  of  H.  armigera  were  captured  in  Florida  representing  the  first  detections  of  this 
species  in  the  continental  U.S.  Diagnosis  of  H.  armigera  in  the  New  World  is  problematic 
because  of  its  similarity  to  H.  zea  -  this  creates  not  only  great  difficulty  with  identification,  but 
also  the  possibility  of  armigera-zea  hybrids  leading  to  introgression  of  new  resistance  genes  into 
wild  populations  of  H.  zea.  In  2015,  two  separate  rapid  molecular  assays  were  developed  to 
detect  and  diagnose  H.  armigera  using  real-time  PCR.  Here  we  detail  these  assays  and  also 
discuss  future  molecular-based  initiatives  that  will  be  used  to  support  the  USDA’s  Strategic 


Management  Plan  for  Old  World  bollworm.  These  initiatives  include:  protocols  for  shipping, 
process,  and  storing  adult  Helicoverpa  captured  in  domestic  surveys  in  a  centralized  specimen 
archive;  the  creation  of  a  centralized  DNA  library  of  Helicoverpa  sequence  data;  validation  and 
implementation  of  previously  developed  rapid  molecular  diagnostic  assays;  studying  the  effects 
of  hybrid  individuals  on  assay  performance;  development  of  a  preliminary  ELISA-based  rapid 
screening  assay;  and  generation  of  preliminary  next-generation  sequencing  data  to  support  the 
processing  of  bulk  samples. 
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Introduction:  Biological  invasions  of  non-native  insects  are  both  a  threat  to  biodiversity  and 
ecosystem  stability.  Phloem  feeding  and  wood  boring  insects  are  the  most  costly  feeding  guild 
resulting  in  approximately  $1.7  billion  in  local  government  expense  and  another  $830  million  in 
lost  property  value.  The  emerald  ash  borer  was  first  detected  in  North  America  in  2002  and  has 
been  detected  in  25  US  states  and  2  Canadian  provinces.  Accurate  mapping  of  existing  ash 
distribution  and  condition  is  critical  to  reduce  ecological  and  economic  impact  of  further 
establishment  and  spread  of  this  invasive  insect. 

Methods:  The  Goddard  Lidar,  Hyperspectral  and  Thermal  imaging  system  (GLiHT)  was  used  to 
collect  imagery  across  targets  in  Massachusetts  and  New  Hampshire  in  2013  and  2014.  The 
imagery  was  then  radiometrically  calibrated  and  geometrically  corrected  and  reflectance  data 
were  used  to  compute  41  common  vegetation  indices  used  in  spectral  unmixing 
algorithms.  Imagery  segmentation  was  conducted  in  an  effort  to  identify  individual  tree 
canopies. 

Results/Conclusion:  The  addition  of  vegetation  indices  to  hyperspectral  data  for  input  to  the 
minimum  noise  fraction  transform  provided  additional  information  useful  in  distinguishing  ash 
from  other  common  tree  species  in  a  region  of  mixed  forest  health.  Mapping  ash  species  is  an 
ambitious  undertaking  due  to  the  small  canopy  size  and  variation  in  abundance  and 
condition.  Our  overall  accuracy  was  best  with  the  healthiest  ash  and  decreased  with  decreasing 
ash  health. 
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We  identified  the  location  of  Helicoverpa  zea  larvae  on  soybean  plants,  currently  a  potential  key 
refuge  crop  and  likely  Bt  crop  in  the  future. 
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The  impact  of  planting  date  on  populations  of  thrips  in  cotton  was  evaluated  in  2015  and 
2016.  Numbers  of  thrips  were  significantly  influenced  by  planting  date,  suggesting  that  cultural 
control  is  a  viable  option  for  assisting  with  management  of  thrips  in  the  crop.  Furthermore,  data 
generated  from  these  trials  were  used  to  validate  a  model  for  predicting  crop  risk  for  injury  due 
to  the  predominant  species  in  the  southeastern  USA,  tobacco  thrips. 
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Coconut  Leaf  Beetles  B.  longissima  Gestro  (Coleoptera:  Chrysomelidae)  attack  the  coconut 
plants  in  the  nursery,  the  young  plants  and  the  productive  plants.  Data  of  this  beetle  are  available 
only  from  old  references.  The  updated  data  will  be  useful  for  basic  data  which  is  needed  for 
controlling  the  pest.  Therefore  a  survey  on  the  population  of  several  varieties  of  this  pest  was 
needed  in  Indonesia.  The  aims  of  the  research  were  to  elucidate  the  population  of  several 
varieties  of  B.  longissima  and  their  natural  enemies  in  the  field.  Surveys  on  the  population  of  B. 
longissima  varieties  and  their  natural  enemies  were  conducted  in  the  farmers’  field  in  North 
Celebes  and  East  Java,  Indonesia  during  2012-2014.  From  field  sampling  had  been  collected 
three  varieties  of  B.  longissima ,  i.Q.  frogatti,  selebensis ,  and  javana.  However,  there  were  some 
specimens  that  differed  with  the  three  previously  known  varieties.  The  results  showed  that  the 
identification  of  those  specimen  had  similarities  with  variety  frogatti.  The  average  B.  longissima 
population  at  productive  plants  at  300-600  masl  was  higher  than  at  <300  masl  and  >600  mask 
The  natural  enemies  of  B.  longissima  were  larval-pupal  parasitoids  Terastichus  brontispae, 
predator  Chelisoches  morio  and  insect  pathogen  Metarizium  anisopliae.  They  were  mostly  found 
at  <300  masl  and  300-600  masl  on  the  young  coconut  plants.  Pathogen  M.  anisopliaewas  not 
found  at  three  altitudes  on  productive  plants.  The  average  percentage  of  parasitism  was  only 
between  0.33%  to  14.47%. 
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This  study  examines  the  three-way  interaction  between  yeast-like  symbionts,  an  insect  herbivore 
[Nilaparvata  lugens  (Stal)]  and  its  rice  host,  during  adaptation  of  the  herbivore  to  resistant  rice 
varieties.  A  long-term  selection  study  (20  generations  of  continuous  rearing,  ca.  24  months)  was 
conducted  with  N.  lugens  populations  on  four  rice  varieties  (IR22,  a  susceptible  variety  and 
IR65482,  IR62,  and  PTB33,  three  resistant  varieties).  Planthopper  performance  and  the 
abundance  of  yeast-like  symbionts  (YLS)  were  monitored  throughout  the  selection  process.  N. 
lugens  populations  adapted  to  the  resistant  varieties  as  noted  by  increasing  body  size  and 
increased  egglaying.  Xylem  feeding  was  observed  as  a  possible  behavioural  adaptation  of  N. 
lugens :  planthoppers  on  resistant  plants  had  relatively  high  levels  of  xylem  feeding  compared 
with  planthoppers  on  susceptible  plants.  Planthoppers  selected  on  resistant  varieties,  had  clear 
differences  in  YLS  densities  that  were  not  related  to  fitness  on  the  varieties  and,  therefore,  did 
not  support  a  YLS  density-mediated  adaptation  hypothesis.  This  study  also  tested  if  virulence  is 
acquired  by  shared  feeding  sites  with  virulent  and  avirulent  planthoppers.  In  the  study, 
planthoppers  with  varying  levels  of  virulence  affected  the  host  plants  differently:  The  most 
virulent  hoppers  appeared  to  suppress  rice  defences  to  a  greater  extent  than  non-virulent 
planthoppers.  Planthoppers  attained  highest  weights  on  those  plants  on  which  virulent 
planthoppers  had  previously  fed  which  suggests  that  feeding  by  the  virulent  planthoppers 
facilitated  subsequent  planthopper  feeding  on  the  same  plant.  Our  preliminary  results  indicate 
that  feeding  by  mixed  virulent-avirulent  populations  could  potentially  accelerate  adaptation  by  N. 
lugens  to  resistant  rice  varieties. 
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Abstract  text: 

Phytoplasmas  are  worldwide  responsible  for  more  than  700  different  plant  diseases  and  have  an 
important  economic  impact.  Phytoplasma  species  belonging  to  the  apple  proliferation  group  are 
the  economically  most  important  fruit  tree  phytoplasmas,  are  widespread  in  the  temperate 
regions  of  Europe,  and  cause  crop  losses  in  European  fruit  growing  regions  of  more  than  500 
Million  Euro  each  year.  Phloem  feeding  insects  were  identified  as  vectors,  and  often  only  one 
species  is  transmitting  a  specific  phytoplasma.  We  studied  in  different  systems  the  role  of 
semiochemicals  for  vector  behavior  and  the  influence  of  phytoplasma  infections  on  volatile 
production  of  host  plants. 

Volatile  organic  compounds  (VOCs)  emitted  from  host  plants  were  collected  and  analyzed  by 
gas  chromatography  coupled  with  mass  spectrometry.  The  olfactory  preferences  of  vector  insects 
for  VOCs  were  investigated  in  olfactometer  bioassays.  Several  compounds  were  tested  in  field 
traps  in  various  locations.  All  investigated  psyllid  species  use  chemical  cues  for  identification  of 
host  plants  during  migration  between  different  species.  The  production  of  VOCs  was  in  some 
cases  influenced  by  phytoplasma  infections  which  indirectly  influenced  the  behavior  of  vector 
insects.  For  some  species  we  have  identified  species  specific  attractive  and  repellent  compounds. 

Attractive  compounds  will  be  used  in  traps  as  lures  for  monitoring  and  mass  trapping  purposes. 
By  combination  of  attractive  compounds  in  traps  and  repellent  compounds  in  dispensers  these 
chemicals  may  be  used  in  push-and-pull  strategies.  We  started  constructing  traps  and  repellent 
dispensers  and  tested  them  in  field  experiments.  Field  data  are  presented  and  discussed. 
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Abstract  text: 

The  bagrada  bug  ( Bagrada  hilaris)  is  an  Old  World  stink  bug  that  has  invaded  the  southwestern 
desert  and  California.  It  is  has  become  a  major  pest  for  growers  of  cruciferous  crops,  resulting  in 
substantial  crop  losses  and  greater  use  of  insecticides.  Non-crop  hosts  in  the  mustard  family 
helped  this  pest  spread  and  are  likely  now  an  important  driver  of  the  bagrada  bug’s  seasonal 
dynamics  and  pest  status  throughout  the  year.  In  California’s  Salinas  Valley,  damaging 
populations  appear  in  mid-summer  to  late  fall.  At  multiple  sites  and  over  the  course  of  nearly 
two  years,  we  examined  non-crop  hosts  for  bagrada  bug.  In  addition,  we  conducted  various 
laboratory  and  field  experiments  to  examine  how  bagrada  bug  populations  on  weeds  influence 
populations  and  damage  in  fields  of  cruciferous  crops.  We  identified  two  key  weed  species  in  our 


region,  shortpod  mustard  and  perennial  pepperweed,  that  are  important  for  the  buildup  of 
bagrada  bug  populations.  In  laboratory  experiments,  we  studied  the  preference  of  weed  species 
in  choice  tests.  Our  results  demonstrate  that  non-crop  hosts  play  an  important  role  in  bagrada  bug 
populations  and  relative  preferences  of  the  bagrada  bug  for  different  host  species,  as  well  as  plant 
phenology,  play  a  role  in  pest  pressure. 
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Abstract  text: 

Resistance  of  wild  sunflowers  to  insect  pests  is  a  recurring  theme  in  the  published  literature  on 
sunflowers.  Though  wild  species  may  often  be  refractory  to  certain  insect  pests,  recent  research 
shows  that  cultivated  sunflower  germplasm  has  considerable  variation  in  susceptibility  to  insects, 
and  that  opportunities  exist  to  use  host  plant  resistance  in  cultivated  sunflowers.  For  the 
sunflower  moth  (Homoeosoma  electellum ),  there  are  very  high  numbers  of  capitate  glandular 
trichomes  available  in  inbred  lines  and  the  genes  that  determine  trichome  number  are  being 
identified.  Though  there  are  differences  in  the  composition  of  secondary  plant  compounds  in  the 
glandular  trichomes  of  wild  and  cultivated  H.  annuus ,  the  contents  of  cultivated  sunflowers 
retain  toxicity  or  repellency  to  sunflower  moth  larvae.  For  the  red  sunflower  seed  weevil 
( Smicronyx  fulvus ),  strong  resistance  in  breeding  material  exists,  but  it  not  well  understood. 
Development  of  germplasm  and  mapping  of  the  weevil  resistance  is  ongoing.  Lastly,  there  is 
significant  variation  in  susceptibility  of  sunflower  inbreds  to  the  banded  sunflower  moth 
(' Cochylis  hospes).  While  some  public  inbreds  appear  to  be  as  refractory  as  previously  identified 
cultivars,  it  is  not  clear  whether  resistance  of  inbred  parents  will  translate  into  equivalent  or 
better  resistance  in  hybrids.  Specific  mechanisms  of  resistance  are  not  well  understood  in  all 
cases,  but  the  traits  found  in  resistant  accessions  and  inbreds  for  North  American  insects  should 
be  applicable  to  some  pests  in  other  parts  of  the  world. 


Paper  (Oral)  Presentations 

Presentation  Title:  Improve  control  of  navel  orangeworm  ( Amyelois  transitella)  in  pistachios 
and  almonds  by  increasing  application  efficency,  insecticide  choice  and  spray  timing 

Author  Name:  Joel  Siegel 

Author  Institution:  USDA  -  ARS 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Integrated  Pest 
Management,  Host-Plant  Interactions,  and  Transgenic  Crops 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1072 

DOI:  10. 1603/ICE.2016. 111610 

CANCELLED 

Paper  (Oral)  Presentations 

Presentation  Title:  Dieback  of  cocoa  ( Theobroma  cacao  L.)  plant  tissues  caused  by  the  brown 
cocoa  mirid  Sahlbergella  singularis,  Haglund  (Hemiptera:  Miridae)  and  associated  pathogenic 
fungi 

Author  Name:  Joseph  Anikwe 
Author  Institution:  University  of  Lagos 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Integrated  Pest 
Management,  Host-Plant  Interactions,  and  Transgenic  Crops 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  1073 

DOI:  10. 1603/ICE.2016. 104055 

Abstract  text: 

Introduction:  The  brown  cocoa  mirid,  Sahlbergella  singularis  is  the  most  economically 
important  insect  pest  of  the  cocoa  tree  in  Nigeria  causing  yield  losses  of  about  30-70%,  of  which 
dieback  of  twigs  is  one  of  the  major  symptoms.  Field  damage  by  this  insect  pest  has  been 
classified  into  three  categories  which  include  blast,  stagheadedness  and  mirid  pocket.  Mirid 
attack  predisposes  the  cocoa  plant  to  secondary  infection  by  opportunistic  pathogenic  fungi. 


Methods:  This  study  evaluated  dieback  conditions  associated  with  mirid  damage  due  to 
associated  fungi  from  lesions  on  pods,  twigs,  and  pin  punctures.  Fungi  associated  with  mirid 
lesions  on  pods  and  twigs  dieback  were  isolated  and  identified.  The  relationship  between 
Phytophthora  black  pod  infection  and  mirid  infestation  in  the  field  was  assessed. 

Results/Conclusion:  The  results  showed  that  dieback  progression  from  mirid  lesions  (8.5  mm) 
was  significantly  different  (P<0.05)  from  that  of  pin  punctures  (7.8  mm).  Lasiodiplodia 
theobromae  had  the  highest  proportion  of  isolates  from  pods  (33%),  twigs  (47%)  and  pin 
punctures  (38%).  Albonectria  rigidiuscula  accounted  for  27.8%,  3 1.6%  from  pods  and  twigs  but 
were  not  recovered  from  pin  punctures.  Other  pathogens  isolated  were  Aspergillus  species  and 
Rhizoctonia  species.  There  was  a  significantly  strong  positive  correlation  coefficient  of  0.74 
between  mirid  population  and  black  pod  disease  infection  in  the  field.  The  major  fruit-bearing 
season  of  cocoa  witnessed  an  increase  in  mirid  infestation  and  blackpod  infection.  The  effect  of 
mirid-pathogenic  fungi  associated  damage  could  be  ameliorated  through  effective  crop 
husbandry  practices  to  ensure  that  cocoa  plant  tissues  are  not  unduly  exposed  to  biological  and 
mechanical  injuries. 
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Abstract  text: 

Eoreuma  loftini  (Dyar),  the  Mexican  rice  borer,  is  an  insect  indigenous  to  Mexico  that  has 
become  an  invasive  pest  of  grass  crops  in  the  Gulf  Coast  region  of  the  United  States.  Pour  field 
studies  were  conducted  in  Louisiana  to  assess  E.  loftini  pest  severity  in  corn.  Five  transgenic  Bt 
corn  hybrids  and  three  associated  non-Bt  near  isolines  were  evaluated.  These  studies  confirmed 
that  corn  is  susceptible  to  E.  loftini  and  that  corn  producing  Bt  proteins  for  lepidopteran  pest 
management  can  reduce  E.  loftini  injury  and  infestations. 
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Abstract  text: 

The  current  study  was  conducted  to  investigate  the  effect  of  botanical  extracts  Azadirachta 
indica  (neem),  Momordica  charantia  (bitter  gourd),  Citrus  sinensis  (lemon),  Capsicum  annuum 
(chilli),  Zingiber  officinale  (ginger)  and  Allium  sativum  (garlic)  against  jassid  and  whitefly  on  Bt- 
cotton  under  field  conditions  at  different  concentrations.  The  findings  of  the  present  research 


revealed  that  after  each  spray  against  whitefly,  A.  sativum  demonstrated  highest  population 
reduction  (~  43-59%)  followed  by  Z  officinale  (35-57%)  and  A  indica  (33-51%).  The 
effectiveness  of  all  botanicals  increased  with  increasing  concentration;  more  than  50%  reduction 
in  whitefly  population  was  exhibited  by  A.  sativum  and  Z  officinale  at  1.0,  2.0  and  4.0%,  by  A. 
indica  at  2.0  and  4.0%  and  by  C.  sinensis  at  4%  concentration  after  second,  third,  fourth  and  fifth 
spray.  Unlikely,  C.  annuumn  and  M.  charantia  at  all  concentrations  and  C.  sinensis  at  0.25-2.0% 
concentrations  demonstrated  less  than  50%  reduction  in  whitefly  population.  All  botanical 
extracts  caused  maximum  reduction  in  whitefly  population  at  4.0%  concentration  followed  by 
2.0,  1.0,  0.5  and  0.25%.  The  results  indicate  that  botanical  extracts  of  A.  sativum,  Z.  officinale 
and  A.  indica  can  be  utilized  in  pest  management  program  of  whitefly  on  Bt-cotton  to  mitigate 
the  side  effects  of  synthetic  insecticides  in  cotton  agro-ecosystem. 
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Introduction 

Containing  over  5,000  species,  Tephritidae  is  a  diverse  dipteran  family  notorious  for  containing 
some  of  the  world’s  most  destructive  fruit  pests,  including  the  Mediterranean  fruit  fly,  Oriental 
fruit  fly,  South  American  fruit  fly,  and  apple  maggot  fly.  As  for  most  insects,  traditional 
taxonomy  has  relied  primarily  on  morphological  characters  to  discriminate,  define,  and  describe 
new  species;  however,  this  has  failed  to  resolve  some  of  the  most  important  pest  groups, 
especially  those  belonging  to  species  complexes.  As  demonstrated  by  earlier  work  on  the 
Oriental  fruit  fly  ( Bactrocera  dorsalis)  complex,  integrated  approaches  are  critical  for  resolving 
within-species  variation  and  defining  between-species  boundaries  for  challenging  groups. 


Methods 


We  describe  how  the  case  of  the  Oriental  fruit  fly  is  now  being  applied  across  a  broader 
taxonomic  range  using  an  integrative  taxonomic  approach.  We  report  on  a  range  of  techniques 
used  to  define  systematic  relationships  to  produce  improved  diagnostics  among  species  from  the 
genus  Bactrocera,  focussing  on  the  SE  Asian/Oceanic  biota.  Techniques  include  traditional 
morphology,  geometric  morphometries,  genomic-led  molecular  diagnostics,  and  -  for  groups  of 
particularly  high  economic  concern  -  behavioural  studies. 

Conclusion 

We  demonstrate  the  integrative  approach,  especially  linking  independent  datasets  to  the  same 
individual  fly,  represents  the  future  of  tephritid  taxonomy;  particularly  for  problematic  groups  of 
high  biosecurity  concern.  We  emphasise  the  need  for  wide  taxon  and  geographic  coverage  to 
ensure  within-species  variation  is  captured  and  not  confounded  by  between-species  variation. 
Additional  to  better  understanding  the  fundamental  evolutionary  relationships  among  the 
Bactrocera ,  tangible  outputs  will  be  produced  including  operationally  validated  diagnostic 
resources. 
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Introduction:  The  remarkable  diversity  of  ant  social  organization,  which  affects  both  their  life 
history  and  population  kin  structure,  can  be  exemplified  in  the  desert  ant  (genus  Cataglyphis). 
Species  in  this  genus  demonstrate  high  variation  with  respect  to  both  social  structure  and  mating 
strategies,  from  the  ancestral  colony  type  that  is  monogyny  and  monoandry,  to  the  more  derived 
states  of  colonies  headed  by  multiply  inseminated  queens  (polyandry)  and  colonies  composed  of 


multiple  queens  (polygyny).  Moreover,  the  population  structure  of  Cataglyphis  species  may 
range  from  multicoloniality  via  polydomy  to  supercoloniality. 

Methods:  We  compared  the  social  and  population  structures  of  species  in  the  group  of  C.  bicolor 
in  the  semi  stabilized  sand  dunes,  using  a  multidisciplinary  approach  encompassing  behavior 
(nest  insularity/openness),  chemistry  (composition  of  the  recognition  cues,  GC  analysis  of 
CHC’s),  and  genetics  (microsatellite  polymorphism).  Our  study  sets  to  unravel  the  C.  bicolor 
complex  in  Israel,  both  phylogenetically  and  of  its  complex  population  and  social  structures. 

Results/Conclusion:  Previous  analysis  of  two  populations  revealed  that  despite  being 
phylogenetically  related  they  display  quite  different  life  histories  in  that  one  is  monogyne  and 
multicolonial,  whereas  the  other  is  polygyne  and  polydomy.  New  evidence  unravels  the  social 
and  population  structures  of  two  additional  populations;  one  is  monogyne  and  has  a  polydomy 
structure,  while  the  other  is  polygyne  and  unicolonial  to  the  extent  of  supercolony.  Thus,  in  a 
very  small  coastal  area  of  about  170km,  a  very  wide  gradient  of  social  and  population  structures 
exists,  which  gives  an  insight  on  the  evolution  of  sociality. 
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Introduction:  As  one  of  the  most  destructive  defoliating  pest  insects  in  the  world,  the  gypsy  moth 
( Lymantria  dispar  Linnaeus  1758)  was  introduced  to  North  America  from  Western  Europe  less 
than  150  years  ago.  Currently  nearly  the  entire  northeastern  portion  of  the  U.S.  is  under 
quarantine  for  this  species.  In  recent  years,  egg  masses  of  Asian  subspecies  of  gypsy  moth 
(AGM)  are  intercepted  more  and  more  often  on  vessels  and  cargo  and  adult  AGM  are  trapped 
annually  for  domestic  surveys.  The  port  and  domestic  interceptions  of  AGM  is  alarming  because 


compared  to  the  established  North  American  population  AGM  has  a  wider  host  range  and 
stronger  flight  propensity,  which  could  allow  them  to  spread  even  more  rapidly.  Identifying  the 
country  of  origin  of  invasive  AGM  provides  the  data  necessary  to  evaluate  trading  policies  that 
aim  to  prevent  AGM  introduction. 

Methods:  We  characterized  the  global  population  structure  of  gypsy  moth  with  a  focus  on 
genetic  divergence  among  Asian  populations.  Using  ddRAD  sequencing  we  developed  55 
nuclear  and  5  mitochondrial  loci  to  genotype  worldwide  gypsy  moth  samples  as  well  as  AGM 
intercepted  at  ports  or  trapped  domestically. 

Results/Conclusion:  Principal-component  analysis  showed  substantial  separation  among 
subspecies  and  for  the  first  time  distinguished  different  populations  within  AGM.  Within  Asia, 
we  can  distinguish  Chinese  populations,  Japanese  populations,  and  likely  hybrid  populations  in 
Korea  and  Russian  Far  East.  Some  of  those  individual  loci  exhibit  very  different  allele 
frequencies  among  Asian  regions  and  may  be  developed  into  diagnostic  tools  to  reveal  the 
geographic  origin  of  intercepted/trapped  AGM. 
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Introduction: 

Apis  mellifera  scutellata  and  A.  m.  capensis  are  honey  bee  subspecies  indigenous  to  South 
Africa.  Both  bees  threaten  managed  colonies  of  European-derived  honey  bee  subspecies,  A.  m. 


capensis  by  parasitic  takeover  of  European  colonies  and  A.  m.  scutellata  through  resource 
competition,  hybridization,  and  aggressive  usurpation  behavior.  Effective  management  of 
capensis  and  scutellata  includes  avoiding  the  accidental  importation  of  either  bee  into  areas 
where  it  is  not  endemic. 

Methods: 

Assessing  genetic  variability  and  population  structure  using  21  microsatellite  DNA  loci  in 
combination  with  multivariate  environmental  heterogeneities. 

Analyzing  of  844  honey  bees  collected  from  75  different  managed  apiaries  from  29  geographical 
regions. 

Results/Conclusion: 

A  considerable  intraspecific  amount  of  genetic  variability  (u He  =  0.86)  and  low  genetic 
differentiation  (Est  =  0.06)  were  observed  between  subspecies  reflecting  the  diminished  power 
of  Est  to  discriminate  between  the  two  subspecies.  An  unrooted  UPGMA  tree  from  the  Est 
matrix  and  construction  of  a  PCA  plot  from  the  genetic  distance  supported  a  lack  of  genetic 
structure  between  subspecies  with  a  random  distribution  of  individuals  across  the  entire  region. 
Most  of  the  populations  deviated  from  Hardy-Weinberg  equilibrium  (P<0.05).  Bayesian 
clustering  with  the  microsatellite  data  set  identified  three  inferred  clusters  in  which  the  tested 
populations  did  not  delineate  regionally.  The  general  lack  of  genetic  structure  between  the 
subspecies  was  not  consistent  with  environmental  structure,  suggesting  that  environmental  scales 
could  have  played  an  integral  role  in  differentiation  of  the  subspecies.  Overall,  the  St.  Francis 
and  Port  Elizabeth  regions  in  the  A.  m.  capensis  zone  currently  form  a  semi-isolated  populations. 
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Abstract  text: 

Symbiosis  is  a  quite  common  phenomenon  in  insects  where  many  species  have  been  shown  to 
harbor  symbiotic  bacteria  within  their  gut,  tissues,  and/or  cells.  Thanks  to  their  well-studied 
associations  with  an  obligate  nutrient-provisioning  symbiont  and  a  wide  range  of  facultative 
symbionts,  aphids  represent  a  valuable  model  to  study  symbiotic  associations.  Among  this 
symbiotic  diversity,  Serratia  symbiotica  is  one  of  the  most  common  facultative  partners  found  in 
various  aphid  species.  Here,  we  examined  the  incidence  and  evolutionary  history  of  S. 
symbiotica  in  aphid  populations  and  associated  ants.  A  phylogenetic  investigation  coupled  to  a 
fluorescence  in  situ  hybridization  approach  reveals  that  the  phylogenetic  position  of  S. 
symbiotica  is  correlated  to  its  localization  inside  host  aphids.  S.  symbiotica  was  observed  for  the 
first  time  in  the  gut  of  naturally  infected  aphids,  suggesting  that  this  symbiont  can  invade  other 
host  tissues  in  addition  to  hemolymph  and  bacteriocytes-associated  cells.  The  phylogenetic 
analysis  reveals  that  the  S.  symbiotica  found  in  aphid  guts  were  closely  related  to  free-living 
strains  that  were  recently  isolated  and  cultured  in  lab  conditions.  Interestingly,  S.  symbiotica  was 
also  detected  in  some  ants  associated  to  the  sampled  aphids,  suggesting  that  1)  ant  populations 
can  also  harbor  this  symbiont  and  that  close  contacts  between  aphids,  and  that  2)  close  contacts 
between  ants  and  aphids  could  mediate  horizontal  transfers  of  facultative  symbionts  between 
distantly  related  host  species.  Our  study  put  forward  the  extraordinary  diversity  of  S.  symbiotica , 
raising  the  question  of  occurrence  of  this  symbiont  not  only  in  aphid  populations,  but  also  in 
other  insect  populations. 
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Abstract  text: 


The  human  head  lice,  Pediculus  humanus  capitis,  have  been  associated  with  us  since  the 
beginning  of  humankind,  probably  since  our  pre-hominid  African  ancestors.  Every  year  millions 
of  children  in  both  developed  and  developing  countries  are  infected  by  head  lice.  To  control 
them,  products  containing  pyrethroids  are  being  intensively  used  leading  to  the  development  of 
insecticide  resistant  among  louse  populations  worldwide.  Pyrethroids  act  on  the  nervous  system 
affecting  voltage-sensitive  sodium  channels  (VSSC).  Three  point  mutations  at  the  corresponding 
amino  acid  sequence  positions  M815I,  T9 171  and  L920F  in  the  voltage-gated  sodium  channel 
gene  are  responsible  for  contributing  to  the  knockdown  resistance  {kdr).  Despite  its  medical 
importance,  little  is  known  about  the  movement  patterns  and  the  effects  of  insecticide  treatments 
on  the  genetic  structure  of  the  head  louse  populations.  In  this  study,  we  assess  the  effects  of 
evolutionary  processes  such  as  migration  and  genetic  drift  on  the  evolution  of  resistance  among 
head  lice  from  Argentina.  To  that  end,  we  use  15  microsatellite  loci  and  kdr  alleles  couple  with 
toxicological  phenotypes  (resistance,  sensitive).  Toxicological  studies  revealed  that  the  resistant 
factor  (RF)  to  pyrethroids  varied  from  30  to  80.  Pyrethroid  resistance  alleles  {kdr)  were  found  in 
an  overall  frequency  of  88%.  Most  of  the  populations  departure  from  Hardy- Weinberg 
expectations.  We  used  both  multivariate  and  model-based  Bayesian  clustering  approaches. 
Knowing  the  processes  that  shape  the  genetic  structure  of  parasite  populations  is  critical  to 
understand  how  insecticide  resistance  evolves  and  for  the  design  of  effective  control  methods. 
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Introduction:  The  New  World  buckeye  butterflies  (genus  Junonia)  are  a  recent  diversification  (< 
4  million  years).  Previous  phylogenetic  analysis  suggests  that  the  New  World  Junonia  contains  3 
lineages,  which  may  form  a  monophyletic  group,  but  monophyly  has  low  bootstrap  support. 
Junonia  originated  in  the  Old  World,  but  it  is  unclear  if  the  New  World  was  colonized  from 
Africa  or  the  Asia-Pacific  region,  with  two  proposed  sister  taxa:  J.  orithya  (Africa  and  Asia)  and 
J.  villida  (Asia-Pacific).  Worldwide,  Junonia  typically  live  at  low  elevation,  but  the  South 
American  J.  vestina(  1800-4000  m)  is  an  exception,  providing  an  opportunity  to  study 
mitochondrial  adaptation  to  high  elevation  (low  temperature,  low  oxygen  concentration,  high  UV 
radiation,  high  mutation  rates). 

Methods:  The  15.3  kb  mitochondrial  genomes  of  20+  Junonia( Old  and  New  World)  were 
sequenced  by  Illumina  MiSeq,  followed  by  phylogenetic  analysis,  ancestral  state  reconstruction, 
and  sequence  comparisons  with  other  high  elevation  groups. 

Results/Conclusion:  The  New  World  Junonia  are  not  monophyletic  and  invaded  from  the  Pacific 
3  times.  Junonia  villida  (or  similar  Pacific  ancestral  taxon)  is  responsible  for  2  invasions,  while 
the  third  invader  is  related  to  Asian  J.  lemonias.  After  each  invasion,  lineages  diversified.  Those 
descended  from  J.  villida  hybridize  frequently  and  have  produced  many  species,  while  the 
lineage  related  to  J.  lemonias  appears  distinct  and  has  produced  a  single  high  elevation  species: 

J.  vestina.  The  gene  products  encoded  by  the  mitogenome  of  J.  vestina  have  undergone 
adaptation  to  produce  heat,  to  use  very  oxygen  efficiently,  and  to  minimize  production  of 
reactive  oxygen  species. 
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The  blowfly  genus  Lucilia  comprises  at  least  23  species  distributed  in  the  Neotropical  region, 
some  of  them  with  medical  and  forensic  importance.  Previous  systematics  studies  emphasized 
that  a  reliable  methodology  to  delimit  Lucilia  species  are  needed,  due  to  the  possible  existence  of 
cryptic  group  species  within  the  genus;  the  classic  taxonomical  traits  are  scarcely  useful  to 
identify  formal  species  because  of  their  little  morphological  variation.  We  modeled  the 
secondary  structure  for  the  mitochondrial  tRNA-Ser  gene  from  several  Lucilia  specimens  from 
Colombia  and  records  available  at  NCBI.  This  marker  and  it’s  adjacent  regions  ( Cytochrome  B , 
Inter  genic  Spacer  and  NADH  subunit  I)  had  proven  to  be  useful  distinguishing  formal  and 
closely  related  cryptic  biological  entities  in  species  complex  such  as  mosquitoes  (Diptera: 
Culicidae)  and  Satyrinae  butterflies  (Lepidoptera:  Satyrinae).  We  sequenced  several  specimens 
of  L.  eximia  and  compared  to  other  species  from  NCBI.  To  test  evolutionary  patterns  of  this  gene 


and  adjacent  regions  we  calculated  Neighbor  Joining  and  Bayesian  trees.  Our  results  from  K2P 
and  Bayesian  trees  shows  two  groups:  one  including  only  specimens  from  L.  eximia  (group  I) 
and  the  remaining  Lucilia  specimens  (including  some  L.  eximia)  and  Calliphora  spp  on  group  II. 
These  two  groups  were  in  agreement  with  modeled  secondary  structure.  Such  differences  remain 
only  in  D  arm,  and  T  arm  with  no  changes  in  the  anticodon.  Tree  topology  and  the  distribution  of 
L.  eximia  in  the  two  groups  suggests  a  possible  mitochondrial  introgression  in  relation  to  other 
Lucilia  and  Calliphora  species. 
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Maternally  transferred  bacteria  are  prevalent  across  the  insects  where  they  have  major  impacts 
upon  host  nutrition,  defense,  and  reproduction.  A  diverse  range  of  bacteria  have  evolved  such 
lifestyles,  and  opportunities  for  co-infection  exist  in  a  number  of  insects  harboring  multiple 
maternally  transferred  symbiont  species.  In  this  study  we  present  evidence  for  strong  structuring 
of  maternally  transferred  symbiont  communities  within  individual  hosts  of  the  pea  aphid, 
Acyrthosiphon pisum.  Extensive  sampling  over  time  and  across  the  United  States  reveals 
consistent  pairwise  partnerships  between  a  number  of  bacteria,  while  showing  that  several 
community  types  are  much  rarer  than  expected.  A  field-based  study  on  transmission  rates 
provides  a  partial  explanation  for  these  findings,  as  symbionts'  rates  of  maternal  transmission  are 
impacted  by  the  identities  of  co-infecting  bacterial  species.  These  discoveries  have  implications 
for  our  understanding  of  symbiont  function  within  the  model  pea  aphid  system,  due  to  a  lack  of 
research  on  symbiont-induced  phenotypes  for  hosts  with  multiple  symbionts.  They  also  suggest 
the  potential  for  active  cooperation  and  competition  in  the  within-host  arena,  raising  questions 


about  the  evolution  of  symbiont-symbiont  interactions  in  the  broader  context  of  a  defensive  host- 
microbe  symbiosis  with  potential  impacts  on  arthropod  communities  in  agricultural  systems. 


Paper  (Oral)  Presentations 

Presentation  Title:  Characterization  of  Protophormia,  Lucilia,  and  Chrysomya  species  based  on 
taxonomic  and  multigene  approaches 

Author  Name:  Muhammad  Qureshi 

Author  Institution:  Government  College  University 

Session  Title:  Contributed  Papers:  Genetics  and  Evolutionary  Entomology:  Populations  and 
Spatial  Diversity 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  1088 
DOI:  10.1603/ICE.2016.1 15718 
Abstract  text: 

The  family  Calliphoridae  is  a  large  group  constituting  8%  of  calyptrate  species  diversity.  They 
play  a  diverse  role  in  forensic,  medical,  and  veterinary  aspect.  In  this  study  three  different 
approaches  were  used  for  the  blow  flies  analysis,  the  morphological  identifications  methods, 
morphometric  analysis  and  the  molecular  identification  techniques.  These  different  approaches 
were  applied  for  the  species  of  families  Lucillinae  and  Chrysominae  including  the  specimens  L. 
ampullacea  Ch.  pinguis  and  P.  terraenovae.  Morphological  identifications  were  performed  by 
using  the  keys.  Morphometric  measurements  were  taken  by  using  the  different  parameters  to 
distinguish  the  species.  The  morphometric  analysis  of  the  three  species  revealed  that  L. 
ampullacae  to  be  different  from  the  rest  of  two  species  belonging  to  Chrysominae.  By 
implantations  of  the  DNA  based  techniques  a  new  specie  Ch.  saffranea  was  reported  for  the  first 
time  from  Pakistan  which  revealed  the  accuracy  and  reliability  of  the  molecular  methods  for  the 
species  identifications.  The  use  of  both  these  genes  fragments  is  evaluated  not  only  for  the 
identification  of  the  blowflies  but  also  to  see  the  evolutionary  interfamilial  relationships  on  the 
bases  of  variations  in  the  COX1  and  ITS2  gene  fragments.  This  study  also  aimed  to  gather 
genetic  data  on  some  of  the  common  blowfly  fauna  of  this  area.  It  has  been  finally  concluded 
that  besides  the  traditional  morphological  methods  for  the  identifications  of  the  insects  the 
modern  approaches  of  molecular  methods  based  on  the  DNA  analysis  should  be  implemented  for 
more  accurate  and  reliable  identifications  of  the  specimens  form  any  region. 
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The  leaf-cutter  ant  Atta  laevigata  was  split  into  two  lineages  15  million  years  ago.  These  lineages 
have  accumulated  morphologic  and  genetic  differences  that  made  them  reproductively  isolated 
from  each  other.  So,  it  is  likely  that  each  lineage  represent  distinct  species  recently  diverged 
from  a  single  ancestor.  One  of  the  lineages  inhabits  the  type  locality  of  Atta  silvai,  which  was 
proposed  either  as  a  single  isolated  species  or  as  junior  synonym  of  Atta  laevigata.  Here,  we 
characterize  lineage  differences  on  protein  coding  genes,  in  order  to  follow  genetic  changes 
underlying  the  speciation  process  in  this  leaf-cutter  ant.  Differences  were  accessed  by 
sequencing  a  pool  of  messenger  RNA  from  20  workers  collected  from  a  single  nest  of  each 
lineage.  Around  230  million  paired-end  reads  were  generated  to  characterize  ca.  34  thousand 
unigenes  in  each  lineage.  We  found  ca.  3,000  homolog  unigenes  that  were  shared  between 
lineages,  generating  a  concatenated  alignment  of  ca.  1.9  million  base  pairs.  2110  homolog 
unigenes  were  identical  and  890  unigenes,  containing  ca.  1  million  base  pairs,  had  1411 
mutations  (1170  transitions,  140  transversions  and  101  indels).  Most  of  the  mutations  were  not 
homogeneously  distributed  along  sequences,  but  concentrated  in  hot  spot  regions  containing 
three  to  ten  base  pairs  within  protein  functional  domains.  Some  mutations  generated  signs  of 
positive  selection,  indicating  fixation  of  traits  by  natural  selection.  Positively  selected  genes  are 
involved  on  fatty  acid  oxidation  and  redox  reactions  and  may  be  related  to  body  size  differences 
found  between  lineages  leading  to  the  speciation  process. 
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All  species  of  great  apes  have  specific  Plasmodium  malarias  transmitted  by  particular  species  of 
Anopheles  mosquitoes.  This  trio  evolved  with  the  Primates,  driven  partly  by  anopheline  host 
preference.  As  humanity  moved  from  natural  shelters  to  housing,  so  the  more  anthropophilic 
species  of  Anopheles  became  more  endophilic,  to  the  point  that  malaria  vectors  such  as 
Anopheles  funestus  in  Africa,  Anopheles  minimus  in  Asia,  and  the  Palearctic  Anopheles 
sacharovi  can  be  eliminated  by  insecticides  indoors.  Since  the  early  20th  Century,  with 
recognition  that  transmission  of  human  malaria  parasites  by  anthropophilic  Anopheles 
mosquitoes  can  be  prevented  by  vector  control  and  personal  protection  against  mosquito  bites, 
we  have  pushed  back  against  them  with  indoor  residual  sprays,  habitual  use  of  insecticidal 
bednets,  screening  of  houses,  and  other  environmental  disruptors  of  anopheline  mosquito 
populations.  Post-paleolithic  opportunities  for  synanthropic  mosquito  speciation  are  being 
replaced  by  anthropocene  deflection  of  anophelines,  selecting  against  endophily  and  promoting 
exophagy,  shifting  their  ecology  and  behaviors  in  favor  of  less  malariagenic  species.  But  not 
completely:  outdoor  malaria  transmission  remains  challenging.  The  old  puzzle  called 
‘Anophelism  without  malaria’  is  being  reinforced  by  reduction  of  human  infection  rates  towards 
elimination,  as  vector  behaviors  are  driven  towards  exophily  and  zoophagy.  This  presentation 
examines  key  examples  of  intraspecific  reduction  in  vectorial  capacity  (An.arabiensis  and 
An.farauti ),  apparent  evolutionary  “reversals”  involving  interspecific  replacements  between 
sibling  species  having  different  vector  roles  (among  the  An.gambiae  complex;  An.darlingi 
complex;  An.maculipennis  and  An.quadrimaculatus  complexes),  and  the  revelation  of  zoonotic 
malaria  risks  from  sylvatic  vectors  where  humans  supersede  other  simian  hosts. 
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Abstract  text: 

Introduction:  Fruit  flies  (Family:  Tephritidae)  are  globally  recognized  as  one  of  the  greatest 
threats  to  horticultural  industries.  In  South  Africa,  table  grapes  are  mainly  cultivated  for  export, 
making  it  vital  to  the  country’s  economy.  Riverine  vegetation  and  double-cropping  systems,  such 
as  those  found  along  the  Lower  Orange  River  in  the  Northern  Cape  Province  of  South  Africa, 
offer  an  ideal  opportunity  for  fruit  fly  proliferation. 

Methods:  This  study  was  conducted  along  the  Lower  Orange  River  between  Upington  and 
Blouputs  to  monitor  the  ecological  trends  of  tephritid  species  over  two  years,  including  locus  - 
and  host  preferences.  The  first  phase  consisted  of  qualitative  sampling  to  determine  the  variety  of 
species  present,  while  the  second  phase  was  dedicated  to  quantitative  sampling  in  order  to 
determine  population  sizes  and  sex  ratios  of  economically  important  species.  The  study  was 
divided  into  eight  sectors,  each  containing  eight  variables  including  raisin  floors,  vineyards  and 
fruit  orchards. 


Results/Conclusion:  Subsequent  data  has  shown  migration  trends  across  variables  over  time  in 
relation  to  both  different  grape  cultivars  as  well  as  other  seasonal  fruits.  Further  research  to  be 
conducted  includes  the  dissection  of  genitalia  to  determine  the  sexual  maturity  of  populations 
over  time.  Understanding  the  behavior  and  biology  of  these  species  is  necessary  for  the 
development  of  the  most  effective  integrated  pest  management  strategies. 
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Abstract  text: 


The  agapanthus  gall  midge  ( Enigmadiplosis  agapanthi  Harris)  is  a  newly  described  member  of 
the  Diptera:  Cecidomyiidae  affecting  Agapanthus.  The  effects  of  this  midge  were  first  noticed  in 
a  private  garden  in  Surrey,  the  UK  in  2014  and  brought  to  the  attention  of  entomologists  at  the 
Royal  Horticultural  Society  (RHS).  Subsequent  investigations  indicated  that  this  was  a  species 
new  to  science,  which  had  most  likely  originated  in  South  Africa. 

This  gall  midge  has  the  potential  to  become  a  serious  problem  for  both  home  gardeners  and 
commercial  growers  of  Agapanthus worldwide.  To  be  able  to  diagnose  accurately  and  provide 
advice  on  the  agapanthus  gall  midge  to  both  home  gardeners  and  commercial  growers,  the  RHS 
has  launched  research  into  its  distribution,  biology,  and  control.  The  main  components  of  this 
research  include:  all  of  the  records  to  the  UK  public  and  an  international  survey  of  botanic 
gardens  has  been  used  to  establish  the  distribution  of  the  midge.  Observations  on  the  biology  and 
lifecycle  of  the  midge  have  been  carried  out  on  both  reared  and  natural  populations.  A  field 
experiment  assessing  cultivar  preferences  of  the  midge  has  been  conducted  on  the  most  widely 
available  cultivars  of  agapanthus.  The  effectiveness  of  a  range  of  chemical  and  biological 
controls  has  been  assessed,  against  both  the  flower-dwelling  and  ground-dwelling  stages  of  the 
lifecycle. 


Paper  (Oral)  Presentations 

Presentation  Title:  Economic  injury  level  and  economic  threshold  in  IPM  for  strawberries 
Author  Name:  Sergei  Popov 

Author  Institution:  Russian  Timiryazev  State  Agrarian  University 

Session  Title:  Contributed  Papers:  Integrated  Pest  Management  and  Sustainable  Agriculture: 
Fruits  and  Vegetables 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  1095 
DOI:  10.1603/ICE.2016.1 13547 
Abstract  text: 

Strawberry  blossom  weevil  Anthonomus  rubi  Herbst  (Coleoptera,  Curculionidae)  and  spider  mite 
Tetranychus  atlanticus  McGregor,  1941  (sensu  Mitrofanov,  1987)  (Acariformes,  Tetranychidae) 
were  primary  pests  of  strawberry  for  the  last  40  years  in  Moscow  Region,  Russia.  Economic 
thresholds  (ET)  and  economic  injury  levels  (EIL)  were  calculated  for  these  herbivores  based  on 


long-term  observations  of  their  population  dynamics  and  damage  to  plants.  ET  and  EIL  for  A. 
rubi  were  close  to  each  other.  ET  was  calculated  to  be  an  average  of  0. 1-0.2  beetles  per  1  linear 
m  of  row  of  strawberries,  or  3  %  floral  bud  damage.  EIL  of  A.  rubi  was  calculated  to  be  5  %  bud 
damage  level.  It  was  found  that  the  EIL  on  5  tested  strawberry  cultivars,  which  differed  from 
each  other  in  the  numbers  of  floral  buds,  ranged  from  0.2  to  0.7  beetles  per  1  linear  m  of  row.  ET 
of  spider  mite  T.  atlanticus  on  strawberry  was,  on  average,  0. 1-0.3  overwintered  females  per  1 
leaflet,  provided  that  temperature  in  the  next  2  months  would  be  hot.  Outbreaks  of  spider  mite 
populations  occurred  when  the  mean  temperatures  of  last  ten  days  of  April  and  all  of  May  were 
at  or  above  13.5- 14°C,  or  when  cumulative  degree-days  (above  the  base  temperature  of  9°C) 
calculated  from  the  middle  of  April,  reached  160-170°C.  EIL  of  T.  atlanticus  was  about  35-40 
individuals  (excluding  eggs)  per  leaflet  during  the  period  of  fruit  formation.  Currently, 
evaluation  of  the  EIL  is  being  developed  based  on  physiological  response  of  strawberry  leaves  to 
spider  mite  damage. 
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Drosophila  suzukii  Matsumura  is  an  Asian  pest  that  invaded  both  Europe  and  the  Americas  in 
the  last  ten  years.  It  was  first  a  problem  for  cherry,  blueberry  and  strawberry  production;  one  that 
could  only  be  solved  by  biocontrol  because  the  species  attacks  fruits  right  before  harvest.  It  is 
now  a  problem  for  grapevine  as  well  since  pest  presence  correlates  with  sour  rot  outbreaks.  Sour 
rot  is  a  fruit  disease  caused  by  a  community  of  micro-organisms  naturally  present  on  the  fruit 
surface,  but  that  was  known  to  degrade  fruits  only  in  the  presence  of  Drosophila  melanogaster 
Meigen.  We  combined  field  observations,  lab  infestations,  and  behavioral  assays  to  understand 
why  sour  rot  and  Drosophila  suzukii  seemed  to  associate  in  the  field.  We  found  that  D.  suzukii 
indeed  triggers  sour  rot  in  healthy  fruits.  But  large  sour  rot  damages  are  actually  due  to  D. 
melanogaster  that  is  attracted  by  D.  suzukii ’s  initial  damages  but  later  destroys  the  bunch.  This 


work  hence  shows  that  interactive  effects  between  different  species  of  insects  and  micro¬ 
organisms  determine  fruit  health. 
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Spotted  wing  drosophila  (SWD),  Drosophila  suzukii  (Matsumura),  is  a  recently  introduced  pest 
of  soft-skinned  fruits.  Females  possess  a  serrated  ovipositor  that  allows  them  to  lay  their  eggs  in 
ripening  and  ripe  fruit.  In  Florida,  SWD  has  become  a  major  pest  of  blueberries  and  blackberries. 
It  can  also  utilize  many  other  cultivated  and  wild  host  plants.  The  objectives  of  this  study  were 
twofold:  1)  to  survey  the  population  of  SWD  on  strawberry  farms  and  2)  to  survey  for  SWD  in 
potential  host  plants  that  fruit  during  the  summer  months  in  Alachua  Co.,  Florida.  Three  SWD 
traps  baited  with  yeast/sugar/water  were  placed  on  two  organic  farms  (1  and  2)  in  strawberries 
and  checked  weekly  throughout  the  season.  Two  SWD  traps  were  placed  on  two  commercial 
strawberry  farms  (3  and  4)  during  the  month  of  March.  Fastly,  3  SWD  traps  were  put  on  farm  5, 

2  in  grapes  and  1  in  persimmons,  and  checked  weekly  throughout  the  fruiting  period.  On  both 
organic  farms,  the  SWD  population  peaked  in  March.  Female  and  male  SWD  were  collected  on 
farm  1  while  only  females  were  collected  on  farm  2  until  the  last  sampling  date.  On  farms  3  and 

4,  SWD  was  collected  in  small  numbers,  and  only  females  were  collected  from  farm  4.  On  farm 

5,  SWD  females  and  males  were  collected  in  grapes  and  persimmons  throughout  the  fruiting 
period.  In  conclusion,  SWD  is  established  on  some  strawberry  farms  in  Alachua  Co.  and  appears 
to  utilize  grapes  and  persimmons  as  hosts  during  the  summer  months. 
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Spotted  wing  drosophila,  Drosophila  suzukii  Matsumura,  is  an  invasive  insect  species  that  was 
unintentionally  introduced  to  North  America  from  Asia.  First  discovered  in  California  in  2008, 
D.  suzukii  is  currently  established  in  at  least  45  states.  D.  suzukii  larvae  are  polyphagous  and 
attack  a  wide  variety  of  small  and  stone  fruit.  Unlike  most  Drosophila,  D.  suzukii  females  have 
serrated  ovipositors,  enabling  them  to  lay  eggs  inside  ripening  fruit,  when  crops  are  most 
vulnerable,  resulting  in  severe  economic  damage.  Currently,  growers  use  weekly  or  twice- 
weekly  preventative  insecticidal  applications  to  manage  D.  suzukii  during  susceptible  periods. 
Little  is  known  regarding  the  specific  foraging  behavior  D.  suzukii  utilizes  to  locate  and  select 
host  fruit,  and  inconsistencies  in  trap  performance  indicate  the  need  for  the  development  of 
improved  monitoring  and  management  techniques  for  this  insect.  Our  studies  focused  on 
examining  the  foraging  behavior  of  D.  suzukii  and  incorporating  these  behaviors  into  an  attract- 
and-kill  tactic  for  D.  suzukii  management.  We  evaluated  D.  suzukii  movement  among  plots  and 
within  plants  to  determining  ovipositional  preference.  Additionally,  we  examine  the  use  of 
attractional  spheres  as  an  alternative  control  option  for  D.  suzukii. 
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In  our  efforts  to  determine  the  diversity  of  the  aphid  species  composition  in  commercial 
strawberry,  in  Atlantic  Canada,  we  monitored  10  and  6  fields  in  Nova  Scotia  (NS)  and 
Newfoundland  (NL),  during  2014  and  2015.  Specifically,  we  focused  on  movement  and 
phenology  of  alate  (winged)  aphids  and  monitored  for  seasonal  distribution  of  aphids  that 
colonized  commercial  strawberry.  Aphids  were  collected  from  yellow  pans  (10  traps  were  setup 
in  each  of  10  commercial  fields),  and  weekly  direct  leaf  counts  were  conducted  to  evaluate 
colonizing  aphids  and  non-winged  species.  Aphid  species  confirmation  is  being  done  using  DNA 
barcoding  and  Environmental  sequencing  techniques.  In  NS,  the  distribution  of  alternate  plant 
‘weed’  hosts  (e.g.  Potentilla  spp .,  ‘wild’  Fragaria)  was  mapped,  using  GIS,  in  defined  buffer 
areas  that  bordered  each  of  the  10  commercial  fields.  Results  in  2015  showed  that  aphid  numbers 
remained  low  but  that  known  vectors,  Chaetosiphon  fragaefolii  Cockerell  and  Aphis  gossypii 
Glover,  were  present.  Initial  identification  of  the  aphid  complex  confirms  that  the  majority  of 
species  found  (sometimes  >  20  spp.  for  a  single  sampling  date)  are  not  known  to  colonize 
strawberry.  These  species  are  likely  just  ‘visiting’  through  low  air  currents  or  live  on  vegetation 
adjacent  to  the  commercial  field.  Commercial  strawberry  plants  and  identified  weed  hosts,  in 
border  areas,  were  tested  for  Strawberry  mild  yellow  edge  virus,  Strawberry  mottle  virus,  and 
Strawberry  polerovirus.  Although  some  fields  tested  negative,  various  combinations  of  these 
viruses  were  detected  in  the  commercial  strawberry  as  well  as  in  wild  strawberry  plants  and 
Potentilla  spp. 
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Introduction.  When  a  pathogen  infects  plants,  the  signaling  pathways  of  plants  may  be  altered, 
thus  affecting  the  performance  of  its  vector  insets  on  the  plants.  This  type  of  plant-mediated 
virus-insect  interactions  may  have  significant  effects  on  the  population  dynamics  of  the  vector 
insects  and  the  epidemiology  of  the  viruses.  For  example,  begomoviruses  may  suppress  terpene 
biosynthesis  in  tobacco  plants,  leading  to  reduced  plant  resistance  and  enhanced  performance  of 
their  vector  whiteflies.  Although  this  type  of  mutualistic  interactions  between  whiteflies  and 
begomoviruses  seems  widespread,  the  underlying  mechanisms  are  yet  to  be  well-understood. 

Methods.  We  identified  a  lipoxygenase  gene  which  seems  responsible  for  jasmonic 
acid  synthesis  in  the  tripartite  interactions. 

Results/Conclusion.  The  silencing  of  lipoxygenase  gene  promoted  the  survival  of  whiteflies  on 
the  virus  host  plants.  The  reproduction  of  whiteflies  on  lipoxygenase-suppressed  tobacco  plants 
was  increased.  Our  data  indicate  that  a  viral  pathogen  may  regulate  the  jasmonic  acid  signaling 
pathway  via  lipoxygenase  in  the  host  plants  to  promote  performance  of  its  insect  vector. 
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Abstract  text: 


In  Belgian  tomato  greenhouses  pest  species,  like  Trialeurodes  vaporariorum  and  Tetranychus 
urticae  can  co-occur  with  several  beneficial  species  like  Macrolophus  pygmaeus  and 
Phytoseiulus  persimilis.  Within  this  ecosystem,  different  processes  like  herbivory,  predation, 
intraguild  predation  and  cannibalism  interact  in  a  complex  way.  The  growing  interest  of  intense 
monitoring  in  demands  new  decision  tools  based  on  monitoring  data.  Biocontrol  strategies 
should  depend  on  the  complex  ratios  of  present  pests  and  beneficial  rather  than  instinct  and 
experience.  Population  models  are  required  that  can  provide  more  ecological  insight  and  predict 
short-term  population  dynamics.  In  this  project,  population  models  are  build  and  validated  with 
monitoring  data  of  commercial  tomato  greenhouses. 

Lotka-Volterra  derived  models  based  on  differential  equations  will  be  used  to  describe  the  field 
data.  Data  collecting,  modelling,  and  validation  started  with  simple  1-1  relationships  like  M 
pygmaeus  -  T.  vaporariorum  and  T.  urticae  -  P.  persimilis.  By  estimating  predator-prey 
iscolines,  which  are  lines  where  the  population  of  pest  or  predator  remain  constant,  population 
equilibrium  points  were  obtained  for  both  interactions.  As  a  generalist  predator,  M.  pygmaeus 
stabilizes  the  T.  vaporariorum  population  at  an  equilibrium  point  far  below  the  economic 
threshold.  The  model  of  T.  urticae  and  P.  persimilis  revealed  that  both  pest  and  predator  have  a 
high  chance  of  extinction  on  a  plant.  In  a  next  stage,  these  first  models  will  be  linked  to  each 
other,  which  will  reveal  changing  dynamics  and  equilibrium  points  of  the  populations. 

Modelling  of  ecological  interactions  in  greenhouses  gives  new  insights  and  will  enhance 
biocontrol  strategies  in  the  future. 
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Abstract  text: 


Introduction:  Aphids  are  important  pest  species  and  their  interaction  with  ants,  who  protect  them 
from  natural  enemies,  can  reduce  the  effectiveness  of  biological  control  methods.  Additionally, 
many  plants  produce  compounds  that  attract  invertebrates  to  protect  themselves  against 
herbivory.  In  Cameroon,  okra  ( Abelmoschus  esculentus)  is  a  common  vegetable,  and  the 
facultative  ant-tended  cotton  aphid  ( Aphis  gossypii  Glover)  is  one  of  its  major  pests.  The  aphids' 
natural  enemies  include  spiders,  syrphid  larvae,  and  parasitoid  wasps.  In  our  previous  studies,  we 
found  that  ants  do  not  protect  the  aphids  from  natural  enemies  and  were  observed  to  predate  on 
the  aphids  themselves.  We  further  found  that  okra  plants  produced  multicellular  pearl  bodies 
which  are  carried  back  by  ants  to  their  nests.  Hence,  pearl  bodies  may  influence  the  presence  of 
ants  on  the  plants,  potentially  mediating  interactions  between  the  aphids  and  ants. 

Methods:  We  conducted  two  experiments  using  five  okra  varieties,  as  we  observed  variation  for 
pearl  body  number  among  okra  varieties.  The  first  experiment  tested  if  ants  preferred  aphid 
honeydew  or  okra  pearl  bodies  and  the  second  tested  if  the  production  of  okra  pearl  bodies  was 
affected  by  aphid  presence  or  by  removal  of  pearl  bodies. 

Results/Conclusions:  We  found  that  ants’  preference  of  pearl  bodies  was  ant-species  specific, 
with  the  abundant  Pheidole  ants  preferring  pearl  bodies  but  others  preferring  the  aphid 
honeydew.  Pearl  body  production  was  altered  by  aphids  and  after  removal  (e.g.  by  ants).  We 
further  explore  aphid-plant-ant  interaction  and  highlight  the  need  to  understand  such  multitrophic 
interactions  when  designing  pest  management  schemes. 


Paper  (Oral)  Presentations 

Presentation  Title:  Recommendations  for  management  of  the  swede  midge,  Contarinia 
nasturtii ,  in  organic  crucifer  production 

Author  Name:  Braden  Evans 

Author  Institution:  University  of  Guelph 

Session  Title:  Contributed  Papers:  Integrated  Pest  Management  and  Sustainable  Agriculture: 
Fruits  and  Vegetables 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  1103 
DOI:  10. 1603/ICE.2016.1 14973 


Abstract  text: 


Since  its  first  recorded  occurrence  in  North  America  in  2001,  the  swede  midge,  Contarinia 
nasturtii ,  has  become  established  as  a  serious  pest  of  broccoli,  cabbage,  cauliflower,  and  other 
cruciferous  vegetables.  Although  some  conventional  insecticides  can  manage  moderate 
infestations,  few  commercial  tools  are  available  to  organic  producers.  Biological  control  agents, 
biopesticides,  insect  exclusion  fencing  and  the  manipulation  of  planting  dates  were  evaluated  as 
potential  C.  nasturtii  management  tactics.  In  laboratory  and  field  experiments,  the 
entomopathogens  Heterorhabditis  bacteriophora,  Metarhizium  anisopliae,  Steinernema 
carpocapsae ,  and  S.  feltiae ,  showed  some  potential  in  suppressing  the  soil-dwelling  stages  of  C. 
nasturtii.  Combining  M.  anisopliae  and  H.  bacteriophora  caused  the  highest  mortality  rates,  but 
the  interaction  was  not  synergistic.  The  biopesticides  Beauveria  bassiana,  azadirachtin,  and 
organic  formulations  of  spinosad  and  pyrethrin,  caused  significant  larval  mortality  on  host  plant 
meristems.  Spinosad  and  pyrethrin  also  resulted  in  reduced  oviposition.  However,  inconsistent 
efficacy  of  biopesticides  was  observed  in  field  trials  from  year  to  year.  Insect  exclusion  fencing 
did  not  significantly  reduce  damage  to  broccoli  in  the  field,  and  a  survey  of  flight  height  revealed 
C.  nasturtii  adults  flying  at  heights  of  240cm  above  the  soil,  exceeding  the  150cm  upper  margin 
of  the  insect  fencing.  The  avoidance  of  peak  C.  nasturtii  flight  activity  was  achieved  by 
staggering  transplanting  dates  of  broccoli  and  cabbage  seedlings  into  the  field.  Significant 
positive  effects  on  harvestable  yield  were  observed  with  early-season  cabbage  plantings  and  late- 
season  broccoli  plantings.  Successful  management  of  C.  nasturtii  in  organic  vegetable  crops 
will  require  a  multipronged  approach. 
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African  Indigenous  Vegetables  (AIVs)  play  a  key  role  in  the  nutrition  of  many  rural  smallholder 
families.  Though  important  they  receive  little  attention  from  researchers.  It  is  assumed  that  AIVs 
do  not  have  pests.  Little  information  on  AIV  pests  is  available  and  varies  with  geographic 


location.  Most  of  what  is  known  is  still  in  grey  literature.  With  AIVs  gaining  culinary  popularity 
amongst  urban  populations,  production  is  becoming  more  intensified  with  use  of  external  inputs, 
greenhouses  or  dry  season  production.  The  insect  pest  situation  in  this  changing  scenario  is 
unknown.  The  present  study  set  to  establish  the  pest  situation  in  AIVs  in  western  Kenya  under 
different  soil  fertility  regimes  and  seasons.  At  KALRO-  Kitale,  three  varieties  each  of  three  AIVs 
(Amaranth,  Nightshade  and  Spiderplant)  were  planted  under  three  different  fertilizer  types 
(Manure,  Mavuno  and  no  fertilizer)  in  a  split  plot  experiment.  Insect  species  composition,  pest 
abundance  and  population  dynamics  over  time  on  AIVs  were  noted.  Data  were  subjected  to 
ANOVA  and  means  separated  by  Tukey’s  test  (P<0.05).  The  pest  species  composition  included 
an  array  of  hemipterans,  coleopterans,  dipterans  and  lepidopterans.  Aphids  were  the  most 
abundant  on  all  the  AIVs.  Flea  beetles  and  Bagrada  bugs  were  common  on  spider  plant,  while 
stink  bugs  and  soldier  beetles  were  only  associated  with  Amaranth.  Leaf  miners  were  associated 
with  Nightshade  and  Amaranth.  Generally  more  pests  were  recorded  during  the  wet  than  dry 
season,  on  fertilized  plots  and  on  improved  AIVs.  Information  gained  will  be  used  to  develop 
IPM  strategies  for  management  of  insect  pests  on  AIVs. 
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Aphids  are  sucking  pests  that  cause  damage  to  the  plants  by  feeding  and  transmitting  viral 
pathogens.  In  2015,  a  multistate  project  was  initiated  to  develop  a  comprehensive  management 
strategy  for  Potato  virus  Y  (PVY)  in  the  Pacific  Northwest-  to  test  different  types  of  traps  to 
identify  the  presence  of  aphid  species  in  potato  fields;  determine  trap  efficiency  and  correlation 
of  aphid  with  PVY  incidence.  Seed  and  commercial  potato  fields  in  Klamath,  Morrow,  Union, 
and  Umatilla  Counties  in  Oregon  were  studied.  The  traps  were  placed  in  four  different  locations 
around  fields.  Aphids  were  collected  weekly,  counted  and  identified  based  on  morphological 
characteristics.  Initial  analysis  suggested  that  off  the  three  types  of  traps  tested,  yellow  bucket 


traps  were  more  efficient  for  capturing  aphids  compared  to  sticky  cards  or  tile  traps.  The 
abundance  of  aphids  was  higher  in  Klamath  followed  by  Umatilla,  Union,  and  Morrow  County 
during  May- September.  It  was  also  found  that  potato  aphids  and  green  peach  aphids  were  less 
abundant  than  “other  unidentified  aphids”.  The  role  of  “other  aphids”  is  yet  to  be  determined. 
Based  on  the  serological  analysis,  higher  PVY  incidence  was  found  in  Klamath,  followed  by 
Umatilla,  Union  and  Morrow  County.  Initial  observations  on  the  landscape  suggests  border 
cropping  is  an  effective  measure  in  controlling  aphids’  infestation  as  compared  to  fields  without 
trap  border  crops.  Also,  fields  adjacent  to  grains  or  fodder  were  more  infested  with  aphids 
compared  to  fields  adjacent  to  maize,  mint,  potato,  sunflower  or  wheat. 
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The  western  tarnished  plant  bug,  Lygus  hesperus  Knight,  is  a  major  pest  of  strawberries  in 
California  causing  significant  yield  losses  through  fruit  deformation.  Previous  studies 
demonstrated  the  potential  of  botanical  and  microbial  pesticides  in  managing  L.  hesperus.  A 
large  study  was  conducted  in  a  commercial  strawberry  field  in  2015  using  botanical,  chemical, 
mechanical,  and  microbial  control  options  in  different  combinations  and  roations  to  identify 
effective  integrated  pest  management  (IPM)  options.  Azadirachtin  and  pyrethrin  were  the 
botanical  pesticides  and  microbial  pesticides  included  those  based  on  the  entomopathogenic 
fungi  Beauveria  bassiana ,  Isaria  fumosorosea ,  and  Metarhizium  brunneum.  None  of  the 
treatments  reduced  adult  L.  hesperus  numbers,  but  some  botanical,  chemical,  mechanical,  and 
microbial  combinations  or  roations  reduced  nymphal  populations  in  the  study.  When  the  efficacy 
of  an  individual  pesticide  or  an  option  was  compared,  flonicamid  reduced  nymphs  by  40%  and 
adults  by  24%.  Novaluron  and  bifenthrin  combination  reduced  nymphal  populations  by  29%. 
Microbial  and  botanical  pesticide  combinations  were  better  than  the  popular  practice  of 


vacuuming  especially  against  nymphs.  This  study  demonstrated  the  efficacy  of  various  chemical 
and  non-chemical  alternatives  for  developing  an  effective  IPM  strategy. 
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Introduction:  Agricultural  intensification  over  the  past  two  decades  have  increased  the  pest  status 
of  several  insect  herbivores.  Herbivores  lower  yield  through  direct  feeding  and  transmission  of 
diseases  and  plant  disorders.  In  addition,  weed  pests  can  pose  a  major  constraint  to  vegetable 
production.  Crop  pests  are  especially  challenging  in  organic  systems  where  the  use  of  synthetic 
chemicals  are  forbidden.  We  propose  to  investigate  the  use  of  conservation  tillage  and  cover 
cropping  to  help  suppress  insect  and  weed  pests. 

Methods :Field  experiments  will  be  conducted  on  organic  certified  land.  Field  studies  will  be 
arranged  in  a  randomized  complete  block  design  with  each  treatment  replicated  four  times.  The 
experiment  will  consist  of  four  treatments  [conventional  till  (CT),  no-till  (NT)  with  cover  crop 
residue,  strip-till  with  cover  crop  residue  (ST-R),  and  strip-till  with  living  mulch  (ST-FM)].  The 
ST-FM  will  be  planted  with  a  legume  (red  clover)  and  remaining  treatment  plots  (CT,  NT  and 
ST-R)  will  be  planted  with  a  cover  crop  mixture  (crimson  clover  and  rye)  in  early  fall.  Cover 
crops  will  be  terminated  in  early  May  with  the  exception  of  red  clover  in  the  ST-FM  between 
row  areas  which  will  remain  as  a  living  ground  cover.  Data  will  be  collected  on  insect,  weed  and 
soil  health  properties. 

Results/Conclusion:  None  to  report  at  this  time. 
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IPM  recommendations,  including  scouting  methodology  and  economic  thresholds  (ETs),  are 
available  for  North  Carolina  flue  cured  tobacco  growers.  Despite  this,  IPM  adoption  rates  by 
flue-cured  tobacco  growers  remain  low.  According  to  NC  cooperative  extension  surveys,  fewer 
than  40%  of  North  Carolina  flue-cured  tobacco  growers  employed  a  formal  IPM  scouting  system 
over  the  past  four  years.  Growers  reported  an  average  of  three  insecticide  applications  during  the 
2013  season;  however,  previous  research  suggests  that  treating  only  when  pests  exceed  economic 
thresholds  (ETs)  can  reduce  the  average  number  of  applications  to  less  than  two  per 
season.  Greater  management  intensity  may  also  result  in  higher  pesticide  residues  and  lower 
beneficial  insect  populations.  Additionally,  if  growers  were  to  utilize  scouting  and  ETs,  any  costs 
associated  with  scouting  may  be  offset  by  the  reduction  in  pesticide  input  costs.  We  conducted 
field  scale  trials  at  three  farms  in  2104  and  six  farms  in  2015.  Two  fields  were  identified  at  each 
farm  site  and  both  were  scouted  weekly  for  insects.  One  field  only  received  insecticidal 
treatment  if  pests  reached  ET  (IPM),  while  the  other  field  was  managed  per  grower  discretion 
(Grower  standard).  IPM  fields  received  an  average  of  two  fewer  insecticide  applications  without 
compromising  yield.  Multiple  sprays  resulted  in  higher  cured  leaf  residues  in  grower  standard 
fields  than  in  IPM  fields.  Differences  in  insecticides  and  management  intensity  also  resulted  in 
larger  beneficial  insect  populations  in  IPM  fields. 
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For  Extension  in  the  United  States,  decreases  in  public  funding  and  access  to  resources  provide 
incentives  to  explore  a  different  model  for  developing  and  delivering  extension.  Private  entities, 
such  as  members  of  the  crop  protection  and  seeds  industry  have  partnered  with  public 
entities  to  support  research,  but  partnerships  in  extension  delivery  have  occurred  less  commonly. 
Combining  the  academic  strength  of  the  public  sector  with  the  ability  of  the  private  sector 
to  provide  practical  solutions  has  the  potential  to  provide  benefits  to  agricultural  end-users 
(farmers,  applicators,  etc.).  This  presentation  includes  a  short  review  of  the  current  Extension 
climate,  presents  survey  data  on  Extension  and  industry  relationships,  presents  several  case 
studies  of  effective  partnerships,  and  proposes  a  rubric  for  evaluating  private-public  extension 
partnerships.  Synergistic  public-private  extension  efforts  could  ensure  that  farmers  receive 
current,  relevant  information  with  balanced  delivery. 
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The  number  of  people  on  the  planet  continues  to  grow  along  with  expectations  for  higher  quality 
food  and  more  resource-intensive  production  including  animal  agriculture.  Concentration  of 
people  in  urban  centers  also  continues,  increasing  the  need  to  manage  structural,  landscape  and 
public  health  pests.  Global  trade  generates  a  steady  stream  of  new  invasive  introductions 
including  plant  and  animal  pathogens,  insect  pests  and  weeds.  Many  conventional  farming 
practices  are  a  leading  source  of  pollution  that  threatens  the  sustainability  of  food  systems  and 
natural  resources.  Environmental  and  ecological  consequences  from  current  practices  in  both 
agriculture  and  communities  include  pollution  of  ground  and  surface  water  with  sediment, 
nutrients  and  pesticides;  air  pollution;  declines  in  the  health  of  critical  pollinators  and  other 
beneficial  organisms;  pest  resistance  to  pesticides;  secondary  pest  outbreaks;  increases  in 
greenhouse  gasses;  and  declines  in  biodiversity.  Public  resources  for  research  and  education  are 
declining  while  demands  continue  to  increase  for  sustainable  solutions.  The  global  marketplace 
has  also  become  a  powerful  force  for  driving  improvements  through  organic  agriculture  and 
many  additional  eco-labels  that  require  IPM  practices,  multiple  food  company  supply  chain 
programs,  the  US  Green  Building  Council  LEED  program  and  industry  collaborations  including 
Field  to  Market,  Stewardship  Index  for  Specialty  Crops  and  the  Sustainable  Agriculture  Initiative 
Platform.  Consumer  and  shareholder  demands  are  behind  these  efforts,  and  the  science  of 
generating  and  documenting  improvements  in  bottom-line  metrics  has  greatly  advanced, 
including  for  pest  and  pesticide  impacts.  These  innovations  offer  much  to  learn  from  and  many 
opportunities  for  entomologists  to  contribute  including  new  career  paths. 
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Insect  pests  are  a  major  constraint  to  vegetable  and  fruit  production,  reducing  yields  and 
imposing  costs  for  growers.  While  specialty  crops  are  important  local  commodities, 
agrochemical  manufacturers  have  little  financial  incentive  to  target  pests  of  minor  crops.  We 
investigated  alternative  pest  management  tactics  that  promote  natural  enemy  diversity  and  reduce 


pesticide  use,  by  asking  (1)  how  flowering  borders  influence  damage  by  and  parasitism  rates  of 
asparagus  miners,  a  specialist  asparagus  pest,  and  (2)  how  attract-and-kill  devices  influence 
Japanese  beetle  abundance  and  damage  in  asparagus  and  cherry.  In  our  first  project,  we 
monitored  asparagus  miner  ( Ophiomyia  simplex  Loew:  Diptera,  Agromyzidae)  damage  and 
parasitism  rates  in  asparagus  fields  adjacent  to  either  a  planted  border  of  sweet  alyssum 
( Lobularia  maritima  L.:  Brassicaceae)  or  unplanted  managed  land.  Sweet  alyssum  provided 
resources  for  parasitoid  wasps  but  not  asparagus  miners,  and  attracted  parasitoid  wasps  in 
common  garden  experiments.  We  expect  that  asparagus  plants  adjacent  to  sweet  alyssum  borders 
will  have  less  asparagus  miner  damage  and  higher  parasitism  rates,  and  that  the  effect  will 
decrease  with  distance  from  the  flowering  border.  In  our  second  project,  we  targeted  Japanese 
beetles  ( Popillia  japonica:  Coleoptera,  Scarabaeidae)  with  attract-and-kill  devices  deployed  at 
the  edge  of  asparagus  and  cherry  fields.  Devices  consisted  of  a  Japanese  beetle  pheromone  lure 
inside  a  pouch  infused  with  contact  insecticide.  We  used  surveys  and  traps  to  monitor  beetle 
abundance  and  damage  in  areas  with  and  without  attract-and-kill  devices.  A  reduction  in 
Japanese  beetle  abundance  or  damage  indicated  that  the  devices  are  a  low-input  cost  effective 
management  strategy. 
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The  pepper  weevil,  Anthonomus  eugenii  (Cano),  is  the  most  serious  pest  of  pepper  in  various 
regions  of  its  distribution.  Control  is  principally  based  on  calendar  spray  of  insecticides 
belonging  to  various  modes  of  action.  Because  of  failure  to  detect  an  initiation  of  infestation, 
starting  of  spray  program  becomes  late  to  achieve  any  satisfactory  control  of  pepper  weevil.  In 
the  present  research,  we  have  been  investigating  the  effect  of  five  different  colored  mulch  on  the 
various  parameter  of  pepper  weevil  biology.  The  plastic  mulches  selected  were:  black  on  black, 
black  on  white,  white  on  black,  silver  on  black,  silver  on  white  and  a  no  mulch 


situation.  Nalapeno’  pepper  plants  were  planted  in  10  Nov.  2015  on  35  feet  long  beds  covered 
with  each  plastic  and  arranged  in  a  randomized  complete  block  design.  Plants  were  checked 
visually  at  weekly  intervals  beginning  at  two  weeks  after  planting.  Pepper  weevil  adults  were 
observed  on  all  plastic  mulches  with  variable  abundance.  At  fruiting  stage  fallen  fruits  on  each 
plastic  mulch  were  collected  on  each  sampling  date.  Fruits  were  measured  in  mm  to  demonstrate 
development  stages  of  fruits.  Fruits  were  then  dissected  to  confirm  pepper  weevil 
infestation.  About  99%  of  the  fallen  fruits  were  infested  with  pepper  weevil.  Each  pepper  fruit 
was  infested  with  1-8  larvae.  Infestation  was  higher  near  peduncle  region  followed  by  middle 
and  bottom  part  of  a  fruit.  Lowest  number  of  infested  fruits  were  collected  on  silver  on  white 
mulch.  Also,  number  of  larvae/fruit  was  less  on  silver  mulch  than  other  colored  mulch. 
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Northern  Australian  pest  management  is  a  moving  feast  for  the  Grain/Pulse  industries.  Key 
challenges  include  changing  pest  behaviour,  the  southward  movement  of  some  pests,  changing 
agronomic  practices,  and  the  risk  of  insecticide  resistance  in  new  IPM  compatible  insecticides. 
Changed  pest  behaviour  includes  lucerne  seed  web  moth  (. Etiella  behrii )  attacking  vegetative 
soybeans  and  its  increased  incidence  in  podding  mungbeans  and  soybeans.  Changing  pest 
distribution  is  illustrated  by  soybean  stem  fly  ( Melanagromyza  sojae),  previously  a  tropical  pest 
in  Australia,  with  major  recent  outbreaks  in  the  Northern  Rivers  region  of  NSW.  Confounding 
the  impact  assessment  of  this  pest  were  concurrent  outbreaks  of  plant  pathogens  such  as  charcoal 
rot  ( Macrophomina phaseolina ),  which  produces  sudden  death  plant  symptoms  often  attributed 
to  stem  fly.  Changed  agronomic  practices  impacting  on  pest  management  include  zero  till 
cultivation  and  the  move  to  narrow  row  spacing  (<  50  cm)  to  boost  yield.  Zero  till  greatly 
increases  the  overwintering  survival  of  lucerne  crown  borer  ( Zygrita  diva),  a  stem  boring  beetle 
in  soybeans  that  overwinters  in  soybean  stubble,  and  the  black  soil  scarab  ( Othnonius  batseii). 


which  is  becoming  a  major  issue  in  maize  and  sorghum  crops.  Narrow  rows  have  implications 
for  pest  sampling,  with  potentially  greater  pest  count  variability.  Lastly,  the  high  effectiveness  of 
new  group  28  caterpillar  insecticides  threatens  their  overuse  and  the  subsequent  development  of 
resistance  in  their  key  target,  the  corn  earworm  Helicoverpa  armigera.  This  paper  outlines  the 
latest  research  that  is  addressing  the  above  issues,  and  also  identifies  research  gaps,  including 
areas  where  international  collaboration  would  benefit. 
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The  tomato  leafminer  or  Tuta  absoluta  Meyrick  is  a  key  tomato  pest  originating  from  South- 
America.  It  was  first  detected  in  Belgium  in  2009  and  had  already  spread  to  the  main  tomato 
production  areas  in  2010.  Due  to  the  vast  damage  caused  by  T.  absoluta,  an  IPM  control  strategy 
with  minimal  chemical  input,  based  on  the  predatory  bug  Macrolophus  pygmaeus  was 
developed.  M.  pygmaeus  is  the  only  natural  enemy  of  T.  absoluta  allowed  in  Belgium.  Because 
of  its  slow  establishment,  this  beneficial  bug  has  to  be  released  into  the  crop  as  soon  as  possible 
and  additional  actions  are  needed  to  enhance  the  population  growth,  such  as  providing  additional 
food  sources  like  Ephestia  and  Artemia.  Monitoring  of  T.  absoluta  and  M.  pygmaeus  is  essential 
to  evaluate  the  balance  between  the  two  populations  and  to  determine  if  chemical  intervention  is 
required.  In  addition,  other  preys  of  M.  pygmaeus  should  be  monitored  as  they  influence  the 
predation  rate  of  M.  pygmaeus  on  T.  absoluta.  If  chemical  intervention  is  necessary,  side  effects 
towards  M.  pygmaeus  can  be  minimized  by  carefully  selecting  the  active  ingredient  and  timing 
of  application.  Through  intensive  interaction  between  growers  and  researchers,  knowledge 
transfer  was  ensured.  This  was  demonstrated  by  the  fact  that  growers  changed  their  strategies  to 
control  T.  absoluta  according  to  the  advice.  As  a  result,  the  population  development  of  M. 
pygmaeus  improved  significantly  and  the  amount  of  chemicals  used  against  T.  absoluta 


decreased.  With  this  knowledge,  T.  absoluta  has  changed  from  a  ‘feared’  to  a  ‘controllable’  pest 
in  Belgium. 
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Areawide  IPM,  Conservation  Biological  Control  and  Habitat  Management  are  some  well- 
established  concepts  occasionally  adopted  by  some  growers  in  New  Zealand,  Australia,  the 
United  States  and  certain  European  countries.  Our  hypothesis  is  that,  in  the  countries  of  sub- 
Saharan  Africa,  landscape  ecology  should  help  in  managing  crop  pests  from  a  plot  to  territory 
level  by  enhancing,  for  instance,  natural  biological  control.  To  initiate  the  research,  the  main 
cereal  stem  borers  ( Sesamia  calamistis,  Busseola  fusca ,  Coniesta  ignefusalis)  were  chosen  as  a 
biological  model  due  to  their  often  mentioned  economic  importance.  They  were  observed  in  a 
maize-bean  cropping  system  at  Kisumu,  Kenya,  during  the  2011  season,  and  in  a  lowland  rice 
landscape  in  Pelebina,  Benin,  during  a  one -year  cycle  (2013-2014).  In  Benin,  fields  were 
mapped  and  smallholder  cultural  practices  were  surveyed.  Obstacles  to  adopting  this  new  way  of 
perceiving  pest  management  are  described.  The  constraints  encompassed  a  wide  range  of 
aspects,  such  as  acquiring  and  interpreting  remote  images  within  a  complex  mosaic  landscape. 
Available  entomological  and  botanical  knowledge  was  another  limitation,  as  well  as  the  chosen 
biological  model,  which  was  unable  to  evaluate  biological  regulation  during  the  short  time  of  the 
studies.  Difficulties  in  carrying  out  long-term  studies  within  projects  with  short-term  funding  are 
other  constraints.  A  worldwide  panoramic  vision  across  some  other  tropical  areas  where  such 
research  has  been  done  is  proposed  in  order  to  recommend  some  tips  for  overcoming  the 
detected  limitations.  This  more  holistic  approach  to  pest  management  seems  still  in  its  infancy  in 
sub-Saharan  Africa. 
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As  part  of  a  comprehensive  alfalfa  IPM  program,  economic  thresholds  could  reduce  the  number 
of  applications  and  amounts  of  chemical  pesticides  leading  to  improving  profitability  of  alfalfa 
farming  in  the  southwest  of  the  U.S.  The  existing  threshold  for  Egyptian  alfalfa  weevil  (EAW)  in 
the  southwest  was  developed  in  California  in  the  1970s.  The  information  supporting  the 
threshold  for  EAW  is  outdated  and  not  corroborated  or  trusted  by  agricultural  professionals  who 
make  pest  management  decisions  in  the  field. 

Management  of  aphid  outbreaks  has  been  a  component  of  alfalfa  growers  programs  for  some 
time.  In  particular,  management  of  alfalfa  weevils  with  broadspectrum  insecticides  has  often  led 
to  secondary  outbreaks  of  aphids  due  to  elimination  of  predators  that  keep  aphids  in  check.  More 
recently  aphids  have  occurred  in  high  abundances,  resulting  in  economic  damage  to  alfalfa  crops. 
Novel  insecticide  classes  have  been  registered  or  in  the  process  of  registration  for  alfalfa  against 
aphids  that  may  improve  their  management.  Development  of  improved  use  of  newer  lower-risk, 
selective  insecticides  against  aphids  would  be  beneficial  for  IPM,  the  environment  and  safety. 

The  objectives  of  this  project  are:  1)  reestablish  the  economic  threshold  for  EAW,  and  2) 
investigate  the  economic  threshold  and  efficacy  of  selective  vs  broadspectrum  insecticides  for 
the  management  of  alfalfa  aphids.  This  project  addresses  the  development  and  implementation  of 
IPM  practices  directed  at  economically  important  pests  for  which  effective  and  environmentally 
sound  practices  are  not  available  or  could  be  dramatically  improved;  increasing  and  updating 
IPM  knowledge  for  a  major  crop  in  the  southwest  region. 
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Several  lepidopterans  of  economic  importance  attack  citrus  in  southern  Africa.  Carob  moth, 
Ectomyelois  ceratoniae  Zeller  (Lepidoptera:  Pyralidae),  is  considered  to  be  a  minor  pest 
associated  with  high  levels  of  honey  dew  producing  insects,  usually  occurring  on  grapefruit 
cultivars  and  occasionally  on  other  citrus  types.  However,  the  pest  status  of  this  species  on  Navel 
orange  cultivars  could  have  been  underestimated,  due  to  possible  misidentification  of  larvae 
infesting  fruit.  Therefore  the  aim  of  this  study  was  to  clarify  the  pest  status  of  carob  moth  on 
Navel  orange  cultivars  throughout  South  Africa  and  to  develop  a  management  plan  for  this 
species.  A  novel  and  species  appropriate  technique  for  monitoring  carob  moth  on  Navel  oranges 
has  been  developed  by  scouting  for  infested  fruit  showing  classic  symptoms  of  carob  moth  larval 
infestation  for  a  predetermined  time  period  on  set  data  trees.  These  symptoms  include  premature 
ripening  and  frass  protruding  from  the  navel  end  of  the  fruit.  This  technique  was  used  for 
evaluation  of  a  mating  disruption  and  a  pesticide  spray  trial,  revealing  effective  control  options 
for  carob  moth  on  citrus  in  South  Africa  for  the  first  time.  A  statistically  significant  reduction  in 
infestation  was  achieved  with  Delegate™  (active  agent:  spinetoram)  Coragen™  (active  agent: 
chlorantraniliprole)  and  Runner™  (active  agent:  methoxyfenozide)  (P  =  0.043432)  when 
compared  to  the  untreated  control.  Through  these  trial  evaluations,  an  understanding  of  the 
autecology  of  the  carob  moth  attacking  Navel  orange  cultivars  has  been  established. 
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Four,  5-litre  Bucket  traps  containing  9mg/day  Oryctes  monoceros  and  3mg/day  Rhynchophorus 
phoenicis  pheromone  enhanced  with  pineapple,  impregnated  with  20ml  of  insecticide 
(Lambdacyhalothrin  2.5  EC)  and  a  control  bucket,  (without  pheromone,  pineapple  and 
insecticide)  were  set  up  in  Okomu  oil  palm  field.  This  treatment  was  also  replicated,  but  altered 
using  banana  and  cut  pieces  of  palm  trunks  impregnated  with  same  insecticide  at  the  same  rate. 
Oryctes  monoceros  pheromone  traps  similarly  enhanced,  caught  24  weevils  while 
Rhynchophorus  phoenicis  pheromone  traps  caught  192  weevils.  The  trap  without  pheromone 
caught  nothing.  The  insects  trapped  in  the  pheromone  enhanced  with  pineapple  treatment  were 
significantly  higher  (P  <  0.05),  implying  that  this  treatment  was  most  effective  in  attracting  O. 
monoceros.  In  the  pheromone  traps  for  R.  phoenicis ,  all  the  treatments  (P  <  0.05)  were  effective 
in  attracting  R.  phoenicis.  Traps  containing  Pheromone  +  Pineapple  +  Insecticide  +  Water 
recorded  highest  number  of  weevils.  This  study  confirms  that  pheromone  trapping  enhanced  with 
fruit  substrates  are  effective  in  protection  of  palms  from  damage  caused  by  Oryctes  monoceros 
and  Rhynchophorus  phoenicis  in  Nigeria.  This  is  with  least  effects  on  non-target  organisms,  like 
useful  beneficial  insect  pollinators  and  predators.  The  study  also  identified  Penicilium  and 
Aspergillus  sp,  major  entomopathogens  as  natural  control  agents  of  latoia  viridissima. 
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Introduction:  A  zoonotic  disease  is  a  disease  that  affects  both  humans  and  animals,  often  of  an 
animal  origin.  Approximately  60%  of  human  infectious  diseases  are  caused  by  pathogens  of 
zoonotic  origin,  including  outbreaks  of  Ebola,  Lyme  disease,  West  Nile,  Rift  Valley  Fever, 
Chikungunya,  Dengue  and  SARS;  these  are  emerging  and  re-emerging  at  an  alarming  rate  and 
posing  a  growing  threat  to  global  health.  Rift  Valley  fever,  caused  by  Rift  Valley  fever  virus 
(RVFV),  a  mosquito-borne  phlebovirus  and  first  discovered  in  Kenya  in  1931,  has  become  a 
major  veterinary  and  public  health  threat  in  East  Africa.  A  RVFV  epizootic  usually  follows 
heavy  rains  and  sustained  flooding,  and  is  characterized  by  high  rates  of  abortion  and  neonatal 
mortality,  primarily  in  livestock.  Subsequent  outbreaks  in  humans  present  symptoms  including 
self-limiting  febrile  illness  and  abdominal  pains/vomiting,  which  may  progress  to  hemorrhagic 
fever,  encephalitis  and  ocular  problems.  This  disease  is  endemic  in  sub-Saharan  Africa,  and  it  is 
becoming  a  problem  in  the  Middle  East.  Detailed  epidemiological  and  ecological  research  into 
critical  aspects  of  the  vector-virus-host  interaction  for  strategies  for  surveillance,  prevention,  and 
control  of  this  disease  has  until  recently  been  limited.  This  presentation  highlights  advances 
made  in  3  research  frontiers  carried  out  mainly  in  Kenya  during  the  inter-epidemic  period  for 
control  of  this  disease:  (a)  enhanced  surveillance  and  understanding  biological  drivers,  (b) 
prevention,  and  (c)  capacity  building  of  communities.  Also  discussed  are  associated  challenges 
and  how  this  research  framework  may  serve  as  a  model  for  other  African  countries  where  this 
disease  remains  prevalent. 
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Abstract  text: 

Introduction:  Plasmodium  falciparum  malaria  is  transmitted  by  anopheline  mosquitoes. 
Mosquitoes  can  mount  antiplasmodial  responses  that  effectively  limit  infection  of  murine 
malaria  parasites  during  the  early  stages  of  infections,  when  ookinetes  invade  the  mosquito 
midgut.  However,  some  Plasmodium  falciparum  strains  can  escape  these  defenses  and  survive. 
We  recently  identified  Pfs47,  as  the  surface  protein  that  allows  the  parasite  to  evade  mosquito 
immunity  by  disrupting  JNK  signaling  in  mosquito  midgut  cells.  P.  falciparum  malaria 
originated  in  Africa  and  became  global  as  humans  migrated  to  other  continents.  During  this 
journey,  parasites  encountered  new  anopheline  mosquito  species  that  were  sometimes 
evolutionarily  distant  from  African  vectors.  We  propose  that  the  mosquito  immune  system  is  a 
major  evolutionary  force  that  continuously  selects  the  parasites  circulating  in  a  given  region, 
because  only  those  parasites  expressing  a  Pfs47  haplotype  compatible  with  a  given  vector 
species  are  able  to  evade  antiplasmodial  immunity  and  survive.  A  new  model,  the  lock  and  key 
theory  of  P.  falciparum  globalization,  will  be  presented,  and  its  implications  will  be  discussed. 
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Introduction:  Southern  highbush  blueberry  (SHB)  production  in  Florida  is  an  emerging  industry 
that  faces  a  host  of  pests  and  disease  problems  that  potentially  threaten  further  development  and 
expansion  of  the  industry.  The  recent  introduction  of  the  invasive  spotted  wing  drosophila 
(SWD),  Drosophila  suzukii  (Matsumura)  has  changed  the  way  blueberry  pest  management 
programs  are  implemented  in  Florida.  There  is  a  dramatic  increase  in  the  frequency  of  insecticide 
cover  sprays  to  manage  SWD  populations.  Another  pest  of  concern,  the  Florida  flower  thrips, 
Frankliniella  bispinosa  Morgan  is  considered  the  most  important  early  season  pest  of  SHB  in 
Florida.  Experiments  were  established  to  identify  effective  tools  for  management  of  SWD  and 
thrips. 

Methods:  To  optimize  and  refine  monitoring  protocols  for  SWD,  various  commercial  traps  and 
baits  were  compared  with  a  locally  made  trap  baited  with  yeast-sugar  water  complex. 


Insecticides  that  are  labelled  for  organic  use  were  evaluated  on  organic  blueberry  plantings.  For 
thrips  management,  selected  inflorescences  of  5  flowers  were  protected  by  antivirus/no-thrips 
screen  and  hand  pollinated.  Formed  fruits  were  collected  after  3-4  weeks  and  fruit  weight  and 
percent  fruit  formed  were  recorded. 

Results/Conclusion:  The  Scentry  trap  and  lure  device  appear  to  be  the  best  commercially 
available  monitoring  device  for  SWD.  Several  insecticides  including  Grandevo,  Azera,  Oxidate, 
and  Veratran  D  were  found  to  be  effective  against  SWD.  Calculated  economic  injury  level  (EIL) 
for  ‘Emerald’  was  9  thrips/flower  and  the  economic  threshold  (ET)  was  set  at  8  thrips/flower. 
EIL  for  ‘Star’  was  lower  at  5  thrips/flower  and  the  ET  was  4  thrips/flower. 
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Introduction:  Olive  ( Olea  europaea)  production  in  Florida  is  on  the  rise.  Olives  are  a  relatively 
pest-free  species,  but  some  occasional  invaders  can  be  a  nuisance  or  cause  lasting  harm. 

Methods:  A  statewide  survey  of  olive  producers  and  monthly  sampling  in  groves  (brush,  tap, 
observation  and  sticky-cards  [white,  blue,  yellow,  and  clear])  has  provided  preliminary  results. 

Results/Conclusion:  Many  species  noted  in  other  olive  producing  states  are  found  in  Florida.  One 
lepidopteran  pest  has  been  identified  and  is  a  new  pest  for  olive.  Manduca  rustica  (Fabricius, 
1775)  in  the  Sphingidae  family  has  been  collected  from  olives  in  commercial  nurseries  and 
groves  in  several  Florida  counties.  This  pest  causes  severe  defoliation  and  is  primarily  a  concern 
for  young  trees  and  potted  trees. 
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Introduction:  Avocado,  Persea  americana  Mill.,  is  Florida’s  second  most  important  fruit  crop 
after  citrus.  Until  recently,  the  complex  of  spider  mite  and  insect  pests  that  affected  avocado  in 
south  Florida  was  under  a  20  year  Integrated  Pest  Management  (IPM)  program.  The  recent 
invasion  of  avocado  orchards  by  an  exotic  ambrosia  beetle-fungus  pest  complex  represents  a 
significant  challenge  to  maintaining  sustainable  management  practices  and  the  adoption  of  IPM. 

Methods:  The  exotic  redbay  ambrosia  beetle  (RAB),  Xyleborus  glabratus  (Coleoptera: 
Scolytinae),  vectors  the  fungal  pathogen,  Raffaelea  lauricola ,  which  causes  laurel  wilt  (LW),  a 
lethal  disease  of  trees  in  the  family  Lauraceae.  Although  the  primary  vector  of  R.  lauricola  in 
natural  areas  is  RAB,  it  is  rarely  seen  associated  with  LW-affected  avocado  trees. 

Results/Conclusion:  Recently,  R.  lauricolah as  been  found  in  or  on  other  ambrosia  beetles  present 
in  South  Florida  avocado  orchards.  The  life  cycle  and  reproductive  potential  of  RAB  and 
alternative  vectors  on  avocado  and  other  Lauraceous  host  are  presented,  as  well  as  the  flight 
behavior  of  ambrosia  beetles  associated  with  the  laurel  wilt  epidemic  in  avocado.  Current 
recommendations  to  manage  disease  vectors  and  the  prospects  of  reestablishing  IPM  in  south 
Florida’s  avocados  are  discussed. 
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Introduction:  Tephritid  fruit  flies  are  among  the  most  important  pests  of  fruits  and  vegetables 
worldwide.  The  Caribbean  fruit  fly, 

Methods:  The  Caribbean  fruit  fly  is  a  pest  of  regulatory  concern,  and  protocols  to  maintain  fly- 
free  areas  have  been  established  in  Florida  to  allow  export  of  citrus.  Preferred  hosts  include 
guava  and  peach,  and  presence  of  Caribbean  fruit  fly  limits  production  of  commercial  guava  in 
south  Florida  and  may  impact  production  of  commercial  peach  in  areas  with  high  populations  of 
this  fly.  A  number  of  small  fruit  that  are  dooryard  plantings  used  as  ornamentals  or  for 
homeowner  consumption  are  also  hosts  for  this  fruit  fly.  Studies  were  conducted  to  determine 
behavioral  and  electrophysiological  responses  of  females  to  extracts  of  host  fruit  to  identify 
improved  host-based  attractants. 

Results/Conclusion:  Presence  of  dooryard  small  fruit  trees  can  serve  as  sources  of  flies  that 
threaten  fly-free  areas,  and  reduce  availability  of  fruit  for  homeowner  use.  Control  measures 
include  mass  trapping  using  female-targeted  traps  and  lures,  as  well  as  new  developments  in 
attract-and-kill  devices  developed  for  fruit  flies.  Host  fruit  may  provide  improved  attractants 
needed  for  these  pest  management  tools. 
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Introduction:  Florida  produces  3000  ha.  of  annual,  winter-grown  strawberries  worth  $300  million 
USD  (2014).  The  sub-tropical  climate  is  favorable  for  pests,  such  as  two-spotted  spider  mite 
(TSSM)  ( Tetranychus  urticae ),  armyworm  (Spodoptera  spp.)  and  sap  beetles  (Nitidulidae).  In 
the  1990s,  biological  control  of  TSSM  with  predators  was  practiced  in  up  to  40%  of  strawberries, 
facilitated  by  replacement  of  broad-spectrum  insecticides  with  pest-specific,  biologically-based 
products.  However,  the  recent  arrival  of  invasive  thrips  ( Frankliniella  occidentalis  and 
Scirtothrips  dorsalis )  and  spotted  wing  drosophila  (SWD)  (. Drosophila  suzukii ),  along  with  other 
factors,  have  disrupted  biologically-based  control  strategies.  Therefore,  there  is  a  need  to  develop 
management  practices,  integrating  controls  for  new  and  established  pests,  while  reducing  costs 
and  resolve  issues  associated  with  implementing  biological  control. 

Methods:  Zoophytophagous  minute  pirate  bugs  ( Orius  spp.)  and  thrips  were  surveyed  in 
strawberry  flowers,  and  a  subsample  of  female  Orius  were  dissected  to  determine  reproductive 
status  throughout  winter  in  central  Florida.  Flowering  plants  along  field  edges  were  evaluated 
for  potential  to  increase  Orius  populations  in  strawberries.  For  SWD  control,  abundance  and 
diversity  of  Orius ,  Dalotia  coriariamd  entomopathogenic  nematodes  were  assessed  against 
larvae  in  strawberries,  and  gut-content  analysis  using  molecular  tools  will  be  used  to  determine 
field  predation  rates. 

Results/Conclusion:  Strawberry  production  systems  with  greater  resistance  to  pests,  including 
invaders,  will  be  those  with  higher  levels  of  functional  biodiversity  at  field  and  landscape  levels. 
Diversity  of  beneficial  organisms  can  be  improved  through  habitat  creation  and  judicious 
pesticide  use.  Establishing  cost-effective  and  grower-friendly  practices  will  be  critical  to  success 
and  implementation  of  biologically-based  pest  management. 
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Introduction:  Florida  is  home  to  more  than  2,000  species  of  native  pollinator  insects  that  are 
responsible  for  pollinating  wildflowers  and  agricultural  cops.  There  are  more  than  200  species  of 
native  bees,  hundreds  of  species  of  wasps,  and  large  numbers  of  beetles,  moths,  butterflies, 
mosquitoes  and  flies.  Pollination  is  an  essential  process  that  benefits  flowering  plants  and  the 
creatures  that  pollinate.  Pollen  transfer  from  flower  to  flower  as  it  is  collected  by  the  pollinators 
and  is  a  vital  process  in  the  life  cycle  of  all  flowering  plants.  Fruits  and  seeds  derived  from  insect 
pollination  are  a  major  part  of  the  diet  of  approximately  25%  of  all  birds  and  mammals.  The 
ecological  service  pollinators  provide  allows  for  the  reproduction  of  nearly  70%  of  the  world’s 
flowering  plants.  This  includes  more  than  two-thirds  of  the  world’s  crop  species.  Native 
pollinators  are  immensely  valuable  to  the  environment  and  the  Florida  economy.  Florida  native 
and  introduced  pollinators  are  well  adapted  to  the  local  climate,  soils,  and  vegetation  of  this  sub¬ 
tropical  region.  Pollinators  are  at  risk  from  habitat  loss,  pesticide  use,  and  introduced  diseases. 
Despite  their  value,  our  native  pollinators  are  in  decline,  but  essential  for  a  healthy  ecosystem. 

Methods:  A  proper  refuge  provides  adequate  sources  of  food,  shelter,  water  and  nesting  sites. 
These  habitat  management  actions  must  be  provided  to  ensure  that  habitat  needs  are  met. 

Results/Conclusion:  Planting  appropriate  vegetation,  providing  water,  and  the  proper  use  of 
pesticides  will  guarantee  their  survival.  With  proper  management  practices,  our  native  and 
introduced  pollinators  will  prosper. 
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Introduction:  Agriculture  in  Florida  both  benefits  from  and  is  victim  to  climate  and  resources  that 
are  unique  to  the  Continental  United  States.  For  example,  the  citrus  industry  is  under  stress  from 
Citrus  greening  and  productivity  is  below  historic  levels.  Growers  searching  for  alternatives  to 
traditional  crops  must  consider  not  just  climate  and  resource  suitability  and  availability  (e.g., 
soils,  water),  but  whether  the  presence  of  pests  or  pathogens  will  make  the  commodity 
economically  viable.  The  roster  of  pest  insects  in  Florida  is  constantly  changing  due  to  the 
introduction  of  species  through  both  regulated  and  unregulated  trade,  and  growers  must  contend 
with  both  what  is  a  known  pest  issue,  and  what  may  be  possible  or  likely  in  the  future. 

Results/Conclusion:  Small  fruit  producers,  especially  of  olive,  blueberry  and  avocado,  or 
growers  expanding  their  operations  in  acreage  or  intensity,  need  to  aware  of  the  pests  that  they 
will  inevitably  encounter.  This  presentation  is  an  overview  of  the  threats  to  productivity  posed  by 
scales,  mealybugs  and  whiteflies,  many  species  of  which  can  impact  productivity  in  regions  like 
Florida  but  not  in  other  areas,  such  as  temperate  regions  or  Mediterranean-type  climates.  The 
majority  of  a  long  list  of  species  is  unlikely  to  present  problems  in  otherwise  well-managed 
fields.  However,  potential  problems  concern  pest  species  that  are  1)  not  currently  known  to  occur 
in  Florida;  2)  non-native  described  species  that  do  not  have  a  documented  association  to  the 
commodity;  3)  undescribed  species  that  may  arrive  in  Florida  and  thrive  on  a  commodity 
species. 
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Introduction:  With  citrus  production  in  Florida  declining  from  insect  and  disease  pressure  many 
citrus  growers  are  experimenting  with  alternative  crops  to  determine  if  another  agricultural 
commodity  can  replace  citrus.  An  interest  in  olive  ( Olea  europaea  L.)  production  for  oil  as 
prompted  our  research  to  determine  if  common  citrus  pests  will  move  from  nearby  citrus  groves 
into  olive  plantings. 


Methods:  Greenhouse  trials  and  field  observations  of  common  fruit  and  foliage  pests  were 
performed.  Common  citrus  pests  in  Florida  were  offered  choice  and  no  choice  tests  to  determine 
possible  olive  interactions.  Field  collection  of  samples  on  a  gradient  between  a  citrus  grove  and 
an  olive  grove  were  examined  to  determine  if  pests  would  move  from  one  species  to  the  other. 

Results/Conclusion:  Several  pests  known  to  utilize  both  citrus  and  olives  as  hosts  were  found  in 
Florida.  To  date  we  have  not  found  any  unreported  species  interactions  that  would  lead  us  to 
recommend  avoiding  olive  production  in  citrus  growing  areas  of  Florida. 


Symposium 

Presentation  Title:  Drones  and  strawberry  production:  New  directions  for  Florida  small  fruit 
pest  scouting 

Author  Name:  Christopher  Crockett 
Author  Institution:  University  of  Florida 

Session  Title:  Symposium:  Avocados,  Blueberries,  and  Olives:  Pests  of  Small  Fruit  in  Florida 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1132 
DOI:  10. 1603/ICE.2016. 93473 
Abstract  text: 

Introduction:  Remote  sensing  coupled  with  unmanned  aerial  system  (UAS)  technologies  has  the 
ability  to  improve  geospatial  and  temporal  monitoring  of  pests  in  high  values  specialty  crops, 
such  as  strawberries.  Advances  in  monitoring  technology  are  actively  being  utilized  in 
strawberry  research  to  improve  pest  detection  and  inform  control  decisions.  Much  of  the  ongoing 
remote  sensing  research  in  strawberries  has  focused  on  developing  proof  of  concept  for  the  use 
of  multispectral  imagery  in  order  to  detect  plant  stress,  with  the  goal  of  developing  predictive 
models  for  the  rapid  detection  of  individual  plant  maladies.  One  monitoring  application  that  is 
currently  being  examined  is  the  detection  of  one  of  the  most  significant  arthropod  pests  of 
strawberries,  the  twospotted  spider  mite,  Tetranychus  urticae  Koch.  Twospotted  spider  mites 
feed  on  the  underside  of  strawberry  leaves,  removing  chlorophyll  from  the  palisade  parenchyma 
cells  affecting  yields  through  the  reduction  of  photosynthesis. 

Methods:  Readily  available  canon  cameras  were  mounted  on  a  tripod  to  image  individual 
strawberry  plants,  and  ENVI  remote  sensing  software  was  utilized  to  generate  vegetation  indices 
and  perform  image  analysis. 


Results/Conclusion:  Preliminary  field  based  results  have  shown  significant  correlations  between 
various  color  bands/vegetation  indices  and  levels  of  twospotted  spider  mite  in  several  strawberry 
varieties  commonly  grown  in  Florida.  Current  research  is  focused  on  model  inversion  for 
accurate  prediction  of  twospotted  spider  mite  levels  using  multispectral  image  data  collected 
from  UAS.  The  successful  integration  of  predictive  image  analysis  with  UAS  has  the  potential  to 
develop  rapid  monitoring  systems  for  strawberries  that  can  be  utilized  on  a  large  scale. 
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The  same  tree  genera  are  used  in  plantations  in  both  hemispheres  around  the  globe.  As  the  trees 
are  moved  from  their  native  ranges  to  new  environments,  there  has  also  been  movement  of  insect 
pests  and  plant  pathogens.  These  introductions  can  be  primarily  from  the  native  range  of  the  trees 
or  secondarily  among  the  adventive  ranges.  The  end  result  has  been  a  homogenization  of  the  pest 
complexes  associated  with  the  plantation  species.  The  management  strategies  that  are  developed 
in  one  part  of  the  world  may  have  direct  applicability  in  plantations  in  other  regions.  However,  it 
is  important  to  ensure  that  the  individual  tactics  used  against  individual  species  in  these 
composed  communities  of  both  invasive  and  native  species  are  compatible.  That  is,  the 
imposition  of  a  tactic  directed  against  one  species  should  not  disrupt  the  management  of  another 
species  or  guild  of  species.  In  addition,  the  tactics  should  not  have  significant  non-target  impacts 
on  native  insect  communities  in  and  around  the  plantations.  This  potential  for  conflict  creates 
significant  challenges  for  integrated  management.  Fortunately,  research  programs  in  pines  and 
eucalypts  have  produced  a  number  of  excellent  examples  of  successful  integration  of  biological, 
cultural,  behavioral,  and  chemical  controls  into  compatible  management  strategies. 
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Quarantine  pest  trapping  is  one  of  the  methods  used  for  early  detection  of  pests.  Recent 
developments  aim  at  improving  the  design  of  trapping  systems  in  order  to  make  them  more 
efficient,  cheaper,  and  more  widely  applied  to  provide  a  consistent  and  reliable  surveillance 
network.  An  efficient  trapping  system  could  increase  the  detection  power  that  is  currently  limited 
by  the  low  amount  of  the  commodities  that  are  inspected  with  traditional  methods.  The  key 
challenges  that  limit  widespread  deployment  include  the  development  of  on-site  identification, 
the  availability  of  lure  and  trap  designs  suitable  for  use  under  special  conditions,  an  automatic 
system  for  recording  and  communicating  captures,  and  the  need  to  link  the  catch  and  the 
abundance  of  the  organism.  We  have  developed  the  procedures  of  a  possible  future  method  of 
early  detection.  Traps  were  deployed  at  ports  of  entry  but  also  in  forests  to  validate  the 
techniques  with  native  species  taxonomically  related  to  the  exotic  targets.  An  automatic  trap 
registers  catches  of  insects  with  a  camera  and  sends  them  to  a  remote  computer  through  mobile 
phone  technology.  Insects  and  their  associated  microorganisms  captured  by  the  traps  need  to  be 
identified  quickly  and  on-site.  For  this  reason  we  adopted  the  LAMP  method,  a  molecular 
biology  technique  that  doesn’t  require  complex  laboratory  tools  or  reagents  with  special  needs  of 
conservation.  The  LAMP  technology  is  quite  insensitive  to  possible  inhibitory  substances  and 
therefore  does  not  need  time  consuming  DNA  extractions. 
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The  widespread  application  of  simple  and  affordable  tools  for  molecular  reconstruction  of 
invasion  pathways  and  patterns  has  brought  with  it  an  emerging  understanding  that  the 
biogeography,  introduction  history  and  subsequent  movement  and  spread  of  many  invasive 
insect  species  is  far  more  complex  than  imagined.  For  a  number  of  invasive  alien  insects  (IAI), 
there  is  strong  accumulating  evidence  that  multiple  introductions,  complex  global  movement, 
and  population  admixture  within  the  invasive  range  are  common.  Historical  paradigms  related  to 
species  and  strain  identities  and  origins  of  common  invaders  are  also  increasingly  being 
challenged.  This  has  major  consequences  for  our  understanding  of  basic  biology  and  ecology  of 
IAI  and  impacts  quarantine,  management  and  biocontrol  programs.  We  highlight  current 
examples  of  cryptic  diversity  and  invasion,  with  primary  focus  on  insect  pests  of  plantation  and 
forest  ecosystems  and  discuss  potential  consequences,  particularly  with  respect  to  population 
admixture.  Lastly,  we  examine  some  of  the  opportunities  and  challenges  associated  with 
molecular-based  identification  and  Next  Generation  sequencing  relevant  to  invasion  biology. 
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Introduction:  Australian-origin  pests  of  eucalypts  have  been  moving  around  the  world  almost  as 
long  as  the  trees  themselves.  Up  until  the  1990’s  there  was  a  steady  linear  increase  in  the 
numbers  of  these  pests  establishing  overseas,  with  relatively  slow  subsequent  movement.  Under 
this  scenario,  traditional  approaches  to  classical  biological  control  -  where  individual  countries  or 
regions  funded  natural  enemy  searches  in  Australia,  carried  out  required  specificity  testing  and 
released  the  agents  -  were  effective.  However,  since  the  1990’s,  the  establishment  rate  of  new 
pests  has  increased  almost  exponentially  (correlated  with  enormously  increased  trade  and  people 
movement)  with  rapid  subsequent  invasion  of  these  pests  into  new  countries  and  across 
continents  exacerbating  the  problem.  This  has  necessitated  new  approaches  to  developing 
biological  control  programs,  with  individual  countries  less  able  to  cope  with  multiple  pests 
arriving  almost  simultaneously.  A  globally  collaborative  approach  to  biological  control  is 
therefore  required,  where  funds  and  expertise  can  be  effectively  and  cost-efficiently  pooled  and 
shared  to  develop  biological  control  for  these  eucalypt  pests. 

Methods:  A  collaborative  framework  has  been  developed  by  industry  and  researchers  worldwide 
to  solve  this  problem  through  the  formation  of  the  BiCEP  (Biological  Control  of  Insect  Pests) 
Alliance.  BiCEP  is  targeting  research  in  Australia  and  overseas  on  major  pests  (e.g.  Gonipterus 
scutellatus  complex,  Glycaspis  brimblecombei )  prioritised  by  its  industry  partners. 

Results/Conclusion:  Early  conclusions  from  this  approach,  practical  outcomes  from  current 
research,  and  future  directions  and  improvements  will  be  discussed. 


Symposium 

Presentation  Title:  Use  of  chemical  and  visual  cues  for  plantation  pest  surveillance  and 
monitoring 

Author  Name:  Gonzalo  Martinez 

Author  Institution:  National  Institute  of  Agricultural  Research 

Session  Title:  Symposium:  Innovative  Responses  to  the  Global  Homogenization  of  Plantation 
Pests 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1137 
DOI:  10.1 603/ICE.20 1 6.94393 


Abstract  text: 


Introduction:  Pest  surveillance  is  essential  in  plantation-based  forestry.  Early  detection  has 
become  vital  in  the  last  years  due  to  the  increase  of  insect  invasions  associated  with  global  trade 
and  travel.  Insects  rely  on  different  stimuli  when  searching  for  host  plants,  particularly  optical 
and  chemical  cues.  Visual  cues  are  not  affected  by  air  movements  and  can  be  detected  at  longer 
distances,  but  they  are  generally  less  attractive  and  specific  than  chemical  cues.  Both,  alone  or 
combined,  have  been  extensively  utilised  to  improve  early  detection  of  pests  in  surveillance  and 
monitoring.  We  discuss  2  cases  from  Uruguay,  the  national  yellow  trap  network  and  the 
monitoring  scheme  for  bark  and  ambrosia  beetles. 

Methods:  In  2008,  a  network  of  yellow  traps  was  installed  in  Uruguay  to  assess  the  dispersal  of 
the  bronze  bug  Thaumastocoris  peregrinus.  We  tested  different  setups  on  Eucalyptusplantations 
to  optimise  the  network  design.  In  2013,  we  started  using  the  network  to  survey  psyllids 
(Psylloidea).  Monitoring  of  bark  beetles  started  in  2009  by  using  log-baited  interception  traps.  In 
2015,  this  system  was  substituted  by  Lindgren  traps  lured  with  ethanol  and  turpentine. 

Results/Conclusion:  Yellow  cards  proved  a  reliable  tool  for  surveillance.  A  baseline  for 
monitoring  of  T.  peregrinus\ms  been  set  and  basic  data  on  psyllid  phenology  and  diversity  has 
been  obtained.  The  substitution  of  interception  traps  to  Lindgren  traps  resulted  in  more  species 
captured  and  allowed  more  companies  to  join  the  system,  increasing  the  national  coverage. 
Research  efforts  on  biology,  ecology,  and  logistics  are  still  required  to  fully  implement  pest 
surveillance  and  monitoring  in  tree  plantations. 
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Abstract  text: 

Introduction:  Acacias  {Acacia  mangium,  A.  auriculiformis  and  Acacia  hybrids)  and  eucalypts 
{Eucalyptus  camaldulensis ,  E.  urophylla  and  hybrids)  are  the  main  plantation  species  in 


Vietnam.  Wood  from  these  plantations  are  utilized  for  the  production  of  pulp,  MDF  (medium- 
density  fibreboard)  boards  and  saw  logs.  Recently,  acacia  and  eucalypt  plantations  have 
experienced  serious  disease  and  insect  pest  problems.  The  most  important  pests  are  Ceratocystis 
wilt  disease  and  the  blue  gum  chalcid  Leptocybe  invasa.  These  pests  are  causing  large  scale 
economic  losses.  Control  of  these  pests  with  chemicals  is  difficult,  costly  and  polluting  to  the 
environment.  Endophytes  reside  in  most  healthy  plants.  Some  endophytes  are  beneficial  to  host 
plants,  providing  growth  promotion,  disease  and  insect  pest  prevention  and  nitrogen  fixation. 

Methods:  To  control  Ceratocystis  wilt  disease  and  other  fungal  diseases  of  acacias,  endophytic 
bacteria  were  isolated  from  acacia  twigs  collected  from  healthy  trees.  Bacterial  endophytes 
isolated  from  different  parts  of  the  tree  were  shown  to  have  multiple  biological  functions,  namley 
broad  spectrum  fungal  pathogenic  antagonisms  and  auxin  production.  The  bacterial  strains  were 
identified  as  belonging  to  2  species,  Bacillus  subtilis  and  B.  amyloliquefaciens .  Inoculation  of 
acacia  seedlings  with  the  bacterial  endophytes  increased  growth  and  induced  disease  resistance 
compared  to  uninoculated  control  seedlings.  To  manage  the  blue  gum  chalcid,  Eucalyptus 
camaldulensis  saplings  were  inoculated  with  a  conidial  solution  (1.0  x  106  CFU/ml)  of  Beauveria 
bassiana.  Inoculated  seedlings  showed  good  growth  and  reduced  damage  incidence  and  severity 
by  the  wasp. 

Results/Conclusion:  It  is  suggested  that  microbial  agents  as  endophytes  are  potential  biological 
pesticides  to  protect  plants. 
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Abstract  text: 


Introduction:  The  spruce  budworm  ( Choristineura  fumiferana ),  one  of  the  most  serious  pests  of 
conifers  in  the  North  American  boreal  forest,  is  well  known  for  its  ability  to  withstand  the  frigid 
temperatures  of  the  Canadian  winter  as  diapausing  second- instar  larvae.  How  it  achieves  this  feat 
has  long  piqued  the  curiosity  of  scientists,  and  previous  work  has  helped  shed  some  light  on  the 
processes  involved.  To  help  further  characterize  the  various  genes  and  proteins  involved  in  this 
adaptation,  we  undertook  the  sequencing,  assembly  and  analysis  of  the  budworm  genome. 

Methods:  To  sequence  and  assemble  the  C.  fumiferana  genome,  we  used  a  hybrid  NGS  strategy, 
including  different  sequencing  technologies  (Roche  454,  Illumina  and  PacBio),  different 
assemblers  (Newbler  and  Celera)  and  different  types  of  starting  material  (DNA  from  a  single 
male  pupa,  DNA  pooled  from  several  males  and  BAC  clones).  Analyses  focused  on  selected 
groups  of  genes,  namely  those  of  the  anti-freeze  protein  (AFP)  family. 

Results/Conclusion:  Several  new  AFP  isoforms  which  were  not  previously  isolated  through 
cDNA  cloning  were  identified  in  the  assembled  contigs.  While  two  AFP  genes  were  known  to 
exist  as  tandem  repeats  in  a  previous  study,  we  confirm  that  at  least  three  AFPs  are  arranged  in 
this  fashion.  Further  insights  on  how  budworm  AFPs  arose  and  evolved  will  be  gained  through 
comparisons  of  AFP-bearing  genomic  regions  with  those  of  other  Choristoneura  congeners 
currently  being  sequenced. 
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Abstract  text: 


Introduction:  The  spruce  budworm  ( Choristoneura  fiumiferana)  is  a  univoltine  species  that 
completes  diapause  as  2nd-instar  larvae.  Although  this  diapause  is  generally  considered 
obligatory,  neonate  larvae  exposed  to  long  day  conditions  often  skip  diapause,  a  feature  that 
enabled  the  development  of  a  diapause-free  budworm  strain  by  Harvey  (1957).  Little  is  known 
about  the  factors  responsible  for  diapause  induction  in  this  and  other  species  that  enter  diapause 
as  early-instar  larvae.  To  begin  exploring  the  molecular  correlates  of  diapause  induction  in  such 
insects,  we  developed  a  spruce  budworm  transcriptome  and  used  it  as  reference  to  examine 
differential  gene  expression  between  individuals  of  the  diapause  and  diapause-free  strains. 

Methods:  For  transcriptome  development,  RNA  was  collected  from  all  budworm  life  stages, 
pooled  and  converted  to  cDNA;  a  normalized  cDNA  library  was  then  sequenced  (Roche  454). 

For  RNA-seq  analysis,  RNA  was  collected  from  eggs,  Lis  and  L2s  of  diapause  and  non-diapause 
insects,  and  corresponding  cDNAs  were  sequenced  (Illumina  HiSeq).  Roche  454  and  Illumina 
reads  were  combined  for  transcriptome  assembly  (MIRA  assembler)  while  Illumina  reads  were 
submitted  to  differential  expression  analysis  (modified  RSEM  pipeline). 

Results/Conclusion:  We  generated  a  comprehensive,  high-quality  transcriptome,  with  the 
majority  of  contigs  mapping  well  to  an  assembly  of  the  C.  fumiferana  genome.  Differential  gene 
expression  analysis  first  revealed  distinct  overall  patterns  during  the  egg  stage,  suggesting  that 
diapause  is  induced  at  this  stage.  Several  genes  involved  in  the  juvenile  hormone  (JH)  and 
insulin  signaling  pathways  showed  differential  expression  in  Lis  and  L2s,  pointing  to  their 
possible  role  in  diapause  induction  in  this  species. 
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Abstract  text: 


Introduction:  The  eastern  spruce  budworm,  Choristoneura  fumiferana,  is  one  of  the  most 
destructive  forest  defoliators  in  North  America  and  has  consequently  become  a  model  organism 
for  studying  insect  outbreak  dynamics.  We  have  constructed  a  linkage  map  for  this  tortricid  moth 
with  the  aim  of  helping  refine  the  genome  assembly  and  assessing  chromosomal  synteny  with 
other  lepidopteran  genomes,  including  that  of  Bombyx  mori. 

Methods:  The  mapping  population  consisted  of  240  individuals  from  12  outbred  families.  Single 
Nucleotide  Polymorphism  (SNP)  markers  were  identified  using  the  genotyping-by-sequencing 
(GBS)  approach  and  the  UNEAK  pipeline.  The  linkage  map  was  built  with  the  Lep-Map 
software.  We  used  the  blast  algorithm  to  identify  orthologs  of  the  markers  in  the  B.  mori 
genome. 

Results/Conclusion:  The  linkage  map  obtained  comprises  26  linkage  groups  and  a  total  of  289 
markers  spanning  856.35  cM.  Based  on  orthologous  markers  in  C.  fumiferana  and  B.  mori ,  we 
observed  strong  macrosynteny  despite  local  marker  rearrangements.  We  also  confirmed  that  the 
sex  or  Z  chromosome  in  C.  fumiferana  arose  from  a  fusion  between  an  ancestral  Z  chromosome 
and  an  autosome  corresponding  to  chromosome  15  in  the  B.  mori  genome. 
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Abstract  text: 


Introduction:  The  ability  to  genetically  differentiate  spruce  budworm  ( Choristoneura  fumiferana ) 
migrants  and  identify  their  place  of  origin  would  allow  us  to  better  understand  the  distance  and 
directionality  of  spruce  budworm  dispersal.  This  in  turn  would  assist  forest  managers  in  the 
development  of  an  early  intervention  strategy  for  spruce  budworm  management.  However, 
previous  studies  using  isozymes  (Harvey  1996)  and  microsatellites  (James  et  al.  2015)  indicate 
that  the  spruce  budworm  has  weak  population  genetic  structure,  hampering  the  ability  of  these 
marker  types  for  use  in  population  identification. 

Methods:  We  used  the  genotyping-by- sequencing  (GBS)  approach  to  discover  and  analyze 
thousands  of  genome-wide  single  nucleotide  polymorphisms  (SNPs)  from  specimens  sampled 
across  the  spruce  budworm  range,  from  Alaska  to  the  Atlantic. 

Results/Conclusion:  We  examine  barriers  to  gene  flow,  conduct  environmental  correlations  to 
identify  loci  that  may  be  undergoing  local  adaptation,  and  assess  the  potential  for  SNPs  to  be 
utilized  for  the  identification  and  assignment  of  migrants.  Overall,  these  analyses  allow  us  to 
delimit  spruce  budworm  metapopulations  and  further  our  work  in  the  use  of  genetic  markers  as 
tools  in  spruce  budworm  management. 
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Abstract  text: 


Introduction:  The  evolutionary  units  of  the  spruce  budworm  species  group  ( Choristoneura 
fumiferana  complex)  have  provided  much  fodder  for  discussion  on  species  boundaries  and 
phylogenetic  relationships.  Originally  based  on  biological  characteristics  and  only  weakly 
supported  by  morphology,  most  species  descriptions  were  considered  tentative  even  by  their 
authors.  Since  then,  species  boundaries  have  been  successively  tested  using  allozymes, 
mitochondrial  DNA,  microsatellites  and  an  array  of  single  nucleotide  polymorphisms  (SNPs). 
Each  source  of  data  has  revealed  new  insights  as  well  as  conflicts. 

Methods:  We  examine  efforts  to  identify  species  and  their  relationships  within  the  context  of  the 
times  in  which  each  new  assessment  was  made,  culminating  in  the  application  of  tens  of 
thousands  of  genome-wide  SNPs. 

Results/Conclusion:  Since  the  spruce  budworm  complex  includes  some  of  the  most  important 
pests  of  conifers  in  North  America,  it  remains  important  to  identify  and  demarcate  the 
evolutionary  significant  units  of  this  group  for  management  purposes.  Spruce  budworms  provide 
a  strong  demonstration  of  the  limitations  of  arrangements  based  on  single  or  few  marker  types. 
The  species  of  the  group  are  clearly  still  a  work  in  progress,  giving  insight  not  only  into  the 
evolutionary  processes  that  lead  to  divergence  of  populations,  but  also  the  human  factors  that 
influence  the  criteria  and  procedures  of  species  recognition. 
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Introduction:  Closely  related  lineages  often  occur  as  geographically  connected  populations.  As  a 
result,  evolution  in  each  is  shaped  by  a  combination  of  local  processes  (e.g.,  selection,  drift)  and 
gene  flow.  Gene  flow  can  have  diverse  effects  on  evolution,  from  the  erosion  of  genetic 


differences,  to  the  strengthening  of  population  barriers.  Further,  its  effects  can  vary  depending  on 
the  selection  pressures  faced  within  each  population.  Tests  of  these  predictions  are  presently 
lacking.  We  are  exploring  how  'divergence  with  gene  flow'  unfolds  among  several  ecologically 
divergent  lineages  of  the  Choristoneura  fumiferana  species  complex.  We  aim  to  assess  how 
lineages  exchange  versus  partition  alleles,  and  how  regional  ecological  variation  shapes  that 
interaction.  Our  approach  helps  identify  the  ecological  factors  mediating  population  interactions 
and  the  genetic  targets  on  which  they  act.  More  broadly,  it  exposes  the  multifarious  effects  of 
gene  flow  on  the  earliest  stages  of  evolutionary  differentiation. 

Methods:  Over  2000  SNPs  and  regional  ecological  data  were  analyzed  using  genetic  clustering, 
clines,  and  spatially  explicit  statistics. 

Results/Conclusion:  We  detect  evidence  for  ongoing  gene  flow  across  most  of  the  genome 
among  the  focal  taxa.  A  subset  of  loci  resist  this  process,  and  these  are  both  shared  and  unique 
across  pairwise  lineage  comparisons.  Overall,  the  results  suggest  that  relatively  few  regions  of 
the  genome  mediate  divergence  with  gene  flow  within  Choristoneura ,  and  that  evolution  across 
lineages  is  occurring  in  response  to  a  mixture  of  mutual  and  novel  selection  pressures.  We  are 
currently  pursuing  these  selection  pressures  by  quantifying  associations  between  candidate  loci 
and  patterns  of  ecological  variation. 
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Introduction:  Irruptions  of  forest  insect  pests  have  significant  consequences  for  ecosystem 
dynamics  and  timber  production.  The  spruce  budworm  ( Choristoneura  fumiferana)  is  a  native 
defoliator  of  fir  ( Abies  balsamea)  and  spruce  (. Picea  spp .)  whose  periodic  outbreaks  can  affect 


millions  of  hectares  of  northern  forest.  Despite  many  years  of  research  into  spruce  budworm 
population  dynamics,  we  know  very  little  about  the  spatial  processes  involved  in  outbreaks, 
including  dispersal.  Here,  we  investigate  the  spatial  genomic  patterns  of  this  economically 
important  forest  pest  to  better  understand  the  relative  importance  of  dispersal  vs.  local 
environmental  conditions  (i.e.,  the  Moran  effect)  to  outbreak  dynamics. 

Methods:  Approximately  30  spruce  budworm  larvae  were  collected  from  25  sites  across  the 
extent  of  a  current  outbreak  in  Quebec,  Canada  in  2012.  -1000  single  nucleotide  polymorphisms 
(SNPs)  were  identified  using  genotyping-by-sequencing  and  the  TASSEL/UNEAK  pipeline. 
SNPs  were  analysed  using  multivariate  statistics  (i.e.,  gradient  analysis),  isolation  by  distance, 
and  a  directionality  index  with  which  we  endeavoured  to  infer  the  outbreak  source. 

Results/Conclusion:  Both  dispersal  and  the  Moran  effect  appear  to  influence  spatial  genetic 
structure.  We  found  some  support  for  a  source  population  using  the  directionality  index  that 
supports  the  role  of  dispersal  in  synchronizing  populations.  Some  discontinuous  spatial  structure 
remains  that  appear  associated  with  local  population  context.  Early  intervention  management 
strategies  that  aim  to  control  source  populations  have  the  potential  to  be  effective  through 
limiting  dispersal.  However,  one  must  not  discount  the  effect  of  local  population  processes  that 
may  be  amplified  by  the  arrival  of  dispersers. 
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Introduction:  Exploiting  natural  populations  of  carnivorous  insects,  such  as  hymenopterous 
parasitoids,  can  contribute  sustainable  approaches  to  pest  management.  There  are  two 
prerequisites  for  sustainability,  which  are  that  the  natural  parasitoid  populations  need  to  be 


maintained  and  that  foraging  by  the  parasitoids  needs  to  be  enhanced  before  pest  threshold 
populations  are  reached. 

Results/Conclusion:  Success  in  this  approach  is  evidenced  in  the  push-pull  system  developed  for 
sub-Saharan  cereal  crop  protection  against  lepidopterous  stemborers.  Natural  parasitoid 
populations  are  maintained  by  botanically  diverse  agro-ecological  conditions  incorporating  wild 
host  plants  of  the  herbivores.  The  parasitoids  are  then  lured  into  the  cereal  crops  by  intercrops 
releasing  foraging  semiochemicals,  such  as  the  Cn  and  Ci6  homoterpenes  (or  more  correctly 
tetranorterpenes),  normally  induced  by  feeding  on  the  cereal  hosts.  For  industrial  agriculture 
induction  or  priming,  mechanisms  are  targeted  and  these  processes  will  need  to  be  managed, 
including  via  GM,  by  use  of  plant  defence  elicitors  applied  to  the  crop  or  released  by  sentinel 
plants.  The  potential  depletion  of  natural  parasitoid  populations  needs  to  be  accommodated  by 
increased  ecosystem  services  in  the  agro-ecological  regions  involved  and  will  be  costed  as  part 
of  a  “land  sparing”  rather  than  “land  sharing”  policy.  Any  “resistance”  to  the  induced  or  primed 
parasitoid  foraging  cues  will  be  monitored  by  chemical,  electrophysiological  and  behavioural 
analyses  and  new  semiochemicals  arising  from  “resistance”  mechanisms  identified  and 
deployed.  For  new  GM  traits  this  should  follow  predictably  generic  routes. 
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Abstract  text: 

Introduction:  The  western  corn  rootworm  (WCR,  Diabrotica  virgifera)  is  the  most  important 
insect  pest  of  maize  in  the  United  States,  and  was  recently  introduced  into  Europe.  The 
management  of  these  root-feeding  larvae  becomes  increasingly  difficult,  as  WCR  has  evolved 
resistance  to  transgenic  Bt  maize  and  certain  insecticides,  and  can  also  overcome  crop  rotation. 
Entomopathogenic  nematodes  (EPN)  are  an  ecologically  sound  alternative  to  control  soil 
dwelling  insect  pests.  However,  first  evidence  suggests  that  WCR  can  physiologically  resist 
natural  enemies. 

Methods:  To  assess  the  potential  of  EPN  to  adapt  to  WCR  defenses,  we  survey  EPN  in 
agricultural  and  natural  soils  in  Mexico,  where  WCR  evolved  on  maize  and  its  ancestor, 
teosinte. 

Results/Conclusion:  A  series  of  comparative  attraction  and  infection  tests  using  EPN  collected 
from  WCR  and  WCR-free  populations  will  reveal  whether  EPN  have  locally  adapted  to  WCR 
defenses,  and  may  ultimately  lead  to  a  selection  of  EPN  strains  that  can  more  efficiently  control 
this  root  pest. 
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Introduction:  Silicon  uptake  by  plants  is  beneficial  in  alleviating  abiotic  and  biotic  stresses.  This 
paper  explores  knowledge  and  recent  advances  in  understanding  the  role  of  Si  in  enhancing 
resistance  of  host  plants  to  biotic  stress. 

Methods:  There  are  two  mechanisms  by  which  Si  is  thought  to  increase  resistance  to  herbivores. 
First,  increased  mechanical  resistance  has  long  been  believed  to  be  the  major  mechanism  by 
which  Si  defends  plants  from  insect  attack,  including  reduced  digestibility  and/or  increased 
hardness  and  abrasiveness  of  plant  tissues  due  to  silica  deposition.  Second,  there  is  now  ample 
evidence  that  soluble  Si  is  involved  in  biochemical/molecular  defenses  to  insect  herbivore  attack 
and  this  can  lead  to  tri-trophic  effects  mediated  by  natural  enemy  attraction  as  well  as  bi-trophic 
effects  operating  directly  on  herbivores.  Although  most  work  has  focused  on  bi-trophic 
interactions,  several  studies  now  describe  a  response  of  predators  or  parasitoids.  It  has  been 
demonstrated  that  Si-treated,  arthropod-attacked  plants  trigger  elevated  biological  control  in  the 
field  compared  with  control  plants  with  low  Si.  Established  linkages  between  soluble  Si  and  the 
jasmonic  acid  (JA)  defense  pathway  and  between  JA  and  herbivore  induced  plant  volatiles 
(HIPVs)  suggest  that  soluble  Si  may  enhance  the  attractiveness  of  HIPV  blends. 

Results/Conclusion:  Ultimately,  a  global  analyses  involving  genomics,  transcriptomics, 
proteomics  and  metabolomics  will  assist  in  fully  elucidating  the  mechanism/s  behind  Si  and 
plant  response  to  biotic  stress  at  both  the  bi-  and  tri-trophic  levels. 
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Introduction:  Rice  is  the  most  important  food  staple  for  humanity.  Accordingly,  enhancing  the 
yields  of  this  crop  whilst  moderating  the  currently  high  levels  of  dependence  on  insecticide  use  is 
critical  to  food  security.  Biological  control  and  host  plant  resistance  are  under-exploited  in  rice, 
particularly  the  promotion  of  natural  enemy  impact  by  herbivore  induced  plant  volatiles 
(HIP  Vs). 

Methods:  Studies  used  RNAi  plants  with  silenced  jasmonate  perception  and  manipulation  of  the 
silicon  concentration  of  the  growing  medium  (a  treatment  known  to  affect  plant  defense). 

Results/Conclusion:  Results  will  be  presented  from  a  combination  of  chemical  ecology  and 
behavioral  ecology  studies  that  advance  knowledge  of  the  induced,  indirect  defenses  of  rice  that 
are  mediated  by  HIPVs. 
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Introduction:  Echium  plantagineum  is  native  to  the  Mediterranean  region,  where  it  is  not 
regarded  a  weed,  but  it  is  an  invasive  weed  of  national  significance  in  Australia.  The  plant  is 
known  to  produce  a  range  of  secondary  compounds  including  naphthoquinones  and  pyrrolizidine 
alkaloids  but  the  biological  roles  of  these  are  not  well  known.  This  study  aims  to  evaluate  the 
role  of  these  plant  secondary  compounds  in  defense  against  arthropods,  the  extent  to  which  they 
are  induced  by  herbivory,  and  whether  third  trophic  level  actors  are  affected. 


Methods:  E.  plantagineum  plants  were  exposed  to  three  herbivory  intensities  by  two  herbivore 
species:  a  generalist  herbivore  ( Helicoverpa punctigera  caterpillars)  and  a  specialist  biological 
control  agent  {Mogul ones  larvatus  weevil  adults).  Analysis  by  LC-QTOF  (liquid 
chromatography  quadrupole-time-of-flight)  mass  spectrometry  revealed  that  damage  by  the 
herbivore  resulted  in  distinct  changes  in  the  induction  of  secondary  compounds  in  the  roots  and 
foliage  of  the  plant.  Significantly,  the  two  herbivores  triggered  strongly  divergent  changes  in 
plant  chemistry,  indicating  that  the  nature  of  the  plant’s  response  differed  when  challenged  by  a 
co-adapted  specialist  versus  a  newly-associated  generalist.  Additional  studies  aim  to  determine 
the  effects  of  E.  plantagineum  secondary  plant  compounds  on  the  eulophid  parasitoid, 
Stenomesius  japonicas  which  attacks  the  leafminer  biological  control  agent  Dialectica 
scalariella. 

Results/Conclusions:  Results  will  be  discussed  in  relation  to  the  success  of  E.  plantagineum  as 
an  invasive  weed  in  Australia  where  the  native  H.  punctigera  is  ubiquitous  across  the  plant’s 
invaded  range,  yet  establishment  and  impact  of  the  introduced  biological  agents,  M.  larvatus  and 
D.  scalariella ,  is  sporadic. 


Symposium 

Presentation  Title:  Co-occurring  herbivore  guilds  compromise  aphid  biocontrol:  Evidence  from 
natural  and  true  field  experiments 

Author  Name:  Carmen  K.  Blubaugh 

Author  Institution:  Washington  State  University 

Session  Title:  Symposium:  Biocontrol  and  Induced  Plant  Defences:  A  Tale  of  Three  Trophic 
Levels 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1152 
DOI:  10.1603/ICE.2016.1 17815 
Abstract  text: 

Introduction:  Recent  work  suggests  that  biocontrol  of  herbivores  may  be  improved  by  increasing 
emissions  of  herbivore-induced  plant  volatiles  (HIPVs),  which  predators  and  parasitoids  use  to 
locate  prey.  However,  defense  signal  “crosstalk,”  where  plant  defenses  are  compromised  when 
multiple  herbivore  guilds  co-occur,  may  complicate  volatile-mediated  biocontrol  because 
herbivore  guilds  co-occur  almost  ubiquitously  in  working  agroecosystems. 


Results/Conclusion:  In  a  broad  insect  survey  across  more  than  50  farms,  we  found  that  parasitoid 
and  aphid  densities  positively  correlated  at  sites  with  few  caterpillars,  but  the  relationship 
dissolved  at  sites  where  aphids  and  caterpillars  co-occurred  in  high  densities.  In  a  follow-up 
experiment,  we  explicitly  tested  the  impact  of  crosstalk  on  aphid  biocontrol  at  4  farms.  At  3  out 
of  4  farms,  we  found  reduced  rates  of  parasitism  (30%)  on  broccoli  plants  that  were  dually- 
infested  with  caterpillars  and  aphids  compared  to  plants  with  aphids  alone.  Together,  these  data 
suggest  that  crosstalk  may  indeed  compromise  host  location  by  parasitoids. 
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Introduction:  Landscape  complexity  may  provide  ecosystem  services  to  agriculture  through  the 
provision  of  natural  enemies  of  agricultural  pests.  Strong  positive  effect  of  adjacent  semi-natural 
habitats  on  natural  enemies  in  croplands  has  been  evidenced,  but  the  resulting  impact  on 
biological  control  remains  unclear. 

Methods:  In  this  study,  the  population  dynamics  of  aphids,  two  groups  of  predators  (coccinellid 
and  carabid  beetles)  and  the  main  parasitoids  species  were  examined.  Insects  were  sampled  in  20 
wheat  fields,  surrounded  by  structurally  simple  and  complex  landscapes  in  Chilean  central 
valley.  Sampling  was  carried  out  throughout  the  wheat  growing  season  every  two  weeks.  The 
most  abundant  aphid  species  was  Sitobion  avenae  (Hemiptera:  Aphididae).  Using  molecular 
methods  the  percent  parasitism  was  estimated  from  the  sampled  aphids  at  each  sampling  date  for 
all  fields. 

Results/Conclusion:  Considering  the  whole  sampling  period,  the  diversity  of  aphids  and  natural 
enemies  were  similar  in  both  types  of  landscapes,  and  the  abundance  of  coccinellids  was  higher 


in  the  complex  landscapes.  However,  although  aphid  temporal  dynamics  were  similar  in  both 
types  of  landscape,  predator  and  parasitoid  temporal  dynamics  differed  significantly. 
Consequences  of  landscape  complexity  and  management  on  colonization  of  predators,  presence 
of  parasitoids  and  possible  negative  effects  among  natural  enemies  are  discussed. 
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Introduction:  The  presence  of  natural  enemies  in  agricultural  systems  could  be  influenced  by  the 
landscape  complexity.  Although  greater  landscape  complexities  has  been  shown  to  affect 
biodiversity,  the  effect  on  biological  control  is  not  always  positive.  It  may  depend  on  inter¬ 
specific  interactions  of  the  assemblages  of  biocontrol  agents  (facilitation/intra  guild  predation). 

Methods:  The  present  study  focuses  on  how  contrasting  landscapes  may  alter  the  assemblage  of 
parasitoids  present  in  wheat  fields  in  Chile  and  the  effect  over  Sit obion  avenae.  Parasitoid  DNA 
fragments  of  the  COI  gene  were  surveyed  using  diagnostic  multiplex  and  singleplex  PCR  for  the 
main  primary  and  secondary  parasitoid  species.  The  inter-specific  interactions  within  the 
parasitoid  assemblages  were  then  studied.  Trophic  networks  were  built  and  the  parasitism  rate 
per  parasitoid  species  per  sampling  period  were  carried  out  during  five  dates  on  20  wheat  fields 
in  Central  Chile. 

Results/Conclusion:  Single  parasitism  and  multi-parasitism  interactions  were  detected  allowing 
us  to  determine  the  differences  in  links.  Parasitoid  assemblages  showed  variable  temporal 
dynamics  in  relation  with  landscape  structure  suggesting  an  important  effect  over  the  aphid 
biological  control.  The  implications  of  these  results  and  the  control  of  S.  avenae  in  Chile  are 
discussed. 
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Agricultural  inputs  such  as  fertilization  affect  not  only  plant  nutritional  quality  but  also  pest  such 
as  aphids  and  their  natural  enemies,  among  which  parasititic  wasps  are  especially  important. 
Such  effects  can  vary  with  fertilization  type,  and  while  we  know  that  they  occur,  the  underlying 
processes  behind  them  are  poorly  understood.  Aphid  density  and  species  composition  are  for 
instance  known  to  vary  with  type  or  quantity  of  fertilization,  however,  how  such  changes  affects 
parasitism  has  usually  only  been  reported  as  density  dependent  in  response  to  host  abundance,  or 
in  response  to  host  quality.  As  parasitoids  are  known  as  good  examples  of  optimal  host  choice, 
that  usually  favor  higher  quality  hosts  and  sometimes  avoiding  those  with  facultative 
endosymbionts  that  can  negatively  affect  parasitoid  development,  it  would  be  of  great  interest  to 
gain  a  mechanistic  understanding  of  how  interactions  across  trophic  levels  change  in  response  to 
aphid-host  properties.  Here  we  combine  a  large  set  of  molecularly  derived  interaction  networks, 
collected  from  two  independent  field  experiments  conducted  in  cereal  systems  in  Germany  and 
Austria,  to  show  how  interactions  patterns  between  three  species  of  cereal  aphids,  primary- 
parasitoids,  hyper-parasitoids  and  facultative  aphid  endosymbionts,  change  in  response  to 
different  types  of  organic  and  conventional  fertilization  as  well  as  landscape  setting.  These 
findings  will  help  improve  our  understanding  of  how  inputs  such  as  fertilization  can  influence 
dynamics  between  hosts  and  parasitoids  with  consequences  for  the  biological  control  of  aphids. 
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Aphis  spiraecola  Patch.  (Hemiptera:  Aphididae)  is  a  citrus  pest.  Here,  we  disentangled  its  food 
web  to  improve  its  biological  control.  The  aphid  was  attacked  by  only  one  primary  parasitoid 
Binodoxys  angelicae  Haliday  (Hymenoptera:  Braconidae),  which  was  attacked  by  a  complex  of 
hyperparasitoids  of  at  least  six  species:  Syrphophagus  aphidivorus  (Mayr)  (Encyrtidae), 
Alloxysta  sp.  (Forster)  (Figitidae),  Asaphes  sp.  (Walker)  (Pteromalidae),  Pachyneuron  aphidis 
(Bouche)  (Pteromalidae),  Dendrocerus  sp.  (Ratzeburg)  (Megaspilidae)  and  Phaenoglyphis 
villosa  (Hartig)  (Figitidae).  These  hyperparasitoids  compete  for  their  common  host  and  the  two 
most  abundant  (S.  aphidivorus  and  Alloxysta  sp.)  attacked  B.  angelicae  from  the  beginning  and 
throughout  the  season,  hindering  the  potential  of  the  primary  parasitoid.  On  the  other  hand,  a 
diverse  and  variable  complex  of  predators  fed  on  A.  spiraecola  but  their  efficacy  as  biological 
control  agents  depended  on  their  arrival  time.  A.  spiraecola  populations  remained  below  the 
intervention  threshold  when  predators  attacked  aphid  colonies  before  200  degree  days  from  the 
beginning  of  the  aphid  colonization. 

Taking  these  results  into  consideration,  we  tested  whether  we  could  advance  the  presence  and 
attack  of  predators  using  sown  groundcovers  based  on  grasses  (poaceae  plants).  The  sown  cover 
was  effective  in  terms  of  biological  control  of  A.  spiraecola.  It  promoted  the  early  presence  of 
predators  in  the  orchard  and  these  attacked  A.  spiraecola  colonies  before  their  exponential 
increase.  These  attacks  resulted  in  satisfactory  aphid  control,  as  citrus  orchards  with  ground 
cover  never  exceeded  the  aphid  economic  threshold. 
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Introduction:  Many  studies  have  emphasized  the  role  of  semi-natural  areas  as  reservoirs  of  pests’ 
natural  enemies,  such  as  primary  parasitoids,  in  agro-ecosystems.  However,  to  what  extent  host- 
parasitoid  interaction  networks  in  cultivated  field  are  actually  connected  to  their  counterparts  in 
adjacent  semi-natural  habitat  is  difficult  to  assess. 

Methods:  A  large  sample  of  aphids  was  collected  from  cultivated  fields  and  in  adjacent  semi¬ 
natural  habitats  in  Western  France.  Using  a  16S  gene  sequencing  we  were  able  to  assess  the 
parasitic  status  of  each  aphid  and  the  parasitoid  species  identity  from  molecular  barcoding.  Data 
allowed  us  to  construct  the  entire  host-parasitoid  network  and  to  assess  its  level  of 
compartmentalization  between  cultivated  and  uncultivated  habitats.  Finally,  the  observed 
quantitative  network  and  its  degree  of  compartmentalization  were  compared  to  the  empirical 
qualitative  network  obtained  from  an  exhaustive  analysis  of  the  literature. 

Results/  conclusion:  The  observed  network  appeared  highly  compartmentalized  with  very  few 
cases  of  parasitoid  sharing  between  pest  and  non-pest  aphids.  This  suggests  that  the  role  of  field 
margins  as  sources  of  aphid  parasitoids  is  much  lower  than  expected  from  literature  at  the  period 
and  place  of  the  study. 
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Introduction:  A  common  suggestion  to  support  ecosystem  services  to  agriculture  provided  by 
mobile  organisms  is  to  increase  the  amount  of  semi-natural  habitats  in  the  landscape.  However, 
this  is  often  not  feasible  and  more  targeted  means  to  promote  ecosystem  services  are  needed.  To 
achieve  this  we  need  to  better  understand  factors  that  limit  the  population  growth  of  beneficial 
organisms.  Observational  studies  have  demonstrated  that  herbivores  and  their  natural  enemies 
are  sensitive  to  vegetation  heterogeneity,  but  the  spatio-temporal  distribution  of  different  habitats 
and  the  resources  within,  as  well  as  functional  importance  of  different  habitat  types  remains 
poorly  understood. 

Methods:  Here,  we  present  experimental  and  observational  data  on  biocontrol  services  provided 
by  parasitoids  and  predators  to  explore  the  benefit  of  resource  and  habitat  amount  and 
distribution  in  space  and  time.  Results  from  our  two-year  experimental  study  suggest  that  the 
percentage  crop  cover,  may  be  more  important  than  spatial  fragmentation,  scale  or  patch  size  for 
biological  control  by  parasitoids.  Furthermore,  in  a  long-term  study  of  pests  and  natural  enemies 
in  cotton  farms  in  Australia,  we  explore  how  temporal  changes  in  resource  availability  affect 
populations  of  pests  and  their  natural  enemies. 

Results/Conclusion:  We  discuss  how  (dis)continuity  of  resources  in  space  and  time  throughout 
the  organisms’  life  cycle  affect  pests  and  their  natural  enemies  in  order  to  develop  targeted  and 
efficient  ways  to  release  limitations  to  growth  of  beneficial  arthropods  and  enhance  the  flow  and 
stability  of  ecosystem  services  to  agriculture. 
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The  life-history  traits  within  communities  are  influenced  by  regional  environmental  conditions 
(i.e.  external  filters)  and  interspecific  interactions  (i.e.,  internal  filters).  While  traits  in  a  regional 
context  may  converge  to  a  narrow  range  of  values  due  to  environmental  filtering,  species 
belonging  to  a  guild  may  present  contrasting  traits  as  a  means  of  niche  differentiation,  allowing 
coexistence  whilst  exploiting  the  same  class  of  resources.  A  central  challenge  in  ecology  is  to 
measure  presence  the  external/internal  filters  that  drive  regional  patterns  of  life-history  trait 
variation  within  communities. 

To  disentangle  them,  we  performed  a  guild- wide  approach  of  life-history  traits  (body  size,  flight 
ability,  longevity  and  sex-ratio)  on  insect  parasitoids  during  2  years.  We  assessed  the  inter¬ 
regional  variability  in  traits,  the  interspecific  trait  differences  and  the  multidimensional  niche 
differentiation. 

The  observed  patterns  of  life-history  trait  varied  between  regions  among  the  years  and  within 
regions  in  a  same  year.  Interestingly,  niche  differentiation  intensity  varied  according  to  the 
regional  contexts.  Our  study  also  demonstrated  that  the  studied  life-history  traits  experienced 
different  evolutionary  patterns. 

Life-history  traits  in  a  guild  are  exposed  to  a  dynamic  combination  of  external  and  internal 
filters,  however  niche  divergence  was  maintained  in  most  environmental  contexts. 
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Abstract  text: 

Introduction:  Parasitoids'  host  range  is  usually  seen  as  a  static  feature;  however  the  physiological 
state  of  an  individual  may  modify  established  patterns.  This  study  investigated  relationships 
between  the  physiological  status  of  two  parasitoids  with  different  life  histories  ( Aphidius  ervi  and 
Aphelinus  abdominalis )  and  their  host  selection  for  parasitism  under  laboratory  and  greenhouse 
conditions. 

Methods:  In  laboratory  we  tested  the  following  treatments:  1)  young,  fed  parasitoids,  2)  old,  fed 
parasitoids,  3)  young,  starved  parasitoids  and  4)  old,  starved  parasitoids.  Each  treatment  group 
was  exposed  to  its  high  and  low  quality  hosts  separately.  We  observed  behavior  under  a 
microscope  and  recorded  time  of  first  contact  and  time  to  complete  oviposition.  After  these 
observations,  the  aphid  hosts  were  dissected  to  check  if  the  parasitoid  laid  egg(s)  in  the  hosts  and 
recovered  parasitoid  adults  were  also  dissected  to  assess  the  egg  load.  Later,  young  and  old  fed 
parasitoids  were  tested  under  greenhouse  conditions,  where  they  were  exposed  to  their  high  and 
low  quality  hosts  for  24h  before  being  recaptured. 

Results/  Conclusion:  We  counted  the  number  of  mummies  produced  under  each  treatment;  the 
parasitoids  used  were  dissected  and  their  eggs  counted.  Our  results  indicate  that  different 
physiological  conditions  can  modify  parasitoid  host  selection  behavior.  These  behavior 
modifications  may  be  adaptive  for  parasitoid  species  and  may  have  consequences  for  their  use  in 
aphid  pest  management. 
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Aphelinus  certus  (Hymenoptera:  Aphelinidae)  is  a  solitary  endoparasitoid,  native  to  Asia,  that 
was  inadvertently  introduced  into  North  America.  It  was  first  documented  in  North  America  in 
2005,  and  in  its  adventive  range  it  now  overlaps  with  much  of  the  range  of  the  invasive  soybean 
aphid,  Aphis  glycines ,  which  A.  certus  readily  attacks  and  successfully  develops  within. 
Theoretical  models  suggest  that  different  determinants  of  parasitoid  host  range  (preference 
versus  performance)  can  have  variable  impacts  on  parasitoid  establishment  and  parasitoid-host 
population  dynamics.  Therefore,  we  evaluated  A.  certus  host  acceptance,  feeding,  and 
developmental  suitability  using  18  aphid  species  across  Aphididae.  We  perform  a  phylogenetic 
analysis  of  these  preference  and  performance  data  to  see  if  parasitoid  host  use  traits  cluster  on  the 
host  phylogeny.  Results  will  be  discussed  in  the  context  of  exotic  parasitoid  establishment,  and 
risk-benefit  analysis  in  biological  control. 
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Introduction:  Most  of  parasitoids  rely  on  the  exploitation  of  various  trophic  resources  during 
their  lifetime,  such  as  hosts  for  the  development  of  their  larvae  and  adult  food,  mainly 
represented  by  nectar,  for  their  survival  and  metabolic  needs.  The  availability  of  these  resources, 
their  accessibility,  and  their  distribution  in  the  agroecosystem  strongly  shape  the  diversity  of 
parasitoids,  their  abundance,  movements  and  performance.  Identifying  plant  sources  of  food  and 
hosts  effectively  foraged  by  parasitoids  in  agroecosystems  is  required  to  better  understand  their 
resource  exploitation  strategies,  the  multitrophic  interactions  and  to  boost  biological  pest  control. 

Methods:  An  original  labeling  method  based  on  the  injection  of  a  solution  enriched  with  rare 
isotope  into  the  plant  stem  was  developed  in  order  to  mark  (i)  the  aphids  feeding  on  a  plant  and 
the  parasitoid  developing  inside  and  (ii)  the  nectar  produced  by  the  plant  and  the  parasitoids 
feeding  on  it.  This  method  was  used  in  experimental  plots  to  mark  Diaeretiella  rapae  females 


released  inside  host  patches  associated  with  faba  bean  producing  or  not  producing  extrafloral 
nectar  and  showed  an  increased  parasitoid  retention  in  the  host  patches  associated  with  food. 

Results/Conclusion:  In  a  rapeseed  field,  the  consumption  of  marked  extrafloral  nectar  produced 
by  cornflower  provided  in  the  border  was  detected  in  parasitoids  captured  within  the  field.  Only 
few  parasitoids  captured  in  the  field  were  marked,  possibly  due  to  poor  exchange  between 
compartments  or  low  nectar  production.  This  method  could  be  used  further  to  study  the  influence 
of  food  provision  on  parasitoid  assemblage  in  the  agroecosystems. 
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Parasitoids  are  embedded  in  complex  interaction  networks  comprising  their  host  insects  and 
other  parasitoids.  Moreover,  bacterial  endosymbionts,  which  are  harbored  by  the  hosts,  can  affect 
parasitoid  survival  within  the  host.  Assessing  host-parasitoid,  parasitoid-parasitoid  and 
endosymbiont-parasitoid  interactions  by  conventional  means  can  be  difficult,  hence  molecular 
methods  have  become  ever  more  important  to  assess  the  interaction  networks  surrounding 
parasitoids  in  agroecosystems.  In  this  presentation  we  will  review  the  different  molecular 
methodologies  to  track  host-parasitoid-endosymbiont  interactions  in  arable  systems.  Using  case 
studies,  we  will  demonstrate  the  advantages  of  these  molecular  approaches  but  also  address  some 
of  the  challenges  this  approach  faces  to  improve  our  functional  understanding  of  how  parasitoid 
assemblages  are  structured  by  interactions  with  other  parasitoids,  their  host  insects  and  host 
endosymboints. 
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Climate  change  will  expand  the  distribution  of  warm-climate  agricultural  pests  with  adverse 
consequences  to  U.S.  agriculture.  Adapting  to  this  threat  requires  the  monitoring  of  pest 
movements  and  the  ability  to  forecast  climate-induced  changes  in  distribution.  We  propose  to  use 
fall  army  worm  (, Spodoptera  frugiperda)  as  a  model  system  to  address  these  objectives.  In 
addition  to  being  a  major  agricultural  pest  in  the  Western  Hemisphere,  fall  army  worm  migratory 
behavior  is  representative  of  many  other  moths  of  agricultural  importance  [e.g.,  corn  earworm 
( Spodoptera  frugiperda :),  black  cutworm  ( Agrotis  ipsilon ),  beet  armyworm  (, Spodoptera  exigua ), 
and  soybean  looper {Chrysodeixis  includens)]  that  are  primary  contributors  to  losses  in  corn, 
forage,  biofuel,  and  vegetable  crops.  Therefore,  fall  armyworm  studies  will  produce  information 
of  broad  applicability  while  providing  unique  technical  advantages  important  to  establishing  fall 
armyworm  migration  as  a  bioindicator  of  climate  change  effects  in  the  U.S.  and  improving  the 
forecasting  and  control  of  pest  outbreaks  brought  about  by  climate  variability. 
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Introduction:  The  sweetpotato  whitefly,  Bemisia  tabaci  Gennadius  (Hemiptera:  Aleyrodidae), 
continues  to  be  a  serious  threat  to  crops  worldwide.  The  UK  holds  Protected  Zone  status  against 
this  pest  and,  as  a  result,  B.  tabaci  entering  on  plant  material  is  subjected  to  a  policy  of 
eradication.  Mediterranean  species  is  the  predominant  whitefly  now  being  intercepted  entering 
the  UK.  With  increasing  reports  of  neonicotinoid  resistance  in  this  species,  it  is  becoming  more 
problematic  to  control/eradicate. 

Methods:  A  range  of  chemical  products  and  entomopathogenic  fungi  (EPF)  were  screened  for 
their  efficacy  using  the  leaf  dip  technique  against  three  life  stages  of  Mediterranean  species; 
eggs,  second  instar  larvae  and  adults. 

Results/Conclusion:  There  was  a  significant  difference  in  the  mortality  of  eggs  after  leaf  dipping 
with  the  different  active  ingredients.  Exposure  to  TriTek,  SB-Plant  Invigorator,  Gazelle  and 
Dynamec  was  followed  by  egg  mortalities  of  100,  96.6,  88.8  and  84.1%  respectively.  Efficacy  of 
the  products  against  the  second  larval  instar  stage  also  produced  promising  results.  The  fungus 
Beauveria  bassiana  produced  the  highest  mortality  of  all  the  products  against  B.  tabaci  instars 
(73%).  The  control  given  by  Agri  50-E,  TriTek  and  SB-Plant  Invigorator  (all  physically  acting 
products)  was  also  over  70%.  Beauveria  bassiana  and  TriTek  gave  excellent  control  of  adult  B. 
tabaci  with  total  mortality  being  obtained.  The  implications  of  the  work  in  regards  to  continued 
protection  of  the  UK  horticultural  industry  from  B.  tabaci  and  overcoming  insecticide  resistance 
among  biotypes  are  discussed. 
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To  determine  the  effects  of  temperature  on  three  species  of  parasitoids  of  the  whitefly  Bemisia 
tabaci ,  the  developmental  times  and  survival  rates  of  Encarsia  bimaculata,  Encarsia  formosa 
and  Eretmocerus  hayati  were  investigated  at  constant  temperatures  of  23,  26,  29,  32  and  35°C 
under  laboratory  conditions.  The  survival  of  the  three  species  of  parasitoids  were  all 
approximately  90%  at  23,  26  and  29°C.  When  the  temperature  increased,  the  survival  of  E. 
hayati  was  still  over  90%  at  32°C  and  76%  at  35°C.  The  survival  of  E.  bimaculata  decreased  to 
80%  at  32°C,  with  a  further  decrease  to  63%  at  35°C.  Survival  of  E.  formosa  decreased  the  most 
with  only  32%  survival  at  32°C  and  less  than  10%  at  35°C.  The  developmental  time  of  E.  hayati 
at  23 °C  was  44%  longer  than  that  at  26°C,  and  the  rates  of  E.  bimaculata  and  E.  formosa  were 
23  and  18%  longer  at  23°C  than  those  at  26°C,  respectively.  The  developmental  time  of  E.  hayati 
at  29°C  was  21%  less  than  that  at  26°C,  and  for  E.  formosa  and  E.  bimaculata  their 
developmental  times  reduced  by  16  and  18%  respectively  moving  from  26  to  29°C. 

All  developmental  times  of  the  three  parasitoids  were  reduced  at  32  and  35°C  compared  to  26°C. 
For  E.  formosa  and  E.  bimaculata ,  their  developmental  times  reduced  by  33  and  40%  and  27  and 
24%,  respectively.  Combining  the  developmental  and  survival  data  obtained,  the  effects  of 
temperature  increase  on  E.  formosa  is  more  significant  than  on  either  E.  bimaculata  or  E.  hayati. 
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Introduction:  Citrus  Huanglongbing  (HLB),  spread  by  the  Asian  citrus  psyllid  (ACP),  is  a 
devastating  disease  threatening  nearly  every  citrus  producing  area  worldwide  with  the  exceptions 
of  Australia  and  Mediterranean  countries.  The  recent  finds  of  ACP  in  California's  Central  Valley 
emphasize  the  urgent  need  for  regulatory  intervention  and  disease  control,  as  this  would  pose  a 
major  threat  to  the  viability  of  the  citrus  industry.  Increasing  ACP  incidence  and  risk  are 
considered  inevitable  for  the  Central  Valley. 

Methods:  An  agent-based  ACP  simulation  model  is  developed  with  attempt  to  understand  the 
dynamics  of  ACP  population  changes,  in  particular,  how  ACP  spreads  in  a  mixture  of  residential 
and  commercial  citrus  landscapes  in  the  Central  Valley.  A  16  square  mile  area  of  Porterville, 
California  is  used  as  the  baseline  for  ACP  spread  simulation,  with  consideration  of  the  action  and 
interactions  of  autonomous  agents  like  ACP,  citrus  host,  climate  and  farmer  behavior  on  grove 
management.  The  mathematical  model  considers  the  following  parameters:  psyllid  life  span  and 
mortality,  net  reproduction  rate  in  natural  environment,  psyllid  dispersal  distance,  citrus  host 
type  and  density,  new  flush  production,  famer’s  attitude  and  the  effect  of  different  spray 
schemes.  An  initial  ACP  population  was  introduced  in  one/multiple  locations  before  the 
simulation.  We  then  modeled  factors  influencing  ACP  population  variation  and  interaction  with 
new  flush  availability  in  relation  to  weather  for  a  period  of  3  years  using  weekly  time  step. 

Results/Conclusion:  This  simulation  model  can  quantify  the  influence  of  input  epidemiological 
parameters  on  ACP  development,  and  assist  management  decision-making  by  running  specified 
scenario-based  analyses. 
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Introduction:  Predicted  climatic  changes  may  impact  biological  control  of  agricultural  pests  on 
various  scales;  they  are  likely  to  influence  the  growth,  characteristics,  and  geographic 
distribution  of  plants,  insect  pests  and  their  natural  enemies.  In  turn,  these  effects  are  likely  to 
influence  the  ability  of  natural  enemies  to  suppress  pest  populations  in  agroecosystems.  Results 
from  two  studies  are  used  to  show  how  elevated  atmospheric  CO2  level  effects  complex  trophic 
interactions,  and  the  effect  of  global  warming  on  the  geographic  distribution  of  congeneric 
predators. 

Results/Conclusion:  Results  show  that  bean  plants  had  an  accelerated  growth,  larger  leaf  area, 
and  lower  N/C  ratio  under  elevated  CO2  conditions.  These  changes  in  plant  properties  negatively 
affected  the  survival  and  development  of  Helicoverpa  armigera  larvae  and  their  omnivorous 
pentatomid  predator  ( Oechalia  schellenbergiii).  However,  the  extended  development  of  H. 
armigera  larval  under  elevated  CO2  conditions  also  made  the  pest  more  vulnerable  to  predation. 

In  a  different  system,  historical  records  show  changes  in  Orius  (Heteroptera:  Anthocoridae) 
species  assemblage  and  individual  morphometric  traits  over  the  past  seven  decades  in  Israel. 
These  changes  are  likely  the  result  of  a  2. 1°C  increase  in  mean  daily  temperature  over  the  past  25 
years  because  similar  morphometric  differences  were  found  across  seasonal  and  geographic 
climatic  gradients.  As  a  result,  the  relative  abundance  of  Orius  albidipennis ,  a  desert-adapted 
species,  increased  6  fold  while  that  of  Orius  laevigatus  decreased  in  recent  decades  10-15  fold. 

These  results  demonstrate  the  idiosyncratic,  complex  and  species-specific  nature  of  pests  and 
natural  enemy  reaction  to  direct  and  indirect  effects  of  climate  changes  on  agroecosystems. 
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The  island  of  Ireland  lies  on  the  westernmost  fringes  of  Europe.  Ireland's  nearest  neighbor,  Great 
Britain  (GB),  is  also  an  island  so  it  is  doubly  protected  by  sea  barriers  from  mainland  Europe. 
Although  without  the  unique  endemic  fauna  of  Australia  and  New  Zealand,  Ireland’s  island 
status  and  geographical  location  should  make  it,  like  its  antipodean  counterparts,  a  good  model 
for  preventing  incursion  of  invasive  pest  species.  Furthermore,  the  Irish  potato  famine  (1845- 
1848)  represented  one  of  the  defining  outbreaks  in  the  historical  development  of  plant  health 
legislation,  with  socio-economic  influences  to  this  day.  Northern  Ireland  and  the  Republic  of 
Ireland  are  separate  jurisdictions,  but  operate  under  European  Union  plant  health  legislation, 
maintaining  protected  zone  status  for  species  often  present  in  GB.  Horizon- scanning  and,  in 
particular,  the  presence  of  invasive  species  in  GB,  provide  an  early-warning  system  for  potential 
problems  in  Ireland.  Examples  of  this  progressive  invasion  include  varroa  mites  ( Varroa 
destructor ),  harlequin  ladybirds  ( Harmonia  ctxyridis ),  chestnut  leafminer  ( Cameraria  ohridella ) 
and  spotted  wing  drosophila  ( Drosophila  suzukii).  An  example  of  a  successful  intervention  is 
related  to  the  bluetongue  virus  disease  of  livestock,  which  is  transmitted  by  Culicoides  midges 
and  was  prevented  from  establishing  in  Ireland  due  to  increased  surveillance  following  outbreaks 
in  GB. 
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Introduction:  Among  species  of  whiteflies  important  on  a  global  scale,  Bemisia  tabaci  Gennadius 
(Hemiptera:  Aleyrodidae)  is  by  far  the  most  problematic  in  agriculture.  The  status  of  B.  tabaci  as 
a  challenging  global  pest  problem  resulted  in  part  because  of  its  role  as  a  vector  of  numerous 
plant  viruses,  and  because  it  is  adaptive  to  abiotic  and  biotic  environmental  components.  It  is 
well  recognized  that  global  climate  change  can  impact  plants  and  animals.  A  study  was 
conducted  on  the  impacts  of  climate  change  on  selected  life  history  and  ecology  parameters  of  B. 
tabaci  (B-biotype  =  Middle  East-Asia  Minor  1). 


Methods:  Laboratory  and  field  data  were  collected  on  whitefly  performance.  A  multi- 
generational  approach  was  used  to  examine  direct  impacts  on  life  history  of  varying  levels  of 
temperature  and  CO2.  Different  populations  of  the  whitefly  were  established  under  cool, 
moderate  and  warm  temperatures,  and  these  were  followed  in  the  laboratory  and  in  field 
experiments. 

Results/Conclusion:  Elevated  temperature  was  very  important  to  whitefly  performance  (size, 
survival,  development  and  reproduction),  but  there  was  relatively  little  effect  from  elevated  CO2. 
The  field  performance  of  different  populations  of  B.  tabaci  resulted  in  varying  degrees  of 
survival  during  the  winter  months.  Host  plant  quality  under  the  climate  change  scenarios  had 
little  impact  on  whitefly  performance.  Data  describing  how  B.  tabaci  communities  will  respond 
to  changing  climate  are  essential  for  understanding  its  overwintering  range,  help  in  the 
development  of  effective  whitefly  management  and  contribute  to  the  general  understanding  of 
how  insects  respond  to  climate  change. 
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Improving  access  to  agricultural  technology  is  one  way  to  increase  global  crop  production  to 
meet  the  rapidly  increasing  demands  of  a  growing  population.  Widespread  adoption  of  advanced 
agriculture  technology  will  play  an  important  role  in  increasing  crop  productivity,  but  this 
transition  to  intensive  of  production  could  also  have  indirect  environmental  and  societal  costs 
that  affect  long-term  sustainability.  Meeting  these  new  productivity  goals  for  a  growing 
population  will  likely  increase  the  adoption  of  technology  based  solutions  (e.g.,  pesticides, 
herbicides,  nutrients)  that  improve  yields.  Despite  a  growing  interest  to  intensify  agricultural 
production,  very  little  information  exists  about  the  effect  of  agricultural  intensification  on  pests. 


We  present  one  example  of  an  indirect  cost  of  agricultural  intensification  that  compared  cotton 
production  intensity  and  elevated  levels  of  insecticide  resistance  in  a  major  insect  pest,  tobacco 
thrips  ( Frankliniella  fusca  Hinds).  We  also  found  that  emerging  insecticide  resistance  in  F.  fusca 
had  caused  an  increased  dependence  on  prophylactic  pesticide  use,  a  process  that  will  likely  have 
unequal  impacts  where  cotton  is  produced  intensively.  Similar  patterns  of  crop-specific 
intensification  are  to  likely  occur  worldwide,  and  application  of  crop  protection  technology  will 
be  necessary  to  meet  demand.  Anticipating  farmer  decisions  to  intensify  production  of  specific 
crops  will  be  a  critical  challenge  for  efforts  to  minimize  direct  and  indirect  costs  of  future 
agriculture.  Tradeoffs  of  farmland  intensification  and  the  insecticides  used  in  those  areas  should 
be  considered  in  the  design  of  agriculture  policy  that  is  focused  on  rapid  productivity 
improvements. 
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Plants  produce  compounds  that  are  harmful  to  a  wide  range  of  attackers,  including  insect  pests. 
The  exploitation  of  a  natural  defense  system  of  plants  can  be  the  key  for  the  development  of  pest 
resistant  crops  which  can  be  an  alternative  to  the  application  of  chemical  pesticides  in  pest 
control.  Interestingly,  some  plants  possess  a  unique  first  line  of  defense  that  eliminates  the 
herbivore  before  the  crop  feeding  stage:  egg-killing.  Insect  eggs  can  trigger  1.)  direct  defenses, 
mostly  including  cell  growth  or  cell  death  that  lead  to  egg  desiccation,  or  2.)  indirect  defenses, 
chemical  cues  recruiting  natural  enemies  that  kill  the  egg.  The  consequences  of  plant  defense 
against  eggs  are  that  insect  larvae  do  not  hatch,  and  damage  to  the  plant  is  kept  to  a  minimum. 
Here  I  provide  an  overview  on  the  ubiquity  and  evolutionary  history  of  egg-killing  traits  within 
the  plant  kingdom.  Making  use  of  egg-killing  defense  traits  in  crops  is  a  promising  new  way  to 
sustainably  reduce  losses  of  crop  yield.  I  also  provide  suggestions  for  new  breeding  strategies  to 
grow  egg-killing  crops  from  a  biological  control  perspective. 
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Abstract  text: 

The  development  of  insect  resistance  to  Bt  crops  is  a  serious  threat  to  the  durability  of  these 
technologies.  Appropriate  use  of  integrated  strategies  is  key  to  managing  Diabrotica  virgifera 
virgifera  (CRW)  resistance.  Employing  cultural  and  chemical  controls,  along  with  scouting,  is  an 
important  aspect  of  managing  CRW  resistance  and  protecting  the  durability  of  the  traits. 
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Abstract  text: 

Introduction:  One  of  the  major  challenges  in  attending  a  Latin  American  University  has  been  to 
integrate  what  we  perform  in  the  field  in  our  countries  to  what  we  can  develop  in  1st  world 
countries.  During  my  studies,  I  focused  on  the  induced  responses  in  plants  to  consumers  that  feed 
on  the  same  plant  tissue.  These  studies  are  important  because  little  is  known  about  the  allocation 
of  plant-induced  responses  to  structures  such  a  flowers,  seeds  and  fruits. 

Methods:  For  this  reason,  I  explored  the  potential  scenarios  of  different  types  of  damages  and 
fruit  stages  and  how  they  can  affect  the  abundance  and  the  performance  of  herbivores  that  attack 
the  plant  later  in  the  season.  Parallel  to  this,  I  explored  the  different  physiological  states  of 
different  stages  of  fruits  on  the  oviposition  preference  of  fruit  predators  in  two  different  systems. 

Results/Conclusions:  Surprisingly,  I  found  that,  first,  seeds  that  are  induced  by  herbivores  early 
in  the  season  show  less  infestation  than  control  plants;  this  was  also  supported  by  the 
performance  experiments  done  in  the  lab.  However,  when  I  analyzed  the  levels  of  cyanogenic 
compounds,  I  found  that  control  plants  had  a  higher  concentration  than  plants  damaged  earlier. 
These  results  provide  evidence  for  the  effects  of  early-season  herbivory  on  late-season 
herbivores,  even  if  they  feed  on  different  tissues  in  the  same  plant. 
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Introduction:  The  southern  green  stink  bug,  Nezara  viridula  L.  is  a  pest  of  high-value  cash  crops 
worldwide,  and  an  invasive  pest  in  the  United  States.  Understanding  the  biology  and  ecology  of 
this  pest  is  critical  to  improved  management  tactics  to  mitigate  losses. 

Methods:  The  extant  literature  and  recent  research  findings  were  reviewed  to  provide  an  updated 
assessment  on  the  pest  status  of  N.  viridula. 

Results/Conclusions:  Nezara  viridula  continues  to  be  detected  in  new  localities.  Global  warming 
is  suggested  as  a  contributing  factor  to  this  wider  distribution.  Host  plant  records  reveal 
exploitation  of  148  plant  taxa  by  N.  viridula ,  including  cash  crops  (and  previously  unreported 
wild  hosts),  which  enable  the  species  to  subsist  in  the  absence  of  preferred  key  crops  and  during 
unfavorable  conditions.  Management  methods  and  limitations  are  discussed. 
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Introduction:  Invasive  species  cause  billions  of  dollars  of  economic  and  environmental  damage 
annually.  Globalization  and  climate  change  are  both  responsible  for  rapid  changes  in  species 
distributions,  with  impacts  on  all  aspects  of  human  society,  including  food,  disease,  sustainable 
development,  and  conservation  biology,  among  others. 

Methods:  Clearly,  managing  importation  of  invasive  species  is  effective,  but  limited  by  both 
expense  biology.  Many  questions  remain,  including:  1.)  Can  distributions  and  impacts  of 
invasive  species  be  predicted  using  climate  modeling  approaches  for  single  species?  2.)  Is  post¬ 
introduction  control  possible,  and  for  what  kinds  of  species  and  using  which  methods?  3.)  What 
are  the  promises  and  implications  of  novel  control  strategies,  such  as  gene-drive,  for 


international  cooperation  in  managing  invasive  species?  4.)  What  are  the  consequences  of 
globalization  and  climate  change  for  biodiversity? 

Results/Conclusion:  Here,  I  highlight  these  challenges  and  solutions  with  a  series  of  case  studies, 
including  sap-feeding  glassywinged  sharpshooters  and  Bemisia  whiteflies,  Tephritid  fruitlies, 
pollinators,  and  Aedes  mosquitoes. 
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Abstract  text: 

Introduction:  Honey  bees  ( Apis  mellifera)  are  facing  intensifying  challenges  from  a  combination 
of  multiple  environmental  and  biological  factors.  While  the  interactions  between  all  these  factors 
are  still  not  well  understood,  it  is  known  that  populations  of  managed  honey  bees  in  many 
regions  of  the  United  States  are  decreasing.  Pest  and  pathogen  pressures  are  some  of  the  key 
drivers  implicated  in  these  declines.  In  the  U.S.,  relatively  recent  introductions  of  serious  pests 
such  as  tracheal  mites  ( Acarapis  woodi ),  small  hive  beetles  ( Aethina  tumida ),  and  varroa  mites 
( Varroa  destructor)  have  contributed  to  unprecedented  colony  losses.  Of  these,  the  varroa  mite 
poses  especially  significant  challenges  to  recommended  integrated  pest  management  techniques 
(IPM)  because  not  all  the  levels  of  control  exist  for  this  damaging  pest. 

Methods:  Various  IPM  control  methods  (i.e.,  cultural,  physical/mechanical,  biological,  and 
“soft”  chemical)  were  tested  in  established  honey  bee  colonies  in  central  Texas.  Queens  were 
caged  to  break  the  brood  cycle,  potentially  negatively  affecting  varroa  reproduction.  In  addition, 
the  efficacies  of  powdered  sugar  dustings,  the  predatory  mite  Stratiolaelaps  scimitus ,  and  thymol 
treatments  were  assessed  during  spring  and  fall  by  performing  pre-  and  post-treatment  measures 
of  Varroa  levels  through  24-hour  sticky  board  and  powder  sugar  shake  counts. 


Results/Conclusion:  Preliminary  results  showed  that  using  these  IPM  tactics  as  an  alternative  to 
reliance  on  “hard”  or  synthetic  chemical  control  may  reduce,  though  not  eliminate,  varroa  mite 
loads  in  managed  honey  bee  colonies.  More  work  is  needed  to  provide  a  less  toxic  and  more 
comprehensive  IPM  plan  for  varroa  control  in  managed  honey  bees. 
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Introduction:  The  Texas  Apiary  Inspection  Service  (TAIS),  at  the  request  of  the  apiary  industry, 
developed  a  port  trapping  program  in  the  fall  of  2015  to  monitor  for  novel  pests  and  unwanted 
exotic  species  of  honey  bees. 

Methods:  Honey  bee  swarm  traps  were  set  and  baited  with  swarm  pheromone  lures  at  3  deep 
water  ports  in  Texas:  Port  of  Beaumont,  Port  of  Corpus  Christi,  and  Port  of  Brownsville.  The 
traps  were  monitored  on  a  21 -day  cycle  and  any  swarms  were  collected  for  analysis.  At  the  same 
time  a  diagnostic  lab  was  created  to  examine  the  collected  samples.  The  lab  analyzes  the  samples 
for  Tropilaelaps  clareae  and  the  Asian  honey  bee  ( Apis  cerana).  As  of  December  2015,  no 
swarms  have  been  captured.  However,  the  traps  will  remain  in  place  through  the  next  swarm 
season. 

Results/Conclusions:  In  conjunction  with  the  swarm  trapping  project  an  alert  system  has  been 
developed  through  a  partnership  between  TAIS  and  the  Texas  Beekeepers  Association.  This 
system  will  allow  TAIS  to  quickly  disseminate  information  to  beekeepers  in  areas  where  exotic 
pests  or  unwanted  honey  bee  species  are  detected. 
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Abstract  text: 

Mutualistic  microorganisms  play  a  key  role  for  nutrition  or  pathogen  defense  in  many  animals.  A 
group  of  solitary  digger  wasps,  the  “beewolves”,  engage  in  a  unique  protective  symbiosis  with 
Streptomyces  bacteria  that  they  cultivate  in  specialized  glands  in  their  antennae  and  transfer  to 
the  larval  cocoon.  Within  the  first  two  weeks  after  cocoon-spinning  by  the  beewolf  larva,  the 
symbionts  produce  a  complex  cocktail  of  antimicrobial  compounds,  thereby  efficiently 
protecting  the  larva  against  fungal  and  bacterial  pathogens  during  the  long  period  of  hibernation 
in  the  cocoon.  Phylogenetic  analyses  of  hosts  and  symbionts  indicate  that  the  symbiosis  had 
already  evolved  in  the  Cretaceous.  Interestingly,  the  host’s  immune  defenses  not  only  maintain 
specificity  in  the  symbiotic  association  but  also  affect  the  symbiont’s  genome  evolution,  which  is 
reflected  in  an  accumulation  of  frameshift  mutations  that  are  indicative  of  ongoing  genome 
erosion  and  increasing  dependence  on  the  host.  The  beewolf  symbiosis  demonstrates  that 
animals  can  employ  a  strategy  comparable  to  the  combination  treatment  used  in  human  medicine 
to  successfully  fend  off  a  broad  range  of  detrimental  microorganisms  and  to  prevent  the 
evolution  of  resistant  pathogens.  Furthermore,  recent  insights  into  a  taxonomically  completely 
different  symbiosis  between  tenebrionid  beetles  and  proteobacterial  symbionts  reveal  that  the 
beewolf  symbiosis  is  exemplary  for  a  broader  range  of  defensive  associations  that  protect 
immature  life  stages  of  arthropods  against  pathogenic  microbes. 
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Most  insects  harbour  symbiotic  bacteria  that  are  transmitted  from  mothers  to  offspring,  often  in 
the  egg  cytoplasm.  These  inherited  bacteria  play  important  and  diverse  roles  in  the  ecology  and 
evolution  of  their  hosts.  A  recent  exciting  development  in  the  study  of  inherited  bacteria  is  the 
realization  that  many  have  evolved  to  protect  their  hosts  from  a  wide  range  of  natural  enemies, 
including  viruses,  parasitoid  wasps,  and  pathogenic  fungi.  One  of  the  best  examples  of  defensive 
symbiosis  operating  in  nature  occurs  in  the  woodland  fly,  Drosophila  neotestacea ,  which 
harbours  a  strain  of  the  bacterial  symbiont  Spiroplasma  that  protects  it  against  a  virulent 
sterilizing  parasitic  nematode.  Symbiont-free  flies  are  rendered  sterile  by  nematode  infection, 
while  fertility  is  fully  restored  in  flies  that  harbour  symbionts.  Because  nematode  infections  are 
highly  prevalent,  and  because  the  benefit  conferred  by  Spiroplasma  symbionts  is  so  great, 
symbiont-infected  flies  are  at  a  selective  advantage  over  their  uninfected  counterparts  and  are 
spreading  across  North  America.  Our  recent  work  has  examined  the  mechanism  of  protection,  of 
which  little  is  known  in  defensive  symbioses  in  general.  We  find  no  evidence  that  Spiroplasma 
alters  the  fly  immune  response  to  combat  nematodes;  indeed,  the  Drosophila  immune  system  is 
largely  silent  to  the  presence  of  Spiroplasma.  Instead,  we  find  that  Spiroplasma  expresses  a 
ribosome-inactivating  protein,  related  to  Shiga  toxins,  and  that  nematode  ribosomes  show  a 
strong  signal  of  toxin-mediated  attack. 
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Aphids  have  emerged  as  important  models  of  defensive  symbiosis.  Individual  pea  aphids,  for 
example,  often  harbor  one  or  more  of  up  to  seven  heritable  facultative  symbionts.  Each  of  these 
is  known  or  suspected  to  play  roles  in  defence  against  either  fungal  pathogens  or  parasitic  wasps. 
The  bacterial  symbiont,  Hamiltonella  defensa,  for  example,  confers  protection  against  this 
aphid’s  dominant  parasitoid,  Aphidius  ervi ,  by  causing  mortality  to  developing  embryos  or 
larvae.  However,  symbiont-based  protection  only  occurs  when  the  bacterial  symbiont  is  itself 
infected  with  toxin-encoding  bacteriophages  called  APSEs.  Moreover,  levels  of  protection  and 
the  timing  of  wasp  mortality  correlate  strongly  with  APSE  strain.  APSE  phages  play  other 
important  roles  in  the  regulation  of  the  defensive  symbiosis,  which  can  influence  symbiont 
maintenance  in  natural  populations.  Recent  work  examines  the  diversity  of  H.  defensa  and 
APSE  strains  in  natural  populations,  shows  that  H.  defensa! APSE  specificity  to  particular 
enemies  may  influence  the  composition  of  natural  enemies  attacking  the  aphid,  and  investigates 
how  co-infection  with  other  defensive  symbionts,  which  is  common  in  nature,  influences  the 
protective  phenotype  and  aphid  performance. 
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Bumblebees  have  been  shown  to  harbor  a  socially  transmitted,  specific,  relatively  simple,  and 
experimentally  tractable  bacterial  microbiota  in  their  gut.  Previously,  a  strong  impact  of  the  gut 
microbiota  on  pathogen  susceptibility  has  been  suggested,  but  potential  mechanisms  remain 
poorly  understood.  I  here  hypothesize  that  the  gut  bacteria  may  be  important  in  converting  plant 


secondary  compounds  in  the  bee  diet,  thereby  changing  their  biological  activity  and 
consequently  altering  the  infection  success  of  intestinal  parasites.  The  pollen  diet  of  bumblebees 
is  rich  in  a  range  of  flavonoid  glycosides.  I  present  experimental  evidence  that  the  gut  microbiota 
play  an  important  role  in  converting  flavonoid  glycosides  into  the  corresponding  aglycones, 
thereby  increasing  the  biological  activity  of  these  secondary  compounds.  Effects  on  the  infection 
success  of  the  gut  parasite  Crithidia  bombi  in  Bombus  terrestris  will  be  presented. 
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Several  strains  in  the  bacterial  genus  Spiroplasma  (Mollicutes)  confer  protection  to  their  insect 
hosts  against  natural  enemies,  including  parasitic  wasps,  nematodes,  and  fungi.  The  mechanistic 
basis  for  this  protection  remains  elusive  and  may  involve:  enhanced  host-encoded  immune 
response;  presence  of  a  Spiroplasma-Q ncoded  substance  that  is  toxic  to  the  natural  enemy;  and/or 
reduced  availability  of  a  resource  required  by  the  natural  enemy.  We  used  a  transcriptomic 
(RNA-seq)  approach  to  investigate  whether  the  expression  of  genes  from  Drosophila , 
Spiroplasma ,  and  parasitic  wasps  (one  susceptible  and  one  resistant  to  Spiroplasma)  is  altered 
during  the  interaction  in  a  manner  that  provides  insight  into  the  Spiroplasma- mediated  wasp¬ 
killing  mechanism. 
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Wolbachia  is  a  naturally  occurring  endosymbiont  of  insects  that  has  recently  been  introduced 
into  several  mosquito  vectors  for  the  purposes  of  biocontrol.  Wolbachia- infected  Aedes  aegypti, 
the  primary  vector  of  dengue  virus,  are  being  released  in  several  sites  around  the  globe  with  high 
dengue  transmission  to  seed  wild  populations  with  the  bacterium.  In  the  laboratory,  Wolbachia 
prevents  the  replication  of  a  wide  range  of  pathogens,  including  dengue  virus.  The  mode  of 
action  of  Wolbachia  is  not  well  understood  but  may  involve  nutrient  competition  and  aspects  of 
the  insect’s  immune  response.  We  have  taken  a  two-pronged  approach  to  understand 
blocking.  First,  we  used  breeding  designs  to  examine  natural  genetic  variation  for  blocking  and 
then  assessed  family-based  differences  using  RNAseq  analysis.  Second,  we  took  a  systematic 
approach  using  RNAi  to  assess  the  role  of  innate  immunity  in  Wolbachia-mQdmtQd  antiviral 
effects  in  mosquito  cells  and  in  the  whole  organism.  We  will  discuss  our  findings  of  candidate 
genes/pathways  in  the  insect  that  are  involved  in  blocking,  and  we  will  dissect  the  relative 
contribution  of  each  of  the  innate  immune  pathways  to  the  trait. 
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Development  of  the  endosymbiotic  bacterium  Wolbachia  to  reduce  the  ability  of  mosquitoes  to 
transmit  diseases,  including  dengue  and  malaria,  would  require  the  establishment  of  a  stable 
symbiosis  in  the  target  mosquito  vectors.  This  process  is  always  associated  with  boosting  innate 
immunity  in  mosquitoes.  However,  linkages  between  symbiosis  formation  and  this  induced 
innate  immunity  were  unclear.  Here,  we  used  transgenic  mosquitoes  with  stage-specific 
induction  of  the  IMD  and  Toll  pathways  to  study  the  impact  of  host  immunity  on  Wolbachia 
density  and  the  abundance  of  microbiota  in  these  mosquitoes.  In  this  study,  we  report  that  this 
boosting  immunity  functions  to  promote  Wolbachia  growth  in  mosquitoes  and  that  symbiosis  is 
fostered  by  a  positive  feedback  loop  among  Wolbachia ,  host  innate  immunity  and  antioxidants. 
These  results  indicate  that  the  host  innate  immunity  is  utilized  to  establish  and  promote  host- 
microbial  symbiosis.  Our  results  will  facilitate  a  long-term  projection  of  the  stability  of  the 
Wolbachia-Aedes  aegypti  mosquito  system  that  is  being  used  in  the  control  of  Aedes  mosquitoes 
and  dengue. 
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Satyrization  is  a  form  of  asymmetric  mating  interference  recently  established  to  be  the  probable 
cause  of  competitive  displacements  of  invasive  mosquito  species,  especially  of  Aedes 
aegypti  by  Aedes  albopictus,  two  important  vectors  of  dengue  and  chikungunya  viruses.  Models 
confirm  that  low  levels  of  asymmetric  mating  interference  are  capable  of  producing  competitive 
displacements  or  reductions.  Infertile  couplings  of  virgin  Ae.  aegypti  females  with  Ae. 
albopictus  males  effectively  sterilize  these  females  through  the  monogamizing  actions  of  male 
accessory  gland  products,  but  the  converse  interspecific  mating  does  not  impact  the  future 
reproduction  of  Ae.  albopictus  females.  Understanding  the  competitive  interactions  that  influence 
the  distribution  and  abundance  patterns  of  these  two  species  is  not  only  of  general  ecological 
interest,  it  is  also  important  because  of  the  associated  profound  epidemiological  implications. 
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Introduction:  Individuals  of  different  species  mate  in  nature,  but  such  behavior  is  seldom 
adaptive.  When  interspecific  mating  is  costly  to  one  or  both  species,  it  is  called  reproductive 
interference  (RI).  We  tested  causes  and  evolutionary  consequences  of  RI  with  two  closely- 
related  insect  species:  Anasa  tristis  and  A.  andresii.  In  North  Florida,  where  the  two  species  are 
secondarily  sympatric,  males  of  the  smaller  species  (A.  andresii )  copulate  with  larger  female  A. 
tristis  in  the  field. 

Methods:  1)  With  laboratory  choice  tests,  we  evaluated  whether  RI  between  these  species  is 
driven  by  male  preference  for  large  female  body  size.  2)  We  compared  fecundity  and 
reproductive  success  between  female  A.  tristis  paired  with  con-  or  heterospecific  males.  3)  With 
no-choice  laboratory  tests,  we  compared  receptivity  of  female  A.  tristis  from  populations  that  are 
secondarily  sympatric  and  allopatric  with  A.  andresii. 

Results/Conclusion:  1)  Copulations  are  driven  by  male  preference  for  larger  female  body  size, 
but  also  by  female  receptivity;  females  in  these  species  control  whether  copulations  occur.  2) 
Female  A.  tristis  paired  with  heterospecifics  produce  many  fewer  offspring  than  do  females 
paired  with  conspecifics.  3)  We  found  no  evidence  of  reinforcement:  females  from  both 
populations  were  equally  likely  to  mate  with  heterospecifics.  Our  findings  suggest  reproductive 
barriers  between  these  species  existed  before  they  came  into  secondary  sympatry.  We  suggest 
reproductive  barriers  between  these  species  existed  before  they  came  into  secondary  sympatry, 
and  multiple  mating  and  postcopulatory  mate  choice  may  reduce  costs  of  RI  for  females. 
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Introduction:  In  many  species,  females  can  utilize  conspecific  sperm  for  fertilization  even 
though  they  mate  with  heterospecific  as  well  as  conspecific  males  (i.e.,  conspecific  sperm 
precedence).  This  mechanism  should  allow  females  to  ameliorate  the  cost  of  hybridization  and 
promote  species  coexistence.  However,  if  reproductive  interference  without  hybridization  incurs 
fitness  cost,  conspecific  sperm  precedence  might  not  contribute  to  harmonious  coexistence 
between  the  interacting  species. 

Methods:  In  this  study,  I  tested  this  hypothesis  by  using  the  two  Harmonia  ladybird  species  that 
utilize  different  food  source  and  habitat  in  nature. 

Results/Conclusion:  In  both  H.  axyridis  and  H.  yedoensis  females  have  the  mechanism  of 
conspecific  sperm  precedence.  However,  mating  opportunity  in  H.  yedoensis  strongly  decreased 
in  the  presence  of  H.  axyridis ,  possibly  due  to  mating  preference  in  males  and  females.  This 
means  that  conspecific  sperm  precedence  does  not  work  as  a  barrier  against  reproductive 
interference  that  might  have  caused  niche  partitioning.  This  study  indicates  the  importance  of 
quantifying  the  cost  of  mating  interactions  even  if  hybridization  does  not  occur  between  species. 
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Introduction:  The  sterile  insect  technique  (SIT)  has  been  successfully  implemented  against  many 
insect  pests.  The  success  of  SIT  against  destructive  pest  species  relies  on  the  mating  success  of 
sterile  males  in  the  field.  However,  available  information  to  monitor  the  progress  of  the  SIT  does 
not  show  the  effectiveness  of  sterile  males  in  mating  with  wild  females.  This  is  because  the  most 
commonly  used  method  to  measure  the  efficacy  of  SIT  is  an  indirect  method  based  on  body 
marking  by  using  a  florescent  powder  dye.  To  resolve  this  issue,  we  need  to  directly  measure  the 
actual  number  of  wild  females  that  mated  with  the  sterile  males. 

Methods:  The  West  Indian  sweetpotato  weevil  Euscepes  postfasciatus  is  a  major  pest  of  sweet 
potato.  Although  recent  studies  show  that  a  molecular  marker  is  available  to  detect  the  target 
sterile  sperm  in  the  Mediterranean  fruit  fly,  no  such  genetic  variation  has  been  identified  in  E. 
postfasciatus.  By  using  inductively  coupled  plasma  mass  spectrometry  (ICP-MS),  we  verified 
whether  a  trace  element  in  male  semen  is  transferred  to  inseminated  females  in  E.  postfasciatus. 


Results/Conclusion:  Our  results  show  that  a  trace  element  rubidium  (Rb)  in  the  semen  of  males 
after  emergence  that  was  fed  as  an  Rb-containing  artificial  diet  is  present  in  the  body  of 
inseminated  females.  Thus,  supplementing  sterile  males  with  an  Rb-containing  diet  is  able  to 
show  the  actual  number  of  females  that  mated  with  the  sterile  males  in  SIT,  without  using  a 
molecular  marker. 


Symposium 

Presentation  Title:  Suppression  and  eradication  of  invasive  pest  species  using  reproductive 
interference  with  congeneric  sterilized  species 

Author  Name:  Atsushi  Honma 

Author  Institution:  Ryukyu  Sankei  Co.,  Ltd 

Session  Title:  Symposium:  Reproductive  Interference  and  its  Applications 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1191 
DOI:  10. 1603/ICE.2016. 108800 
Abstract  text: 

Introduction:  The  sterile  insect  technique  (SIT)  is  one  of  the  most  effective  methods  for  area¬ 
wide  population  suppression  and  eradication  of  insect  pests.  However,  pest  control  programs 
involving  the  technique  require  high  cost  for  mass-rearing,  sterilizing  and  releasing  the  sterilized 
insects.  Moreover,  the  program  has  to  be  continued  even  after  eradication  of  the  target  species  if 
the  risk  of  reinvasion  is  high.  Partly  because  of  these,  it  is  difficult  to  apply  this  technique  to 
broad  range  of  insect  pests. 

Since  the  mechanism  of  reproductive  interference,  closely  related  species  reduce  the  population 
growth  of  its  interacting  species,  is  common  to  that  of  the  SIT,  SIT  might  be  applicable  to 
suppression  and  eradication  of  closely  related  species  through  reproductive  interference. 

Method:  To  examine  the  feasibility  of  this  idea  we  constructed  a  simulation  model  based  on  a 
two  species  competition  dynamics  model  including  reproductive  interference.  The  effect  of  (1) 
the  intensity  of  reproductive  interference  between  sterilized  and  target  species  and  (2)  the 
number  of  sterilized  insects  released,  on  suppressing  and  eradicating  a  pest  species  was  verified. 


Results/Conclusion:  The  outcome  depends  strongly  on  the  number  of  released  sterilized  insects 
because  of  the  frequency-dependent  nature  of  reproductive  interference.  The  model  also  predicts 
that  if  reasonably  large  numbers  of  sterilized  insects  are  released,  the  target  species  can  be 
eradicated  even  though  reproductive  interference  between  the  species  is  very  weak. 

Based  on  these  results,  we  discuss  possible  applications  of  this  technique  for  area-wide  pest 
controlling  programs. 
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Introduction:  Project  PREMONITION  aims  to  surveil  known  and  novel  zoonotic  agents  via  low- 
cost  high-throughput  collection  and  analysis  of  wild-caught  mosquitoes.  Pathogen  surveillance 
through  mosquitoes  is  traditionally  a  low-throughput  high-cost  activity  due  to  the  labor  required 
to  deploy  and  process  traps.  Unmanned  Aerial  Vehicles  (UAVs)  can  change  this  by  enabling 
low-cost  autonomous  deployment  in  urban  and  rural  environments;  UAVs  are  pillar  of  the 
Project  PREMONITION  system.  This  is  a  join-effort  between  Microsoft  Research,  Johns 
Hopkins  University,  University  of  Pittsburgh,  Vanderbilt  University,  University  of  California 
Riverside,  and  University  of  Kansas.  Methods:  Project  PREMONITION  is  a  system  that:  (1) 
autonomously  obtains  blood  samples  from  animal  populations  via  UAV-deployed  robotic 
mosquito  traps,  (2)  applies  high-throughput  gene  sequencing  (NGS)  to  convert  samples  into 
metagenomic  data,  and  then  (3)  uses  cloud-scale  computational  genomics  to  extract  potential 
threats.  This  system  exploits  commodity  UAVs,  low-cost  embedded  systems,  and  NGS  platforms 
to  obtain  nucleic  acids  from  the  environment  and  reduce  pathogen  detection  to  computational 
problems.  The  system  is  inherently  broad  spectrum  and  its  data  sets  can  be  analyzed  for  known 
and  unknown  pathogens.  Results/Conclusion:  From  societal  and  regulatory  perspectives,  UAV- 


based  deployment  must  be  safe  and  robust.  Project  PREMONITION  utilizes  many  decades  of 
research  from  Microsoft  Research  in  secure  operating  systems,  software  validation,  and 
programming  languages  to  build  UAVs  that  are  safe  and  robust.  For  scalability  UAVs  must 
autonomously  make  decisions,  such  as  deciding  where  to  place  a  mosquito  trap.  This  is  achieved 
by  UAV  video  capture  of  habitat,  and  then  applying  machine  vision  and  machine  learning  to 
construct  generalized  mosquito-hotspot  classifiers. 
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Introduction:  In  1930,  Rutgers  University  made  the  first  aerial  spray  application  for  mosquito 
control.  Aerial  delivery  of  furnace  oil  at  8  gal/ac  was  ridiculed  as  ipie-in-the-sky,\  but  by  1947  a 
million  acres  were  being  treated  annually  via  aircraft.  Today  we  stand  at  the  edge  of  another 
technological  revolution  with  transformational  promise  for  mosquito  control:  unmanned  aerial 
vehicles  (UAVs).  Increasingly  challenged  to  diminish  pesticide  use,  UAVs  offer  the  potential  to 
reduce  broadcast  in  favor  of  targeted  applications,  i.e.  precision  mosquito  control,  at  a  lower  cost 
than  conventional  aircraft. 

Methods:  We  have  constructed  multiple  autonomous  UAVs  fitted  with  custom  built  units  to 
perform  many  of  the  functions  required  in  mosquito  control  such  as  larviciding,  adulticiding, 
habitat  surveillance,  specimen  collection  and  precision  mapping.  Each  unit  was  tested  under 
field  conditions  to  determine  its  efficacy  and  applicability  in  routine  mosquito  control 
operations. 

Results/Conclusion:  We  present  the  results  and  video  demonstrations  from  those  trials.  Given  the 
limits  of  current  UAV  technology,  namely  payload  capacity  and  battery  life,  full-scale  aircraft 
are  still  preferred  for  most  mosquito  control  applications.  However,  UAVs  are  more  capable  in 
certain  niches  such  as  highly  urbanized  areas  with  obstacles  to  flight  paths  or  small  plot 


treatments.  UAVs  also  offer  the  advantage  of  being  easy  to  fly,  low  maintenance  and 
inexpensive;  adding  aerial  capability  to  any  size  budget.  While  full  scale  aircraft  will  continue  to 
serve  a  crucial  role,  UAVs  will  be  adopted  to  expand  the  capabilities  of  modern  mosquito  control 
programs. 
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Abstract  text: 


Recent  advances  in  Unmanned  Aerial  Systems  (UAS)  and  remote  sensors  has  advanced  the 
interest  in  applying  these  technologies  to  managing  insects  in  agricultural  systems.  Changes  in 
regulations  governing  the  use  of  UAS  in  agriculture  will  undoubtedly  continue  to  lead  to  their 
increased  use  as  scouting  tools  in  agriculture.  There  are  currently  few  data-based  assessments  of 
insect  populations  in  cropping  systems.  Current  research  does,  however,  hold  significant 
promise  for  the  use  of  UAS-based  remotely  sensed  data  in  insect  management  decisions.  We  will 
present  some  of  our  ongoing  research  in  several  example  crops  to  discuss  the  role  and  potential 
of  UAS  as  a  platform  for  remotely  sensing  insect  damage. 
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Abstract  text: 

Introduction:  Remote  Piloted  Aircraft  (RPA)  or  Unmanned  Aerial  Systems  (UAS)  are  rapidly 
changing  the  productivity  associated  with  operational  mosquito  surveillance  and  aerial 
applications.  Utilizing  specifically  developed  imaging  technology  for  mosquito  control 
operations,  multi-spectral  imagery  inclusive  of  geo-referenced  mosaic  images  and  LiDAR  data 
sets,  provide  the  ability  to  easily  identify  potential  breeding  sites  and  design  digital  elevation 
models.  Additionally,  real  time  high  resolution  video  imaging  assists  in  determining  the  presence 
of  mosquito  larvae  while  also  allowing  the  remote  piloted  aircraft  to  apply  larvacides  during  the 
surveillance  operation  at  the  same  time  detection  has  taken  place. 

Methods:  Larvicide  applications  have  been  performed  using  RPAs  in  California.  The  Coachella 
Valley  Mosquito  and  Vector  Control  District  examined  the  efficacy  of  a  larvicide  application 
using  Leading  Edge  Associates’  RPA,  the  PrecisionVision  10®.  The  RPA  aerially  applied  a 
duplex  mix  of  VectoBac  WDG®  and  VectoLex  WDG®  (1:3  mixture)  to  a  10  acre  duck  club. 

Results/Conclusion:  Ten  floating  cages  were  placed  throughout  the  pond,  each  with  25  third- 
instar  Culex  tar  satis  larvae.  After  6  hours,  four  of  the  cages  had  100%  larval  mortality  and, 


unfortunately,  1  cage  in  the  application  area  was  found  to  have  a  hole  allowing  larvae  to  escape. 
After  24  hours,  2  larvae  were  alive  in  the  remaining  5  cages.  Larvae  in  2  control  cages  in  an 
untreated  pond  had  4.5%  mortality  at  24  hours.  Volume  density  was  also  measured  for  the 
application  with  an  average  volume  density  of  0.98  gallons  per  acre,  with  a  range  of  0.04  to  2.83 
gallons  per  acre  during  the  application. 
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Recent  advances  in  genomic  and  post  genomic  technologies  could  help  to  develop  safer  and 
target-specific  novel  pest  management  methods.  Recent  advances  in  genomics  and  proteomics  in 
pest  insects  likely  play  key  roles  in  identification  of  target  sites  for  development  of  next 
generation  pest  management  methods.  Functional  genomics  technologies  including  RNA 
interference  and  genome  editing  will  revolutionize  how  pests  that  attack  our  crops  and  trees  as 
well  as  insects  that  vector  human  and  animal  diseases  will  be  controlled.  I  will  present  a  few 
examples  on  the  applications  of  genomic  and  post-genomic  technologies  to  develop  next 
generation  pest  management  methods.  Exploitation  of  genome  and  transcriptome  sequences  of 
bed  bug,  Cimex  lectularius  to  identify  targets  for  development  of  novel  management  strategies, 
development  of  RNAi-based  methods  to  control  pest  insects  including  Colorado  potato  beetle, 
Leptinotarsa  decemlineata  and  to  fight  insecticide  resistance  in  the  red  flour  beetle,  Tribolium 
castaneum ,  CPB  and  the  bed  bug,  and  the  application  of  dsRNA-carbon  quantum  dots  and  - 
chitosan  nanoparticle  complexes  for  the  control  of  mosquitoe,  Aedes  aegypti,  larvae  will  be 
discussed. 
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As  the  price  of  sequencing  decreases,  the  number  of  genomes  sequenced  increases,  often  in  the 
absence  of  additional  genomic  resources  such  as  genetic  maps.  New  genome  assemblies  are 
often  highly  fragmented  and  lack  validation,  which  can  significantly  impact  downstream 
analysis.  We  have  recently  started  optimizing  optical  restriction  mapping  using  the  irys  platform 
developed  by  BioNano  Genomics  (San  Diego,  CA)  as  an  efficient  and  economical  means  of 
generating  whole  genome  maps  of  arthropods.  Based  on  an  independent  platform,  these  whole 
genome  maps  both  validate  and  extend  the  contiguity  of  new  genome  sequence  assemblies.  BNX 
text  files  that  describe  the  distance  between  restriction  sites  in  a  DNA  molecule  are  visualized  as 
bar  codes.  Comparing  bar  codes  from  in  silco  sequence  assembly  data  and  irys  images  can  be 
used  to  identify  structural  variation  between  strains. 
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Abstract  text: 


Introduction:  RNA  interference  (RNAi)  on  critical  targets  could  serve  as  a  new  insecticidal  tactic 
to  control  insect  pests  and  protect  plants.  The  vitality  of  target  gene  and  mode  of  dsRNA  delivery 
are  main  factors  to  define  the  success  of  RNAi  technology  in  the  field  pest  control.  Insect 
molting  process  represents  an  attractive  target  to  develop  RNAi-mediated  pest  control  strategy. 

Methods:  Chitinase  family  genes  were  screened  from  genome  and  transcriptome  database  of 
Locusta  migratoria.  RNAi  was  applied  to  determine  biological  function  of  chitinase  gene  during 
locust  development.  Transgenic  maize  engineered  to  express  dsRNA  of  LmChtlOwas  generated 
by  pollen  tube-mediated  transgenic  method.  Finally,  bioassay  was  performed  to  detect  potential 
pest  resistance 

Result/Conclusion:  We  identified  a  chitinase  gene  10  (. LmChtlO )  required  for  locust  molting 
development.  The  LmChtlO  was  mainly  distributed  in  locust  integument.  High  mortality  was 
observed  at  each  molting  process  after  ds LmChtlO  was  injected  into  each  nymph  stage.  Further, 
the  female  with  dsLmChtlO  injection  reduced  numbers  of  egg  laying  and  egg  hatching.  The 
specific  region  of  LmChtlO  was  selected  to  develop  transgenic  maize.  After  locust  nymphs  were 
fed  by  transgenic  maize  leaves  expressing  dsRNA  of  LmChtlO ,  the  corresponding  transcript 
level  was  repressed  and  nymphs  failed  moulting  to  the  next  stage.  These  results  suggest  feeding 
transgenic  maize  expressing  dsRNA  of  a  non-gut  gene  is  feasible  for  pest  management.  The 
application  of  this  concept  could  broad  view  to  screen  target  genes  involved  in  insect  chitin 
metabolic  pathway,  which  is  specific  for  insects  but  absent  in  vertebrates. 


Symposium 

Presentation  Title:  Insects  and  their  viruses  originated  small  RNAs  as  potential  insecticidal 
molecules 

Author  Name:  Raj  Bhatnagar 

Author  Institution:  International  Centre  for  Genetic  Engineering  and  Biotechnology 

Session  Title:  Symposium:  Genomic  and  Genetic  Strategies  Toward  Integrated  Pest 
Management 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1200 
DOI:  10. 1603/ICE.2016. 94608 


CANCELLED 


Symposium 


Presentation  Title:  Insecticide  resistance:  Impact,  mechanisms,  and  research  directions 

Author  Name:  Nannan  Liu 

Author  Institution:  Auburn  University 

Session  Title:  Symposium:  Genomic  and  Genetic  Strategies  Toward  Integrated  Pest 
Management 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1201 
DOI:  10. 1603/ICE.2016. 95462 
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Mosquito-borne  diseases,  the  most  well  known  of  which  is  malaria,  are  among  the  leading  causes 
of  human  deaths  worldwide.  Vector  control  is  a  very  important  part  of  the  global  strategy  for 
management  of  mosquito  associated  diseases,  and  insecticide  application  is  the  most  important 
component  in  this  effort.  However,  mosquito-borne  diseases  are  now  resurgent,  largely  because 
of  the  insecticide  resistance  that  has  developed  in  mosquito  vectors  and  the  drug  resistance  of 
pathogens.  A  large  number  of  studies  have  shown  that  multiple,  complex  resistance 
mechanisms — in  particular,  increased  metabolic  detoxification  of  insecticides  and  decreased 
sensitivity  of  the  target  proteins — or  genes  are  likely  responsible  for  insecticide  resistance.  Gene 
overexpression  and  amplification,  and  mutations  in  protein  coding-gene  regions,  have  frequently 
been  implicated  as  well.  However,  no  comprehensive  understanding  of  the  resistance 
mechanisms  or  regulation  involved  has  yet  been  developed.  This  article  reviews  current 
knowledge  of  the  molecular  mechanisms,  genes,  gene  interactions,  and  gene  regulation 
governing  the  development  of  insecticide  resistance  in  mosquitoes  and  discusses  the  potential 
impact  of  the  latest  research  findings  on  the  basic  and  practical  aspects  of  mosquito  resistance 
research. 
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Brief  exposures  of  human  body  lice,  Pediculus  humanus  humanus,  to  sublethal  amounts  of 
ivermectin  over-transcribed  detoxification  genes  during  ivermectin-induced  tolerance.  The 
cytochrome  P450  monooxygenase  ( CYP6CJ1 ,  CYP9AG1  and  CYP9AG2 )  and  the  ATP  binding 
cassette  transporter  (ABCC4  and  ABCG12)  genes  were  significantly  over-expressed.  Injection  of 
double-stranded  RNAs  (RNAi)  against  either  CYP6CJ1  or  ABCC4  into  lice  reduced  their 
respective  transcript  levels  and  resulted  in  increased  sensitivity  to  ivermectin.  CYP6CJ 1  and 
ABCC4  were  heterologously  expressed  in  Sf9  cells  and  Xenopus  laevis  oocytes,  respectively. 
CYP6CJ 1  was  functional  producing  a  CO-difference  spectrum  with  an  absorbance  maximum  at 
450  nm  and  metabolizing  substrates  in  a  NADPH-dependent  manner.  Transformed  Sf9  cells 
depleted  ivermectin  by  ~5  %  over  2  hrs  compared  with  wildtype  cells.  ABCC4  was  functional 
effluxing  [3H]-PMEA,  a  specific  ABCC4  substrate,  in  a  time-  and  concentration-dependent 
manner,  both  of  which  were  increased  by  ATP.  Non-labelled  ivermectin  competitively  inhibited 
[3H]-PMEA  efflux  with  an  IC50  value  of  ~3  pM.  The  rate  of  [3H] -ivermectin  efflux  was 
increased  2-fold  over  a  period  of  2  hrs  from  oocytes  injected  with  ^5CC4mRNA  compared  with 
buffer- injected  eggs. 

These  results  substantiate  that  CYP6CJ 1  and  ABCC4  metabolize  ivermectin  using  phase  I  and 
phase  III  xenobiotic  metabolism,  respectively,  causing  tolerance.  It  is  our  contention  that  field 
resistance  to  ivermectin  will  occur,  in  part,  by  a  combination  of  oxidative  metabolism  and  efflux 
driven  by  the  over-expression  of  some  of  the  genes  identified  here.  Once  identified  using  the 
protocols  above,  however,  these  inducible  detoxification  genes  should  be  useful  in  monitoring 
resistance  proactively  using  transcriptional  profiling. 
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Introduction:  The  endosymbiont  Wolbachia  wAlbB  was  able  to  induce  refractoriness  to  human 
malaria  (Plasmodium  falciparum)  in  stably  infected  Anopheles  stephensi  mosquito  (LB1  strain). 
However,  it  remains  yet  to  be  tested  whether  such  refractoriness  is  extended  to  other  species  of 
the  malaria  or  not. 

Methods:  To  test  it,  we  infected  both  Wolbachia  infected  and  uninfected  mosquitoes  with  rodent 
malaria  parasite  P.  berghei  and  examined  the  impact  of  the  stable  Wolbachia  wAlbB  infection  on 
development  of  oocyst  and  sporozoite  in  midgut  and  salivary  gland,  respectively.  We  also 
compared  the  expression  of  several  immune  genes  involved  in  antimalarial  response  from 
different  tissues,  including  midgut,  salivary  gland  and  carcass  of  these  mosquitoes,  with  the  goal 
to  test  whether  Wolbachia  induced  the  expression  of  the  host  immune  genes. 

Results/Conclusion:  Our  results  show  that  the  stable  wAlbB  infection  induced  resistance  to  P. 
berghei  in  An.  stephensi,  which  is  associated  with  induction  of  immune  genes  with  anti- 
Plasmodium  function.  We  discuss  these  findings  with  possible  implementations  of  Wolbachia- 
infected  An.  stephensi  (LB  1  strain)  for  disease  control. 
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Abstract  text: 

Termites  are  important  pests  of  agriculture  and  human  structures,  as  well  as  excellent  models  for 
studying  microbial  symbiosis  and  lignocellulose  digestion.  Studies  conducted  in  the  author’s 
laboratory  over  the  past  15  years  have  developed  deep  sequence  resources  (host  and  symbiont) 
for  the  important  pest  termite  Reticulitermes  flavipes.  This  talk  will  overview  the  resources 
available  as  well  as  functional  studies  to  exploit  this  information  for  development  of  termite 
control  technologies.  These  technologies  include  RNAi  interference,  novel  synthetic  chemistries, 
natural  products  and  pathogen  enhancement. 
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Introduction:  Persistent  plant  viruses  usually  depend  on  insects  for  their  transmission;  they 
cannot  be  transmitted  between  plants  or  through  mechanical  inoculation.  However,  the 
mechanism  by  which  persistent  viruses  become  pathogenic  in  insect  vectors  remains  unknown. 

Methods:  We  used  Rice  stripe  virus  (RSV),  its  insect  vector  Laodelphax  striatellus ,  (Fallen),  and 
host  plant  ( Oryza  sativa)  to  explore  how  persistent  viruses  acquire  pathogenicity  from  insect 
vectors. 

Results/ConclusiomRSV  acquired  phytopathogenicity  in  both  the  alimentary  tract  and  the 
salivary  gland  of  L.  striatellus.  In  the  alimentary  canal,  genes  involved  in  lysosome,  digestion 
and  detoxification  were  activated  upon  RSV  infection,  whereas  the  genes  related  to  DNA 
replication  and  repair  were  suppressed.  RSV  activated  RNA  transport  and  repressed  the  MAPK, 
mTOR,  Wnt,  and  TGF-beta  signaling  pathways  in  the  salivary  gland.  The  overall  immune 
reaction  toward  RSV  was  much  stronger  in  the  salivary  gland  than  in  the  alimentary  canal.  We 
mechanically  inoculated  RSV  into  rice  O.  sativa  leaves  through  midrib  micro-injection.  Insect- 
derived  RSV  induced  a  typical  stripe  symptom,  whereas  plant-derived  RSV  only  produced 
chlorosis  in  rice  leaves.  Insect-derived  RSV  had  higher  expression  of  genes  rdrp ,  ns2,  nsvc2,  sp, 
and  nsvc4  than  plant-derived  RSV,  and  the  latter  had  higher  expression  of  genes  cp  and  ns3  than 
the  former  in  rice  leaves.  Different  from  plant-derived  RSV,  insect-derived  RSV  damaged  grana 
stacks  within  the  chloroplast  and  inhibited  photosynthesis.  We  not  only  presented  a  convenient 
method  to  mechanically  inoculate  RSV  into  plants  but  also  provided  insights  into  the  different 
pathogenic  mechanisms  of  RSV  from  the  insect  vector  and  from  viruliferous  plants. 
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Introduction:  Genetic  coupling  (tight  linkage  or  pleiotropy)  of  sexual  signals  and  preferences, 
whereby  the  same,  or  nearby,  genes  control  variation  in  male  signal  and  female  preference,  can 
facilitate  the  coordinated  evolution  of  male  and  female  communication  behaviors. 

Methods:  We  examined  genetic  architecture  between  male  signal  and  female  preference  in  two 
closely  related  Hawaiian  crickets  (genus  Laupala)  with  greatly  differentiated  male  songs  and 
female  acoustic  preferences.  We  compared  the  genomic  locations  of  signal  and  preference 
quantitative  trait  loci  (QTL)  underlying  song  and  preference  variation.  We  document  QTL  of 
moderate  effect  contributing  to  female  preference  that  co-localize  with  song  QTL.  We  then 
assessed  segregation  of  songs  and  preferences  underlying  sexual  communication  behaviour  in  a 
fine  mapping  population  using  genotype  by  sequencing,  a  method  utilizing  a  next  generation 
sequencing  platform. 

Results/Conclusion:  Contributions  of  both  song  and  preference  QTL  are  small  to  moderate 
between  species,  conditions  that  favor  a  behaviorally  coupled  mode  of  signal-preference 
evolution.  Genomic  linkage  may  facilitate  rapid  speciation  by  contributing  to  genetic  correlations 
between  sexual  signaling  behaviors  that  eventually  cause  sexual  isolation  between  diverging 
populations.  The  genetic  architecture  of  sexual  communication  may  prove  to  be  a  powerful 
determinant  of  the  propensity  of  certain  evolutionary  lineages  to  speciate. 
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Abstract  text: 

Introduction:  High  aggression  in  honey  bees  has  been  linked  to  low  brain  oxidative  metabolic 
rates  through  a  switch  toward  aerobic  glycolysis  (AG).  Hybrid  bees  with  European  ( Apis 
mellifera  carnica)  maternity  and  Africanized  (primarily  A.m.  scutellata)  paternity,  EA  hybrids, 
exhibit  both  high  aggression  and  low  metabolic  capacity.  In  contrast,  the  reciprocal  hybrids  with 
Africanized  maternity  (AE  hybrids)  do  not  show  these  extreme  effects. 

Methods:  We  tested  whether  these  asymmetric  hybrid  effects  are  connected  through  asymmetric 
allele  expression  (maternal  versus  paternal)  by  sequencing  the  transcriptomes  of  FI  hybrid  bees 
from  both  hybrid  types. 

Results/Conclusion:  We  found  over  500  genes  showing  a  bias  in  the  expression  of  parental 
alleles  and  nearly  half  of  these  are  maternally  biased,  but  only  in  the  EA  hybrids,  mirroring  the 
asymmetry  of  hybrid  phenotypes.  These  asymmetrically  biased  genes  are  overrepresented  in  loci 
associated  with  defensive  traits  and  are  enriched  for  mitochondrial  localizing  genes.  Several  of 
these  genes  are  involved  in  the  metabolic  shift  to  AG,  as  well  as  the  piRNA  pathway.  This 
pathway  regulates  gene  transcription  through  sequence-specific  chromatin  modifications  and  we 
find  two  large  clusters  in  which  every  testable  gene  is  highly  maternally  biased  (-90%), 
potentially  implicating  chromatin  changes  in  this  bias.  These  results  indicate  that  asymmetric 
allele  usage  may  underlie  the  aggression  in  the  EA  family  by  altering  metabolism  through 
mitochondrial  retrograde  signaling.  We  propose  that  bees  normally  utilize  the  piRNA  pathway  to 
modulate  aggression  through  brain  metabolism  shifts  and  we  are  currently  further  investigating 
the  role  of  this  pathway  in  these  phenotypic  effects. 
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The  Drosophila  virilis  group  is  one  of  the  ideal  systems  to  investigate  the  genetic  basis  of  species 
differences,  including  phenotypic  differences  and  differences  contributing  to  reproductive 
isolation.  I  will  describe  two  studies  addressing  these  two  types  of  differences. 

First,  I  genetically  analyze  the  puparium  color  difference  between  members  of  this  group.  I  show 
that  a  single  gene  causes  this  pupal  case  color  difference.  This  gene  is  highly  expressed  at  the 
onset  of  pupation  in  Drosophila  americana  and  Drosophila  novamexicana  (brown  pupae)  but  not 
in  D.  virilis  (black  pupae)  and  Drosophila  lummei  (dark-brown  pupae). 

Second,  I  turn  to  the  genetic  basis  of  postmating  prezygotic  reproductive  isolation  (PMPZ) 
between  D.  americana  males  and  D.  virilis/D.  novamexicana  females;  these  crosses  result  in 
strong  PMPZ  isolation.  I  describe  several  approaches  to  study  this  phenomenon.  First,  using 
recombinant  mapping  approaches  I  identify  regions  that  carry  genes  capable  of  rescuing 
heterospecific  fertilization  in  crosses  between  D.  americana  and  D.  virilis. 

I  conclude  that  paternal  incompatibility  between  D.  americana  males  and  D.  virilis  females  is 
underlain  by  several  genes.  Using  transcriptome  data  I  analyze  potentially  important  genes  in 
these  reproductive  interactions.  In  the  final  part  I  will  describe  recent  work  examining  the  female 
postmating  regulatory  response  in  heterospecific  copulations  between  D.  americana  males  and 
D.  novamexicana  females. 


Symposium 

Presentation  Title:  Genetic  differences  between  social  parasites  and  their  hosts 


Author  Name:  Jurgen  Gadau 


Author  Institution:  Arizona  State  University 

Session  Title:  Symposium:  Genetic  Architecture  of  Species  Differences 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1211 
DOI:  10. 1603/ICE.2016. 105068 
Abstract  text: 

Introduction:  A  central  goal  of  biology  is  to  uncover  the  genetic  basis  for  the  origin  of  new 
phenotypes.  A  particularly  effective  approach  is  to  examine  the  genomic  architecture  of  species 
that  have  secondarily  lost  a  phenotype  with  respect  to  their  close  relatives.  In  the  eusocial 
Hymenoptera,  queens  and  workers  have  divergent  phenotypes  that  may  be  produced  via  either 
expression  of  alternative  sets  of  caste-specific  genes  and  pathways,  or  differences  in  expression 
patterns  of  a  shared  set  of  multi-functional  genes.To  distinguish  between  these  two  hypotheses, 
we  investigated  how  secondary  loss  of  the  worker  phenotype  in  workerless  ant  social  parasites 
impacted  genome  evolution  across  two  independent  origins  of  social  parasitism  in  the  ant  genera 
Pogonomyrmex  and  Vollenhovia. 

Methods:  We  sequenced  genomes  of  three  social  parasites  and  their  most-closely  related  eusocial 
host  species,  and  compared  gene  losses  in  social  parasites  with  gene  expression  differences 
between  host  queens  and  workers. 

Results/Conclusion:  Virtually  all  annotated  genes  were  expressed  to  some  degree  in  both  castes 
of  the  host,  with  most  shifting  in  queenworker  bias  across  developmental  stages.  As  a  result, 
despite  >1  million  years  of  divergence  from  the  last  common  ancestor  that  had  workers,  the 
social  parasites  showed  strikingly  little  evidence  of  gene  loss,  damaging  mutations  or  shifts  in 
selection  regime  resulting  from  loss  of  the  worker  caste.  This  suggests  that  regulatory  changes 
within  a  multi-functional  genome,  rather  than  sequence  differences,  have  played  a  predominant 
role  in  the  evolution  of  social  parasitism,  and  perhaps  also  in  the  many  gains  and  losses  of 
phenotypes  in  the  social  insects. 
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Introduction:  Parasitoid  wasps  are  abundant  and  ecologically  important  predators  that  inject 
venom  into  and  then  lay  their  eggs  on  other  insects.  Paras itoids  vary  in  the  hosts  they  utilize 
(flies,  beetles,  butterflies,  etc),  the  life  stage  they  parasitize  (eggs,  larvae,  pupae).  With  their 
diverse  life  histories,  parasitoid  venom  has  evolved  mechanisms  for  manipulating  host  immunity, 
physiology,  and  behavior  in  ways  that  enhance  the  development  of  parasitoid  young,  yet 
virtually  nothing  is  known  about  the  diversity  or  function  of  individual  parasitoid  venom 
proteins.  Characterizing  inter-specific  venom  variation  provides  key  insights  into  mechanisms  of 
venom  evolution,  the  likely  roles  of  adaptation,  and  the  origin  of  venom  genes. 

Methods:  Here  we  examine  venom  variation  and  evolution  in  four  parasitoid  wasps.  These 
species  have  evolved  over  12  million  years  and  range  from  generalist,  semi-generalist,  and 
specialist  in  their  host  preferences. 

Results/Conclusion:  We  have  found  rapid  turnover  of  venom  proteins  among  the  four  species 
and  hypothesize  that  venom  recruitment  in  parasitoids  occurs  via  co-option  of  non-venom  genes 
for  venom  function,  rather  than  rapid  expansion  of  toxin  gene  families. 
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Introduction:  The  pine  beetle  guild  in  the  Southeastern  U.S.  is  comprised  of  Dendroctonus  and 
Ips  spp.  (Curculionidae),  and  their  associated  woodboring  (Buprestidae,  Cerambycidae)  and 
predatory  (e.g.  Cleridae,  Histeridae,  Trogossitidae)  beetles.  This  economically  and  ecologically 
important  guild  may  employ  a  complex  semiochemical  system  to  communicate  both  inter-  and 
intra-specifically  since  they  overlap  spatially  and  temporally  on  hosts. 

Methods:  We  determined  whether  there  is  a  cross-attraction  of  Dendroctonus  frontalis  (southern 
pine  beetle)  and  Ips  spp.  semiochemicals  within  the  pine  beetle  guild  in  loblolly  pine  stands.  We 
used  multiple  funnel  traps  baited  either  with:  1)  frontalin  and  alpha-pinene  (for  D.  frontalis);  2) 
ipsdienol  and  ipsenol  (for  Ips  spp.);  3)  frontalin,  alpha-pinene,  ipsdienol,  and  ipsenol;  or  4) 
unbaited. 

Results/Conclusion:  More  than  10,000  beetles  and  35  beetle  species  were  trapped  during  the 
study.  Results  indicate  that  D.  frontalis  and  Ips  spp.  were  most  attracted  to  their  conspecific 
semiochemicals.  Dendroctonus  terebrans  (black  turpentine  beetle)  was  caught  in  greatest 
numbers  in  traps  with  D.  frontalis  than  Ips  spp.  baits.  Ips  avulsus  appears  to  be  inhibited  by  the 
addition  of  D.  frontalis  semiochemicals  to  their  own  blend,  whereas  Ips  grandicollis  were  caught 
in  similar  numbers  using  both  kinds  of  baits.  Amongst  predatory  beetles,  Thanasimus  dubius  was 
trapped  mostly  with  D.  frontalis  semiochemicals.  Other  predatory  beetles  were  trapped  in 
greatest  numbers  when  both  the  baits  were  present.  At  endemic  population  levels,  D.  frontalis 
and  Ips  spp.  do  not  appear  to  exploit  each  other’s  semiochemical  systems,  however  these  trends 
may  vary  for  their  associated  beetles  in  southern  pine  stands. 


Symposium 

Presentation  Title:  Why  is  there  so  much  variation  among  semiochemical  systems  of  aggressive 
bark  beetles? 

Author  Name:  Brian  T.  Sullivan 
Author  Institution:  USDA  -  Forest  Service 

Session  Title:  Symposium:  Cross-Continental  Patterns  of  Chemical  Communication  Among 
Subcortical  Insects 


Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1214 


DOI:  10. 1603/ICE.2016.93 139 
Abstract  text: 

Introduction:  Aggressive  species  of  bark  beetles  of  the  genera  Tps  and  Dendroctonus 
(Coleoptera:  Curculionidae:  Scolytinae)  rely  upon  pheromones  to  aggregate  sufficient  numbers 
of  attacks  on  host  trees  to  overcome  the  host’s  primary  defensive  response.  Since  this  goal  is 
shared  by  all  aggressive  bark  beetles  species,  one  should  expect  to  find  compounds  fulfilling 
similar  or  identical  roles  in  the  pheromone  systems  of  all  aggressive  species. 

Methods:  Bark  beetle  pheromone  production  and  behavioral  responses  for  various  species  have 
been  studied  by  coupled  gas  chromatography-mass  spectrometry,  gas  chromatography- 
electroantennographic  detection,  and  a  range  of  field  and  laboratory  behavioral  bioassays. 

Results/Conclusion:  Although  aggressive  bark  beetles  utilize  pheromones  for  the  same  reasons, 
pheromone  systems  vary  substantially  with  regard  to  the  differing  contributions  of  the  two  sexes, 
behavioral  effects  of  compounds  and  blends,  role  of  host  odors,  as  well  as  the  complexity, 
chemistry,  and  apparent  ecological  roles  of  the  different  components.  Variability  may  be  due  to 
the  unique  epidemiology  of  each  species,  the  balance  between  competition  (both  inter-  and 
intraspecific),  the  need  to  overcome  host  resistance,  the  need  to  sustain  reproductive  isolation 
between  the  species,  and  predation  pressure.  Joint  attacks  by  aggressive  bark  beetle  species  may 
be  mutualistic  insofar  as  each  species  may  be  adapted  to  fulfill  specific,  differing  roles  in  the 
host-colonization  process.  By  fulfilling  distinct  roles,  aggressive  or  semi-aggressive  species  may 
form  stable  “symbiotic  relationships”  with  fitness  benefits  that  might  include  colonization  of 
more  resistant  hosts  and  reduced  interspecific  competition. 
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Introduction:  Allochthonous  kairomones  are  single  components  or  complete  insect  pheromones 
applied  in  other  habitats  than  the  ones  where  the  pheromone-producing  insects  occur.  Therefore, 
allochtonous  kairomones  are  able  to  attract  insect  antagonists  without  attracting  the  producing 
insects.  The  principle  of  allochthonous  kairomones  was  proven  in  interactions  between  bark 
beetles  and  their  antagonists.  Our  objective  is  to  use  this  principle  to  develop  insecticide-free 
technologies  for  bark  beetle  control. 

Methods:  Bark  beetle  traps  and  prepared  logs  were  used  to  compare  allochthonous  kairomones 
and  autochthonous  pheromones  in  different  forest  stands.  The  use  of  so-called  “trap  islands” 
facilitates  taking  into  account  spatial  and  temporal  changes  of  population  densities  of  target 
insects. 

Results/Conclusion:  There  are  several  options  for  using  allochthonous  kairomones  such  as  the 
reduction  of  the  colonization  of  trees/timber  with  insect  pests,  the  reduction  of  breeding  success, 
the  protection  of  beneficial  insects,  the  support  of  in  situ  breeding  of  beneficial  insects,  and  the 
monitoring  of  insect  antagonists  in  forest  stands.  The  principle  of  allochthonous  kairomones  is 
suitable  to  be  adapted  to  different  host-antagonist  interactions. 
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Introduction:  Plant  volatiles  are  volatile  organic  compounds  (VOCs)  naturally  emitted  by  plants. 
They  play  a  key  role  in  the  communication  between  plants  and  insects,  and  as  such  are  crucial 
for  the  orientation  and  host  location  of  bark  and  woodboring  insects.  The  emission  of  VOCs 
depends  on  numerous  factors  such  as  plant  species,  temperature,  and  plant  health.  Ethanol,  an 
important  olfactory  cue  for  pine-infesting  beetles,  is  known  to  be  increasingly  released  from 
stressed  trees. 

Methods:  We  conducted  a  field  experiment  in  unthinned  loblolly  pine  stands  in  Georgia,  U.S.. 
Different  trap  types  were  used  to  collect  bark  and  woodboring  insects  from  plots  representing  a 
gradient  of  increased  tree  stress  from  ungirdled  trees,  ungirdled  trees  baited  with  ethanol  and 
turpentine,  to  girdled  trees. 

Results/Conclusion:  A  total  of  10,795  subcortical  insects  from  four  families  (Buprestidae, 
Cerambycidae,  Curculionidae,  Siricidae)  and  82  species  were  trapped.  Insect  captures  in  plots 
with  girdled  trees  were  61%  and  187%  greater  than  in  those  with  baited  and  with  ungirdled  trees, 
respectively.  Relative  feeding  area  by  rhizophagous  weevils  on  pine  sticks  in  pitfall  traps  was 
82%,  17%,  and  1%  in  plots  with  girdled,  baited,  and  ungirdled  trees,  respectively.  Tree  health 
effects  were  mainly  noticeable  on  native  insects,  whereas  non-native  insects  were  almost  equally 
distributed  among  treatments.  Our  data  suggests  that  plant  volatiles  emitted  by  stressed  trees  play 
a  crucial  role  in  the  attraction  of  native  bark  and  woodboring  insects  in  loblolly  pine  stands. 

Many  of  these  insects  appear  to  be  secondary  colonizers  of  pines  and  strongly  associated  with 
highly  stressed  trees. 
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Introduction:  Plant-born  volatile  organic  compounds  (VOCs)  result  from  the  adaptation  of  plants 
to  their  abiotic  environment  and  mediate  plant-insect  interactions.  VOCs  play  an  important  role 
in  intra-  and  inter-specific  communication  of  insects.  Abiotic  environmental  parameters  such  as 
temperature,  water  supply,  atmospheric  carbon  dioxide,  and  ozone  concentrations  are  changing 
in  the  wake  of  global  climate  change.  This  might  affect  production,  release  rates,  and  stability  of 
floral  and  faunal  VOCs.  The  production  of  VOCs  is  based  on  both  enzymatic  reactions  and 
uncontrolled  radical  reactions.  This  might  yield  shifting  proportions  of  VOCs  generated  by  these 
processes.  The  release  of  VOCs  is  linked  to  vapor  pressure  of  these  compounds  being 
exponentially  temperature  dependent.  This  favors  an  increased  release  of  very  volatile  organic 
compounds  in  comparison  to  semi-volatile  compounds. 

Methods:  Relative  humidity  and  ozone  concentrations  as  well  as  acidic  precipitation  can  affect 
the  stability  of  VOCs  by  oxidation  or  hydrolysis.  This  affects  temporal  and  spatial  distribution  of 
semiochemicals  and  might  interfere  with  intra-  and  inter-specific  communication.  Considering 
that  host  plant  finding  by  herbivores  and  host  location  by  predators  is  often  not  only  based  on 
single  marker  compounds  but  on  ratios  of  different  VOCs,  behavioral  patterns  can  be  influenced 
and  food  webs  might  be  disrupted. 

Results/Conclusion:  Understanding  the  impact  of  these  abiotic  changes  on  production,  release, 
distribution  and  behavioral  activity  of  VOCs  is  of  crucial  importance  for  the  application  of 
semiochemicals  for  controlling  pest  organisms  in  the  framework  of  trap-and-kill,  push-and-pull 
as  well  as  “allochtonous  kairomone”  approaches  in  the  future  under  conditions  of  global  climate 
change. 
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Introduction:  Though  the  codling  moth,  Cydia pomonella  (L.),  is  the  major  pest  of  apples,  pears, 
and  walnuts  worldwide,  a  principal  single  odorant  of  exclusively  pears,  the  pear  ester  (PE),  ethyl 
(£,Z)-8,10-decadienoate,  has  been  recognized  as  this  pest’s  key  coevolved  kairomone.  An 
extensive  series  of  laboratory  and  orchard  experiments  on  PE  conducted  over  17  years  has 
resulted  in  90  journal  articles  by  a  total  of  120  co-authors  from  15  countries.  Experiments  have 
demonstrated  highly  specific,  selective,  and  sensitive  chemoreceptive  and  behavioral  responses 
by  CM  females,  males,  and  lstinstar  larvae.  These  unique  attributes  promoted  the  development  of 
PE  as:  a  bisexual  monitoring  lure,  a  co-attractant  with  pheromone  for  male  monitoring  under 
mating  disruption  (MD),  an  interactive  kairomone  with  pheromone  improving  MD,  and  a 
disruptant  of  larval  host-finding  and  female  oviposition. 

Methods:  Experiments  included  analyses  of  host  odor  profiles,  field  screening  for  lure  attraction 
and  capture  efficacy,  flight  tunnel  response  thresholds  and  semiochemical  interactions, 
neurophysiological  recordings  from  antennal  chemoreceptors  and  antennal  lobe  interneurons, 
and  larval  bioassays.  Field  tests  optimized  PE  as  a  monitoring  lure,  a  co-attractant  with 
pheromone  in  MD  formulations,  and  a  microencapsulated  adjuvant  with  insecticides  to  increase 
larval  control. 

Results/Conclusions:  Key  attributes  of  the  chemoreception  by  CM  of  PE  are  the  sensitivity 
thresholds  and  low  exposures  that  elicit  complex  behaviors  of  both  adults  and  larvae.  The 
activity  of  PE  at  subtle  doses,  that  formulations  can  deliver,  allowed  its  development  into  a 
multiple-tiered  ensemble  of  compatible  tools,  both  monitoring  and  control  tactics,  that  readily 
integrate  for  improved  CM  pest  management. 
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Development  of  sex  pheromone  lures  for  all  the  major  tortricid  pests  of  horticultural  crops 
worldwide  was  a  major  accomplishment  that  significantly  improved  monitoring  and  management 
of  this  moth  group.  Pest  managers  developed  predictive  correlations  based  on  the  timing  and 
magnitude  of  male  catches  to  predict  their  seasonal  population  dynamics.  However,  the  dispersal 
capacity  and  often  broad  host  range  of  these  species  reduces  the  utility  of  only  estimating  male 
populations.  Furthermore,  sex  pheromones  have  been  widely  adopted  for  many  of  these  pest 
species  and  this  technology  impinges  on  the  ability  to  trap  males.  Thus,  beginning  with  the 
identification  of  pear  ester  as  a  potent  attractant  for  codling  moth,  the  possibility  to  develop  other 
lures  that  can  track  female  population  dynamics  has  been  a  shared  goal  among  researchers 
working  in  horticulture  crops.  New  volatiles  and  blends  of  volatiles  have  been  investigated  that 
likely  play  a  significant  role  in  host  selection  by  gravid  females,  as  well  as, 
by  males.  Symposium  talks  today  will  address  recent  successes  in  identifying  both  plant  and 
microbial-derived  odorants.  Each  author  will  also  address  their  future  directions  to  develop  more 
powerful  and  more  selective  attractants. 
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Abstract  text: 

Introduction:  Pandemis  heparana  is  among  the  major  tortricid  pests  in  European  apple  orchards. 

Methods:  We  have  investigated  the  volatiles  released  from  larval  feeding  on  apple  in  order  to 
identify  new  potenial  attractants  using  GC-MS.  Twelve  and  18  volatiles  were  characterized  from 
the  headspace  of  undamaged  and  mechanically-damaged  apple  foliage. 

Results/Conclusion:  Twenty-six  compounds  were  then  identified  from  herbivore-damaged 
foliage,  including  8  compounds  not  found  in  either  of  the  other  2  profiles.  The  attractiveness  of 
these  compounds  for  P.  heparana  in  Italy  and  for  the  related  P.  pyrusana  in  North  America  will 


be  investigated  during  the  2016  season.  We  will  present  a  discussion  of  the  significnace  of  these 
findings  for  future  monitoring  and  management  of  these  and  perhaps  other  tortricid  species. 
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Abstract  text: 

Introduction:  Studies  were  conducted  in  North  and  South  and  America  during  2012-2015  to 
evaluate  the  use  of  lure  combinations  of  sex  pheromones  (PH),  host  plant  volatiles  (HPV),  and 
food  baits  in  traps  to  capture  the  oriental  fruit  moth,  Grapholita  molesta  (Busck)  in  pome  and 
stone  fruit  orchards  treated  with  sex  pheromone. 

Methods:  Studies  were  conducted  with  delta-shaped  traps  and  several  commercial  and 
experimental  lures.  Standardized  protocols  were  used  in  the  U.S.,  Chile,  Uruguay,  and 
Argentina. 

Results/Conclusion:  Combining  the  sex  pheromone  of  both  species  significnatly  increased  the 
catch  of  G.  molesta.  Adding  beta  ocimene  and  pear  ester  significanlty  increased  the  activity  of 
the  pheromone  blend,  although  other  host  plant  volatiles  did  not  show  significant  improvements. 
Adding  microbial-based  food  attractants  further  increasd  moth  catches,  especially  of  females. 
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Abstract  text: 

Introduction:  Volatiles  from  microbes  and  from  host  plant  are  of  interest  to  develop  monitoring 
tools  and  sustainable  control  methods  for  pest  insects. 

Methods:  Here,  I  report  field  observation,  wind  tunnel  and  oviposition  experiments  carried  out 
with  the  aim  to  increase  our  knowledge  on  grapevine  moth  behaviour  towards  plant  and 
microbial  volatiles. 

Results/Conclusion:  In  the  field,  a  similar  infestation  level  was  measured  on  grapevine  and  flax 
leaved  Daphne  in  areas  where  the  two  host-plants  were  sympatric.  Although  in  the  wind  tunnel 
both  plants  were  attractive  as  such,  grapevine  moth  females  preferred  volatiles  from  Daphne  to 
those  from  grapevine  in  a  choice  test.  The  inoculation  of  grape  with  a  variety  of  microorganisms 
affected  the  attraction  to  the  plant,  the  oviposition  preference  and  the  fitness  of  the  grapevine 
moth.  Females  were  attracted  to  yeast  volatiles,  whilst  those  from  bacteria  and  a  fungus  had  an 
opposite  effect.  These  results  are  discussed  in  relation  to  the  development  of  field  lures  as 
grapevine  moth  field  attractant. 
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Abstract  text: 

Codling  moth,  Cydia  pomonella  L.  (Lepidoptera:  Tortricidae)  has  been  the  target  of  an  area-wide 
program  integrating  Sterile  Insect  Technology  (SIT)  and  pheromone-based  mating  disruption 
(MD)  in  British  Columbia,  Canada,  since  1994.  This  program  has  virtually  eliminated  use  of 
insecticides  for  codling  moth  and  enabled  the  largest  organic  apple  industry  in  Canada,  making  it 
vulnerable  to  native  and  invasive  secondary  pests.  Development  of  kairomonal  lures  is 
improving  management  of  codling  moth  and  several  secondary  lepidopteran  pests.  Lures 
combining  acetic  acid  and  pear  ester  kairomones  can  track  densities  of  sterile  (S)  moths  in 
relation  to  phenology  and  density  of  wild  (W)  moths  better,  and  more  effectively  measure  critical 
S:W  codling  moth  ratios  than  pheromones.  The  kairomones  do  not  compete  with  natural  (calling 
sterile  females)  or  synthetic  pheromone  sources  (MD  dispensers)  and  have  an  advantage  over 
pheromone  lures  because  they  attract  females  and  catch  fewer  functional  sterile  males.  Related 
acetic-acid  and  plant  volatile-based  kairomones  are  proving  useful  for  managing  native 
( Spilonota  ocellana  D.  &  S.,  Lepidoptera:  Tortricidae)  and  invasive  ( Synanthedon  myopaeformis 
Borkhausen,  Lepidoptera:  Sesiidae)  moth  pests.  These  kairomones  are  aiding  development  of 
a  multi-species,  semiochemical-based,  area-wide  management  program  integrating  mating 
disruption,  mass-trapping  and  attract-and-kill  technologies  to  simultaneously  manage  several 
lepidopteran  pests. 
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Abstract  text: 

Introduction:  The  sense  of  smell,  or  olfaction,  plays  a  critically  important  role  in  the  life  history 
of  insects.  Vital  behaviours,  such  as  food  and  mate  seeking  as  well  as  predator  and  parasitoid 
avoidance,  are  strongly  guided  by  olfactory  cues  detected  from  an  insects’  environment.  Owing 
to  the  importance  of  this  chemical  sensory  system,  decades  of  research  on  insect  olfaction  has 
facilitated  novel  pest  control  strategies  aimed  at  reducing  the  damage  of  economically  and 
medically  important  insect  pests,  including  the  Codling  moth,  Cydia pomonella,  which  is  a 
leading  world  wide  pest  of  apples  and  other  pome  fruits. 

Methods:  In  order  to  better  understand  the  chemical  ecology  of  C.  pomonella ,  we  have  produced 
and  analyzed  an  Illumina-based  RNA-Seq  transcriptome  derived  from  the  antenna  of  male  and 
female  adult  moths  and  also  neonate  larval  head  tissue  of  C.  pomonella. 

Results/Conclusion:  We  report  here  a  more  comprehensive  repertoire  of  chemosensory  receptor 
genes  from  the  odorant  receptor  (OR),  gustatory  receptor  (GR)  and  ionotropic  receptor  (IR)  gene 
families.  Importantly  we  have  identified  several  OR  genes  that  display  sex  specific  expression  in 
either  males  or  females.  Also,  we  have  identified  larval  specific,  or  enriched  genes  from  the  OR 
and  GR  families  that  may  be  ecologically  relevant  to  unique  aspects  of  olfactory-guided  neonate 
larval  behavior.  This  approach  has,  furthermore,  facilitated  functional  characterization  of  ORs  in 
the  Drosophila  melanogaster  Empty  Neuron  System.  Receptors  have  been  identified  that  are 
responsive  to  important  semiochemicals,  such  as  pear  ester  and  codlemone  acetate. 


Symposium 

Presentation  Title:  Similarities  of  microbial  and  plant-based  cues  as  tortricid  attractants 
Author  Name:  Peter  Witzgall 

Author  Institution:  Swedish  University  of  Agricultural  Sciences 

Session  Title:  Symposium:  Worldwide  Use  of  Kairomones  to  Enhance  Management  of 
Tortricids  in  Fruit  Crops:  New  Opportunities  and  New  Problems 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1225 

DOI:  10. 1603/ICE.2016. 92877 


Abstract  text: 


The  larva  of  codling  moth  Cydia  pomonella  is  known  as  the  worm  in  the  apple,  mining  the  fruit 
for  food.  We  now  show  that  larval  galleries  contain  yeasts  of  the  genus  Metschnikowia  and  that 
yeast  is  an  essential  part  of  the  larval  diet.  Yeast  further  promotes  larval  survival  by  reducing  the 
incidence  of  fungal  infestations  in  the  apple.  Moreover,  chemical  and  behavioral  analysis 
demonstrates  that  codling  moth  females  sense  and  respond  to  yeast  aroma.  Mated  females  are 
attracted  to  fermenting  yeast  and  they  lay  more  eggs  on  yeast-inoculated  apples  than  on 
sterilized,  yeast-free  apples.  An  olfactory  response  to  yeast  volatile  metabolites  strongly  suggests 
a  contributing  role  of  yeast  volatiles  in  host  finding.  Codling  moth  is  a  [widely  studied  and]  well- 
known  insect  of  worldwide  economic  importance  and  it  is  noteworthy  that  its  assocation  with 
yeasts  has  gone  unnoticed.  Tripartite  relationships  between  moths  and  microorganisms  have  not 
been  reported,  but  may  accordingly  be  more  widespread  than  previously  assumed.  Since  host 
shifts  have  been  suggested  to  play  a  fundamental  role  in  the  evolutionary  diversification  of  insect 
herbivores  it  is  an  urgent  task  to  study  the  contributing  role  of  microorganisms  in  host 
recognition  and  finding  [in  host  finding]. 
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Abstract  text: 

Introduction:  Epidermal  cells  during  wound  closure  dedifferentiate  and  become  motile.  These 
cellular  changes  are  accompanied  by  changes  in  gene  transcription,  suggesting  corresponding 
alterations  in  chromatin.  However,  the  epigenetic  changes  underlying  wound-induced 
transcriptional  programs  remain  poorly  understood.  To  determine  which  chromatin  modifying 
factors  might  contribute  to  wound  healing,  we  took  2  parallel  approaches. 

Methods:  First,  we  screened  fluorescently -tagged  reporter  lines  for  altered  expression  at  the 
wound  periphery.  We  identified  13  reporters  tagging  7  different  proteins  that  showed 
dramatically  diminished  expression  at  the  wound  edge.  These  include  proteins  associated  with 
both  active  (Osa,  Kismet,  and  Spt6)  and  repressed  (Sin3A,  Sap  130,  Mi-2,  and  Mipl20) 
chromatin.  Second,  we  performed  a  functional  RNAi-based  in  vivo  screen  in  which  individual 


epigenetic  genes  were  knocked  down  in  the  larval  epidermis  and  larvae  were  examined  for 
impaired  wound  healing. 

Results/Conclusion:  We  identified  the  ubiquitin  ligase  Sex  combs  extra/dRING,  a  member  of 
Polycomb  Repressive  Complex  1  (PRC1),  as  a  critical  wound  closure  factor.  We  hypothesized 
that  dRING  might  ubiquitinate  and  clear  the  above  epigenetic  factors  in  wound  edge  cells. 
However,  Sce/dRING  was  not  required  for  such  rapid  removal.  We  are  now  evaluating  the  role 
of  Sce/dRING  and  PRC1  in  wound  healing  and  have  recently  observed  wound  closure  defects 
resulting  from  knockdown  of  additional  PRC1  members  such  as  Polycomb.  Together,  our  results 
suggest  that  epigenetic  regulation  -  including  a  new  mechanism  of  epigenetic  protein  clearance 
from  cells  -  may  enable  the  transcriptional  changes  required  to  respond  to  the  emergency  of 
the  wound  and  reset  the  transcriptional  state  of  the  cell. 
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Abstract  text: 

Introduction:  Regenerating  tissue  must  replace  lost  structures  with  cells  of  the  proper  identity 
and  function.  How  regenerating  tissue  establishes  or  maintains  correct  cell  fates  during  regrowth 
is  an  open  question.  In  particular,  it  is  not  clear  whether  regenerating  tissue  redeploys 
developmental  patterning  processes,  or  whether  regeneration-specific  patterning  mechanisms 
exist. 

Methods:  We  induced  massive  tissue  ablation  in  the  larval  imaginal  wing  primordium  of 
Drosophila  melanogastemsing  genetic  tools.  The  quantity  of  regenerative  growth  and  quality  of 
regenerative  patterning  was  then  scored  by  examining  the  adult  wings.  We  have  used  this  system 
to  screen  for  mutations  that  impair  patterning  only  during  regeneration,  not  during  normal 
development. 


Results/Conclusion:  We  have  identified  a  gene,  taranis ,  that  is  essential  for  maintaining  proper 
cell  fate  in  damaged  and  regenerating  Drosophila  wing  imaginal  discs,  but  is  dispensable  for 
these  fates  in  normal  wing  development.  In  regenerating  tissue  with  reduced  levels  of  Taranis, 
expression  of  the  posterior  selector  gene  engrailed  is  silenced  through  an  autoregulatory 
silencing  mechanism  that  requires  the  PRC1  component polyhomeotic ,  resulting  in  a 
transformation  of  posterior  tissue  into  anterior  tissue  late  in  regeneration.  An  essential 
component  of  the  wound  response,  JNK  signaling,  induces  this  misregulation  of  engrailed 
expression.  Taranis  can  suppress  these  INK- induced  cell  fate  changes  without  interfering  with 
INK  signaling  activity.  Thus,  taranis  protects  regenerating  tissue  from  deleterious  side  effects  of 
wound  healing  and  regeneration  signaling. 
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Introduction:  In  the  Drosophila  melanogaster  embryo,  epidermal  puncture  injury  activates  the 
localized  transcription  of  wound  response  genes  that  promote  repair.  New  genes  have  been 
identified  with  localized  transcriptional  activation  at  the  site  of  injury  using  both  a  genetic  screen 
of  mutant  alleles  and  microarray  analysis  of  expression  profiles.  Discovery  of  conserved  genetic 
paradigms  for  response  to  cellular  damage  in  the  model  organism  D.  melanogaster  will  directly 
impact  the  understanding  of  cellular  processes  of  tissue  repair  and  improve  survival  after  injury. 

Methods:  Fluorescent  in  situ  hybridization  will  be  used  to  determine  the  transcriptional  response 
of  new  wound  response  genes  and  provide  context  for  molecular  mechanisms  that  promote 
wound  localization  during  embryonic  repair.  Mutant  alleles  of  new  wound  response  genes  will 
be  analyzed  for  inflammatory  response  phenotypes  to  explore  the  intersection  between  infection 
and  tissue  repair. 


Results/Conclusion:  Several  observations  in  the  D.  melanogaster  embryonic  injury  model 
implicate  the  contribution  of  cell  death  as  a  mechanism  that  restricts  the  wound  response  to  only 
the  cells  surrounding  the  site  of  injury.  For  example,  apoptotic  cell  markers  can  be  detected  in 
the  damaged  cells.  Recent  reports  identified  a  novel  DNase  gene,  Stress  induced  DNase  (Sid) 
that  is  specifically  induced  following  bacterial  infection  of  Drosophila.  The  localization  of  the 
cell  death  may  provide  insight  into  how  an  organism  restricts  a  response  only  to  the  injured 
region.  Results  from  both  genetic  contribution  and  wound  response  transcription  of  candidate 
DNase  genes  will  expand  our  understanding  of  mechanisms  that  promote  cellular  repair. 


Symposium 

Presentation  Title:  Basement  membrane  secretion,  assembly,  and  fibrotic  misassembly  in 
Drosophila  melanogaster 

Author  Name:  Jose  Pastor-Pareja 

Author  Institution:  Tsinghua  University 

Session  Title:  Symposium:  Wound  Healing  and  Damage  Signals  in  Insects 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1229 

DOI:  10. 1603/ICE.20 16. 106550 

Abstract  text: 

Introduction:  Basement  membranes  (BMs)  are  polymers  of  conserved  extracellular  matrix 
proteins  which  underlie  epithelia  and  surround  organs.  Among  BM  components,  Collagen  IV  is 
the  most  abundant.  Handling  of  Collagen  entails  several  challenges  to  secreting  cells  because  of 
its  large  size,  self-assembling  interactions  and  resistance  to  most  proteases,  which  makes 
disposal  of  aggregates  problematic.  Drosophila  melanogasterhas  emerged  in  recent  years  as  an 
excellent  model  to  study  production  of  Collagen  and  other  extracellular  matrix  proteins. 

Methods:  We  have  previously  shown  that  Collagen  IV  in  the  larva  is  secreted  by  the  fat  body  and 
incorporated  into  the  BMs  of  destination  tissues.  Taking  advantage  of  this  knowledge,  we  have 
conducted  a  genome-wide  screening  for  genes  affecting  the  biogenesis  and  secretion  of  Collagen 
IV. 

Results/Conclusion:  While  most  hits  in  the  screening  produce  intracellular  Collagen  IV  retention 
phenotypes,  a  distinct,  second  class  is  comprised  of  hits  causing  striking  fibrotic  deposits  around 
cells.  Loss  of  Dynamin  and  other  endocytic  components  causes  Collagen  IV  retention  due  to 


dramatic  cortex  expansion  when  endocytic  membrane  removal  is  prevented.  Deposits  also  form 
in  the  absence  of  negative  Toll  immune  regulator  Cactus,  in  this  case  caused  by  increased 
secretion.  Finally,  we  show  that  Collagen  accumulation,  downstream  of  Toll  or  endocytic 
defects,  activates  a  tissue  damage  response  characterized  by  melanization,  blood  cell  recruitment 
and  activation  of  JAK/STAT  and  INK  signaling.  Our  work  indicates  that  traffic  imbalances  and 
complex  membrane  topology  may  contribute  to  fibrosis  and  places  fibrotic  deposits  both 
downstream  and  upstream  of  immune  signaling,  consistent  with  the  chronic  inflammatory 
character  of  fibrosis. 
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Abstract  text: 

Introduction:  Adenosine  (Ado)  is  a  ubiquitous  metabolite  generated  and  released  from  cells, 
particularly  under  injury  or  stress.  Extracellular  Ado  concentration  increases  upon  discrepancy 
between  the  rates  of  ATP  synthesis  and  utilization  in  a  variety  of  pathological  conditions  - 
including  neurological,  cardiovascular,  inflammatory  diseases  and  cancer.  The  effects  of 
adenosine  signaling  seem  to  be  similar  in  vertebrates  and  insects.  Our  research  shows  that 
adenosine  is  involved  in  the  growth  control  of  Drosophila  imaginal  disc  cells  in  vitro  as  well  as 
in  the  regulation  of  growth  of  warts  tumor  mosaic  clones  in  vivo.  We  hypothesize  that  Ado  is 
involved  in  signaling  connected  with  regeneration 

Methods:  To  examine  the  role  of  Ado  signaling  in  imaginal  disc  regeneration,  we  used  a 
nonsurgical  method  of  inducing  apoptosis  and  regenerative  growth  by  temporal  induction  of 
proapoptotic  gene  reapers  described  by  Bolton  et  al.  (2009).  In  addition,  we  also  used  manual 
aseptic  injury  of  third  instar  larvae.  We  prepared  flies  carrying  a  series  of  constructs  for  the 
overexpression/silencing  of  target  genes  involved  in  the  control  of  extracellular  Ado 
concentration  and  compared  their  healing,  regeneration  and  developmental  delay. 

Results/Conclusion:  We  observed  that  the  overexpression  of  human  Ada  in  the  regenerating 
pouch  disrupts  blastemal  formation  and  growth.  Our  data  suggest  that  adenosine  is  involved  in 
danger  signaling  or  regeneration  in  insects. 
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Abstract  text: 

Introduction:  Although  human  chitinase-like  proteins  (CLPs)  are  upregulated  during  several 
human  disorders  that  affect  regenerative  and  inflammatory  processes,  very  little  is  known  about 
their  normal  physiological  function.  Recently  CLPs  have  been  implicated  in  the  control  of 
nematode  infections. 

Methods:  We  use  infection  with  insect-pathogenic  nematodes  and  wounding  assays  to  study  the 
immune  and  regenerative  function  of  an  insect  CLP  (Imaginal  disc  growth  factor3,  IDGF3).  Like 
their  vertebrate  counterparts  insect  nematodes  force  their  entry  into  the  host  via  epithelial 
surfaces  thus  creating  wounds.  Transcriptome  analysis  was  used  to  identify  genes  that  are 
regulated  in  an  IDGF3 -dependent  manner. 

Results/Conclusion:  Our  results  show  that  IDGF3  serves  as  an  essential  component  required  for 
the  formation  of  hemolymph  clots  that  seal  wounds  made  by  the  nematodes  and  IdgO  mutants 
display  an  extended  developmental  delay  during  wound  healing.  During  nematode  infections 
IDGF3  induces  selected  immune  effectors  and  represses  wingless  and  JAK/STAT  signaling. 
Altogether  our  findings  indicate  that  vertebrate  and  invertebrate  CLP  proteins  function  in 
analogous  settings  having  broader  impact  on  inflammatory  reactions  and  infections.  This  opens 
the  way  to  further  genetic  analysis  of  Drosophila  IDGF3  and  will  help  to  elucidate  the  exact 
molecular  context  of  CLP  function. 
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Abstract  text: 

Introduction:  Mosquitoes  are  highly  sensitive  to  temperature  variation  and  serve  as  useful 
indicators  of  rapid  environmental  change  in  Arctic  ecosystems.  For  example,  we  have  used  a 
combination  of  ecological  theory,  experiments,  and  observational  studies  to  show  how  warming 
Arctic  temperatures  drive  changes  in  the  timing  and  intensity  of  Arctic  mosquito  (Diptera: 
Culicidae)  emergences,  with  potential  consequences  for  the  reproductive  success  of  caribou. 
However,  additional  approaches  are  needed  to  test  model  predictions  from  this  empirical  work 
and  to  fully  characterize  the  role  that  mosquitoes  play  as  herbivores,  prey,  pollinators,  and  pests. 

Methods:  Here  we  present  results  from  two  additional  approaches.  First,  we  used  a  long-term 
dataset  from  Zackenberg,  Greenland  to  test  how  phenology  of  mosquito  emergence  and  trap 
abundance  varies  as  a  function  of  variable  environmental  conditions.  Second,  we  analyzed  stable 
isotope  ratios  of  carbon  and  nitrogen  to  characterize  the  role  of  mosquitoes  and  other  arthropods 
in  the  greater  Arctic  ecosystem. 

Results/Conclusion:  This  descriptive  study  of  Arctic  food  webs  is  permitting  the  development  of 
novel  hypotheses  about  the  role  of  mosquitoes  in  ecosystem  processes  and  how  they  may  be 
shaped  by  climate  warming  and  other  environmental  changes.  Given  the  rapid  rate  of  change  in 
the  Arctic,  development  of  arthropod  monitoring  programs  should  be  a  priority,  particularly  for 
species  of  human  relevance  such  as  mosquitoes.  In  addition,  the  use  of  citizen  science  for 
collecting  arthropod  data  is  a  promising  path  that  should  be  pursued  and  coordinated  across  the 
Arctic. 
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Abstract  text: 

Introduction:  Arthropods  form  a  major  part  of  the  terrestrial  species  diversity  in  the  Arctic,  and 
are  particularly  sensitive  to  temporal  changes  in  the  abiotic  environment.  It  is  assumed  that  most 
Arctic  arthropods  are  habitat  generalists  and  that  their  diversity  patterns  exhibit  low  spatial 
variation.  The  empirical  basis  for  this  assumption,  however,  is  weak. 

Methods:  We  examine  the  degree  of  spatial  variation  in  species  diversity  and  assemblage 
structure  among  five  habitat  types  at  two  sites  of  similar  abiotic  conditions  and  plant  species 
composition  in  southwest  Greenland,  using  standardized  field  collection  methods  for  spiders, 
beetles  and  butterflies.  We  employed  non-metric  multidimensional  scaling,  species  richness 
estimation,  community  dissimilarity  and  indicator  species  analysis  to  test  for  local  (within  site) 
and  regional  (between  site)  scale  differences  in  arthropod  communities.  To  identify  specific 
drivers  of  local  arthropod  assemblages  we  used  a  combination  of  ordination  techniques  and 
linear  regression. 

Results/Conclusion:  Species  richness  and  the  species  pool  differed  between  sites,  with  the  latter 
indicating  high  species  turnover.  Local  scale  assemblage  patterns  were  related  to  soil  moisture 
and  temperature.  We  conclude  that  Arctic  arthropod  species  assemblages  vary  substantially  over 
short  distances  due  to  local  soil  characteristics,  while  regional  variation  in  the  species  pool  is 
likely  influenced  by  geographic  barriers  i.e.  inland  ice  sheet,  glaciers,  mountains  and  large  water 
bodies.  In  order  to  predict  future  changes  to  Arctic  arthropod  diversity,  further  efforts  are  needed 
to  disentangle  contemporary  drivers  of  diversity  at  multiple  spatial  scales. 
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Abstract  text: 

Introduction:  Changes  in  abiotic  stressors  and  plant-pollinator  interactions  may  interact  to 
influence  plant  reproduction,  especially  at  high  latitudes  and  near  range  margins.  In  these  places, 
the  effects  of  biotic  interactions  are  sometimes  regarded  to  be  inconsequential  compared  to 
abiotic  stressors,  but  more  empirical  evidence  is  needed. 

Methods:  We  investigated  three  plant  species  near  their  poleward  range  margin  in  West 
Greenland.  Along  a  climatic  gradient,  we  compared  the  reproductive  success  of  each  species  to 
abiotic  variables,  pollinator  visitation,  and  degree  of  pollen  limitation  to  assess  if  the  importance 
of,  and  interactions  between,  abiotic  and  biotic  factors  are  dependent  on  climate. 
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Abstract  text: 

Introduction:  Evidence  suggests  that  insect  herbivore  outbreaks  are  becoming  more  common  in  a 
rapidly  warming  Arctic,  but  field  studies  of  their  effects  remain  relatively  scarce.  One  such 
outbreak,  in  a  shrub  tundra  habitat  near  Nuuk,  Greenland,  coincided  with  six  years  (2008-2013) 
of  ground-dwelling  arthropod  monitoring. 

Methods:  We  employed  pitfall  trapping  and  a  variety  of  biotic  surveys  to  characterize  the 
herbivore  outbreak  and  the  subsequent  arthropod  food  web  response. 


Results/Conclusion:  During  the  outbreak  (June-July  2011),  moths  ( Eurois  occulta)  were  about 
100  times  more  abundant  than  in  the  three  years  prior  (2008-2010)  and  consumed  nearly  all 
aboveground  plant  biomass  in  the  area.  After  the  outbreak,  arthropod  abundance  and  diversity 
decreased,  with  parasitoids  about  96%  less  abundant  and  herbivores  about  85%  abundant. 
Meanwhile,  predaceous  arthropods  decreased  in  abundance  by  only  about  50%,  suggesting  that 
they  may  have  been  able  to  subsist  on  taxa  benefitting  from  the  outbreak.  For  example,  several 
saprophagous  taxa  (certain  Nematocera,  Brachycera,  Curculionidae  and  Collembola)  were  more 
abundant  after  the  outbreak  compared  to  before.  These  taxa  may  have  responded  positively  to 
increased  litter  inputs  or  litter  quality,  both  known  effects  of  herbivore  outbreaks  elsewhere. 
These  results  point  to  the  importance  of  alternative  energy  pathways  in  stabilizing  arthropod 
food  webs  in  the  face  of  trophic  collapse,  and  suggest  that  food  web  resilience  to  such 
disturbances  may  be  strongly  dependent  on  detrital  sources  of  energy  in  Arctic  systems. 
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Abstract  text: 

Introduction:  The  response  of  body  size  to  increasing  temperature  constitutes  a  universal 
response  to  climate  change  that  could  strongly  affect  terrestrial  ectotherms,  but  the  magnitude 
and  direction  of  such  responses  remain  unknown  in  most  species.  The  metabolic  cost  of 
increased  temperature  could  reduce  body  size  but  long  growing  seasons  could  also  increase  body 
size  as  was  recently  shown  in  an  Arctic  spider  species. 

Methods:  Here,  we  present  the  longest  known  time  series  on  body  size  variation  in  two  High- 
Arctic  butterfly  species:  Boloria  chariclea  and  Colias  hecla.  We  measured  wing  length  of  nearly 
4500  individuals  collected  annually  between  1996  and  2013  from  Zackenberg,  Greenland. 

Results/Conclusion:  We  found  that  wing  length  significantly  decreased  at  a  similar  rate  in  both 
species  in  response  to  warmer  summers.  Body  size  is  strongly  related  to  dispersal  capacity  and 


fecundity  and  our  results  suggest  that  these  Arctic  species  could  face  severe  challenges  in 
response  to  ongoing  rapid  climate  change. 
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Abstract  text: 

Terrestrial  primary  production  at  high  latitudes  is  often  greatly  constrained  by  nutrient 
availability,  particularly  nitrogen.  One  potential  source  of  nutrients  and  energy  are  more 
productive  and/or  nutrient  rich  habitats  nearby,  if  the  element  in  short  supply  can  be  transported 
via  mobile  organisms  like  birds  or  insects.  Frequently,  flying  adult  aquatic  insects  transfer  their 
biomass  from  relatively  productive  aquatic  habitats  (e.g.  ponds,  lakes,  streams,  etc.)  to  adjacent 
terrestrial  ecosystems.  When  these  insects  are  consumed  or  die  on  land,  their  associated  nutrients 
enter  terrestrial  biogeochemical  cycles  and  can  promote  primary  productivity  on  land,  with 
potential  indirect  effects  rippling  through  the  food  web.  Another  ecosystem  that  might  be 
impacted  by  similar  processes  are  glacier  forelands.  As  succession  proceeds  following  a  glacier's 
retreat,  patches  of  vegetation  cover  can  spring  up  near  the  glacier's  edge,  and  herbivores 
dispersing  from  them  may  provide  some  basis  for  ecosystem  development  in  nearby  un¬ 
vegetated  patches.  These  examples  stress  the  importance  of  mobile  organisms  to  ecosystem 
connectivity  and  development,  blurring  the  lines  between  “distinct”  habitat  types.  With  this  in 
mind,  future  arthropod  monitoring  efforts  should  carefully  consider  the  mobility  and  life  history 
of  arthropod  groups  to  identify  and  explore  important  but  easily  overlooked  habitat  and  process 
linkages. 
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The  Kenelm  W.  Philip  Lepidoptera  Collection  is  the  largest  private  collection  of  Arctic 
Lepidoptera  in  the  world,  with  over  1 1 1,000  specimens  collected  across  Alaska,  western  Canada 
and  eastern  Russia.  Dr.  Philip  began  to  build  the  collection  during  his  first  summer  in  Alaska  in 
1966.  His  magnificent  legacy,  the  Alaska  Lepidoptera  Survey,  brought  insect  nets  into  the  hands 
of  over  600  volunteers  who  contributed  to  this  almost  50  year  effort.  After  his  sudden  death  in 
March  of  2014,  the  collection  was  temporarily  moved  to  the  University  of  Alaska  Museum  in 
Fairbanks,  Alaska.  The  Kenelm  W.  Philip  collection  is  a  phenomenal  resource  which  will  be  a 
critical  asset  for  untold  generations  of  researchers.  Dr.  Philip  was  a  research  associate  for  the 
University  of  Alaska  Museum  and  the  Smithsonian  Institution,  where  the  majority  of  his 
collection  is  destined  to  be  deposited.  This  presentation  will  include  a  short  history  of  Dr. 
Philip’s  work,  as  well  as  a  brief  update  on  current  research  and  future  plans  with  the  collection. 
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Introduction:  Invertebrate  herb  ivory  in  tundra  ecosystems  has  not  been  extensively  studied  and 
the  effects  of  invertebrate  herbivores  on  tundra  plants  are  generally  neglected.  This  is  probably 
promoted  by  the  relatively  low  proportion  of  herbivorous  taxa  among  Arctic  invertebrates  and 
the  assumption  that  they  only  have  localized  impacts.  However,  recent  studies  have  shown  that 
invertebrate  herbivores  can  play  a  relevant  role  in  tundra,  as  they  do  in  other  ecosystems,  and 
their  impacts  are  likely  to  change  with  rapid  environmental  changes.  Most  research  efforts  have 
focused  on  the  effects  of  extensive  defoliation  caused  during  insect  outbreaks  in  the  forest-tundra 
ecotone,  but  little  is  known  about  background  (non-outbreak)  levels  of  insect  herbivory  in  the 
Arctic  tundra.  Background  herbivory  occurs  at  very  low  intensity  but  can  still  affect  plant 
growth,  in  some  cases  even  more  strongly  than  extensive  defoliation  events.  Further, 
mechanisms  regulating  background  herbivory  are  likely  to  differ  from  those  regulating 
population  dynamics  of  outbreaking  species,  so  predictions  of  levels  of  herbivory  need  to  be 
made  separately  for  these  two  types  of  herbivores. 

Methods:  Before  we  can  forecast  the  future  we  need  to  understand  the  present,  and  baseline 
information  on  current  levels  of  background  invertebrate  herbivory  in  tundra  are  sorely  lacking.  I 
will  present  results  from  a  collaborative  effort  to  quantify  background  herbivory  in  tundra, 
conducted  in  summer  2015  from  22  sites  across  the  Arctic.  Such  coordinated  initiatives  can 
greatly  advance  our  knowledge  on  plant-insect  interactions  in  the  Arctic,  and  serve  as  a  backdrop 
against  which  evaluate  future  changes. 
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As  ecologists,  we  are  typically  asking  questions  on  patterns  and  processes  much  larger  than  we 
can  grasp  by  ourselves.  At  the  same  time,  the  world  is  full  of  potential  collaborators  both 
professional  and  layman.  There  are  scores  of  people  already  living  in  or  visiting  the  regions  that 
we  would  like  to  target  -  and  quite  a  few  of  them  will  be  happy  to  lend  us  a  hand,  if  we  just  tell 


them  how  and  what  for.  Through  approaches  variously  referred  to  as  citizen  science,  distributed 
experiments  or  just  collaborations,  we  can  thus  achieve  so  much  more.  And  by  involving  wide 
audiences  in  generating  scientific  information,  we  make  the  dissemination  of  results  a  part  of  the 
process  rather  than  a  challenging  chore  at  the  end  of  it.  In  this  talk,  we  will  describe  some  of  the 
distributed  experiments  coordinated  by  our  team  in  both  the  Arctic  and  elsewhere,  with  a 
particular  emphasis  on  the  challenges  faced  and  the  lessons  learned.  What  we  argue  is  that 
ultimately,  the  only  concrete  limits  to  distributed  experiments  are  set  by  our  own  imaginations. 
Most  importantly,  the  key  to  success  is  to  split  major  efforts  into  small  work  packages, 
implementable  by  (almost)  anyone  anywhere  without  the  sacrifice  of  excessive  time  or  effort. 
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Introduction:  To  feed  the  burgeoning  world  population,  crop  production  will  need  to  double  by 
the  year  2050.  Increase  in  crop  yields  must  come  from  existing  land,  because  there  is  little  new 
land  that  can  be  cultivated.  Conversion  of  the  natural  ecosystem  to  agriculture  and  forestry 
ecosystems,  especially  in  developing  countries  in  the  tropics,  disturbs  the  ecological  balance. 
Increased  use  and  significantly  greater  concentrations  of  carbon  dioxide  have  depleted  the  carbon 
pool  in  soils  of  the  world.  Tropical  climates  further  compromise  the  ability  of  soil  to  recover. 
Projected  climate  change  will  impact  soil  carbon  dynamics  and  quality,  water  resources, 
temperature  regime,  and  growing-season  duration  of  net  primary  productivity  of  different 
biomes.  The  impact  of  changes  in  carbon  dioxide  and  ecological  environments  on  agronomic 
yields  and  food  production  in  different  regions  of  the  world  will  be  discussed. 
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Abstract  text: 

Introduction:  Feeding  by  Halyomorpha  halys  Stal  (Hemiptera:  Pentatomidae)  can  cause 
economic  loss  in  a  wide  spectrum  of  specialty  and  agronomic  crops. 

Methods:  Electronically-monitored  insect  feeding  (EMIF)  was  used  in  the  laboratory  and  the 
field  to  determine  how  temperature  affected  feeding  behavior  of  H.  halys.  These  data  were  used 
to  generate  feeding  response  curves  across  temperature  and  provided  the  basis  for  a  temperature 
model  of  feeding  activity.  The  temperature  feeding  model  was  applied  to  daily  temperature 
cycles  across  the  season  to  predict  timing  of  feeding  at  different  times  of  the  day  at  different 
times  of  the  year. 

Results/Conclusion:  These  predictions  have  implications  for  sampling,  as  it  is  much  easier  to 
detect  H.  halys  that  are  engaged  in  active  feeding  on  the  crop.  Infrared  thermal  imaging  was  used 
to  predict  where  feeding  damage  would  most  likely  occur  in  different  cropping  systems  at 
different  times  of  the  year.  The  temperature  dependent  feeding  model  also  helped  predict  how 
damage  patterns  in  space  and  time  could  be  affected  by  changes  in  climate  for  different  crops. 
These  predictions  have  important  implications  for  how  the  pest  interacts  with  the  crop  and  may 
affect  IPM  strategies. 
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Introduction:  Wheat  [Triticum  aestivium  L.]  resistance  to  Hessian  fly  [Mayetiola  destructor  Say] 
is  temperature-sensitive.  The  focus  of  our  research  was  to  understand  the  mechanisms  of  the 
heat-induced  loss  of  wheat  resistance  to  Hessian  fly  larvae. 

Methods:  To  this  end,  we  studied  the  impact  of  heat  stress  on  the  resistance  phenotype  of  the 
wheat  cultivar  ‘Molly’,  which  contains  the  R  gene  HI 3,  to  avirulent  Hessian  fly  populations,  and 
determined  the  phytohormone  and  lipid  profiles  of  wheat  plants  in  tissues  attacked  by  the  insect 
using  chemical  ionization  gas  chromatography  (GC-CI-MS)  and  automated  electrospray 
ionization  tandem  mass  spectrometry  (ESI-MS/MS)  analyses,  respectively. 

Results/Conclusion:  Our  results  indicated  that  heat  stress  decreased  12-oxo-phytodienoic  acid 
(OPDA)  accumulation,  reduced  the  abundance  of  total  polar  lipids  and  double  bond  index  in  the 
resistant  wheat.  The  combination  of  heat  stress  and  Hessian  fly  infestation  resulted  in  unique 
lipid  profiles.  We  also  found  that  external  application  of  salicylic  acid  (SA)  and  OPDA  to 
infested  wheat  seedlings  enhanced  resistance  of  wheat  plants  to  Hessian  fly  under  heat 
conditions.  Our  findings  suggest  that  OPDA  is  likely  a  key  signaling  molecule  in  wheat 
resistance  to  Hessian  fly,  and  that  changes  in  lipid  metabolisms  are  critical  in  the  suppression  of 
wheat  resistance  to  Hessian  fly  under  heat  stress. 


Symposium 

Presentation  Title:  Interactions  between  drought  stress  and  the  use  of  neonicotinoids  can  lead  to 
banks  grass  mite  outbreaks  in  corn 

Author  Name:  Ricardo  Ramirez 

Author  Institution:  Utah  State  University 

Session  Title:  Symposium:  Insect-Plant  Interactions  in  a  Changing  Climate 
Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1246 


DOI:  10. 1603/ICE.2016. 94762 


Abstract  text: 

Introduction:  Drought  conditions  are  prevalent  in  the  Intermountain  West  and  are  predicted  to 
persist,  while  neonicotinoids  are  widely  used  insecticides  as  seed  treatment  in  corn.  Spider  mites, 
a  cosmopolitan  pest,  are  thought  to  proliferate  with  prolonged  dry  conditions  and  with 
applications  of  neonicotinoids.  Drought  can  increase  plant  nutrient  availability  and 
neonicotinoids  can  alter  plant  physiological  pathways,  both  leading  to  an  increase  in  spider 
mites.  Most  of  these  studies  have  focused  on  Tetranychus  urticae  and  on  young  corn  plants  in 
controlled  environments.  What  is  unclear  is  how  drought  and  neonicotinoids  interact  and  what 
the  outcomes  are  for  Oligonychus  pratensis,  which  primarily  attacks  corn,  and  this  crop  through 
the  growing  season. 

Methods:  We  conducted  a  non-manipulative  and  a  manipulative  field  study  using  corn  plants 
either  with  or  without  neonicotinoid  seed  treatments  (control,  clothianidin,  and  thiamethoxam), 
and  either  kept  under  optimal  water  conditions  or  drought  stress.  In  the  first  case  we  looked  at 
the  resident  mite  population,  while  in  the  second,  individuals  of  O.  pratensis  were  added  to 
plants  and  recorded  weekly  throughout  the  season.  A  parallel  greenhouse  study  was  also 
conducted  to  look  at  plant  defenses  and  mite  fecundity. 

Results/Conclusion:  We  found  that  the  combination  of  drought  stress  and  clothianidin-treated 
seed  increased  mite  density  and  fecundity  during  the  season  until  plants  bloomed,  compared  to 
non-treated  seed  and  clothianidin-treated  seed  with  optimal  irrigation.  Interestingly,  mite  density 
increased  with  thiamethoxam-treated  seed  regardless  of  irrigation  treatment.  The  combined 
effect  of  drought  and  neonicotinoids  can  elevate  mite  density,  but  the  responses  vary  depending 
on  the  active  ingredient. 
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Introduction:  Urban  habitats  are  characterized  by  impervious  surfaces,  which  increase 
temperatures  and  reduce  water  availability  to  plants.  Three  primary  hypotheses  have  been 
proposed  to  explain  why  herbivorous  arthropods  are  more  abundant  and  damaging  in  cities,  and 
support  has  been  found  for  each.  First,  less  complex  vegetation  may  reduce  biological  control  of 
pests.  Second,  plant  stress  can  increase  plant  quality  for  pests.  And  third,  urban  warming  can 
increase  pest  fitness  and  abundance.  These  hypotheses  are  not  mutually  exclusive,  and  the  effects 
of  temperature  and  plant  stress  are  particularly  related. 

Methods:  Thus,  we  test  the  hypothesis  that  urban  warming  and  drought  stress  combine  to 
increase  the  fitness  and  abundance  of  Melanaspis  tenebricosa ,  an  urban  tree  pest,  by 
manipulating  drought  stress  across  an  existing  urban  warming  gradient. 

Results/Conclusion:  We  found  support  for  the  additive  effect  of  temperature  and  plant  stress 
such  that  female  egg  production  increased  with  temperature  and  was  consistently  greater  on 
drought-stressed  than  watered  trees.  This  study  provides  further  evidence  that  drivers  of  pest 
insect  abundance  act  in  concert,  rather  than  independently,  and  calls  for  more  research  that 
manipulates  multiple  abiotic  factors  related  to  urbanization  and  climate  change  to  predict  their 
effects  on  plant-insect  interactions.  As  cities  expand  and  the  climate  changes,  warmer 
temperatures  and  drought  conditions  may  become  more  severe  throughout  the  native  range  of 
this  pest.  These  changes  have  direct  physiological  benefits  for  M.  tenebricosa ,  and  potentially 
other  pests,  that  may  increase  their  fitness  and  abundance  in  urban  and  natural  forests. 
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Introduction:  Cities  profoundly  alter  biological  communities,  favoring  some  species  over  others, 
though  the  mechanisms  that  govern  these  changes  are  largely  unknown.  Herbivorous  arthropod 
pests  are  often  more  abundant  in  urban  than  in  rural  areas.  However,  hypotheses  to  date  leave 
many  outbreaks  unexplained  and  fail  to  predict  variation  in  pest  abundance  within  cities. 

Methods:  Here,  we  show  that  the  abundance  of  a  common  insect  pest  is  positively  related  to 
temperature  even  when  controlling  for  other  habitat  characteristics. 

Results/Conclusion:  The  scale  insect  Parthenolecanium  quercifex  was  13  times  more  abundant 
on  willow  oak  trees  in  the  hottest  parts  of  Raleigh,  NC,  in  the  southeastern  United  States,  than  in 
nearby,  cooler  areas.  Urban  warming  reduced  tree  carbon  sequestration  and  transpiration, 
important  services  that  improve  human  health  and  mitigate  local  and  global  warming.  Together, 
we  show  that  urban  warming  reduces  tree  function  directly  and  via  insect  herbivores. 
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Abstract  text: 

Introduction:  Climate  change,  such  as  increased  atmospheric  CO2,  may  alter  interactions 
between  invasive  plants  and  biocontrol  agents  impacting  biocontrol  efficacy  and  invasion 
intensity. 

Methods:  Here,  we  conducted  3  experiments  to  investigate  how  elevated  CO2  influenced  an 
invasive  plant  (alligator  weed,  Alternanthera  philoxeroides )  and  its  interactions  with  an 
introduced  biocontrol  beetle  (alligator  weed  flea  beetle,  Agasicles  hygrophila )  in  terrestrial  as 
well  as  aquatic  environments  where  the  plant  is  a  problematic  invader  in  North  America. 

Results/Conclusion:  Plants  in  aquatic  environments  had  tougher  leaves  and  were  eaten  less  in  no¬ 
choice  (experiment  1)  and  choice  feeding  trials  (experiment  2)  leading  to  lower  beetle 


populations  (experiment  3)  and  impacts  on  host  plants  (experiment  3)  in  aquatic  environments. 
Beetles  avoided  ovipositing  on  plants  raised  in  elevated  CO2.  Lower  oviposition  on  ambient  CO2 
plants  next  to  elevated  CO2  plants  indicate  plant  volatiles  may  contribute  to  these  oviposition 
preferences.  Our  results  suggest  that  the  greater  invasive  success  of  A.  philoxeroides  in  aquatic 
environments  in  North  America  may  reflect  weaker  control  by  A.  hygrophila.  In  addition,  they 
suggest  that  increased  atmospheric  CO2  may  reduce  biocontrol  efficacy  perhaps  allowing  A. 
philoxeroides  to  increase  its  impacts  in  terrestrial  environments  where  it  is  currently  rare  in 
North  America  but  is  a  noxious  invader  in  Asia. 
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Abstract  text: 

Introduction:  Climate  change  affects  the  abundance  and  trophic  interactions  of  natural  enemies 
directly,  with  potentially  severe  consequences  for  the  provision  of  conservation  biological 
control  services.  A  changing  climate  further  modifies  land-use  patterns,  as  human  societies  adapt 
to  climatic  conditions  by  conversion  of  land-use  types.  Anthropogenic  activities  therefore  hold 
the  potential  to  alter  the  composition  of  natural  enemy  communities  and  to  indirectly  affect  the 
functional  role  of  predator  species  in  conservation  biological  control. 

Methods:  Meta- analysis  of  published  studies  and  results  from  field  experiments  are  used  to 
highlight  the  importance  of  direct  and  indirect  effects  of  climate  change  on  natural  enemies  and 
associated  biological  control  services. 

Results/Conclusion:  Climatic  conditions,  particularly  temperature  and  precipitation  seasonality, 
affect  the  functional  role  of  natural  enemies  in  pest  control.  More  subtle  responses  of  predator 
communities  to  land-use  conversion  may  lead  to  pronounced  changes  in  the  provision  of 
biological  control  services.  Such  indirect  effects  of  climate  change  on  biological  control  services 
become  evident  when  focusing  on  body  size  distributions  in  predator  communities.  However,  the 


response  of  generalist  predators  to  land-use  change  shows  a  high  level  of  plasticity.  Future 
predictions  about  effects  of  climate  change  on  conservation  biological  control  have  to  consider 
both,  direct  (climate)  and  indirect  (land-use  conversion)  effects  on  predator  communities.  This 
urgent  research  topic  will  greatly  benefit  from  a  more  detailed  understanding  of  predator 
community  responses  to  climate  change  and  related  land-use  conversions,  leading  to  a 
productive  linkage  between  basic  and  applied  ecological  research. 
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Introduction:  A  yet  important  unknown  outcome  of  biological  control  involves  evolution,  e.g. 
will  a  herbivore  over  time  be  able  to  feed  on  a  new  non-target  host,  or  adapt  to  abiotic 
conditions,  such  as  to  climate  change.  One  possible  biocontrol  agent  of  common  ragweed 
( Ambrosia  artemisiifolia)  in  Europe  is  the  leaf  beetle  Ophraella  communa ,  native  to  North 
America  and  currently  used  to  control  the  noxious  weed  in  Asia.  This  beetle  was  first  observed 
in  Europe  in  2013,  most  probably  following  an  accidental  introduction  through  the  airport  of 
Milan,  Italy. 

Methods:  During  2013-2015  we  conducted  an  extensive  field  survey  in  northern  Italy  to  follow 
the  spread  and  target  and  non-target  impact  of  O.  communa ,  as  well  as  host  specificity 
experiments  under  quarantine  and  field  conditions,  and  under  both  present  and  future  climatic 
conditions. 

Results/Conclusion:  Ophraella  communa  expanded  from  130  sites  in  northern  Italy  in  2013  by 
500  km  both  west-  and  eastwards  up  to  2015,  and  regression  models  showed  that  the 
exceptionally  low  amounts  of  airborne  Ambrosia  pollen  observed  in  the  Milan  area  since  2013 
most  likely  related  to  the  presence  of  large  numbers  of  O.  communa.  Field  survey  and 
experimental  biosafety  studies  indicate  a  certain  risk  to  sunflower.  We  present  first  results  of  a 


novel  evolutionary  approach  to  assess  the  beetle’s  potential  for  genetically-based  changes  to 
novel  biotic  (host  plants)  and  abiotic  (future  temperature)  conditions.  Assessing  evolvability  of  a 
biocontrol  agent  will  greatly  improve  predicting  its  future  benefits  and  risks. 
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Introduction:  Managing  invasive  plants  in  an  effective  and  environmentally  friendly  manner  is 
essential  for  current  and  future  biodiversity  conservation.  While  bio-control  has  long  been 
considered  safe  to  environments,  concern  is  increasing  worldwide  over  impacts  of  introduced 
natural  enemies  on  non-target  species.  Moreover,  it  is  not  known  how  global  warming  will 
impact  such  risks  to  native  species. 

Methods:  Combing  large-scale  field  surveys  and  warming  experiments,  we  tested  how  climate 
warming  affects  impacts  of  the  multivoltine  beetle  Agasicles  hygrophila ,  introduced  for  bio¬ 
control  of  Alter nanther a  philoxeroides,  on  the  non-target  native  plant  Alternanthera  sessilis  in  in 
China. 

Results/Conclusion:  In  field  surveys  across  a  latitudinal  gradient  covering  their  full  distributions, 
we  found  that  all  three  species  co-occurred  in  areas  up  to  3 1.4°N  but  the  beetle  did  not  occur 
above  that  latitude.  Beetle  damage  on  A.  sessilis  decreased  and  native  plant  life  history  shifted 
from  perennial  to  annual  with  increasing  latitude.  Field  experiments  showed  that  elevated 
temperature  shifted  native  plant  life  history  from  annual  to  perennial,  increased  insect 
overwintering  and  impacts  on  seedling  recruitment  of  the  native  plant  in  monocultures.  These 
results  suggest  that  warming  can  shift  plant  and  insect  phenologies,  increase  non-target  effect 
magnitude  by  beetle  range  expansion  to  higher  latitudes  where  A.  sessilis  occurs.  Our  results 
highlight  the  importance  of  understanding  responses  of  invasive  species,  introduced  natural 


enemies,  and  non-target  native  species  to  climate  change  in  predicting  bio-control  safety  for 
conserving  biodiversity  in  the  future. 
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Abstract  text: 

Introduction:  Urban  forests  provide  important  benefits  to  urban  residents  and  in  mitigating 
climate  change.  However,  U.S.  urban  forests  are  shrinking  due  in  large  part  to  arthropod  pests 
which  are  more  abundant  and  damaging  in  urban  than  rural  forests.  Our  hypothesis  was  that 
elevated  temperatures  due  to  the  urban  heat  island  effect  increases  arthropod  pest  abundance  in 
cities  and  that  urban  forests  predict  pest  outbreaks  that  will  occur  in  rural  forests  due  to  global 
warming. 

Methods:  We  tested  this  hypothesis  by  examining  the  ecological  mechanisms  that  increase  scale 
insect  abundance  on  trees  in  the  hottest  parts  of  Raleigh,  NC  and  by  comparing  our  results  to 
historical  herbarium  specimens. 

Results/Conclusion:  We  found  that  urban  heat  affects  scale  insect  abundance  directly  by 
increasing  survival  and  fecundity.  Urban  heat  increases  scale  fitness  indirectly  by  altering 
interactions  with  natural  enemies  through  phenological  changes  in  scale  and  parasitoid 
development.  These  findings  inform  predictions  about  how  climate  change  could  affect  natural 
forests.  Scale  abundance  was  greater  on  herbarium  specimens  collected  from  natural  forests 
during  hot  years  over  the  last  century.  Ultimately  the  combination  of  warming,  pests,  and  other 
stresses  reduces  tree  condition  and  other  ecosystem  services  in  hot  urban  sites. 
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Introduction:  Insects  in  many  natural  micro-environments  experience  diel  changing  temperatures 
rather  than  constant  temperatures.  Global  climate  change  is  expected  to  increase  temperature 
variability  across  temporal  and  spatial  scales.  Thus,  the  effects  of  natural  temperature  variability 
on  insect  performances  become  a  major  challenge  under  ongoing  climatic  change. 

Methods:  We  collected  daily  temperature  data  for  decades  from  a  meteorological  database  and 
analyzed  how  the  temperature  has  changed.  We  then  embedded  the  changes  into  24-hour 
fluctuating  regimes  to  mimic  the  diel  temperature  fluctuations  in  nature.  We  examined  how  these 
regimes  affect  demographic  parameters  of  insects  across  life  stages. 

Results/Conclusion:  Compared  with  the  predictions  based  on  constant  temperatures,  night 
warming  on  hot  days  depressed  survival,  fecundity  and  population  growth  in  Sit obion  avenae. 
This  suggests  that  night  warming  may  exacerbate  the  negative  impacts  of  daytime  high 
temperatures.  Hot-day  frequency  had  differential  effects  on  demographic  parameters  of  three 
aphid  species  which  co-occur  in  nature.  This  indicates  that  changes  in  hot-day  frequency  can 
alter  community  structure  and  relative  dominance  of  species.  A  hot  event  had  a  negative  effect 
on  reproduction  in  Plutella  xylostella ,  but  the  degree  depended  on  the  life  stages  during  which  a 
hot  event  occurred.  This  implies  that  effects  of  hot  events  on  insect  populations  can  depend 
critically  on  the  timing  of  the  event.  To  improve  the  success  of  releasing  biological  agents,  local 
basal  and  changes  in  climate,  weather  on  the  day  of  release  and  following  days,  life  stages  of 
focal  agents,  and  the  conditions  of  rearing  and  acclimation  should  be  taken  into  account. 
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Introduction:  Climate  warming  is  expected  to  modify  the  interactions  between  trophic  levels  and 
affect  the  impact  natural  enemies  have  on  their  host/prey.  The  susceptibility  of  parasitoid-host 
relationships  to  climate  change  is  influenced  by  the  degree  of  adjustment  of  species  to  warmer 
temperatures.  We  hypothesized  that  the  risk  of  loss  of  synchrony  between  the  emergence  of  hosts 
and  parasitoids  is  proportional  to  the  differences  in  response  to  temperature  of  individual  species. 
Species  with  similar  responses  to  temperature  changes  will  probably  respond  similarly  to  climate 
change  and  will  maintain  their  synchrony. 

Methods:  We  propose  an  Index  of  Risk  of  Desynchronization  (IRD)  that  could  be  used  to 
identify  parasitoid-host  relationships  that  are  susceptible  to  be  disrupted  by  climate  change.  The 
IRD  quantifies  the  risk  of  loss  of  synchrony  and  could  be  used  in  association  with  climate  change 
scenarios  to  predict  when  the  loss  is  likely  to  occur. 

Results/Conclusion:  We  tested  the  IRD  using  the  potato  aphid,  Macrosiphum  euphorbiae,  and 
two  of  its  natural  enemies,  the  aphid  parasitoid  Aphidius  ervi  and  the  coccinellid  predator 
Coleomegilla  maculata.  The  IRD  calculated  for  the  pair  M.  euphorbiae  and  A.  ervi  remains 
stable  at  most  temperatures  suggesting  that  the  synchrony  between  these  two  species  should  be 
resilient  to  temperature  change.  However,  the  IRD  calculated  for  the  pair  M.  euphorbiae  and  C. 
maculata  decreased  markedly  between  15°C  and  26°C  suggesting  that  the  synchrony  between 
these  two  species  is  at  risk. 
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Introduction:  Surrounding  oceans  may  buffer  isolated  island  nations  from  the  temperature  rises 
predicted  under  climate  change  in  continental  regions.  However,  extreme  weather  events  are 
expected  to  increase  in  frequency  and  intensity  and  in  turn  may  disrupt  biological  control 
systems.  Islands  are  relatively  susceptible  to  biological  invasions,  partly  because  many  have  a 
high  level  of  endemism  and  dependence  on  species-impoverished  agroecosystems  based  on 
exotic  plants  and  animals.  Therefore  failure  of  biological  control  systems  can  have  major  effects 
on  island  biodiversity,  economies,  and  food  security. 

Methods:  Examples  from  the  Pacific,  in  particular  New  Zealand  and  the  Hawaiian  Islands,  are 
used  to  explore  how  climate  change  will  challenge  island  biological  control  systems. 

Results/Conclusion:  New  Zealand,  with  its  pronounced  North:  South  orientation  will  experience 
ecosystem  and  species  horizontal  shifts.  The  northern  North  Island  is  predicted  to  become  frost- 
free  by  the  end  of  the  century,  allowing  continual  development  of  some  important  pest  species. 
The  Hawaiian  Islands  provide  examples  of  how  climate  change  affects  high  altitude  islands 
where  relatively  small  climate-driven  shifts  in  patterns  of  atmospheric  circulation  may  trigger 
major  local  changes  in  rainfall,  cloud  cover,  and  humidity.  Here  altitudinal  shifts  and  increased 
variability  in  precipitation  and  hurricane  incidence  are  likely  to  put  stresses  on  natural  enemies. 
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Introduction:  Little  is  yet  known  on  how  biocontrol  programs  will  perform  under  future  climatic 
conditions.  Our  objective  is  to  provide  the  habitat  suitability  of  a  major  plant  invader,  Ambrosia 
artemisiifolia  (common  ragweed),  and  six  promising  North  American  (NA)  biocontrol  agents  in 
the  introduced  European  (EU)  range.  We  ask:  1)  what  percentage  of  the  suitable  ragweed  range 
is  also  suitable  for  agents  under  current  and  future  bioclimatic  conditions;  2)  does  relative 
geographical  overlap  of  agents  with  ragweed  in  NA  correlate  with  their  projected  overlap  in  EU? 
3)  which  part  of  EU  suitable  ragweed  area  is  likely  to  remain  unsuitable  for  biocontrol  agents? 

Methods:  Species  distribution  models  based  on  worldwide  occurrences  of  ragweed  and  insects 
were  used. 

Results/Conclusion:  We  show  a  large  overlap  in  climatic  space  between  the  insects  and  ragweed, 
but  a  considerable  discrepancy  in  the  overlap  between  EU  (3L4%)  and  NA  (83.3%).  This  might 
be  due  to  niche  shift  of  ragweed  in  EU  and  the  fact  that  the  habitats  with  high  ragweed 
occurrences  in  EU  are  rare  in  NA  and  predicted  to  be  unsuitable  for  the  insects.  Total  geographic 
range  of  all  insects  is  expected  to  decrease  under  climate  change,  but  six  insects  will  respond 
differently.  Relative  coverage  of  a  plant  invader  by  potential  agents  at  home  is  largely 
transferable  to  the  introduced  range,  even  when  the  plant  shifts  its  niche.  Our  analyses  provide  a 
guide  for  which  abiotic  conditions  to  select  for  in  developing  climatically  adapted  strains  for 
regions  in  EU  where  ragweed  is  currently  unlikely  to  be  controlled. 
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Introduction:  How  will  climate  change  affect  the  efficiency  of  biological  control  agents?  What 
can  we  learn  from  theoretical  models  and  laboratory  experiments  to  improve  biological  control 
in  a  warming  world? 

Methods:  By  combining  theory  and  experimental  work,  we  contributed  to  answer  these  questions 
by  investigating  how  (1)  temperature  change  influences  trophic  interactions  in  more  or  less 
complex  insect  food-webs  (aphids  and  their  predators),  (2)  heat  waves  can  modify  the  impact  of 
predators  on  pest  populations,  and  (3)  thermal  acclimation  can  help  natural  enemies  cope  with 
thermal  stress. 

Results/Conclusion:  Our  results  indicate  that  (1)  food- web  structure  can  be  highly  variable  and 
switch  between  exploitative  competition  and  intraguild  predation  depending  on  the  effects  of 
temperature  and  enrichment  (i.e.  prey  density)  on  predator  foraging  behavior  and  species 
interaction  strength,  (2)  more  biodiverse  ecosystems  with  predators  exerting  a  strong  biotic 
control  are  likely  to  be  less  influenced  by  abiotic  factors  and  have  higher  resistance  to  extreme 
climatic  events  than  impoverished  ecosystems  lacking  predators,  and  (3)  thermal  acclimation 
buffers  negative  impacts  of  environmental  change  on  predators  and  increases  food-web  stability 
and  persistence.  Our  models  contribute  to  identifying  the  mechanisms  that  explain  how 
environmental  effects  cascade  through  food  webs  and  influence  predator  and  prey  populations. 
We  argue  that  such  information  is  crucial  to  further  our  understanding  of  the  stability,  resilience, 
and  resistance  of  ecological  communities  under  climatic  forcing  and  improve  the  efficiency  of 
biological  control  programs. 
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Brazil  is  one  of  the  largest  corn  producers  worldwide.  One  of  the  main  factors  impacting  corn 
production  is  insect  damage.  The  fall  armyworm,  Spodoptera  frugiperda  Smith  (Lepidoptera: 
Noctuidae),  is  a  key  pest  and  may  cause  significant  decreases  in  production.  Transgenic  (Bt)  corn 
was  first  commercialized  in  2007-2008  and  represents  an  excellent  tool  to  control  fall  armyworm 
and  other  lepidopteran  pests.  However,  due  to  the  extremely  high  pressure  on  tropical  and 
subtropical  conditions,  pest  control  must  not  rely  on  Bt  corn  alone.  IPM  recommendations  in 
countries  such  as  Brazil  and  Argentina  include  several  additional  control  strategies.  Seed 
treatment  plays  an  important  part  in  the  whole  IPM  strategy  since  it  includes  one  more  mode  of 
action  into  the  system  and  can  reduce  a  first  generation  infestation.  Pest  monitoring  and 
insecticide  application  taking  threshold  levels  into  consideration  is  another  control  tactic  that 
needs  to  be  included.  A  rotational  program  of  different  modes  of  action  for  insecticides  needs  to 
be  considered  as  well.  Selectivity  of  insecticides  will  be  also  important  since  natural  and  applied 
biological  control  must  be  part  of  the  entire  IPM  on  Bt  corn. 
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Western  corn  rootworm,  Diabrotica  virgifera  virgifera  LeConte,  is  a  significant  pest  of  corn,  Zea 
mays,  in  the  United  States.  Corn  rootworm  management  has  been  successful  using  cultural 
practices,  chemical  treatments,  and  transgenic  Bt  com.  However,  these  practices  have  limitations 
and  are  being  challenged  by  corn  rootworm  populations.  There  have  been  reports  of  reduced 
susceptibility  and  field  developed  resistance  in  corn  rootworm  to  cultural  crop  rotation,  foliar 
chemical  treatments,  and  Bt  corn.  Recently,  the  reduced  effectiveness  of  Cry3  proteins  in  Bt  corn 
has  raised  the  concern  for  root  injury  and  yield  loss  risk.  In  response,  growers  are  using 
additional  pest  management  tactics  to  manage  population  risk  and  improve  resistance 


management.  Best  Management  Practices  have  been  developed  to  assist  growers  with  assessing 
rootworm  risk  and  improving  management  practices  using  integrated  tactics  and  resistance 
management  plans.  The  future  of  corn  rootworm  management  sustainability  can  be  successful 
with  active  new  protections  and  widely  adopted  diverse  management  practices  with  insect 
resistance  management  plans. 
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Introduction:  Effectively  managing  insect  pest  populations  is  one  of  the  most  problematic  factors 
impacting  crop  yields  in  tropical  environments.  Despite  the  success  of  Bt  crops  around  the  world, 
the  potential  evolution  of  Bt  resistance  in  target  insect  pests  remains  a  threat.  The  first 
commercial  Bt  soybean  (MON  87701  x  MON  89788)  expressing  Cry  1  Ac  protein  was  recently 
approved  for  cultivation  in  Brazil  and  launched  in  crop  season  2013/14  as  a  promising  alternative 
for  control  of  the  main  lepidopteran  pests  of  soybean. 

Methods:  To  ensure  the  longevity  of  this  technology,  a  comprehensive  IRM  (insect  resistance 
management)  program  has  been  implemented  based  on  a  robust  resistance  risk  assessment  of 
target  pests  including  population  ecology,  baseline  susceptibility,  efficacy  studies  and 
incorporation  of  IRM  stewardship  into  commercial  activities.  High  dose  criteria  were  assessed 
for  the  most  relevant  soybean  pests  and  resistance  allele  frequencies  were  estimated.  Also, 
appropriate  insect  management  on  refuge  areas  was  evaluated. 

Results/Conclusion:  Three  key  factors  that  favour  success  of  a  refuge  strategy  were  evaluated: 
recessive  inheritance  of  resistance,  low  resistance  allele  frequency  and  abundant  refuges  of  non- 
Bt  host  plants  near  Bt  crops.  Product  attributes  of  MON  87701  x  MON  89788  soybean  and  the 
main  target  pests  are  likely  to  meet  the  first  two  of  these  three  criteria.  Refuge  implementation  is 


the  last  key  component  of  a  successful  IRM  strategy  and  must  be  largely  adopted.  Educational 
and  marketing  campaigns  have  been  implemented  to  ensure  refuge  adoption.  Additionally, 
insecticide  management  on  refuge  areas  should  be  done  precisely  to  allow  the  survivorship  of 
significant  number  of  susceptible  insects. 
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Introduction:  Spodoptera  frugiperda  (fall  army  worm)  is  one  the  main  target  pests  of  maize 
events  expressing  Vip3Aa20  insecticidal  protein  from  Bacillus  thuringiensis  (Bt).  In  this  study, 
we  selected  a  putative  Vip3Aa20-resistant  S.  frugiperda  strain  and  will  present  data  on  its 
survival  on  Vip3Aa20  maize,  inheritance  and  fitness  costs  of  resistance. 

Methods:  A  putative  Vip3Aa20-resistant  fall  armyworm  colony  (Vip-R)  was  lab-selected  from  a 
field  population  collected  in  Correntina,  Bahia,  Brazil,  using  the  F2  screen  method.  Greenhouse 
(plant),  laboratory  (leaf)  and  diet-overlay  bioassays  were  performed  to  evaluate  the  survival  of 
susceptible  (Sus),  Vip-R  and  reciprocal  crosses  on  MIR162,  Btl  1  x  MIR162  x  GA21  and  non  -Bt 
maize  (near-isoline),  the  inheritance  of  resistance,  dominance  of  resistance  (Dml),  number  of 
genes  associated  with  resistance  and  fitness  costs. 

Results/Conclusion:  The  Vip-R  strain  was  able  to  survive  and  emerge  as  fertile  adults  on 
Vip3Aa20  maize  events;  however,  Sus  and  reciprocal  crosses  did  not  survive,  indicating  that 
resistance  is  phenotypically  recessive,  and  the  in-plant  expression  of  Vip3Aa20  meets  the  high- 
dose  concept.  The  resistance  ratio  was  >3200-fold.  The  Vip-R  strain  showed  autosomal  and 
monogenic  inheritance  of  resistance.  Life  history  studies  to  investigate  fitness  costs  revealed 
50%  lower  reproductive  rate  of  the  Vip-R  strain  compared  with  Sus  and  reciprocal  crosses.  This 


is  the  first  report  of  insect  resistance  to  the  Vip3Aa20  protein.  Our  results  will  provide  useful 
information  for  resistance  management  programs  designed  to  prevent  or  delay  resistance 
evolution  to  Vip3Aa20  in  S.  frugiperda. 
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Introduction:  The  benefits  of  genetically  engineered  (GE)  crops  to  farm  production  and 
sustainability  are  widely  documented.  GE  crops  contribute  to  reducing  agriculture’s 
environmental  footprint  by  lowering  the  need  of  insecticide  applications  and  conventional  tillage 
practices  while  protecting  high  yield  potential.  However,  the  evolution  of  insect  resistance  still 
poses  a  threat  to  GE  crops  despite  over  20  years  of  successfully  implementing  Insect  Resistance 
Management  (IRM).  Methods:  In  2014,  the  member  companies  of  CropLife  International 
including  BASF,  Bayer  CropScience,  Dow  AgroSciences,  DuPont  Pioneer,  Monsanto,  and 
Syngenta  agreed  to  three  durability  commitments:  (1)  resistance  management  being  fundamental 
to  stewardship  of  the  technology;  (2)  practices  that  promote  resistance  management  being 
embedded  throughout  the  organizations,  including  in  R&D,  regulatory,  and  commercial 
operations;  and  (3)  the  marketplace  does  not  undermine  technology  sustainability.  To  achieve 
these  commitments,  they  developed  an  initiative  called  Excellence  Through  Stewardship®  (ETS). 
ETS  promotes  universal  adoption  of  stewardship  programs  and  quality  management  systems  for 
the  full  cycle  of  plant  products.  An  IRM  component  added  in  2015  ensures  transparency  and 
collaboration.  Results/Conclusion:  ETS  requires  science-based,  practical  IRM  plans  for  all  insect 
protection  traits.  IRM  plans  include  industry-wide  alignment  on  local  IRM  strategies,  grower 
IRM  adoption  programs,  appropriate  refuge  seed  availability,  implementation  of  IRM  monitoring 
programs  and  proper  mitigation  measures  should  resistance  develop.  To  ensure  transparency  and 
accountability,  industry  members  agreed  to  third-party  audits  on  their  IRM  strategies,  processes 


and  programs,  including  regulatory,  market  deployment,  sales  and  customer  IRM  awareness, 
grower’s  implementation  of  IRM  practices,  resistance  monitoring  and  action  and  mitigation 
plans  for  resistance  occurrences. 
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Until  recently,  synthetic  pesticides  have  been  extensively  used  to  reduce  fall  armyworm  injury  to 
cotton.  Successes  in  genetic  engineering  have  created  cotton  plants  that  confer  resistance  to  a 
range  of  lepidopteran  pests.  The  first  insect-resistant  transgenic  cotton  expressing  a  single 
insecticidal  protein  {Cry  1  Ac)  was  effective  against  the  primary  targets  of  tobacco  budworm, 
Heliothis  virescens  F.,  and  pink  bollworm,  Pectinophora  gossypiella  Saunders,  but  offered 
limited  efficacy  against  other  common  cotton  pests.  Presently,  companies  have  developed 
pyramided  cultivars  that  express  two  or  more  insecticidal  proteins.  Development  of  transgenic  Bt 
cotton  expressing  two  or  more  genes  encoding  different  Bt  proteins  has  resulted  in  varieties 
which  offer  season  long,  broad  spectrum  control  of  the  major  lepidopteran  pests  of  cotton.  The 
addition  of  the  proteins  has  resulted  in  satisfactory  control  of  several  other  Lepidopteran  pests. 
The  fall  armyworm,  Spodoptera  frugiperda ,  has  been  recognized  as  a  polyphagous  insect  and 
common  pest  in  southern  row  crops  including  field  corn,  soybean,  grain  sorghum,  rice  and 
cotton.  In  cotton,  fall  armyworm  used  to  be  considered  an  occasional  pest,  but  has  been 
responsible  for  causing  significant  levels  of  damage  during  some  years.  Several  studies  have 
been  conducted  aiming  to  evaluate  the  efficacy  of  Bt  cotton  on  lepidopteran  pests  in  Brazil  and 
the  U.S.  Evaluations  consisted  of  counting  number  of  larvae  and  damaged  squares  for  H. 
virescens  and  S.  frugiperda  and  counting  number  of  larvae  and  percent  defoliation  for  A. 
argillacea  and  S.  cosmioides.  Data  showed  that  Bt  cotton  has  provided  consistent  performance 
on  the  main  pests  evaluated. 
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Introduction:  The  western  corn  rootworm,  Diabrotica  virgifera  virgifera  LeConte,  has  presented 
resistance  management  challenges  over  the  past  5  decades. 

Methods:  A  retrospective  look  at  corn  rootworm  resistance  in  the  United  States  is  presented. 

Results/Conclusion:  Throughout  the  1950s- 1960s,  chlorinated  hydrocarbon  insecticides  were 
commonly  used  in  cornfields  across  the  western  plains  states  and  western  corn  rootworm 
resistance  to  these  persistent  compounds  developed.  Western  corn  rootworm  adult  suppression 
programs,  designed  to  prevent  oviposition,  became  popular  in  western  Corn  Belt  states  and 
Nebraska  entomologists  confirmed  resistance  in  the  1990s  to  methyl-parathion  and  carbaryl.  In 
the  1990s,  western  corn  rootworms  caused  widespread  root  injury,  lodging  and  yield  losses  in 
rotated  cornfields  across  east-central  Illinois  and  northeastern  Indiana.  Remarkably,  producers  in 
these  areas  of  the  eastern  Corn  Belt  had  inadvertently  selected  for  a  crop  rotation  “resistant” 
strain,  commonly  referred  to  as  the  “variant”  western  corn  rootworm.  This  evolutionary 
development  resulted  in  increased  use  of  planting-time  soil  insecticides  in  rotated  cornfields, 
especially  across  the  eastern  Corn  Belt.  In  2003,  transgenic  corn  hybrids  expressing  the  Cry3Bbl 
protein  were  commercialized  and  provided  a  new  management  option.  Other  Cry  proteins 
(Cry34/35Abl,  mCry3A,  eCry3.1Ab)  targeted  at  western  corn  rootworms  have  been 
subsequently  commercialized.  Field-evolved  resistance  to  the  Cry3Bbl  protein  was  confirmed  in 
some  Iowa  continuous  cornfields  by  Iowa  State  University  entomologists  in  201 1,  with 
subsequent  confirmation  of  cross  resistance  to  the  mCry3A  protein.  To  ensure  the  sustainability 
of  future  management  tools  for  western  corn  rootworms,  a  long-term  more  fully  integrated 
approach  is  necessary  due  to  the  resiliency  of  this  insect  pest. 
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Abstract  text: 

Introduction:  The  western  corn  rootworm,  Diabrotica  virgifera  virgifera  LeConte,  is  the  most 
serious  pest  of  maize  in  the  United  States  Corn  Belt  and  in  parts  of  Europe.  Genes  for  the 
expression  of  several  toxic  proteins  from  Bacillus  thuringiensis  have  been  incorporated  into 
transgenic  maize  targeting  this  pest.  Under  field  level  selection,  this  pest  has  developed 
resistance  to  Cry3Bbl  and  these  populations  have  at  least  some  level  of  cross  resistance  to 
mCry3A  and  eCry3.1Ab. 

Methods:  Laboratory  selection  experiments  were  separately  conducted  with  maize  expressing 
Cry3Bbl,  mCry3A,  eCry3.1ab,  and  Cry34/35Abl  by  ours  and  other  groups.  Field-selected 
populations  were  also  evaluated  by  ours  and  other  groups.  Laboratory  selection  experiments  for 
each  Bt  were  compared  and  contrasted  with  each  other  and  also  with  current  data  from  selection 
under  field  conditions. 

Results/Conclusion:  Laboratory  colonies  with  resistance  to  Cry3Bbl,  mCry3A,  and  eCry3.1ab 
were  nearly  fully  resistant  (performed  nearly  as  well  on  Bt  compared  to  near-isoline  corn). 
Laboratory  colonies  selected  on  maize  expressing  these  proteins  survived  and  grow  at  a  level  of 
~80%  or  more  on  Bt  compared  to  isoline.  Colonies  selected  for  resistance  to  Cry34/35Abl 
performed  only  20%  as  well  on  Cry34/35Abl  compared  to  near-isoline  corn.  Developing 
resistance  to  Cry34/35Abl  was  more  difficult  under  laboratory  conditions  than  for  other  proteins 
and  this  might  be  expected  to  translate  to  the  field,  perhaps  extending  the  value  of  this  protein. 


Symposium 


Presentation  Title:  Field-evolved  resistance  to  Bt  maize  by  western  corn  rootworm 
Author  Name:  Aaron  J.  Gassmann 
Author  Institution:  Iowa  State  University 

Session  Title:  Symposium:  Challenges  and  Opportunities  for  Management  of  Western  Corn 
Rootworm 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1267 
DOI:  10. 1603/ICE.2016. 92549 
Abstract  text: 

Introduction:  Western  corn  rootworm,  Diabrotica  virgifera  virgifera,  is  a  serious  pest  of  maize  in 
the  United  States  and  is  managed  with  planting  of  Bt  maize.  Currently,  four  Bt  toxins  are  used 
for  management  of  western  corn  rootworm.  Commercial  cultivation  of  Bt  maize  targeting  corn 
rootworm  began  in  2003,  and  by  2009,  farmers  and  others  in  the  agricultural  community  were 
observing  greater  than  expected  levels  of  feeding  injury  to  Bt  maize.  Subsequent  bioassays 
revealed  that  this  feeding  injury  was  associated  with  Bt  resistance. 

Methods:  Bt  resistance  by  western  corn  rootworm  has  been  studied  by  visiting  fields  with 
suspected  Bt-resistant  populations  and  then  conducting  follow-up  bioassays  in  the  laboratory  to 
measure  patterns  of  resistance  and  cross-resistance  among  Bt  toxins.  Additionally,  field 
experiments  have  been  conducted  to  measure  pest  survival  and  feeding  injury  in  fields  where 
resistance  has  been  observed.  Laboratory  studies  using  strains  with  field-evolved  resistance  have 
been  conducted  to  test  for  fitness  costs  of  resistance  and  to  measure  the  inheritance  of  resistance. 

Results/Conclusion:  Resistance  by  western  corn  rootworm  to  Bt  maize  and  cross-resistance 
among  Bt  toxins  has  limited  management  options  for  farmers,  and  resistant  populations  can 
inflict  severe  feeding  injury  to  the  affected  Bt  traits.  Often,  inheritance  of  resistance  is  non- 
recessive,  which  has  likely  facilitated  the  evolution  of  resistance  by  this  pest.  To  date,  few  fitness 
costs  have  been  found  for  Bt  resistance  by  western  corn  rootworm,  which  is  likely  another  factor 
contributing  to  the  evolution  of  Bt  resistance,  but  also  suggests  that  resistance  traits  may  persist 
within  populations  once  selected. 
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Abstract  text: 

Introduction:  Diabrotica  virgifera  virgifera  LeConte,  the  western  com  rootworm,  is  a  major  pest 
of  maize  in  the  U.S.  The  first  transgenic  maize  varieties  engineered  to  be  protected  from  western 
corn  rootworm  expressed  the  toxin  Cry3Bbl  and  were  introduced  in  2003.  In  2009,  just  six 
rootworm  generations  later,  western  corn  rootworm  populations  with  resistance  to  Cry3Bbl  were 
observed. 

Methods:  To  identify  potential  molecular  mechanisms  of  resistance,  global  gene  expression 
differences  between  resistant  and  susceptible  corn  rootworm  strains  were  analyzed  using  RNA- 
Seq.  Field-evolved  resistance  from  several  different  locations  has  been  introduced  into  lab 
populations  of  western  corn  rootworms  as  a  resource  to  identify  the  genetic  basis  of  resistance. 

Results/Conclusion:  Several  differentially  expressed  genes  were  identified  that  have  the  potential 
to  be  involved  in  Cry3Bbl  resistance,  including  ABC  transporters,  digestive  enzymes  and 
protease  inhibitors. 
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Abstract  text: 

Introduction:  Pyrethroid  insecticides  are  commonly  used  to  control  larvae  or  adults  of  the 
western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera  LeConte,  a  key  pest  of  field  corn 
in  the  United  States.  In  response  to  reports  of  reduced  efficacy  of  bifenthrin  in  WCR 
management  programs,  research  was  conducted  to  characterize  WCR  susceptibility  to  bifenthrin 
across  the  U.S.  Corn  Belt,  confirm  WCR  resistance  to  bifenthrin,  and  investigate  possible  cross¬ 
resistance  and  mechanisms  of  resistance. 

Methods:  Adult  and  larval  WCR  concentration-response  bioassays  and  diagnostic  concentration 
bioassays  (composite  LC99from  10  susceptible  populations)  were  conducted  with  WCR  field 
populations  to  characterize  susceptibility  to  bifenthrin.  Concentration-response  assays  and 
synergist  bioassays  were  also  conducted  to  identify  potential  cross-resistance  relationships. 

Results/Conclusion:  In  general,  WCR  populations  in  the  western  Corn  Belt  exhibited  lower 
susceptibility  to  bifenthrin  than  populations  in  the  eastern  Corn  Belt.  Bioassays  confirmed  that  a 
low  level  of  resistance  to  bifenthrin  occurs  in  southwestern  areas  of  Kansas  and  Nebraska.  Larval 
bioassays  using  progeny  from  resistant  adult  populations  documented  that  resistance  to 
bifenthrin  is  a  heritable  trait.  The  highest  LC50  values  were  recorded  in  Finney  County  KS  and 
Chase  and  Keith  Counties  NE  (range:  1.38-2.20  pg/vial).  Resistance  ratios  were  similar  for 
larvae  and  adults;  generally  <  10  fold  higher  when  compared  to  a  non-diapause  susceptible  lab 
population.  Results  of  cross-resistance  bioassays  with  and  without  synergists  suggest  that  cross¬ 
resistance  with  other  compounds  occurs  and  multiple  resistance  mechanisms  may  be  involved. 
Additional  work  is  being  conducted  to  characterize  possible  mechanisms. 
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Abstract  text: 

Introduction:  In  an  attempt  to  reduce  insecticide  use  against  rootworms  (Coleoptera: 
Chrysomelidae;  Diabrotica  spp.)  in  corn,  biological  control  solutions  have  been  developed. 
Commercially  mass-produced  Heterorhabditis  species  of  entomopathogenic  nematodes 
(Rhabditida:  Heterorhabditidae)  are  now  available. 

Methods:  Recent  research  aimed  at  finding  optimal  application  techniques  for  nematodes  in  com, 
i.e.  being  practical  and  effective  at  field  scale  at  reasonable  costs. 

Results/Conclusion:  Studies  revealed  that  nematodes  can  be  applied  into  soil  at  sowing  as  well  as 
into  or  onto  soil  along  rows  of  young  plants.  However,  the  most-used  technique  is  the  fluid 
stream  spray  of  a  nematode-water  suspension  into  soil  at  the  moment  of  sowing  and  with  a 
relatively  low  amount  of  200-400  1  water  per  hectare.  Sowing  machines  are  used  that  have 
simple  fluid  applicators  that  apply  nematodes  behind  the  sowing  or  press  wheel  and  prior  the 
soil-closing  wheels.  Farmers  may  use  their  equipment  for  fluid  soil  insecticides,  or  may  use 
nematode-specific  applicators  on  sowing  machines.  This  reduces  the  required  nematode  dose  to 
2  to  3  x  109  per  hectare,  and  thus  the  costs  of  this  control  technique.  Current  developments  go 
towards  selecting  Heterorhabditis  strains  that  are  more  favourable  to  long  storage  and  higher 
desiccation  tolerance,  thus  allow  an  easier  transport  from  the  producer  to  the  farmer.  Nematode- 
based  biological  control  products  are  an  alternative  measure  to  control  rootworms  in  corn  in 
North  America  and  Europe. 

These  studies  were  funded  by  the  Bavarian  State  Ministry  of  Food,  Agriculture  and  Forestry 
through  the  Bavarian  State  Research  Centre  for  Agriculture. 
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Abstract  text: 

Introduction:  Resistance  management  has  become  a  pivotal  component  of  long-term  insect  pest 
control.  The  commercialization  of  genetically-engineered  plants  producing  Bt-toxins  resulted  in 
high  selective  pressure  on  many  insect  pests.  Products  targeting  the  western  corn  rootworm 
(WCR)  Diabrotica  virgifera  virgifera,  a  major  root  pest  on  maize,  produce  levels  Bt-toxins 
which  cannot  be  considered  high  dose.  Bt-resistant  WCR  have  evolved  in  the  field,  in  part,  due 
to  this  lack  of  a  high  dose.  As  Bt-maize  plants  attacked  by  resistant  WCR  suffer  more  damage,  it 
is  likely  that  inducible  plant  defenses  are  elicited  to  a  greater  extent,  resulting  in  the  emission  of 
volatiles  attracting  entomopathogenic  nematodes.  These  nematodes  kill  the  insect  pest  and 
effectively  reduce  root  damage  when  used  in  combination  with  appropriate  maize  cultivars. 

Methods:  The  volatile  blend  of  two  maize  cultivars  was  described.  The  response  of  two 
entomopathogenic  nematode  species  ( Heterorhabditis  megidis,  Steinernema  carpocapsae)  to 
induced  Bt-roots  was  evaluated  in  6-arm  olfactometers.  In  the  field,  WCR  damage  of  roots  of 
various  Bt-cultivars  was  recorded  in  the  presence  or  absence  of  each  species  of  nematode. 

Results/Conclusion:  In  the  laboratory,  roots  of  particular  Bt  cultivars  induced  with  Bt-resistant 
WCR  larvae  attracted  entomopathogenic  nematodes.  In  the  field,  significantly  less  damage  by 
Bt-resitant  WCR  was  measured  on  those  plants  than  on  Bt-cultivars  emitting  an  inaccurate  blend 
or  inappropriate  doses  of  volatiles.  This  induced  fitness  cost  to  Bt-resistance  offers  additional 
and  sustainable  approaches  to  Bt-resistance  management  plans.  These  results  underline  the 
importance  of  understanding  root-mediated  interactions  and  their  potential  in  the  development  of 
sustainable  agroecosystems. 
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Abstract  text: 

Introduction:  Maize  plants  (Zea  mays  L.)  suffer  from  root  herb  ivory  by  Diabrotica  virgifera 
virgifera ,  the  western  corn  rootworm  (WCR),  which  is  the  most  important  pest  of  maize  in  the 
North  America  and  in  several  countries  of  Central  and  Eastern  Europe.  Larvae  of  this  pest  feed 
on  root  hairs  and  cortical  tissue  and  tunnel  inside  roots,  often  leading  to  the  entire  destruction  of 
the  root  system  of  the  plant. 

Methods:  As  part  of  a  Swiss  research  consortium  that  explores  ecologically  sound  approaches  to 
improve  soil  health,  we  study  how  different  beneficial  organisms  (entomopathogenic  nematodes 
-EPNs-,  Pseudomonads  bacteria  and  arbuscular  mycorrhizal  fungi  -AMF-)  can  be  better 
exploited  for  the  enhancement  of  the  crop  performance  and  yield.  We  hypothesized  that  the 
application  of  these  beneficial  soil  organisms  in  maize  fields  can  limit  root  damage  caused  by 
WCR  and  will  improve  maize  productivity.  We  also  expected  that  the  combined  application 
(nematodes,  bacteria  and  fungi)  would  produce  stronger  positive  effects  than  those  observed  for 
individual  applications.  To  test  this,  we  evaluated  the  impact  of  the  application  of  selected 
organisms  on  the  performance  of  maize  in  WCR-infested/non-infested  controlled  field 
experiments. 

Results/Conclusion:  The  treatments  had  no  major  effect  on  WCR- inflicted  root  damage,  which 
was  low  for  all  treatments.  Surprisingly,  however,  we  observed  a  considerably  improved  crop 
yield  for  some  of  the  treatments.  Further  experiments  are  conducted  to  confirm  these  positive 
effects  on  maize  performance. 
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Abstract  text: 

Introduction:  Western  corn  rootworm  is  a  highly  adaptable  insect  pest  of  corn.  Despite  decades 
of  research  and  deployment  of  numerous  management  options,  this  pest  continues  to  be  the 
number  one  pest  of  corn  in  the  United  States. 

Methods:  This  talk  will  reflect  upon  historical  challenges,  key  biological  lessons  and 
opportunities  for  future  management.  Time  will  be  spent  contrasting  sociological  and  scientific 
elements  and  relative  impact  on  adoption  of  corn  root  worm  (CRW)  insect  resistance 
management  (IRM)  and  integrated  pest  management  (IPM)  programs. 

Results/Conclusion:  Significant  time  and  effort  is  being  placed  on  developing  new  innovative 
management  tools,  but  even  greater  effort  is  focused  on  implementation  of  these  management 
tools.  Current  strategic  CRW  projects  (incorporating  resistance  management)  are  evaluating  how 
socio-economic  factors  play  a  key  role  in  successful  implementation  of  IPM-based  management 
programs. 
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Abstract  text: 

Introduction:  Corn  Rootworm  (CRW)  Bt  technologies  have  been  in  the  market  since  2003  and 
have  provided  significant  value  to  growers.  However,  these  various  Bt  proteins  are  represented 
by  only  two  or  three  different  modes  of  action  (MO A),  thereby  increasing  the  risk  for  resistance 
development,  especially  when  these  MOA  are  not  expressed  in  the  same  plant.  The  use  of 


dsRNA  to  control  CRW  represents  a  new  MO  A,  that  when  combined  with  existing  Bt 
technologies,  should  not  only  increase  overall  CRW  control,  but  increase  durability  as  well. 

Methods:  Various  treatments  were  evaluated  with  and  without  CRW. 

Results/Conclusion:  This  presentation  will  describe  research  that  characterizes  the  insect 
resistance  management  (IRM)  potential  of  DvSnf7  dsRNA.  This  dsRNA  will  be  stacked  with  Bt 
Cry3Bbl  and  Cry34/35  to  produce  SmartStax  PRO,  the  first  commercial  product  controlling 
corn  rootworm  insects  by  combining  dsRNA  with  Bt  technologies. 
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Abstract  text: 

Since  the  discovery  of  Tuta  absoluta  in  Senegal  in  early  2013,  the  IPM  Innovation  lab  has  been 
active  in  tracking  its  spread,  informing  countries  in  East  and  West  Africa  and  South  Asia  about 
the  impending  danger  of  invasion  by  this  insect  as  well  as  developing  management  strategies.  In 
May  2013,  a  regional  workshop  was  conducted  in  Dakar,  Senegal  for  the  East  and  Central 
African  countries.  In  December  2013,  a  regional  workshop  was  conducted  for  East  African  and 
South  Asian  countries  in  Addis  Ababa,  Ethiopia.  In-country  workshops  were  conducted  in 
Kenya,  Tanzania,  Nepal  and  Bangladesh.  In  September  2015,  a  symposium  focusing  on  T. 
absoluta  was  conducted  at  the  International  Plant  Protection  Congress  in  Berlin,  Germany. 
During  this  symposium  an  IAPPS  T.  absoluta  Working  Group  was  established.  Another 
symposium  on  T.  absoluta  was  conducted  in  Cairo,  Egypt  in  October  2016  in  association  with 
the  annual  meeting  of  the  Egyptian  Society  for  Biological  control.  Currently  IPM  Innovation  Lab 
is  supporting  a  project  on  modeling  the  global  spread  of  T.  absoluta. 
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The  South  American  tomato  pinworm,  Tuta  absoluta  (Lepidoptera:  Gelechiidae),  has  been 
described  for  the  first  time  more  than  fifty  years  ago  as  a  pest  of  tomato  in  South  America.  This 
moth  is  well  known  for  causing  drastic  tomato  yield  losses  owing  to  its  leaf-mining  activity.  Its 
ability  to  successfully  develop  on  several  crop  and  solanaceous  weed  species,  makes  its  presence 
in  the  tomato  fields  very  challenging  to  avoid.  In  2006,  T.  absoluta  was  detected  in  Spain,  for  the 
first  time  outside  of  its  native  range.  It  rapidly  spread  across  European  and  North  African 
countries  before  colonizing  the  Middle  East.  It  is  currently  spreading  across  the  Asian  continent 
(eastward)  and  the  African  one  (southward).  Its  arrival  resulted  in  large  environmental  and 
economic  issues  in  all  invaded  areas  mainly  linked  with  the  widespread  use  of  broad  spectrum 
insecticides.  We  provide  a  comprehensive  outlook  of  the  pest  ecology  and  biology,  and  of  the 
invasion  and  spread  mechanisms  worldwide. 
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It  is  widely  acknowledged  that  the  phenomenon  of  invasive  species  spread  is  a  complex  interplay 
of  ecological,  socio-economic  and  technological  factors.  However,  this  notion  is  seldom 
incorporated  into  modeling  and  analyzing  the  dynamics.  In  this  talk,  I  will  present  the  concepts 
of  a  multi-theory  multi-layer  approach  to  simulate  and  forecast  the  spread  of  the  tomato  leaf 
miner  T.  absoluta.  The  proposed  framework  will  integrate  state-of-the-art  ecological  models  with 
network  based  models  with  the  aim  of  (1)  providing  a  causal  explanation  to  the  extent  and 
dispersion  of  leaf  miners,  (2)  accounting  for  various  climate  scenarios  and  other  control 
measures  such  as  pest  management  at  the  farm  level,  trade  &  travel  restrictions,  quarantining, 
phytosanitary  measures  etc.,  and  (3)  capturing  interactions  at  different  spatial  scales,  from  the 
level  of  agricultural  landscape  to  global  trade.  Although  the  proposed  work  is  focused  on  tomato 
leaf  miners,  the  underlying  approach  is  generic  and  can  be  adapted  to  other  agricultural  pests. 
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Human  mobility  and  behavior,  social  networks,  and  civil  infrastructures  are  closely  intertwined 
and  have  significant  impact  on  the  epidemiology  of  infectious  diseases  in  human,  animal  and 
plant  populations.  Effective  planning  and  response  strategies  must  take  these  complicated 
interactions  into  account.  Recent  quantitative  changes  in  high  performance  and  wireless 
computing  capability  have  created  new  opportunities  for  collecting,  integrating,  analyzing  and 
accessing  information  related  to  such  large  socio-technical  networks.  The  advances  in  network 
and  information  science  that  build  on  this  new  capability  provide  entirely  new  ways  for 


reasoning  and  controlling  epidemics  over  these  interaction  networks.  The  presentation  will 
describe  a  high  performance  computing  approach  to  support  policy  informatics  as  it  pertains  to 
epidemic  processes  in  human,  animal  and  plant  populations. 
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The  estimated  value  of  U.S.  fresh  market  and  process  tomato  production  was  $2.5  billion  in 
2014.  The  tomato  leaf  miner,  Tuta  absoluta  Meyrick,  which  is  not  established  in  the  United 
States,  represents  a  major  threat  of  invasion  and  economic  loss  to  this  crop  production.  APHIS 
has  developed  regulatory  and  tactical  countermeasures  to  prevent  U.S.  invasions  of  this  pest.  A 
review  of  current  and  proposed  APHIS  regulatory  prevention  strategies  including  phytosanitary 
standards,  inspection  methods  and  Federal  Orders  to  respond  to  the  T.  absoluta  threat  to  U.S. 
tomato  production  is  presented.  Tactical  prevention  measures  such  as  survey,  monitoring  and 
detection  methods  are  also  described  with  emphasis  on  improved  trapping  techniques.  A  review 
of  possible  control  approaches  to  respond  to  the  establishment  of  this  pest  in  the  United  States  is 
also  presented. 
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Tuta  absoluta  has  been  expanding  from  the  Mediterranean  region  into  countries  further  east 
including  Iraq,  India,  Kazakhstan,  and  possibly  Azerbaijan,  Uzbekistan,  Kyrgyzstan, 
Turkmenistan  and  Afghanistan.  Conditions  for  survival  during  mild  winter  are  favorable  in 
Central  Asian  countries  as  are  the  establishment  of  greenhouse  production  systems  in  many  of 
these  coutnries.  Tomato  production  in  the  Central  Asian  countries  is  therefore  expected  to  be 
significantly  impacted  unless  preventative  measures  are  implemented.  The  role  of  USAID  in 
managing  this  pest  in  Central  Asia  will  be  discussed. 
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The  South  American  tomato  leafminer  Tuta  absoluta  was  first  reported  on  tomato  from 
Bangalore  District,  Karnataka  State,  India  in  2014.  DNA  Barcoding  confirmed  the  species 
diagnosis  of  T.  absoluta.  Surveys  revealed  its  presence  in  the  districts  of  Bengaluru  Rural,  Kolar, 
Chikkaballapur,  Ramanagara  and  Tumukuru;  Malnad  and  Hyderabad-Karnataka  regions.  In 
addition  to  tomato  it  has  been  recorded  on  potato  and  brinjal  in  Krnataka  in  2014.  In  2015  this 
pest  has  been  recorded  on  tomato  from  other  Indian  states:  Tamil  Nadu,  Maharashtra,  Telangana 


and  Andhra  Pradesh  Larvae  feed  on  young  leaves,  creating  blotch-like  mines,  visible  from  both 
sides  of  the  leaf.  Larval  feeding  was  also  observed  on  apical  buds,  leaf  stalks  and  fruits.  The 
affected  fruits  exhibited  small,  distinct  holes  mainly  in  the  upper  half  towards  fruit  stalk. 
Average  infestation  ranged  from  5%  in  2014  to  53%  in  2015  in  various  districts  of  Karnataka.  In 
Maharashtra,  T.  absoluta  has  been  observed  both  in  protected  cultivation  and  in  open  fields  from 
Pune,  Ahmadnagar,  Dhule,  Jalgaon,  Nashik,  and  Satara  districts  causing  up  to  50%  damage.  In 
Telangana,  there  was  complete  foliage  destruction  of  cherry  tomato  grown  in  playhouses. 
Recognition  of  this  pest  by  the  farmers  is  the  main  lacunae  presently  in  initiating  management 
practices  mainly  using  chemical  insecticides.  Several  new  generation  insecticides  have  been 
tested  for  the  management  of  this  pest  and  sex  pheromone  traps  are  being  used  for  monitoring 
the  spread.  Research  is  being  conducted  to  identify  factors  influencing  spread  and  to  develop 
management  strategies  of  this  pest. 
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This  paper  presents  an  overview  on  the  impact  of  tomato  borer  Tuta  absoluta  (Lepidoptera: 
Gelechiidae)  on  tomato  production  in  the  Near  East  and  North  Africa  (NENA)  countries  and  the 
IPM  strategies  developed  to  manage  this  pest.  Tuta  absoluta,  an  invasive  plant  pest  with  a  high 
reproductive  capability,  is  globally  one  of  the  most  destructive  pests  of  tomatoes.  Since  2008  the 
pest  has  invaded  all  NENA  countries  where  it  is  the  most  serious  invasive  pest  of  tomato  in  open 
fields  and  greenhouses.  Tomato  is  an  important  vegetable  crop  and  serves  as  a  source  of  income 
for  the  vast  majority  of  NENA  region  farmers  who  are  economically  dependent  on  vegetable 
production.  The  threat  imposed  by  this  pest  has  severely  affected  the  livelihood  of  farmers  and 
the  poor  communities  where  tomato  is  the  main  component  on  the  dining  table.  All  infected 
countries  report  heavy  losses  in  production  ranging  from  50  to  100%.  Suitability  of  the  climate, 
year  round  activity,  its  ability  to  spread  through  all  life  stages  and  on  all  plant  parts  and  on 
packaging  material,  plus  the  lack  of  knowledge  on  management  practices  and  the  of  access  to 


effective  bio-rational  pest  management  materials,  make  T.  absoluta  a  challenging  pest.  To  cope 
with  this  new  challenge,  IPM-  based  programs  have  been  developed  and  transferred  to  farmers 
with  the  support  of  national,  regional  and  international  organizations,  such  as  FAO  and  private 
sectors.  The  IPM  programs,  which  are  discussed,  resulted  in  a  50-75%  reduction  in  pesticide  use 
in  most  countries. 
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Since  its  first  detection  in  2012  in  Senegal  Tuta  absoluta  has  become  a  severe  threat  to  the 
production  of  tomatoes  in  West  Africa.  Objectives  of  this  study  were  to  (i)  map  the  current 
spatial  distribution  of  the  pest  in  Senegal,  (ii)  obtain  information  on  population  dynamics  and 
damage  in  the  main  tomato-producing  areas,  and  (iii)  identify  alternative  host  plants  and 
indigenous  natural  enemies.  A  trapping  network  and  field  survey  were  implemented  from  2013 
to  2015  to  monitor  T.  absoluta  incidence  at  a  regional  and  nationwide  scale.  In  2014,  pheromone 
traps  did  not  detect  the  presence  of  T.  absoluta  moths  in  eastern  Senegal.  In  2015,  moths  were 
detected  in  all  fifteen  monitored  areas  throughout  the  country.  Abundance  of  trapped  moths  was 
greatest  in  coastal  Senegal,  including  the  main  tomato-producing  area  (Niayes).  Unexpectedly,  T. 
absoluta  moths  were  trapped  in  some  areas  with  few  or  no  tomato  crops,  including  off-season 
(Vallee  du  fleuve),  hot  drylands  (Matam  and  Kidira)  and  urban  environments  (Dakar).  T. 
absoluta  was  also  detected  in  eggplant,  Ethiopian  eggplant,  potato  and  sweet  pepper  fields,  but 
not  in  pepper  fields.  Laboratory  tests  showed  a  positive  correlation  between  larval  performance 
on  these  host  plants  and  female  oviposition  preference.  Very  low  larval  parasitism  (0.4%)  was 
observed  whereas  predators  such  as  Nesidiocoris  tenuis  and  Orius  sp.  might  be  good  candidates 
for  biocontrol.  Results  on  the  bio-ecology  of  this  invasive  pest  will  be  helpful  to  decision-makers 
with  a  view  to  developing  appropriate  surveillance  and  sustainable  management  strategies. 
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Introduction:  Trypans oma  cruzi  is  the  causative  agent  of  Chagas  disease  and  is  mainly 
transmitted  to  humans  by  the  feces  of  hematophagous  insects  (Reduviidae:  Triatominea)  also 
known  as  kissing  bugs.  There  are  about  140  different  species  of  triatomines,  most  of  which  are 
found  in  the  American  continent.  Of  these,  many  species  are  of  epidemiological  importance  due 
to  their  capacity  of  adapting  to  anthropogenic  environments.  Their  adaptability  allowed  them  to 


spread  beyond  geographical  areas  where  they  were  endemic.  Such  is  the  case  of  Triatoma 
infestans  in  the  Southern  Cone  of  South  America  and  Rhodnius  prolixus  in  Central  America. 
Controlling  an  introduced  species  is  a  major  endeavor,  but  has  the  advantage  of  low  or  no 
reinfestation  after  interventions.  This  is  not  the  case  for  most  species,  such  as  Rhodnius 
ecuadoriensis  in  Ecuador,  where  residual  insecticide  treatment  of  the  houses  confers  only  short 
term  protection. 

Methods:  Once  the  residual  effect  subsides,  the  houses  are  readily  recolonized  by  individuals 
from  nearby  wild  triatomines  populations.  In  this  scenario,  control  programs  must  address  the 
interrelated  social,  economic  and  cultural  practices  at  the  local  level.  Understanding  the  local 
conditions  and  practices,  in  combination  with  knowledge  about  the  biology  of  the  local 
triatomines  species  are  critical  for  the  development  of  long-lasting  interventions  that  prevent  the 
contact  between  domestic  hosts  (humans  and  domestic  animals)  and  triatomines. 

Results/Conclusion:  The  Healthy  Living  Initiative  aims  to  generate  the  deep  understanding 
needed  to  address  this  issue  in  southern  Ecuador,  and  constitutes  a  model  that  could  be 
implemented  in  areas  where  wild  triatomines  populations  occur. 
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Chagas  disease  is  a  zoonotic  parasitic  disease  caused  by  the  protozoan  Trypanosoma  cruzi.  This 
parasite  is  vectored  by  insects  of  the  subfamily  Triatominae.  Vector-borne  transmission  is 
limited  to  the  Americas.  While  the  majority  of  cases  occur  in  Latin  American  countries,  the 
parasite,  insect  vectors  and  reservoirs  are  found  in  the  southern  half  of  the  U.S.  where  seven 
autochthonous  cases  have  been  reported.  Additional  presumed  autochthonous  cases  have  been 
identified  since  the  screening  of  the  blood  supply  has  been  initiated.  Nevertheless,  the  major 
health  risks  in  the  U.S.  are  for  the  estimated  300,000  residents  who  acquired  the  infection  in 


endemic  countries  of  Latin  America.  The  authors  will  review  the  history  of  Chagas  disease  in  the 
U.S.,  including  autochthonous,  transfusion,  congenital,  and  transplant  cases.  In  addition  they  will 
discuss  the  distribution  of  the  1 1  vector  insects,  give  an  overview  of  the  infected  reservoir 
mammals,  and  summarize  data  on  the  infected  bugs  received  during  the  past  10  years  at  the 
Centers  for  Disease  Control  and  Prevention. 
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Introduction:  Chagas  disease  is  transmitted  to  humans  by  Triatomine  vectors.  One-third  of  those 
infected  will  develop  a  fatal  progressive  dilated  cardiomyopathy.  Recent  evidence  has  been 
growing  regarding  a  high  disease  burden  from  both  imported  cases  and  autochthonous 
transmission  in  the  United  States. 

Methods:  To  demonstrate  themes  associated  with  Chagas  disease  detection  in  humans,  we  will 
work  through  case-patients'  epidemiologic  risk  factors  and  clinical  course  management. 

Results/Conclusion:  Following  these  case-patient  reports,  the  audience  will  have  a  better 
understanding  of  the  epidemiologic  and  clinical  aspects  of  Chagas  disease  in  the  United  States. 
Specifically,  recommended  areas  for  targeted  improvement  include  vector  surveillance, 
improved  diagnostics,  physician  education  campaigns,  and  FDA  approval  of  pharmaceutical 
treatments. 


Symposium 


Presentation  Title:  Semi-sylvatic  habitats:  A  key  environment  for  Chagas  disease  amplification 
and  bug  reinfestation 

Author  Name:  Gonzalo  Vazquez-Prokopec 
Author  Institution:  Emory  University 

Session  Title:  Symposium:  Chagas  Disease:  A  Neglected  Disease  of  Public  Health  Importance 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1288 
DOI:  10.1 603/ICE.20 16.11 1394 
Abstract  text: 

Introduction:  Chagas  disease,  a  complex  zoonosis  transmitted  by  a  myriad  of  Triatomine  vector 
species,  is  a  serious  health  concern  throughout  the  Americas.  In  this  presentation  we  will 
emphasize  the  ecological  and  epidemiological  role  of  semi-sylvatic  habitats  (natural  environment 
within  close  proximity  of  rural  houses)  and  their  role  as  amplifiers  of  Trypanosoma 
cruzi  infection  and  bug  reinfestation  after  control  interventions. 

Methods:  Using  data  from  a  longitudinal  field  study  spanning  for  over  14  years,  we  studied  key 
factors  responsible  for  bug  abundance  and  parasite  infection  within  semi-silvatic  habitats  around 
three  rural  communities  in  northwestern  Argentina  (Amama,  Trinidad  and  Mercedes).  Data  from 
bi-yearly  household  bug  collections  using  timed-manual  collections  before  (1992-2002)  and  after 
(2002-2004)  blanket  indoor  residual  spraying;  light  traps,  habitat  dissections  and  small  mammal 
collections  to  detect  T.  cruzi  were  statistically  analyzed  to  detect  patterns  of  bug  and  parasite 
distribution  and  associations  with  vegetation  attributes  of  the  semi-sylvatic  environment. 

Results/conclusion:  Triatoma  guasayana  (a  secondary  sylvatic  vector)  levels  of  infection  with  T. 
cruzi ,  abundance  in  peridomestic  habitats  and  invasion  into  rural  houses  was  significantly  higher 
in  transmission  hot-spots  dominated  by  high  abundance  of  goats  and  semi-sylvatic  habitats  with 
high  density  of  artificially  planted  bromeliads  (used  to  protect  goats).  Triatoma  infestans  (the 
primary  domestic  vector)  also  infested  semi-sylvatic  habitats  (tree  logs),  and  one  of  those  foci 
statistically  explained  the  finding  of  peridomestic  bugs  1  year  post-spraying.  The  genetic  makeup 
of  the  semi-sylvatic  T.  infestans  was  indistinguishable  from  peridomestic  bugs,  pointing  to  a 
complex  process  of  bug  and  parasite  circulation  between  domestic,  peridomestic  and  semi- 
sylvatic  habitats. 
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Abstract  text: 

Introduction:  Chagas  disease  is  a  vector-borne  parasitic  disease  affecting  more  than  8  million 
people  globally.  Although  the  disease  is  mostly  prevalent  in  Latin  America,  it  also  exists  in  the 
southern  portion  of  the  U.S.,  including  Texas.  It  is  estimated  that  only  1  to  2%  of  the  acute 
Trypanosoma  cruzi  infections  in  adults  are  recognized  and  accurately  diagnosed.  Approximately 
20-30%  of  infected  persons  will  enter  into  the  chronic  phase  of  Chagas  and  still  possibly  go 
undiagnosed. 

Methods:  Research  shows  infected  triatomines  and  Chagas  are  both  present  in  Texas,  however 
the  prevalence  of  the  disease  is  still  not  understood.  As  an  emerging  disease,  diagnosis  and 
access  to  treatment  are  limited  in  the  U.S.  due  to  the  lack  of  knowledge  about  the  disease  and  its 
vectors.  The  Texas  Chagas  Task  Force  was  formed  with  collaboration  from  experts  in  medicine, 
public  health,  entomology,  and  veterinary  medicine  to  develop  educational  materials  and 
implement  targeted  outreach  on  Chagas.  The  goals  of  the  collaborative  are  to  increase  awareness 
of  the  presence  of  Chagas  and  improve  knowledge  regarding  appropriate  diagnosis,  treatment, 
and  prevention. 

Results/Conclusion:  After  preliminary  meetings,  the  Task  Force  has  determined  there  is  a  large 
gap  in  our  understanding  about  the  disease  here  in  the  U.S.  We  are  currently  evaluating  the 
effectiveness  of  current  practices  to  screen,  treat,  prevent  and  care  for  individuals  with  Chagas. 
This  is  a  5-year  effort  that  will  help  to  provide  a  more  precise  set  of  information  and  materials  to 
be  disseminated  to  all  first  responders  addressing  the  issue  of  Chagas. 
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Abstract  text: 

Introduction:  The  very  diverse  and  widespread  insect  vector,  Triatoma  dimidiata,  poses  serious 
challenges  to  control  of  Chagas  disease  in  Central  America.  Traditional  pesticide  application, 
with  its  environmental  hazards,  is  ineffective  as  T.  dimidiata  readily  reinfests  houses  from 
peridomestic  and  sylvan  areas.  The  alternative  Ecohealth  approach  is  based  on  community 
participation,  respects  cultural  practices,  and  is  sustainable  and  environmentally  sound. 

Methods:  We  assessed  the  most  important  risk  factors  for  Chagas  transmission  in  Central 
America  and  prioritized  those  for  intervention  with  the  communities’  input.  Working  with 
anthropologists,  sociologists,  architects  and  engineers,  we  studied  traditional  cultural  practices 
and  environmental  factors  and  developed  house  improvement  methods  using  local  materials  and 
adapting  traditional  practices.  For  approximately  $25  USD  per  house,  and  with  additional 
governmental  and  NGO  partners,  >7,000  houses  have  been  improved  across  three  countries: 
Guatemala,  El  Salvador,  and  Honduras. 

Results/Conclusion:  Following  improvements,  triatomine  infestation  levels  decrease  to  a  level 
below  that  where  Chagas  transmission  is  likely,  there  is  a  shift  of  blood  sources  from  humans  to 
chickens,  and  domestic  animals  have  been  moved  outside  the  houses,  with  an  unanticipated 
increase  in  chicken  production.  In  addition,  there  is  a  decrease  in  intestinal  parasites  in  children. 
We  produced  an  instructional  video,  which  is  being  used  by  Ministries  of  Health  to  teach  the 
villagers  how  to  improve  their  own  homes.  The  Ecohealth  approach  has  been  proven  to  be  a 
long-term,  sustainable  and  cost  effective  approach  that  shows  promise  in  interrupting  Chagas 
transmission  in  Central  America  with  the  added  benefits  of  improving  health  through  community 
development. 
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Abstract  text: 

Introduction:  Triatomine  ‘kissing  bug’  vectors  of  Trypanosoma  cruzi ,  agent  of  Chagas  disease, 
are  found  throughout  the  southern  United  States.  The  spatial  distribution,  species  composition, 
and  temporal  phenology  are  important  determinants  of  the  geographical  variation  in  the  risk  of 
human  and  animal  exposure  to  T.  cruzi. 

Methods:  Through  a  citizen  science  program  and  field  collections  from  2013  to  2015,  we 
collected  2,812  kissing  bugs  from  98  different  counties  in  Texas.  Using  a  combination  of 
morphological  and  molecular  identification,  we  identified  7  different  species  of  Triatoma.  We 
screened  the  extracted  DNA  from  hind  guts  by  quantitative  PCR  followed  by  a  strain-typing 
PCR.  We  used  spatial  statistics  to  identify  significantly  higher  or  lower  than  expected  regions  of 
occurrence  for  the  four  most  abundant  triatomine  species. 

Results/Conclusion:  The  adult  stages  are  most  commonly  encountered  between  May  and 
October,  although  differences  in  phenology  among  the  different  species  exist.  We  detected  an 
overall  T.  cruzi  prevalence  of  63%,  which  varied  among  triatomine  species  (range  44-68%). 
Subsequent  strain-typing  PCR  confirmed  both  Tel  and  TcIV  are  present  in  Texas  triatomines. 
The  point-pattern  analyses  for  each  Triatoma  species  revealed  unique  geographic  occurrence, 
which  corroborates  the  known  distribution  of  these  species  in  the  Southern  U.S.  and  Mexico. 
Overall,  these  results  highlight  the  temporal  and  spatial  heterogeneity  of  Triatoma  spp.  occurring 
in  Texas. 
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Abstract  text: 

Introduction:  Protozoan  pathogen  Trypanosoma  cruzi  is  the  etiologic  agent  of  Chagas  disease, 
which  affects  millions  of  people  in  Latin  America.  Recent  evidence  suggests  it  is  an  emerging 
public  health  threat  in  Texas  and  the  southern  United  States.  Our  study  aimed  at  better 
understanding  of  T.  cruzi  prevalence  among  insect  vectors  and  their  blood  meal  sources  to  reveal 
which  vertebrate  hosts  are  at  risk  for  infection  in  Texas. 

Methods:  Tiatomine  insects  were  collected  in  rural  peridomestic  sites  by  residents  of  Texas. 
DNA  was  extracted  from  the  posterior  third  of  the  insect  abdomen.  TCZ1/2  primers  were  used  in 
PCR  to  detect  T.  cruzi  DNA.  For  blood  meal  analysis,  a  segment  of  the  vertebrate  12S  rRNA 
mitochondrial  gene  was  amplified  and  sequences  to  infer  the  species  identity. 

Results/Conclusion:  Out  of  68  submitted  specimens,  the  majority  (75%)  were  Triatoma 
gerstaeckeri ,  with  a  few  samples  of  T.  sanguisuga ,  T.  lecticularia ,  T.  rubida ,  and  T.  protracta 
woodi.  We  found  63%  of  the  submitted  insects  tested  positive  for  T.  cruzi.  Blood  meal  sources 
were  determined  for  62  (91%)  insects,  and  16  different  species  of  mammals  were  identified.  The 
most  prevalent  type  of  blood  meal  was  human  (66%  of  the  insects),  with  56%  of  these  insects 
being  positive  for  T.  cruzi.  High  infection  rate  of  the  triatomine  vectors  combined  with  high 
incidence  of  feeding  on  humans  highlight  the  importance  of  Chagas  disease  surveillance  in 
Texas.  T.  cruzi  infection  status  and  feeding  patterns  of  the  triatomines  from  Houston,  TX  area  is 
currently  under  investigation. 
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Introduction:  Many  malaria-endemic  regions  are  facing  dramatic  increases  in  the  prevalence  of 
type  2  diabetes.  By  2030,  almost  24  million  people  in  Africa  and  100  million  people  in  Southeast 
Asia  are  predicted  to  develop  type  2  diabetes.  Therefore,  it  is  imperative  that  we  understand  how 
this  metabolic  disorder  impacts  malaria.  It  is  well  documented  that  type  2  diabetic  adults  are 
more  susceptible  to  a  wide  variety  of  opportunistic  bacterial  and  parasitic  infections,  including 
malaria.  Indeed,  published  reports  have  shown  that  patients  with  type  2  diabetes  are  46%  more 
likely  to  be  infected  with  Plasmodium  falciparum.  Yet,  the  impact  of  type  2  diabetes  on  malaria 
transmission  remains  unexamined. 

Methods:  Wild-type  and  type  2  diabetic  C57BL/6  mice  were  infected  with  non-lethal 
Plasmodium  yoelii  17XNL  and  parasitemias  and  gametocytemias  were  determined  by  Giemsa- 
stained  slides  prepared  from  tail  bleeds.  On  day  8,  infected  mice  were  anesthetized  and  50 
Anopheles  stephensi  mosquitoes/mouse  were  allowed  to  feed.  After  10  days,  A.  stephensi 
midguts  were  dissected  and  oocysts  counted. 

Results/Conclusion:  Our  preliminary  data  indicate  that  Plasmodium-infected  type  2  diabetic 
hosts  appear  to  be  less  symptomatic,  more  gametocytemic,  and  more  efficient  at  infecting 
mosquitoes,  creating  a  synergy  that  could  accelerate  malaria  parasite  transmission  in  regions 
where  this  co-morbidity  occurs. 
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Introduction:  Anopheles  gambiae  is  capable  of  mounting  antiplasmodial  reponses  through  its 
complement-like  immune  system.  Nevertheless,  some  Plasmodium  falciparum  (Apicomplexa) 
strains  can  evade  the  mosquito  immune  system  by  the  action  of  its  Pfs47  protein.  P.  falciparum 
originated  in  Africa  and  was  dispersed  to  other  continents  by  humans,  where  it  encountered 
evolutionary  diverse  anopheline  species.  We  studied  the  role  of  the  mosquito  immune  system 
and  Pfs47  in  the  adaptation  of  P.  falciparum  to  different  vector  species. 

Methods:  In  order  to  obtain  evidence  of  natural  selection  of  P.  falciparum  by  the  mosquito 
immune  system  during  the  adaptation  of  the  parasite  to  evolutionary  diverse  vectors,  we  studied 
the  compatibility  between  major  malaria  vectors  from  Africa  (A.  gambiae ),  Southeast  Asia  (A. 
dirus)  and  the  Americas  (A.  albimanus)  with  P.  falciparum  isolates  collected  in  those  regions. 

Results/Conclusion:  P.  falciparum  isolates  from  a  given  geographic  region  presented  higher 
compatibility  (i.e.  higher  infection  intensity  and  prevalence)  with  the  anopheline  of  the  same 
region,  suggesting  that  P.  falciparum  underwent  natural  selection  while  adapting  to  different 
vectors.  Disruption  of  the  mosquito  complement-like  system  by  RNAi  rescued  infections  in  less 
compatible  anopheline-parasite  combinations.  Replacement  of  the  Pfs47  haplotype  in  an  African 
P  falciparum  line  was  sufficient  to  change  the  compatibility  of  P.  falciparum  to  different  vectors, 
by  allowing  the  parasite  to  evade  the  mosquito  complement-like  system.  The  mosquito  immune 
system  appears  to  be  an  important  barrier  for  adaptation  of  P.  falciparum  to  different  anopheline 
species  through  selection  of  Pfs47,  and  this  may  influence  the  parasite’s  population  structure  and 
malaria  epidemiology. 
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Abstract  text: 


Introduction:  Anopheles  gambiae  is  a  major  vector  of  Plasmodium  falciparum.  Parasite  burdens 
in  the  mosquitoes  are  determined  by  the  interactions  between  mosquito  resistance  factors, 
parasite  virulence  factors,  and  environmental  factors.  Our  laboratory  is  interested  in 
understanding  the  fine  interactions  between  these  different  factors,  especially  how  mosquitoes 
control  parasite  numbers,  why  some  of  them  are  more  resistant  to  malaria  parasites  than  others, 
and  how  new  antimalarial  compounds  affect  parasite  transmission  to  mosquitoes. 

Methods:  We  have  developed  efficient  tools  for  specifically  silencing  genes  and  alleles  in 
mosquitoes  and  for  mosquito  transgenesis  to  functionally  characterize  genes  involved  in  the 
mosquito  response  to  malaria  parasites.  Furthermore,  we  used  robust  in  vivo  assays  to  test  the 
efficiency  of  new  antimalarial  agents  as  transmission  blocking  drugs  and  further  characterised 
their  activity. 

Results/Conclusion:  We  identified  novel  antiparasitic  factors  that  control  parasite  development  in 
the  mosquito  A.  gambiae ,  and  we  demonstrated  the  potential  of  two  novel  antimalarial  drugs  to 
block  parasite  transmission  from  the  host  to  its  mosquito  vector. 


Symposium 

Presentation  Title:  Specificity  of  complement-like  pathway  activation  in  Anopheles  gambiae 

Author  Name:  Michael  Povelones 

Author  Institution:  University  of  Pennsylvania 

Session  Title:  Symposium:  Mechanistic  Insights  into  Mosquito-Parasite  Interactions 
Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1296 
DOI:  10.1 603/ICE.20 1 6.92449 

Abstract  text: 

Introduction:  The  complement-like  pathway  of  the  African  malaria  mosquito  Anopheles  gambiae 
provides  protection  against  infection  by  diverse  pathogens  including  bacteria,  fungi,  and  rodent 
and  human  malaria  parasites.  Detailed  analysis  of  complement  activation  in  response  to  the 
Gram-negative  bacterium  Escherichia  coli  and  Plasmodium  showed  that  activation  of  the 
complement-like  pathway  is  triggered  by  a  protein  complex  containing  TEPlcut,  a  processed 
form  of  the  C3-like  protein  TEP1,  and  the  leucine-rich  repeat  proteins  LRIM1  and  APL1C. 
Binding  of  TEPlcut  results  in  the  activation  of  a  TEP1  convertase  through  the  recruitment  of  a 


non-catalytic  serine  protease  SPCLIP1.  It  is  unknown  how  other  pathogens  are  recognized  by  the 
mosquito’s  immune  responses  and  if  activation  of  the  TEP1  convertase  is  a  general  requirement 
for  eliminating  all  infections. 

Methods:  In  this  study,  biochemical  and  functional  assays  were  performed  to  analyze  the 
complement-like  pathway  responses  to  the  Gram-positive  bacterium  Staphyloccocus  aureus. 

Results/Conclusion:  Western  blot  analysis  revealed  that  like  E.  coli,  S.  aureus  also  activates  the 
TEP1  convertase.  However,  striking  differences  in  the  initial  immune  reactions  promoted  by  the 
different  Gram  type  bacteria  were  observed.  In  particular,  it  was  found  that  E.  coli  specifically 
activates  a  protease  that  cleaves  the  C-terminus  of  APL1C.  This  study  shows  initial  pathogen- 
specific  reactions  in  the  mosquito  complement-like  pathway.  These  unique  responses  converge 
on  the  same  core  mechanism  involving  the  TEP1  convertase  triggering  pathogen  neutralization. 
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Abstract  text: 

Introduction:  Thioester-containing  protein  1  (TEP1)  is  a  central  component  of  the  innate  immune 
response  of  Anopheles  gambiae  to  Plasmodium  ookinetes.  TEP1  is  a  structural  and  functional 
homolog  of  vertebrate  complement  factors  but  lacks  a  key  feature  of  the  vertebrate  system,  the 
anaphylatoxin  domain.  In  complement,  anaphylatoxin  is  both  a  potent  cytokine  and  a  molecular 
wedge  that  regulates  a  massive  conformational  change  to  activate  complement  factors  for 
binding  to  a  pathogen  surface.  Lacking  this  domain,  insect  TEPs  such  as  AgTEPl  must  be 
regulated  by  other  factors.  In  the  case  of  Anopheles ,  a  mosquito-specific  complex  of  leucine-rich 
repeat  proteins  of  the  LRIM  family  regulate  the  binding  of  TEP1  to  Plasmodium  ookinetes. 


Methods:  Using  biophysical  techniques  we  determined  the  structure  of  TEP1  and  the 
LRIM1/APL1  complex.  We  demonstrated  that  the  LRIM1/APL1  complex  specifically  binds  and 
stabilizes  a  cleaved  form  of  TEP1  and  that  TEP1  alleles  display  variable  reactivity.  I  will  present 
our  latest  results  on  the  structure  of  the  TEP1-LRIM1/APL1  complex,  the  functional  role  of  the 
APL 1  family,  interactions  with  additional  immune  molecules,  and  extension  to  TEPs  in  other 
insects. 

Results/Conclusion:  In  the  absence  of  adaptive  immune  response,  the  formation  of  complexes 
between  multiple  proteins  with  a  high  level  of  allelic  diversity  produce  a  diverse  repertoire  of 
immune  molecules  that  can  recognize  a  wide  range  of  pathogens.  Understanding  the  complexity 
of  genetically  encoded  immune  factors  will  allow  us  to  better  predict  the  vectoral  capacity  of 
mosquitoes  to  Plasmodium ,  and  hopefully  lead  to  new  strategies  that  reduce  vectoral  capacity 
and  disease  transmission. 
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Introduction:  Phenoloxidase  (PO)  catalyzed  melanization  is  a  universal  defense  mechanism  of 
insects  against  pathogenic  and  parasitic  infections.  In  mosquitos  such  as  Anopheles  gambiae , 
melanotic  encapsulation  is  a  resistance  mechanism  against  certain  parasites  that  cause  malaria 
and  filariasis.  PO  is  initially  synthesized  by  hemocytes  and  released  into  hemolymph  as  inactive 
prophenoloxidase  (PPO),  which  is  activated  by  a  serine  protease  cascade  upon  recognition  of 
foreign  invaders.  The  mechanism  of  PPO  activation  has  been  elusive. 

Methods:  Here  we  report  the  crystal  structure  of  PP08  from  A.  gambiae  at  2.6  A  resolution. 

Results/Conclusion:  PP08  forms  a  homodimer  with  each  subunit  displaying  a  classical  type  III 
di-copper  active  center.  Our  molecular  docking  and  mutagenesis  studies  revealed  a  new 


substrate-binding  site  with  Glu364  as  the  catalytic  residue  responsible  for  the  deprotonation  of 
mono-  and  di-phenolic  substrates.  Mutation  of  Glu364  severely  impaired  both  the  monophenol 
hydroxylase  and  diphenoloxidase  activities  of  AgPP08.  Our  data  suggested  that  the  newly 
identified  substrate-binding  pocket  as  the  actual  site  for  catalysis,  and  PPO  activation  could  be 
achieved  without  withdrawing  the  conserved  phenylalanine  residue  that  was  previously  deemed 
as  the  substrate  ‘placeholder’.  This  study  provided  new  insights  into  the  mechanism  of  enzymatic 
catalysis  of  PO  and  offered  a  new  model  for  PPO  activation  at  the  molecular  level.  This  model 
differs  from  the  canonical  mechanism  that  demands  withdrawing  a  blocking  phenylalanine 
residue  from  the  previously  deemed  substrate-binding  site.  In  conclusion,  this  study  provides 
new  insights  into  the  mechanisms  of  PPO  activation  and  enzymatic  catalysis  of  PO. 
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Introduction:  Eradication  agendas  emphasize  the  need  to  combat  malaria  parasites  within  the 
mosquito  vector.  One  approach  towards  this  goal  is  to  strengthen  the  mosquito  immune 
responses  that  limit  parasite  propagation,  such  as  Anopheles  gambiae  epithelial  immune 
response,  and  decipher  how  these  interactions  restrict  Plasmodium  survival  upon  epithelial 
invasion.  The  current  study  concerns  Serpin-6  (SRPN6),  a  serine  proteinase  inhibitor  in  An. 
gambiae  that  is  expressed  at  both  the  midgut  and  salivary  gland  epithelia  upon  parasite  invasion. 
SRPN6  contributes  significantly  to  parasite  death,  but  the  mechanism  through  which  SRPN6 
limits  parasite  survival  is  unknown. 

Methods:  To  explore  the  possible  functions  of  the  SRPN6,  we  performed  detailed  structure- 
function  analyses  of  the  protein  using  a  combination  of  genetic  and  biochemical  tools. 


Results/Conclusion:  SRPN6  contains  two  unique  extensions  that  are  absent  in  almost  all  other 
known  serpins.  These  extensions  are  predicted  to  interact  at  a  region  linked  to  ligand  binding  and 
regulation  of  activity.  Neither  extension  is  required  for  SRPN6  activity  in  vitro ,  and  their 
deletion  does  not  affect  overall  protein  structure  or  stability,  suggesting  that  the  extensions 
interact  with  co-factors  that  modulate  SRPN6  activity  in  vitro.  Studies  to  determine  their 
function  in  vivo  are  currently  underway. 
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Abstract  text: 

Introduction:  The  transmission  of  malaria  is  entirely  dependent  on  the  survival  of 
Plasmodium  parasites  in  its  mosquito  host.  During  these  mosquito  stages,  malaria  parasite 
numbers  undergo  tremendous  bottlenecks  that  are  attributed  in  part  to  the  innate  mosquito 
immune  system.  As  a  result,  knowledge  of  the  immune  components  that  limit  parasite  survival 
are  essential  for  strategies  that  interrupt  malaria  transmission.  Recent  evidence  suggests  that 
parasites  are  killed  at  multiple  stages  in  the  mosquito  host,  including  oocyst  stages  by  the 
respective  contributions  of  the  “late-phase”  immune  response.  Although  the  mechanisms  of 
“late-phase”  immunity  have  yet  to  be  fully  explored,  two  transcription  factors,  STAT-A  and 
LL3,  appear  to  have  integral  roles  in  mediating  oocyst  survival. 

Methods:  Using  gene-silencing  techniques  and  genetic  mutant  lines,  we  examine  STAT-A  and 
LL3  in  the  context  of  late-phase  immunity  by  examining  their  effects  on  Plasmodium  oocyst 
survival  and  on  mosquito  hemocyte  populations  following  perfusion.  Additional  roles  of 
hemocytes  in  shaping  mosquito  immunity  were  examined  using  chemical  genetics  and  proteomic 
profiling. 


Results/Conclusion:  We  demonstrate  that  STAT-A  and  LL3  silencing  abrogates  the  ability  of 
mosquito  hemocytes  to  differentiate  and  respond  to  parasite  infection,  implicating  hemocytes  as 
critical  modulators  of  the  late-phase  immune  response.  Furthermore,  STAT-A  and  LL3  are 
independently  regulated,  suggesting  that  multiple  pathways  converge  to  initiate  the  “late-phase” 
immune  response.  Additional  results  regarding  the  functional  contributions  of  hemocytes  to 
mosquito  immunity  will  also  be  discussed. 
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Abstract  text: 

Introduction:  Biological  control  is  a  widely  accepted  strategy  for  control  of  agricultural  and 
environmental  pests  and  is  recognized  as  a  key  component  of  Integrated  Pest  Management 
(IPM).  Yet  its  use  in  control  of  vectors  that  transmit  diseases  such  as  malaria  and  dengue  is 
extremely  limited. 

Methods:  Here  I  use  a  number  case  histories  to  set  the  context  for  the  symposium,  and  examine 
why  biocontrol  approaches  are  not  used  more  widely  in  vector  control. 

Results/Conclusion:  Current  control  of  vectors  of  diseases  like  malaria  and  dengue  rely  almost 
exclusively  on  insecticide-based  technologies.  With  the  growing  threat  of  insecticide  resistance, 
new  opportunities  exist  for  utilizing  biocontrol  tactics  for  development  of  novel  Integrated 
Vector  Management  (IVM)  strategies. 
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Abstract  text: 

Introduction:  Using  biological  control  to  combat  disease  vectors  is  a  complex  exercise  in  applied 
population  dynamics.  To  try  to  understand  the  likely  effectiviness  of  different  interventions 
population  modelling  is  often  very  valuable. 

Methods/Results/Conclusion:  In  this  presentation  I  will  illustrate  how  modelling  can  add  value  to 
control  programmes  and  review  the  major  limitations  hindering  the  better  use  of  modelling  in 
vector  control  programmes. 
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Abstract  text: 


Introduction:  Bacillus  thuringiensis  var.  israelensis  (BTI)  and  Lysinibacillus  (Bacillus) 
sphaericus  (LS)  are  the  predominant  larval  mosquito  control  products  because  they  are  specific, 
effective  and  safe.  They  are  well  suited  for  use  in  integrated  vector  control  when  combined  with 
other  biological  control  agents,  personal  protection,  source  reduction  and  insecticides.  The 
rational  for  combining  other  biological  control  agents  with  BTI  and/or  LS  is  to  augment  activity 
and  provide  extended  suppression  of  mosquito  populations  and  for  resistance  management. 

Methods:  Numerous  parasites  and  pathogens  have  been  isolated  from  mosquitoes  but  there  has 
been  limited  success  in  developing  these  into  practical  control  agents.  Parasites  of  mosquitoes 
are  essentially  restricted  to  several  species  of  mermithid  nematodes  and  many  pathogens  have 
been  isolated  including  bacteria,  fungi,  microsporidia  and  viruses.  Factors  that  have  limited  these 
groups  are  the  inability  to  economically  produce  the  agents,  a  limited  host  range  and 
environmental  factors  that  inhibit  activity  (organic  pollution,  salinity,  etc.).  Considerable 
progress  has  been  made  in  understanding  the  basis  of  these  limitations  in  order  to  utilize  the 
many  new  technologies  available  to  overcome  some  of  these  obstacles.  Examples  to  be  discussed 
will  include  Romanomermis  culicivorax  (mermithid),  Lagenidium  giganteum  (fungi,  Oomycete), 
Metarhizium  anisopliae  (fungi),  Edhazardia  aedis  (microsporidia),  CuniNPV  (baculovirus)  and 
Wolbachia  (bacteria). 

Results/Conclusion:  A  number  of  promising  parasites  and  pathogens  of  mosquitoes  have  been 
investigated  and  while  some  may  find  roles  for  control  of  specific  mosquito  species  in  specific 
habitats,  few  have  commercial  appeal  due  to  issues  and  challenges  relative  to  production, 
deployment,  efficacy  and  safety. 


Symposium 

Presentation  Title:  Possibilities  for  novel  control  using  symbionts  and  endoparasites 
Author  Name:  Serap  Aksoy 
Author  Institution:  Yale  University 

Session  Title:  Symposium:  Opportunities  and  Challenges  for  Biological  Control  of  Disease 
Vectors  (IOBC) 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1304 
DOI:  10. 1603/ICE.2016. 93325 


CANCELLED 


Symposium 


Presentation  Title:  Exploiting  the  slow  speed  of  kill  of  entomopathogenic  fungi 
Author  Name:  Marit  Farenhorst 

Author  Institution:  In2Care  B.V. 

Session  Title:  Symposium:  Opportunities  and  Challenges  for  Biological  Control  of  Disease 
Vectors  (IOBC) 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1305 
DOI:  10. 1603/ICE.2016. 93298 

Abstract  text: 

Introduction:  Entomopathogenic  fungi  show  great  potential  as  insect  vector  control  agents  and 
can  be  used  to  combat  insecticide-resistant  mosquitoes.  Their  relatively  slow  speed  of  kill  and 
pre-lethal  impacts  on  the  mosquito’s  vectorial  capacity  can  be  exploited  to  create  combination 
products  that  impact  multiple  life  stages  and  prevent  vector-borne  disease  transmission. 

Methods:  Novel  application  methods  were  developed  to  facilitate  optimal  fungal  spore  transfer 
and  high  infection  rates.  Beauveria  bassiana  was  tested  against  Aedes  mosquitoes  in 
combination  with  the  larvicide  pyriproxyfen,  which  can  be  auto-disseminated  via  egg-laying 
females.  A  new  oviposition  trap  was  developed  based  on  this  combination  and  tested  in  the 
laboratory  and  field  settings  in  the  Caribbean  to  measure  impacts  against  adult  and  larval  stages 
of  Dengue  mosquitoes. 

Results/Conclusion:  Specially  coated  netting  containing  a  slight  electrostatic  charge  was  highly 
effective  in  binding  and  transferring  lethal  doses  of  fungus  spores  to  resting  mosquitoes.  This 
netting  was  used  to  apply  Beauveria  spores  and  pyriproxyfen  particles  inside  oviposition 
traps.  Beauveria  infection  killed  adult  Aedes  aegypti  within  4-12  days  after  contact,  which 
allowed  for  an  effective  spread  of  pyriproxyfen  by  skip-ovipositing  females.  The  oviposition 
traps  were  shown  to  induce  area-wide  mosquito-driven  larval  control  and  significant  reductions 
in  Dengue  vector  population  densities. 


Symposium 


Presentation  Title:  Mosquito  natural  enemies  and  biological  control 


Author  Name:  Michael  R.  Strand 


Author  Institution:  University  of  Georgia 

Session  Title:  Symposium:  Opportunities  and  Challenges  for  Biological  Control  of  Disease 
Vectors  (IOBC) 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1306 
DOI:  10. 1603/ICE.2016. 93299 

Abstract  text: 

Introduction:  A  wide  array  of  biological  control  methods  have  been  explored  or  used  as  control 
strategies  for  mosquitoes.  While  most  emphasis  has  been  placed  on  use  of  microbial  agents,  a 
number  of  invertebrate  and  vertebrate  natural  enemies  are  known.  In  this  talk  I  briefly 
summarize  this  literature  and  highlight  potential  avenues  of  future  investigation. 

Methods:  The  biological  control  literature  as  it  relates  to  invertebrate  and  vertebrate  natural 
enemies  was  examined  and  distilled  into  key  points. 

Results/Conclusion:  Mosquito  eggs,  larvae  and  adults  are  preyed  upon  by  a  diversity  of 
candidate  biological  control  agents  including  some  species  around  which  small  scale  biological 
control  programs  have  been  initiated.  Several  factors,  however,  have  hindered  the  widespread 
use  of  invertebrate  and  vertebrate  natural  enemies  for  control  of  mosquitoes  generally  and 
important  vector  species  in  particular. 
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Abstract  text: 

Introduction:  Traditional  approaches  to  biological  control  focus  on  reducing  numbers  of  the 
target  pest  as  a  means  of  reducing  pest-induced  harm.  In  contrast  to  control  of  plant-feeding 
insects,  control  of  insect  vector-borne  disease  may  in  principle  succeed  not  by  reducing  vector 
numbers  via  mortality  or  reduced  reproductive  success,  but  instead  by  reducing  capacity  to 
transmit  pathogens,  reducing  human- vector  contact,  or  reducing  pathogen  success  in  the  vector. 

Methods:  Here  I  review  possibilities  and  challenges  of  using  predators  and  competitors  for 
biological  control  via  these  alternative  pathways.  My  emphasis  is  on  control  of  mosquitoes. 

Results/Conclusion:  Review  of  ecological  theory  and  experiments  on  diverse  systems  reveals 
that  predators  and  competitors  can  have  complex  effects  on  insect  vectors  of  disease  that  are 
mediated  by  both  density  (lethal  effects)  and  traits  (effects  on  behavior,  physiology,  and 
pathogen-vector  interactions).  Because  interventions  may  affect  vectors  and  pathogens  in 
multiple  ways,  one  challenge  to  using  biological  control  is  the  need  for  a  thorough  understanding 
of  the  multifaceted  effects  of  any  intervention.  Among  the  nonlethal  effects  of  predators  or 
competitors  that  may  be  important  for  biological  control  of  vector-borne  disease  are  effects  on 
physiological  and  functional  vector  competence.  Examples  in  which  either  predators  or 
competitors  can  impact  vector  competence  are  increasingly  common  for  container¬ 
dwelling  Aedes.  The  potential  for  such  effects  in  other  systems  (e.g.,  ground  water)  remains 
under- studied.  In  many  mosquito  systems  larval  density  affects  adult  traits.  Thus,  biological 
control  that  alters  larval  density  may  impact  vectorial  capacity  via  several  pathways  that  may 
have  opposite  effects. 
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Abstract  text: 

Introduction:  Biological  control  is  increasingly  studied  from  a  landscape  perspective  and  this 
should  be  the  case  when  the  target  organisms  are  disease  vectors.  How  such  vectors  and  their 
natural  enemies  move  across  the  landscape  will  determine  rates  of  interaction  and 
impact.  Further,  because  these  two  organisms  exploit  different  resources  on  the  landscape,  their 
movement  rules  could  be  very  different  from  one  another. 

Methods:  Spatial,  dynamic  life  history  theory  (e.g.  Roitberg  and  Mangel,  2010)  can  be  used  to 
predict  movement  of  mosquitoes  in  and  out  of  domiciles  as  well  as  movement  of  natural  enemies 
(e.g.  Roitberg  and  Gillespie,  2014). 

Results/Conclusion:  I  will  use  an  example  of  Anopheles  adults  and  their  predators  to  show  how 
my  approach  could  be  employed  to  increase  their  encounter  rates  and  enhance  the  efficiency  of 
biological  control. 
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Abstract  text: 

Introduction:  In  2010  a  proposal  to  release  the  yellow  fever  mosquito,  Aedes  aegypti ,  containing 
an  intracellular  symbiotic  bacterium,  Wolbachia ,  as  a  means  of  reducing  the  severity  of 
outbreaks  of  dengue  fever  was  lodged  in  Australia.  The  mosquito  was 
infected  with  Wolbachia  through  embryonic  microinjection. 


Methods:  This  proposal  uncovered  a  gap  in  the  regulatory  process  normally  used  to  assess  the 
release  of  species  into  Australia.  Firstly,  while  the  association  between  the  mosquito  and  the 
bacterium  was  new,  both  species  naturally  occurred  in  Australia  and  so  legislation  governing  the 
introduction  of  new  species  into  Australia  was  ruled  not  relevant.  Secondly,  the  infection  of  the 
mosquito  with  Wolbachia  did  not  involve  gene  technology  and  so  was  not  subject  to 
legislation  governing  the  approval  of  genetically  modified  organisms. 

Results/Conclusion:  The  solution  came  through  the  decision  to  use  existing  legislation  to 
regulate  Wolbachia  as  a  veterinary  chemical  product.  This  was  a  good  outcome  as  it  overcame 
the  barrier  that  a  lack  of  regulatory  oversight  may  have  posed  to  field  trials  taking  place. 
Furthermore,  the  approach  taken  demonstrated  a  very  high  level  of  scrutiny  with  regard  to 
biosafety.  This  case  is  an  example  of  how  science  is  leading  to  advances  that  outstrip 
existing  regulatory  frameworks.  An  acceptable  regulatory  solution  has  been  found,  but  the 
novelty  of  the  science  is  such  that  the  appropriateness  of  the  regulatory  process  now  needs  to  be 
reviewed  to  ensure  that  it  is  no  more  onerous  for  both  the  proponents  and  the  regulators  than  it 
needs  to  be. 
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Abstract  text: 

The  first  talk  in  the  symposium  is  intended  to  create  an  overview  of  where  we  have  been  and 
where  we  intend  to  go  with  repellents.  The  development  of  spatial  repellent  products  to  reduce 
transmission  of  vector-borne  pathogens  will  be  traced  from  the  earliest  recognition  of  repellency 
as  a  chemical  property  to  the  present.  Special  attention  will  be  given  to  the  entomological 
correlates  of  prevention.  Future  steps  for  repellent  products  currently  under  evaluation  will  be 
described  in  terms  of  the  World  Health  Organization  Vector  Control  Advisory  Group 
requirements  for  supporting  implementation  as  public  health  tools. 
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Abstract  text: 

Introduction:  Human  diseases  that  are  caused  by  mosquito-transmitted  pathogens  including 
malaria,  dengue,  and  yellow  fever,  result  in  several  million  human  deaths  yearly.  Climate  change 
and  global  warming  can  enhance  the  vectorial  capacity  and  the  temporal  and  spatial  distribution 
of  mosquito  populations.  More  effective  tools  are  needed  for  improved  mosquito  control  and 
consequently,  reduced  disease  transmission.  Our  current  research  focuses  on  the  development  of 
new  repellents  and  insecticides  to  prevent  mosquito  bites  and  so  reduce  disease  risk  to  humans. 


Methods:  We  designed  and  synthesized  52  trifluoromethylphenyl  amides  based  on  structural 
similarity  to  known  effective  repellents  and  insecticides.  Repellency  was  evaluated  against 
female  Aedes  aegypti ,  the  primary  vector  of  dengue  and  yellow  fever.  A  selected  group  of 
compounds  found  to  repel  Ae.  aegypti  was  also  evaluated  for  repellency  against  female 
Anopheles  gambiae ,  a  significant  vector  of  malaria. 

Results/Conclusion:  Seven  compounds  performed  better  than  DEET  in  repellency  assays  against 
Ae.  aegypti.  Two  compounds  had  repellency  comparable  to  DEET  against  An.  gambiae.  Studies 
on  the  binding  capacity  of  AgamOBPl  {An.  gambiae  odorant  binding  protein  1)  for  these 
compounds  showed  that  the  majority  of  them  exhibit  DEET-like  AgamOBPl -binding  affinity, 
indicating  that  they  are  likely  to  associate  with  OBP1.  However,  no  correlation  was  evident 
between  repellency  and  OBP  affinity,  suggesting  that  OBP-binding  should  not  be  used  as  the 
sole  criterion  in  ligand  screening.  This  study  has  resulted  in  uncovering  new  structural  scaffolds 
to  facilitate  the  design  and  discovery  of  novel  repellents. 
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Abstract  text: 


Introduction:  Kaffir  lime,  Citrus  hystrix ,  is  a  fruit  native  to  tropical  Southeast  Asia.  Almost  all 
parts  of  Kaffir  lime  including  leaves,  peel,  and  fruits  are  useful  for  cooking,  medicinal,  and 
mosquito  repellent  purposes.  Both  citronella,  a  major  component  of  essential  oil  in  Kaffir  lime 
leaves,  and  limonene,  a  major  component  of  kaffir  lime  peel  oil,  have  been  reported  to  have  high 
repellent  activity  against  mosquitoes.  The  present  study  was  conducted  to  characterize  repellent 
(or  nontoxic)  and  irritant  (or  toxic)  activities  of  Kaffir  lime  leaf  and  peel  oils  to  determine 
appropriate  concentrations  of  each  for  repelling  and  knockdown/killing  of  vector  mosquitoes. 

Methods:  Essential  oils  of  kaffir  lime  leaf  and  peel  were  evaluated  at  four  different 
concentrations  (0.5,  1.0,  2.5,  and  5.0%  v/v)  against  laboratory  strains  of  Aedes  aegypti  and 
Anopheles  minimus  using  an  excito-repellency  test  system. 

Results/Conclusion:  Overall,  greater  escape  responses  were  observed  in  An.  minimus  as 
compared  to  Ae.  aegypti.  Kaffir  lime  leaf  oil  exhibited  strong  irritant  actions  in  An.  minimus  at 
concentrations  ranging  from  1.0%  to  5.0%  while  a  strong  repellent  action  was  indicated  at  the 
1.0%  and  2.5%  test  concentrations.  Kaffir  lime  peel  oil  elicited  irritant  effects  in  An.  minimus  at 
concentrations  of  2.5%  and  5.0%  with  moderate  repellent  effects  at  1.0%  to  5.0%.  Escape 
responses  of  Ae.  aegypti  were  only  observed  against  2.5%  Kaffir  lime  leaf  oil.  Results  from  this 
study  indicate  that  Kaffir  lime  leaf  and  peel  essential  oils  represent  viable  candidates  for  future 
development  in  effective  mosquito  repellents  against  mosquito  vectors  in  Thailand. 
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Abstract  text: 

Introduction:  A  repellent  has  the  ability  to  negatively  impact  a  wide  range  of  vector  life-traits 
that  are  required  for  survival  and  propagation;  however,  minimal  effort  has  been  put  in  place  to 
think  ‘outside  the  box’  to  exploit  this  fact.  Experiments  designed  to  fully  characterize  chemical 
impact  on  vector  life-traits  and  identify  areas  for  exploitation  is  essential  for  the  stimulation  of 
novel  product  development  for  prevention  of  pathogen  transmission. 

Methods:  A  suite  of  existing  laboratory  assays  was  used  to  quantify  changes  in  the  physiology 
and/or  behavior  of  both  Aedes  aegypti  and  Anopheles  gambiae  following  exposure  to  a  volatile 
pyrethroid  repellent  at  a  sub-lethal  concentration.  Endpoints  measured  related  to  human-vector 
interaction  (blood-feeding),  oviposition  (fecundity)  as  well  as  adult  dispersal  (flight  distance) 
among  others.  Data  indicate  variable  effects  that  are  life-history  trait  and  species-specific. 

Results/Conclusion:  Findings  from  these  experiments,  and  others  underway,  are  intended  to 
serve  as  game-changers  in  expanding  current  efforts  in  vector  control  product  development  by 
shifting  the  paradigm  from  product-oriented  to  vector-focused.  Although  the  focus  has  been  on 
mosquito  vectors  responsible  for  malaria,  dengue  fever,  chikungunya  and/or  lymphatic  filariasis, 
expansion  to  vectors  of  other  arthropod-borne  diseases  that  are  experiencing  a  reemergence  such 
as  Chagas,  Leishmaniasis  and/or  Tick-borne  Rickettsiosis  is  warranted. 
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Abstract  text: 

Introduction:  Evaluations  of  entomological  impacts  of  spatial  repellents  on  Aedes  aegypti 
mosquitoes  appear  promising,  but  assessing  epidemiological  impact  on  dengue  will  require  trials 
designed  specifically  to  assess  those  impacts.  Because  the  impacts  of  spatial  repellents  on  Ae. 
aegypti  life  history  are  multifaceted  and  because  dengue  transmission  is  highly  heterogeneous, 
mathematical  models  have  the  potential  to  play  an  important  role  in  the  design  and  evaluation  of 
trials,  the  statistical  underpinnings  of  which  traditionally  ignore  such  complexities.  Models  will 
also  be  critical  for  assessing  indirect  epidemiological  impacts,  the  magnitude  of  which  are 
sensitive  to  assumptions  about  host  and  vector  movement  and  contact. 

Methods:  To  inform  the  design  of  epidemiological  trials  of  spatial  repellents,  we  utilized  a 
spectrum  of  models  of  increasing  complexity.  The  simplest  model  took  the  form  of  an  updated 
formula  for  vectorial  capacity,  which  allowed  for  the  simultaneous  assessment  of  impacts  of 
spatial  repellents  mediated  by  alterations  in  Ae.  aegypti  movement,  biting  rate,  and  mortality.  We 
then  incorporated  analogous  life-history  alterations  in  an  individual-based  simulation  model  of 
city-wide  dengue  transmission  in  Iquitos,  Peru,  within  which  we  simulated  epidemiological  trials 
of  spatial  repellants.  Finally,  we  used  the  simulation  model  to  explore  population-level  impacts 
of  deploying  spatial  repellents  at  various  coverages  and  according  to  alternative  spatial 
strategies. 

Results/Conclusion:  We  found  that  each  of  the  three  modes  by  which  spatial  repellents  impact 
Ae.  aegypti  life  history  contribute  meaningfully  to  direct  effects  of  spatial  repellents  on  dengue 
prevention.  For  trial  design,  models  play  an  important  role  by  capturing  nonlinearities  between 
entomological  and  epidemiological  impacts. 
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Abstract  text: 

Introduction:  In  1927,  Herbert  F.  Johnson  Sr.,  first  summarized  the  guiding  principles  that  had 
already  shaped  the  company  for  40  years.  “The  goodwill  of  people  is  the  only  enduring  thing  in 
any  business,”  he  said.  “It  is  the  sole  substance.  The  rest  is  shadow.”  Since  then  the  company 
has  continued  to  collaborate  with  many  entities  to  improve  lives. 

Methods:  Most  recently  our  efforts  to  partner  with  the  Bill  and  Melinda  Gates  Foundation  to 
reduce  malaria  incidence  has  led  to  the  involvement  in  a  5  country  repellent  research  project. 

Results/Conclusion:  This  and  other  malaria  projects  SC  Johnson  has  collaborated  on  will  be 
discussed. 
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Introduction:  Numerous  plants  with  insect  repelling  properties  are  native  to  Thailand  where  they 
are  produced  for  a  wide  range  of  medicinal  purposes.  These  native  plant  species  have  a  history  of 
use  for  personal  protection  against  biting  insects  as  biorepellents.  At  the  time  of  biting,  the  vector 


injects  in  the  host  skin,  saliva  containing  bioactive  molecules  which  facilitate  blood  feeding. 
Some  of  these  molecules  induce  specific  antibody  response  in  individuals  exposed  to  bites. 

Methods:  The  approach  is  to  prove  the  efficiency  of  protection  of  biorepellents  against 
Anopheles  bites.  Exposure  will  be  measured  using  human  IgG  antibody  response  to  Anopheles 
saliva.  Three  similar  malaria  endemic  villages  in  Thailand  will  be  selected.  Two  villages  will 
implement  vector  control  interventions  (one  for  biorepellent  and  the  other  for  LLIN)  and  one 
village  will  remain  as  a  control.  Mosquitoes  and  human  blood  samples  will  be  collected  during 
the  period  of  two  years  (pre  and  post  vector  control  intervention).  The  human  antibody  (Ab) 
response  to  arthropod  salivary  proteins  as  a  biomarker  of  human  exposure  to  mosquito  bites  will 
be  evaluated. 

Results/Conclusion:  Findings  will  provide  baseline  information  of  the  effectiveness  of 
biorepellents  to  reduce  exposure  to  anopheline  biting.  Result  will  be  discussed  further. 
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Abstract  text: 

Introduction:  Neuroptera  (lacewings),  Megaloptera  (dobsonflies,  alderflies)  and  Raphidioptera 
(snakeflies)  together  make  up  the  clade  Neuropterida,  comprising  20  extant  families.  The  higher- 
level  relationships  among  these  orders,  along  with  the  family-level  relationships  within 
Neuroptera,  have  historically  been  disputed,  and  we  are  now  reaching  a  consensus  understanding 
of  their  evolution. 

Methods:  This  is  a  review  of  ongoing  research  on  Neuropterida  relationships  at  various  levels 
from  order  to  genus.  DNA  sequencing  (single  and  multilocus  to  genomic)  is  now  resulting  in 
detailed  phylogenies  based  the  total  evidence  approach. 


Results/Conclusion:  The  phylogeny  of  Neuropterida  is  as  follows:  Megaloptera  are  sister  to 
Neuroptera  in  a  clade  sister  to  Raphidioptera.  Coniopterygidae  are  conclusively  placed  as  the 
sister  to  all  other  Neuroptera  while  Nevrorthidae  are  closely  related  to  both  Sisyridae  and 
Osmylidae  near  the  base  of  the  tree.  Dilaridae  are  placed  in  an  intermediate  position  separate 
from  Berothidae,  Mantispidae  and  Rhachiberothidae,  which  themselves  form  a  clade. 
Chrysopidae  and  Hemerobiidae  are  sister  families  while  Ithonidae  (including  Polystoechotidae 
and  Rapismatidae)  is  the  sister  family  to  Myrmeleontiformia.  Psychopsidae  are  sister  to  the  rest 
of  Myrmeleontiformia  followed  by  Nymphidae  and  Nemopteridae.  Ascalaphidae  and 
Myrmeleontidae  are  sister  families  and  are  a  derived  clade  of  lacewings  originating  during  the 
Cretaceous.  The  Mesozoic  ‘golden  age’  of  lacewings  is  confirmed  with  most  families  of 
Neuropterida  diverging  during  the  Triassic  and  Jurassic.  Reconstructions  of  ancestral  state 
indicate  that  the  ancestor  of  Neuropterida  and  possibly  even  all  of  Neuropteroidea  had  an  aquatic 
larva.  Based  on  the  updated  phylogeny,  the  three  suborder  classification  previously  proposed  is 
not  valid. 
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Abstract  text: 

Introduction:  The  hypothesis  is:  The  systematics  of  New  World  chrysopids  has  improved 
significantly  in  recent  years. 

Methods:  The  study  reviewed  published  studies  that  used  adult  morphological,  larval 
morphological,  and/or  molecular  characters  in  the  classification  of  chrysopids.  It  included  all 
extant  taxa. 

Results/Conclusion:  Indeed,  the  systematics  of  the  New  World  Chrysopidae  has  progressed,  but 
considerable  work  is  needed  to  approach  the  level  of  knowledge  that  exists  for  European  and 
Japanese  chrysopids. 


Nothochrysinae:  Three  genera,  comprising  six  species,  occur  in  the  New  World.  Adams’  early 
work  remains  the  “bible”  for  their  adult  taxonomy.  Larvae  are  described  for  two  of  the  genera 
( Nothochrysa ,  Pimachrysa). 

Apochrysinae:  Three  genera  occur  in  South  America.  Winterton  &  Brook’s  revision  treated  the 
adults.  No  studies  have  examined  immature  stages  or  biology. 

Chrysopinae:  The  New  World  has  representatives  from  three  of  the  four  tribes. 

Belonopterygini:  With  the  addition  of  Vieira ,  this  tribe  includes  four  New  World  genera. 
Taxonomic  work  is  needed  for  the  large  Nacarina ;  biological  studies  are  needed  for  all  four 
genera. 

Leucochrysini:  Of  the  seven  genera,  adults  of  four  are  treated;  one  is  in  question;  Gonzaga  and 
the  large  genus  Leucochrysa  need  work.  Larvae  of  four  genera  are  known. 

Chrysopini:  Of  the  16  New  World  genera,  four  were  added  within  the  last  15  years.  Adult 
taxonomic  studies  are  available  for  Ceraeochrysa ,  Chrysopa ,  Chrysoperla ,  Chrysopodes 
( Neosuarius ),  Kymachrysa ,  Meleoma ,  Pseudomallada ,  and  Titanochrysa.  Two  genera  are  under 
review:  Chrysopodes  ( Chrysopodes )  and  Ungla.  One  or  two  undescribed  genera  may  be  present. 
Modern  descriptions  of  larvae  are  available  for  eight  genera. 
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Abstract  text: 

Introduction:  Perennial  cultures  such  as  Mexican  lime  ( Citrus  aur antifolia  (Christmann) 

Swingle)  are  stable  systems  with  a  rich  fauna  of  both  damaging  and  beneficial  insects,  which 
generally  conform  populations  of  predators,  parasitoids,  and  pathogens  of  damaging  insects  in 
ecological  equilibrium.  Mexico  has  been  one  of  the  main  producers  of  Mexican  lime  worldwide, 
with  the  states  of  Michoacan  and  Colima  as  the  main  centers  of  production.  Most  studies  have 
been  directed  towards  management  of  different  pests,  recognizing  only  a  few  native 
entomophagous  species  such  as  Coccinellidae  (Coleoptera)  and  Chrysopidae  (Neuroptera). 

Methods:  A  Mexican  lime  orchard  was  sampled  monthly  through  one  year  (2013-2014)  in 
Tecoman  municipality,  Colima,  with  different  sampling  techniques  (fumigation,  yellow  plates, 
aerial  net,  and  Malaise  traps). 

Results/Conclusion:  Five  species  belonging  to  the  genera  Coniopteryx  (three  species)  and 
Semidalis  (two  species)  were  obtained,  as  well  as  two  morphospecies  based  on  female 
specimens.  Two  species  are  new  record  for  the  country.  Maximum  richness  and  abundance  peaks 
were  in  April  (dry  season),  and  minimal  ones  were  in  September  and  October  (rainy  season). 

This  is  one  of  the  first  contributions  on  Coniopterygidae  of  agroecosystems  in  Mexico;  it  calls 
attention  to  this  group  as  a  serious  candidate  for  a  biological  control  agent,  as  already  occurs  in 
several  European  countries. 
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Abstract  text: 

Introduction:  The  subtribe  Periclystina  is  one  of  the  largest  groups  of  antiions  in  Australia,  with 
63  described  species  divided  into  10  genera.  Despite  its  high  diversity  the  defining  characteristics 
of  the  Periclystina  genera  and  species  are  confusing  and  variable,  making  the  species  hard  to 
classify.  The  main  objective  of  this  taxonomic  revision  is  to  establish  the  defining  characters  of 
each  taxa,  redescribing  and  illustrating  all  species. 

Methods:  The  specimens  used  during  the  study  will  be  obtained  by  loan  from  museums  and  field 
collecting  trips.  They  will  be  analyzed  under  microscope.  Dissections  and  maceration  of 
terminalia  will  be  done  with  KOH  when  needed.  Photos  from  the  main  external  characters  will 
be  taken  with  camera  attached  to  a  stereomicroscope. 

Results/Conclusion:  The  revision  of  the  Periclystna  will  be  an  important  step  for  better 
understand  the  diversity  and  the  distribution  of  this  group  of  insects  in  Australia.  The 
redescription  and  illustration  of  the  species  will  be  integrated  with  dichotomous  key  that  will  be 
served  as  an  identification  guide  for  future  studies.  The  description  at  least  7  new  species,  and 
the  establishment  of  new  synonymies,  will  also  be  a  large  component  of  the  review. 
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Abstract  text: 

Introduction:  The  Cosmopolitan  genus  Myrmeleonwas  erected  by  Linnaeus  in  1767.  Since  then, 
there  have  been  over  800  species  described,  meaning  that  nearly  one  third  of  the  world  species  of 
the  family  are  within  one  single  genus.  The  main  goal  of  this  project  is  to  make  a  taxonomic 
revision  of  the  genus  including  the  species  from  North  and  Central  America.  This  has  not  been 
made  since  Banks  in  1927. 

Methods:  Morphological  diagnoses  and  descriptions  will  be  made  from  species  distributed  in 
North  America,  down  to  Panama.  This  taxonomic  information  means  having  access  to  original 
descriptions,  type  specimens,  and  series  of  individuals  from  different  scientific  collections  in  the 
United  States,  Mexico,  and  Central  America.  Field  work  will  be  performed  in  selected  potential 
areas  of  distribution  mainly  in  Mexico.  Selected  species,  mostly  with  fresh  or  recently  collected 
specimens  will  be  sequenced  for  COI  in  order  to  diagnose  them  molecularly  and  aid  in  species 
delimitation. 

Results/Conclusion:  This  study  will  attempt  to  clarify  the  taxonomic  status  of  species  within 
Myrmeleon  in  the  study  area,  working  out  descriptions  and  redescriptions,  as  well  as  proposing  a 
phylogeny  for  the  New  World  species  groups  within  the  genus  and  testing  the  monophyly  of  the 
New  World  fauna  of  this  antiion  group. 
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Abstract  text: 

Introduction:  The  order  Neuroptera  is  characterized  by  two  pairs  of  large  membranous  wings, 
which  are  strengthened  by  a  complex  reticulated  vein  pattern;  they  have  strong  mandibles  useful 
to  the  predatory  habit  of  both  larvae  and  adult.  Families  such  as  Chrysopidae  and  Hemerobiidae 
are  considered  helpful  in  biological  control.  In  Mexico,  about  349  species  in  10  families, 
representing  6%  of  the  world’s  fauna,  have  been  recorded.  Knowledge  about  distribution, 
diversity,  taxonomy  and  ecology  of  this  group  in  Mexico  is  fragmented. 

Methods:  We  sampled  eight  localities  from  1995  to  201 1  (Ixtlahuacan,  Colima;  San 
Buenaventura,  Jalisco;  El  Cajon,  Nayarit;  Acahuizotla,  Guerrero;  Sierra  de  Huautla,  Morelos; 

San  Javier,  Sonora;  Dominguillo,  Oaxaca  and  Huatulco,  Oaxaca)  by  light  trap.  Species  richness, 
abundance,  estimated  number  of  species,  true  diversity  index  and  similarity  between  sites  were 
analyzed. 

Results/Conclusion:  We  recorded  five  genera  ( Trichoscelia ,  Plega,  Nolima ,  Dicromantispa  and 
Zeugomantispa ),  seven  species  and  six  morphospecies  of  Mantispidae;  four  genera  ( Hemerobius , 
Micromus,  Notiobiella  and  Sympherobius ),  six  species  and  four  morphospecies  of  Hemerobiidae; 
eight  genera  ( Ceraeochrysa ,  Chrysopodes ,  Eremochrysa ,  Chrysopa ,  Chrysoperla ,  Leucochrysa, 
Plesiochrysa  and  Yumachrysa ),  13  species  and  three  morphospecies  of  Chrysopidae. 

Mantispidae  presented  more  species  and  abundance  at  San  Javier,  Sonora  and  fewer  species  and 
abundance  at  El  Cajon,  Nayarit.  Hemerobiidae  registered  more  species  and  abundance  in  the 
locality  of  Dominguillo,  Oaxaca  and  fewer  species  and  abundance  in  the  locality  of  El  Cajon, 
Nayarit.  For  the  family  Chrysopidae  we  recorded  more  species  and  abundance  at  Dominguillo, 
Oaxaca  and  fewer  species  and  abundance  in  Sierra  de  Huautla,  Morelos. 
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Abstract  text: 

Introduction:  The  Internet  provides  nearly  limitless  potential  for  the  distribution  of  information 
as  texts,  images,  and  sounds.  Since  2007  the  web-based  Lacewing  Digital  Library  (LDL)  project 
has  provided  a  portal  for  the  delivery  of  information  on  the  global  neuropterid  fauna. 

Methods:  Over  the  past  30  years  a  major  focus  of  my  research  has  been  the  development  of 
global-scale  resources  that  summarize  and  synthesize  available  knowledge  in  selected 
information  domains  for  the  Neuropterida,  and  the  delivery  of  those  resources  to  the 
neuropterology  community  to  address  targeted  information  and  research  needs.  One  of  the 
primary  long-term  goals  of  these  efforts  is  the  development  and  organization  of  data  in  support 
of  a  grand  synthesis  of  existing  knowledge  about  the  lacewings  and  their  relatives  -  a  global 
monograph  of  the  Neuropterida. 

Results/Conclusion:  Recent  progress  made  toward  the  development  of  a  global  monograph  of  the 
Neuropterida  will  be  reviewed.  The  review  will  include  an  overview  of  additional  data,  modules, 
and  functionality  that  have  recently  been  incorporated  into  the  Lacewing  Digital  Library  project 
to  further  extend  its  scope  and  utility. 
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Abstract  text: 

Introduction:  An  Aedes  aeypti  population  collected  from  Singapore  exhibited  35-fold  of 
resistance  to  permethrin  in  adult  stage.  To  elucidate  mechanisms  of  pyrethroid  resistance,  this 
population  was  selected  by  permethrin  for  10  generations  and  established  strain  (SP)  developed 
>  1,500-fold  of  resistance.  Various  studies  were  achieved  to  identify  the  mechanisms  of 
metabolic  and  target  site  resistance. 

Methods:  Five  loci  of  voltage  sensitive  sodium  channel  gene  (Vs sc),  were  genotyped  along  with 
permethrin  selections.  Several  Vssc  types  were  expressed  in  Xenopus  oocytes  and  their 
electrophysiological  properties  were  examined  using  a  two-electrode  voltage  clamp  method.  In 
vitro  and  in  vivo  metabolic  studies  were  performed  using  [14C] -permethrin.  Microarray  and  real 
time  qPCR  analysis  were  carried  out  to  identify  cytochrome  P450  genes  conferring  pyrethroid 
resistance. 

Results/Conclusion:  Although  2  Vssc  types  having  S989P+V1016G  and  F1534C  were  confirmed 
in  the  population  before  selection,  only  the  type  with  S989P+V1016G  remained  after  permethrin 
selection.  Electrophysiological  studies  revealed  that  Vssc  with  S989P+V1016G  was  more 
insensitive  to  permethrin  than  Vssc  with  F1534C,  which  was  consistent  with  previous  reports. 
Notably,  we  further  confirmed  that  Vssc  with  S989P+V1016G+F1534C  showed  much  less 
sensitive  to  pyrethroids  than  Vssc  with  S989P+V 1016G.  In  vitro  and  in  vivo  metabolic  studies 
suggested  that  cytochrome  P450  monooxygenases  (P450s)  also  confer  permethrin  resistance. 
Several  P450  genes  were  found  to  be  overexpressed  in  SP  strain  and  some  of  them  were 
amplified.  Two  of  these  P450s  (CYP6BB2  and  CYP9M6)  were  capable  of  metabolizing 
permethrin.  We  are  currently  conducting  QTF  analysis  to  evaluate  the  contribution  of  these 
P450s  on  the  pyrethroid  resistance  in  SP. 
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Abstract  text: 

Introduction:  Acetylcholinesterase  (AChE,  EC  3. 1.1.7)  hydrolyzes  the  neurotransmitter 
acetylcholine  in  cholinergic  synapses  and  neuromuscular  junctions  of  both  invertebrates  and 
serves  as  the  target  of  organophosphorous  (OP)  and  carbamate  (CB)  insecticides.  In  addition  to 
its  neuronal  function,  AChE  has  various  non-neuronal  functions. 

Methods:  AChE  mutations  associated  with  insecticide  resistance  were  identified  by  sequencing 
and  their  functions  were  verified  by  in  vitro  baculovirus  expression.  Duplication  of  AChE  gene 
(ace)  was  determined  by  quantitative  PCR  and  overexpression  of  AChE  was  detected  by 
Western  blotting  using  AChE-specific  antibodies. 

Results/Conclusion:  A  series  of  conserved  point  mutations  in  AChE  confer  resistance  to  OP  and 
CB  insecticides  in  most  arthropod  pests.  However,  the  mutations  associated  with  reduced 
sensitivity  to  insecticides  usually  results  in  the  reduction  of  catalytic  efficiency  and  leads  to  a 
fitness  disadvantage.  To  compensate  for  the  reduced  catalytic  activity,  overexpression  of 
neuronal  AChE  appears  to  be  necessary,  which  is  achieved  by  a  relatively  recent  duplication  of 
ace  as  observed  in  the  two  spotted  spider  mite,  Tetranychus  urticae,  and  other  insects.  Unlike  the 
cases  with  overexpression  of  neuronal  AChE,  the  extensive  generation  of  soluble  AChE  is 
observed  in  some  insects  either  from  a  distinct  non-neuronal  ace  locus  or  from  a  single  ace  locus 
via  alternative  splicing.  The  production  of  soluble  AChE  in  Drosophila  melanogaster  is  induced 
by  chemical  stress.  Soluble  AChE  acts  as  a  potential  bioscavenger  and  provides  tolerance  to 
xenobiotics,  suggesting  its  role  in  chemical  adaptation  during  evolution. 
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Abstract  text: 

Introduction:  An  expanding  array  of  insecticides  now  target  insect  nicotinic  acetylcholine 
receptors  (nAChRs)  including  the  neonicotinoids,  spinosyns,  nereistoxin  analogs,  sulfoximines, 
butenolides  and  mesoionics.  Mutations  in  insect  nAChRs  are  associated  with  resistance  to  some 
of  these  insecticide  classes.  Sulfoxaflor  (Isoclast™  active)  is  a  new  sulfoximine  insecticide 
effective  against  a  range  of  sap-feeding  insect  pests  including  those  resistant  to  neonicotinoids.  A 
mutation  in  the  nAChR,  R81T,  is  associated  with  resistance  to  neonicotinoids,  but  results  in  only 
modest  to  no  cross-resistance  to  sulfoxaflor. 

Methods:  A  homology  model  of  Myzus persicae  (green  peach  aphid)  nAChR  based  on  the  ACh 
binding  protein  from  Aplysia  calif ornica,  overlaid  with  M.  persicae  nAChR  sequence  (a2  and  p  1 
subunits)  was  used  to  investigate  the  interactions  of  the  sulfoxaflor  with  WT  and  R81T  versions 
of  the  nAChR. 

Results/Conclusion:  Whole  molecule  van  der  Waals  interactions  are  highly  correlated  with  the 
binding  affinity  for  the  neonicotinoids  and  correctly  predict  the  rank-order  of  binding  affinity  for 
neonicotinoids  and  sulfoxaflor.  The  R81T  mutation  in  M.  persicae  nAChR  is  predicted  to  have 
much  less  effect  on  binding  of  sulfoxaflor  than  that  of  the  neonicotinoids.  The  WT  and  R81T 
nAChR  homology  models  provide  potential  explanations  for  the  effects  of  this  target-site 
mutation  on  the  pattern  of  reduced  efficacy  for  the  neonicotinoids,  as  well  as  providing  a  basis 
for  the  limited  effect  of  R81T  on  sulfoxaflor. 
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Abstract  text: 

Introduction:  Target  site  insensitivity  due  to  mutations  in  the  voltage-sensitive  sodium  channel 
gene  (Vssc)  is  a  major  mechanism  of  resistance  to  pyrethroid  insecticides  in  the  house  fly,  Musca 
domestica. 

Methods:  We  selected  strains  of  house  fly  for  resistance  to  pyrethroid  insecticides,  determined 
the  levels  of  resistance  to  multiple  pyrethroids  and  sequenced  the  full  length  cDNA  from  each 
strain. 

Results/Conclusion:  We  found  two  new  mutations  in  Vssc  that  have  not  previously  been 
described  in  house  fly.  The  levels  of  resistance  varried  between  pyrethroids.  It  appears  that  these 
mutations  are  a  relatively  recent  origin.  The  importance  of  these  results  to  understanding  the 
frequencies  of  these  resistance  alleles  in  natural  populations,  the  evolution  of  insecticide 
resistance  and  resistance  management  strategies  are  discussed. 
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Abstract  text: 

Introduction:  Diamide  insecticides  were  recently  introduced  to  the  market,  and  are  represented 
by  the  benzenedicarboxamide  derivative  flubendiamide  and  anthranilic  diamides  such  as 
chlorantraniliprole.  Diamide  insecticides  are  particularly  active  against  a  number  of  destructive 
lepidopteran  pests  and  selectively  activate  insect  ryanodine  receptors,  which  are  large  tetrameric 
ryanodine-sensitive  Ca2+-release-channels.  However,  despite  the  promotion  of  resistance 


management  programs,  resistance  to  these  insecticides  has  recently  been  reported  in  lepidopteran 
pests  such  as  diamondback  moth,  Plutella  xylostella  (Lepidoptera:  Plutellidae)  and  tomato 
leafminer,  Tuta  absoluta  (Lepidoptera:  Gelechiidae)  as  well  as  some  noctuid  pests. 

Methods:  Resistance  mechanisms  were  studied  by  molecular  and  biochemical  means  with 
special  reference  to  ryanodine  receptor  target-site  mutations  conferring  high-level  resistance  to 
diamide  insecticide.  Next  generation  sequencing  approaches  were  followed  to  investigate  the 
additional  impact  of  metabolic  mechanisms  of  resistance. 

Results/Conclusion:  Resistant  phenotypes  of  lepidopteran  pests  collected  in  different  countries 
could  often  be  linked  to  target-site  mutations  detected  in  the  transmembrane  domain  of  the 
ryanodine  receptor.  The  implications  of  these  target-site  mutations  for  diamide  insecticide 
binding  are  discussed.  Furthermore  metabolic  mechanisms  of  resistance  were  analysed  for  some 
lepidopteran  pests.  The  implications  of  our  findings  for  resistance  management  strategies, 
particularly  in  lepidopteran  pests  are  discussed. 
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Abstract  text: 

Introduction:  Tetranychus  urticae ,  the  two-spotted  spider  mite,  is  a  worldwide  pest  with  a 
remarkable  ability  to  adapt  to  toxic  components  in  it  environment.  It  has  an  extreme  broad  host 
plant  range  and  develops  resistance  to  acaricides  very  fast.  The  genome  of  this  species  was 
Sanger-sequenced  and  recently  led  to  development  of  a  number  of  genome-based  tools  to 
uncover  the  genetic  basis  of  adaptation. 


Methods:  We  developed  a  population-level  bulk  segregant  analysis  pipeline  based  on 
genotyping-by  sequencing,  to  map  resistance  genes  in  high  resolution. 

Results/Conclusion:  Monogenic,  recessive  resistance  to  the  mite  growth  inhibitors  etoxazole, 
clofentezine  and  hexythiazox  was  independently  mapped  and  uncovered  chitin  synthase- 1  as  the 
causal  locus.  Further  biochemical  and  genetic  evidence  supported  the  involvement  of  a  mutation 
in  CHS-1  as  the  main  factor  conferring  resistance.  We  further  argue  that  CHS-1  is  very  likely 
also  the  target-site  of  the  insecticidal  class  of  benzoylphenylureas.  We  conclude  by  discussing 
how  the  described  genetic  mapping  technique  can  be  extended  to  resolve  more  complex 
(polygenic)  phenotypes  and  how  the  experimental  design  can  improve  mapping  resolution. 
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Abstract  text: 

Introduction:  The  peach  potato  aphid,  Myzus  persicae,  is  the  most  economically  important  aphid 
pest  worldwide.  This  species  is  globally  distributed  and  highly  polyphagous  with  a  host  range  of 
over  400  species  including  many  important  crop  plants.  The  intensive  use  of  insecticides  to 
control  this  species  over  many  years  has  led  to  populations  that  are  resistant  to  a  remarkable 
number  of  different  compounds.  We  have  previously  demonstrated  that  the  constitutive 
overexpression  of  a  cytochrome  P450,  CYP6CY3 ,  allows  tobacco-adapted  races  of  M.  persicae  to 
efficiently  detoxify  nicotine  and  has  preadapted  them  to  resist  neonicotinoid  insecticides. 
Overexpression  of  CYP6CY3  results  from  the  expansion  of  a  dinucleotide  micro  satellite  in  the 
promoter  region  and  a  recent  gene  amplification,  with  some  aphid  clones  carrying  up  to  100 
copies. 


Methods:  We  used  a  range  of  genomic  and  cytogenetic  approaches  to  understand  how  CYP6CY3 
is  amplified  in  resistant  clones  and  identify  other  genes  involved  in  the  host  shift  of  M. 
persicae  to  tobacco. 

Results/Conclusion:  Our  findings  provide  new  information  on  the  mechanisms  underlying  gene 
amplification  in  aphids  and  the  relationship  between  host  adaptation  and  insecticide  resistance. 
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Abstract  text: 

Introduction:  The  dissection  and  characterization  of  resistance  mechanisms  is  an  important  pre¬ 
requisite  for  the  implementation  of  management  strategies.  However,  the  effort  for  efficient 
validation  of  resistance-associated  genes  and  mutations  in  vivo  can  be  hampered  by  the  lack  of 
appropriate  genetic  or  genomic  tools  outside  of  a  few  model  organisms.  Drosophila  is  a  powerful 
model  system  that  enables  the  experimental  address  of  several  questions  that  relate  to  gene 
function,  facilitated  by  a  wide  repertoire  of  techniques  ranging  from  classical  genetics  to  cutting 
edge  genomic  technologies.  Novel  genome  modification  approaches  offer  a  major  breakthrough 
towards  the  rapid  investigation  of  the  role  of  certain  SNPs  or  multiple  mutations  simultaneously. 

Methods:  We  employ  transgenesis  with  the  GAL4/UAS  system  as  well  as  CRISPR/Cas9  genome 
modification  approach  in  combination  with  homologous  recombination,  to  generate  recombinant 
fly  strains  with  metabolic  resistance  or  target  site  resistant  mutations  from  major  agricultural 
pests  and  disease  vectors,  and  perform  relevant  bioassays  to  validate  resistance  phenotypes. 


Results/Conclusion:  We  have  successfully  generated  several  resistance  mutations  for  known 
insecticide  targets  like  Chitin  synthase  genes,  sodium  channels,  mitochondrial  proteins,  RyR 
receptors  and  other  potential  targets  of  benzoylureas,  pyrethroids,  METIs,  diamides  and 
avermectin  compounds.  Defined  alleles  are  crossed  into  strains  carrying  transgenically 
overexpressed  metabolic  genes,  and  thus,  we  generate  genetically  defined,  highly  resistant 
Drosophila  lines,  with  target  site  mutations  and  detoxification  enzymes,  used  in  bioassays  for  the 
assessment  of  the  mode  of  action  of  different  substances,  the  contribution  of  individual  alleles  in 
resistance,  as  well  as  the  generation  of  in  vivo  tools  for  novel  compound  screening. 
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Abstract  text: 

Introduction:  Nilaparvata  lugens  is  the  major  insect  pest  of  rice  across  Asia  and  Oceania.  It 
damages  the  plant  through  direct  phloem  feeding  and  virus  transmission.  The  migratory  nature  of 
the  pest  is  also  a  concern  in  resistance  management  as  resistance  alleles  may  spread  across  wide 
geographical  areas  within  a  short  period  of  time.  N.  lugens  has  developed  resistance  to  a  variety 
of  insecticides  belonging  to  distinct  chemical  classes  including  neonicotinoids  and  fiproles.  We 
have  previously  demonstrated  that  neonicotinoid  resistance  in  N.  lugens  is  associated  with 
enhanced  expression  of  the  P450  CYP6ER1. 

Methods:  We  used  a  range  of  biochemical,  transgenic  and  genomic  approaches  to  characterise 
CYP6ER1  in  resistant  and  susceptible  N.  lugens  strains.  Different  allelic  variants  were 
functionally  expressed  in  vitro  in  insect  cell  lines  and  in  vivo  in  transgenic  Drosophila.  Molecular 
modelling  was  performed  to  investigate  protein- substrate  interactions  in  silico.  A  gene  capture 


approach  and  whole  genome  re-sequencing  was  used  to  characterise  the  CYP6ER1  genomic 
locus. 

Results/Conclusion:  Here  we  describe  a  comprehensive  study  of  the  CYP6ER1  locus  and 
provide  compelling  evidence  that  both  modification  of  the  P450  coding  sequence  and  changes  in 
regulatory  regions  of  the  gene  confer  resistance  to  one  or  more  insecticidal  actives.  Together 
these  findings  demonstrate  that  metabolic  resistance  involving  a  single  gene  can  involve  the 
complex  interplay  of  qualitative  and  quantitative  changes  in  resistant  strains.  The  implications  of 
these  results  on  resistance  management  will  also  be  discussed. 
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Abstract  text: 

Introduction:  The  western  corn  rootworm,  Diabrotica  virgifera  virgifera ,  is  a  damaging  pest  of 
cultivated  corn  that  has  been  controlled  by  various  management  approaches.  Applications  of 
cyclodiene  insecticides  were  used  from  the  late  1940s  until  resistance  evolved  ~10  years  later. 
Range  expansion  from  the  western  plains  into  the  eastern  USA  coincides  with  resistance 
development.  Other  resistance  events  include  resistance  to  organoposphates,  transgenic  plants 
and  most  recently  pyrethroid  insecticides. 

Methods:  Molecular  investigations  of  both  cyclodiene  and  methyl-parathion  resistance  were 
carried  out. 

Results/Conclusion:  We  found  that  a  non- synonymous  single  nucleotide  polymorphism  was 
genetically  linked  to  survival  of  beetles  in  aldrin  bioassays.  A  phenotypic  gradient  of  decreasing 
susceptibility  from  west  to  east  was  correlated  with  higher  frequencies  of  the  resistance- 


conferring  mutation  in  the  eastern-most  populations.  In  the  case  of  resistance  to  methy-parathion, 
gene  expression  analysis  identified  significantly  increased  expression  of  an  a-esterase-like 
transcript.  Population  genetic  analyses  using  micro  satellite  markers  were  used  to  genotype 
populations  both  resistant  and  susceptible  to  methyl-parathion  and  aldrin.  Significant  genetic 
differentiation  was  detected  between  the  resistant  and  susceptible  populations  and  observed 
heterozygosities  in  the  populations  were  positively  correlated  with  insecticide  susceptibility.  The 
reasons  for  the  observed  distribution  of  resistant  populations  are  unclear,  but  historical  records  of 
the  range  expansion  combined  with  the  distribution  of  susceptible  and  resistant  phenotypes  and 
genotypes  provide  an  opportunity  to  better  understand  factors  affecting  the  species'  range 
expansion  and  response  to  selective  pressures  from  insecticide  exposure  that  should  promote 
resistance  management  for  future  control  technologies. 
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Abstract  text: 

Introduction:  The  Australian  plague  locust,  Chortoicetes  terminifera ,  like  other  locusts  can 
transform  between  a  solitarious  phase,  in  which  locusts  avoid  each  other,  to  a  gregarious  phase 
characterised  by  increased  activity  and  mutual  attraction  to  form  coherent  migratory  bands.  In 
order  to  better  understand  phase  change  in  this  species,  we  measured  the  time-course  over  which 
behavioural  transformation  occurs  and  associated  changes  in  biogenic  amine  expression. 

Methods:  Laboratory  colonies  of  C.  terminiferawQYQ  reared  either:  1)  individually  in  complete 
isolation  from  other  locusts;  or  2)  in  cages  containing  several  hundred  locusts.  Final  instar  lone¬ 
reared  locusts  were  marked  and  crowded  by  placing  in  high-population  density  locust  cages  for 
periods  between  1-72  h,  and  crowd-reared  locusts  isolated  for  similar  periods.  Behaviour  was 
assessed  using  a  well-established  behavioural  assay,  before  the  locusts  were  flash  frozen  and 


amounts  of  biogenic  amines  in  the  central  nervous  system  measured  using  High  Pressure  Liquid 
Chromatography  (HPLC). 

Results  /  Conclusion:  Both  gregarisation  and  solitarisation  follow  similar  time-courses.  There  is 
an  initial  period  of  rapid  change  lasting  a  few  hours  followed  by  a  two  day  period  over  which 
further  change  proceeds  more  slowly  until  complete.  Amounts  of  octopamine  increase  during 
gregarisation  and  track  the  entire  process  of  behavioural  change,  whereas  dopamine  tracks  the 
initial  stage  only.  There  is  a  small  surge  of  serotonin  in  the  thoracic  ganglia  in  the  first  1-4  h  of 
crowding.  Biogenic  amine  titres  do  not  closely  track  behavioural  solitarisation;  even  after  three 
days  of  isolation  amounts  were  still  higher  than  in  lone-reared  locusts,  even  though  behaviour 
was  fully  solitarious. 
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Abstract  text: 

Introduction:  Coupled  human  and  natural  systems  (CHANS)  are  systems  of  feedbacks  linking 
people  and  ecosystems.  Failing  to  account  for  these  dynamic  linkages  results  in  intertemporal 
and  spatial  externalities,  reaping  benefits  in  the  present  but  imposing  costs  on  future  and  distant 
people,  such  as  occurs  with  overgrazing.  Recent  findings  about  locust-nutrient  dynamics  create 
new  opportunities  to  account  for  these  linkages  and  develop  new,  sustainable  strategies  to 
understand  and  manage  locust  outbreaks.  These  findings  in  northeast  China  demonstrate  that 
excessive  livestock  grazing  promotes  Mongolian  locust  ( Oedaleus  asiaticus)  outbreaks  in  an 
unexpected  way  -  by  lowering  plant  nitrogen  content  due  to  soil  degradation. 

Methods:  Our  earlier  work  demonstrated  that  Mongolian  locusts  preferred  and  survived  best  on 
low  nitrogen  grasses  collected  from  overgrazed,  degraded  landscapes.  Moving  forward,  we 
tested  these  human-locust-livestock-nutrient  interactions  using  a  combination  of  lab  and  field 
studies  and  bioeconomic  models  in  China,  Australia,  and  Senegal. 

Results/Conclusion:  This  talk  will  give  an  overview  of  our  CHANS  project,  results  from 
subprojects  from  the  first  phase,  and  directions  for  the  future.  Closely  related  locusts  in  our  field 
sites  preferred  low  protein  diets.  This  matched  field  observations  of  locust  outbreaks  occurring 
on  overgrazed,  degraded  pastures.  Furthermore,  we  found  that  this  low  protein  diet  optimal  for 
growth  was  also  optimal  for  promoting  development  of  migratory  swarms.  Such  empirical 
discoveries  provide  opportunities  to  address  externalities  such  as  locust  outbreaks,  but  society’s 
ability  to  act  may  be  limited  by  pre-existing  institutional  arrangements. 
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Introduction:  Wingless  locust  nymphs  form  some  of  the  most  impressive  mass  moving  groups 
known  as  marching  or  hopper  bands,  containing  up  to  millions  of  individuals  and  stretching  for 
up  to  kilometres.  This  spectacular  phenomenon  doesn’t  only  provide  us  with  a  unique 
opportunity  to  study  the  mechanisms  underlying  insect  collective  behaviour,  it  is  also  a  key  to 
improving  locust  control  methods  by  optimising  barrier  spraying  according  to  predicted  band 
movement. 

Methods:  By  combining  laboratory  and  field  experiments  with  field  robotics  and  computational 
biology,  we  studied  how  local  interactions  between  individuals  scaled  up  to  result  in  the 
collective  patterns  observed  at  the  group  level. 

Results/Conclusion:  We  showed  that  inter- individual  interactions  consist  in  repulsion  at  short 
range  (around  3.5cm  in  Chortoceites  terminifera)  and  alignment  at  longer  ranges  (up  to  20cm). 
These  rules  are  consistent  with  those  used  in  a  class  of  model  known  as  Self-Propelled  Particles 
(SPP),  which  we  implemented  at  the  scale  of  millions  of  individuals  using  parallel  computation 
on  graphic  cards  (GPGPU)  to  explore  the  model  predictions  about  locust  bands  shape  and 
trajectory.  These  predictions  combined  with  field  studies  of  locust  bands  suggest  that  the  frontal 
patterns  observed  in  C.  terminifera  result  from  an  interplay  between  SPP-like  collective 
movement  and  intermittency  in  marching  activity.  Future  field  studies  using  UAV  for  aerial 
surveys  and  transponders  to  track  individual  locusts  will  help  validating  the  model  and  extend 
this  toolset  to  other  locust  species,  as  well  as  using  the  resulting  data  to  optimise  barrier  spraying 
placement  during  control  operations. 
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Introduction:  Insect-associated  odors  play  important  role  in  the  biology  of  swarming  locusts. 
However,  the  emission  pattern  of  locust-associated  volatile  compounds  during  the  phase  change 
is  largely  unknown. 

Methods:  We  collected  the  headspace  volatiles  of  typical  gregarious  and  solitarious  locusts  as 
well  as  isolated  or  crowded  locusts  by  absorbent  trapping  and  SPME  methods  and  analyzed  the 
volatiles  by  gas  chromatographer  (GC)  coupled  with  a  mass  spectrometry  (MS).  Quantification 
of  chemicals  was  done  by  GC/multiple  reaction  monitoring  (MRM)  method. 

Results/Conclusion:  Chemical  studies  on  absorbent  trapping  samples  reveal  that  gregarious 
nymphs  produce  a  distinct  blend  of  compounds,  dominated  by  four  aromatic  compounds, 
aliphatic  acids  (C2  and  C6),  and  2,  3-butanediol,  while  a  bouquet  of  volatiles  from  fecal  pellets 
of  nymphs  was  constituted  majorly  by  two  aromatic  compounds.  Compared  with  volatile  blend 
in  gregarious  nymphs,  two  aromatic  compounds  are  undetectable  in  the  solitaria.  Orthogonal 
projection  to  latent  structures-discriminant  analysis  (OPLS-DA)  showed  that  there  are 
significant  differences  of  volatile  profiles  between  gregarious  and  soliterious  locusts  and  one 
aromatic  compound  is  the  most  significant  contributor  at  each  developmental  stage.  During  the 
process  of  phase  change,  this  compound  is  the  most  important  factor  in  the  solitarization  while 
four  aromatic  compounds  are  predominant  volatiles  in  the  gregarization.  Our  result  demonstrated 
that  aromatic  compounds  are  key  metabolites  associated  with  the  phase  changes  in  Locusta 
migratoria  and  suggest  that  one  compound  of  them  is  a  reliable  indicator  of  phase  status  of 
swarming  locust  and  can  be  used  to  monitoring  the  phase  change  in  L.  migratoria. 
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Introduction:  Locusts  are  a  devastating  problem  in  many  regions  of  the  world  with  the  risk 
potential  highest  for  farmers  and  herders.  Ecologists  have  determined  a  relationship  between 
nitrogen  content  and  locust  outbreaks  which  could  prove  to  be  beneficial  for  livestock  herders. 
This  analysis  builds  on  this  concept  by  determining  the  economic  feasibility  of  mitigating  locust 
outbreaks  through  targeted  sheep  grazing  practices  in  China. 

Methods:  Herders  maximize  profit  subject  to  a  series  of  constraints  while  jointly  considering 
market  conditions.  An  equilibrium  displacement  model  (EDM)  was  used  to  evaluate  the  effect  of 
changing  market  livestock  prices  and  quantities  as  a  result  of  locust  outbreaks.  The  EDM  allows 
us  to  estimate  welfare  changes  due  to  a  locust  shock  at  the  farm,  broker,  and  retail  level.  Data 
was  collected  at  a  farm  level  in  Sizewang  Banner,  Inner  Mongolia,  China.  Data  included 
livestock  prices,  feed  costs,  broker  prices,  and  consumer  retail  prices  paid.  Herder  characteristics 
were  collected  to  help  explain  management  decisions  regarding  locust  shocks. 

Results/Conclusion:  Short-run  and  long-run  impacts  were  estimated  for  a  range  of  locust  shocks. 
Results  demonstrate  that  herders  leave  the  market  when  more  than  30%  of  the  pasture  is 
damaged  by  locusts  due  to  the  lack  of  feed  sources.  Herders  experienced  the  largest  welfare 
losses  due  to  locust  outbreaks,  while  consumers  had  the  lowest  welfare  losses.  A  sensitivity 
analysis  was  completed  with  lower  stocking  rates  to  find  decreased  welfare  effects  for  herders. 
Grazing  practices  were  found  to  have  the  best  long-term  potential  for  mitigating  locust  outbreaks 
in  the  future. 
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Abstract  text: 

Introduction:  Locusts  (Orthoptera:  Acrididae)  are  serious  agricultural  and  pasture  pests  in 
Central  Asia.  They  are  widely  distributed  across  remote  and  low-populated  zones.  Traditional 
ground  surveys  are  inadequate  to  address  the  enormous  spatial  scale  of  the  locust  problem. 
Remote  sensing  (satellite  images)  appears  to  have  potential  to  be  an  efficient  tool  in  locust 
monitoring.  Remote  sensing  applications  were  applied  to  monitor  the  spatio-temporal 
distribution  of  the  Asian  Migratory  locust,  Locusta  migratoria  migratoria  L.  near  the  Aral  Sea  in 
Uzbekistan.  This  wetland  species  is  associated  with  the  common  reed  Phragmites 
australis  stands.  Knowing  the  reed  distribution  would  allow  to  better  monitor  locust  populations 
and  target  management  actions. 

Methods:  Data  from  two  satellite  platforms  with  different  spatial  resolution,  Landsat  (30  m)  and 
MODIS  (250  m)  taken  at  two  different  periods  during  the  Migratory  locust’s  development  were 
used.  The  early-season  images  targeted  the  locust  hatching/early  nymphal  instars  while  the  late 
season  images  targeted  locust  oviposition.  The  images  were  processed  in  ERDAS  IMAGINE 
software  to  reflect  main  land  cover  classes.  Ground  verification  data  and  locust  presence/absence 
data  were  collected. 

Results/Conclusion:  Classified  satellite  images  were  able  to  correctly  identify  land  cover  classes, 
particularly  the  reed  stands,  with  about  80%  accuracy.  Over  75%  of  locust  populations  were 
associated  with  reeds.  As  such  reed  distribution  derived  from  the  satellite  imagery  was  a  good 
predictor  of  locust  infestations.  This  allowed  the  locust  managers  to  apply  targeted  treatments  to 


key  areas  of  locust  breeding.  Advantages  and  shortcomings  of  the  tool  as  well  as  its  applicability 
to  other  locusts  are  discussed. 
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Abstract  text: 

Introduction:  Humans  and  ecosystems  are  linked  through  human  decisions  in  response  to  the 
state  of  nature  and  their  consequences.  Management  strategies  that  deplete  the  nutrient  content  of 
forage  increase  the  probability  of  Oedaleus  asiaticus  phenotype  change.  We  define  this  omission 
as  a  stoichiometric  externality.  Externalities  are  when  efforts  to  partially  manage  an  ecosystem 
ignore  the  impact  on  other  parts  of  the  ecosystem  causing  unintended  events.  “Internalizing”  this 
stoichiometric  externality  can  reduce  the  risk  of  O.  asiaticus  phenotype  change. 

Methods:  An  ecological  model  of  the  inner  Mongolian  grassland  examines  the  interactions 
between  Ovis  aries ,  O.  asiaticus ,  and  forage.  The  model  includes  the  nitrogen  cycle  within 
forage  and  the  associated  impact  on  the  biomass  conversion  rates  of  both  O.  asiaticus  and  O. 
aries.  O.  aries  and  O.  asiaticus  compete  for  forage.  This  competition  and  the  dynamics  of  the 
nutrient  content  of  forage  dictate  the  state  of  the  ecosystem.  Sensitivity  analysis  on  levels  and 
harvest  rates  for  Ovis  aries  demonstrate  how  livestock  management  cause  stoichiometric 
externalities. 

Results/Conclusion:  Stoichiometric  externalities  from  the  grazing  of  O.  aries  increase  the  risk  of 
ecosystem  degredation  and  locust  outbreaks.  Larger  O.  aries  populations  lead  to  lower  nitrogen 
content  in  forage.  O.  asiaticus  convert  forage  to  biomass  more  efficiently  at  these  lower  nitrogen 
levels,  which  can  lead  to  a  boom  in  O.  asiaticus  populations,  increasing  the  risk  of  phenotype 
change  in  O.  asiaticus  as  well  as  requiring  greater  supplementing  of  forage  for  livestock. 
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Abstract  text: 

Introduction:  It  is  intriguing  to  know  how  environmental  stress  experienced  by  parents  are 
inherited  epigenetically  to  their  next  generation.  Population-dependent  isolation  and  crowding 
are  considered  as  social  stress,  critically  affecting  behavioral  and  physiological  patterns.  The 
migratory  locust,  Locusta  migratoria ,  manifests  remarkable  phase  change  plasticity  in  which 
morphological,  physiological  and  behavioral  traits  changes  in  a  population  density-dependent 
manner.  However,  it  is  still  less  understood  how  the  population  effects  impacting  on  parents  are 
inherited  to  their  progeny. 

Methods:  Here  we  undertook  a  study  on  the  transgenerational  effects  of  the  migratory  locust. 
Line  isogenization  and  chromosomal  control  were  introduced  to  minimize  genetic  variation 
between  lines. 

Results/Conclusion:  Crowded-rearing  of  the  solitary  locusts  or  isolated-rearing  of  the  gregarious 
locusts  resulted  into  a  significant  shift  in  their  morphological  characteristics.  Meanwhile, 
crowding  or  isolation  caused  significant  upregulation  or  downregulation  of  heat-shock  proteins 
(Hsp)  expression  in  the  adults.  Compared  with  control,  the  trait  variation  from  crowding  and 
isolation  effects  had  been  inherited  to  their  progeny  both  maternally  and  paternally.  Interestingly, 
the  variation  of  Hsp  expression  was  also  inherited  to  their  progeny.  We  further  investigated  the 
dynamic  changes  in  RNA  modifications  (e.g.,  methylation)  during  the  process  of  locust 
crowding  and  isolation.  Our  study  demonstrated  a  crowding  stress-induced,  both  maternal  and 
paternal,  transgenerational  inheritance  of  phenotypic  plasticity.  We  propose  that  RNA 
modifications  are  among  the  critical  molecular  mechanisms  underlying  the  epigenetic 
inheritance. 
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Abstract  text: 

Introduction:  Gregarious  and  swarming  behavior  in  the  Mongolian  Locust  ( Oedaleus  asiaticus) 
has  been  linked  to  nutritional  environments  similar  to  that  present  in  degraded  grasslands.  The 
grasslands  in  Inner  Mongolia,  China  have  experienced  widespread  degradation  over  the  past  50 
years,  raising  concern  for  securing  local  herders'  livelihoods  and  potentially  contributing  to 
locust  outbreaks.  However,  there  have  been  widespread  policy  changes  as  well  that  have 
implications  for  continued  grassland  degradation  and  also  local-level  ability  to  mitigate  locust 
outbreaks. 

Methods:  I  will  examine  the  degradation-outbreak  links  in  two  parts.  First,  I  will  review  changes 
in  grassland  management  and  policy  in  Inner  Mongolia  over  the  past  century  and  examine 
implications  for  managing  locust  outbreaks.  Second,  using  a  recent  household  survey  of  over 
1000  households  in  Inner  Mongolia,  I  examine  the  incidence  and  impact  of  locust  outbreaks  on 
household  between  2009-2014. 

Results/Conclusion:  Much  attention  has  been  given  to  the  change  in  grassland  lease  structures, 
we  argue  that  even  more  important  is  the  role  of  market  integration  and  changes  in  resource 
dynamics  that  break  local  social-ecological  links.  The  de-coupling  of  the  social-ecological 
system,  along  with  weak  land  tenure  security  due  to  a  complex  and  volatile  policy  landscape, 
suppresses  local  incentive  for  grassland  conservation  and  thus  increases  favorable  conditions  for 
locust  outbreaks.  Locust  damages  impact  at  least  10%  of  our  sample  households  in  spatially 
clustered  in  locations. 
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Introduction:  Postharvest  storage  losses  are  major  challenges  among  smallholder  farmers. 
Hermetic  technologies  have  been  developed  and  provide  a  viable  solution  to  address  storage 
problems  caused  by  insects,  mold  and  other  pests. 

Methods:  Hermetic  storage  containers,  including  sealed  drums,  single/double  and  triple  layer 
plastic  bags,  metal  silos,  jerrycans,  and  water  bottles  have  been  tested  in  several  regions  of  the 
world  for  grain  and  seed  storage.  Trials  have  been  implemented  both  on  station  and  on-farm. 

Results/conclusion:  Research  results  have  shown  that  hermetic  storage  is  effective  in  protecting 
cereal  and  legume  grains  against  insect  pests.  In  addition,  it  helps  preserve  seed  viability.  Studies 
have  also  indicated  that  PICS  bags  are  successful  at  retarding  A.  flavus  growth  and  aflatoxin 
spread  in  grain  storage.  Preliminary  results  of  experiments  on  rodents  suggest  that  collapsible 
hermetic  containers  such  as  PICS  bags  may  be  effective  at  minimizing  storage  losses.  When 
properly  sealed  and  airtight,  hermetic  storage  prevent  insect  access  to  oxygen.  Drops  in  available 
oxygen  inside  the  container  leads  to  physiological  and  behavioral  change  of  insects  resulting  in 
the  reduction  of  storage  losses.  This  presentation  will  discuss  progress  made  in  assessing  the 
effectiveness  of  hermetic  storage  for  grains  and  other  commodities,  and  our  current 
understanding  of  insect  behavior  and  physiology  in  modified-atmospheric  conditions. 

Key  words:  Hermetic  storage,  postharvest,  insect  behavior,  storage  losses,  PICS  bags 
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Abstract  text: 

Introduction:  We  present  a  simple  financial  model  for  storage  researchers  to  measure  the 
profitability  of  storage  protection  for  marketing  producers  in  developing  countries. 

Methods:  We  examine  the  relationship  between  the  value  of  a  stored  commodity  and  price 
seasonality  for  profitable  storage  under  a  range  of  possible  fixed  costs  of  storage  and  opportunity 
costs  of  capital. 

Results/conclusion:  The  cost  of  storage  protection  has  a  larger  effect  on  storage  profitability  with 
low  value  commodities  such  as  maize,  while  the  opportunity  cost  of  capital  has  a  larger  effect  on 
storage  profitability  of  high  value  commodities  such  as  cowpeas  and  common  beans.  Examples 
are  presented  for  maize  in  Malawi  and  dry  beans  in  Rwanda,  contrasting  the  profitability  of 
storage  protection  with  hermetic  Purdue  Improved  Crop  Storage  (PICS)  bags  versus  chemical 
protectants.  Results  from  this  example  show  that  while  PICS  bags  financially  outperform 
chemical  protectants,  profitability  varies  greatly  both  by  year  and  by  country.  This  paper  clearly 
documents  that  farmers  have  a  financial  incentive  to  adopt  improved  storage  technologies 
because  of  the  financial  incentives. 

Key  words:  net  present  value,  grain  storage,  technology  adoption 
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Introduction:  Modified  atmospheres  (MA)  are  safe  and  environmentally  friendly  tools  for 
controlling  pests  on  stored  products.  Consumer  and  regulatory  agencies  for  environmental 
protection  demand  for  chemical-free  and  contamination-free  products. 

The  application  of  these  methodologies  depends  of  the  economic  value  of  the  product,  if  it  is  for 
export,  sale  locally  or  own  consumption  and  the  availability  of  these  technologies. 

Methods:  Portuguese  cereal  companies  and  the  small  farmers  in  Mozambique  are  two  distinct 
realities.  The  Portuguese  companies  export  and  sell  at  national  markets  where  no  tolerance  of 
pests’  presence  exists.  MA  are  costly,  but  they  are  ecologically  sustainable,  eliminate  the 
presence  of  pests  and  are  consistent  with  the  most  demanding  consumers. 

Farmers  in  Mozambique  produce  products  to  sell  at  local  markets  and  for  their  own 
consumption.  Insect  presence  at  low  levels  is  tolerable.  Polyethylene  bags  act  as  a  gastight  and 
moisture-proof  barrier.  This  methodology  is  safe  and  efficient  to  reduce  pest  density  to  very  low 
levels. 

Results/Conclusion:  The  use  of  efficient  hermetic  containers  either  for  MA  or  BA  might  provide 
an  alternative  control  method  of  storage  for  either  big  companies  or  rural  populations.  The 
simplicity  of  a  single  hermetic  plastic  or  the  complexity  of  big  hermetic  structures  shall  be  an 
alternative  to  prevent  and  combat  pests  in  the  future  and  to  protect  seasonal  fluctuations  in  grain 
prices. 


Symposium 

Presentation  Title:  Improving  the  availability  of  hermetic  technologies  among  farmers:  The 
experience  of  PICS  bags 

Author  Name:  Jean  Njiru 

Author  Institution:  Purdue  Univeristy 

Session  Title:  Symposium:  Advances  in  Hermetic  Storage  for  Smallholder  Farms 
Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1355 


DOI:  10.1 603/ICE.20 16.1 07893 
Abstract  text: 

Introduction:  Purdue  University  is  implementing  the  Purdue  Improved  Crop  Storage  program  in 
several  countries  in  Sub-Saharan  Africa  and  Asia.  The  goal  of  the  program  is  to  reduce  post¬ 
harvest  losses  using  hermetic  technologies. 

Method:  To  commercialize  the  PICS  bags,  Purdue  has  partnered  with  the  private  sector  including 
plastic  manufacturers  and  distributors  of  agricultural  inputs,  and  service  providers  including 
governmental  extension  services  to  build  demand  for  the  bags.  The  private  sector  partners 
produce  and  sell  PICS  bags  to  smallholder  farmers  through  networks  of  vendors. 

Results/conclusion:  By  June  2015,  training  activities  on  the  proper  use  of  the  PICS  bags  were 
implemented  in  more  than  40,000  villages.  More  than  5  million  bags  were  sold  to  farmers  in 
Sub- Sahara  Africa  and  Asia.  Despite  these  progress,  challenges  remain  including  improving  the 
PICS  bag  availability  in  small  shops  and  in  rural  areas.  This  presentation  will  discuss  the  efforts 
to  improve  the  availability  of  the  bags  and,  challenges  and  opportunities  in  sustaining  reduction 
of  postharvest  storage  losses  among  smallholder  farmers. 

Key  words:  PICS  bags,  supply  chain,  hermetic  storage,  private  sector 
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Abstract  text: 


Introduction:  Integrated  pest  management  practices  vary  widely  throughout  the  stored  food 
industry  and  rice  mills  are  no  different  in  their  variability. 

Methods:  In  spring  2015,  workshops  were  conducted  in  Crowley  LA,  East  Bernard  TX, 
Jonesboro  AR,  and  Richvale  CA.  These  workshops  focused  on  stored  product  insect 
management  in  rice  mills  and  presentations  were  based  on  research  results  from  previous 
projects.  Participants  included  rice  growers,  personnel  from  commercial  rice  dyers,  warehouses 
and  rice  mills.  Participants  attending  were  asked  to  complete  a  survey  regarding  their  current 
integrated  pest  management  (IPM)  practices  at  their  facilities  and  how  they  manage  rough  rice 
storage. 

Results/Conclusion:  The  results  of  this  survey  will  be  discussed. 
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Introduction:  Food  security  is  an  issue  that  will  impact  everyone  in  the  world,  by  2050  it  is 
projected  there  will  be  a  global  crisis  with  food  shortages  everywhere  unless  action  is  taken.  The 
recent  agreement  of  the  Sustainable  Development  Goals  by  the  United  Nations  Food  Security  is 
one  of  the  key  areas  that  will  receive  focus  over  the  next  15  years  in  an  attempt  to  circumvent 
this  crisis. 

Methods:  The  ZeroFly®  Storage  Bag  is  a  new  technology  developed  to  reduce  post-harvest 
losses.  It  contains  an  insecticide,  Deltamethrin,  that  is  incorporated  within  the  polypropylene 
yarns  woven  into  a  storage  bag.  The  active  ingredient  is  released  on  the  surface  of  the  material  in 
a  controlled  and  sustained  manner  ensuring  commodities  stored  in  the  bags  are  continuously 
protected  against  insects.  The  level  of  insecticide  residue  found  on  grains  stored  for  up  to  two 
years  in  ZeroFly®Storage  Bag  are  below  CODEX  &  EPA  maximum  residue  levels.  This 
technology  adheres  to  currently  accepted  practices  and  requires  limited  behavior  change  for  the 
user. 

Results/Conclusion:  Laboratory  and  field  studies  in  1 1  countries  show  that  the  ZeroFly®  Storage 
Bag  can  effectively  control  key  stored  product  insects  for  at  least  24  months.  The  presentation 
will  explore  the  current  scale-up  efforts  and  strategies  of  distribution  planned  throughout  Africa 
and  Asia,  this  would  also  include  an  assessment  of  the  broader  impact  of  addressing  post-harvest 
storage  bag  on  vulnerable  groups  and  lessons  learned  over  the  past  four  years. 


Symposium 

Presentation  Title:  Ecology  of  Cryptolestes  ferrugineus :  New  findings  using  conventional  and 
population  genetic  approaches  into  a  pest  of  growing  importance 

Author  Name:  Greg  Daglish 

Author  Institution:  Queensland  Department  of  Agriculture  and  Fisheries 

Session  Title:  Symposium:  Stored  Product  Entomology:  Challenges  that  Transcend  Borders 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1375 


DOI:  10. 1603/ICE. 20 16. 107773 


Abstract  text: 


Introduction:  The  rusty  grain  beetle,  Cryptolestes  ferrugineus  (Stephens),  is  one  of  several 
Cryptolestes  species  that  can  infest  stored  grain.  Until  recently,  C.  ferrugineus  was  considered  a 
minor  pest  in  Australia  but  this  changed  when  populations  were  discovered  in  2007  with  very 
strong  resistance  to  phosphine  (PH3).  The  wide  spread  use  of  this  fumigant  means  that  the  threat 
of  this  type  of  resistance  is  unlikely  to  be  limited  to  Australia. 

Methods:  A  program  of  research  has  generated  new  knowledge  providing  insights  into  the 
ecology  of  this  pest  with  implications  for  understanding  infestation  threat  and  the  movement  of 
resistance  genes  on  local  and  regional  scales.  Research  questions  include  (1)  is  this  pest  limited 
to  the  storage  environment,  (2)  how  far  can  it  disperse  on  local  and  national  scales,  and  (3)  how 
quickly  can  it  infest  stored  grain? 

Results/Conclusions:  Field  studies  have  demonstrated  that  C.  ferrugineus  flight  occurs  both  in 
the  immediate  storage  environment  and  further  way.  Seasonality  was  evident  during  the  colder 
months  of  the  year  when  flight  was  reduced  or  did  not  occur.  Cryptolestes  ferrugineus  readily 
infested  small  experimental  wheat  bulks  located  2  km  away  from  the  nearest  farm  stored  grain. 
Samples  of  beetles  were  collected  from  all  grain  growing  regions  of  Australia,  and  population 
genetics  was  used  to  estimate  the  extent  of  gene  flow.  There  is  evidence  of  gene  flow  on  large 
geographic  scales  but  gene  flow  is  restricted  between  South  Australia  and  Western  Australia. 
Results  will  be  integrated  into  strategies  for  the  management  of  these  pests  in  Australia. 
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Abstract  text: 


Introduction:  Diatomaceous  earth  (DE)  is  a  selective  physical  insecticide  causing  insect  death  by 
desiccation  while  allegedly  impairing  water  balance.  The  successful  use  of  DE  against  arthropod 
pest  species  of  stored  products,  a  rather  dry  environment,  lays  credence  for  its  activity  impairing 
water  balance. 

Methods:  We  assessed  the  activity  of  two  DE  formulations  from  distinct  deposits  against  the 
maize  weevil  ( Sitophilus  zeamais )  (Coleoptera:  Curculionidae),  a  key  pest  species  of  stored 
cereals  in  warmer  climates.  As  the  role  of  behavior  in  insecticide  susceptibility  is  broadly 
recognized,  but  not  its  importance  for  the  efficacy  of  physical  control  agents  like  DE,  we  also 
assessed  the  role  of  an  integrated  set  of  behaviors  in  six  populations  of  the  maize  weevil  and  how 
they  may  affect  DE  efficacy. 

Results/Conclusion: 

DE  formulations  compromised  insect  survival  at  the  full  range  of  relative  humidities  tested  (i.e., 
from  0  to  100%)  reducing  in  about  a  third  the  median  survival  time.  DE  formulations  damaged 
the  insect  tegument  surface,  including  sensilla  and  pores,  and  compromised  water  balance 
reducing  body  water  content  and  increasing  the  rate  of  water  loss  in  over  2-fold.  Regarding 
weevil  personality,  or  its  integrated  set  of  behavioral  tendencies,  weevil  walking  activity  was 
successfully  used  to  describe  survival  time  and  therefore  the  susceptibility  to  DE,  but  the 
population-based  response  was  crudely  oversimplified.  Therefore,  to  disregard  the  inter¬ 
individual  behavioral  variation,  even  when  simple  behavioral  traits  suitably  describe  the 
susceptibility  to  DE,  in  favor  of  interpopulation  variation  is  temerary  and  may  lead  to 
management  shortcomings. 
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Introduction:  Stored  product  insects  cause  millions  of  dollars  of  losses  annually  to  stored  durable 
commodities  such  as  grain,  grain-based  products,  legumes,  dried  fruits  and  nuts  and  spices.  The 
cigarette  beetle,  Lasioderma  serricorne ,  the  drugstore  beetle,  Stegobium  paniceum  and  merchant 
grain  beetle  Oryzaephilus  mercator  are  serious  stored  products  beetles,  cosmopolitan  in 
distribution  and  pervasive  and  common  pests  found  in  United  States. 

Methods:  Phosphine,  a  fumigant  commonly  used  to  control  these  insects  is  resulting  in  control 
failures  due  to  insects  developing  resistance  to  the  phosphine.  Ozone,  a  toxic  gas,  can  kill  insects 
effectively,  and  degrade  rapidly  to  molecular  oxygen  in  atmospheric  conditions.  In  this  research, 
susceptibility  of  various  life  stages  of  L.  serricorne,  S.  paniceum  and  O.  mercator  to  ozone  was 
evaluated  in  order  to  establish  baseline  information.  The  objective  of  the  work  is  to  identify 
minimal  exposure  time  needed  to  attain  100%  mortality  at  higher  ozone  concentration.  Insect  life 
stages  were  treated  at  four  ozone  concentrations  between  1500-2400  ppm,  with  an  increment  of 
300  ppm  concentrations  at  various  exposure  times. 

Results/Conclusion:  Of  the  three  species  treated,  O.  mercator  adults  were  least  susceptible  to 
ozone  treatment,  S.  paniceum  adults  were  moderately  susceptible  and  L.  serricorne  were  most 
susceptible  in  all  selected  doses  of  ozone.  Mortality  of  treated  adults  increased  over  period  of  48 
h  incubation.  This  paper  further  discusses  susceptibility  of  other  life  stages  to  ozone  within  a 
concentration  of  1500-2400  ppm  at  various  exposure  times. 
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Introduction:  Chlorine  dioxide  was  initially  used  for  water  disinfection  and  pulp  bleaching,  and 
more  recently  it  has  been  used  to  decontaminate  processing  plants  and  facilities.  Because  of  its 


oxidizing  property,  chlorine  dioxide  gas  has  been  investigated  as  an  alternative  fumigant  of 
phosphine  to  control  stored-product  pests  in  this  study. 

Methods:  The  toxicity  of  chlorine  dioxide  gas  was  investigated  at  1.40  g/m3  (520  ppm)  by 
assessing  mortality  of  five  stored-product  insects  ( Tribolium  castaneum ,  Oryzaephilus 
surinamensis ,  Rhyzopertha  dominica ,  Sitophilus  zeamais,  and  Sitophilus  oryzae).  Both 
phosphine  susceptible  and  resistant  strains  were  tested  during  the  fumigation.  Exposure  duration 
was  up  to  12  hours.  Insects  were  exposed  to  chlorine  dioxide  with  or  without  wheat  to  study  the 
effect  of  penetration  of  chlorine  dioxide  in  the  grain  mass  on  the  killing  efficacy.  Mortality  was 
assessed  1  and  5  d  after  the  fumigation.  Testing  was  conducted  in  two  months:  July  and  October; 
representing  two  temperature  regimes  with  average  temperatures  of  32.8  °C  and  24.8  °C 
respectively.  Lethal  dose  (LD50  and  LD99)  and  effective  dose  (ED50  and  ED99)  were  estimated 
based  on  probit  regression. 

Results/Conclusion:  Ratio  tests  based  on  LD50  at  5  d  indicated  that  phosphine-resistant  strains 
had  a  similar  reaction  to  chlorine  dioxide  compared  to  their  susceptible  counterparts.  High 
temperature  fumigation  required  a  lower  lethal  dose  compared  to  low  temperature.  Wheat 
protected  the  insect  from  chlorine  dioxide  attack  by  oxidation  and  adsorption,  and  delayed 
mortality.  The  result  demonstrated  that  chlorine  dioxide  fumigation  can  effectively  control  the 
population  of  phosphine-resistant  and  susceptible  strains  in  wheat. 
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Abstract  text: 

Introduction:  As  methyl  bromide  is  phased  out,  the  search  for  alternatives  continues  around  the 
world.  No  one  alternative  has  been  found  but  there  are  alternatives  that  have  shown  effectiveness 
under  various  conditions  around  the  world. 


Methods:  Ozone  is  one  product  that  shows  potential  to  control  many  post-harvest  and  urban 
pests.  Although  not  a  perfect  replacement,  it  is  something  that  with  the  proper  engineering  can 
reduce  or  eliminate  pests.  Our  interdisciplinary  lab  of  engineers,  entomologists,  mycologists  and 
economists  has  spent  the  past  10  years  researching  the  efficacy  and  deployment  strategies  for  this 
novel  control  strategy.  We  have  examined  many  crop  systems  and  pest  problems  within  both  the 
stored  grain  environment,  and  more  recently  expanded  to  bedbugs  and  cockroaches,  two  pest  that 
plague  food  processors  and  domiciles  around  the  world. 

Results/Conclusion:  In  this  presentation  we  will  summarize  our  interdisciplinary  research  and 
proposed  ways  in  which  the  post-harvest  and  urban  communities  might  use  this  strategy  in 
combination  with  other  IPM  methods. 
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Abstract  text: 

Introduction:  Fumigation  of  infested  stored  grain  or  grain-processing  facilities  is  required  to 
retain  food  quality  and  allow  stored  products  to  proceed  through  marketing  channels  without 
regulatory  action  or  loss  of  value.  Major  challenges  to  effective  fumigation  are  evolution  of 
resistance  to  phosphine  gas,  the  most  common  grain  fumigant  world-wide,  the  worldwide  ban  on 
methyl  bromide  based  on  its  environmental  impact,  limited  alternative  fumigants,  and  limited  use 
of  viable  alternatives  throughout  the  grain  storage  and  processing  industries. 

Methods:  This  paper  will  review  key  research  on  phosphine  resistance  and  application  of 
effective  fumigant  alternatives. 


Results/Conclusion: 


Recent  research  is  finding  that  phosphine  resistance  is  common  and  geographically  widespread 
in  the  most  serious  storage  pests.  Populations  with  a  high  frequency  of  the  strong  resistance 
genes  and  the  resulting  strong  resistance  phenotype  cannot  be  controlled  with  phosphine  under 
any  application  regime.  Sulfuryl  fluoride  was  confirmed  as  an  effective  alternative,  but  its  cost 
and  special  application  requirements  will  prevent  its  adoption  by  some  applicators.  Other 
chemical  and  non-chemical  alternatives  to  fumigation  are  available,  but  there  is  a  great  need  for 
dissemination  of  this  information  and  proper  training  to  assume  effective  applications. 
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Abstract  text: 

Introduction:  Insecticide  resistance  has  been  a  significant  barrier  to  insecticide-based  pest 
management  for  over  60  years.  In  the  1950s,  German  cockroaches  were  one  of  the  first  urban 
insect  pests  with  documented  resistance;  and  in  the  ~60  years  since  this,  they  have  repeatedly 
developed  resistance  to  nearly  all  insecticide  classes  used  against  them.  Recent  incidences  of 
resistance  re-emphasize  the  evolutionary  adaptability  of  cockroaches  and  that  present-day 
insecticides  are  not  immune  from  resistance  evolution. 

Methods:  Use  of  product  rotations  and  mixtures  are  two  major  tactics  recommended  for 
insecticide  resistance  management  in  German  cockroaches.  However,  empirical  studies  testing 
the  feasibility  of  insecticide  rotations  or  mixture  products  for  resistance  management  in 
cockroaches  have  not  been  conducted. 

Results/Conclusion:  In  this  talk,  we  will  present  preliminary  findings  of  laboratory  and  field 
experiments  designed  to  identity  effective  insecticide  deployment  strategies  for  sustainable 
resistance  management  in  German  cockroaches. 
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Introduction:  While  there  is  longstanding  evidence  for  German  cockroach  ( Blattella  germanica) 
resistance  to  insecticides  applied  as  liquid  residuals,  resistance  to  bait  formulations  is  a  more 
recent  phenomenon. 

Methods:  We  expect  that  palatable  bait  will  be  consumed  until  a  lethal  dose  of  insecticide  is 
obtained.  However,  insufficient  bait  application  or  limited  ingestion  of  unpalatable  bait  inert 
ingredients  could  promote  resistance  to  the  active  ingredient  (AI). 

Results/Conclusion:  We  will  review  our  recent  research  on  German  cockroach  resistance  to 
commercial  bait  AIs,  the  influence  of  resistance  on  nymphal  secondary  kill,  the  link  between 
resistance  and  nymphal  development  rate  and  the  effect  of  behavioral  resistance  (sugar  aversion) 
on  bait  performance. 
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Introduction:  Urban  pests  such  as  cockroaches  and  cat  fleas  have  been  a  constant  challenge  to 
pest  management  professionals,  veterinarians,  home  owners  and  pet  owners  especially  with  an 
ever  expanding  urban  environment  worldwide.  German  cockroach  resistance  to  many  classes  of 
insecticides  is  well  documented  in  the  scientific  literature.  Insecticide  resistance  in  cat  fleas  has 
remained  low;  however,  the  wide  use  of  the  many  “spot-on”  products  for  control  of  cat  fleas  on 
pets  such  as  dogs  and  cats  has  increased  awareness  of  the  possibility  of  resistance.  Resistance 
management  has  focused  on  chemical  rotation,  chemical  mixtures  and  the  use  of  integrated  pest 
management  (IPM)  techniques  in  the  urban  environment. 

Insect  growth  regulators  (IGR)  are  a  class  of  compounds  that  mimic  the  hormones  that  regulate 
molting  and  metamorphosis  in  insects.  IGRs  can  be  divided  into  two  broad  groups;  the  juvenile 
hormone  analogs  and  the  chitin  synthesis  inhibitors.  These  compounds  have  been  used 
successfully  in  management  of  many  insect  species  including  cockroaches  and  cat  fleas  since  the 
1970’s,  but  are  rarely  used  as  stand-alone  insect  control  agents. 


Methods:  The  IGRs  have  been  used  in  combination  with  many  insecticides  as  “tank-mixes”  or 
combination  products  to  enhance  efficacy  as  well  as  in  resistance  management 
strategies.  Among  the  many  positive  attributes  of  IGRs  are  species  specificity,  low  non-target 
species  toxicity  and  environmental  safety. 

Results/Conclusion:  The  use  of  IGRs  to  manage  cockroach  and  cat  flea  populations  in  the  urban 
environment,  while  considering  insecticide  resistance  management  will  be  discussed  in  this 
presentation. 
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Abstract  text: 

Introduction:  Insecticide  resistance  continues  to  be  a  principal  challenge  for  the  successful 
implementation  of  pest  management  strategies  for  primary  urban  pests  such  as  the  house  fly, 
Musca  domestica ,  the  German  cockroach,  Blattella  germanica  and  the  common  bed  bug,  Cimex 
lectularius.  Resistance  development  increases  the  demand  for  efficacious  products  with  novel 
modes  of  action.  However,  development  timelines  from  first  synthesis  of  a  novel  insecticide  to 
initial  registration  can  extend  as  long  as  ten  to  twelve  years. 

Methods:  Strategies  employed  to  help  meet  the  challenge  of  insecticide  resistance  are 
reviewed.  In  addition  to  the  identification  of  chemistries  with  new  modes  of  action,  strategies 
include  the  testing  of  new  products  against  known  resistant  strains. 

Results/Conclusion:  Results  of  such  a  test  evaluating  PT®  Alpine®  Pressurized  Fly  Bait  against  a 
strain  of  imidacloprid  resistant  M.  domestica  indicate  a  lack  of  cross  resistance. 
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Introduction:  Chemical  and  behavioral  resistance  in  the  German  cockroach,  Blattella 
germanica  (Linnaeus)  are  major  concerns  to  pest  management  professionals  in  their  efforts  to 
control  this  pest  in  commercial  and  residential  venues.  Poor  control  can  result  in  loss  of  revenue, 
clients  and  business  reputation  and  lead  to  the  incurrence  of  fines  and  law  suits. 

Methods:  Although  many  non-chemical  control  measures  are  essential  to  the  management  of 
this  pest,  measures  utilizing  pesticides  are  still  needed  to  obtain  and  maintain  control.  Improper 
use  of  these  pesticides  can  lead  and  have  led  to  both  chemical  and  behavioral  resistance  in 
Blattella  germanica  (Linnaeus). 

Results/Conclusions:  Reviewed  here  is  a  successful  integrated  pest  management  protocol  to 
achieve  control  of  German  cockroaches,  Blattella  germanica  (Linnaeus)  in  both  residential  and 
commercial  venues.  It  utilizes  both  chemical  and  non-chemical  control  measures  while  at  the 
same  time  avoids  the  development  of  chemical  or  behavioral  resistance  and  satisfies  both  the 
client’s  and  business  needs. 
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Abstract  text: 

Introduction:  The  vast  majority  of  populations  of  bed  bugs  ( Cimex  lectularius  L.)  that  we  have 
sampled  from  across  the  United  States  have  one  or  more  mechanisms  of  resistance  to  pyrethroid 
insecticides  at  play.  The  level  of  resistance  can  be  quite  high  with  Resistance  Ratios  of  over 
10,000-fold.  The  history  of  resistance  to  insecticides  with  different  modes  of  action  in  bed  bugs 
suggests  that  we  should  be  vigilant  in  monitoring  insecticide  resistance. 

Methods:  Laboratory  selection  for  resistance  to  pyrethroid-neonicotinoid  combination 
insecticides  suggested  that  increased  resistance  comes  with  a  fitness  cost.  Such  a  cost  opens  the 
door  for  the  possibility  of  resistance  management  through  rotation  among  insecticides  with 
different  modes  of  action.  However,  an  insect  pest  with  limited  local  gene  flow  and  a  public  with 
a  “zero-tolerance  mindset”  will  require  us  to  rethink  the  resistance  management  schemes  best 
develop  in  agricultural  systems  to  this  blood-feeding  insect  in  the  urban  environment. 

Results/Conclusion:  Prescription  treatments  based  on  population  characterization  may  be  one 
such  approach. 
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Abstract  text: 

Introduction:  Bed  bugs  have  resurged  in  many  parts  of  the  world,  and  the  problem  is  escalating. 
Bed  bugs  have  cryptic  habits  and  are  usually  found  assembled  along  mattress  and  box  spring 
seams,  or  cracks,  crevices,  or  edges  of  furniture  and  other  locations.  Even  with  thorough 
inspections,  some  bed  bugs  go  undetected  and  therefore  are  not  directly  treated.  Thus,  insecticide 
efficacy  relies  in  part  on  insects  contacting  the  insecticide  residues  while  searching  for  a  blood 
meal  or  returning  to  harborages.  There  is  an  urgent  need  for  studies  on  the  effectiveness  of 
insecticide  residues  on  different  substrates  as  well  as  their  effect  on  bed  bug  behavior. 

Methods:  This  conference  will  review  the  most  important  findings  about  the  performance  of 
insecticide  residues  against  bed  bugs  on  common  substrates  where  bed  bugs  reside.  Results  will 
include  evaluations  with  different  life  stages  as  well  as  various  bed  bug  populations  with 
different  insecticide  resistance  background.  Similarly,  the  effect  of  insecticides  residues  on  bed 
bug  behavior  will  be  presented. 

Results/Conclusion:  Efficacy  of  insecticide  residues  against  bed  bugs  depend  upon  the  substrate 
being  treated.  Insecticide  resistance  background  will  also  affect  performance  of  the  insecticide 
formulations.  Bed  bugs  will  avoid  or  not  an  insecticide  residue  based  on  the  type  of  insecticide 
and  the  presence  of  other  stimuli  in  the  environment.  The  study  of  the  effect  of  insecticides  on 
bed  bugs  is  important  because  these  responses  can  affect  insecticide  efficacy  and  ultimately 
provide  a  better  understanding  of  the  overall  impact  of  insecticide  treatment  in  bed  bug 
management  programs. 
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Abstract  text: 

Introduction:  Forensic  entomologists  will  often  use  a  succession  model  to  determine  a  minimum 
postmortem  interval  (PMI).  Various  carrion  feeding  Diptera  will  take  advantage  of  such  an 
ephemeral  resource  at  different  stages  of  its  decomposition,  e.g.  fresh,  bloat,  or  decay.  Therefore, 
succession  models  are  especially  useful  for  remains  that  have  been  exposed  past  the  initial 
generation  of  larvae,  when  conventional  PMI  estimation  techniques  become  less  reliable. 
However,  successional  data  itself  may  not  be  dependable  due  partly  to  collector  bias,  incorrect 
collecting  techniques,  and/or  poorly  timed  collection  periods.  To  overcome  these  limitations,  the 
authors  have  designed  a  trap  to  continually  collect  sarcosaprophagous  flies  without  inhibiting  or 
delaying  access  to  the  carrion,  or  disturbing  the  natural  decomposition  process. 

Methods:  Euthanized  cats  treated  with  the  continuous  collection  trap  method  were  sampled  daily 
and  successional  data  were  compared  to  cats  without  the  trap  sampled  by  traditional  forensic 
collection  protocol,  as  well  as  against  traps  without  any  carrion  enticement.  Stage  of 
decomposition  data  were  also  collected  from  the  treatment  group  and  compared  against  the 
controlled  groups. 

Results/Conclusion:  Along  with  data  results,  trap  design  is  presented. 
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Mongolia,  with  its  low  population  density  and  richly  diverse  biogeographical  landscape,  has 
retained  much  of  the  biota  that  has  been  lost  in  surrounding,  more  populous  Asian  countries. 
Researchers  gathered  data  in  four  consecutive  years  in  a  thorough  survey  of  the  riparian  zones  of 
the  Altai  and  Hangai  Mountains  to  form  conclusions  about  the  effect  of  grazing  on  insect 
populations  and  diversity.  As  part  of  this  study,  yellow  pans  were  placed  evenly  across  a 
riverbed  at  120  sites  in  Western  Mongolia.  Pans  were  filled  with  water  and  a  surfactant,  thus 
trapping  insects  attracted  to  the  bright  yellow  color  including  over  16,000  flies  that  were  then 
sorted  to  family  level.  The  first  two  years  of  data  seemed  to  show  that  high  grazing  levels  have  a 
negative  effect  on  fly  diversity,  but  we  will  present  the  results  of  the  complete  study.  We  will 
also  present  fly  families  that  are  likely  bioindicators,  or  taxa  whose  presence  indicate  a  balanced, 
healthy  habitat  and  are  most  negatively  affected  by  grazing.  As  grazing  in  Mongolia  becomes 
more  prevalent,  it  is  important  to  measure  and  monitor  the  effect  that  is  had  on  the  ecosystem  as 
a  whole. 
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Introduction:  We  identified  the  relationship  in  infection  patterns  of  West  Nile  Virus  (WNV) 
among  mosquito  hosts  around  Texas  as  well  as  the  cocirculation  of  Haemosporida  between  the 
two.  It  will  also  be  determined  if  Plasmodium  affects  the  transmission  and  infection  rate  of  avian 
malaria. 


Methods:  The  majority  of  this  research  was  comprised  of  screening  Culex  quinquefasciatus  to 
determine  the  presence  of  Haemosporida.  These  samples  were  collected  from  throughout  East 
Texas  and  were  labeled  accordingly. 

Results/Conclusion:  Upon  completion,  we  will  understand  the  impact  that  Plasmodium  has  on 
WNV  transmission  and  infection  in  Texas.  This  study  will  result  in  a  disease  model  to  estimate 
the  impact  of  Plasmodium  in  the  understudied  regions  of  East  Texas.  We  will  also  have  a  better 
understanding  of  the  Plasmodium- bird  and  Plasmodium- mosquito  interactions. 
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Introduction:  Ants  are  not  only  a  diverse  and  important  invertebrate  group  in  the  land  ecosystem, 
but  also  successful  in  terms  of  large  biomass.  In  general,  food  sources  are  unpredictable  and 
unevenly  distributed  on  the  ground.  A  continued  food  resource  is  important  to  the  growth  of  ants. 
Previous  studies  regarding  interspecific  competition  for  food  and  daily  foraging  activity  of  ants 
were  always  carried  out  in  laboratory;  whereas,  the  current  study  was  performed  under  field 
conditions. 

Methods:  This  study  was  conducted  at  Lianhuachi  Research  Center  Forest  located  in  Nantou 
County,  Taiwan.  We  provided  a  continuous  liquid  food  source  (i.e.,  20%  sucrose)  in  the  field. 
Three  liquid  ant  feeders  were  placed  on  the  grass  and  a  tree,  respectively.  Ant  foraging  activity 
was  recorded  over  7  days  along  with  ambient  temperature  and  relative  humidity. 

Results/Conclusion:  Results  of  foraging  activities  on  trees  indicated  that  Dolichoderus 
thoracicus  have  a  regular  daily  activity  rhythm.  They  are  active  between  sunset  and 
midnight.  Foraging  activities  of  D.  thoracicus  and  Camponotus  monju  showed  a  significant 


correlation  with  the  temperature,  humidity,  and  day/night  cycles.  On  the  ground,  Technomyrmex 
brunneus  and  Crematogaster  sp.  were  interspecific  competitors.  Activity  of  T.  brunneus  was 
significantly  correlated  with  temperature.  This  research  provides  insight  into  the  behavior  of  ants 
toward  a  liquid  food  source  on  trees  and  the  ground. 
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Parasitic  organisms  can  rely  on  their  host’s  characteristics  for  protection  against  environmental 
hazards.  Some  are  able  to  increase  their  host’s  protective  value  by  altering  aspects  of  its 
biochemistry,  physiology,  morphology  or  behavior.  Host-conferred  environmental  protection  is 
particularly  important  for  organisms  such  as  egg  parasitoids,  which  exploit  immobile  hosts  that 
are  directly  exposed  to  climatic  conditions.  Ultraviolet  (UV)  radiation  is  known  to  be  harmful  to 
living  organisms  in  general,  but  its  impact  on  parasitoid  fitness  remains  understudied.  The 
predatory  stink  bug  Podisus  maculiventris  lays  eggs  with  various  pigmentation  levels,  from  pale 
yellow  to  dark  brown,  an  adaptation  protecting  embryos  from  UV  radiation.  Using  this  model 
host  species  and  the  common  parasitoid  Telenomus  podisi,  we  examined  under  laboratory 
conditions  whether  host  pigmentation  also  offers  protection  for  developing  parasitoids  against 
UV  radiation.  Our  results  showed  that  exposure  to  UV  light  lowers  the  fitness  of  parasitoids  laid 
in  pale-coloured  eggs,  reducing  adult  emergence  by  up  to  86%  and  extending  development  time 
by  up  to  1  day,  compared  to  parasitoids  developing  in  dark-coloured  eggs.  These  negative  effects 
were  less  pronounced  at  low  UV  light  intensity  and  toward  the  end  of  parasitoid  embryonic 
development,  when  eggs  had  darkened  due  to  parasitism.  However,  for  parasitoids  that  survived 
to  the  adult  stage,  developmental  exposure  to  UV  radiation  had  minimal  indirect  effects  on  adult 
fitness  traits  (size,  fecundity,  longevity).  This  study  provides  the  first  experimental  evidence  that 
host  pigmentation  is  an  important  factor  determining  host  suitability  for  parasitoids. 
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Ants  have  evolved  several  mechanisms  to  regulate  nest  temperatures.  These  mechanisms  range 
from  individuals  regulating  temperatures  through  physical  activity,  to  groups  making  complex 
decisions  about  nest  location,  structure  and  orientation.  For  instance,  meat  ants  Iridomyrmex 
purpureus  build  nests  with  external  mounds  and  cover  the  surface  with  objects  such  as  pebbles 
and  dry  fragments  of  vegetation.  It  is  believed  that  mounds  maintain  temperatures  close  to  the 
colony  preferendum  by  maximizing  sunlight  capture  and  reducing  heat  loss.  However,  the 


objects  covering  nests  mounds  have  been  observed  to  vary  among  nests,  but  the  relationship 
between  the  objects  and  amount  of  sunlight  exposure  is  unknown.  In  our  study,  we  hypothesize 
that  the  nests  of  meat  ants  I.  purpureus  would  have  objects  with  darker  color  shades  to  maximize 
heat  absorption  when  exposed  to  less  sunlight,  and  lighter  color  shades  in  nests  receiving  more 
sunlight.  To  test  this,  we  divided  nests  into  4  different  zones  based  upon  the  cardinal  direction 
(north,  east,  west,  and  south)  and  added  a  5th  zone  (top)  which  was  the  flat  region  around  the  nest 
entrance.  We  collected  objects  from  18  different  meat  ant  nests  and  calculated  surface  properties 
including  shade,  area  and  degree  of  roundedness.  Results  show  that  our  hypothesis  was  not 
supported  as  the  objects  were  darker  when  there  was  an  increase  in  light  exposure.  In  addition, 
the  area  and  degree  of  roundedness  of  the  objects  was  found  to  decrease  with  increase  in 
sunlight. 
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Harvester  ant  colonies  make  smart  decisions  about  what  seeds  to  collect,  in  an  environment  full 
of  seeds  with  variable  nutrients  and  of  varying  quality.  Colonies  prefer  some  seed  varieties  to 
others,  based  on  caloric  value,  presence  of  certain  macronutrients,  and  absence  of  toxins. 
However,  the  individual  forager  that  is  collecting  for  the  colony  does  not  always  show  a  seed 
preference  similar  to  the  colony’s,  and  has  varying  levels  of  experience  collecting  different 
seeds.  Variation  in  individual  seed  choice  may  reflect  intrinsic  preference  differences,  or  may 
reflect  incomplete  information  about  the  seed’s  nutritional  quality  or  toxin  presence.  This  study 
looks  at  how  seed  preference  in  Pogonomyrmex  californicus  workers  and  colonies  changes  as 
they  gain  experience  with  seed.  We  find  that  individuals  react  flexibly  based  on  the  seed  choice 
task,  with  individual  preferences  diverging  in  a  way  that  does  not  affect  colony  seed  intake  when 
seeds  are  of  similar  quality,  and  changing  to  a  similar  consensus  and  affecting  colony  seed  intake 
when  seeds  are  of  differing  quality. 
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Seasonally-stable  temperatures  in  the  tropics  vary  predictably  across  elevations,  selecting  for 
thermally  specialized  organisms  living  at  particular  altitudes.  However,  certain  exceptional 
species  such  as  the  Neotropical  army  ant  Eciton  burchellii  parvispinum  have  ranges  spanning 
from  near  sea  level  (mean  annual  temperature  28°C)  to  cloud  forest  as  high  as  1700  m  (mean 
annual  temperature  17.5°C).  One  way  E.  b.  parvispinum  deal  with  the  challenges  of  their  thermal 
environment  is  by  forming  a  nest  of  ants  composed  primarily  of  worker  bodies,  known  as  a 
bivouac.  Previous  studies  in  lowland  tropical  forests  suggested  bivouacs  create  warmed  and 
stable  thermal  conditions.  We  asked  whether  and  how  E.  b.  parvispinum  maintains  homeostatic 
bivouac  temperatures  at  the  two  thermal  extremes  of  this  species’  elevational  range  in  Costa 
Rica.  Bivouacs  were  thermoregulated  at  both  elevations.  However,  bivoucs  were  maintained  at 
lower  temperatures  at  the  high  elevation  site,  suggesting  that  developing  brood  are  exposed  to 
temperatures  on  average  4°C  lower  in  the  mountains.  We  found  elevational  differences  in 
bivouac  density  and  brood  placement  within  the  bivouac.  We  tested  these  factors  as  hypothesized 
methods  for  modifying  thermoregulation  by  altering  environmental  temperature  around  the 
bivouac  and  observing  bivouac  response.  These  findings  inform  predictions  of  colony-level 
impacts  of  climate  change,  not  only  for  army  ants,  but  for  a  multitude  of  social  insects  that 
engage  in  thermoregulation  within  the  tropics. 
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Social  animals  often  share  information  about  food  or  nest  sites  with  fellow  group  members. 
Some  social  insect  foragers  share  food  quality  information,  which  is  important  because  it  may 
help  in  allocating  more  workers  to  better  food.  We  hypothesized  that  foragers  of  the  ant 
Temnothorax  rugatulusfa  model  organism  for  collective  decision-making)  convey  food  quality 
when  recruiting  nestmates  to  a  food  source  via  tandem  runs. 

To  test  this,  we  presented  colonies  with  either  a  good  or  a  poor  sucrose  feeder  and  observed 
recruiters  to  each  feeder  during  their  return  visits  to  the  nest.  We  noted  two  distinct  behaviors  by 
these  ants:  1)  vigorous  antennation,  in  which  the  recruiter  rapidly  moves  her  antennae  toward  a 
nestmate;  2)  motor  displays,  in  which  the  recruiter  faces  a  nestmate  and  waggles  her  body 
quickly.  Vigorous  antennation  was  equally  common  for  both  feeder  types,  but  motor  displays 
appear  to  be  more  common  for  the  good  feeder,  suggesting  that  they  signal  food  quality.  We 
predicted,  if  these  behaviors  are  truly  related  to  recruitment,  that  they  will  be  less  common  in 
non-recruiting  foragers  than  recruiters.  Indeed,  non-recruiters  to  good  feeders  did  significantly 
fewer  motor  displays  than  recruiters  to  good  feeders.  We  are  also  testing  whether  the  recipients 
of  motor  displays  use  the  quality  information,  and  we  will  repeat  this  study  for  recruitment 
during  nest  emigration,  when  quality  information  could  also  be  useful.  If  recruiters  do  signal  the 
quality  of  the  target,  this  is  important  for  understanding  how  colonies  choose  among  options  of 
different  quality. 
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The  study  of  animal  personality  is  a  rapidly  growing  field  in  behavioral  ecology  because  it  seeks 
to  explain  the  consistencies  in  behavioral  variation  within  a  species.  Individuals  in  a  broad  range 
of  taxa  have  been  shown  to  possess  personalities  (consistent,  correlated  behavioral  traits),  but 
collective  personalities  of  highly  social  groups  are  largely  uncharted.  I  tested  for  collective 
personality  in  Azteca  constructor  colonies  that  live  in  Cecropia  trees,  one  of  the  most  successful 
and  prominent  mutualisms  of  the  neotropics.  These  pioneer  plants  provide  hollow  internodes  for 
nesting  and  nutrient-rich  food  bodies  and  in  return,  the  ants  provide  protection  from  herbivores 
and  encroaching  vines.  However,  little  is  known  about  the  intricacies  of  the  behavioral  ecology 
of  the  ant-plant  interactions,  particularly  the  connection  between  colony  behavior  and  plant 
health.  I  tested  the  consistency  of  5  colony-level  behavioral  traits,  counted  colony  size,  and 
measured  the  amount  of  leaf  damage  for  each  plant.  Four  out  of  the  five  traits  were  both 
consistent  within  colonies  and  correlated  among  colonies.  Colony  personality  scores  varied 
substantially  between  colonies  and  were  independent  of  colony  size.  Furthermore,  personality 
scores  correlate  with  plant  health  such  that  more  active,  aggressive  colonies  allow  less  leaf 
damage  on  their  host  plants.  Soil  nutrients  increase  the  resources  available  to  the  colony  via  plant 
growth  and  food  body  production,  but  how  this  influences  colony  behavior  is  unknown.  Using 
greenhouse  colony  transplants  and  soil  nutrient  manipulations,  further  experimentation  is 
underway  to  test  whether  collective  personalities  are  an  inherent  property  of  the  colony  or 
influenced  by  resource  availability. 
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Ecology  seeks  to  uncover  the  factors  affecting  species  distributions  and  patterns  of  local 
diversity.  This  goal  is  particularly  challenging  in  complex  and  less-accessible  ecosystems  such  as 
the  forest  canopy.  In  the  Neotropics,  ants  are  an  important  part  of  arboreal  communities, 
contributing  up  to  50%  of  the  total  animal  biomass  and  90%  of  the  individual  insects  in  the 
treetops.  The  presence  of  lianas  (large  woody  vines)  in  individual  tree  crowns  is  associated  with 
higher  ant  species  richness  per  tree  and  a  more  diverse  ant  community  composition;  however,  the 
mechanism  behind  these  differences  remains  unknown.  Employing  factorial  experimental 
designs,  we  investigated  two  resources  lianas  provide  to  arboreal  ant  communities:  connectivity 
among  tree  crowns  and  increased  nest  site  availability.  We  removed  lianas  from  individual  trees 
and  tied  ropes  among  neighboring  crowns  to  test  the  role  of  connectivity.  We  also  added 
artificial  nest  sites  to  trees  with  and  without  lianas  to  explore  the  impact  of  nest  site  limitation. 
Removing  lianas  from  a  tree  crown  reduced  total  ant  species  richness  two  years  post-removal; 
however,  supplying  artificial  connectivity  via  ropes  mitigated  this  effect.  Increasing  connectivity 
in  trees  with  lianas  had  no  effect  on  arboreal  ant  communities.  Arboreal  ants  readily  occupy 
artificial  nest  sites  placed  in  trees  with  and  without  lianas  (>40%  total  occupancy  rate);  however, 
trees  without  lianas  experience  higher  rates  of  occupation  (>65%).  In  combination,  these  results 
indicate  that  lianas  contribute  to  the  diversity  of  arboreal  ant  communities  by  increasing 
connectivity  among  trees  and  nest  site  availability  within  a  tree  crown. 
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Symbiosis  is  found  throughout  the  biological  world,  occurring  across  all  scales  of  the 
environment.  One  of  the  better  studied  systems  are  the  fungus  gardening-ants.  The  ants  provide 
the  fungus  with  food  in  the  form  of  fresh  leaves  and  other  plant  derived  products,  which  the 
fungus  breaks  down  to  provide  both  themselves  and  the  ants  with  essential  nutrients.  Additional 
microorganisms  play  a  crucial  role  in  the  success  of  these  fungus  gardening  ant  colonies,  which 
includes  many  bacterial  and  microfungal  species.  We  are  examining  and  characterizing  the 
microbiome  across  a  geographical  scale  in  the  fungus  of  Trachymyrmex  septentrionalis  and 
Trachymyrmex  turrifex ,  as  well  as  the  microbiome  on  the  exterior  and  gut  of  the  ant.  This  will 
help  provide  an  initial  overview  of  the  relationship  between  the  ants  and  their  fungal  crops  and 
additional  symbionts.  We  expect  the  microbiome  communities  to  be  distinctly  different  between 
each  ant  species.  Fungus-gardening  ants  play  a  key  part  in  many  terrestrial  ecosystems  found  in 
the  southern  portion  of  the  United  States.  Thus,  this  project  is  expected  to  provide  more 
information  how  these  ecosystems  function. 
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The  mechanism  of  caste  determination  in  ants  is  still  unknown.  The  prevailing  view  is  that  caste 
determination  in  ants  should  occur  at  a  late  larval  stage,  under  the  control  of  the  endocrine 
system.  However,  critical  caste-determination  steps  may  also  happen  at  early  developmental 
stages.  Little  is  known  about  early  oogenesis  and  embryogenesis  in  social  insects,  and  almost  no 
evo-devo  research  had  been  conducted  on  fungus-gardening  ants.  We  characterized 
embryogenesis  in  the  two  fungus-growing  ants  Mycocepurus  smithii  and  Atta  texana  (subfamily 
Myrmicinae)  and  found  that  the  cell-fate  maps  of  fungus-gardening  ants  are  different  from 
Nasonia  and  Apis.  Compared  to  Coleoptera  and  Diptera,  is  possible  that  the  cell  fate-map  of 
Hymenoptera  is  more  diverse  than  generally  assumed;  there  exists  therefore  a  need  to 


characterize  expression  patterns  of  developmental  genes  in  different  hymenopteran  lineages, 
including  ants.  Three  types  of  insect  oogenesis  can  be  distinguished  among  insects  based  on 
ovariole  structure:  polytrophic  meroistic,  telotrophic  meroistic,  and  panoistic.  Ant  ovarioles 
appear  to  be  polytrophic  meroistic,  but  the  ovariole  from  M.  smithii  looks  like  a  combination  of 
polytrophic  meroistic  and  telotrophic  meroistic,  which  may  be  the  first  such  ovariole  described 
for  any  insect. 
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While  swamps  perform  valuable  functions  in  the  coastal  ecosystem,  terrestrial  invertebrates  in 
these  fragile  habitats  are  poorly  known.  The  aims  of  this  study  were  to  (1)  uncover  the  ant 
diversity  and  functional  groups,  (2)  examine  the  differences  of  ant  assemblages  among  stratum 
and  tree  species,  and  (3)  verify  if  ant  mosaics  exist  in  Cypress-Tupelo  swamps.  Pitfall  traps  were 
set  in  tree  crowns  and  on  trunks  to  collect  the  arboreal  ants  in  three  swamps  in  Louisiana.  A  total 
of  2 1  species  from  1 1  genera  were  collected.  Contrary  to  our  hypothesis,  ant  diversity  on  trunks 
was  higher  than  that  in  canopy.  A  multivariate  analysis  revealed  that  the  canopy  and  trunk 
support  distinct  ant  assemblages,  whereas  ant  species  composition  was  not  different  among  the 
three  dominant  tree  species:  bald  cypress,  water  tupelo,  and  red  maples.  In  addition,  ant  mosaics 
were  not  detected  by  using  a  fixed  row-fixed  column  null  model.  Moreover,  we  did  not  find 
dramatic  changes  of  ant  diversity  or  community  structure  in  trees  that  were  infested  with 
invasive  red  imported  fire  ants.  Given  that  ants  play  important  ecological  functions  and  are 
widely  used  as  bioindicators,  our  study  provides  a  benchmark  to  evaluate  the  effects  of 
disturbances  and  conservation  management  in  swamp  ecosystem. 
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Introduction:  Although  there  are  many  insect  pollinators,  European  honey  bees  ( Apis  mellifera) 
are  arguably  the  most  economically  important  and  recognizable  of  the  commercial  pollinators. 
However,  higher  than  normal  losses  in  the  past  decade  have  put  the  honey  bee  industry  at  risk. 
Viruses  are  likely  one  of  the  key  factors  in  honey  bee  health.  Little  work  has  been  done  to 
explore  the  possible  role  of  wax  comb,  the  substrate  on  which  all  hive  activities  take  place,  as  an 
element  in  virus  transmission.  This  study  explores  various  routes  of  transmission  of  viruses 
between  honey  bees  and  wax  comb. 

Methods:  Bees  used  in  experiments  originated  from  two  sources,  high  Varroa  (high  virus,  n=8) 
and  low  Varroa  (low  virus,  n=8)  colonies.  Bees  were  homogenized  together  based  on  treatment 
and  then  introduced  into  cages.  There  were  eight  cages  per  treatment,  which  were  maintained  at 
75%  RH  and  30°C  in  incubators  for  at  least  six  days.  Wax  was  washed  to  extract  RNA,  and  RT- 
qPCR  was  used  for  absolute  quantification  of  viruses. 

Results/Conclusion:  Transmission  routes  examined  included  worker  to  wax  through  general 
contact,  comb  construction,  and  fresh  wax  flakes.  In  a  previous  study,  honey  bee  viruses  were 
present  on  wax  comb  from  dead  colonies.  This  means  wax  comb  has  the  potential  to  be  a  source 
or  sink  of  honey  bee  viruses,  including  the  potential  to  vector  viruses  within  and  among  honey 
bee  colonies.  This  is  a  novel  component  of  honey  bee  virus  epidemiology,  and  the  first  time 
honey  bee  viruses  have  been  detected  on  wax  comb. 
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Nectar  alkaloids  in  bee-pollinated  plants  have  antimicrobial  properties  that  reduce  pathogen 
loads  in  insect  pollinators.  Caffeine,  an  alkaloid  found  in  the  nectar  and  pollen  of  Citrus  spp.  and 
C offea  spp.,  induces  feeding  and  recruitment  activity  in  honey  bees.  We  hypothesize  that  the 
increased  consumption  is  done  as  a  means  of  self-medication.  To  test  whether  nectar  caffeine 
could  be  beneficial  to  bee  health  by  improving  survival,  we  experimentally  challenged  the 
immune  system  of  caged  Apis  mellifera  workers  from  four  colonies  by  feeding  additional  bee 
viruses  (above  any  background  level)  to  half  of  our  study  population.  We  then  exposed  all  the 
workers  to  the  alkaloid  caffeine  (0  ppm,  10  ppm,  25  ppm,  50  ppm,  and  100  ppm)  in  feeders. 

Control  workers  did  not  increase  their  sucrose  intake,  while  those  fed  additional  virus  increased 
their  intake  of  the  higher  caffeine  concentrations.  However,  all  workers  who  received  added 
virus  showed  reduced  longevity  and  survival  when  caffeine  doses  above  25  ppm  were  consumed, 
maybe  due  to  caffeine  toxicity.  Survival  of  workers  with  added  virus  rose  above  that  of  the 
control  groups  when  moderate  amounts  of  caffeine  were  consumed.  In  choice  tests,  virus-treated 
honey  bees  chose  nectar-laced  sucrose  solutions  over  sucrose  alone  indicating  that  secondary 
plant  compounds  are  detected  by  bees,  and  that  these  compounds  are  beneficial  to  honeybee 
health. 
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Loss  of  pollinators,  including  challenges  to  honey  bee  health,  are  of  great  concern  for  both 
conservation  and  ecology.  One  major  research  focus  area  has  been  the  impact  of  parasites  and 
pathogens  on  health  and  mortality  of  bees.  Despite  their  importance  to  honey  bee  health,  little  is 
known,  beyond  basic  pathology,  about  host-pathogen  interactions  for  many  honey  bee 
pathogens,  especially  viruses.  This  is  an  important  topic  to  consider,  as  these  host-pathogen 
relationships  may  be  complex,  involving  both  adaptive  responses  of  hosts  to  infection  as  well  as, 
in  some  cases,  host  manipulation  by  pathogens. 

This  study  details  one  of  the  first  behavioral  studies  of  the  effects  of  virus  infection  on  honey  bee 
social  behavior.  We  tested  two  hypotheses:  1)  “host-manipulation  hypothesis”:  viruses 
manipulate  their  hosts  to  increase  performance  of  social  interactions,  enhancing  their  own 
transmission,  and  2)  “social-immunity  hypothesis”:  antiviral  immune  response  in  honey  bees 
induces  reduced  social  interactions  to  reduce  spread  of  viruses.  To  accomplish  these  goals,  we 
conducted  a  series  of  experiments  in  both  cage  and  small  colony  environments  involving 
controlled  infections  of  adult  bees  with  Israeli  acute  paralysis  virus  (IAPV).  Additionally,  this 
study  incorporates  a  dsRNA  control  to  examine  the  effects  of  antiviral  immune  response  on 
behavior  in  honey  bees.  We  examined  infection  effects  on  general  activity,  contact  behaviors, 
like  trophallaxis  and  allogrooming,  worker  interactions  with  brood,  and  also  quantified  virus 
transmission.  The  results  of  this  study  raise  novel  questions  about  sub-pathological  effects  of 
viral  infection  honey  bees  and  how  they  affect  transmission  dynamics  within  and  among  honey 
bee  colonies. 
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Bee  populations  have  sharply  declined  since  2006,  raising  global  concern  due  to  their  importance 
as  crop  and  native  plant  pollinators.  Multiple  pathogens  are  implicated  in  driving  these  declines. 
Previous  research  has  shown  that  pathogens  ranging  from  diverse  RNA  viruses  to  microsporidian 
fungi  are  horizontally  transmitted  between  honey  bees  (Apis)  and  native  bee  pollinators  in  the 
field.  The  life  cycles  of  honey  bees  and  bumble  bees  (Bombus)  differ  in  that  honey  bees  maintain 
their  colonies  year  round  while  bumble  bees  have  an  annual  cycle.  Therefore,  it  is  hypothesized 
that  this  re-establishment  of  colonies  annually  in  bumble  bees  may  allow  for  a  purge  of 
pathogens.  To  determine  the  seasonal  incidence  of  pathogens,  we  collected  European  honey  bees 
(Apis  mellifera)  and  common  eastern  bumble  bees  (Bombus  impatiens )  from  a  variety  of 
landscapes  throughout  the  season  and  screened  the  bees  for  diverse  array  of  pathogens.  Our 
results  shed  light  on  pathogen  epidemiology  and  transmission  in  bee  communities  and  provide 
essential  information  for  the  management  of  these  pathogens. 
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Bees  provide  essential  ecosystem  services  by  pollinating  the  world’s  flowering  plants.  Growing 
dependence  on  pollinators  heightens  the  concern  regarding  population  declines  of  several  bee 
species  worldwide.  These  declines  are  attributed  in  part  to  pathogens.  Transmission  of  pathogens 
can  occur  via  shared  use  of  resources,  which  for  bees  includes  flowers.  Remarkably,  very  little  is 
known  about  how  pathogen  dynamics  of  bees  relate  to  flowers,  much  less  to  entire  plant- 
pollinator  networks.  In  this  study,  plant-pollinator  networks  were  developed  for  eleven 


wildflower  plantings  in  upstate  NY  during  summer  of  2015.  Bee  visitation  at  flowers  was 
observed  on  a  weekly  basis,  and  bees  and  flowers  were  collected  for  subsequent  analyses. 
Samples  were  processed  for  five  pathogens  known  to  infect  bees  using  PCR:  Neogregarines, 
Nosema  apis ,  N.  ceranae  (microsporidians),  and  Deformed  Wing  Virus  (DWV).  We  found  that 
pathogens  were  common  on  wildflowers:  29.4%  of  flowers  tested  positive  for  at  least  one 
pathogen.  The  pathogens  found  on  flowers  were  also  found  in  23%  of  the  bees,  including  at  least 
12  different  species.  To  the  best  of  our  knowledge,  this  is  the  first  record  of  pollinator  pathogens 
on  wildflowers  in  nature.  Our  preliminary  data  suggests  that  1)  patterns  of  shared  visitation  at 
flowers  may  be  insufficient  for  explaining  pathogen  transmission  dynamics,  and  2)  other  factors, 
such  as  specific  bee  and  flower  traits,  may  be  more  important  for  predicting  transmission.  A 
greater  understanding  of  pathogen  transmission  will  improve  disease  spread  models  as  well  as 
enhance  our  ability  to  develop  effective  conservation  strategies  to  maintain  bee  abundance  and 
diversity. 
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The  parasitic  mite  Varroa  destructor  is  considered  by  many  honey  bee  researchers  and 
beekeepers  as  the  greatest  factor  contributing  to  honey  bee  colony  losses  worldwide.  Techniques 
for  rearing  many  other  pests  in  vitro  already  exist,  and  they  increase  and  expedite  research  on  the 
pest  in  question;  however,  there  is  no  easily  repeatable  technique  for  rearing  Varroa  in  vitro. 
Such  a  technique  would  allow  for  year  round  Varroa  research  and  would  greatly  increase 
research  on  chemical  treatments,  breeding  for  improved  genetics,  Varroa  biology,  behavioral 
studies,  etc.  Several  attempts  to  create  an  in  vitro  Varroa  rearing  technique  have  been  made,  but 
with  minimal  success.  We  assessed  three  different  methods  used  to  rear  multiple  generations  of 
Varroa  mites  in  vitro.  These  methods  included  1)  placing  recently  capped  worker  bee  larvae  and 
adult  Varroa  females  into  gel  capsules,  2)  placing  adult  Varroa  females  in  a  chamber  where  the 
mites  were  able  to  pierce  a  membrane  in  order  to  feed  on  an  artificial  diet  provided  within,  and 


3)  placing  a  single  adult  Varroa  into  each  well  of  a  tissue  culture  plate  containing  immature  in 
vitro  reared  honey  bees.  All  methods  were  scored  on  their  ability  to  produce  fecund  adult 
Varroa.  Furthermore,  we  determined  the  number  of  surviving  bees  for  the  two  methods  in  which 
live  bees  were  used  as  a  food  source,  surviving  adult  mites,  and  mite  offspring.  Our  results  have 
the  potential  to  expedite  Varroa  research  around  the  world  and  further  collective  efforts  aimed  at 
controlling  the  mite. 
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In  recent  years  European  honey  bee  ( Apis  mellifera)  health  has  been  under  threat.  The  impact  of 
viruses  and  the  parasitic  mite  Varroa  destructor  are  thought  to  be  two  of  the  main  causes. 
Deformed  wing  virus  (DWV)  is  the  major  virus  causing  an  impact  on  honey  bee  health  and  has 
developed  a  transmission  pathway  via  the  invasive  V  destructor  mites.  In  the  absence  of  mites, 
bees  are  largely  asymptomatic.  With  mites  DWV  becomes  a  devastating  overt  infection  with 
clinical  symptoms.  V  destructor ‘s  arrival  has  resulted  in  a  loss  of  DWV  genetic  diversity,  within 
the  quasispecies,  and  increased  prevalence  of  more  pathogenic  strains  such  as  the  V  destructor 
virus- 1  (VDV-1)  strain.  We  constructed  a  single  external  plasmid  standard  for  absolute  viral 
quantification  containing  three  distinct  segments  for  (1)  total  DWV  infection;  (2)  classic  DWV 
strains;  and  (3)  VDV-1  strains  of  DWV.  This  plasmid  and  newly  developed  qPCR  assay  was 
used  to  investigate  DWV  infection  in  honey  bees  and  Varroa  from  several  locations  across  the 
UK.  Much  higher  titres  of  “total  DWV”  infection  was  detected  than  either  classic  DWV  or 
VDV-1  singly  or  the  combination  of  both.  Our  findings  indicate  that  previously  published  assays 
for  this  critically  important  virus  affecting  honey  bees  greatly  underestimate  the  titres  whereas 
our  new  assay  gives  a  truer  account  of  the  DWV  infection  titres. 
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Worldwide,  honey  bee  ( Apis  mellifera)  populations  are  declining.  The  parasitic  mite,  Varroa 
destructor  and  associated  viruses  have  been  identified  as  probable  causes  of  colony  losses. 
Colonies  that  survive  Varroa  infestation  can  display  high  levels  of  Varroa  sensitive  hygiene 
(VSH),  a  key  mechanism  of  Varroa  resistance.  Bees  displaying  VSH  open  Varroa  infested  brood 
cells  and  remove  cell  contents,  thereby  suppressing  mite  reproduction.  The  origin,  source  and 
nature  of  stimuli  used  by  VSH  bees  to  detect  Varroa  in  capped  cells  remain  unclear. 

The  aim  was  to  identify  features  that  characterise  brood  cells  targeted  by  VSH  bees.  Properties  of 
targeted,  non-targeted  and  non- infested  cells  were  compared.  For  each  targeted  and  non-targeted 
cell  examined,  surrounding  cells  were  uncapped  and  examined.  Real-time  quantitative 
polymerase  chain  reaction  (qPCR)  was  performed  on  samples  to  determine  titres  of  deformed 
wing  virus  (DWV)  in  targeted,  non-targeted  and  non-infested  pupae. 

The  research  shows  that  cues  within  cells  that  elicit  VSH  are  associated  with  both  female  Varroa 
and  mite  offspring.  Patterns  were  found  in  the  surroundings  of  targeted  and  non-targeted  cells 
that  suggest  highly  infested  patches  are  most  likely  to  be  targeted  by  VSH  bees.  A  combination 
of  factors  within  the  cell  and  its  surroundings  may  influence  whether  a  cell  is  targeted  or  not. 

This  research  also  allows  us  to  eliminate  some  factors,  such  as  the  DWV  titres  of  pupae,  as 
sources  of  stimuli  used  by  VSH  bees  to  discriminate  between  Varroa  infested  and  healthy  cells. 
To  promote  natural  resistance  to  Varroa  it  is  critical  to  identify  traits  associated  with  VSH. 
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Several  stressors,  including  exposure  to  neonicotinoid  insecticides,  are  responsible  for  honey  bee 
colony  losses  by  reducing  their  ability  to  respond  to  diseases  and  parasites,  such  as  Varroa 
destructor  and  deformed  wing  virus  (DWV).  Most  studies  on  the  causes  of  honey  bee  mortality 
have  focused  on  the  effect  of  single  factors  and  on  one  developmental  stage  of  bees.  It  is  clear 
that  more  studies  looking  at  the  synergistic  effects  of  multiple  factors  with  multiple  exposures  on 
brood  and  adult  bees  are  needed. 

Therefore,  the  objectives  of  this  study  are  to  determine  the  effects  of  multiple  exposures  to 
different  sublethal  doses  of  clothianidin  (one  of  the  most  used  neonicotinoids)  and/or  V. 
destructor  through  an  examination  of  adult  and  brood  mortality,  susceptibility  to  DWV,  immune 
responses,  memory  retention,  grooming  and  hygienic  behaviors. 

So  far,  the  results  have  shown  an  effect  of  the  above  stressors  on  memory  retention  of  treated 
bees  and  have  shown  an  interaction  resulting  in  a  synergistic  effect  of  sublethal  doses  of 
clothianidin  and  V.  destructor  parasitism  on  grooming  behaviour,  one  of  the  most  important 
mechanisms  of  resistance  in  bees  against  V.  destructor.  Moreover,  we  have  found  differences  in 
the  expression  of  immune  related  genes,  and  confirmed  that  high  bee  mortality  is  associated  to  V 
destructor  and  DWV  parasitism. 

The  results  of  this  project  will  lead  to  recommendations  on  the  use  of  neonicotinoids  and  V 
destructor  control,  and  will  contribute  to  the  understanding  about  how  synergistic  effects  of 
several  stressors  affect  the  health  and  behaviors  that  are  indispensable  for  colony  survival. 
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The  majority  of  corn  planted  in  the  U.S.  has  been  genetically  engineered  to  express  Bt 
insecticidal  toxins.  Insect  resistance  to  Bt  crops  is  the  primary  threat  to  their  success  and 
longevity.  In  order  to  delay  resistance,  it  is  essential  to  understand  the  ecological  effects  of 
various  Bt  corn  hybrids  on  key  pests  such  as  Helicoverpa  zea.  In  this  study,  we  investigated  the 
development,  fecundity,  and  egg  viability  of  H.  zea  collected  from  Bt  and  non-Bt  corn  hybrids 
currently  used  in  the  southern  United  States  to  control  lepidopteran  pests.  Pupae  were  collected 
from  hybrids  in  NC,  SC,  and  MS  and  reared  to  produce  moths.  Across  two  years  of  study,  pupal 
weights  were  consistently  reduced  in  some  of  the  Bt  hybrids  compared  to  non-Bt  near-isolines. 
Fecundity  and  egg  viability  were  not  significantly  affected  by  corn  hybrid.  These  data  will  be 
incorporated  into  IRM  models,  which  can  be  used  to  improve  risk  management  decisions 
regarding  H.  zea  in  Bt  crops  in  the  complex  landscapes  of  the  southern  United  States. 
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Abstract  text: 


The  fall  armyworm,  Spodoptera  frugiperda  (Smith),  is  a  highly  polyphagous,  multivoltine  pest 
of  several  commercial  crops  including  corn,  cotton,  sorghum,  rice,  and  pasture  grasses.  Fall 
armyworm  have  become  a  growing  concern  in  agricultural  communities  across  the  Americas  as 
field  populations  in  many  locales  have  developed  resistance  to  several  Cryl  toxins  derived  from 
the  bacterium  Bacillus  thuringiensis  (Bt).  An  often  overlooked  aspect  of  fall  armyworm  biology 
is  the  existence  of  two  host  strains  that  are  referred  to  as  the  “corn”  and  “rice”  strains  that  are 
reproductively  isolated  from  one  another  via  their  overall  host  preferences,  mate  selection 
preferences,  and  oviposition  preferences.  There  is  also  evidence  that  the  corn  and  rice  strains 
differ  in  their  tolerances  to  several  conventional  insecticides  as  well  as  to  Bt.  Despite  knowledge 
of  the  existence  of  fall  armyworm  host  strains  for  thirty  years,  there  has  been  little  research 
devoted  to  their  characterization,  and  available  data  are  often  mixed  or  contradictory.  In  this 
study,  diet-based  and  plant  tissue  bioassays  were  conducted  to  test  for  differential  susceptibilities 
of  corn  and  rice  strain  fall  armyworm  to  several  Bt  toxins;  and  greenhouse  experiments  were 
conducted  to  compare  oviposition  preferences  to  several  host  plants.  Results  suggest  that  corn 
strain  fall  armyworm  may  be  more  tolerant  to  Bt  than  the  rice  strain,  and  exhibit  less  specificity 
in  host  plant  selection  for  oviposition.  Results  from  this  study,  when  combined  with  existing 
techniques  for  host  strain  identification,  may  aid  in  the  development  of  regional  integrated  pest 
management  and  insect  resistance  management  programs  for  fall  armyworm. 
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Abstract  text: 

The  fall  armyworm  Spodoptera  frugiperda  (J.  E.  Smith)  is  one  of  the  most  important  pests  in 
corn  producing  areas  of  the  Americas,  due  to  its  high  migratory  capacity  and  a  remarkable  ability 


to  develop  resistance  to  conventional  insecticides  and,  in  recent  years,  to  Bt  proteins. 

Monitoring  resistance  is  crucial  to  assess  the  potential  durability  of  this  control  alternative  in 
agricultural  areas.  In  this  study,  we  determined  the  status  of  the  susceptibility  of  fall  armyworm 
populations  from  Mexico  and  the  U.S.  to  conventional  insecticides  and  Bt  proteins.  Comparisons 
among  populations  from  each  country  and  implications  for  resistance  management  are  discussed. 
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Introduction:  Adaptive  evolution  has  special  relevance  when  we  seek  to  manage  pest 
populations,  as  in  agriculture  where  numerous  species  of  insects  are  a  source  of  economically 
significant  damage  and  yield  losses.  Where  pest  species  evolve  resistance  to  controls,  the 
underlying  dynamics  of  the  population  have  the  potential  to  influence  the  spread  of  the 
resistance.  Decisions  made  without  reference  to  the  dynamics  of  the  target  pest  population  may 
have  unintended  consequences  which  undermine  future  control  efforts.  Furthermore,  the  fitness 
costs  of  resistance  are  typically  treated  as  constant,  but  these  costs  may  vary  with  both  the 
density  and  genetic  composition  of  the  population. 

Methods:  We  present  a  generalized  discrete  time  model  which  utilizes  dynamic  programming 
methods  to  derive  the  optimal  management  decisions  for  the  control  of  a  theoretical  insect  pest 
population  exposed  to  Bt  crops.  We  consider  three  genotypes  (susceptible  homozygotes,  resistant 
homozygotes  and  heterozygotes)  and  implement  fitness  costs  of  resistance  to  Bt  toxins  as  either  a 
decrease  in  the  relative  competitive  ability  of  resistant  insects  or  as  a  penalty  on  fecundity. 

Results:  We  find  that  fitness  costs  to  fecundity,  which  apply  irrespective  of  population  density, 
have  a  greater  delaying  effect  on  the  rate  of  resistance  evolution  and  allow  for  the  selection  of 
larger  areas  of  Bt  crops  than  equivalent  fitness  costs  which  reduce  the  ability  of  resistant  insects 


to  compete.  These  results  imply  that  understanding  the  type  of  fitness  costs  is  an  important 
consideration  in  the  development  of  resistance  management  strategies. 
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Abstract  text: 


Ecosystem  functioning  might  be  affected  by  GE  plants  through  effects  on  non-target  organisms 
fulfilling  important  ecosystem  services,  which  are  addressed  in  the  ecological  risk  assessments. 
Despite  the  fact  that  Diptera  play  important  roles  in  the  agricultural  ecosystem  as  predators, 
parasitoids,  pollinators  and  decomposers,  only  few  studies  investigated  potential  adverse  effects. 
We  propose  Drosophila  melanogaster  (Drosophilidae)  as  a  surrogate  species  for  pre -market  risk 
assessment  and  developed  two  study  systems.  The  toxicity  of  insecticidal  proteins  and  GE  plant 
tissues  is  assessed  by  recording  mortality,  development  time,  and  body  mass.  Cryolite,  avidin,  E- 
64,  GNA,  and  SBTI  were  used  to  validate  the  test  system.  The  effects  of  several  purified  Bt 
toxins  as  well  as  pulverized  leaves  from  Bt  cotton  and  Bt  maize  were  also  tested.  The  fate  of  the 
Bt  proteins  was  analyzed  by  ELISA  and  the  bioactivity  by  a  sensitive  species  assay  using 
Heliothis  vires cens  (Noctuidae).  While  cryolite  and  avidin  clearly  showed  negative  effects  on  D. 
melanogaster ,  our  results  did  not  indicate  any  effects  of  purified  CrylAb,  Cry  1  Ac,  Cry  IB, 

Cry  1C,  Cry  IF,  and  Cry2Aa,  or  of  transgenic  plant  material. 
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Abstract  text: 

Western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera  LeConte  (Coleoptera: 
Chrysomelidae),  is  a  major  pest  of  corn  in  the  United  States.  The  ability  of  WCR  to  develop 
resistance  to  transgenic  Bt  corn  is  of  particular  scientific  and  practical  interest.  Resistance  to 
Cry3Bbl  corn  and  mCry3A  corn  is  already  present  in  some  field  populations.  Integrated  pest 
management  (IPM)  practices  may  help  to  delay  further  evolution  of  resistance  and  may  act  to 
reduce  the  abundance  of  WCR  within  fields.  These  practices  include  scouting  of  WCR 
populations,  crop  rotation,  and  rotating  modes  of  action  against  WCR.  However,  in  areas  where 
resistance  is  already  established  resistant  individuals  may  travel  from  one  field  to  another  within 
a  localized  landscape,  spreading  resistance  alleles  in  spite  of  IPM  practices.  An  important 
question  that  remains  to  be  answered  is  the  extent  to  which  greater-than-expected  root  injury 


(i.e.,  >1  node  of  injury)  to  Cry3Bbl  corn  from  western  corn  rootworm  may  affect  the  risk  of  Bt 
resistance  in  neighboring  fields.  To  address  this  question,  fields  with  a  history  of  greater-than- 
expected  injury  to  Cry3Bbl  corn  (focal  fields)  and  surrounding  fields  (<1.8  km  from  focal  fields) 
were  examined  to  quantify  WCR  abundance,  root  injury,  and  survival  on  Cry3Bbl  corn.  Two 
years  of  field  data  and  one  year  of  bioassay  data  are  presented  with  implications  for  management 
tactics  in  areas  where  WCR  resistance  to  Bt  has  been  identified. 
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Abstract  text: 

The  western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera  LeConte,  is  one  of  the  most 
economically  important  pest  species  of  field  corn  (Zea  mays  L.)  in  the  U.S.  Corn  Belt.  Over  the 
past  10+  years,  many  growers  have  adopted  the  use  of  transgenic  plants  expressing  rootworm- 
active  Bacillus  thuringiensis  (Bt)  proteins  as  a  primary  WCR  management  tactic  in  continuous 
corn.  In  recent  years,  WCR  field-evolved  resistance  to  Cry3Bbl  and  mCry3A  proteins  expressed 
in  single-trait  com  hybrids  has  been  confirmed  in  some  areas  of  Nebraska  U.S.  Because  of  this, 
growers  have  been  using  different  tactics  as  needed  to  prevent  or  mitigate  resistance  in  their 
fields,  resulting  in  a  mosaic  of  selection  pressure  placed  on  populations  in  local  areas.  Therefore, 
this  study  was  conducted  to  characterize  the  spatial  variation  in  WCR  susceptibility  to  Bt  corn 
events  in  two  areas  of  Nebraska.  In  2015,  sample  populations  of  adult  WCR  were  collected  from 
numerous  fields  with  a  variety  of  past  management  histories  in  pre-established  grids  in  Keith  and 
Buffalo  counties,  two  high-yielding,  corn- intensive  production  areas  in  Nebraska.  Single  plant 
larval  bioassays  were  conducted  in  2016  to  characterize  the  susceptibility  of  these  populations  to 
single-trait  Cry3Bbl,  mCry3A,  and  Cry34/35Abl  rootworm-active  proteins.  The  two  study  areas 
can  be  viewed  as  model  systems  to  draw  potential  inferences  about  the  relationship  of 
susceptibility  to  past  Bt  management  histories.  The  results  will  inform  use  of  current  rootworm- 


Bt  technologies  and  contribute  to  the  development  of  sustainable  rootworm  management 
strategies. 
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Abstract  text: 

The  western  corn  rootworm  ( Diabrotica  virgifera  virgifera  LeConte)  is  a  significant  pest  of  corn 
( Zea  mays  L.)  in  the  United  States.  In  continuous  corn,  this  insect  is  currently  chiefly  managed 
by  transgenic  corn  with  a  gene(s)  inserted  from  Bacillus  thuringiensis  (Bt). 

Four  populations  were  collected  from  different  locations  in  Minnesota  during  the  fall  of  201 1. 
Three  of  the  populations  were  suspected  to  be  resistant  to  Cry3Bbl  and  a  fourth  population  was 
suspected  to  be  susceptible  due  to  the  respective  field  histories.  Documentation  of  resistance  to 
different  Bt  proteins  was  completed  when  the  populations  were  still  diapausing.  Each  population 
was  crossed  with  a  non-diapausing  strain  and  resulting  insects  were  reared  in  a  laboratory.  Each 
of  the  resistant  populations  were  split  into  populations  that  were  reared  on  corn  expressing 
Cry3Bbl  or  its  near  isoline.  The  susceptible  population  was  reared  entirely  on  the  near-isoline. 
After  nine  generations  of  rearing,  the  four  field  populations,  and  one  non-diapausing  control, 
were  evaluated  for  resistance  to  Cry3Bbl  in  a  seedling  assay.  The  objective  was  to  test  the 
durability  of  Cry3Bbl  resistance  in  a  field-derived  population  after  removal  from  selection. 

Preliminary  results  suggest  that  one  of  the  selected  populations  appeared  to  do  better  on  Bt  than 
non-Bt.  In  addition,  one  of  the  three  resistant  populations  that  were  reared  on  non-Bt  exhibited 
reduced  survival  on  Cry3Bbl  when  compared  to  survival  on  its  Bt-selected  paired  population. 
Removing  resistant  WCR  populations  from  selection  had  not  previously  reduced  resistance. 
Further  tests  will  be  conducted  to  validate  these  data. 
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Abstract  text: 

Western  corn  rootworm,  Diabrotica  virgifera  virgifera  LeConte  (Coleoptera:  Chrysomelidae),  is 
a  major  pest  of  maize  ( Zea  maize  L.)  in  North  America.  Larvae  cause  injury  by  feeding  on  the 
roots  of  maize,  which  leads  to  lodging  and  reductions  in  yield.  Historically,  insecticides  have 
been  used  to  manage  D.  v.  virgifera  populations.  Current  management  of  D.  v.  virgifera  larvae 
uses  Bt  maize  and  conventional  insecticides.  Use  of  Bt  maize  insecticides  selects  for  resistance, 
and  past  research  has  documented  resistance  in  D.  v.  virgifera  adults  to  organochlorine  and 
organophosphate  insecticides  and  larval  resistance  to  Bt  maize  producing  either  Cry3Bbl  or 
mCry3A.  Elevated  LD50  values  of  bifenthrin,  a  pyrethroid,  also  have  been  observed  in 
laboratory  studies  of  field-collected  adults.  While  transgenic  maize  is  a  commonly  used 
management  tool,  making  up  76%  of  all  maize  planted  in  the  United  States,  growers  still  use 
insecticides  in  management  of  larval  rootworm.  Determining  whether  cross-resistance  may  exist 
between  Bt  maize  and  soil  insecticides  can  inform  management  decisions  for  D.  v.  virgifera.  To 
achieve  this,  larvae  from  Cry3Bbl -resistant  populations  were  subjected  to  laboratory-based 
bioassays  that  measured  rates  of  mortality  resulting  from  exposure  to  four  different 
insecticides.  Larvae  from  two  different  Cry3Bbl  -resistant  populations  of  D.  v.  virgifera  and  two 
susceptible  populations  were  subjected  to  an  assay  with  technical-grade  insecticides.  Results  on 
mortality  of  Cry3Bbl -resistant  and  susceptible  larvae  will  be  presented. 
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Northern,  Diabrotica  barberi  Smith  &  Lawrence,  and  western  corn  rootworms,  D.  virgifera 
virgifera  LeConte,  are  economic  pests  of  corn,  Zea  mays  L.  (Poaceae)  in  North  Dakota.  Many 
area  corn  growers  rely  on  transgenic  Bt  ( Bacillus  thuringiensis )  corn  hybrids  to  manage  corn 
rootworms.  Our  objective  was  to  determine  the  impacts  of  corn  hybrids  expressing  Bt  proteins 
and  a  soil  insecticide  (tefhithrin)  on  emergence  of  Diabrotica  adults  in  North  Dakota.  Emergence 
trapping  was  conducted  at  five  locations  in  southeastern  North  Dakota  from  2013  to  2015.  Three 
hybrids  expressing  the  following  Bt  proteins  were  tested:  Cry3Bbl,  Cry34/35Abl,  and 
pyramided  Cry3Bbl  +  Cry34/35Abl.  No  significant  interactions  occurred  between  hybrid  and 
soil  insecticide  at  any  location.  Emergence  of  D.  barberi  was  significantly  lower  in  all  Bt 
treatments  than  in  non -Bt  treatments.  The  highest  number  of  D.  v.  virgifera  adults  emerged  from 
the  Cry3Bbl  treatment,  and  it  was  even  higher  than  that  from  non  -Bt  treatments  at  one  location. 
Adult  emergence  of  D.  v.  virgifera  was  significantly  lower  in  Cry34/35Abl  and  Cry3Bbl  + 
Cry34/35Abl  treatments  than  in  non  -Bt  treatments.  The  lowest  adult  emergence  was  observed  in 
Cry3Bbl  +  Cry34/35Abl  plots,  regardless  of  Diabrotica  species  or  location.  Across  all  locations 
and  both  species,  there  were  no  significant  differences  in  beetle  emergence  from  soil  insecticide 
plots  and  those  not  treated  with  soil  insecticide.  However,  significantly  lower  numbers  of  beetles 
emerged  from  all  Bt  treatments  when  compared  to  soil  insecticide  treatments,  thus  indicating  that 
the  soil  insecticide  did  not  increase  control  over  that  of  the  Bt  treatments. 
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Anopheles  messeae  is  one  of  Eurasian  mosquito  species  of  the  Maculipennis  group  that  is 
distributed  from  Ireland  across  Europe  to  Eastern  Siberia  in  Asia.  This 
species  has  5  polymorphic  chromosomal  inversions.  Unlike  other  mosquitoes  from 
genus  Anopheles  that  have  polymorphic  inversions  only  on  autosomes,  An.  messeae  has  two 
highly  polymorphic  inversions  on  X  chromosomes.  Based  on  five  nucleotide  substitutions  in  the 
rDNA  internal  transcribed  spacer  2  (ITS2)  sequence  and  egg  morphology,  additional  sympatric 
species  formally  named  An.  daciae  was  recently  described  in  Romania  and  later  in  Southwestern 
England.  However,  it  is  possible  that  An.  daciae  is  potentially  sympatric  along  the  whole  range 
of  An.  messeae.  Here  we  report  the  presence  of  both  species,  An.  daciae  and  An.  messeae ,  in  the 
Moscow  region  of  Russia.  Our  findings  were  based  on  PCR-restriction  fragment  length 
polymorphism  assay  and  ITS2  sequencing.  Species  were  found  in  almost  equal  proportions,  with 
the  polymorphic  ITS2  in  An.  daciae  and  invariable  ITS2  sequence  in  An.  messeae.  Cytogenetic 
analysis  demonstrated  the  presence  of  inversion  polymorphisms  in  both  populations  of  An. 
messeae  and  An.  daciae.  However,  inversion  XI  was  found  exclusively  in  An.  daciae , 
while  inversions  X3  and  2R1  were  associated  only  WAhAn.  messeae.  Two  other  inversions  (X2 
and  2R0)  demonstrated  significant  differences  in  frequencies  in  An.  messeae  and  An. 
daciae  from  the  mixed  Moscow  population.  Thus,  our  data  suggest  that  these  inversions  may 
play  a  role  in  species  differentiation.  Our  data  support  the  hypothesis  of  cryptic  species  living 
in  sympatry  and  further  question  the  bionomics  of  An.  messeae  and  An.  daciae.  The  work  was 
funded  by  the  Russian  Science  Foundation  grant  No  15-14-20011. 
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Introduction:  Insecticide  resistance  in  the  malaria  mosquito  Anopheles  gambiae  is  hindering  the 
effectiveness  of  vector  control  in  Africa.  Investigating  how  mosquitoes  develop  resistance  is 
crucial  and  genome  modification  is  a  powerful  tool  to  explore  the  molecular  basis  of  insecticide 
resistance  in  this  primary  disease  vector.  In  vitro  metabolism  experiments  strongly  suggest  that 
overexpression  of  the  P450  monooxygenases  CYP6M2  and  CYP6P3  is  linked  to  metabolic 
resistance,  yet  there  is  a  lack  of  evidence  in  vivo.  Here,  we  aim  to  use  transgenic  mosquitoes  to 
identify  the  cyp6  genes  and  their  temporal  and  spatial  expression  patterns  that  lead  to  the 
resistant  phenotype. 

Methods:  The  GAL4/UAS  system  was  employed  to  create  genetically-modified  mosquitoes 
overexpressing  either  cyp6m2  or  cyp6p3m  both  tissue-specific  (midgut,  oenocytes,  Malpighian 
tubules)  and  ubiquitous  expression  patterns.  Increased  expression  was  validated  at  RNA  and 
protein  level  and  the  resulting  phenotype  assessed  for  resistance  to  insecticides  using  the  WHO 
bioassay. 

Results/Conclusion:  Mosquitoes  overexpressing  either  cyp6m2  or  cyp6p3  in  the  midgut  or  in  the 
oenocytes  did  not  show  increased  resistance  to  insecticides.  We  will  describe  the  creation  and 
characterization  of  two  new  GAL4  mosquito  lines  designed  to  investigate  the  role  of  Malpighian 
tubules  and  more  widespread  cyp6  expression  in  the  resistance  phenotype.  The  study  provides 
the  first  in  vivo  evidence  in  elucidating  the  molecular  basis  of  P450-mediated  metabolic 
resistance  in  A.  gambiae  suggesting  a  potential  involvement  of  other  cypd-overexpressing 
tissue/s  in  driving  resistance. 
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The  Western  encephalitis  mosquito,  Culex  tar  sails,  has  been  shown  to  respond  to  the  presence  of 
fish-associated  infochemicals  in  oviposition  sites  by  decreasing  the  number  of  egg  rafts  laid,  in 
both  laboratory  and  field  bioassays.  A  decrease  in  oviposition  rate  on  water  that  contained  fish 
infochemicals,  has  been  attributed  to  the  presence  of  different  classes  of  chemical  compounds 
which  cause  the  mosquitoes  to  alter  their  oviposition  behavior.  Whether  or  not  the  compounds 
present  act  solely  as  attractants,  deterrents  or  repellants  has  not  yet  been  determined.  Using  a 
variety  of  chemical  ecology  techniques,  we  have  identified  three  compounds  of  interest  to  date. 
Using  choice  bioassays  in  the  laboratory  and  windtunnel,  we  evaluated  the  resulting  behavioral 
sequences  of  female  C.  tar  satis  to  chemicals  associated  with  the  Western  mosquitofish, 
Gambusia  qffinis ,  and  evaluated  their  potential  role  in  mosquito  oviposition  behavior. 
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Social  parasitism  is  a  peculiar  life  history  strategy  in  animals.  In  social  hymenopterans,  social 
parasitism  has  evolved  many  times  and  thus,  the  process  of  its  evolution  is  a  major  question  in 


evolutionary  biology.  Previous  studies  have  proposed  two  alternative  scenarios  about  the 
evolutionary  process  of  social  parasitism:  (i)  the  sympatric  speciation  hypothesis  (or  intraspecific 
hypothesis)  that  the  parasite  evolves  directly  from  the  conspecific  host;  (ii)  the  social  deception 
hypothesis  (or  interspecific  hypothesis)  that  assumes  a  process  wherein  interspecific  social 
parasitism  has  subsequently  evolved  after  allopatric  speciation  of  the  extant  host  and  parasite. 
Some  actual  examples  supported  the  sympatric  speciation  hypothesis,  but  no  actual  case  clearly 
supported  the  social  deception  hypothesis.  We  discovered  the  mutual  social  parasitism  between 
V  flaviceps  and  V  shidai  in  Japan,  and  the  dual  occurrences  of  intra-  and  interspecific 
usurpations  in  the  two  species.  To  our  knowledge,  our  case  of  mutual,  interspecific  parasitism  is 
the  first  evidence  in  eusocial  hymenopterans.  Considering  their  parapatric  distribution,  social 
structure,  and  parasitic  behaviours  in  Japan,  social  parasitism  between  the  two  species  does  not 
follow  the  conventional  sympatric  speciation  hypothesis,  but  supports  the  social  deception 
hypothesis.  Our  discovery  provides  the  first  empirical  evidence  that  supports  one  of  the 
evolutionarily  stable  states  of  social  parasitism,  i.e.,  facultative,  mutual,  and  interspecific  social 
parasitism,  which  is  predicted  by  a  theoretical  model  by  Lowe  et  al.  (2002). 
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Eusociality  is  a  major  evolutionary  transition  that  is  commonly  found  within  hymenopteran 
societies.  Defined  by  three  main  characteristics  -  overlapping  generations,  cooperative  brood 
care,  and  division  of  labour  between  reproductive  and  nonreproductive  individuals  -  eusocial 
behaviour  independently  evolved  several  times  in  the  Hymenoptera  which  includes  both 
advanced  and  primitively  eusocial  species.  Population  genomic  analysis  of  eusocial  species 
provides  an  opportunity  to  objectively  assess  significant  genomic  changes  and  identify  key  gene 


groups  associated  with  social  evolution.  Such  studies  have  been  carried  out  in  the  subfamily 
Apinae,  which  includes  honey  bees  and  bumble  bees,  but  have  not  been  conducted  outside  of  this 
group.  The  European  paper  wasp  ( Polistes  dominula)  is  a  primitively  eusocial  species,  whose 
unique  life  history  coupled  with  the  emerging  genomic  and  transcriptomic  datasets  make  it  a  key 
candidate  for  population  genomic  studies.  We  sequenced  several  individual  P.  dominula 
genomes,  along  with  a  closely  related  species,  to  map  out  patterns  of  adaptive  evolution  in  the 
genus.  We  compare  our  results  to  similar  datasets  developed  for  the  highly  eusocial  honey  bees 
and  the  primitively  eusocial  bumble  bees. 
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Parasitic  wasps  are  highly  diverse  and  play  a  major  role  in  suppression  of  herbivorous  pest 
populations.  Recent  research  has  demonstrated  that  previously  identified  species  of  some 
parasitic  wasps  are  actually  complexes  of  cryptic  species  resulting  from  adaptations  to  specific 
hosts  or  host  foodplants.  Cotesia  congregata  (Braconidae)  is  reported  to  attack  at  least  15  species 
of  sphingid  caterpillars,  most  of  which  are  plant  family  specialists.  We  expanded  on  our  earlier 
finding  that  wasps  from  Manduca  sexta  on  tobacco  (“MsT”)  and  Ceratomia  catalpae  (“CcC”) 
represent  distinct  genetic  lineages  with  both  pre-  and  post-zygotic  barriers  to  reproduction  by 
testing  for  post-zygotic  barriers  to  reproduction  among  wasps  from  three  additional  host- 
foodplant  complexes.  Wasps  were  collected  from  five  host-foodplant  sources  in  two  subfamilies 
of  Sphingidae:  MsT,  CcC,  and  Sphinx  kalmiae  on  privet  (“SkP”)  (Sphinginae),  and  Darapsa 
myron  and  Eumorpha  pandorus  from  wild  grape  and  Virginia  creeper  (“DmV”  and  “EpV”) 
(Macroglossinae).  Reciprocal  hybrid  crosses  were  established  between  MsT  and  CcC  wasps  with 
each  of  these  additional  sources  to  test  for  the  production  of  viable  fertile  hybrids.  All  reciprocal 
crosses  produced  hybrid  females.  Most  hybrid  females  from  CcCc?xEpV$,  CcC(JxMsT$, 
SkP(?xMsT$,  and  DmVc?xMsT$  failed  to  produce  F2  offspring,  whereas  the  reciprocal  crosses 


produced  viable  offspring.  Dissections  of  hybrid  females  revealed  that  sterile  wasps  lacked 
mature  ovaries.  The  pattern  of  asymmetric  hybrid  dysgenesis  indicates  that  C.  congregata  is 
diverged  into  at  least  two  reproductively  isolated  groups.  The  underlying  mechanisms  leading  to 
the  failure  of  ovarian  development  are  currently  under  investigation. 
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One  of  the  driving  forces  of  genetic  divergence  and  ecological  speciation  in  insects  is  host- 
associated  differentiation  (HAD),  and  while  numerous  examples  of  HAD  have  been  found  in 
various  herbivorous  insects,  examples  in  parasitoids  are  extremely  rare.  Euphorine  braconids  in 
the  Peristenus  pallipes  species  complex  are  parasitoids  of  important  mirid  pests  such  as  Lygus 
lineolaris  and  Adelphocoris  lineolatus ,  however,  species  level  identification  for  members  within 
the  P.  pallipes  complex  are  difficult  due  to  inconsistent  morphological  characters  and 
overlapping  host  records.  Previous  research  suggests  that  the  P.  pallipes  complex  consists  of 
several  host  races  rather  than  fully  independent  species.  A  comparative  analysis  of  genetic 
differentiation  between  mirids  collected  from  different  host  plants  and  different  locations  to  that 
of  the  parasitoids,  and  the  evolution  of  the  P.  pallipes  complex  are  discussed  in  light  of 
preliminary  results. 
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Why  are  there  so  many  species  of  plant-feeding  insects?  The  most  popular  explanations  focus  on 
host-plant  interactions.  However,  interactions  with  natural  enemies  could  also  be  important.  The 
tritrophic  niche  concept,  proposed  by  Singer  and  Stireman  (2005),  predicts  that  diversification 
rates  will  be  highest  when  there  is  strong  pressure  from  specialized  natural  enemies,  and  high 
ecological  opportunity.  Here  we  test  the  predictions  of  the  tritrophic  niche  concept  on  the 
diversification  of  two  diverse  groups  of  plant-feeding  insects:  the  scale  insects  (Hemiptera: 
Coccoidea)  and  the  leafroller  moths  (Lepidoptera:  Tortricidae).  Using  a  comparative 
phylogenetic  approach,  we  test  the  hypothesis  that  natural  enemy  pressure  positively  affects 
diversification.  We  use  parasitoid  assemblage  richness  as  a  proxy  for  specialized  natural  enemy 
pressure.  We  recover  a  positive  relationship  between  natural  enemy  pressure  and  species 
richness.  We  also  recover  a  positive  relationship  between  natural  enemy  pressure  and  speciation 
rates,  and  a  negative  relationship  between  natural  enemy  pressure  and  extinction  rates.  Our 
results  are  consistent  with  the  predictions  of  the  tritrophic  niche  concept,  i.e.,  species  richness 
and  net  diversification  rates  are  positively  correlated  with  natural  enemy  pressure.  Natural  enemy 
interactions  should  be  considered  more  routinely  in  models  of  plant-feeding  insect  evolution. 
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Introduction:  Ecdy steroid  hormones  trigger  insect  molting  and  metamorphosis,  and  also  regulate 
embryonic  development,  reproduction  and  (at  least  in  some  species)  sleep  and  memory.  Despite 
these  conserved  functions,  the  precise  molecular  composition  of  the  ecdysteroid  complement 
varies  between  and  within  species.  While  dietary  differences  explain  some  of  this  variation,  we 
have  found  that  copy  number  changes  in  ecdysteroid  synthesis  genes  also  contribute  to  the 
structural  diversity  of  these  hormones. 

Methods/Results:  We  have  performed  a  comparative  genome  analysis  examining  copy  number 
variation  in  seven  ecdysteroid  synthesis  gene  families  across  more  than  a  hundred  insect 
genomes.  Our  research  suggests  a  correlation  between  loss  of  the  sterol  reductase 
gene  DHCR24  and  inability  to  convert  C28  or  C29  plant  sterols  to  C27  ecdysteroids;  all  sequenced 
species  previously  demonstrated  to  synthesise  C28  or  C29  ecdysteroids  lack  DHCR24.  We  have 
also  observed  losses  of  the  cholesterol  oxygenase  gene  neverland  in  Coleoptera  (beetles)  and  of 
the  sterol  20-hydroxylase  gene  Cyp314  in  Attini  (fungus-cultivating  ants).  The  evolutionary 
history  of  the  Cyp307  genes  (the  enzymatic  activity  of  which  is  unknown)  appears  particularly 
complex,  with  our  dataset  indicating  multiple  previously  undescribed  duplications  and  deletions 
in  this  gene  family. 

Conclusion:  Our  genomic  analysis  furnishes  evidence  for  multiple  copy  number  changes  in 
ecdysteroidogenic  gene  families,  but  does  not  demonstrate  causative  links  between  genetic  and 
metabolic  variation.  In  order  to  deepen  our  understanding  of  the  evolution  of  ecdysteroid 
synthesis  across  insects,  we  are  using  CRISPR  genome  editing  and  transgenic  rescue  to 
investigate  the  functional  consequences  of  genetic  divergence  in  this  key  metabolic  pathway. 
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Introduction:  Bluetongue  vims  (BTV)  transmitted  by  Culicoides  biting  midges  and  causative 
agent  of  bluetongue  disease  causes  annual  global  losses  of  up  to  U.S.  $3  billion.  The  disease  has 
recently  undergone  a  range  expansion  in  Europe  resulting  in  concerns  of  future  alteration  of  the 
landscape  of  bluetongue  and  its  vectors  in  Europe.  Understanding  the  spatial  dispersal  of  C. 
imicola  in  Africa  (a  very  efficient  vector  of  BTV)  will  improve  the  prediction  of  their  future 
incursions  to  new  areas  in  Europe. 

Methods:  Utilizing  a  novel  experimental  workflow  to  isolate  microsatellite  markers  de  novo ,  we 
undertook  a  population  genetics  study  of  C.  imicola  populations  collected  from  Balearic  Islands, 
East  and  South  Africa  and  south  west  Indian  Ocean.  We  also  estimated  the  demographic  history 
of  the  populations  of  the  vector  across  these  regions  using  mitochondrial  DNA  marker. 

Results/Conclusion:  The  population  genetics  study  results  of  this  study  demonstrate  a  risk  of 
introduction  of  BTV  serotypes  by  wind-borne  infected  Culicoides  into  the  Islands.  Human- 
induced  activities  seem  to  also  contribute  to  the  spread  of  the  vector  into  new  areas,  a  factor  that 
may  impact  negatively  on  the  livestock  industry.  A  population  growth  of  the  vector  was 
suggested  indicating  the  possible  existence  of  factors  that  are  increasing  or  are  conducive  to  new 
breeding  habitats.  An  isolation  by  distance  effect,  caused  by  vicariance  was  evident.  The 
microsatellite  markers  isolated  in  this  study  successfully  cross-species  amplified  C.  bolitinos  and 
may  be  utilised  to  study  this  important  vector  of  BTV  and  AHSV  in  Africa  and  to  identify 
sources  of  future  incursions. 
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House  flies  {Muse  a  dome  Stic  a  L.)  are  not  only  a  nuisance  pest  but  have  been  shown  to  be 
capable  of  vectoring  a  multitude  of  disease  causing  organisms,  such  as,  Campylobacter  jejuni, 
Entamoeba  histolytica,  Salmonella  typhimurium,  and  enterohemorrhagic  Escherichia  coli 
0157:H7.  Because  of  a  house  flies  potential  to  disseminate  these  organisms  into  surrounding 
residential  and  commercial  areas  it  is  important  to  have  a  better  understanding  of  a  their  flight 
behavior,  which  may  impact  many  control  and  surveillance  techniques  currently  available.  Very 
little  is  known  about  how  wind  speed  and  wind  direction  influences  house  fly  movement  in  both 
rural  and  urban  areas.  In  order  to  look  at  the  directional  movement  of  house  flies  a  novel  trapping 
technique  was  implemented.  A  total  of  16  traps  were  placed  into  two  concentric  rings  around  a 
central  release  point  from  which  3-5  day  old  laboratory  reared  house  flies  were  liberated. 
Releases  were  made  during  morning  or  afternoon  hours  on  multiple  days.  Weather  data  was 
collected  concurrently  with  each  fly  release.  The  circular  distribution  of  recaptured  flies  on  each 
of  the  two  rings  was  then  analyzed  in  relation  to  collected  weather  data  and  examined  for 
correlations  with  the  collected  climatological  data. 
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Introduction:  Waste  bioprocessing  with  Musca  domestica  larvae  presents  an  alternative  manure 
disposal  method  and  a  protein  source  for  animal  feed.  It  was  hypothesized  that  the  population  of 
Escherichia  coli  and  Salmonella  spp.  in  the  final  substrate  is  affected  by  the  presence  of  larvae, 
aeration  and  moisture  of  the  manure  during  bioprocessing. 

Methods:  Poultry  manure  spiked  with  E.  coli  and  Salmonella  spp.  (107  CFU/g  dry  matter)  was 
bioprocessed  with  M.  domestica\&rv&Q  under  laboratory  conditions  in  a  two-level  factorial 
experiment  (+/-larvae,  +/-aeration,  +/-  moisture).  Bacterial  populations  in  the  manure  were 


quantified  before  and  after  treatment  using  selective  culture  media.  Bacterial  populations  in 
insect  tissues  were  quantified  after  surface  sterilization. 

Results/Conclusion:  ANOVA  indicated  that  the  final  population  of  E.  coli  (F(10,53)=l  1.25, 
p=0.0013)  and  Salmonella  spp.  (F(10,53)=5. 54,  £><0.0001)  in  the  substrate  were  affected  by  the 
moisture  content  but  not  by  aeration  or  larval  presence.  There  were  no  significant  interactions 
between  variables.  Post-hoc  tests  revealed  the  final  population  of  E.  coli  and  Salmonella  spp.  in 
manure  that  remained  moist  (27.36%  SD  =  35.65,  38.55%  SD  =  66.7  of  the  initial  population) 
were  significantly  different  from  the  final  population  of  E.  coli  and  Salmonella  spp.  in  manure 
that  was  allowed  to  dry  (7.02%  SD=4.41  and  17.58%  SD= 23.10  of  the  initial  population).  Insect 
tissue  contained  less  than  0. 1%  of  the  initial  bacterial  population  but  was  not  correlated  with  the 
bacterial  population  of  the  substrate.  Our  results  indicate  that  a  bioprocessing  system  should 
strive  to  remove  moisture  from  manure  to  ensure  reduction  of  E.  coli  and  Salmonella  spp. 
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Abstract  text: 

Filth  flies  such  as  houseflies  and  blowflies  transmit  several  pathogens.  Houseflies  for  example 
carry  vectors  of  more  than  100  human  and  animal  intestinal  diseases.  Their  control  usually 
involves  the  use  of  heavy  amounts  of  pesticides  which  are  toxic  compounds  and  often  promote 
insect  resistance.  In  order  to  search  for  safe  and  effective  alternatives  to  commonly  used 
pesticides  for  fly  control,  several  aliphatic  methyl  ketones  were  evaluated  for  their  insecticidal 
activity  against  houseflies,  blowflies  and  flesh  flies  through  contact  toxicity  and  fumigation 
bioassays. 
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Abstract  text: 

Introduction:  Oviposition  decisions,  such  as  site  selection  and  clutch  size,  are  influenced  by 
abiotic  factors.  Oviposition  theory  suggests  that  females  will  select  certain  sites  to  maximize 
offspring  fitness  and  those  sites  selected  may  be  influenced  by  encounters  with  other  species. 

The  aim  of  this  study  was  to  examine  the  influence  of  temperature  and  the  presence  of 
heterospecifics  on  the  oviposition  behavior  of  the  blow  fly  Phormia  regina  Meigen 
(Diptera:  Calliphoridae). 

Methods:  The  length  of  time  until  oviposition  began,  oviposition  site  preference  and  the  total 
number  of  eggs  deposited  on  a  pig  carcass  by  P.  regina  was  observed  following  the  arrival  of 
Lucilia  sericata  Meigen  and  Calliphora  vicina  Robineau-Desvoidy.  These  observations  were 
made  at  five  different  temperatures  ranging  between  15-35°C. 

Results/Conclusion:  The  results  indicate  that  the  time  to  oviposition  is  affected  by  both 
temperature  and  the  presence  of  heterospecifics,  with  P.  regina  laying  eggs  faster  in  the  presence 
of  C.  vicina  at  all  temperatures,  but  slower  in  the  presence  of  L.  sericata  at  30-35°C. 
Additionally,  P.  regina  females  shifted  their  oviposition  site  selection  to  mimic  those  of  the  first 
arriving  species.  Fewer  eggs  were  deposited  by  P.  regina  in  the  presence  of  L.  sericata  and  C. 
vicina  at  temperatures  between  30-35°C.  These  results  suggest  that  oviposition  behavior  of  P. 
regina  is  mediated  by  temperature  and  the  presence  of  other  blow  fly  species.  This  information 
highlights  the  oviposition  response  plasticity  of  a  ubiquitous  blow  fly  and  explains  the  apparent 
controversies  in  the  literature  regarding  the  oviposition  behavior  of  P.  regina. 
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Abstract  text: 

In  forensic  entomology,  insect  succession  is  one  process  used  to  estimate  the  minimum 
postmortem  interval  (mPMI),  or  time  elapsed  since  death.  A  better  understanding  of  the  sources 
of  successional  variation  may  allow  for  a  more  accurate  mPMI  estimation.  Many  of  these 
variables  are  influenced  by  seasonal  effects  and  changes.  Therefore,  we  sought  to  determine 
which  season  has  the  largest  variation  in  the  rate  of  insect  succession  and  periods  of  infestation 
from  year  to  year.  We  placed  pig  carrion  out  every  season  for  two  consecutive  years  at  the  Putah 
Creek  Riparian  Reserve  in  Davis,  California.  Each  carcass  was  sampled  for  a  year  and  used  to 
construct  Bray-Curtis  dissimilarity  matrices  for  each  season.  Additionally,  we  described  the 
frequency  and  successional  patterns  for  each  taxon  present.  By  determining  which  season  has  the 
greatest  successional  variation,  we  intend  to  identify  which  seasonal  effects  contribute  most  to 
species  and  colonization  variance. 
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Abstract  text: 

Introduction:  The  lesser  mealworm,  Alphitobius  diaperinus ,  is  the  major  beetle  pest  infesting 
poultry  litter  and  manure  worldwide.  Lesser  mealworms  are  detrimental  pests  because  they  can 
harbor  a  multitude  of  pathogens,  negatively  affect  avian  growth,  and  cause  extensive  damage  to 
poultry  house  insulation.  Traditional  chemical  control  measures  intended  to  suppress  A. 
diaperinushavG  been  repeatedly  ineffective;  therefore  development  of  new  control  products  is 
crucial. 

Methods:  The  combination  of  an  entomopathogenic  fungus,  Beauveria  bassiana ,  and  a  desiccant 
material,  diatomaceous  earth  (DE),  was  studied  for  efficacy  as  an  insecticidal  treatment.  LCsos  of 
Beauveria ,  DE,  and  their  combination  were  determined  for  A.  diaperinus.  Broiler  houses  were 
treated  with  a  pyrethroid,  zeta-cypermethrin,  or  B.  bassiana  to  determine  their  effectiveness  in  a 
natural  setting.  For  comparison,  positive  control  houses  were  treated  with  imidacloprid. 

Results/Conclusion:  Bioassays  revealed  greater  mortality  rates  on  mealworm  larvae  (54%, 

100%),  than  on  adults  (<1%,  77%),  for  Beauveria  and  DE,  respectively.  Statistical  analyses 
generated  LCsos  for  the  most  efficacious  DE  (0.19,  0.36  oz/sq  ft.),  and  Beauveria  (0.46,  6.02 
oz/sq  ft.),  treatments  for  larvae  and  adults,  respectively.  Combined  treatment  LCsos  (0.13,  0.55 
oz/sq  ft.),  were  determined  for  larvae  and  adults,  respectively.  Lethal  dose  concentration  was 
significantly  lower  for  both  Beauveria  (83%,  95%  less),  and  DE  (74%,  31%  less),  when 
combined.  In  the  field  study,  neither  treatment  provided  significantly  greater  mealworm 
suppression  than  the  positive  control  broiler  houses.  Results  suggest  that  Beauveria  and  DE  may 
potentiate  one  another,  but  field-testing  of  their  combination  must  be  conducted  before  a  viable 
alternative  to  chemical  control  is  established. 
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Abstract  text: 

Introduction:  The  UN  Food  and  Agriculture  Organization  holds  that  a  70%  increase  in  global 
food  production  is  necessary  to  sustain  the  nine  billion  humans  of  2050.  Insects,  for  food  or  feed, 
could  supply  proteins  and  other  nutrient  very  sustainably  if  organic  waste  were  diverted  to  mass 
rearing  facilities.  Organic  waste  landfilling,  which  emits  5.9%  of  Quebec  (Canada)  greenhouse 
gases,  should  be  banned  by  2020.  The  province  prioritizes  reduction  and  reutilisation 
alternatives,  but  current  large-scale  deployments  is  restricted  to  composting  and  anaerobic 
digestion  facilities. 

Methods:  What  impact  could  the  awakening  entotechnology  sector  have  on  the  provincial 
organic  waste  management  strategy?  Seeking  answers,  Recyc-Quebec  supported  a  preliminary 
characterization  of  organic  waste  interesting  for  insect  bioconversion  and  fertilizing  frass  co¬ 
generation.  Insect  taxa  to  treat  domestic,  agro-industrial  or  agricultural  organic  waste  in  the 
urban,  peri-urban  and  rural  landscapes  were  surveyed  in  the  literature.  The  state  of  this  sector, 
with  drivers  and  limitations,  was  assessed  through  interviews  with  governmental  agents,  private 
interests  and  R&D  leaders  across  the  country. 

Results/Conclusion:  Insects  from  the  Gryllidae  and  Tenebionidae  families  would  be  most 
acceptable  in  urban  farms.  Premium  quality  organic  waste  with  steady  seasonal  supply  like  urban 
mushroom  farms  spent  mycelium,  lees  from  breweries  and  fresh  vegetable  by-products  from 
greenhouses  could  satisfy  some  production  of  insects  for  human  consumption.  Fly  larva 
technologies  ( Stratiomyidae  and  Muscidae  families)  would  be  best  suited  for  mixed-waste  peri- 


urban  facilities,  or  swine  and  cattle  manure  rural  facilities.  Strong  interests  from  fish,  poultry  and 
pig  farming  industries  is  hampered  by  political  and  regulatory  obstacles. 
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Introduction:  brown  is  an  eye  color  mutant  of  Drosophila ,  and  the  gene  is  known  to  control  the 
transport  of  pteridines.  The  protein  encoded  by  brown  belongs  to  the  ATP-binding  cassette 
(ABC)  transporter  G  family,  in  which  4  independent  orthologs  (brown,  ok,  scarlet,  and  white ) 
have  been  reported.  Although  the  orthologs  of  brown  are  conserved  among  insects,  their 
functions  are  unknown  except  Drosophila.  In  the  silkworm,  Bombyx  mori,  the  brown  ortholog 
has  been  discovered  but  not  yet  investigated.  We  aimed  to  elucidate  the  function  of  the  brown 
ortholog,  Bm-brown ,  in  the  silkworm. 

Methods:  We  induced  the  Bm-brown  knockout  (KO)  in  the  N4  strain  (wild  type),  using 
CRISPR/Cas9  system.  We  searched  the  spatial  expression  profile  of  the  Bm-brown  and 
compared  the  phenotypes  between  the  KO  individuals  and  the  wild  type. 

Results/Conclusion:  We  discovered  that  the  Bm-brown  gene  was  specifically  expressed  in  the 
wild  type  Malpighian  tubules  (MTs),  and  accordingly  detected  that  the  KO  larval  MTs  displayed 
milky  color  differently  from  wild  type  (yellow).  The  wild  type  silkworm  larval  MTs  are  yellow 
due  to  large  storage  of  the  riboflavin.  We  revealed  that  the  riboflavin  content  of  KO  MTs  was 
reduced  to  approximate  4%  of  wild  type.  In  the  w-3  mutant  larvae,  MTs  show  the  similar  milky 
color  due  to  deficiency  of  riboflavin  accumulation.  The  responsible  gene  for  the  w-3  is  Bm-wh3 , 
the  white  ortholog  in  the  silkworm.  Therefore,  possibly  Bm-brown  interacts  with  Bm-wh3  as 
Brown/White  heterodimer  in  Drosophila,  and  acts  as  a  riboflavin  transporter  in  the  silkworm 
MTs. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Functional  study  of  two  adenosine  metabolic  genes,  adgf-d  and  ada,  in 
Drosophila  melanogaster 

Author  Name:  Yu-Hsien  Lin 

Author  Institution:  University  of  South  Bohemia 

Session  Title:  Graduate  Student  Oral  Competition:  Physiology  and  Biochemistry:  Physiology 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1448 
DOI:  10. 1603/ICE.2016. 114736 
Abstract  text: 

Adenosine  deaminase  catalyze  the  hydrolytic  deamination  of  adenosine  or  deoxyadenosine  into 
inosine  or  deoxyadenosine.  Drosophila  adenosine  deaminase-related  growth  factors  ( adgfs )  and 
adenosine  deaminase  (ada)  play  an  important  role  in  regulating  extra-  and  intracellular  adenosine 
deamination  activities,  respectively.  The  first  part  of  our  study  focused  on  the  a dgf-d,  a  member 
of  adgf  family,  showing  high  expression  in  the  fat  body  and  ventral  brain  ganglia.  The  loss  of 
function  (LOF)  of  adgf-d  caused  female  infertility.  Interestingly,  the  adgf-d  mutant  differed  from 
the  a dgf-a  mutant,  described  earlier  as  showing  high  mortality  and  developmental  delay  due  to 
the  accumulation  of  adenosine.  These  results  suggested  that  the  adgf-d  might  have  tissue  specific 
effect  on  the  regulation  of  the  extracellular  adenosine  deaminase,  which  might  affect  female 
reproduction.  The  second  part  of  study  focused  on  the  ada  LOF  mutant.  The  results  showed  that 
ada  mutant  had  low  susceptibility  to  low  nutrient  diet  in  larval  stage.  Moreover,  ada  mutant 
showed  higher  mortality  after  nematode  infection.  These  results  indicated  that  the  activity  of 
intracellular  adenosine  deamination  is  important  during  infection.  This  reduction  of  immune 
response  in  ada  mutant  flies  is  reminiscent  of  the  mechanism  of  human  ada  deficiency,  which 
causes  compromised  immune  system  due  to  inhibition  of  immunocyte  proliferation.  In 
conclusion,  the  present  data  indicate  that  both  adenosine  deaminases  mutants  have  completely 
different  phenotype.  This  might  be  relevant  to  the  functional  distinctions  between  extra-  and 
intracellular  adenosine  deamination. 
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Venom  has  evolved  in  multiple  animal  groups,  including  insects.  There  are  over  7,500  species  of 
venomous  assassin  flies  (Diptera:  Asilidae)  worldwide.  Asilids  are  known  to  play  a  significant 
ecological  role  as  top  predators  in  a  wide  variety  of  systems  due  to  their  profound  diversity  in 
morphology  and  niche  selection.  Asilid  predatory  success  is  attributed,  in  large  part,  to  their 
venom.  Although  venom  has  been  studied  extensively  in  other  animals  such  as  snakes,  scorpions, 
and  spiders,  the  most  basic  Asilidae  venom  components  have  not  been  isolated  or  identified.  A 
novel  dissection  technique  to  remove  venom  glands  from  asilid  specimens  and  isolate  their 
venom  for  analysis  is  proposed  here.  Preliminary  analysis  of  Asilidae  venom  showed  multiple 
proteins  of  identical  mass  across  all  sampled  lineages,  and  two  proteins  that  are  potentially 
unique  to  certain  taxa.  This  finding  evidences  that  there  are  venom  components  common  to  most 
asilids  and  venom  components  that  are  unique  to  particular  lineages.  Prey  selection  has  been 
found  to  influence  the  evolution  of  venom  in  scorpions  and  snakes,  though  the  degree  of 
influence  is  still  unclear.  It  has  been  demonstrated  that  some  assassin  flies  potentially  have 
specialist  tendencies  with  regard  to  prey  selection,  while  others  are  generalists.  With  further  data 
collection  and  analysis  the  association  between:  1)  asilid  phylogenetic  diversity  and  venom 
composition,  and  2)  asilid  venom  composition  and  prey  selectivity  will  be  described. 
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Introduction:  Aquaporins  (AQPs)  are  a  family  of  water-channel  proteins  that  broadly  exist  in 
prokaryotic  and  eukaryotic  cells.  The  primary  function  of  AQPs  is  to  transport  water  molecules 
across  plasma  membranes,  but  some  AQPs  can  also  transport  small  molecules  (e.g.  glycerol). 
Previous  work  has  shown  that  AQPs  are  involved  in  mosquito  water  balance  after  blood  feeding 
and  desiccation  resistance.  However,  the  molecular  expression  and  physiological  roles  of  AQPs 
in  the  northern  house  mosquito  Culex  pipiens  are  presently  unknown.  Here  we  characterize  the 
relative  mRNA  expression  of  six  AQP  genes  in  C.  pipiens. 

Methods:  Quantitative  real-time  PCR  was  used  to  measure  the  mRNA  expression  levels  of  AQPs 
in  C.  pipiens  1)  among  different  life  stages  and  sexes,  2)  after  a  blood  meal,  3)  after  a  direct 
volume  load  of  phosphate-buffered  saline  (PBS)  to  the  hemolymph,  and  4)  under  desiccation 
stress. 

Results/Conclusion:  We  found  that  1)  whole  insect  AQP  mRNA  levels  varied  from  larval  to 
adult  stages,  but  was  not  significantly  different  between  sexes,  2)  the  mRNA  levels  of  AQP1  and 
AQP6  were  significantly  suppressed  after  a  blood  meal,  3)  AQP1  mRNA  levels  in  volume 
loaded  mosquitoes  were  suppressed  to  a  similar  degree  as  in  blood  fed  mosquitoes,  and  4)  the 
mRNA  levels  of  AQPs  were  unaffected  by  a  24  h  desiccation  stress.  Our  study  is  the  first  to 
characterize  the  molecular  expression  patterns  of  AQPs  in  the  West  Nile  vector  C.  pipiens ,  which 
establishes  the  foundation  to  elucidate  the  physiological  and  functional  roles  of  AQPs  in  this 
important  disease  vector. 
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Introduction:  Insects  produce  effector  proteins  in  salivary  glands,  which  play  a  crucial  role  in 
insect  -  plant  interactions.  Hessian  fly,  Mayetiola  destructor  (Say),  larvae  produce  thousands  of 
different  secreted  proteins  in  the  salivary  glands,  and  a  great  portion  of  them  are  likely  injected 
into  plant  tissues  to  manipulate  host  growth  and  development.  On  the  other  hand,  the  pair  of 
salivary  glands  in  an  Hessian  fly  larva  are  differentiated  into  two  distinct  regions:  an  expanded 
basal  region,  which  connects  to  mandibles  directly,  and  a  filament  region,  which  extends  into 
abdomen  of  the  insect.  In  this  research,  we  separated  the  base  and  filament  regions  and  analyzed 
the  composition  of  transcripts  in  these  two  parts  separately. 

Methods:  We  dissected  salivary  glands  of  the  first  instar  larvae  of  Hessian  fly,  and  separated  the 
base  region  from  the  filament.  A  cDNA  library  for  each  region  was  constructed  and  individual 
cDNA  clones  were  picked  for  each  library  and  sequenced.  Sequences  then  were  analyzed  by 
using  BLAST,  ORF,  and  Signal  Peptide  programs. 

Results/Conclusion: Our  results  revealed  that  these  two  regions  express  two  sets  of  distinct 
genes.  In  the  basal  regions,  the  majority  of  secreted  proteins  are  effector-like  proteins,  consistent 
with  the  possibility  that  these  secreted  proteins  are  injected  into  host  plants  and  play  roles  in 
insect  -  plant  interactions.  In  the  filament  region,  the  majority  of  the  secreted  proteins  are  larger 
proteins  and  are  likely  with  enzymatic  activity.  The  secreted  proteins  in  the  filament  region  are 
likely  secreted  into  hemolymph  and  play  roles  in  insect  growth  and  development. 
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Introduction:  Rhagoletis  pomonella  is  a  classical  model  of  ecological  speciation  with  the  apple 
race  derived  from  the  hawthorn  race  through  a  rapid  evolutionary  shift  in  life  history  timing  via 
regulation  of  duration  and  timing  of  pupal  diapause.  The  apple  race  flies  terminate  diapause  and 
eclose  earlier  than  the  hawthorn  race  flies.  In  insects,  pupal  diapause  is  characterized  by  a 
suppression  of  ecdysteroid  synthesis,  wherein  a  pulse  of  ecdysteroids  terminates  diapause  and 
initiates  adult  development.  But  the  endocrine  mechanisms  underlying  the  rapid  adaptation  of 
diapause  timing  divergence  between  two  host  races  remain  unknown. 

Methods:  In  our  study,  we  used  high-performance  liquid  chromatography  coupled  to  a  mass 
spectrometer  (HPLC/MS)  to  analyze  the  titers  and  release  timing  of  20-hydroxyecdysone  and 
ecdysone  in  pupae  of  both  host  races.  Samples  were  taken  over  a  series  of  time  points  during  the 
diapause  initiation,  maintenance,  and  termination  phases.  The  patterns  of  ecdysteroids  across  all 
three  phases  of  diapause  were  compared  between  apple  and  hawthorn  race  flies. 

Results/Conclusion:  An  evolutionary  modification  of  endocrine  regulation  appears  to  explain  the 
divergence  in  life  history  timing  between  two  host  races  of  R.  pomonella.  Our  results  lay  a 
foundation  to  explore  physiological  and  genetic  mechanisms  acting  upstream  of  endocrine 
signals  that  drive  to  rapid  diapause  evolution. 
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Gap  junctions  (GJ)  are  channels  that  form  between  neighboring  cells  and  are  integral  to 
multicellular  animals.  These  intercellular  channels  facilitate  direct  cell-to-cell  communication  by 
allowing  small  molecules  (e.g.,  second  messengers  and  metabolites)  and  ions  in  the  cytosol  to 
move  between  cells.  In  mosquitoes  and  other  insects,  the  proteins  that  form  gap  junctions  are 


encoded  by  genes  called  innexins;  mosquitoes  have  6  innexin  genes.  We  have  previously 
demonstrated  that  innexins  are  differentially  expressed  throughout  the  life  cycle  of  the  yellow 
fever  mosquito  Aedes  aegypti ,  but  have  not  examined  the  effects  of  a  blood  meal  on  innexin 
expression.  Here  we  test  the  hypothesis  that  a  blood  meal  enhances  the  expression  of  innexins  in 
tissues  associated  with  blood  meal  processing,  such  as  the  midgut,  Malpighian  tubules,  and 
ovaries.  Our  rationale  is  that  increased  innexin  expression  would  enhance  the  connectivity  and 
coordination  of  the  cells  within  these  tissues,  thereby  leading  to  more  efficient  digestion  (i.e., 
midgut),  excretion  (i.e.,  Malpighian  tubules),  and  oogenesis  (i.e.,  ovaries).  Using  qPCR,  we 
found  that  one  innexin  ( inx2 )  mRNA  was  significantly  up-regulated  in  the  midgut,  Malpighian 
tubules,  and  ovaries  24  h  post-blood  meal  (PBM).  In  the  ovaries,  an  additional  innexin  was  also 
significantly  up-regulated  24  h  PBM  (i.e.,  inx3).  We  are  presently  utilizing  RNA  interference  to 
silence  the  expression  of  inx2  and  assess  its  impacts  on  mosquito  fecundity  after  a  blood  meal. 
We  hypothesize  that  knock  down  of  inx2  will  reduce  the  fecundity  of  mosquitoes  by  disrupting 
blood  meal  processing. 
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Currently,  little  is  known  about  the  proximate  mechanisms  that  underlie  the  sterility  of  the 
worker  caste  of  social  insects.  Studies  into  a  mutant  ‘anarchistic’  strain  (in  which  the  workers 
activate  their  ovaries  and  lay  eggs)  of  honey  bee,  Apis  mellifera ,  identified  a  promising  candidate 
gene  for  regulating  oogenesis.  Ovarian  expression  of  Anarchy ,  a  peroxisomal  membrane  protein, 
predicts  the  ovary  state  of  workers  with  88.2%  accuracy  and  its  expression  is  sensitive  to  the 
presence  of  the  queen.  When  we  knocked  down  expression  of  Anarchy  in  the  ovary  using  RNA 
interference  we  altered  the  expression  of  Buffy ,  a  gene  that  regulates  programmed  cell  death. 
Whole-mount  multiplex  fluorescent  in  situ  hybridization  show  that  Anarchy  transcripts  localize 
to  degenerating  oocytes  within  the  ovary.  Our  results  suggest  that  Anarchy  is  involved  in  the 
regulation  of  oogenesis  via  programmed  cell  death  (PCD).  We  then  investigated  oogenesis  in  the 
young  adult  honey  bee  worker  ovary  in  the  presence  of  queen  pheromone  and  in  its  absence.  In 


the  presence  of  queen  pheromone  workers  continually  produce  oocytes  but  these  are  aborted  at 
an  early  stage.  The  degeneration  of  the  germ  cells  has  the  morphological  hallmarks  of  PCD.  We 
also  found  that  workers  exposed  to  queen  pheromone  have  higher  levels  of  caspase  activity  (a 
quantitative  measure  of  PCD)  in  the  ovary  than  those  not  exposed.  Therefore  the  mechanistic 
basis  of  worker  sterility  relies  in  part  on  the  regulation  of  oogenesis  via  programmed  cell  death. 
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Introduction:  Nutrient  detection  allows  animals  to  select  dietary  chemical  compounds  required 
for  survival.  Mineral  salts  are  micronutrients  known  to  be  limiting  for  phytophagous  insects, 
thus,  balancing  mineral  intake  can  be  challenging.  Few  studies  have  examined  the  dietary 
requirements  of  pollinators  for  salts.  Here,  we  tested  the  salt  preferences  of  adult  worker  honey 
bees  and  how  they  regulate  mineral  intake. 

Methods:  Cohorts  of  30  newly-emerged  worker  honey  bees  were  placed  in  a  two-choice  feeding 
assay  in  an  acrylic  cage  and  kept  at  34°C  in  the  dark.  Two  liquid  food  choices  were  delivered  ad 
libitum:  1  M  sucrose  vs.  1  M  sucrose  laced  with  a  single  mineral  salt  at  one  out  of  4  different 
concentrations  tested.  Distilled  water  was  available  at  all  times.  For  each  mineral,  concentrations 
were  drawn  upon  the  range  present  in  bee  pollen  and  depended  on  the  salt.  Daily  food 
consumption  and  survival  were  assessed  over  6  consecutive  days. 

Results/Conclusion:  We  found  evidence  for  distinct  mechanisms  of  salt  intake  regulation  and 
preferences,  depending  on  the  concentration  and  type  of  mineral  salt  presented  to  honey  bees. 
Sodium  ingestion  showed  a  clear  regulation  over  time  at  the  highest  concentration  tested.  Also, 
as  its  concentration  increases,  total  volume  consumption  increased  and  was  preferred  over 
sucrose  alone.  Bees  actively  regulated  potassium,  calcium  and  magnesium  ingestion  over  sucrose 
alone,  at  the  lowest  concentration  tested.  Interestingly,  iron  intake  compared  to  sucrose  alone 
suggested  no  regulation  over  time  and  no  clear  preference  across  concentrations. 


Student  Paper  (Oral)  Presentation  Competition 


Presentation  Title:  Identifying  genes  involved  in  pheromone  biosynthesis  in  Neoclytus  m. 
mucronatus  (Coleoptera:  Cerambycidae)  using  a  differential  gene  expression  approach 

Author  Name:  Gabriel  Hughes 

Author  Institution:  Purdue  University 

Session  Title:  Graduate  Student  Oral  Competition:  Physiology  and  Biochemistry:  Physiology 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1456 
DOI:  10. 1603/ICE.2016.1 14632 
Abstract  text: 

Introduction:  The  longhorned  beetles  (Coleoptera:  Cerambycidae)  are  among  the  most 
economically  important  pests  of  natural  and  managed  forest  systems  worldwide.  Many  species 
produce  volatile  pheromones  to  unite  the  sexes  on  an  appropriate  host,  and  display  a 
characteristic  posture  while  releasing  pheromone,  or  “calling.”  Pheromones  have  been  identified 
for  several  species  and  are  used  in  monitoring  efforts,  but  little  is  known  about  the  biosynthesis 
of  cerambycid  pheromones.  In  this  study,  we  used  a  differential  gene  expression  approach  to 
identify  genes  that  may  be  involved  in  pheromone  production. 

Methods:  Total  RNA  was  extracted  from  male  Neoclytus  m.  mucronatus  that  were  either  1) 
dormant  in  the  morning  before  dawn,  2)  actively  calling  at  noon  and  3)  actively  feeding  beetles 
that  were  not  calling  at  noon  (n=3  for  each  group).  We  tested  the  hypothesis  that  transcripts  from 
pheromone  biosynthetic  genes  are  expressed  at  higher  levels  in  actively  calling  than  in  resting 
beetles.  A  total  RNA  library  was  constructed  from  the  extracts  using  RNAseq,  and  the  relative 
expression  levels  between  each  treatment  were  compared  using  edgeR  and  DESeq2  packages  in 
R/Bioconductor. 

Results/Conclusion:  We  found  50  contigs  that  were  more  highly  expressed  in  the  noon  group, 
and  48  that  were  more  highly  expressed  in  the  morning  group.  Among  the  differentially 
expressed  contigs  were  a  short-chain  dehydrogenase/reductase  resembling  a  pheromone 
biosynthetic  gene  found  in  Musca  domestica ,  and  a  cytochrome  P450  that  closely  resembles 
CYP18A1  in  Tribolium  castaneum.  Understanding  genes  and  key  enzymes  in  the  biosynthetic 
pathway  may  open  new  avenues  for  controlling  these  pests. 
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Introduction:  Lipids  are  multi-functional  macromolecules,  and  their  oxidation  for  various 
purposes  is  a  central  metabolic  process.  In  most  organisms  the  mitochondrial  (3-oxidation  is  the 
pathway  that  releases  the  energy  stored  in  free  fatty  acids,  which  is  then  used  for  diverse 
activities.  This  work  aims  to  determine  the  patterns  of  gene  expression  of  two  key  enzymes  of 
this  pathway:  carnitine  palmitoyl  transferase  I  ( RpCPTl )  and  the  alpha  subunit  of  the 


Mitochondrial  Trifunctional  protein  ( RpHADHA  alpha )  and  to  investigate  their  physiological 
regulation. 

Methods:  Gene  identification  and  analyses  were  performed  using  standard  bioinformatics  tools. 
mRNA  expression  was  determined  by  qPCR.  p-oxidation  rates  were  determined  using 
radiolabeled  palmitate. 

Results/Conclusion:  RpCPTl  and  RpHADHA  transcripts  were  detected  in  all  analyzed  organs 
(flight  muscle,  posterior  midgut  and  fat  body),  and  the  highest  expression  level  of  RpCPTl  and 
RpHADHA  in  the  fasted  state  was  in  the  flight  muscle.  In  this  tissue  there  was  a  peak  of  RpCPTl 
expression  in  the  5th  day  after  the  blood  meal,  although  in  the  fat  body  the  expression  was  about 
15  times  higher  in  the  fasted  state.  The  radiolabeled  assay  showed  a  high  p-oxidation  activity  in 
the  unfed  state.  RpCPTl  and  RpHADHA  showed  transcriptional  regulation  according  to 
physiological  status,  suggesting  an  important  contribution  to  the  energetic  metabolism.  The  high 
expression  during  fasted  state  in  the  fat  body  may  be  related  to  maintenance  of  the  insect 
energetic  balance  between  meals,  while  the  high  expression  in  the  flight  muscle  is  evidence  that 
lipids  may  be  the  fuel  for  locomotory  activity  in  this  insect. 
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Introduction:  Juvenile  hormone  (JH)  controls  insect  growth,  development  and  reproduction. 
Despite  our  understanding  of  the  physiological  actions,  the  molecular  modes  of  action  of  JH 
have  not  been  fully  elucidated.  Several  genes  important  for  physiological  responses  to  JH  have 
been  determined,  but  a  complete  signaling  pathway  has  yet  to  be  described. 


Methods:  Genes  necessary  for  a  JH  response  through  the  conserved  effector,  Kriippel  homolog  1 
( Kr-hl )  were  determined  by  knockdown.  A  genome-wide,  Drosophila  Kcl67  cell-based, 
screening  using  RNA  interference  (RNAi)  and  a  Kr-hl  promoter  driven  luciferase  reporter 
plasmid  was  performed  to  identify  genes  necessary  for  this  JH  signaling. 

Results/Conclusion:  The  double- stranded  RNA  (dsRNA)-mediated  knockdown  of  72  genes 
strongly  affected  JH  signaling  consisting  of  57  positive  and  15  negative  regulators.  Gene 
products  known  to  have  a  role  in  JH  signaling  were  identified  as  positive  regulators  in  these 
screens  including  taiman  (tai),  germ  cell-expressed  (gee),  Methoprene-tolerant  (Met),  Exchange 
protein  directly  activated  by  cAMP  (Epac),  Heat  shock  protein  83  (Hsp83),  and  JH  inducible 
protein  21  (JhI-21).  In  addition  to  the  known  components  of  the  JH  pathway,  there  were  17  genes 
that  affected  JH  signaling  in  this  screen  which  were  also  identified  as  upregulated  by  JH 
treatment  identified  by  a  microarray.  Additionally,  53  genes  that  were  JH/analog  affinity-purified 
also  affected  JH  signaling  in  this  screen.  Several  factors  known  to  be  important  for  ecdysone 
signaling  were  also  identified  as  positive  regulators  of  JH  signaling  including  ecdysone-induced 
protein  74EF  (E74),  ecdysone-induced  protein  75B  (E75),  hormone  receptor-like  in  38  (Hr38), 
hormone  receptor  4  (Hr4). 
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The  discovery  of  potential  gene  targets  for  RNA  interference  (RNAi)  and  the  effect  of  RNAi  on 
survival  or  fitness  of  various  insect  pests  has  been  motivated  by  Baum  et  al  (2007)  who  showed 
the  effectiveness  of  RNAi  to  control  the  Western  Corn  Rootworm.  RNAi  has  potentially  fewer 
adverse  effects  than  conventional  chemical  agents  due  to  its  species  specificity.  The  success  of 
the  RNAi  technology  is  dependent  on  several  factors  relating  to  the  expression  of  the  target  gene 


and  its  role  in  the  life  of  the  insect.  Hence  it  is  logical  to  start  an  RNAi  research  program  with  an 
analysis  of  the  gene  expression  profile  of  the  insects  to  be  controlled.  The  main  objective  of  the 
current  project  is  to  control  the  economic  loss  in  brassica  crops  due  to  three  aphid  species 
(Hemiptera)  viz.,  Myzus persicae ,  Brevicoryne  brassicae,  Lipaphis  erysimi.  Two  body  parts  were 
dissected  from  all  three  species:  1)  Gut,  an  early  point  of  contact  of  dietary  dsRNA,  and  2) 
Bacteriocytes,  special  cells  that  harbors  an  obligate  symbiont  called  Buchneva  aphidicola  that  are 
vital  for  the  survival.  Gene  targets  were  selected  based  on  these  transcriptome  analyses  and 
successful  studies  in  the  literature.  Species-specific  sequences  of  these  target  genes  were  then 
chosen  using  a  purpose-built  bioinformatics  tool  to  choose  species-specific  dsRNA’ s.  The 
dsRNA’ s  were  fed  to  aphids  through  artificial  diet  and  through  transgenic  plants  and  the  effect 
on  various  traits  (e.g.  Body  size,  mortality  and  fecundity)  were  measured.  The  importance  of 
transgenerational  effects  and  host  plant  genetic  background  were  also  assessed. 
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Introduction:  Ceramides  play  important  role  as  second  messengers  and  initiate  physiological 
changes  during  organism  development,  growth,  differentiation  and  apoptosis.  They  are  also  the 
key  metabolites  of  sphingolipid  biosynthesis. 

Methods:  To  investigate  a  potential  role  of  ceramides  in  the  development  of  the  brown 
planthopper  (BPH)  ( Nilaparvata  lugens( Stal)),  the  most  important  insect  pest  of  rice,  we  utilized 
the  a  highly  sensitive  and  specific  mass  spectrometry  (MS)  method  to  qualitatively  and 
quantitatively  measure  ceramide  species  from  all  developmental  stages  of  the  BPH,  egg  to  adult. 
The  reproduction  variables  including  oviposition,  hatchibility  and  oocyte  development  were 
recorded  and  observed  under  microscope  after  dissection. 


Results/Conclusion:  There  were  16  species  of  ceramides  detected,  including  08:2/16:0 
ceramide.  In  addition,  the  long-chain  base  ceramides  (C20:0,  C22:0)  are  abundant  in  the  BPH. 
Ceramides  (C20:0,  08:0)  decreased  with  the  development  of  BPH  and  obvious  differences 
existed  in  the  male  and  female  adults.  Q-PCR  analysis  of  metabolism  of  sphingolipids  revealed 
that  the  expression  of  neutral  ceramidase  (nCer)  gene,  whose  function  and  pH  reaction 
conditions  have  been  confirmed  in  vitro  using  the  Bac-to-Bac  expression  system,  was  increased 
exponentially  with  BPH  development  resulting  in  the  decrease  of  ceramides.  In  the  same  period, 
the  adult  female  controls  had  faster  oogenesis,  laid  more  eggs  and  had  a  higher  hatch  rate  than 
the  nCeri  (nCer  RNA  interfered)  adult  females.  The  increased  level  of  ceramides  in  nCeri  BPH 
was  confirmed  by  the  LC-MS/MS  method  and  it  suggests  that  an  overly  high  ceramide  content 
may  arrest  the  reproduction  of  the  BPH. 
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Although  the  magnetic  protein  biocompass  has  been  discovered,  its  validation  in  vivo  remains 
unknown.  The  brown  planthopper  Nilaparvata  lugens  is  a  long-distance  migratory  agricultural 
pest  that  may  possibly  use  the  geomagnetic  field  as  clues  for  orientation  and  navigation.  The 
homologue  magnetic  protein  biocompass  components,  cryptochrome  and  magnetoreceptor  were 
cloned  from  the  brown  planthopper,  and  were  given  the  designations  of  Nlcryl,  Nlcry2,  and 
NIMagR.  The  mRNA  of  cryptochrome  and  magnetoreceptor  exhibited  macroscopic  co¬ 
expression  in  the  whole  developmental  stage.  All  of  the  three  genes  showed  up-regulated  mRNA 
expression  in  newly  emerged  adults.  The  tissue  expression  profiles  showed  cryptochrome  and 
magnetoreceptor  expressed  in  all  the  three  tissues  of  head,  thorax,  and  abdomen,  with 
cryptochrome  expressed  highly  in  the  head  and  MagR  expressed  highly  in  the  abdomen.  After 
the  putative  magnetic  receptor  genes  of  cryptochome  and  magnetoreceptor  were  knocked  out  by 


RNAi,  the  binary-choice  behavioural  assay  for  magnetosensitivity  and  four-way  magnetic 
orientation  behavior  determination  were  investigated  as  to  validate  the  function  of  putative 
magnetic  receptors  in  vivo. 
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Scientists  believe  the  recent  decline  in  honey  bee  ( Apis  mellifera  L)  populations  is  caused  by  a 
combination  of  multiple  stressors,  including  arthropod  infestations,  pathogens,  pesticide 
exposure,  and  poor  management  practices.  Among  these  stressors  is  the  small  hive  beetle 
(SHB),  Aethina  tumida.  Although  SHB  control  strategies  focus  on  maintaining  colony  health, 
and  preventing  beetles  from  entering  and  establishing  within  the  hive,  once  inside  the  hive,  SHB 
are  generally  treated  with  coumaphos  impregnated  strips.  This  organophosphate  is  known  to 
have  adverse  effects  on  developing  honey  bee  queens  and  can  be  incorporated  into  beeswax, 
pollen,  and  honey,  we  are  working  towards  the  development  of  an  RNAi-based  control  measure 
for  SHB.  Here  we  report  sequencing  and  assembly  of  stage-specific  transcriptiomes  for  the  SHB 
and  our  progress  towards  mining  these  transcriptiomes  for  potential  target  genes  (e.g.  Snf7).  We 
will  also  report  results  from  both  injection-  and  ingestion-based  RNA  interference  in  this  beetle. 
Results  from  this  study  are  expected  to  provide  insigts  into  the  biology  of  SHB  and  may  help 
establish  new  targets  for  insect  control. 
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Biting  midges  in  the  genus  Culicoides  are  important  vectors  of  the  arboviral  diseases  causing 
significant  economic  burden  worldwide.  Viruses  first  pass  through  the  midgut  before 
disseminating  to  the  salivary  glands  to  infect  nai've  hosts.  To  stop  viral  dissemination,  multiple 
insect  species  use  apoptosis,  the  conserved  cellular  process  of  programmed  cell  death.  Apoptosis 
is  induced  by  inactivating  inhibitor  of  apoptosis  1  (IAP1),  resulting  in  the  initiation  of  a  caspase 
cascade,  causing  cell  death.  To  study  vector-virus  interactions,  we  previously  developed  RNA 
interference  (RNAi)  for  targeted  gene  knockdown  in  Culicoides  sonorensis  using  the  IAP1 
ortholog  (CsIAPl).  Here,  we  analyzed  the  apoptosis  pathway  in  C.  sonorensis  and  demonstrated 
RNAi  can  be  used  to  study  interactions  in  the  midgut.  Midges  were  injected  with  double  stranded 
RNA  specific  to  CsIAPl  (ds CsIAPl)  and  collected  or  dissected  at  2  and  5  dpi.  We  observed 
statistically  significant  reduction  of  CsIAPl  transcripts  in  whole  midges  at  both  2  and  5  dpi 
(Unpaired  t-test,  ^<0.05),  and  highest  transcript  reduction  (50-66%)  in  dsCsZTP7-midguts.  In 
addition,  midgut  deformities  were  observed  after  ds  CsIAPl  injection,  with  a  statistically 
significant  decrease  in  deformed  dsCsIAPI -midgut  area  compared  to  controls  (2- way  ANOVA; 
Tukey’s  post-test,  P<0.05).  DsCsIAPI -injected  midges  showed  a  statistically  significant 
increase  in  caspase  activity  compared  to  controls  (1-way  ANOVA;  Tukey’s  post-test,  P<0.05), 
and  positive  caspase  staining  was  only  observed  in  dsCsIAPI -midguts,  confirming  these 
deformities  were  caused  by  apoptosis.  Taken  together,  these  data  demonstrate  the  functional 
orthology  of  CsIAPl  and  ability  to  use  RNAi  for  midgut- virus  interaction  studies  in  C. 
sonorensis. 
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Dengue  is  the  most  threatening  and  fastest-spreading  mosquito-borne  disease  of  humans  in  the 
world.  It  infects  100  million  people  annually  and  more  than  one-third  of  the  world’s  population 
lives  under  the  risk  of  infection.  The  yellow  fever  mosquito,  Aedes  aegypti,  is  the  principle 
vector  of  the  dengue  virus,  and  the  transmission  cycle  in  the  wild  involves  only  humans  and 
mosquitoes.  The  use  of  insecticides  leads  to  resistance  in  mosquito  vectors  and  until  now,  no 
vaccines  or  positive  treatment  were  available.  In  this  study,  using  the  mariner  Mosl 
transformation  system,  we  generated  a  transgenic  mosquito  line  which  expresses  anti-viral 
microRNAs  under  the  control  of  A.  aegypti  polyubiquitin  and  carboxypeptidase  A  promoter. 
DENV-3  titration  of  the  exposed  mosquitoes  at  7  and  14  days  shows  the  transgenic  mosquito 
provides  better  antiviral  ability.  Transgenic  A.  aegypti  might  provide  a  powerful  solution  to 
control  dengue  viruses.  In  our  previous  studies,  we  found  TEP  plays  an  essential  role  in  Dengue 
virus  replication.  TEP1  is  a  glycoprotein  and  the  TEP1  cleaved  C-terminal  part  of  the  protein 
could  bind  to  the  surface  of  bacteria  resulting  in  clearance  by  phagocytosis.  Previously, 
publications  indicate  that  silencing  Aedes  mosquito  TEP1  and  TEP2  can  enhance  dengue  virus 
infection.  Using  the  RNAi  technique  to  knockdown  TEP1  and  TEP2  expression  increases  the 
virus  titer  in  infective  mosquitos.  We  have  established  the  transgenic  miR-TEPl  Aedes  mosquito 
which  can  increase  dengue  virus  load. 
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RNA  interference  has  emerged  as  a  potential  means  to  expand  the  arsenal  of  insecticides  for 
mosquito  control.  As  a  basic  research  tool,  RNAi  is  highly  efficacious  in  numerous  mosquito 
species,  tissues  and  cells,  as  demonstrated  by  hundreds  of  published  studies.  Despite  the 
significance  of  this  tool  in  mosquito  physiology  studies,  there  is  no  definitive  guide  to  successful 
RNAi  design  in  mosquitoes.  The  employment  of  RNAi  triggers  in  mosquito  literature  yields 
highly  varied  successes,  with  gene  knockdown  ranging  from  15-100%.  In  an  attempt  to 
understand  why  this  variation  occurs,  we  compiled  a  database  of  metadata  summarizing  RNAi 
approaches  and  associated  gene  knock  down  for  metanalysis.  Based  on  the  resulting  analysis, 
many  factors  including  dsRNA  size,  dose,  and  delivery  method  affect  success.  To  specifically 
test  some  of  these  parameters  in  vivo,  we  designed  an  array  of  investigatory  RNAi  experiments 
with  triggers  that  span  the  length  of  an  apoptotic  gene  in  Aedes  aegypti  and  Anopheles  gambiae. 
Based  on  both  in  silico  and  in  vivo  investigations  for  this  particular  gene,  we  conclude  that  RNAi 
designs  dictate  the  phenotypic  outcome  (in  this  case,  lethality)  based  on  location  on  the  target 
gene  transcript,  and  show  that  certain  regions  are  refractory  to  RNAi.  We  aim  to  characterize 
mechanical  elements  of  RNAi  trigger  interactions  with  mosquito  cells,  including  trafficking, 
uptake,  and  processing,  to  reveal  the  processing  of  dsRNA  molecules  in  mosquito  tissues. 
Ultimately  we  aim  to  address  challenges  of  RNAi  in  hopes  of  furthering  the  effort  to  generate 
much-needed  novel  mosquitocides. 
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Introduction:  Hard  ticks  of  the  family  Ixodidae  are  of  public  and  veterinary  health  importance 
because  they  are  vectors  of  human  and  animal  pathogens.  Hard  ticks  feed  for  long  periods  and 
secrete  a  cement-like  adhesive  substance  into  the  skin  of  the  host  to  prevent  being  groomed  off 
during  feeding.  Therefore,  the  question  arises  if  disrupting  cement  formation  affects  successful 
tick  attachment. 

Methods:  We  conducted  LC-MS/MS  analysis  of  proteins  in  tick  cement  recovered  from 
manually  detached  Amblyomma  americanum  ticks  and  identified  thirteen  putative  cement 
transcripts  based  on  glycine  content.  Expression  analysis  of  the  thirteen  mRNA  transcripts 
through  five  days  of  feeding  was  performed  by  semi-quantitative  Reverse  Transcription- 
Polymerase  Chain  Reaction  (RT-PCR).  The  transcripts  were  grouped  into  three  categories: 
constitutively  expressed  (n=3),  upregulated  in  response  to  blood-meal  feeding  (n=6),  and 
induced  in  response  to  blood-meal  feeding  (n=4).  On  this  basis,  chimeric  double  stranded  RNA 
(dsRNA)  was  designed  and  synthesized  for  each  group.  We  verified  that  target  mRNA  transcript 
could  be  depleted  when  unfed  ticks  were  injected  with  chimeric  dsRNA  targeting  the 
constitutively  expressed  cluster.  Further  expression  analysis  was  conducted  on  the  three 
constitutively  expressed  transcripts  in  molting  nymphal  ticks  by  quantitative  RT-PCR  (qPCR). 

Results/Conclusion:  This  analysis  revealed  that  the  three  tick  cement  transcripts  were  associated 
with  tick  feeding  events  in  that  expression  was  detected  in  engorged  nymphs  and  adult  ticks  one 
week  after  molting,  but  not  during  the  molting  process.  The  effect  of  RNAi  silencing  candidate 
tick  cement  transcripts  in  clusters  on  A.  americanum  tick  attachment  onto  host  skin  and 
completing  feeding  was  investigated. 
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Introduction:  Ctenocephalides  felis ,  the  cat  flea,  is  a  major  pest  species  of  companion  animals 
worldwide.  Due  to  the  widespread  irritation  caused  by  C.  felis  infestations,  insecticides  targeting 
the  species  are  an  important  sector  for  the  animal  health  industry.  Identifying  and  validating  new 
anti-flea  drug  targets  can  be  greatly  assisted  by  assessing  the  resultant  phenotype  of  fleas  in 
which  the  putative  drug  target  has  been  knocked  down  by  RN A- interference  (RNAi).  There  are 
two  prerequisites  for  this  approach  to  be  successful:  (1)  a  good  knowledge  of  the  genes 
expressed  in  C.  felisand  (2)  a  method  to  knockdown  genes  in  cat  fleas. 

Methods:  In  order  to  address  these  needs,  a  cat  flea  transcriptome,  covering  larval,  pupal  and 
adult  stages,  was  sequenced  on  the  Illumina  MiSeq  Platform  and  underwent  de  novo  assembly 
and  annotation. 

Results/Conclusion:  The  C.  felis  transcriptome  provides  a  comprehensive  overview  of  gene 
expression  offering  an  insight  into  metabolic  pathways  and  genes  that  could  prove  to  be  good 
putative  drug  targets.  Trialling  of  RNAi  methods  has  led  to  the  successful  knockdown  of  several 
C.  felis  genes.  The  development  of  less  invasive  and  simpler  methods  of  dsRNA  delivery  opens 
up  the  possibility  of  larger  scale  RNAi  experiments  which  could  be  utilised  for  both  academic 
studies  of  C.  felis  biology  and  drug  target  screening. 
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Introduction:  The  use  of  double  stranded  RNA  (dsRNA)  to  induce  RNA  interference  in  pests  has 
proven  effective,  and  its  potential  use  to  control  insect  pests  is  being  examined  closely.  However, 
most  of  our  understanding  of  dsRNA  degradation  is  based  on  information  about  DNA.  This 
study  examined  the  persistence  of  a  non-bioactive  dsRNA  sequence  in  aquatic  systems  with 
water  over  sediment. 


Methods:  Test  systems  consisting  of  purified  water  and  sterilized  sediment,  sterilized  pond  water 
and  sterilized  sediment,  and  active  pond  water  over  active  sediment  were  all  inoculated  with  the 
dsRNA  applied  to  the  water  phase.  Samples  were  extracted  via  a  proteinase  K  digestion  from  the 
sediment  and  the  overlying  water  separately.  Sample  systems  were  allowed  to  incubate  for  time 
periods  up  to  14  days.  Concentration  of  persisting  dsRNA  was  determined  by  QuantiGene®  2.0 
Singleplex  assay  kit  (Affymetrix).  The  kit  was  tailored  by  the  manufacturer  to  match  our  dsRNA 
sequence. 

Results/Conclusion:  For  all  experimental  systems,  dsRNA  recovery  was  reduced  to  background 
levels  by  96  hours  post  inoculation.  Movement  from  water  into  the  sediment  was  minimal,  with 
at  most  3%  of  the  initial  dsRNA  found  in  the  sediment  of  the  system.  The  half-life  of  the 
sequence  was  similar  for  all  systems,  ranging  from  56  to  72  hours,  which  suggests  that  abiotic 
factors  alone  can  degrade  dsRNA  in  the  environment. 
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The  female  caste  system  of  the  honeybee  Apis  mellifera  has  fascinated  humankind  since  the 
ancient  times  of  Aristotle.  Larvae  that  develop  into  queens  are  fed  more  frequently  and 
exclusively  receive  royal  jelly,  a  secretion  of  the  mandibular  and  hypopharyngeal  glands  of 
young  worker  bees  that  nurse  the  brood.  The  protein  moiety  is  largely  comprised  of  major  royal 
jelly  proteins  (MRJPs)  which  are  thought  to  have  mainly  a  nutritional  value  for  the  developing 
larvae.  Since  the  analytical  research  on  RJ  proteins  began  in  the  1960s  not  much  was  added  to 
the  general  knowledge  on  these  proteins.  Thus,  we  aim  on  a  complete  biochemical 
characterization  of  all  MRJPs.  Here,  we  show  the  purification  of  two  of  the  proteins,  namely 
MRJP1  and  MRJP2,  and  demonstrate  that  they  exhibit  a  remarkable  temperature  stability  at  pH  7 


which  is  even  enhanced  at  pH  4,  the  typical  pH  of  native  royal  jelly.  Furthermore,  we  identified 
binding  partners  of  both  proteins  whose  discovery  clearly  points  to  the  fact  that  both  MRJPs  are 
certainly  more  than  just  food. 
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Abstract  text: 


Many  of  the  earth’s  most  marginal  niches  have  been  successfully  colonized  by  eukaryotes  only 
with  the  aid  of  symbiosis.  Ants  in  rainforest  canopies  occupy  such  a  marginal  niche,  as  prey 
biomass  appears  insufficient  to  support  the  biomass  of  the  dominant  ant  fauna.  When  combined 
with  evidence  for  carbon  rich  and  nitrogen  poor  diets  of  many  arboreal  ants,  this  leads  to  a 
hypothesis  that  these  ants  have  thrived  within  their  inhospitable  canopy  niches  due  to  nutritional 
contributions  of  microbial  symbionts.  Here  we  applied  experimental  and  metagenomic 
approaches  to  assess  symbiont-mediated  roles  in  nitrogen  metabolism  for  an  herbivorous 
arboreal  ant,  Cephalotes  varians.  Experimental  measures  of  nutritional  contributions  to  nitrogen 
recycling  demonstrated  that  gut  symbionts  of  C.  varians  incorporate  nitrogen  from  urea  into 
amino  acids  for  their  host  ants.  Metagenomic  analyses  further  confirmed  the  symbionts’ 
contribution  to  host  nutrition  through  recycling  of  nitrogenous  wastes  and  biosynthesis  of  amino 
acids.  Unlike  obligate  bacteriocyte-dwelling  symbionts,  nitrogen  provisioning  in  the  Cephalotes 
system  involves  both  essential  and  non-essential  amino  acids,  with  key  steps  of  nitrogen 
metabolic  pathways  being  shared  among  several  extracellular  gut  symbionts.  While  only 
Burkholderiales  associates  can  convert  uric  acid-derived  host  wastes  to  urea,  multiple  speciesuse 
urea  to  derive  precursors  for  amino  acid  biosynthesis — a  function  carried  out  by  most  of  the 
dominant  symbiotic  taxa  in  C.  varians  guts.  Taken  together,  our  findings  provide  the  second 
evidence  for  nutritional  contributions  by  symbiotic  bacteria  of  herbivorous  ants,  adding  strong 
support  to  the  hypothesis  that  symbionts  have  a  major  role  in  the  success  of  arboreal  ant 
herbivores. 
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Honey  bees  ( Apis  spp.)  represent  a  derived  clade,  living  in  complex  colonies  that  exemplify  a 
highly  social  lifestyle.  The  genome  of  the  Western  honey  bee  ( Apis  mellifera )  was  among  the 
first  genomes  sequenced,  which  has  allowed  numerous  comparative  studies  across  the  spectrum 
of  sociality  to  search  for  genomic  signatures  of  social  evolution  and  contrast  honey  bees  to  other 


social  insects.  One  important  example  is  represented  by  the  exceptionally  high  recombination 
rate  of  the  A.  mellifera  genome.  However,  the  genus  Apis  also  exhibits  important  biological 
variation  among  its  species.  Thus,  to  start  exploring  comparative  studies  within  Apis ,  we  will 
describe  the  genomes  of  two  additional  honey  bee  species,  the  giant  honey  bee  ( Apis  dorsata ) 
and  the  red  dwarf  honey  bee  ( Apis  florea).  The  constructed  high-density  linkage  maps  of  these 
species  confirm  a  genome-wide  high  recombination  rate  and  can  be  used  to  assess  large-scale 
synteny  among  the  three  Apis  species.  Furthermore,  we  will  present  analyses  of  molecular 
evolution  among  these  genomes  to  identify  genes  that  exhibit  accelerated  rates  of  evolution  or 
have  been  exceptionally  conserved  within  the  genus  Apis.  These  analyses  discriminate  among 
positional  candidate  genes  in  previously  identified  quantitative  trait  loci  regions  for  important 
life-history  traits,  and  they  help  define  hypotheses  about  species-  and  genus-specific  adaptations 
at  the  genome  level  to  understand  the  evolution  of  the  extra-ordinary  genus  Apis. 
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Understanding  the  evolutionary  origins  of  social  cooperation  is  a  major  topic  in  evolutionary 
biology  and  entomology.  Here  we  present  results  of  studies  of  the  mechanisms  of  behavior 
involved  in  the  solitary-social  transition  in  the  facultatively  social  and  solitary  sweat  bee 
Megalpta  genalis.  Facultatively  social  species  permit  the  direct  comparison  of  social  and  solitary 
phenotypes  without  cross-species  confounds.  We  present  data  on  titers  of  biogenic  amines  and 
brain  morphological  development.  Biogenic  amines  in  the  brain  modulate  aggression  and 
reproduction  in  insects,  and  coordinate  social  organization  in  highly  derived  social  insects  like 
honeybees  and  ants.  Because  the  emergence  of  eusocial  groups  (those  with  a  reproductive  queen 
and  sterile  workers)  involves  competition  for  dominant  status  and  reproductive  division  of  labor, 
brain  amines  are  almost  certainly  involved,  but  results  are  inconsistent  across  primitively  social 
groups.  We  use  the  facultatively  eusocial  or  solitary  halictid  bee  Megalopta  genalis  to  test  the 


effects  of  Dopamine  (DA)  and  Octopamine  (OA)  on  ovary  development  and  aggressive 
interactions  in  solitary  and  social  Megalopta.  These  are  the  first  data  comparing  the  effects  of 
DA  and  OA  on  solitary  and  social  individuals  of  the  same  species. 
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Introduction 

Varroa  is  associated  with  a  number  of  honeybee  RNA  viruses.  Typically  in  the  absence  of 
Varroa ,  these  viruses  are  difficult  to  detect  and  exist  as  subclinical  infections  with  occasional 
seasonal  outbreaks.  This  changes  once  Varroa  enters  bee  populations,  with  viral  titres  and 
virulence  increasing  massively.  This  is  especially  so  for  Deformed  Wing  Virus  (DWV).  A  few 
years  after  the  arrival  of  Varroa,  a  single  strain  of  DWV  came  to  dominate,  suggesting  that  it  has 
a  major  fitness  advantage  in  the  presence  of  Varroa.  Critically,  the  change  in  viral  landscape 
results  in  widespread  colony  deaths  unless  mite  numbers  are  kept  under  control.  Varroa  likely 
facilitates  the  spread  of  RNA  viruses  because  it  transfers  haemolymph  from  bee  to  bee.  Theory 
predicts  that  such  a  change  to  vector-based  transmission  can  select  for  increased  virulence.  This 
conjecture  is  of  fundamental  importance  for  the  management  of  bee  health.  Crucially,  however, 
the  relationship  between  Varroamd  virulent  strains  of  RNA  viruses  is  correlational,  and  whether 
a  change  in  route  of  transmission  leads  to  increased  virulence  urgently  requires  experimental 
verification. 


Methods 


We  serially  injected  DWV-containing  haemolymph  into  Farroa/DWV-nai've  honeybees  and 
determined  the  virulence  of  DWV  after  1,10  and  20  transmission  cycles  in  the  absence  of 
Varroa. 

Results  and  conclusions 

We  found  that  initially  virulence  decreased  and  this  coincided  with  a  decrease  in  DWV  viral 
titres.  After  20  transmission  cycles  virulence  increased  as  did  titres  of  Sacbrood  virus.  We 
conclude  that  the  presence  of  Varroa  is  necessary  for  virulent  strains  of  DWV  to  retain  their 
virulence. 
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Introduction 

Thelytoky,  the  asexual  production  of  female  offspring  from  unfertilized  eggs,  is  sometimes 
encountered  in  haplo-diploid  social  insects  like  honey  bees.  Thelytoky  has  profound 
consequences  for  the  genetic  architecture  of  insect  colonies,  as  it  permits  social  parasitism.  For 
example,  in  the  Cape  honey  bee,  A.  m.  capensis ,  workers  enter  foreign  colonies  and  parasitize 
queen  cells  with  their  eggs.  The  occurrence  of  thelytoky  and  its  spread  in  populations  is 
therefore  of  great  interest. 

While  it  is  generally  agreed  that  thelytoky  has  a  genetic  basis  in  bees,  the  mode  of  inheritance  is 
controversial.  Is  the  thelytokous  phenotype  determined  by  a  single  gene,  or  is  it  a  quantitative 
trait  that  is  more  common  in  some  populations? 


Methods 


We  performed  reciprocal  backcrosses  between  thelytokous  A.  m.  capensis  and  arrhenotkous  A. 
m.  scutellata  (under  arrhenotoky  unfertilized  eggs  result  in  males).  We  determined  the  sex  of 
eggs  produced  by  unmated  workers  from  the  backcross  colonies  to  determine  the  mode  of 
inheritance  of  thelytoky. 

Results  and  conclusions 

Our  results  do  not  support  the  hypothesis  of  a  single  locus  controlling  thelytoky  in  honey 
bees.  Alternative  models  for  the  genetic  basis  of  thelytoky  will  be  presented. 
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Introduction:  We  used  histology  and  neuroanatomical  techniques  to  measure  the  volumes  of 
brain  regions  in  Neotropical  army  ant  species. 

Methods:  We  sampled  one  to  three  species  from  each  of  the  five  known  genera  of  Ecitoninae. 
Species  ranged  widely  in  body  size  distributions  and  in  degree  of  above-versus  below-ground 
activity. 

Results/Conclusion:  Brain  size  was  weakly  related  to  body  size.  Functionally  distinct  brain 
regions,  particularly  the  mushroom  body  calyces  and  the  optic  lobes,  were  relatively  large  in  the 
genus  Eciton,  likely  related  to  the  evolution  of  above-ground  activity  in  this  genus.  This  pattern 
gives  evidence  for  potential  re-expansion  of  brain  regions  following  reduction  in  ancestral  taxa. 


Eciton  soldiers  showed  some  evidence  of  reduced  brain  investment  relative  to  body  size, 
suggesting  there  is  caste-related  brain  plasticity. 
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Acaricide  treatments  against  the  parasitic  mite  Varroa  destructor  are  important  for  honeybee 
(Apis  mellifera)  health.  Yet,  the  mites  rapidly  evolve  resistance  against  these  treatments.  Extreme 
inbreeding  in  combination  with  the  lack  of  drift  early  in  the  season  inevitably  cause  the  fixation 
of  resistance  alleles  in  the  colony.  Heterozygosity  should  be  restored  towards  the  end  of  the 
season  when  mites  multiply  infest  brood  cells.  Comparing  these  predictions  with  the  genetic 
structure  of  mites  in  two  colonies,  we  indeed  identified  multiple  inbred  mite  lineages  that 
recombined  towards  the  end  of  the  season.  Selection  for  resistance  may  therefore  be  driven 
within  the  colony  rather  than  the  overall  mite  population  which  is  of  great  relevance  for 
optimizing  treatment  programs  in  apiculture. 
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No  single  factor  has  been  found  to  explain  the  ongoing  honeybee  health  crisis  but  several  acute 
stressors  negatively  influence  honeybee  health  at  high  dosages.  Many  stressors  may  act  at  sub- 
lethal  concentrations  and  such  potentially  long-term  effects  have  not  been  sufficiently  studied. 
Furthermore,  stress  exposure  may  elicit  an  adaptive  adjustment  in  honeybees  such  as  changes  in 
behavior.  Stress  responses  are  difficult  to  characterize  under  natural  circumstances  because 
multiple  confounded  stressors  might  interact  under  field  conditions.  Therefore,  simple 
experimental  paradigms  are  needed  to  better  understand  the  biology  of  stress  responses  in 
honeybees.  We  present  the  exploration  of  different  larval  stress  paradigms  and  characterize  stress 
responses  to  the  oxidative  stressor  paraquat  and  heat  stress  in  more  detail.  Topically  applied 
paraquat  did  not  affect  survivorship  significantly  and  only  lead  to  very  minor  changes  in 
behavioral  profiles  of  the  treated  workers.  However,  RNAseq  analysis  of  their  transcriptome 
showed  that  the  stressor  has  long-lasting  molecular  consequences  that  might  indicate 
phenotypically  undetectable  trade-offs.  For  example,  several  immune  genes  were  down- 
regulated  in  adult  workers  as  a  result  of  paraquat  exposure  of  the  larvae.  We  found  that  5th  instar 
worker  larvae  can  withstand  short-term  exposure  to  high  temperatures  but  that  this  acute  stress 
translates  into  phenotypic  adjustments.  Heat-stressed  larvae  developed  faster  and  exhibited  lower 
emergence  weights.  Furthermore,  we  will  discuss  molecular  and  behavioral  consequences  of  the 
heat  stress  in  adults  to  better  characterize  this  stressor,  which  might  be  relevant  as  a  stress  factor 
in  migratory  beekeeping  and  as  a  potential  Varroa  treatment. 
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Introduction:  Pollination  is  required  for  approximately  30%  of  food  crops,  and  honey  bees 
( Apis  mellifera)  are  the  most  managed  pollinator  used  in  agriculture.  Relatively  little  is  known 
about  the  mechanistic  interactions  between  honey  bees  and  their  pathogens.  Israel  Acute 
Paralysis  Virus  (IAPV)  is  an  important  honey  bee  pathogen  and  is  thought  to  be  closely 
associated  with  colony  loss  and  locomotion. 

Methods:  To  further  our  understanding  of  its  pathogenicity,  we  conducted  Methyl- Seq  and  RNA- 
Seq  experiments  for  thorough  analyses  on  pupae  (generating  methylomic  and  transcriptomic 
profiles)  after  IAPV  infection.  The  host  transcriptomic  responses  were  sampled  across  three 
different  time  points.  These  time  points  include  an  early  stage  of  infection,  before  the  virus 
replicates  (5  hours  post-infection),  and  two  later  time  points  (20,  and  48  hours  post-infection), 
with  the  last  time  point  including  the  initiation  of  host  tissue  necrosis. 

Results/Conclusion:  Differentially  expressed  genes  and  affected  biological  host  pathways  will  be 
discussed.  The  dynamic  changes  of  DNA  modification  under  viral  infection  may  also  be 
revealed.  The  implications  of  this  work  will  enhance  our  understanding  of  host  factors,  defense 
mechanisms,  and  health  in  Apis  mellifera. 
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Abstract  text: 


Honey  bees  ( Apis  mellifera)  are  significant  plant  pollinators  in  agricultural  and  non-agricultural 
landscapes.  Since  2006,  annual  losses  of  managed  honey  bee  colonies  in  the  U.S.,  Canada,  and 
some  of  Europe  have  been  high  (e.g.,  US  33%  loss).  Bee  colony  losses  are  influenced  by 
multiple  biotic  and  abiotic  factors,  including  positive-sense  single-stranded  RNA  virus 
infections.  Honey  bees,  like  all  other  organisms,  have  evolved  mechanisms  to  combat  virus 
infections.  These  mechanisms  include  RNAi  and  likely  additional  immune  pathways  (e.g.,  JAK- 
STAT,  Toll,  Imd),  though  their  relative  roles  in  honey  bee  antiviral  defense  are  not  well 
understood.  To  better  understand  honey  bee  dsRNA-triggered  immune  responses,  bees  were 
infected  with  a  model  virus  (Sindbis-GFP)  in  the  presence  or  absence  of  dsRNA.  In  our 
experiments,  dsRNA  regardless  of  sequence  specificity,  reduced  virus  production.  This  reduction 
demonstrates  that  dsRNA  acts  as  a  general  immune  stimulatory  molecule  in  honey  bees.  To 
investigate  the  mechanisms  of  dsRNA-mediated  immune  responses  in  honey  bees,  we  utilized 
high  throughput  sequencing  to  examine  transcriptional  responses  triggered  by  virus  +/-  dsRNA. 
We  identified  more  than  200  genes  that  exhibited  differential  expression  in  response  to 
coinjection  of  dsRNA  and  virus.  Virus-infected  bees  had  greater  expression  of  genes  involved  in 
RNAi,  Toll,  and  JAK-STAT  pathways.  However,  the  majority  of  genes  that  exhibited  increased 
expression  in  response  to  virus-infection  are  not  well  characterized.  Further  investigation  of 
these  genes  will  result  in  a  better  understanding  of  dsRNA  on  bee  physiology  and  antiviral 
defense  and  may  result  in  identification  of  evolutionary  conserved  sequence-independent 
dsRNA-mediated  immune  pathways  in  other  organisms. 
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Whiteflies  are  among  the  most  important  agricultural  pest.  Besides  their  direct  damage  to  the 
plant,  damage  caused  by  whiteflies  is  most  devastatingly  attributed  to  their  transmission  of 
viruses,  primarily  begomoviruses.  To  facilitate  the  development  of  biological  methods  to  control 


whitefly  infestations,  we  have  assembled  a  high  quality  draft  genome  of  the  whitefly  Bemisia 
tabaci,  MEAM1  (previously  referred  to  as  the  4B  biotype’).  In  the  615  Mb  assembled  genome 
sequences,  a  total  of  15,668  protein  coding  genes  were  predicted  in  the  whitefly  genome,  which 
is  comparable  to  the  number  of  genes  predicted  in  the  fruit  fly  genome.  Comparative  genomics 
analysis  with  other  arthropods  identified  a  number  of  gene  families  that  were  highly  expanded  in 
whitefly,  including  those  putatively  involved  in  insecticide  resistance  and  virus 
transmission.  Investigation  of  the  inventory  of  metabolic  genes  in  the  whitefly  and  endosymbiont 
genomes  suggested  that  there  were  extensive  metabolite  exchanges  between  the  whitefly  and  its 
endo symbionts.  Genome-wide  screen  identified  more  than  100  genes  that  were  horizontally 
transferred  from  bacteria  or  fungi,  among  which  the  majority  coded  for  proteins  with  enzymatic 
functions,  including  those  in  the  pathways  of  the  essential  amino  acid,  vitamin  and  lipid 
biosynthesis.  The  whitefly  genome  provides  a  valuable  resource  and  serves  as  a  foundation  for 
studying  the  genetic  basis  of  bacterial  and  viral  coevolved  relationships,  virus  transmission, 
insecticide  resistance  etc.,  as  well  as  for  developing  improved  global  strategies  to  manage 
whiteflies  and  the  viruses  they  transmit. 
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The  lepidopteran  family  Saturniidae  is  a  diverse  group  of  moths  that  belong  to  the  superfamily 
Bombycoidea.  These  moths  are  characteristically  large  in  size,  sexually  dimorphic  and  brightly 
colored  with  some  having  well-developed  eyespots  on  their  wings.  Saturniids  are  also  one  of  the 
two  primary  silk-producing  families  within  the  Bombycoidea.  Despite  their  evolutionary  and 
economic  value,  the  family  lacks  a  reference  genome  sequence  and  many  of  the  silk-producing 
genes  identified  in  closely  related  taxa  have  yet  to  be  identified  within  the  family.  Here,  we 
report  a  preliminary  PacBio  genome  assembly  and  annotation  for  the  Io  moth,  Automeris  io.  This 
assembly  will  have  important  implications  in  identifying  genes  and  regulatory  pathways  critical 


to  silk  production  and  wing  coloration.  Additionally,  it  could  help  resolve  conflicting 
evolutionary  patterns  that  have  been  challenging  with  smaller  phylogenetic  datasets 
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Introduction:  The  molecular  biology  community  has  overcome  a  major  bottleneck:  inexpensive 
access  to  near  complete  genome  sequence  from  multiple  species.  Such  diversity  of  sequence 
information  underpins  a  new  type  of  genomic  capability  and  greatly  benefits  the  comparative 
genomics  field.  How  can  we,  however,  make  best  use  of  such  resources?  Here,  as  the  co-leader 
of  the  i5k  Manual  Curation  group,  I  will  be  outlining  lessons  learned  from  sequencing, 
annotating  and  sharing  information  from  multiple  genome  projects  (Mediterranean  fruit  fly, 
Helicoverpa  armigera ,  H.  zea  and  Heliconius  erato). 

Methods:  I  shall  centre  the  lessons  around  a  case  study  on  the  insect  Sensory  Neuron  Membrane 
Protein  (SNMPs)  gene  family.  Using  the  public  and  new  i5k  insect  genomes,  three  new  software 
(Just  Annotate  My  Genome,  Just  Annotate  My  Proteins  and  DEW),  RNAi,  yeast-2-hybrid, 
expression  profiling  experiments  and  manual  curation  we  can  show  case  best  practices  on  the 
manual  curation  of  insect  genes. 

Results/Conclusion:  Our  bioinformatic  and  wet-lab  experiments  identified  a  new  gene,  a 
misclassification  in  the  nomenclature  due  to  a  previous  misuse  of  bioinformatics,  and  explore  the 
function  of  SNMPs  in  a  new  light.  I  trust  that  the  take-home  messages  will  be  universal:  We, 
entomologists,  belong  to  the  first  community  that  is  faced  with  such  diversity  in  terms  of  species 
and  evolutionary  times.  With  new  genome  sequences  being  released  on  a  frequent  basis,  we  must 
expand  our  education  and  outreach  efforts  of  how  bioinformatics  and  wet-lab  biology  can  work 
together  in  an  effective  and  mutually-respectful  manner. 
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Introduction:  The  booklice,  or  named  psocids,  which  are  belong  to  the  genus  Liposcelis 
(Psocoptera:  Troctomorpha),  are  major  pests  of  stored  grain  that  commonly  occur  on  a  wide 
range  of  stored  products.  Normally,  the  mitochondrial  (mt.)  genome  of  bilateral  animals  has  a 
typical  single  mt.  chromosome.  Presently,  the  fragmented  insect  mt  genomes  are  only  found  in 
booklice  and  parasitic  lice. 

Methods:  Species-specific  primers  were  designed  for  long-PCR  based  on  fragments  of  mt.  gene 
(coxl,  cytb ,  nad5,  etc.).  The  several  overlapping  long  PCR  fragments  were  directly  sequenced 
using  primer  walking  method. 

Results/Conclusion:  Liposcelis  decolor  has  its  mt  genes  on  a  single  chromosome,  like  most  other 
insects;  L.  bostrychophila,  L.  entomophila  and  L.  paeta ,  however,  has  a  multipartite  mt.  genome 
with  genes  on  two  chromosomes.  The  arrangement  of  mt.  genes  varies  extensively  among  the 
four  Liposcelis  species,  indeed,  no  gene  boundary  is  shared  by  the  booklice.  Our  results  indicate 
unusually  fast  evolution  in  mt.  genome  organization  in  the  booklice  of  the  genus  Liposcelis ,  and 
reveal  different  patterns  of  mt  genome  fragmentation  among  Liposcelis  species.  Booklice  have 
the  most  dramatic  variation  of  mt.  genomes  oberved  in  insects,  including  genome  architecture, 
gene  order,  gene  content  and  gene  strand  asymmetry.  It  also  seems  that  the  fragmentation  of  mt. 
genome  in  Liposcelis  is  likely  a  recent  evolutionary  event  and  that  it  occurred  after  L.  decolor 
and  L.  bostrychophila  split. 
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Soybean  aphid  ( Aphis  glycines)  is  amongst  the  most  significant  pests  of  soybean  ( Glycine  max) 
and  is  an  emerging  model  system  for  plant-insect  interactions  and  host-plant  resistance.  As  pest 
control  and  applied  research  become  increasingly  reliant  on  molecular  datasets,  the  availability 
of  genomic  resources  is  important  to  the  establishment  of  effective  and  sustainable  pest  control. 
Here  we  present  the  302.9  Mb  draft  genome  assembly  for  A.  glycines.  This  represents  the  first 
assembled  genome  from  the  agricultural  pest  rich  genus  Aphis  and  the  smallest  known  genome 
amongst  aphids,  at  317.2  Mb.  Assembled  using  a  hybrid  approach,  incorporating  both  Illumina 
short-reads  and  PacBio  long  reads,  the  assembly  shows  high  completeness  with  measuring  95% 
predicted  genome  size,  with  92%  of  A.  glycines  transcripts  mapping  to  contigs.  The  assembly 
also  shows  strong  continuity  with  a  contig  N50  of  174,505  bp.  The  relatively  small  genome  size 
in  A.  glycines  appears  to  be  a  product  of  reduced  repetitive  sequence,  (14.72%  of  genome 
length).  This  reduction  is  especially  pronounced  within  transposable  elements,  which  compose 
only  9.36%  of  genome  length.  19,182  gene  models  were  predicted  via  evidence  based  and  ab 
initio  models.  Here  we  also  describe  the  distribution  and  diversity  of  gene  families  related  to 
host-specificity  (cytochrome  P450’s  and  effectors)  and  identified  as  possible  sites  of  accelerated 
adaptation  (transposable  elements). 


Paper  (Oral)  Presentations 

Presentation  Title:  InsectBase:  A  resource  for  insect  genomes  and  transcriptomes 

Author  Name:  Fei  Li 


Author  Institution:  Zhejiang  University 


Session  Title:  Contributed  Papers:  Bioinformatics  and  Comparative  Genomics  of  Arthropods: 
Genomes  and  Databases 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1487 
DOI:  10.1603/ICE.2016.1 13615 
Abstract  text: 

The  genomes  and  transcriptomes  of  hundreds  of  insects  have  been  sequenced.  However,  insect 
community  lacks  an  integrated,  up-to-date  collection  of  insect  gene  data.  Here,  we  introduce  the 
InsectBase,  available  online  at  http ://www. insect-  genome.com.  The  database  contains  over  12 
million  sequences,  including  138  insect  genomes,  1 16  insect  transcriptomes,  61  insect  gene  sets, 
36  gene  families  of  60  insects,  7544  miRNAs  of  69  insects,  96925  piRNAs  of  Drosophila 
melanogaster  and  Chilo  suppressalis,  2439  IncRNA  of  Nilaparvata  lugens,  22536  pathways  of  78 
insects,  678881  untranslated  regions  (UTR)  of  84  insects  and  160  905  coding  sequences  (CDS) 
of  70  insects.  InsectBase  provides  search  functionality,  a  BLAST  server,  GBrowse,  insect 
pathway  construction,  a  Facebook-like  network  for  the  insect  community  (iFacebook),  and 
phylogenetic  analysis  of  selected  genes. 

InsectBase  is  still  at  primary  status  and  we  strongly  encourage  researchers  to  help  us  to  improve 
it.  We  appreciate  your  contribution  by  submitting  genome  and  transcriptome  sequences. 
Technical  assistance  will  be  provided  for  uploading  or  handling  of  sequences.  Any  suggesetion  is 
appreciated. 

InsectBase  has  been  published  in  the  Nucleic  Acids  Research,  2016,  Vol.  44,  Database  issue, 
D801-D807. 
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The  great  species  diversity  of  insects  locally  and  globally  remains  a  challenge  for  identification, 
species  description  and  evolutionary  analysis,  which  could  be  overcome  with  new  sequencing 
technology.  I  describe  our  ‘soup-to-tree’  approach  for  analysis  of  complex  samples,  as  those 
from  rainforest  canopy,  deep  soil  and  agroecosystems.  Metagenomic  and  related  PCR-based 
metabarcoding  approaches  have  great  potential  for  ‘finishing  the  job’  of  an  evolutionary  insect 
taxonomy  and  for  simultaneously  establishing  patterns  of  biodiversity  at  species  and  higher 
level.  A  concerted  effort  of  the  research  community  for  standardised  sampling  and  the  large- 
scale  application  of  these  simple  sequencing  techniques  could  produce  the  elusive  insect  tree-of- 
life  at  high  resolution.  The  talk  will  describe  how  shotgun  sequencing  of  bulk  samples  can 
readily  produce  large  numbers  of  mitochondrial  genome  sequences,  from  which  to  extract  well- 
supported  phylogenetic  trees.  The  approach  is  applied  to  the  order  Coleoptera,  integrating 
mitogenome  data  from  local  bulk  samples  across  habitats  and  biogeographic  regions.  The  data 
are  now  used  for  a  new  estimate  of  the  basal  relationships  of  Coleoptera  at  high  taxonomic 
resolution.  In  addition,  the  mitogenome  data  provide  a  scaffold  for  tens  of  thousands  of  species 
sequenced  for  individual  mitochondrial  genes  not  easily  combined  into  a  uniform  tree. 
Metagenomics  therefore  is  now  overcoming  the  ‘taxonomic  impediment’  that  has  hampered 
virtually  all  ecological  and  evolutionary  studies  of  insect  diversity  in  the  past. 
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Honey  bee  queens  undergo  many  changes  after  mating.  Understanding  factors  crucial  for 
initation  and  maintenance  of  these  changes  will  help  us  reveal  why  the  queen  quality  has  been 
diminishing  and  will  ultimately  help  improve  bee  breeding  protocols. 
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The  Asian  longhorned  beetle  (ALB;  Anoplophora  glabripennis)  is  an  invasive,  wood-boring 
beetle  capable  of  thriving  in  the  heartwood  of  a  broad  range  of  angiospermous  trees.  Here,  it 
faces  a  number  of  nutritional  and  digestive  challenges,  including  the  presence  of  highly 
recalcitrant  lignocellulose  and  hemicellulose,  high  concentrations  of  plant  defensive  chemicals, 
and  low  abundances  of  essential  amino  acids  and  nutrients.  Through  transcriptome,  metagenome, 
and  metatranscriptome  profiling,  we  demonstrated  that  both  the  beetle  and  its  microbiota  encode 
rich  suites  of  digestive  and  detoxification  enzymes  and  that  the  microbial  community  is  enriched 
with  genes  involved  in  nutrient  recycling  and  synthesis  of  essential  amino  acids.  Despite  its 
broad  host  range,  there  are  several  tree  species  which  display  considerable  resistance  to  ALB  and 
other  wood-boring  pests,  but  the  mechanisms  underlying  this  resistance  have  not  yet  been 
characterized.  In  this  study,  we  investigated  the  impacts  of  feeding  in  a  resistant  poplar  tree  on 
ALB  and  its  gut  microbiota.  Our  results  revealed  that  feeding  in  this  resistant  host  causes 
substantial  disruptions  to  the  gut  bacterial  and  fungal  communities,  interferes  with  the  expression 
of  beetle  genes  with  predicted  roles  in  detoxification  and  interactions  with  gut  microbes,  and 
reduces  the  abundances  of  several  proteins  with  key  roles  in  digestion. 
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Introduction:  The  Hymenoptera  Genome  Database  (HGD;  http://HvmenopteraGenome.org) 
provides  annotation  resources  for  the  genomes  of  bees  ( Apis  mellifera ,  A.  dorsata ,  A.florea , 
Bombus  impatiens,  B.  terrestris ,  Dufourea  novaeangliae ,  Eufriesa  mexicana,  Habropoda 
labrosia ,  Lasioglossum  albipes ,  Megachile  rotundata ,  Melipona  quadrifasciata ),  ants 
( Acromyrmex  echinatior ,  Atta  cephalotes ,  Camponotus  floridanus ,  Cardiocondyla  obscurior , 
Cerapachys  biroi,  Harpegnathos  saltator ,  Linepithema  humile ,  Pogonomyrmex  barbatus , 
Solenopsis  invicta ,  Wasmannia  auropunctata )  and  parasitoid  jewel  wasp  ( Nasonia  vitripennis). 
While  data  can  be  viewed  for  each  species  using  the  HGD  genome  browsers,  we  have  recognized 
the  need  to  integrate  data  across  species  so  that  users  can  leverage  evolutionary  relationships  to 
learn  about  gene  function. 

Methods:  To  solve  the  problem  of  data  integration,  we  have  developed  HymenopteraMine,  based 
on  the  InterMine  data  warehousing  system,  to  combine  the  HGD  genome  and  annotation  data 
with  gene  orthology  and  functional  information  from  external  sources. 

Results/Conclusion:  In  addition  to  genomes  and  official  gene  sets,  HymenopteraMine  includes 
data  from  RefSeq,  Gene  Ontology,  UniProt,  InterPro,  BioCyc,  OrthoDB  and  EnsemblMetazoa, 
and  gene  expression  information  based  on  data  from  the  NCBI  Sequence  Read  Archive.  HGD 
also  provides  cross-references  between  different  gene  sets  of  the  same  species.  The 
QueryBuilder,  List  Analysis  and  Region  Search  tools  allow  users  to  create  custom  datasets  that 
can  be  exported  for  use  in  downstream  analyses. 

With  limited  funding  available  for  non-model  organisms,  hymenopteran  insect  researchers  need 
to  leverage  the  knowledgebase  and  genomic  resources  of  model  organisms,  such  as  Drosophila 
melanogaster,  or  of  the  better-funded  hymenopteran  species,  such  as  Apis  mellifera. 
HymenopteraMine  provides  a  solution  by  enabling  cross-species  data  mining  using  orthology. 
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The  literature  on  plant-herbivore  interactions  focuses  on  mean  plant  nutrient  and  defense  levels, 
but  recent  studies  showing  the  importance  of  plant  genetic  diversity  for  herbivores  suggest  that 
the  amount  of  variability  in  plant  trait  values  may  be  equally  important.  The  consequences  of 
plant  trait  variance  for  herbivore  performance,  however,  have  been  largely  overlooked.  One 
potential  consequence  of  plant  variability  is  increased  or  decreased  mean  herbivore  performance 
via  nonlinear  averaging.  This  mathematical  property  depends  on  the  shape  of  the  herbivore 
performance  function.  Here  we  report  an  extensive  assessment  of  the  effects  of  plant  trait 
variability  on  herbivore  performance  using  413  performance  datasets  from  53  species  of  insect 
herbivores. 

We  found  that  plant  nutrient  variability  substantially  reduces  mean  herbivore  performance  via 
nonlinear  averaging  of  performance  relationships  that  were  overwhelmingly  concave-down.  In 
contrast,  relationships  between  herbivore  performance  and  plant  defense  levels  were  typically 
linear,  such  that  plant  defense  heterogeneity  does  not  affect  herbivore  performance  via  nonlinear 
averaging.  Our  results  demonstrate  that  plants  suppress  herbivore  populations  not  only  by  having 
low  average  quality,  as  is  typically  thought,  but  also  by  having  variable  nutrient  levels.  We 
propose  that  this  phenomenon  could  play  a  key  role  in  the  regulation  of  herbivore  populations  in 
natural  systems,  and  that  increased  nutrient  heterogeneity  within  agricultural  crops  could 
contribute  to  the  sustainable  control  of  insect  pests  in  agroecosystems. 
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Introduction:  We  describe  an  individual-based  model  to  explore  interactions  of  Halyomorpha 
halys  development  and  life  table  statistics  driven  by  temperature  and  photoperiod  on  the 
phenology  and  population  dynamics  of  this  species  as  it  invades  the  U.S. 

Methods:  We  compare  model  predictions  against  field  density  estimates,  and  years  and  locations 
where  high  damage  rates  have  been  recorded  in  the  US.  We  then  apply  a  parameter  set  that 
enables  high  population  growth  across  10  years  at  eight  locations  with  significant  acreages  of 
horticultural  crops  at  risk  of  crop  damage. 

Results/Conclusion:  We  modeled  a  high  degree  of  overlap  among  life  stages,  and  strong  effects 
on  synchrony  among  life  stages  and  on  timing  of  median  occurrences  of  key  life 
stages.  Although  populations  consistently  achieved  two  generations  and  produced  F2  adults,  the 
relative  size  of  each  generation  varied  dramatically,  with  as  much  as  50%  of  adults  at  the  end  of 
a  year  comprised  of  FI  adults  in  some  locations  and  years.  Compared  to  initial  population  size, 
the  model  projects  average  annual  growth  rates  that  varied  by  an  order  of  magnitude  among 
locations,  influenced  strongly  by  degree  day  accumulation  and  timing  and  synchrony  of 
vitellogenesis.  We  discuss  these  results  with  respect  to  assumptions  and  knowledge  gaps  for  this 
and  other  species  with  strongly  overlapping  life  stages  and  which  diapause  as  adults,  and  with 
respect  to  management  of  H.  halys  in  the  U.S. 
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Abstract  text: 

Within  the  last  century  the  increase  of  human  movements  and  globalisation  of  trade  has  seen 
several  highly  invasive  species  establish  in  new  parts  of  the  world,  bringing  with  them  major 
environmental,  economic  and  health  consequences.  The  Asian  tiger  mosquito,  Aedes  albopictus , 
is  an  extremely  invasive  and  aggressive  daytime-biting  mosquito  that  is  emerging  as  a  major 
public  health  threat  throughout  its  invasive  range.  In  what  is  the  most  comprehensive  analysis  of 
Ae.  albopictus  in  the  Indo-Pacific  region  to  date,  we  use  13  microsatellite  loci  and  mitochondrial 
sequences  to  trace  the  historical  and  contemporary  movements  of  the  species  and  characterise  its 
population  structure.  Both  microsatellites  and  sequencing  data  support  similar  genetic 
relationships  between  populations,  although  the  micro  satellites  revealed  more  informative 
substructure  regarding  the  sources  of  historical  introductions  and  the  current  genetic  signature  of 
populations  in  recently  invaded  regions.  There  appears  to  be  high  connectivity  between  some 
geographically  distant  populations  and  the  species'  genetic  structure  in  the  region  tends  to  favour 
a  pattern  driven  by  human  movements,  rather  than  a  progressive  range  expansion  from  its  native 
region.  For  the  first  time,  we  show  the  newly  invaded  Torres  Strait  Islands  (Australia)  are 
undergoing  major  temporal  shifts  in  their  genetic  makeup  and  that  different  islands  are  showing 


different  genetic  trajectories;  we  discuss  some  of  the  potential  evolutionary  processes  driving 
these  temporal  and  spatial  genetic  differences  in  these  invasive  lineages.  We  also  highlight  the 
potential  applications  and  effectiveness  of  such  genetic  databases  to  better  inform  regional 
biosecurity  of  invasive  insect  pests. 
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It  has  been  shown  that  kinship  determines  fertility  in  humans  as  well  as  other  mammals,  birds, 
fish  and  insects.  Evidence  indicates  that  once  kinship  among  a  couple  and  their  ancestors  is 
taken  into  account  there  is  no  other  important  factor  influencing  fertility  in  a  given  species.  At 
smaller  populations  the  curve  of  fertility  against  kinship  rises  steeply  as  kinship  rises  until 
inbreeding  is  reached.  At  kinship  less  than  an  equilibrium  point,  fertility  slowly  falls  with 
varying  population  time  courses  including:  damped  oscillation  with  rapid  rise  and  slow  fall  seen 
in  the  wild,  in  the  lab  and  by  computer  model;  a  two  peaked  pattern  showing  slow  rise  and  rapid 
fall  seen  in  humans,  the  wild  and  in  computer  model;  and  a  single  peak  showing  rapid  rise  and 
slow  fall  in  humans,  the  wild,  the  lab  and  computer  model,  each  pattern  caused  by  a  post  zygotic 
mechanism  or  combined  pre  and  post  zygotic.  Earlier  we  demonstrated  damped  oscillation  in  a 
population  of  captive  fruit  flies. 

We  hypothesized  that  the  mechanism  must  be  epigenetic  and  tried  giving  varying  doses  of  folic 
acid  to  our  flies  looking  for  an  effect. 

We  were  able  to  demonstrate  the  two  peaked  pattern  with  slow  rise  and  rapid  fall  characteristic 
of  combined  mechanisms. 


We  were  surprised  and  dismayed  to  discover  that  fertility  depression  can  occur  at  the  same  dose 
of  folic  acid  recommended  for  women.  The  number  of  possible  confounding  factors  means  that 
this  may  be  coincidental,  but  considering  the  importance  of  the  issue  this  needs  more  study. 
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We  analyzed  extra-ordinary  long-term  surveillance  records  (every  5  days  of  27  to  61  years)  of 
the  Japanese  smaller  tea  tortrix,  Adoxphyes  honmai  at  seven  research  stations  across  mainland 
Japan.  We  found  that  populations  at  all  the  stations  showed  remarkable  signature  of  the 
generation  cycles,  a  landmark  of  internal  population  regulation.  The  mechanism  can  be  explained 
as  follows,  larvae  compete  for  food  resources  and  eliminate  larvae  younger  than  themselves. 

This  resulted  in  short  successful  recruitment  intervals  from  each  generation.  Such  the  internal 
competition  mechanism  has  been  shown  to  create  regular  generation  cycles,  a  phenomenon  that 
was  observed  in  the  data  that  we  analyzed. 

The  cycle  period  was  rather  stable  all  across  Japan  and  almost  equal  to  the  temperature- 
dependent  duration  of  a  generation  from  egg  to  adult  senescence.  Consequently,  northern 
populations  had  four  cycles  per  year  while  the  southern  populations  had  five  cycles  due  to  the 
latitudinal  difference  in  seasonal  heat  accumulation.  Geographical  variations  of  the  climate  and 
the  recent  temperature  increase  in  winter  did  not  change  the  cycle  period  substantially  at  seven 
stations  but  cold  winters  enhanced  mortality  to  reduce  the  size  of  the  first  spring  generation.  We 
will  discuss  why  the  insect  has  kept  its  growth  schedule  despite  substantial  climatic  differences 
from  ecological  and  evolutionary  points  of  view. 
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Wind  is  the  primary  pathway  for  the  long-distance  dispersal  and  migration  of  insects.  Many 
simulation  models  are  available  that  combine  atmospheric  physics  with  outputs  from  global 
atmospheric  circulation  models  to  reconstruct  or  predict  wind-borne  particle  movement. 
However,  these  mostly  require  considerable  expertise  and  time  to  use.  Also,  most  are  designed 
for  tracking  point-source  pollutants,  not  widely  distributed  insects,  and  they  rarely  incorporate 
the  organisms’  biology  (such  as  in  transitsmv’wdl). 

We  have  developed  a  new  application  called  TAPPAS  (Tool  for  Assessing  Pest  or  Pathogen 
Airborne  Spread)  to  overcome  these  barriers  (https://research.csiro.au/TAPPAS).  TAPPAS  is  a 
web  application  developed  to  analyse  the  risk  of  long  distance  wind  dispersal  by  insects  and 
micro-organisms.  Non-specialist  users  can  conduct  sophisticated  analyses  through  a  web- 
browser,  with  simulations  being  undertaken  on  a  supercomputer  using  global  wind  data  and  the 
particle  dispersion  model  HYSPLIT  (NOAA).  Synthesis  dispersal  maps  are  returned.  Analyses 
can  include  forward  projections  (where  could  the  organism  get  to?)  and  backward  projections 
(where  might  it  have  arrived  from?). 

In  this  presentation  we  provide  an  overview  of  TAPPAS  and  present  results  from  reanalysis  of 
historical  long-distance  wind  dispersion  events  for  contrasting  insect  species.  This  work  confirms 
the  importance  of  wind  as  a  vector  and  the  utility  of  wind  dispersion  models  for  both 
reconstructing  and  forecasting  wind  dispersion  events. 

TAPPAS  has  a  generic  architecture.  We  therefore  expect  it  to  be  readily  adaptable  to  a  wide 
range  of  other  applications  where  wind  dispersal  is  important,  such  as  the  movement  of  allergens 
and  the  incorporation  of  active  flight  behaviours. 
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Introduction: 

Cassava  is  a  staple  food  for  populations  across  Sub-Saharan  Africa.  Over  the  last  20  years,  there 
has  been  an  increase  in  frequency  of  outbreaks  of  indigenous  Sub-Saharan  African  members  of 
cryptic  species  complex,  Bemisia  tabaci  (Hemiptera:  Aleyrodidae),  whitefly  in  cassava  growing 
regions  of  East  Africa.  Whitefly  feeding  directly  on  and  indirect  damage  caused  by  associated 
sooty  mould  and  a  range  of  plant  viruses  they  vector  to  cassava  can  reduce  yields  by  80%. 
Laboratory  studies  have  shown  that  different  cassava  varieties  vary  greatly  in  their  ability  to 
support  whitefly  life-stages. 

In  smallholder  farms  in  Uganda,  many  different  cassava  varieties  of  different  ages  often  occur  in 
adjacent  fields  or  as  a  mixed  planting  in  one  field.  However,  little  is  known  about  when  and  why 
whitefly  adults  move  and  oviposit  on  host  plants.  We  asked  how  does  variety,  time  of  planting 
and  distance  from  source  crops  that  are  colonized  by  white  fly  influence  their  abundance? 

Methods: 

A  combination  of  field  experiments  were  conducted  firstly  to  assess  the  impact  of  cassava 
variety  on  nymph  and  adult  whitefly  density,  and  secondly  to  test  if  whitefly  colonization  of 
cassava  is  impacted  by  cassava  variety  (when  we  control  for  cassava  age  and  source 
populations). 

Results: 

Results  have  improved  our  understanding  of  the  biology  and  ecology  of  whiteflies  in  this  region, 
and  we  will  discuss  how  the  findings  might  be  used  or  applied  to  help  manage  outbreaks  of  this 
pest. 
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Laodelphax  striatellus ,  a  major  sucking  pest  of  rice  transmitting  plant  viral  disease  in  East  Asia, 
is  known  to  irregularly  migrate  from  the  southeastern  region  of  China  to  the  western  coastal  area 
of  Korea.  It  is  necessary  to  distinguish  between  the  immigrating  vs.  indigenous  populations  for 
the  management  of  putative  risk  factors.  A  population  genetic  analysis  using  two  mitochondrial 
markers  was  attempted  to  determine  the  genetic  structure  of  domestic  populations  that  were 
collected  during  March  to  April  in  Korea.  A  total  of  33  haplotypes  were  found,  of  which  16 
haplotypes  were  newly  identified.  The  haplotype  and  nucleotide  diversities  were  in  the  ranges  of 
0.791-0.909  and  0.0018-0.0029,  respectively.  In  the  estimation  of  Est,  low  distance  values 
(ranged  between  -0.030  and  0.089)  were  observed,  suggesting  a  relatively  high  levels  of  gene 
flow  among  Korean  populations.  A  population  tree  was  constructed  on  the  basis  of  the  Est 
distances  of  26  Chinese  and  8  Korean  populations  by  the  neighbor-joining  method.  The  tree  was 
divided  into  three  statistically  distinct  groups  as  judged  by  AMOVA  analysis  (Ect  =  0.201,  P  < 
0.0001).  The  Group  I  was  mainly  composed  of  four  populations  collected  from  Northern 
Provinces  in  China.  A  total  of  29  populations,  including  8  Korean  populations,  were  clustered 
into  the  Group  II  with  high  bootstrap  values.  Interestingly,  all  Korean  populations  were 
monophyletically  clustered  into  a  subgroup  with  8  Chinese  populations  of  southeastern  origins, 
implying  the  long  history  of  gene  flow  between  the  immigrating  vs.  indigenous  populations. 
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Parthenogenesis-inducing  (PI)  Wolbachia  infects  arrhenotokous  arthropods  worldwide.  The  most 
common  characteristic  of  infection  is  a  high  population  infection  frequency  and  the  loss  of 
female  sexual  function.  How  have  Wolbachia  infections  spread  to  such  high  frequencies  and  how 
has  the  loss  of  female  sexual  function  trait  evolved?  Addressing  these  questions  experimentally 
proves  problematic  given  the  inability  of  most  PI  Wolbachia-mfQctQd  species  to  be  cured  of 
infection.  The  characteristics  that  define  most  PI  Wolbachia-infQctQd  populations  are  absent  in 
Trichogramma  kaykai,  an  egg  parasitoid  endemic  to  the  Mojave  desert  of  southeastern 
California.  In  the  T.  kaykai  population  Wolbachia  infection  frequencies  are  relatively  low  (10- 
20%)  and  infected  T.  kaykai  females  are  capable  of  sexual  and  parthenogenetic  reproduction. 

This  labile  reproductive  feature  allows  experimental  manipulation  impossible  in  other  PI- 
Wolbachia  symbioses.  Using  this  model  PI  Wolbachia  system,  distinct  infected  genetic  isotypes 
were  cured  and  tested  for  fitness  measures  associated  with  infection  and  reproductive  status. 
These  fitness  measures  were  used  to  establish  model  parameter  estimates  for  the  spread  of  PI 
Wolbachia  through  populations.  Our  findings  suggest  PI  Wolbachia  host  fitness  effects  may  play 
a  significant  role  in  the  evolution  of  infection  frequencies  and  the  loss  of  the  female  sexual 
function  trait. 
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Introduction: Since  2013,  cotton  growers  throughout  the  Southeast  and  Mid-South  region  have 
reported  greater  than  expected  Frankliniella  fusca( Hinds)  damage  on  cotton  seedlings  that 
received  an  at-plant  neonicotinoid  seed  treatment. 

Methods: To  document  the  extent  of  the  problem,  a  nested,  hierarchical  sampling  strategy  was 
used  to  assess  the  spatial  context  of  neonicotinoid  resistance  across  a  gradient  of  cotton 
production  intensity.  To  characterize  the  frequency  of  susceptible  and  resistant  phenotypes  in 
commercial  cotton  agroecosystems,  samples  were  collected  cotton,  peanut,  soybean,  small  grain, 
and  non-crop  weeds.  Each  population  was  screened  for  reduced  sensitivity  to  imidacloprid  and 
thiamethoxam  with  a  diagnostic  dose  bioassay  (dose:  360  mg  formulated  neonicotinoid  L'1). 
Using  a  predefined  survival  threshold,  assayed  populations  were  classified  as  suspect  for 
resistance  to  imidacloprid  and  thiamethoxam,  respectively.  Spatial  pattern  analysis  was  used  to 
characterize  similarity  in  neonicotinoid  response  among  F.  fusca.  Past  crop  production  patterns  in 
surrounding  agroecosystems  were  also  compared  to  determine  if  other  neonicotinoid  treated 
crops  in  the  landscape  relate  to  elevated  levels  of  neonicotinoid  insensitivity. 
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The  Aphis  gossypii  imidacloprid-resistant  (IR)  strain  was  about  3800-fold  resistant  to 
imidacloprid.  Synergistic  bioassays  revealed  that  metabolic  factors  were  not  likely  involved  in 
resistance.  An  isogenic  susceptible  (IGS)  strain  was  generated  and  used  as  references  for  RNA- 
seq,  qrtPCR  and  2DE.  There  were  no  noticeable  differences  between  IGS  and  IR  strains  in  either 
the  transcriptome  or  proteome  profiles,  confirming  that  imidacloprid  resistance  is  likely  due  to 
the  target  site  insensitivity.  The  IR  strain  was  determined  to  possess  a  point  mutation  resulting  in 
an  R81T  substitution  only  in  the  nAChR  beta  1  subunit,  which  had  been  also  reported  to  be 
responsible  for  the  reduced  sensitivity  to  imidacloprid  in  M.  persicae.  A  nAChR  beta  1  subunit 
transcript  variant  in  the  N-terminal  region  was  found  and  an  additional  point  mutation,  L80S  was 
also  detected  along  with  the  R81T  mutation  in  IR  strain,  suggesting  its  potential  role  in 
resistance.  Taken  together,  the  R81T  mutation  in  the  nAChR  beta  1  subunit,  perhaps  with  the 
L80Smutation  as  well,  could  be  the  major  factor  of  imidaloprid  resistance  in  the  IR  strain  and 
can  be  employed  as  molecular  markers  for  the  detection  of  imidacloprid  resistance  in  field 
populations  of  A.  gossypii. 
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Introduction: Common  bean  is  susceptible  to  several  viral  diseases  including  Bean  golden  mosaic 
virus  (BGMV)  and  Cowpea  mild  mottle  virus  (CpMMV). 

Methods:The  development  of  Embrapa  5.1  event  of  genetically  modified  (GM)  common  bean 
resistant  to  BGMV,  and  near  isogenic  lines  of  two  commercial  cultivars  (Perola  and  BRS  Pontal) 
allows  the  evaluation  of  the  damage  caused  only  by  CpMMV. This  is  because  these  transgenic 
isolines  do  not  get  infected  by  BGMV. 

Results/ConclusiomDespite  the  low  incidence  of  CpMMV  in  the  GM  isolines  derived  from  cv. 
Perola,  yield  of  these  isolines  was  lower  than  that  for  some  of  the  isolines  derived  from  cv.  BRS 
Pontal  (CNFCT  16205,  CNFCT  16206,  CNFCT  16209  and  CNFCT  16210)  which  had  a  higher 
incidence  of  CpMMV.  At  the  Experiment  1  a  higher  disease  incidence  was  observed.  The  yield 
for  cv.  Perola  and  BRS  Pontal  reached  only  81  and  299  kg  ha'1,  respectively,  and  were 
significantly  lower  than  the  GM  lines  derived  from  cv.  Perola  (711  kg  ha'1)  and  cv.  BRS  Pontal 
(1.073  kg  ha'1).  The  low  yield  of  the  conventional  common  bean  parental  cultivars  as  compared 
to  the  GM  isolines  was  due  to  the  severe  occurrence  of  BGMV.  The  GM  isolines  derived  from 
cv.  Perola  and  from  cv.  BRS  Pontal  yielded  an  average  of  878%  and  358%  higher,  respectively, 
than  the  conventional  accesses.  The  GM  isolines  have  yield  potential  even  at  conditions  of  high 
incidence  of  B.  tabaci  and  the  CpMMV  if  a  management  program  for  whiteflies  including 
cultural  practices  and  insecticides  is  established. 
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IntroductiomEssential  oil  of  lemongrass,  Cymbopogon  citratus,  possesses  insecticidal  activities 
to  many  insect  pests  along  with  other  physiological  and  behavioral  effects,  These  include 
repellence,  feeding  deterrence  or  growth  inhibition.  Understanding  the  role  of  individual 
constituents  as  well  as  their  interactions  to  the  overall  activity  is  a  prerequisite  to  the  use  of 
essential  oils  as  an  alternative  to  conventional  insecticides. 

MethodsTn  the  present  study,  the  chemical  composition  of  lemongrass  essential  oil  was  analyzed 
by  GC-MS,  and  insecticidal  and  cytotoxic  activities  of  individual  constituents  as  well  as  their 
contributions  to  overall  activity  were  evaluated  against  third  instar  larvae  and  an  ovarian  cell  line 
of  Trichoplusia  ni.  Also,  the  metabolism  of  citral,  the  major  constituent,  was  examined  in 
extracts  of  feces  and  hemolymph.  Effects  of  the  binary  mixture  of  citral  and  d-limonene  were 
examined  with  respect  to  contact  toxicity,  cytotoxicity  and  in  vivo  metabolism. 

Results/Conclusion: Citral  was  solely  responsible  both  in  contact  toxicity  and  cytotoxicity  of 
lemongrass  oil.  Citral  is  metabolized  rapidly  into  its  acid  form  by  the  cabbage  looper,  with  >90% 
conversion  within  10  min  of  topical  application.  The  binary  mixture  of  citral  and  d-limonene 
showed  a  synergistic  interaction  in  contact  toxicity  and  cytotoxicity.  More  unmetabolized  citral 
was  recovered  from  larvae  following  binary  mixture  application,  and  a  different  cytotoxic  mode- 


of-action  was  observed.  This  is  the  first  report  of  citral  metabolism  in  an  insect,  and  mitigating 
metabolism  may  contribute  to  enhanced  efficacy  of  lemongrass  oil-based  botanical  insecticides. 
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Introduction: The  lesser  grain  borer,  Rhyzopertha  dominica,  is  a  primary  pest  of  stored  products. 
It  damages  the  whole  grains  and  induces  secondary  infestation  by  other  pests.  Pesticide 
application  is  the  main  strategy  to  control  R.  dominica. 

Methods: The  insecticide,  spinosad  resistant  strain  was  selected  in  the  laboratory.  The 
susceptibility  of  susceptible  and  resistant  strains  were  with  LC50  values  of  0.14  and  12.0  pg/ml, 
respectively.  The  resistance  ratio  was  about  86  fold.  The  target  of  spinosad,  nicotinic 
acetylcholine  receptor  (nAChR)  subunit  a6  cDNA  of  R.  dominica  ( Rda6)  was  cloned  and 
analyzed  using  reverse  transcription  PCR  and  rapid  amplification  of  cDNA  ends.  The  complete 
2,133  bp  cDNA  contains  the  open  reading  frame  which  is  1,497  bp  encoding  a  498-amino  acid 
protein.  There  were  four  predicted  transmembrane  (TM)  regions,  and  six  extracellular  ligand 
binding  sites  at  the  N-terminus  upstream  the  first  TM  in  Rda6.  There  were  three  mutations 
happened  in  the  resistant  strain  compared  to  the  susceptible  one:  (1)  87  bp  truncated  in  the  TM  2, 
(2)  181  bp  truncated  in  N-terminus  resulted  in  appearance  of  the  premature  stop  codon,  and  (3)  1 
bp  missing  at  the  position  799  in  open  reading  frame  produced  frameshift  mutation.  In  addition, 
real-time  quantitative  PCR  was  applied  to  detect  the  transcriptional  expression  of  Rda6  in 
susceptible  and  resistant  strains. 


Results/Conclusion:The  results  showed  the  expression  of  Rda6  was  significantly  lower  in 
resistant  strain  compared  to  susceptible  one.  In  conclusion,  mutation  and  decreased  expression 
level  of  Rda6  may  cause  R.  dominica  resistant  to  spinosad  because  of  target  site  insensitivity. 
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Abstract  text: 


Introduction: The  annual  bluegrass  weevil  (ABW)  is  a  serious  and  expanding  golf  course  pest. 
Insecticide  resistance  is  a  growing  concern.  To  develop  good  recommendations  to  mitigate  ABW 
resistance  it  is  essential  to  understand  the  degree  and  scope  of  resistance  and  the  resistance 
mechanisms  involved. 

Methods:We  conducted  topical  bioassays  to  determine  resistance  levels  and  cross  resistance 
patterns  to  the  major  insecticide  modes  of  actions  in  adult  ABW.  Three  tested  populations  were 
highly  susceptible.  Six  other  populations  from  golf  courses  had  various  levels  of  pyrethroids 
resistance/tolerance,  with  RR50  ranging  14-343(bifenthrin)  and  8-324  (A-cyhalothrin). 

Results/Conclusion:Pyrethroid  resistant  populations  also  had  elevated  tolerance  to  chlorpyrifos 
(RR50  3.3-15.5),  clothianidin  (RR50  2. 9-9.7),  and  spinosad  (RR50  3.0-5. 1).  Resistance/tolerance 
level  to  bifenthrin  and  chlorpyrifos  remained  relatively  constant  during  our  2-year  study. 
Resistance  level  of  tested  ABW  populations  was  significantly  reduced  in  presence  of  enzyme 
inhibitors:  PBO  and  DEF,  suggesting  that  enzymatic  detoxification  plays  important  role  in  ABW 
resistance  to  pyrethroids.  Greenhouse  experiments  demonstrated  that  larvae  from  pyrethroid- 
resistant  populations  were  also  less  susceptible  to  various  insecticides.  However,  observations 
with  larvae  need  to  be  confirmed.  Thus  far,  the  greatest  reductions  in  efficacy  were  observed  for 
bifenthrin  (around  50%),  followed  closely  by  chlorantraniliprole  and  chlorpyrifos  (around  40%). 
Reductions  in  efficacy  were  also  observed  for  indoxacarb  and  spinosad  (around  20-30%).  No 
significant  reduction  was  observed  for  trichlorfon  (around  20%).  Clothianidin  was  unaffected  but 
only  provided  50%  control  against  both  resistant  and  susceptible  populations. 
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Introduction: In  recent  years  there  has  been  a  growing  concern  about  the  potential  negative 
effects  pesticides  may  have  on  wild  and  managed  bee  species.  Currently,  the  majority  of 
pesticide  risk  assessments  on  bees  have  been  conducted  on  the  European  honey  bee  ( Apis 
mellifera).  However,  it  may  not  be  appropriate  to  use  honeybees  as  a  surrogate  to  estimating  risk 
to  non -Apis  bees  due  to  differences  in  their  physiology  and  life-history,  which  will  likely  result 
in  differences  in  susceptibility  and  exposure.  Due  to  its  prominence  as  a  managed  pollinator  and 
its’  well  understood  biology  the  alfalfa  leafcutting  bee  ( Megachile  rotundata)  may  be  an 
appropriate  surrogate  species  for  estimating  risk  to  other  solitary  bees.  Presently,  data  on  and 
standardized  methods  for  assessing  the  effects  of  pesticides  to  M.  rotundata  are  lacking.  We 
present  our  progress  on  developing  laboratory  and  semi-field  methods  for  assessing  the  toxicity 
of  pesticides  to  M.  rotundata. 

Methods:We  conducted  a  series  of  acute  oral  and  topical  exposure  experiments,  as  well  as  a 
semi-field  cage  trial,  to  develop  simple,  repeatable,  and  scalable  methods  for  the  assessment  of 
pesticide  toxicity  to  immature  and  adult  stages  of  M.  rotundata. 

Results :Results  from  laboratory  and  semi-field  experiments  will  be  discussed. 
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Introduction: The  ectoparasitic  mite,  Varroa  destructor ,  plays  a  prominent  role  in  the  annual 
losses  in  bee  colony  numbers.  The  rational  use  of  acaricides  is  still  the  best  way  to  control 
infestations,  but  their  intensive  use  has  led  to  many  reports  of  resistance.  We  are  investigating 


the  mechanisms  of  resistance  to  synthetic  pyrethroids,  organophosphates  and  amidines  in 
populations  from  Europe  and  the  USA. 

Methods: Analysis  of  sodium  channel  sequences  from  pyrethroid  resistant  samples  collected  in 
Europe  and  the  USA  has  identified  three  different  amino  acid  substitutions  of  leucine  925 
(L925V,  L925I  and  L925M),  which  is  located  in  the  putative  pyrethroid  binding  site.  Our  data 
suggests  that  resistance  has  evolved  independently  in  these  different  locations  since  L925V  is 
present  only  in  European  mites,  while  L925I  and  L925M  are  found  only  in  American  samples. 

Results/Conclusions: A  transcriptomic  approach  has  been  used  to  identify  gene  sequences  for 
acetylcholinesterase  and  the  octopamine  receptor,  known  to  be  the  target  sites  for 
organophosphates  and  amidines  respectively.  We  hope  that  further  analysis  of  resistant  samples 
will  allow  us  to  identify  mutations  that  might  also  confer  resistance  to  these  compounds.Our  aim 
is  to  develop  mechanism-specific  assays  for  resistance  monitoring  that  can  be  used  to  design  a 
resistance  management  strategy  that  maintains  a  more  effective  control  of  this  highly  damaging 
pest. 
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Introductio:The  Colorado  potato  beetle  (CPB)  is  the  most  serious  pest  of  the  plants  in  the  family 
of  Solanaceae  (potato,  tomato,  eggplant).  It  has  developed  resistance  to  many  groups  of 
insecticides  worldwide  and  in  many  regions  of  Greece.  The  objective  of  this  study  was  to 


determine  the  LD50's  (probit  analysis  by  Finey)  of  the  Spinosad  (Laser  480SC)  and  field 
efficacy  of  the  commercial  use  of  it. 

Methods:The  tested  populations  used  in  the  bioassays  were  collected  in  the  summer  of  2015 
from  different  commercial  potato  fields.  The  topical  application  method  was  used,  applying  at 
least  4  different  concentrations  of  technical  grade  spinosad  (DOW  Agrosciences)  in  acetone 
solutions  2pl/insect  to  the  3rdstage  of  larvae  and  on  the  ventral  area  of  the  adults’  abdomen. 

Results/Conclusion:Mortality  was  assessed  3  days  after  treatment.  The  average  LD50’s  were 
0.13  and  0.27pg/insect  respectively  for  larvae  and  adults.  Diagnostic  doses  were  defined  as  the 
ones  that  killed  90  or  95%  of  the  susceptible  individuals  and  were  LD90=1.20pg/adult, 
LD95=2.07|ig/adult  for  beetles  who  were  10  days  old.  No  statistical  differences  were  observed 
among  the  tested  populations.  All  the  populations  were  susceptible  to  spinosad  even  the  resistant 
to  imidacloprid  ones.  No  cross  resistance  was  found  between  spinosad  and  neonicotinoids  in 
Greece. 

In  field  experiments  where  the  effectiveness  of  different  insecticides  was  tested,  the  commercial 
insecticide  Laser  480SC  (spinosad)  at  dose  50cc/ha  gave  excellent  control  almost  100%.  These 
research  findings  confirm  that  spinosad  is  highly  active  against  CPB  larvae  and  adults  and  could 
provide  an  effective  alternative  insecticide  for  potato  integrated  pest  management. 
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Introduction: It  remains  unclear  whether  western  corn  rootworm  ( Diabrotica  virgifera 
v/rg//era)resistance  to  biopesticidal  crops  arises  at  broad  geographic  scales  or  presents  initially  as 


localized  hot  spots.  The  hot  spot  model  of  resistance  evolution  implies  that  spatially-focused 
remediation  efforts  could  be  applied  to  neutralize  the  spread  of  resistance  alleles  to  adjacent 
areas. 

Methods: We  used  three  independently-developed  models  to  explore  three  questions  relating  to 
the  control  of  local  resistance:  the  efficacy  of  available  tools  for  hot  spot  remediation,  the 
dynamical  relationship  between  resistance  evolution  and  population  size,  and  the  potential 
benefits  arising  from  a  strategy  that  uses  pest  pressure  as  a  proxy  for  resistance. 

Results/ConclusiomWe  found  that  IPM  tools,  particularly  crop  rotation,  can  be  effective  when  a 
hot  spot  is  positively  identified.  However,  our  results  also  indicate  that,  for  both  high  and  low 
dose  products,  unexpected  damage  occurs  only  after  resistance  has  evolved  and  begun  to  spread. 
Finally,  using  pest  pressure  or  damage  as  a  proxy  for  resistance  is  generally  neutral  in  its  effect 
on  landscape-wide  rates  of  resistance  evolution.  Collectively,  our  results  indicate  that  local 
remediation  is  possible  but  requires  vigilant  monitoring  of  resistance,  itself.  Our  simulations  also 
suggest  that  hot  spots,  if  they  form,  are  likely  to  initially  encompass  multiple  fields  and  transition 
to  widespread  resistance  within  a  few  years. 
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Approximately  ten  percent  of  insect  species  require  maternally  inherited  intracellular  bacteria  to 
survive  and  reproduce,  generally  because  these  bacterial  mutualists  provide  some  necessary 
nutrient(s)  to  an  insect  surviving  on  a  nutritionally  limited  substrate.  These  intracellular  insect 
symbionts  include  bacteria  with  the  smallest  cellular  genomes  yet  sequenced,  which  have  an 
organelle-like  structural  stability  and  mutation  rate,  attributable  to  their  small  effective 
population  sizes  and  host-limited  lifestyles.  Furthermore,  some  insects  are  reliant  on  more  than 


one  obligate  heritable  symbiont,  and  generally  these  multi-symbiont  systems  show  a  division  of 
labor  in  terms  of  their  nutrient  production.  A  subset  of  mealybugs  (Pseudococcidae)  rely  on  a 
binary  obligate  symbiont  set  where  one  partner,  a  gammaproteobacterium,  is  embedded  in  the 
cytoplasm  of  the  other,  a  betaproteobacterium:  this  is  the  only  known  extant  intracellular 
mutualism  between  two  bacteria,  within  or  outside  of  an  insect  host.  The  genomes  of  both 
bacterial  partners  show  immense  reduction  and  complementarity  in  the  host  where  they  have 
been  best  studied,  Planococcus  citri ;  in  the  mealybug  Pseudococcus  longispinus ,  however,  the 
intrabacterial  partner  is  a  recently  acquired  replacement  related  to  the  widespread  insect 
symbiont  Sodalis.  This  substitution  has  provided  us  with  a  unique  opportunity  to  enhance  our 
understanding  of  the  process  by  which  free-living  bacteria  are  integrated  into  highly  specialized 
symbioses. 
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Introduction:  Many  insects  host  secondary  bacterial  symbionts  that  are  known  to  have  wide- 
ranging  effects  on  their  hosts,  from  host-plant  use  to  resistance  against  natural  enemies.  In 
agriculture,  aphid  symbionts  have  the  potential  to  enable  aphids  to  feed  on  otherwise  unsuitable 
host  plants  and  to  reduce  the  efficiency  of  biological  control  methods.  While  there  is  growing 
appreciation  of  the  role  of  symbionts  in  aphids  we  still  lack  many  field-based  studies. 

Methods:  We  performed  the  first  global  review  of  secondary  symbiont  occurrence  in  aphids 
focusing  on  the  symbionts  Hamiltonella,  Serratia,  Regiella ,  Rickettsia ,  Spiroplasma ,  X-type, 
Arsenophonus  and  Wolbachia.  We  then  used  a  grassland  experimental  system  to  study  the  effect 
of  a  plant  diversity  gradient  on  the  symbiont  community  in  three  aphid  species  ( Aphis  fabae , 
Uroleucon  jaceae  and  Macrosiphum  rosae)  each  feeding  on  their  own  unique  host-plant  species. 

Results/Conclusion:  Our  review  found  that  322  aphid  species  have  been  tested  for  at  least  one 
known  symbiont  and  we  discuss  effects  of  host-plant  species  and  geographic  region.  In  the 


experimental  system  we  found  that  the  symbiont  community  varied  along  the  plant  diversity 
gradient.  At  the  individual  aphid  level,  symbiont  species  richness  decreased  as  the  plant  species 
richness  increased,  whereas  at  the  aphid  population  level  symbiont  species  richness  increased 
with  plant  species  richness.  Aphid  symbiont  communities  have  the  potential  to  be  quite  dynamic 
in  the  field  and  respond  to  a  variety  of  selection  pressures,  and  thus  we  now  need  to  transfer  the 
knowledge  from  laboratory  experiments  to  understand  the  role  of  symbionts  in  the  field. 
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Like  human  societies,  ant  colonies  build  protected  fortresses,  manufacture  weaponry  used  by 
soldiers,  maintain  mutualisms  that  maximize  food  availability  (i.e.,  farm),  and  live  socially  to 
enhance  offspring  survival.  The  concentrated  resources  attract  parasites  that  are  specialized  in 
breaking  through  the  fortifications  of  these  highly  organized  societies.  This  work  encompasses  a 
dynamic  symbiotic  network  that  includes  ant  species,  fungus  garden,  and  bacterial  communities. 
Selective  pressures  from  these  different  organisms  with  shared  or  competing  interests  shape  how 
species  interact  and  evolve.  Megalomyrmex  social  parasites  infiltrate  the  gardens  of  fungus¬ 
growing  ants,  stealing  stored  resources.  Remarkably,  the  most  derived  “guest  ant”  social 
parasites  act  as  mercenary  warriors  (www.megalomyrmex.com/videos)  protecting  their  ant  hosts 
using  a  specialized  venom  weaponry.  Our  work  demonstrates  that  the  alkaloid-based  venom  of 
Megalomyrmex  social  parasites  plays  an  influential  role  in  the  fungus-growing  ant  networks  and 
has  shifted  with  parasite  evolution.  Our  multifaceted  research  approach  integrates  chemical, 
behavioral  and  evolutionary  ecology  that  elucidates  how  societies  are  harmed  as  well  as 
protected. 


Paper  (Oral)  Presentations 


Presentation  Title:  Like  honey  bees,  Mexican  honey  wasps  are  associated  with  unique  bacterial 
species 

Author  Name:  Jo-anne  Holley 
Author  Institution:  University  of  Texas 

Session  Title:  Contributed  Papers:  Frontiers  in  Entomology:  Uses  and  Symbiosis 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1518 
DOI:  10.1603/ICE.2016.1 15704 
Abstract  text: 

Many  insects  rely  on  bacterial  symbionts  to  supplement  nutritional  deficits.  Among  the 
Hymenoptera,  the  microbiota  of  honey  bees  and  bumble  bees  are  distinct,  consisting  of  a  core  set 
bacteria  that  are  vertically  transmitted  among  nestmates.  The  poorly-studied  honey  wasp 
Brachygastra  mellifica  has  idependently  converged  on  a  life  history  similar  to  the  honey  bee.  In 
both  species,  colonies  found  dependently  by  swarming,  live  for  several  years  in  nests  strongly 
defended  by  workers,  and  subsist  primarily  on  honey.  These  shared  diets  and  social  structures 
provide  a  unique  opportunity  to  study  factors  influencing  symbiotic  relationships  between  social 
hosts  and  bacteria.  We  collected  honey  wasp  workers  from  eight  nests,  as  well  as  additional 
vespid  wasps  and  representatives  of.  five  other  families.  The  contents  of  the  digestive  systems 
were  surveyed  with  16S  community  profiling  of  the  V4  region  on  an  Illumina  platform.  Over 
60%  of  bacterial  sequences  recovered  from  individual  honey  wasp  digestive  systems  were 
identified  as  two  species  of  bacteria:  Lactobacillus  and  Bifidobacterium.  These  species  were 
found  in  all  nests  throughout  the  year,  although  the  relative  abundance  of  environmentally 
acquired  bacteria  increased  during  summer.  These  two  bacteria  were  not  observed  in  other  wasp 
species,  and  honey  wasps  were  the  only  species  to  exhibit  consistent  microbial  compositions 
among  individuals.  The  remainder  of  the  wasps  possessed  bacteria  of  diverse  genera  that  varied 
between  individuals,  suggesting  environmental  acquisition.  These  findings  reinforce  the 
hypothesis  that  the  distinct  microbiota  of  honey  bees  is  attributed  to  a  social  organization  that 
facilitates  transmission  of  nutritional  symbionts  to  nestmates. 


Paper  (Oral)  Presentations 

Presentation  Title:  The  effect  of  fertilization  type  on  trophic  interaction  networks  and  pest 
control  in  cereal  fields 


Author  Name:  Daniela  Sint 


Author  Institution:  University  of  Innsbruck 

Session  Title:  Contributed  Papers:  Frontiers  in  Entomology:  Uses  and  Symbiosis 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1519 
DOI:  10.1603/ICE.2016.1 12515 
Abstract  text: 

It  has  been  shown  in  mesocosms  that  fertilization  does  not  only  influence  plants,  but  that 
fertilization-induced  bottom-up  effects  can  be  tracked  up  to  three  trophic  levels.  Nevertheless, 
whether  these  effects  hold  true  for  field  conditions  or  differ  between  organic  and  anorganic 
fertilization  has  not  yet  been  studied.  Here  we  present  first  results  from  a  two  years  field 
experiment  in  cereal  crops  where  trophic  interaction  networks,  measured  with  molecular 
methods,  were  compared  between  different  fertilization  types  at  aphid  invasion  and  aphid  peak 
density.  While  the  detection  frequencies  for  non-pest  prey  (collembolans,  earthworms)  and 
cereal  leaf  beetles  decreased  from  the  first  to  the  second  sampling  date,  consumption  of  cereal 
aphids  increased.  These  shifts  were  also  seen  in  network  structure,  where,  interactions  between 
predator  and  non-pest  prey  became  less  general  ( d ’)  whereas  interactions  between  aphids  and 
predators  became  more  general,  indicating  that  the  diversity  of  predators  consuming  aphids 
increased  as  aphids  reached  high  densities.  In  addition,  fertilization  type  affected  network 
structure,  especially  early  in  the  season,  when  the  potential  of  natural  enemies  to  control  pest 
outbreaks  is  greatest.  In  organically  fertilized  treatments  specialization  on  aphids  (d')  as  well  as 
network  specialisation  ( H2  ’)  was  more  general  compared  to  anorganic  or  unfertilized  treatments. 
This  diversification  of  both  the  overall  prey  spectrum  of  predators,  and  the  predators  consuming 
aphids,  is  likely  to  enhance  aphid  control  in  organic  fields.  These  findings,  together  with  other 
pathways  in  which  organic  fertilizers  are  known  to  hamper  pest  development,  has  important 
implications  for  biological  pest  control. 
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This  paper  will  discuss  the  role,  structural  organization  and  effectiveness  of  the  Texas  A&M 
AgriLife  Extension  Service  IPM  Program.  It  will  examine  the  changing  nature  of  pests, 
integrated  pest  management  and  methods  of  educational  outreach  in  Texas  and  beyond.  Finally  it 
will  investigate  the  relevance  of  programs  of  this  kind  in  the  future. 
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Introduction:  Re-introducing  beneficial  traits  from  crop  wild  relatives  (CWRs)  to  their  modern 
descendants  is  seen  as  an  increasingly  important  breeding  strategy  for  sustainable  agriculture. 
While  herbivore  and  disease  resistance  are  common  targets  in  studies  of  CWRs,  little  attention 
has  been  paid  to  traits  of  relevance  to  pollination;  despite  its  strong  modulation  of  yield  in  many 
pollinator-dependant  crops. 

Methods:  We  report  on  quantitative  genetic  analyses  of  herbivore  resistance  and  pollination¬ 
relevant  traits  from  a  common  garden  trial  of  wild  strawberry  ( Fragaria  vesca );  a  horticultural 
crop  cultivated  for  its  small  but  attractive  flavoursome  berries. 

Results:  We  detected  large  genetically -based  variation  in  resistance  against  foliar  and  floral 
damage  by  the  strawberry  leaf  beetle  ( Galerucella  tenella)  -  with  many  wild  genotypes 
exhibiting  superior  performance  in  comparison  to  a  common  cultivated  variety.  Critically, 
resistance  was  linked  to  pollination  success,  with  improved  yield  in  plants  receiving  less  damage. 
Taken  in  conjunction  with  moderate-to-high  heritability  values  and  minimal  genetic  trade-offs 
observed  for  these  and  other  agronomically  important  traits  (such  as  frost  tolerance  by  early- 
blooming  flowers)  -  these  findings  reveal  the  significant  breeding  value  of  wild  germplasm. 

Conclusion:  We  propose  that  CWRs  hold  strong  promise  and  deserve  greater  attention  as  genetic 
resources  for  crop  pollination,  and  that  increased  utilization  of  evolutionary  principles  and 
concepts  (such  as  diffuse  plant-herbivore-pollinator  interactions)  could  and  should  better  inform 
the  crop  improvement  process. 
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Simplified  agroecosystems  have  depleted  habitats  for  beneficial  insects  throughout  the  Midwest 
and  Northern  Great  Plains  of  the  U.S.  Beneficial  insects  include  pollinators  and  natural  enemies 
of  crop  pests,  and  both  rely  heavily  on  floral  resources  and  habitat  diversity  to  maintain  healthy 
populations.  Flower-rich  and  pollinator-friendly  oilseed  crops  afford  an  opportunity  to  augment 
current  crop  rotations,  allowing  for  a  potential  benefit  to  both  producers  and  the  beneficial  insect 
community.  Our  study  objectives  were  to  determine  insect  visitation  and  floral  resource 
production  in  specialty  oilseeds.  Nectar  and  pollen  is  composed  of  many  important 
macromolecules  and  minerals,  with  protein  being  particularly  valuable  for  pollinators.  Pollen 
grains  and  nectar  sugar  secretion  per  flower  declined  as  the  oilseed  crops  completed  flowering, 
coinciding  with  a  decrease  in  flower  density.  Insect  visitation  was  variable  throughout  the 
season,  but  crops  such  as  calendula,  which  are  known  to  produce  little  nectar,  were  visited  quite 
heavily,  suggesting  pollen  from  this  crop  may  be  particularly  attractive  to  certain  pollinator 
groups.  Pollen  is  a  particularly  important  resource  for  bees,  as  it  is  used  to  provision  brood  cells 
in  solitary  species  and  for  provisioning  nurse  bees  which  feed  honey  bee  colonies.  Nesting  site 
availability  is  also  important  to  consider  for  unmanaged  pollinators  such  as  colony  forming 
bumble  bees  and  solitary  species  included  in  the  families  Andrenidae,  Halictidae,  Megachildae, 
and  Colletidae.  Adding  specialty  oilseed  crops  into  current  crop  rotations  will  provide  rich  forage 
sources  to  pollinating  insects,  and  when  combined  with  ample  nesting  locations,  will  aid  in 
overall  efforts  to  promote  pollinator  health. 
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UV-absorbing  materials  are  among  the  technologies  implemented  in  the  last  decades  as  a 
measure  to  manipulate  the  environment  in  greenhouse  crops.  The  use  of  UV-absorbing  nets  or 
screens  woven  at  20x10  threads/cm  limit  the  transmission  of  light  (i.e.  UV  radiation  reduced  to 
20-30%)  but  also  influence  other  parameters  such  as  the  maximum  temperature  or  PAR.  We 


examined  to  what  extent  these  modifications  in  the  environment  influenced  the  performance  of 
several  species  at  different  trophic  levels.  First,  the  fresh  weight  of  lettuce  plants  was  reduced 
under  UV-absorbing  nets,  although  this  did  not  affect  their  marketability.  Likewise,  the 
population  growth  of  the  herbivore  Macrosiphum  euphorbiae  (Thomas)  was  delayed  under  UV- 
absorbing  nets,  which  was  accompanied  by  a  reduction  in  dispersal.  Both,  direct  effects  of  the 
lack  of  UV-radiation  on  the  insect  and  indirect  effects  mediated  by  the  quality  of  the  plants 
grown  in  such  conditions  could  account  for  the  observed  effects.  In  addition,  the  secondary 
spread  of  non-persistent  plant  viruses,  which  is  linked  to  the  dispersal  behavior  of  the  vector,  was 
either  not  altered  or  reduced  under  UV-absorbing  nets.  In  contrast,  no  negative  effects  were 
observed  on  the  third  trophic  level,  as  measured  by  the  ability  of  Aphidius  ervi  to  disperse  and 
parasitize  aphids  provided  that  the  right  timing  and  density  of  mummies  were  applied  to  the  crop. 
In  summary,  our  experiments  indicate  that  the  use  of  UV-absorbing  screens  is  a  suitable  tool  to 
be  included  in  the  management  of  aphids  and  related  diseases  in  lettuce  crops  grown  in 
greenhouses. 
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The  derelict  ecosystems  are  different  from  the  degraded  habitats  due  to  mining.  Mining  generates 
habitats  with  no  community  and  no  ecological  resilience.  In  our  study  of  the  reclaimed  mine 
spoil  (RMS)  chronosequences  (5  to  50  years  old),  and  a  natural  forest  (control),  we  observed  that 
the  soil  arthropod  population,  density  and  Shannon  diversity  index  is  lower  (2. 7). It  is  lower  in 
younger  chrono sequence  than  in  older  RMS  where  the  diversity  index  goes  to  2.9.  The  soil 
arthropods  (micro  arthropods)  are  regulators  of  decomposition  and  accelerated  nutrient  release  as 
the  soil  organic  carbon  (SOC)  is  in  higher  per  cent  in  young  RMS  (3.04%)  than  in  older  RMS 
(1.3%).  The  negative  correlation  between  diversity  index  and  nitrogen  content  of  the  soil  and  pH 
supports  the  view  that  resilience  is  operative  as  the  RMS  is  older.  Based  on  the  observations,  a 
model  was  developed  to  explain  the  process  of  community  development  and  establishment  in  the 


RMS.  The  homeostatic  processes  of  the  RMS  prevent  secondary  succession  but  the  resilience 
and  the  anthropogenic  activities  push  the  system  into  dynamic  non-equilibrium,  which  is  critical 
for  ecesis  and  succession. 
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Anhydrobiosis  represents  an  extreme  example  of  tolerance  adaptation  to  water  loss,  where  an 
organism  can  survive  in  an  ametabolic  state  until  water  returns.  The  sleeping  chironomid, 
Polypedilum  vanderplanki ,  is  the  only  insect  known  to  be  capable  of  anhydrobiosis.  Trehalose, 
which  accumulates  in  the  larvae  up  to  20%  of  the  dry  body  mass,  is  thought  to  replace  the  water 
in  its  tissues.  Similarly,  highly  hydrophilic  proteins  called  the  late  embryogenesis  abundant 
(LEA)  proteins  are  expressed  in  huge  quantities  and  act  as  a  molecular  shield  to  protect 
biological  molecules  against  aggregation  and  denaturation.  Trehalose  together  with  LEA  proteins 
forms  a  glassy  matrix,  which  protects  the  biological  molecules  and  the  structural  integrity  of 
larvae  in  the  anhydrobiotic  state.  Recently  the  draft  genome  analysis  of  this  insect  has  been 
accomplished.  We  determine  that  the  genome  of  the  sleeping  chironomid  specifically  contains 
clusters  of  multi-copy  genes  with  products  that  act  as  desiccation  protectants.  In  this 
presentation,  molecular  mechanisms  underlying  the  anhydrobiosis  in  P.  vanderplanki  will  be 
discussed. 
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Introduction.  Genetic  variation  and  rapid  evolution  can  shape  the  species  interactions,  which  may 
in  turn  influence  community  dynamics.  However,  an  interplay  between  dynamics  of  rapid 
evolution  and  ecological  communities  in  the  field  has  been  poorly  understood.  Furthermore, 
most  of  studies  have  only  dealt  with  evolution  of  clonally  reproducing  organisms  without  regard 
to  a  sexual  reproduction  process.  In  this  study,  we  conducted  a  field  experiment  testing  the 
effects  of  genetic  variation  in  willow  leaf  beetle  ( Plagiodera  versirocolora)  on  ecological 
dynamics  of  interacting  arthropod  communities,  and  the  feedback  to  rapid  evolution  in  the  leaf 
beetle.  We  focus  on  evolution  of  a  host  use  trait,  which  is  generally  ciritical  for  pest 
management. 


Methods.  We  first  performed  a  RAD  sequencing  and  genome-wide  association  study  to  construct 
markers  for  tracking  rapid  evolution  in  focal  traits  of  a  non-mdoel  organsism.  Next,  we 
conducted  a  large  mesocosm  experiment  in  a  forest  ecosystem,  inoculating  leaf  beetle 
populations.  These  beetles  have  a  genetic  variation  in  a  host  use  trait:  a  gourmet-type  and  no¬ 
preference  (no-pref)  type.  The  gourmet-type  exclusively  feeds  on  new  leaves  of  willows,  while 
the  no-pref  type  displays  non-preferential  feeding  for  leaf-age  types.  We  initially  manipulated 
leaf  beetle  populations  in  inoculation  as  follows:  1)  single  gourment-type,  2)  single  no-pref  type, 
and  3)  mixed  treatment. 

Results/Conclusion.  Initial  beetle  treatment  significantly  influenced  subsequent  community 
dynamics  of  arthropods  on  a  whole  tree  crown.  And  then  we  detected  rapid  evolution  of  the  host 
use  trait  of  the  leaf  beetle  in  response  to  divergence  of  arthropod  community  structure. 
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The  melon  fruit  fly  Bactrocera  cucurbitae  (Coquillett),  is  a  destructive  agricultural  pest  and  is 
the  subject  of  strict  quarantines  that  are  enforced  to  prevent  its  establishment  outside  of  its 
current  geographic  range.  In  addition  to  quarantine  efforts,  additional  control  measures  are 
necessary  for  its  eradication  in  the  case  of  invasion  to  agriculturally  rich  areas.  The  sterile  insect 
technique  (SIT)  has  been  effective  in  the  control  of  medfly  ( Ceratitis  capitata ),  and  is  part  of  a 
management  strategy  that  regulatory  agencies  would  like  to  expand  to  other  important  pests.  A 
requirement  of  SIT  is  the  availability  of  a  genetic  sexing  strain  (GSS)  which  enables  the 
automation  of  sorting  males  from  females  so  that  only  sterile  males  are  released.  There  exists  a 
GSS  for  B.  cucurbitae  in  which  pupal  color  is  sexually  dimorphic  where  females  have  a  white 
pupal  case  and  males  have  a  wild  type  brown  pupal  case,  but  its  genetic  basis  is  largely 
unknown.  Using  several  mapping  populations  and  SNP  genotypes  obtained  from  ddRAD 
sequencing,  five  chromosome-scale  linkage  groups  were  identified  and  wp  was  mapped  to  a  few 
tightly  linked  loci  found  on  one  8kb  scaffold.  The  locus  with  the  highest  LOD  score  was 
validated  and  showed  consistency  between  genotype  and  phenotype.  This  allows  for  the  genetic 
discrimination  between  SIT  and  wild  flies  and  for  the  comparison  of  wp  in  melon  fly  with  wp  in 
other  tephritids  of  economic  interest. 
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In  most  eusocial  Hymenoptera,  the  female  brood  is  totipotent  and  environmental  factors 
determine  whether  a  diploid  egg  will  develop  into  a  reproductive  queen  or  a  functionally  sterile 
worker.  Some  species  of  Cataglyphis  desert  ants  have  evolved  an  unusual  reproductive  system 
where  the  female  caste  is  genetically  determined.  In  all  populations,  two  divergent  genetic 
lineages  co-occur  as  a  complementary  pair.  Queens  typically  mate  with  a  male  of  the  alternative 
lineage  and  use  its  sperm  to  produce  F 1  hybrid  workers.  By  contrast,  new  reproductive 
individuals  (males  and  new  queens)  are  produced  asexually  by  parthenogenesis.  As  a 
consequence,  the  two  lineages  are  maintained  genetically  distinct  over  generations.  This 
reproductive  system  results  from  genetic  determination  of  the  caste  fate:  hybrid  eggs  develop 
into  workers,  whereas  pure-lineage  eggs  develop  into  new  reproductive  individuals. 

Our  research  aims  to  unravel  the  mystery  of  this  peculiar  reproductive  strategy.  I  will  review  our 
recent  findings  from  rearing  experiments,  population  genetics,  phylogeography  and  comparative 
genomics. 
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Parasitoid  wasps  have  been  extensively  used  in  biological  control  programs  as  they  commonly 
seem  to  be  specialists.  However,  parasitoids  exhibit  a  great  variation  in  their  ability  to  parasitize 
a  natal  host  compared  to  a  non-natal  host.  This  is  the  case  of  Aphidius  ervi,  introduced  in  Chile 
for  controlling  the  grain  aphid  Sitobion  avenae,  where  it  also  regularly  parasitizes  the  pea  aphid 


Acyrthosiphon  pisum.  The  lack  of  genetic  differentiation  among  natural  populations  of  A.  ervi  in 
Chile  opens  a  number  of  questions  regarding  mechanisms  underlying  the  high  plasticity 
displayed  by  this  parasitoid  in  host  preference  traits.  To  determine  the  genetic  mechanisms 
involved  in  responses  to  cues  emitted  by  the  aphid-plant  complex,  we  sequenced  both  the 
genome  and  transcriptome  of  A.  ervi.  Highly  inbred  strains  of  parasitoids  were  established  from 
single  couples  sampled  in  S.  avenae  (SA  strain)  and  A.  pisum  (AP  strain),  reared  for  over  75 
generations  on  the  same  aphid  species.  Genomic  libraries  from  whole  body  males  of  each  strain 
were  sequenced,  yielding  45Gbp  of  reads  (224,706  contigs,  N50  394kb,  163Mbp). 
Transcriptomic  libraries  were  separately  prepared  from  female  heads  and  bodies  of  each  strain 
and  sequenced,  yielding  additionally  43Gbp  assembled  in  a  reference  transcriptome  of  135,676 
transcripts  annotated  using  BlastX/NR  database  (33,448  Blast  hits).  This  reference  transcriptome 
was  used  to  study  differentially  expressed  transcripts  between  SA  and  AP  strains  (bodies 
N=4,712;  heads  N=8,827).  These  data  are  being  used  to  find,  describe  and  validate  genes  and 
molecular  mechanisms  putatively  involved  in  phenotypic  plasticity  of  host  selection  and 
preference  in  A.  ervi. 
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The  green  peach  aphid  (GPA)  Myzus persicae  is  a  major  worldwide  agricultural  pest.  Unlike  the 
majority  of  plant  feeding  insects,  which  tend  to  specialise  on  a  single  plant  species  or  family, 
GPA  is  able  to  colonise  over  100  plant  species  from  a  diverse  range  of  families.  Coupled  with  its 
ability  to  reproduce  asexually  and  widespread  insecticide  resistance,  this  makes  GPA  a  highly 
effective  plant  pest.  We  conducted  RNAseq  experiments  of  GPA  on  diverse  plant  species  and 
identified  genes  that  are  differentially  expressed  (DE)  upon  GPA  host  change.  We  found  that  DE 
genes  of  GPA  often  lie  together  within  multi-gene  clusters  belonging  to  specific  clades  of  larger 
gene  families.  DE  genes  of  some  families  were  found  to  be  unidirectionally  upregulated 
depending  on  the  plant  species.  We  used  RNA  interference  (RNAi)  to  knock-down  expression  of 
several  DE  members  of  one  gene  family,  and  show  this  to  reduced  GPA  reproduction  in  a  host- 
species  specific  manner.  Together  these  results  demonstrate  that  GPA  gene  families  are  co¬ 
regulated  upon  GPA  host  change  and  that  these  genes  have  an  essential  role  in  GPA  ability  to 
colonise  the  new  plant  hosts. 
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When  incipient  species  meet  in  secondary  contact,  natural  selection  can  rapidly  reduce  costly 
reproductive  interactions  by  directly  targeting  reproductive  traits.  This  process,  called 
reproductive  character  displacement  (RCD),  leaves  a  characteristic  pattern  of  geographic 
variation  where,  divergence  of  traits  between  species  is  greater  in  sympatry  than  allopatry. 
However,  other  forces  can  also  cause  similar  patterns,  therefore,  care  must  be  given  in  separating 
pattern  from  process.  Here  we  show  how  the  phylo-comparative  method  together  with  genomic 
data  can  be  useful  for  evaluating  evolutionary  processes  behind  observed  patterns.  Using  this 
framework  we  search  for  evidence  concerning  RCD  in  cricket  species  endemic  to  Anatolian 
mountains  by  evaluating  both  divergence  patterns  and  the  role  of  selection  therein.  Our  results 
show  differing  patterns  of  character  displacement  between  species  for  reproductive  vs  non- 
reproductive  characters  and  strong  patterns  of  asymmetric  divergence.  We  demonstrate  that 
diversification  results  from  rapid  divergence  of  reproductive  traits  towards  multiple  optima  under 
the  dual  influence  of  strong  drift  and  selection,  presenting  the  first  solid  evidence  for  RCD  in 
shaping  divergence  within  Anatolian  mountains.  These  results  provide  important  information  for 
bridging  the  gap  between  patterns  and  processes  underling  species  diversification  and  for 
showing  the  usefulness  of  the  phylo-comparative  method  for  quantifying  evolutionary 
hypothesis. 
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Inquiline  social  parasites  infiltrate  and  exploit  host  colonies  to  rear  their  brood.  These  parasites 
are  often  their  hosts’  closest  phylogenetic  relative  (Emery’s  rule).  Recent  studies  have  repeatedly 


suggested  that  parasites  are  likely  to  have  evolved  reproductive  isolation  from  their  hosts  in 
sympatry.  The  intra-specific  hypothesis  of  social  parasite  evolution  postulates  that  parasites  arise 
from  cheating  or  parasitically  behaving  queens  in  polygynous  host  species.  Thus,  polygyny  is 
expected  to  be  the  ancestral  state  of  hosts  of  social  parasites.  Here,  we  investigate  the  mating 
systems  and  genetic  diversity  of  two  free-living  leaf-cutting  ant  species,  Acromyrmex  lundii  and 
A.  heyeri,  and  their  respective  obligate  social  parasites,  A.  charruanus  and  Pseudoatta  argentina. 
Approximately  20%  of  the  sampled  A.  lundii  colonies  were  facultatively  polygynous  with  at  least 
two  reproductively  active  queens,  whereas  all  sampled  A.  heyeri  colonies  were  functionally 
polygynous.  In  addition,  both  social  parasite  species  had  extremely  low  genetic  diversity  across 
the  20  investigated  microsatellite  loci.  In  conclusion,  the  genetic  structure  of  sampled  colonies 
suggest  functional  polygyny  in  two  host  species  of  leaf-cutting  ant  social  parasites,  which  is 
consistent  with  predictions  made  by  the  intra-specific  hypothesis  of  social  parasite  evolution  in 
ants. 
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The  stink  bugs  (Pentatomidae)  harlequin  bug  (. Murgantia  histrionica ),  brown  marmorated  stink 
bug  ( Halyomorpha  halys ),  and  southern  green  stink  bug  ( Nezara  viridula)  are  significant 
agricultural  pests  both  in  the  United  States  and  globally.  The  aggregation  pheromones  produced 
by  these  insects  are  known  to  be  bisabolene-type  sesquiterpenoids;  however,  the  biosynthetic 
pathway  is  unknown.  Here,  we  provide  evidence  that  Pentatomidae  produce  sesquiterpene 
aggregation  pheromones  de  novo.  We  have  cloned  and  expressed  genes  from  harlequin  bug, 
brown  marmorated  stink  bug  and  southern  green  stink  bug  whose  encoded  enzymes  are  similar 
to  other  insect  farnesyl  diphosphate  synthases  but  form  a  distinct  clade  based  on  sequence 
similarity.  When  assayed  in  vitro  these  enzymes  produced  little  FPP  and  primarily  produced 
sesquiterpene  pheromone  precursors.  This  research  suggests  a  evolutionary  event  in  which  a 


farnesyl  diphosphate  synthase  gained  the  additional  function  of  sesquiterpene  synthase  while 
reducing  prenyltransferase  activity.  This  research  provides  valuable  insight  into  Pentatomid 
terpene  biosynthesis  and  provides  genetic  tools  that  could  be  used  to  metabolically  engineer 
pentatomid  pheromones  in  plant  production  platforms  as  a  cost  effective  alternative  to  chemical 
synthesis  and/or  for  the  development  of  “enhanced  trap  crops”  by  combining  the  emission  of 
host  plant  volatiles  with  pest-specific  pheromones. 
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Bracoviruses  are  symbionts  of  braconid  wasps  that  serve  a  critical  role  in  wasp  development  by 
interrupting  the  immune  responses  and  physiology  of  parasitized  lepidopteran  hosts.  They 
produce  particles  that  are  injected  during  oviposition  and  expressed  in  host  tissues.  Bracoviruses 
are  integrated  within  the  wasp  genome  and  transmitted  vertically.  This  is  the  first  study  to 
examine  differential  bracovirus  gene  expression  by  a  wasp  species  that  utilizes  different 
sympatric  hosts  adapted  to  specific  plant  families.  Expression  of  C.  congregata  bracovirus 
(CcBV)  genes  in  Manduca  sexta  was  compared  among  four  sphinghid  host-foodplant  complex 
(HPC)  sources  of  C.  congregata ,  (M  sexta  on  tobacco  (“MsT”),  Ceratomia  catalpae  on  catalpa 
(“CcC”),  Eumorpha  pandorus  on  grape/Virginia  creeper  (“EpV”),  and  Sphinx  kalmiae  on  privet 
(“SkP”),  and  among  and  between  reciprocal  hybrids  with  MsT  or  CcC  wasps.  Also,  we 
examined  CcBV  gene  expression  with  respect  to  the  presence  or  absence  of  nicotine  in  the  diet 
of  M.  sexta.  RNAs  were  extracted  from  parasitized  larvae  of  M.  sexta ,  reverse  transcribed,  and 
used  in  quantitative  RT-PCR  assays  for  in  vivo  expression  of  several  CcBV  genes.  Relative  in 
vivo  expression  of  these  genes  varied  independently  among  the  four  HPC  sources;  a  few  were 
not  expressed  in  caterpillars  parasitized  by  CcC  wasps.  CcBV  gene  expression  varied 
independently  and  asymmetrically  between  the  five  reciprocal  hybrid  crosses;  a  few  genes  were 


not  expressed  in  three  of  the  hybrid  crosses.  CcBV  genes  were  more  highly  expressed  in  hosts 
fed  on  nicotine  vs.  control  diet.  Underlying  mechanisms  to  explain  these  results  are  under 
investigation. 
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Ecological  immunology  studies  immune  defenses  and  the  strategies  of  using  them  in  the  context 
of  challenges  set  by  the  environment  of  organisms  This  research  agenda  has  had  its  successes 
and  failures,  which  will  be  illustrated  here,  including  examples  from  our  studies.  Against  the 
background  of  this  experience,  it  is  asked:  what  have  we  learned  over  the  years,  is  this  approach 
useful,  and  does  it  capture  essential  elements  of  the  problem?  Further,  what  kind  of  studies 
should  we  do,  and  what  questions  would  be  pertinent?  The  aim  is  to  synthesize  these  issues  in  a 
useful  framework  and  to  generate  a  critical  check-up  for  the  field. 
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Gut  bacteria  play  an  important  role  in  mosquito  biology.  We  recently  established  methods  for 
producing  bacteria-free  mosquitoes  and  showed  that  axenic  Aedes  aegypti  L.  first  instar  larvae 
die  after  5  days  without  molting.  We  also  determined  that  several  bacterial  community  members 
and  one  non-community  member  ( Escherichia  coli )  successfully  colonize  the  gut  of  axenic 
larvae  and  rescue  development.  Here  we  compared  the  midguts  of  Ae.  aegypti  conventional, 
gnotobiotic  and  axenic  larvae.  Results  showed  that  the  microbiota  affects  larval  gut  morphology 
by  impacting  epithelial  renewal  rate,  tissue  architecture  and  cell  composition.  Bacteria  also 
affected  nutrient  absorption  and  metabolism.  Overall,  these  findings  provide  new  insights  into 
how  the  microbiota  affects  the  mosquito  gut  and  nutrient  acquisition. 
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Ink  injections  increase  numbers  of  circulating  hemocytes  in  last  instar  Galleria  mellonella  L. 
larvae.  The  growth  of  plasmatocyte  numbers  in  response  to  ink  is  gradual  and  mediated  by  the 
retrocerebral  complex  and  hematopoietic  organs,  whereas  the  ink-induced  response  of  hemocytes 
other  than  plasmatocytes  is  rapid  and  independent  of  the  retrocerebral  complex  or  hematopoietic 
organs.  Neem  essential  oil  abolished  the  stimulatory  effect  of  ink  on  plasmatocyte  counts,  but 
azadirachtin  did  not  reduce  plasmatocyte  counts  in  ink-challenged  larvae.  Neither  neem  essential 
oil,  nor  azadirachtin,  had  effects  on  numbers  of  circulating  hemocytes  other  than  plasmatocytes 
in  ink-challenged  larvae.  Experiments  with  larvae  ligated  behind  the  head  or  thorax  challenged 


with  ink,  and  then  injected  with  various  doses  of  20-OH  ecdysone  suggest  that  this  hormone  does 
not  play  any  role  in  hemocyte  mobilization  as  a  response  to  ink. 

We  hypothesize  that  ink  injections  elevate  plasmatocyte  counts  by  reprogramming  the 
retrocerebral  complex,  which  likely  produces  a  substance  that  stimulates  the  hematopoietic 
organs  to  produce  plasmatocytes.  The  stimulation  of  mitotic  divisions  by  ink  injection  is 
probably  responsible  for  increasing  counts  of  hemocytes  other  than  plasmatocytes.  Whether  ink 
stimulates  postulated  mitotic  divisions  directly  or  indirectly  is  currently  unclear.  We  also  believe 
that  neem  oil  contains  a  chemical  other  than  azadirachtin  that  lowers  plasmatocyte  numbers. 
Whether  this  postulated  chemical  acts  via  the  retrocerebral  complex  or  directly  on  hemopoietic 
organs  is  being  studied.  Encapsulation  of  nylon  implants  is  moderately  inhibited  by  neem  oil,  but 
it  seems  that  plasmatocytes  play  only  a  marginal  role  in  this  process. 
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Food  quality,  availability,  composition,  as  well  as  food  choice,  can  affect  insect’s  life-history 
traits  positively  or  negatively.  For  example,  secondary  metabolites  from  possibly  toxic  plants  can 
increase  the  insect’s  success  to  fight  an  infection.  This  behavior  is  known  as  self-medication. 
Most  of  the  studies  so  far  have  focused  on  the  short-term  effect  of  a  single  diet  after  infection, 
rather  than  looking  at  the  mixed  food  in  the  long  term.  Also,  even  if  the  consumption  of  a 
harmful  substance  is  increasing  the  probability  to  survive  an  infection,  the  question  remains  how 
is  this  affecting  the  long-term  fitness  of  the  insect? 

To  test  this  we  used  larvae  of  the  polyphagous  Wood  tiger  moth,  Parasemia  plantaginis  F.,  fed 
them  with  two  different  food  plants  ( Plantago  major  L.  -toxic  and  Taraxacum  sect,  ruderalia  - 
nutrient  rich)  and  infected  them  with  a  bacterial  pathogen,  Serratia  marcescens.  We  found  that  a 
combination  of  both  plants  provides  the  highest  medication  effect  and  guarantees  a  normal  larval 


development,  but  only  if  plants  are  consumed  in  particular  order.  Additionally,  we  monitored 
their  food  choice  behavior  to  examine  possible  self-medication  ability.  The  larvae  chose  a  mixed 
diet  with  a  higher  ratio  of  the  food  plant  they  experienced  first  after  hatching  from  the  eggs. 
Furthermore  our  results  show  evidence  for  self-medicating  behavior  but  especially  high  approval 
of  beneficial  mixed  diet  effect  on  fitness,  development  and  immunocompetence  of  polyphagous 
larvae.  Additionally  transcriptome  analysis  of  gut  tissue  will  identify  the  involved  genes  of 
feeding  on  different  diets  as  well  as  response  to  bacterial  infection. 
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Leaf  cutting  ants  from  the  genus  Atta  (Formicidae:  Myrmicinae:  Attini)  live  in  large  groups, 
often  dealing  with  pathogen  spread  and  resistance.  Atta  species  use  antimicrobial  secretions 
produced  in  the  metapleural  glands  to  suppress  disease  proliferation,  thus  protecting  individuals 
and  their  symbiotic  fungi  from  specific  pathogens. 

We  studied  the  cost  of  this  antimicrobial  secretion  use  by  i)  detecting  and  quantifying  phenyl 
acetic  acid  (the  most  abundant  compound  in  Atta  metapleural  glands  and  exclusive  to  the  genus) 
deployed  by  three  species  of  Atta  (A.  cephalotes  L. ,  A.  colombica  Guerin-Meneville.  and  A. 
sexdens  L.)  with  different  metapleural  secretion  chemical  profiles  when  exposed  to  the 
entomopathogenic  fungi  Metarhizium  sp.  And  ii)  quantifying  the  melanization  response  (innate 
immune  system  defensive  strategy)  by  implanting  a  piece  of  nylon  in  the  body  of  A.  cephalotes 
L.  workers  after  exposure  to  different  levels  of  Metarhizium  sp.  conidia  and  then  measuring  the 
grayscale  values  of  pictures  of  the  nylon. 

Expected  results  suggest  less  phenylacetic  acid  in  species  with  a  more  heterogenic  metapleural 
chemical  secretion  profile.  Preliminary  results  have  shown  an  inversely  proportional  relationship 


between  the  melanization  response  and  the  number  of  Metarhizium  sp.  conidia  exposure. 
Understanding  the  metabolic  cost  of  antimicrobial  use  could  offer  an  idea  of  how  pathogens 
become  resistant  in  big  insect  societies. 
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The  red  imported  fire  ant  Solenopsis  invicta  Buren.  was  used  as  a  model  system  to  investigate 
tradeoffs  between  caste  social  form  and  immune  investment  (phenol  oxidase).  Monogyne 
colonies  of  S.  invicta  were  found  to  invest  significantly  more  in  the  total  phenoloxidase 
immunity  of  major  workers  when  compared  to  polygyne  colonies.  Additionally  disease 
frequencies  were  found  to  be  significantly  higher  in  areas  with  a  high  proportion  of  polygyne 
identity. 

The  role  of  phenoloxidase  was  investigated  as  to  whether  or  not  variation  in  immune  investment 
had  any  correlation  with  the  success  or  timing  of  Pseudacteon  parasitoid  development.  The 
impact  of  unsuccessful  Pseudacteon  oviposition/development  on  the  longevity  of  potential  hosts 
was  also  investigated  along  with  how  the  parasitoid  and  hosts  microbiomes  interact  including  the 
possibility  of  horizontal  disease  transmission  during  oviposition  attempts. 
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Introduction:  A  major  gap  in  our  undestanding  of  insect  immunity  is  the  role  of  hemocyes 
(immune  cells)  in  the  innate  immune  system.  The  ratio  of  functional  types,  their  lineage 
relationships  and  precisely  where  they  come  from  and  where  they  go  once  they  have  completed  a 
task  still  remains  largely  unknown  for  the  majority  of  insect  taxa.  Understanding  is  limited 
probably  because  the  open  hemocoel  makes  it  difficult  to  follow  cell  types  during  the  temporal 
dynamics  of  an  infection. 

Methods:  Bedbugs  ( Cimex  lectularius  Latreille)  provide  a  unique  opportunity  to  examine  this 
tissue  due  to  the  fact  that  they  have  a  partially  enclosed  cellular  immune  system. 

Results/Conclusion:  I  will  present  results  from  empirical  studies  of  hemocyte  functional  types 
that  have  used  analytical  flow  cytometric  and  microscopic  techniques  to  address  hemocyte 
function  and  management  in  bedbugs. 
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In  polyphagous  parasitoid  species,  the  ability  to  successfully  parasitize  hosts  may  vary  between 
host  species  and  depending  on  community  context,  potentially  causing  population  divergence 
and  speciation.  Causes  for  host  race  formation  and  speciation  are  however  poorly  understood  in 
parasitoid  species  and  deserves  further  attention.  In  a  system  with  a  eulophid  parasitoid 
( Asecodes  parviclava  Thomson)  and  three  leaf  beetle  species  ( Galerucella  sp),  we  have  found 
that  hosts  vary  in  their  ability  to  encapsulate  parasitoid  eggs  from  weak  encapsulation 
( Galerucella  calmariensis  L.)  to  efficient  encapsulation  ( Galerucella pusilla  Duftschmid).  We 
have  also  shown  that  encapsulation  involves  at  least  three  cell  types  in  the  hemolymph  and 
particularly  one  type  (lamellocytes)  was  differentially  induced  among  host  species.  We  also 
found  differences  among  parasitoid  populations  in  parasitism  success,  both  geographically  and 
depending  on  previous  host  species.  Parasitoids  hatching  from  G.  pusilla  had  much  higher 
success  rate  than  parasitoids  hatching  from  G.  calmariensis  when  attacking  G.  pusilla  larvae. 
This  ability  was  particularly  obvious  when  using  parasitoids  from  some  localities,  suggesting 
local  adaptation  in  parasitoid  virulence.  The  differences  in  parasitoid  success  rate  was  also 
apparent  in  cytological  studies,  where  induction  in  several  cell  types  was  surpressed  when 
parasitized  by  a  highly  virulent  parasitoid.  We  believe  that  this  system  is  at  an  early  stage  of 
speciation,  conclusions  that  are  also  supported  by  genetic  studies. 
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The  phenomenon  of  immune  priming,  i.e.,  enhanced  protection  following  a  secondary  exposure 
to  a  pathogen  has  now  been  demonstrated  in  a  wide  range  of  invertebrate  species.  Despite 
accumulating  phenotypic  evidence,  knowledge  of  its  mechanistic  underpinnings  is  currently  very 
limited.  We  here  used  the  system  of  the  red  flour  beetle,  Tribolium  castaneum  Herbst  and  the 
insect  pathogen  Bacillus  thuringiensis  (Bt)  to  further  our  molecular  understanding  of  the  oral 
immune  priming  phenomenon.  We  addressed  how  ingestion  of  bacterial  cues  (derived  from 
spore  supernatants)  of  a  pathogenic  and  a  non-pathogenic  Bt  strain  affects  gene  expression  upon 
later  challenge  exposure,  using  a  whole  transcriptome  sequencing  approach.  Whereas  gene 
expression  of  individuals  primed  with  the  non-pathogenic  strain  did  not  differ  from  controls,  we 
found  that  priming  with  the  pathogenic  strain  induced  regulation  of  a  large  set  of  distinct  genes, 
many  of  which  are  known  immune  candidates.  Intriguingly,  the  immune  repertoire  activated 
upon  priming  seems  to  qualitatively  differ  from  the  one  mounted  upon  infection  with  Bt ,  i.e., 
without  a  previous  priming.  Moreover,  a  large  subset  of  priming-specific  genes  showed  an 
inverse  regulation  compared  to  their  regulation  upon  challenge  only.  We  hypothesise  that  this 
shift  in  gene  expression  indicates  activation  of  a  more  targeted,  i.e.,  more  efficient  response 
towards  a  previously  encountered  pathogen,  in  anticipation  of  a  potential  secondary  encounter. 
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Introduction:  White  spot  syndrome  virus  (WSSV)  mainly  infects  crustaceans  through  the 
digestive  tract,  and  C-type  lectins  (CLs)  are  important  receptors  for  many  viruses.  Whether  any 
CL  participates  in  WSSV  infection  in  the  shrimp  stomach  remains  unknown. 

Methods:  In  this  study,  we  used  the  orally  infected  method,  RNA  interference,  and  GST- 
Pulldown. 

Results/Conclusion:  we  orally  infected  kuruma  shrimp  Marsupenaeus  japonicus  (Spence  Bate)o 
model  the  real  transmission  of  WSSV  and  identified  a  CL  (designated  MjsvCL)  which  was 
significantly  induced  by  virus  infection  in  the  stomach.  Knockdown  of  MjsvCL  expression  by 
RNA  interference  suppressed  the  virus  replication,  while  exogenous  MjsvCL  enhanced  it. 
further  analysis  by  GST  pull  down,  and  co-immunoprecipitation  showed  that  MjsvCL  could 
bind  to  VP28,  the  most  abundant  and  important  envelope  protein  of  WSSV.  Also,  cell  surface 
calreticulin  was  identified  as  a  receptor  of  MjsvCL,  and  the  protein  interaction  was  a  determinant 
for  the  viral  infection  promoting  the  activity  of  MjsvCL.  The  MjsvCL-calreticulin  pathway 
facilitated  virus  entry  likely  in  a  cholesterol-dependent  manner.  This  study  provided  insights  into 
a  mechanism  by  which  soluble  C-type  lectins  capture  and  present  virions  to  the  cell  surface 
receptor  to  facilitate  viral  infection. 
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Introduction:  Production  of  southern  pea  Vigna  unguiculata,  is  hampered  by  insect  pests 
including  the  recent  invasive  pest  in  the  US,  the  brown  marmorated  stink  bug  (BMSB).  BMSB 
can  be  detrimental  to  producing  high-quality  peas  and  its  dispersal  in  southern  US  will 
negatively  impact  pea  production  systems. 

Methods:  We  examined  the  possible  role  of  the  princess  tree,  Paulownia  tomentosa  (a  preferred 
host  plant  after  emerging  from  overwinter  sites),  on  BMSB  spread  using  six  cowpea  cultivars  at 
three  distances  (—35,  55  and  75m).  We  also  examined  the  effect  of  southern  pea  cultivars  and 
phenological  stage  on  BMSB  colonization. 

Results/Conclusion:  Different  BMSB  numbers  were  recorded  at  each  distance  (P>0.05)  with  the 
highest  at  55m  from  Paulownia.  Within  the  same  distance  BMSB  population  level  was  different 
among  cultivars  with  highest  in  Early  Scarlet  (ES).  At  each  crop  phenological  stage  BMSB 
levels  were  different  among  cultivars.  During  vegetative  stage  ES  had  the  highest  (19.4±3.3);  at 
blooming  population  was  high  in  ES  (23.1±2.9),  Mississippi  Silver  (MS)  (22.9±2.4)  and 
whippoorwill  (WP)  (15.9  ±3.9),  low  in  Red-Bisbee  (5.5±1.4),  Big-Boy  (4.4±1.0),  and  Big  Red- 
Ripper  (3.4±0.9).  At  fresh  and  ripe  pod  stage  BMSB  densities  increased  on  all  cultivars  and 
decreased  as  pods  dried  except  in  ES,  MS  and  WP.  Overall,  ES,  MS  and  WP  were  most 
preferred.  BMSB  distribution  and  the  relationship  to  crop  phenological  stage  suggests  erratic 
within-field  distribution  possibly  determined  by  presence  of  preferred  host  plants.  This  may 
indicate  the  potential  of  southern  pea  as  a  trap  crop. 
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Coconut  rhinoceros  beetle  (CRB,  Oryctes  rhinoceros)  is  a  large  scarab  beetle  native  to  Southeast 
Asia  and  a  damaging  pest  of  palm  species,  most  notably  coconut  and  oil  palms.  CRB  adults 
damage  palms,  particularly  younger  ones,  by  boring  into  the  center  of  the  crown,  where  they 
injure  the  young,  growing  tissues  and  feed  on  the  sap.  Adult  CRBs  were  found  at  the  Honolulu 
International  Airport  and  the  adjacent  Joint  Base  Pearl  Harbor-Hickam  (JBPHH)  in  December 
2013.  Further  examination  revealed  CRB  larvae  in  mulch  at  JBPHH,  representing  the  first  time  a 
breeding  population  of  CRB  had  been  established  in  Hawaii.  CRB  has  been  identified  by  USDA- 
APHIS  as  one  of  the  most  damaging  invasive  insect  pests  of  coconut  and  other  palm  species 
whose  introduction  could  result  in  significant  economic  losses  to  commercial  coconut  and  palm 
nurseries,  and  Hawaii’s  residents  and  tourists  who  appreciate  palm  trees  for  their  aesthetic  and 
cultural  values.  This  presentation  reports  our  on-going  research  on  chemical  and  biological 
control  of  CRB.  Based  on  our  lab  testing  on  various  low-risk  systemic  insecticides  as  of  the  date 
of  this  abstract  submission,  we  have  identified  that  acephate  and  imidacloprid  were  more 
effective  compared  to  other  insecticides  tested  so  far.  These  lab  experiments  are  being  repeated 
prior  to  setting  up  field  experiments.  We  are  also  exploring  the  possibility  of  use 
entomopathogenic  nematodes  (EPNs)  to  control  CRB.  Local  strains  of  EPNs  will  be  surveyed 
and  collected  to  test  against  CRB,  mainly  at  its  larvae  stage.  Most  up-to-date  research  results  will 
be  presented  at  2016  ICE. 
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Phosphoglucose  isomerase  (PGI),  a  glycolytic  enzyme  that  catalyzes  the  reversible  conversion  of 
glucose-6-phosphate  to  fructose-6-phosphate,  exhibits  a  high  degree  of  polymorphism  in  many 
taxa,  including  insects.  The  variation  has  been  associated  with  differences  in  individual  fitness 
traits,  such  as  locomotion,  dispersal,  flight  metabolism,  and  fecundity  in  insects.  Additionally, 
PGI  variation  has  also  been  shown  to  co-vary  with  cold-stress  tolerance  in  some  species. 
Knowledge  of  thermal  tolerance  limits  is  essential  to  accurately  forecast  the  potential  geographic 
spread  and  establishment  of  invasive  insects.  In  temperate  areas,  cold  temperature  is  often  a 
major  selective  agent  dictating  when  and  where  species  successfully  occur.  Given  this,  the 
potential  application  of  PGI  characterization  to  invasion  biology  is  increasingly  being 
recognized,  though  relatively  few  studies  have  investigated  this  link.  Here,  we  present 
preliminary  work  to  characterize  PGI  polymorphisms  in 
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Introduction:  Spain  is  currently  the  world’s  largest  exporter  of  fresh  mandarin.  Due  to  their  high 
organoleptic  quality,  seedless,  and  peelability  several  cultivars  of  clementine  ( Citrus 
Clementina  Hort.  ex  Tan)  are  exported  worlwide.  Because  of  the  presence  of  the  medfly, 

Ceratitis  capitata  Wiedemann  on  Spanish  mainland,  an  Area-Wide-Program  which 
includes  mass  trapping,  biological  control,  selective  pesticide  applications  and  SIT,  is 
intensively  applied.  Furthermore,  in  the  unlikely  event  that  clementine  could  be  infested 
by  medfly,  a  cold  treatment  on  overseas  shipments  is  conscientiously  applied  to  ensure  the  death 
of  the  larvae.  Cold  treatments  are  pest-,  commodity-  and  country-specifics,  so  it  is  important  to 
test  the  influence  of  clementine  cultivar  on  the  tolerance  of  medfly  larvae  to  cold  treatment. 

Methods:  Tests  were  carried  out  using  three  market  quality  cultivars: 

Marisol,  Clemenules  and  Hernandine.  Natural  infestation  method  and  three  infestation 
replicates  per  cultivar  were  used.  The  dose-response  testing  was  conducted  using  first,  second, 
and  third-instar  larvae  at  the  target  treatment  temperature  of  1. 1°C.  Twenty-four  mandarins  of  the 
corresponding  replicate  were  removed  from  the  cold  chamber  every  other  day  from  Day  0  to  Day 
14  to  evaluate  larval  mortality  and  probit  lines  fitted  to  these  data  were  calculated. 

Results/Conclusion:  Considering  the  LD50  and  LD99,  there  were  not  significant  differences  on 
larval  sensitiveness  between  the  three  larval  instars  of  C.  capitata  to  cold  treatment  for  these  two 
points  in  any  of  the  three  cultivars.  There  were  no  significant  differences  in  the  LD99  caused  by 
the  cold  treatment  on  each  larval  instar  independently  of  the  cultivar  where  they  were 
developing. 
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Advances  in  the  technology  of  chemical  control  have  the  potential  to  help  municipal  foresters 
save  ash  trees  from  emerald  ash  borer  (EAB)  in  Agrilus  planipennis  Fairmaire  in  urban  forests. 
Although  ash  trees  of  any  size  can  be  protected  from  this  pest  if  treated  in  a  timely  manner  with 
insecticide,  cities  often  fail  to  implement  programs  that  save  trees  because  they  lack  previous 
experience  with  this  pest.  In  this  study  we  developed  a  model  for  predicting  ash  loss  over  an  8 
year  period  and  validated  it  with  the  removal  rates  of  >  14,000  ash  trees  killed  by  EAB  in  Fort 
Wayne,  IN.  We  then  developed  a  sampling  scheme  to  help  foresters  map  the  status  of  forest 
decline  8  year  EAB  loss  model.  We  then  used  this  model  to  modify  a  web  based  EAB  cost 
calculator  that  compares  the  net  present  value  of  the  annual  and  cumulative  costs  for 
implementing  a  variety  of  management  strategies.  We  determined  that  strategies  which  mostly 
relied  on  saving  ash  trees  were  less  expensive  and  produced  a  larger  forest  than  those  strategies 


that  mostly  removed  and  replace  ash  trees.  Reducing  treatment  prices  substantially  reduced  the 
costs  of  saving  trees.  Delaying  implementation  of  an  ash  management  program  to  year  five  of  the 
model  when  damage  would  be  more  obvious  to  the  community  increased  the  net  present  value  of 
saving  ash  trees  by  <  10%.  Thus,  delays  that  rely  on  using  locally  damaged  trees  to  elicit 
community  support  does  not  diminish  the  utility  of  implementing  a  control  strategy. 
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Biological  control  is  a  suitable  method  in  terms  of  both  efficiency  and  costs  for  a  sustainable 
management  of  invasive  alien  weeds.  From  1998  to  2014,  a  total  of  29  organisms  (insects,  mites, 
nematodes  or  pathogens)  have  been  released  in  the  US  to  control  alien  weeds  following 
biological  control  program.  Performing  such  program  is  a  long  and  difficult  process,  taking  at 
least  up  to  6  years.  The  specificity  testing  for  biological  control  agents  is  a  fairly  well-developed 
procedure,  but  less  is  known  about  the  long  process  required  to  search,  prioritize  and  collect 
prospective  agents  in  their  native  range.  Based  on  case  studies  of  several  North  American 
invasive  weeds,  native  from  Eurasia  and  North  Africa,  and  to  the  recent  Nagoya  Protocol  issues, 
we  developed  a  seven-step  process  for  the  research  activities  of  the  first  3  years  of  the  screening. 
(Step  1)  Identification  of  a  new  target  weed,  seeking  fundings  and  contact  network  in  the  invaded 
area;  (Step  2)  Permitting  for  sample  collection  and  export;  (Step  3)  Literature  survey 
(geographical  data,  climate  matching,  mapping,  phylogeography);  (Step  4)  Partnerships  in  the 
designated  countries.  (Step  5)  Multi-purpose  collection  of  plant  and  entomological  material; 

(Step  6)  Foreign  field  exploration;  (Step  7)  Organization  of  test  plant  lists  for  following  host 
specificity  testing.  A  special  emphasis  will  be  given  to  step  5  and  6,  improved  by  performing 
long  missions  and  setting  up  “field  laboratories”  for  multi  target  work.  This  guide,  aimed  for 
optimizing  success  in  foreign  exploration  for  weed  biological  control,  is  reviewed  and  discussed 
here. 


Paper  (Oral)  Presentations 

Presentation  Title:  Genetic  and  behavioral  differentiation  between  two  closely  related  whitefly 
parasitoids 

Author  Name:  Muhammad  Ahmed 
Author  Institution:  University  of  Florida 

Session  Title:  Contributed  Papers:  Invasive  and  Exotic  Entomology:  Control  and  Tools 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1559 
DOI:  10.1 603/ICE.20 16.1 1462 1 
Abstract  text: 

Rugose  spiraling  whitefly  (RSW),  Aleurodicus  rugioperculatus  was  first  observed  in  south 
Florida  in  2009.  Since  then,  it  has  been  found  in  more  than  17  counties  in  south  and  central 
Florida.  Recently,  one  parasitoid  species,  Encarsia  noyesi ,  in  south  Florida  caused  abrupt  decline 
in  populations  of  RSW.  E.  noyesi  was  introduced  from  California  to  central  Florida  in  1998  to 
control  the  giant  whitefly  (GW)  infestation,  and  since  then  it  has  successfully  controlled 
expanding  infestations  of  GW  in  central  Florida.  E.  noyesi ,  responsible  for  declining  the 
population  of  RSW  in  south  Florida,  was  thought  to  be  extended  from  its  population  in  central 
Florida.  However,  there  are  differences  in  the  appearance  of  E.  noyesi  wasps  from  populations 
associated  with  RSW  in  south  Florida  and  E.  noyesi  wasps  from  populations  associated  with  GW 
in  central  Florida.  We  performed  molecular  and  morphological  identification  and  confirmed  that 
these  two  populations  are  two  different  species.  From  here  on,  we  tentatively  named  E.  noyesi 
from  central  Florida  parasitizing  GW  as  “E.  noyesE  and  E.  noyesi  from  south  Florida 
parasitizing  RSW  as  an  undescribed  species  “E.  near  noyesE .  We  also  performed  two  separate 
experiments  for  the  comparison  of  their  cross  parasitism  and  found  both  species  have  a  clearly 
different  preference  for  their  parasitism.  E.  near  noyesi  preferred  RSW  though  it  can  also 
parasitize  GW,  but  at  a  very  low  level.  However,  E.  noyesi ,  on  the  other  hand  only  prefers  GW. 
We  discussed  the  possibility  that  E.  near  noyesi  moved  from  the  Caribbean  to  south  Florida 
along  with  RSW  in  2009. 
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Halyomorpha  halys ,  Plautia  stall ,  and  Glaucias  subpunctatus  (Hemiptera:  Pentatomidae)  are 
serious  pests  of  fruit  trees  in  Japan.  At  present,  the  management  of  these  stink  bugs  largely 
depends  on  chemical  insecticides,  but  it  has  a  risk  of  causing  the  resurgence  of  other  fruit-tree 
pests,  such  as  coccoids  and  spider  mites.  Under  such  situation,  we  are  focusing  on  egg 
parasitoids  as  biological  control  agents  of  these  stink  bugs.  We  first  detected  Trissolcus  plautiae , 
a  cryptic  species  of  T.  japonicus ,  based  on  morphological  observation,  mating  experiment,  and 
DNA  analysis.  We  confirmed  that  these  two  Trissolcus  species  parasitize  H.  halys ,  P.  stall ,  and 
G.  subpunctatus  under  natural  conditions.  To  investigate  the  egg  parasitoid  guild  of  H.  halys  in 
Japan,  we  attached  sentinel  eggs  of  H.  halys  to  leaves  of  Cerasus  x  yedoensis  (Rosaceae), 
Wisteria  floribunda  (Fabaceae),  Morus  alba  (Moraceae),  Chamaecyparis  obtusa ,  and 
Cryptomeria  japonica  (Cupressaceae)  from  April  to  August  2015  in  four  census  sites,  Iwate, 
Kanagawa,  Tokushima,  and  Fukuoka.  From  a  total  of  835  recovered  egg  masses  that  contain 
22,177  eggs,  T.  cultratus ,  T.  japonicus ,  T.  plautiae ,  T.  mitsukurii ,  T.  itoi ,  Telenomus  sp. 
(Hymenoptera:  Platygastridae),  and  Anastatus  japonicus  (Hymenoptera:  Eupelmidae)  were 
reared.  Percentage  parasitism  of  eggs  by  total  parasitoid  species  was  22.3%,  27.8%,  1 1.3%,  and 
22.0%  in  Iwate,  Kanagawa,  Tokushima,  and  Fukuoka,  respectively.  Trissolcus  cultratus  was  the 
most  abundant  in  Iwate  and  Tokushima,  whereas  Tri.  japonicus  was  the  most  abundant  in 
Kanagawa  and  Fukuoka.  We  suggest  that  the  dominant  parasitoid  of  H.  halys  differs  between 
localities. 
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The  spotted  wing  drosophia,  Drosophila  suzukii  (Diptera:  Drosophilidae)  is  now  becoming  a 
new  threat  for  soft  fruits  production  worldwide.  Native  to  Asia,  D.  suzukii  has  successfully 
invaded  the  Americas  and  Europe  since  the  late  2000s,  followed  by  rapid  range  expansion  and 
increased  damage  records  within  these  continents.  Despite  the  lack  of  successful  biological 
control  programs  against  D.  suzukii ,  classical  biological  control  is  being  considered  as  a 
sustainable  approach  to  control  the  species  in  the  invaded  regions  by  introducing  natural  enemies 
from  its  native  region.  In  the  framework  of  the  EU-funded  project  DROPSA,  we  have  conducted 
extensive  surveys  in  varied  habitats,  locations  and  time  of  the  season  in  China,  where  D.  suzukii 
causes  little  damage  and  very  little  is  known  on  its  natural  enemy  complex.  Several  parasitoids 
have  been  recovered  from  field  surveys,  e.g.  larval  parasitoids  of  the  genera  Leptopilina  and 
Ganaspis ,  and  the  pupal  parasitoids  Trichopria  drosophilae  and  Pachycrepoideus  vindemmiae. 
As  pupal  drosophila  parasitoids  tend  to  be  host  generalists,  our  research  effort  have  been 
focusing  on  larval  parasitoids  that  are  probably  more  species  specific.  Rearing  cultures  of  the 
larval  parasitoids  have  been  established  in  the  laboratory  to  study  their  biology  and  potential 
parasitism  efficacy.  We  will  also  report  results  of  host  specificity  tests  for  the  most  promising 
parasitoids. 
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Classical  biological  control,  by  introducing  phytophagous  insects,  is  a  sustainable  approach  for 
controlling  invasive  weeds.  French  broom  (FB)  Genista  monspessulana  (Fabaceae)  is  a  perennial 
shrub  native  to  the  Mediterranean  basin,  introduced  to  California  as  an  ornamental  plant  and 
becoming  an  environmental  invasive  weed.  In  the  native  range,  in  southern  France,  a  weevil, 
Lepidapion  argentatum  (Coleoptera:  Brentidae),  has  the  capacity  to  feed  and  reproduce  on  FB  in 
two  different  ways.  Females  can  oviposit  in  pods,  where  the  larvae  consume  the  seeds,  and  in 
stems,  forming  gall  tissue  which  is  consumed  by  the  larvae.  However  up  to  three  generations  per 
year  were  observed  on  stem  galls  verses  only  one  on  pods.  Pods  infested  by  the  weevil  have  a 
smaller  quantity  of  viable  seeds,  and  a  higher  rate  of  seed  abortion,  than  uninfested  pods.  Out  of 
the  810  field  collected  seedpods  (4,783  seeds),  47%  were  viable,  34%  were  aborted  and  19% 
were  consumed  by  a  larva.  Interestingly,  the  number  of  aborted  seeds  in  a  seedpod  is 
significantly  related  to  the  presence  or  absence  of  a  larva  with  a  mean  of  2.26  seeds  in  an 
infested  seedpod  vs  1.5  seeds  in  a  non  infested  seedpod.  We  measured  the  host  specificity  of  this 
apion  regarding  induction  of  stem  galls  by  conducting  no-choice  tests  on  32  target  and  non-target 
plant  species.  Galls  and  larvae  occurred  in  the  stems  of  seven  species,  including  two  endemic 
California  lupines.  Details  on  the  development  cycle,  the  dual  impact  on  French  broom,  and  host 
range  testing  will  be  presented  and  discussed. 
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Mosquito-bome  diseases  impose  a  sizeable  burden  on  human  health,  with  hundreds  of  millions 
of  infections  and  over  one  million  deaths  yearly.  Transmission  of  all  mosquito-bome  diseases  to 
humans  requires  salivary  gland  (SG)  traversal  by  the  disease-causing  agent.  Thus,  the  SGs  are 
ideal  targets  for  genetic  intervention  strategies.  As  a  first  step  toward  targeting  SGs  to  block 
disease  transmission,  we  carried  out  a  detailed  analysis  of  SG  cellular  architecture  in  two 
mosquito  species  that  transmit  human  malaria,  Anopheles  gambiae  and  Anopheles  stephensi.  We 
examined  hundreds  of  male  and  female  SGs  stained  with  a  variety  of  dyes  and  antibodies  using  a 
simple,  optimized  fixation  protocol.  Analysis  of  these  samples  confirmed  previously  described 
differences  between  male  and  female  SGs,  and  uncovered  considerable  morphological  variation, 
even  between  SGs  from  the  same  individuals.  Differences  include  variations  in  lobe  number  and 
branching,  in  cell  shape  and  size,  in  organelle  positioning  and  abundance,  and  in  protein 
localization.  Importantly,  we  have  localized  secreted  SG  proteins  (thought  to  be  transferred  to 
humans  during  a  blood  meal)  to  secretory  organelles  within  SG  cells  and  to  apical  secretory 
cavities,  and  not  to  the  basement  membrane,  where  previous  studies  by  others  had  placed  them. 
Our  morphological  characterization  of  adult  SGs  provides  a  framework  for  assessing  the 
consequences  of  gene  disruption  strategies  on  SG  form,  function,  and  viability.  Along  these 
lines,  we  present  a  CRISPR/Cas9-mediated  gene  drive  strategy  in  An.  stephensi  designed  to 
target  and  destroy  the  SGs  several  days  after  a  blood  meal,  so  that  reproduction  can  still  occur. 
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The  Aedes  aegypti  mosquito  is  the  principle  vector  of  arboviruses  such  as  dengue,  chikungunya, 
yellow  fever,  and  Zika  virus.  These  arboviruses  are  transmitted  during  adult  female  mosquito 
blood  feeding.  While  these  viruses  must  transverse  the  midgut  to  replicate,  the  blood  meal  must 
also  reach  the  midgut  to  be  digested,  absorbed,  or  excreted,  as  aggregation  of  blood  meal 
metabolites  can  be  toxic  to  the  female  mosquito  midgut.  Understanding  the  mechanisms  that 


allow  for  midgut  protection  from  the  potentially  toxic  blood  meal  can  provide  novel  molecular 
based  control  strategies  for  mosquitoes  and  mosquito-borne  diseases.  The  midgut  peritrophic 
matrix,  a  semipermeable  extracellular  layer  comprised  of  chitin  fibrils,  proteins,  and 
proteoglycans,  is  one  such  mechanism  of  protection  for  the  mosquito  midgut.  However,  this 
structure  had  not  been  characterized  for  adult  female  Ae.  aegypti.  We  conducted  a  mass 
spectrometry  based  proteomic  analysis  to  identify  proteins  that  comprise  the  adult  female  Ae. 
aegypti  midgut  peritrophic  matrix.  Altogether,  474  unique  proteins  were  identified.  Among  them 
were  53  conserved  hypothetical  proteins,  24  hypothetical  proteins,  and  53  with  peptidase 
activity.  Most  interestingly,  3  were  potential  peritrophic  matrix  proteins  that  may  protect  the 
midgut  from  blood  meal  derived  toxicity. 
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Introduction:  The  incidence  of  mosquito-borne  diseases  and  the  resistance  of  mosquitoes  to 
conventional  pesticides  have  recently  caused  a  panic  to  the  official  authorities  in  the  endemic 
countries.  This  study  was  conducted  to  identify  native  larvicidal  biopesticides  against  Culex 
pipiensfor  utilization  in  the  battle  against  mosquito-borne  diseases. 

Methods:  Larvicidal  activities  of  new  indigenous  Bacillus  thuringiensis  ( Bt )  isolates  and  crude 
toxin  complexes  (TCs)  of  the  two  nematode  bacterial-symbionts,  Photorhabdus  luminescens 
akhurstii  (HRM1)  and  Photorhabdus  luminescens  akhurstii  (HS1)  were  tested  against  Culex 
pipiens.  Bt  isolates  were  recovered  from  different  environmental  samples  in  Saudi  Arabia,  and 
the  entomopathogenic  nematodes,  Heterorhabditis  indica  (HRM1)  and  Heterorhabditis  sp. 

(HS1)  were  isolated  from  Egypt.  Larvicidal  activities  (LC50  &  LC95)  of  the  potentially  active 
f?tstrains  or  TCs  were  then  evaluated  at  24  and  48h  post-treatment. 

Results/Conclusion:  Three  Bt  isolates  were  almost  as  active  as  the  reference  B.  t.  israelensis  ( Bti - 
H14),  and  seven  isolates  were  1. 6-5.4  times  more  toxic  than  the  Bti- H14.  On  the  other  hand,  the 
TCs  of  the  bacterial  symbionts,  HRM1  and  HS1,  showed  promising  larvicidal  activities.  HS1 
showed  LCsoof  2.54  folds  that  of  HRM1  at  24h  post-treatment.  Moreover,  histopathological 
examinations  of  the  HS1 -treated  larvae  showed  deformations  in  midgut  epithelial  cells  at  24h 
post-treatment.  In  conclusion,  synergistic  activity  and  molecular  characterizations  of  these 
potentially  active  biocontrol  agents  are  currently  being  investigated.  These  results  may  lead  to 
the  identification  of  eco-friend  mosquito  larvicidal  product(s)  that  could  contribute  to  the  battle 
against  mosquito-borne  diseases. 
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Aedes  japonicus  is  an  invasive  mosquito  from  East  Asia  that  was  detected  in  the  northeastern  US 
in  1998.  It  has  rapidly  spread  throughout  eastern  North  America  and  has  more  recently  invaded 
central  Europe.  A  novel  microsporidian  parasite,  first  discovered  in  1980  from  Ae.  japonicus 
larvae  collected  from  rock  pools  in  Japan,  has  been  re-isolated  and  its  life  cycle  elucidated  based 
on  ultrastructural  morphology,  developmental  features,  transmission  cycles  and  comparative 
sequence  analyses  of  the  small  subunit  ribosomal  DNA  (SSU  rDNA).  The  microsporidium  is 
vertically  and  horizontally  transmitted,  exhibits  dimorphic  development  and  produces  two 
morphologically  distinct  spores,  one  in  larvae  and  another  in  adult  females.  Horizontal 
transmission  of  infection  to  larval  mosquitoes  occurs  via  oral  ingestion  of  spores  produced  in 
vertically-infected  larvae.  Orally  infected  larvae  develop  benign  infections  and  survive  to 
adulthood  where  the  microsporidium  invades  the  ovariole  sheath  and  oviduct  of  adult  females 
producing  a  small  binulceate  spore.  Vertical  transmission  of  the  microsporidium  from  adult 
females  to  larval  progeny  takes  place  via  surface  contamination  of  the  egg  (transovum). 
Microsporidian  development  in  vertically-infected  larvae  is  confined  to  fat  body  tissue  which 
appears  as  swollen  white  masses  in  the  thorax  and  abdomen.  This  results  in  death  during  the 
third  and  fourth  instar  stages  and  culminates  in  the  production  of  infectious  spores  that  are  re- 
released  into  the  aquatic  environment.  Phylogenetic  analysis  of  the  SSU  rDNA  gene  sequence 
place  this  microsporidium  as  a  distinct  sister  taxon  within  the  clade  of  microsporidian  parasites 
of  mosquitoes.  A  new  genus  and  species  is  proposed,  Takaokaspora  nipponicus. 
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Transcripton  sequencing,  or  RNA-seq,  has  appeared  recently  as  a  powerful  tool  to  gain  a  full 
picture  of  the  expression  profile  of  an  organism,  tissue  or  even  a  single  cell.  Aedes  aegypti  is  a 
vector  of  several  arboviruses  that  affect  human  health  and  is  of  increasing  concern  because  of  the 
reemergence  of  dengue  and  chikungunya,  and  recent  identification  of  travel-associated  Zika 
virus  in  Florida.  RNA-seq  is  used  to  understand  the  mechanisms  of  gene  expression  in  Ae. 
aegypti  larvae  exposed  to  pesticides  both  VectoBac  12AS  and  Natular™  2EC.  Transcriptional 
changes  that  follow  pesticides  treated  in  Ae.  aegipti  larvae.  A  total  of  15,045  transcripts  were 
combined  for  comparisons  of  expression  difference  among  two  population  and  two  pesticides. 
The  research  final  goal  is  to  apply  the  molecular  technology  for  laboratory  and  field  trial  studies, 
to  reduce  pesticide  application  while  maintaining  best  mosquito  control  and  environmental 
stewardship. 
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To  understand  infection  mechanisms  of  the  mosquito-parasitic  mermithid  nematodes 
Romanomermis  iyengari  and  Strelkovimermis  spiculatus,  we  investigated  the  foraging  behaviors 
of  the  pre-parasites  of  both  species.  Romanomermis  iyengari ,  with  a  body  length  of  0.99  ±  0.071 
mm  (nearly  twice  that  of  S.  spiculatus  at  0.55  ±  0.01  mm),  swims  nearly  twice  as  fast  (2.76  ± 


0.13  cm/min)  as  S.  spiculatus  (1.61  ±  0.09  cm/min).  The  nematode  pre-parasites  of  R.  iyengari 
showed  negative  phototaxis  in  responding  to  natural  light,  which  caused  them  to  migrate  to 
shade  where  host  larvae  tend  to  aggregate.  This  behavior  helped  the  nematode  to  gain 
significantly  greater  parasitism  when  shade  was  present  (37.7  ±  2.74%)  than  when  no  shade  was 
present  (1 1.3  ±  0.95%).  In  contrast,  S.  spiculatus  pre-parasites  had  no  response  to  natural  light 
and  therefore,  shade  contributed  no  parasitism  gain.  The  host  search  data  indicated  that  the  two 
species  use  different  strategies  for  hot  searching.  The  pre-parasites  of  R.  iyengari  tend  to  do  a 
long  range  search  and  respond  to  host  aggregation  habitat  but  slow  down  and  display  localized 
search  in  host  presence.  However,  S.  spiculatus  tends  to  do  localized  movement  when  hosts  were 
absent  regardless  of  light  conditions.  When  host  larvae  were  present  the  nematodes  responded  to 
the  host  cue  and  moved  rapidly  toward  their  hosts.  Host  species  and  environment  should  be 
considered  when  selecting  the  optimal  nematode  species  for  biological  control  purposes. 
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Dengue  viruses  infect  400  million  people  annually,  and  are  transmitted  by  mosquitoes,  especially 
Aedes  aegypti.  There  are  currently  no  vaccine  or  treatment  options  available.  Despite  Ae.  aegypti 
being  the  most  important  vector  species,  30%  of  feral  Ae.  aegypti  in  Cali,  Colombia  are 
refractory  to  Dengue  through  midgut  factors.  We  used  RNA- sequencing  to  identify  putative  pro- 
and  anti-viral  genes  via  differential  expression  in  the  midguts  of  susceptible  (Cali-S)  and 
resistant  (Cali-R)  mosquitoes  after  feeding  on  blood,  or  blood  containing  Dengue.  Putative  pro- 
viral  genes  were  knocked  down  in  susceptible  mosquitoes  using  RNAi,  and  these  mosquitoes 
were  subsequently  fed  on  blood  containing  Dengue,  and  the  resultant  phenotype  was  assessed. 
Modifying  gene  expression  demonstrated  our  ability  to  flip  the  phenotype  in  Ae.  aegypti ,  with 
the  possibility  of  modifying  the  genotype  using  gene  editing  techniques.  Such  approaches 


provide  a  novel  and  ecologically  stable  control  mechanism  for  limiting  the  transmission  of 
Dengue,  and  conceivably  other  flaviviruses  such  as  Yellow  Fever,  and  Zika. 
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Introduction:  The  Asian  tiger  mosquito,  Aedes  albopictus  is  an  important  vector  of  dengue  virus 
(DENV)  and  mediates  epidemics  in  urban  temperate  and  subtropical  regions.  Its  ability  to  inhabit 
colder  zones  compared  to  the  major  epidemic  vector,  Ae.  aegypti  could  result  in  expansion  of 
dengue  epidemic  or  endemic  areas.  Although  the  genome  of  Ae.  albopictushas  recently  been 
published,  the  molecular  and  genetic  basis  of  DENV  infection  in  this  species  has  not  been 
extensively  studied. 

Methods:  We  infected  Ae.  albopictus  with  DENV2  NGC  strain  using  artificial  feeding  system. 
Midguts  and  carcasses  of  the  mosquitoes  were  sampled  for  pre-infection  (day  0),  1  day  after 
infection  and  5  days  after  infection.  For  the  5 -day  samples,  individual  midguts  were  confirmed 
for  DENV  infection  by  RT-PCR,  and  only  DENV-positive  midguts  and  corresponding  carcasses 
were  used  for  transcriptome  sequencing.  Transcriptomes  were  generated  by  Illumina  Next 
Generation  Sequencing  format. 

Results/Conclusion:  Comparing  with  uninfected  control,  up-regulated  or  down-regulated  genes 
were  confirmed  by  real-time  PCR.  These  genes  will  provide  useful  information  to  control  virus 
infection  in  Ae.  albopictus.  In  addition,  comparison  between  our  data  with  existing  data  for  the 
major  vector  Ae.  aegpti  may  reveal  genetic  basis  for  their  difference  in  vector  competence. 
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Introduction:  The  incomplete  genome  annotation  of  non-model  organisms,  including  most  insect 
species,  hampers  molecular  and  translational  studies.  The  mosquito  Aedes  aegypti  is  the  major 
vector  for  the  (re-)emerging  arthropod-borne  viruses  (arboviruses)  dengue,  chikungunya  and 
Zika  viruses.  Virus-host  interaction  studies  in  Ae.  aegypti  can  improve  our  understanding  of 
mechanisms  driving  arbovirus  transmission  and  emergence,  and  may  lead  to  new  vector-targeted 
interventions  for  preventing  human  infection.  Proteomics  informed  by  transcriptomics  (PIT)  is  a 
new  proteomics  approach  especially  suited  to  non-model  organisms  like  Ae.  aegypti ,  because, 
unlike  ‘conventional’  proteomics,  PIT  identifies  peptides  using  transcriptomic  rather  than 
genomic  data. 

Methods:  We  performed  PIT  on  the  Ae.  aegypti  cell  line  Aag2. 

Results/Conclusion:  We  used  PIT  to  reveal  hotspots  of  incomplete  genome  annotation  in  Ae. 
aegypti ,  and  found  that  poor  sequence  and  assembly  quality  are  not  major  drivers  behind  gaps  in 
annotation.  We  also  identified  Phasi  Charoen-like  virus  as  an  unrecognised  contaminant  of  Aag2 
cells,  with  implications  for  studies  in  this  commonly  used  cell  line.  Finally,  we  characterised 
proteomically  active  transposable  elements  (TEs)  and  identified  new  Ae.  aegypti  TEs. 
Interestingly,  protein  expression  did  not  correlate  with  a  TE's  genomic  abundance.  Our  finding 
that  LTR  retrotransposons  are  more  active  at  the  protein  level  than  their  genomic  distribution 
predicts  is  of  particular  interest,  because  these  elements  are  implicated  in  immune  processes 
underpinning  viral  persistence  critical  to  arbovirus  transmission.  We  present  the  first  proteomic 
characterisation  of  mobile  genetic  elements,  and  provide  proof-of-principle  that  PIT  can  evaluate 
a  genome’s  annotation  to  guide  annotation  efforts  in  non-model  organisms. 
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The  mosquito-parasitic  mermithid  nematode,  Strelkovimermis  spiculatus ,  typically  infects  early 
instar  hosts,  completes  parasitic  development,  and  emerges  from  last  (i.e.,  4th)  instar  larvae.  This 
characteristic  severely  limits  parasite  dispersal.  The  emerged  post-parasites  aggregate  to  form 
mating  clusters  and  produce  the  next  generation.  However,  we  have  identified  laboratory 
parameters  that  result  in  infected  adult  mosquitoes.  Exposure  of  late  4th  instar  Culex  pipiens 
pipiens  to  S.  spiculatus  at  a  high  host:parasite  ratio  of  1:10  shows  the  parasite  can  sometimes 
complete  development  and  emerge  from  adult  hosts.  These  infected  adult  mosquitoes  may 
transport  the  parasites  to  different  waterbodies.  We  hypothesize  that  parasites  completing 
development  in  adult  mosquitoes  should  modify  the  host  behavior  in  a  way  that  infected  adults 
fly  to  water  instead  of  first  blood  or  nectar  seeking  since  foraging  involves  risks.  The  hypothesis 
will  be  tested  in  a  forced  choice  assay.  Our  second  hypothesis  is  that  infected  larvae  are  more 
aggregated  than  uninfected  ones  during  post-parasite  emergence  to  enhance  the  formation  of 
mating  clusters.  The  distribution  of  infected  and  uninfected  larvae  in  a  container  (40x80x20  cm) 
is  compared  to  test  this  hypothesis. 
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Introduction: Megaloprepus  caerulatus ,  the  Giant  Helicopter  Damselfly,  occurs  widely  in  Central 
and  South  America,  from  Mexico  to  Bolivia. 

MethodsTn  this  observational  study,  illustrations  done  under  a  dissecting  microscope  and 
scanning  electron  microscope  will  be  used  to  compare  the  sexual  morphology  of  two  male 
populations  in  order  to  determine  if  they  are  undergoing  speciation.  Illustrations  will  be  done 
using  museum  specimens  from  a  population  collected  in  Panama,  and  a  population  collected  in 
Costa  Rica.  Differences  in  primary  and  secondary  genitalia  will  be  noted  and  their  importance  to 
reproductive  success  will  be  emphasized. 

Results/Conclusions  :By  illustrating  the  male  genitalia  of  specimens  from  two  different 
populations,  conclusions  may  be  drawn  about  differences  in  morphology  due  to  sexual  isolation. 
This  illustrative  study  can  possibly  be  fortified  by  a  concurrent  study,  in  which  damselfly 


populations  were  observed  using  molecular  techniques  in  order  to  determine  if  they  are 
undergoing  speciation.  By  illustrating  the  sexual  differences  of  two  damselfly  populations  that 
have  been  seperated  by  time  and  geographical  space,  we  aim  to  answer  broader  questions  about 
evolution. 
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Life  in  extreme  habitats  offers  challenges  —  for  example  —  in  feeding,  respiration,  attachment 
or  thermoregulation.  The  larvae  of  the  damselflies  of  family  Polythoridae  are  a  paragon  of  this 
because  they  live  in  and  around  waterfalls  in  the  Neotropics,  where  fast-flowing  turbulent  waters 
bring  high  oxygen  concentrations  and  a  ready  food  supply,  but  make  movement  and  attachment 
difficult.  In  the  Odonata,  dragonfly  (Anisoptera)  larvae  respire  using  internal  gills  in  a  rectal- 
chamber,  while  damselfly  (Zygoptera)  larvae  have  caudal  lamellae:  long,  slender,  feather-like 
structures  that  provide  large  surface  areas  for  gas  exchange.  The  polythorid  damselflies, 
however,  possess  highly  modified  caudal  lamellae,  that  are  expanded  and  heavily 
sclerotized.  These  ‘club-like’  lamellae  do  not  appear  well  suited  for  gas  exchange;  interestingly, 
polythorid  larvae  also  have  external  abdominal  structures  that  resemble  the  abdominal  gills  of 
mayflies,  an  extremely  uncommon  trait  in  odonates.We  here  present  an  in-depth  exploration  of 
these  structures  through  comparative  analysis  of  the  larvae  of  Polythore  ornata  and  the  more 
characteristic  Calopteryx  splendens.  The  lamellae  of  P.  ornata  have  developed  a  unique  internal 
‘foam’  structure.  Their  external  cuticle  is  also  modified  to  be  rigid  throughout  the  dorsal  surface, 
but  with  a  convex  ventral  region  that  is  more  flexible.  Using  X-ray  tomography,  SEM,  and 
fluorescence  microscopy,  we  examine  the  functional  morphology  and  material  properties  of  the 
caudal  lamellae  and  abdominal  gills.  We  explore  the  hypothesis  that  the  caudal  lamellae  of 


polythorids  evolved  for  the  novel  function  of  attachment  in  extreme  habitats,  subsequently 
evolving  abdominal  gills  to  replace  the  diminished  respiratory  function. 
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Introduction:  The  epiphallus  is  a  strongly  sclerotized  structure  located  on  dorsal  side  of  the 
phallic  organ.  It  serves  to  grasp  the  edge  of  female  subgenital  plate  to  fix  the  phallus  firmly 
during  copulation.  Its  significance  in  various  families  and  sub  families  of  Acridoidea  has  been 
observed  by  various  authors.  A  comparative  study  of  epiphallus  was  carried  out  in  82  species  of 
grasshoppers  representing  52  genera  belonging  to  the  families  Acrididae,  Pamphagidae  and 
Pyrgomorphidae.  Its  taxonomic  significance  in  the  classification  of  Acridoidea  and 
Pyrgomorphoidea  is  shown. 

Methods:  For  the  study  of  epiphallus,  the  apical  part  of  male  body  was  cut  off  and  boiled  in  test 
tubes  containing  10%  KOH  solution  until  the  material  became  transparent.  Then  it  was  washed 
thoroughly  in  water  for  complete  removal  of  KOH.  It  was  then  dissected  by  aid  of  stereoscopic 
microscope  and  with  the  help  of  fine  the  needles  epiphallus  was  taken  out.  The  normal  process  of 
dehydration  was  adapted  and  cleaning  was  done  in  clove  oil.  The  epiphallus  was  mounted  in 
Canada  balsam  on  a  cavity  slide.  Drawings  were  made  with  the  help  of  camera  lucida. 

Results/Conclusion:  The  study  revealed  that  there  are  certain  characters  i.e.  presence  or  absence 
of  dorso-lateral  appendages;  broad  or  narrow  condition  of  bridge;  presence  or  absence  of 
ancorae;  single,  bi  or  trilobite  condition  of  lophi  and  shape  of  ancorae  and  lophi  have  significant 
value  in  separating  various  families,  genera  and  species  of  Acridoidea  and  Pyrgomorphoidea. 


Paper  (Oral)  Presentations 

Presentation  Title:  Phylogeny  of  Stagmatoptera  Burmeister,  1838  (Insecta:  Mantodea)  based  on 
morphological  and  molecular  evidence 

Author  Name:  Henrique  Rodrigues 

Author  Institution:  Case  Western  Reserve  University 

Session  Title:  Contributed  Papers:  Morphology,  Systematics,  and  Phylogeny:  Myriapoda  and 
Insecta 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1578 
DOI:  10.1603/ICE.2016.1 15122 
Abstract  text: 

We  will  present  the  first  ever  phylogeny  of  Stagmatoptera  Burmeister,  1838  (Mantodea, 
Mantidae).  Stagmatoptera  comprises  14  species,  all  but  1  featuring  a  dark  spot  on  the 
pterostigma  of  the  forewings.  Specimens  of  the  genus  are  well  known  due  to  their  conspicuously 
large  size,  ranging  from  6  to  10cm  long.  Stagmatoptera  is  known  to  inhabit  both  forest  and 
grassland  habitats  in  South  America,  with  a  few  species  also  occurring  in  Central  America  and 
the  Lesser  Antilles.  To  investigate  the  evolutionary  history  of  Stagmatoptera ,  we  assembled 
morphological  and  molecular  datasets.  We  coded  external  morphology,  male  and  female 
genitalic  characters  and  sequenced  genes  known  to  resolve  the  relationships  of  mantid  species. 
The  morphological  dataset  was  analyzed  using  Maximum  Parsimony,  and  the  molecular  and 
total  evidence  datasets  were  analyzed  using  Bayesian  Inference.  Preliminary  evidence  suggests 
that  Stagmatoptera  is  a  monophyletic  lineage  and  is  closely  related  to  to  other  Stagmatopterinae 
and  to  Vatinae.  Stagmatoptera ,  the  most  diverse  genus  within  Stagmatopterinae,  is  the  starting 
point  of  our  overarching  project  to  revise  the  subfamily  and  investigate  its  evolutionary  history. 

A  phylogeny  of  Stagmatopterinae  and  other  related  subfamilies  will  build  new  understanding  on 
the  evolution  and  diversification  of  the  lineage. 
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Sexual  dimorphisms  are  common  across  arthropod  diversity  including  the  praying  mantises, 
which  often  exhibit  sex  differences  related  to  camouflage  and  body  size.  How  these  dimorphisms 
influence  sex-dependent  niche  specializations  is  unclear  in  most  arthropod  groups,  but  studying 
extreme  dimorphisms  can  shed  light  on  the  evolutionary  influences  of  differing  male  and  female 
morphology  and  life  strategies.  We  demonstrate  that  an  increase  in  sexual  size  dimorphism 
(SSD)  led  to  the  decoupling  of  male  and  female  life  modalities  through  sex-dependent  selective 
pressures  within  Hymenopodini  praying  mantises.  Size  measurements  and  phylogenetic  analysis 
revealed  an  evolutionary  shift  towards  extreme  SSD  within  a  lineage  including  the  orchid 
mantises.  Male  phenotypes  in  this  lineage  appear  to  be  shaped  by  reproductive  success. 

However,  sedentary  females  dramatically  increased  in  size  prior  to  a  transition  from 
camouflaged,  ambush  predation  to  floral  simulation  that  attracts  pollinating  insects  as  prey. 
Although  the  catalyst  that  gave  rise  to  floral  simulation  in  orchid  mantises  is  not  known,  an 
ancestral  association  with  flowers  may  have  driven  gigantism  in  females  to  gain  predatory 
advantage  over  flower  visiting  insects.  The  resulting  extreme  SSD  may  have  liberated  females 
from  body  form  restrictions  imposed  by  male  ecology,  which  led  to  color  and  size  optimization 
to  attract  pollinating  insects.  A  concordant  size  increase  in  the  male  Hymenopus  orchid  mantis 
suggests  that  a  1 :2  male  to  female  size  dimorphism  is  likely  the  upper  limit  of  size  disparity 
within  praying  mantises,  which  may  be  caused  by  constraints  from  mating  mechanics. 
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The  family  Iridopterygidae,  composed  of  over  93  genera,  is  made  up  of  three  distinct  ecological 
groups:  leaf-,  bark-,  and  ground-dwelling.  These  ecological  groups  exhibit  cryptic  morphological 
characteristics  that  enable  them  to  blend  in  with  the  specific  niche  they  occupy.  For  example, 
leaf-dwelling  Iridopterygidae  are  green,  dorsoventrally  flattened,  and  feature  relatively  broad 
green  wings  with  leaf-like  venation  patterns,  whereas  ground-dwelling  iridopterygids  are  brown 
in  color,  with  stout,  tubular  abdomens  and  reduced  brown  wings.  These  morphological 
characters  provide  sufficient  camouflage  against  predators  in  the  habitats  occupied  by  the 
Iridopterygidae.  Interestingly,  the  three  ecological  groups  do  not  track  phylogeny  and  appear  to 
be  grossly  polyphyletic,  each  ecological  type  having  evolved  multiple  times.  Using 
morphological  and  molecular  data,  we  reconstructed  the  phylogeny  of  Iridopterygidae.  The 
recovered  topology  provides  a  framework  to  reconstruct  the  evolution  of  ecological  type  within 
the  lineage,  which  allows  us  to  better  understand  the  origin  of  specific  morphological  characters 
as  they  relate  to  the  occupation  of  diverse  ecological  habitats.  The  results  of  our  phylogenetic 
analysis  will  guide  the  revision  of  the  Iridoptrygidae. 
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Introduction:  The  Western  Ghats  is  an  important  biodiversity  hot  spot,  rich  in  insect  fauna 
including  termites.  Molecular  techniques  such  as  PCR  analysis  and  sequencing  of  mitochondrial 
genes  have  been  useful  to  separate  cryptic  species  and  analyse  phylogenetic  relationships  among 
species. 

Methods:  From  2013-2015  we  examined  the  species  diversity  across  different  habitats  of  the 
Western  Ghats  covering  4  states,  namely:  Karnataka,  Kerala,  Tamil  Nadu,  and  Maharashtra  . 
Termite  samples  were  identified  based  on  morphological  and  molecular  characteristics.  The 
molecular  diversity  of  all  collected  species  was  made  using  nucleotide  sequence  profile  of  16S 
rRNA  gene.  A  phylogenetic  tree  using  maximum-parsimony  was  drawn  on  the  basis  of  a 
multiple  sequence  alignment  of  16S  rRNA  gene. 

Results/Conclusion:  Morphological  identification  revealed  the  presence  of  16  species  belonging 
to  4  subfamilies.  The  partial  sequences  of  mitochondrial  genes  of  all  the  16  species  were 
submitted  to  GenBank  (NCBI).  The  sequences  obtained  were  characterized  to  determine  the 
frequencies  of  each  nucleotide  base,  and  high  A+T  content  was  observed.  The  constructed 
phylogeny  revealed  the  formation  of  3  major  clades.  Clade  I  consisted  Microtermes  and 
Odontotermes ,  Clade  II  consisted  Microcerotermes  and  Clade  III  consisted  Nasutitermes , 
Trinervitermes  and  Heterotermes.  This  indicated  that  Termitidae  was  monophyletic  and 
originated  from  within  polyphyletic  Rhinotermitidae.  The  first  clade  had  separated  from  the 
second  clade  with  bootstrap  value  of  54%  while  third  clade  was  separated  with  strong  bootstrap 
value  of  100%.  This  was  the  first  attempt  where  mitochondrial  genes  of  termites  of  the  Western 
Ghats  were  successfully  sequenced.  This  paves  the  way  for  DNA  bar  coding  and  molecular 
identification  of  Indian  termites. 
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Introduction:  Lice  genera  have  historically  been  defined  based  on  taxonomic  groupings  of  their 
hosts.  While  some  of  these  are  natural  groups,  molecular  phylogenies  have  shown  that  many  of 
these  genera  are  not  monophyletic. 

Methods:  Using  1  mitochondrial  and  3  nuclear  genes  we  inferred  a  phylogeny  for  115  taxa  (from 
all  genera)  within  the  Degeeriella  complex  to  investigate  the  relationships  among  taxa  in  this 
group.  This  complex  contains  16  louse  genera  parasitizing  a  wide  range  of  birds  including 
raptors,  woodpeckers,  gamebirds,  and  toucans. 

Results/Conclusion:  The  resulting  phylogeny  showed  that  many  currently  recognized  genera  are 
not  monophyletic.  In  some  instances  these  newly  identified  lineages  more  accurately  reflect 
higher  level  bird  classification,  for  example  Degeeriella  itself  was  found  to  actually  comprise 
two  distantly  related  lineages,  one  infesting  Falconiformes  whereas  the  other  is  found  on 
Accipitriformes,  agreeing  with  the  recent  findings  that  these  two  groups  of  predatory  birds  are 
not  closely  related.  Conversely,  Picicola  chewing  lice  parasitizing  woodpeckers,  which  have 
traditionally  all  been  placed  in  this  single  genus,  form  multiple  geographically  limited 
lineages.  However,  woodpecker  host  phylogenies  have  confirmed  that  these  hosts  are 
monophyletic.  There  are  also  instances  where  lice  from  unrelated  hosts  are  members  of  a  well- 
supported  monophyletic  clade  indicating  a  history  of  intraordinal  host-switching.  For  example, 
lice  from  rollers,  a  group  of  Old  World  coraciiformes  are  embedded  within  Degeeriella  from 
hawks  (Accipitriformes).  Members  of  the  Degeeriella  complex  are  known  to  disperse  via 
phoresis  (hitchhiking)  on  hippoboscid  flies,  which  could  explain  the  apparent  plethora  of 
intraordinal  an  intrafamilial  host-switches  found  in  this  group  of  parasites. 
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Chrysopidae  (green  lacewings)  are  the  second  largest  family  of  lacewings  and  are  widely  used  as 
biological  control  agents  of  agricultural  pests  in  horticultural  systems.  Chrysopids  also  have 
interesting  natural  histories  which  include,  among  others,  debris  carrying  camouflage  by  some 
larva  and  the  production  of  sound  and  semiochemicals  during  courtship  by  the  adults.  Despite 
multiple  attempts  to  resolve  the  phylogeny  of  chrysopids,  relationships  at  the  base  of  the  tree 
have  remained  uncertain,  as  well  as  the  relationships  among  members  of  the  largest  tribe 
Chrysopini,  which  comprise  over  80%  of  chrysopid  diversity.  We  present  the  results  obtained 
with  a  supermatrix  approach  using  various  phylogenetic  inference  methods.  Our  phylogenetic 
hypothesis  combines  all  the  molecular  evidence  available  today  for  the  group  and  represents  an 
improvement  from  previous  analyses  in  terms  of  the  number  and  diversity  of  the  taxa  included. 
An  account  of  the  timing  of  diversification  of  the  family  is  also  presented  and  chrysopids’  life 
history  is  discussed  in  terms  of  patterns  of  character  change  at  the  light  of  this  new  hypothesis. 
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A  phylogeny  of  the  neuropteran  family  Chrysopidae  (green  lacewings)  inferred  from 
morphological  data  is  presented.  The  cosmopolitan  family  includes  about  1000  species  and  90 
genera.  Hitherto,  the  relationships  within  Chrysopidae  are  not  well  resolved.  Even  the  status  of 
the  constituent  subfamilies  Apochrysinae,  Nothochrysinae  and  Chrysopinae  has  not  been 
rigorously  tested.  For  the  analysis  presented  here  we  have  gathered  the  largest  sample  of 
chrysopid  genera  to  date  and  propose  a  new  phylogenetic  hypothesis  inferred  from 
morphological  data,  on  the  basis  of  a  comprehensive  study  of  all  external  and  genitalic 


characters.  Through  comparison  with  related  families  (e.g.  Hemerobiidae)  we  reevaluate  the 
homology  statements  of  the  male  genitalia  and  a  present  a  revised  hypothesis  of  wing  venation 
homology.  This  revision  allows  a  better  understanding  of  the  relationships  within  Chrysopidae  as 
well  as  to  the  closely  related  Neuroptera. 

The  extant  representatives  of  Chrysopidae  are  highly  derived  and  without  studying  the  extinct 
lineages  we  cannot  infer  relationships  between  higher  taxa  correctly.  Therefore  we  include 
compression  fossils  and  amber  inclusions  of  Chrysopidae  and  closely  related  extinct  families 
(such  as  Mesochrysopidae)  in  the  phylogenetic  analysis  and  in  the  reevaluation  of  homology. 
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The  island  of  Kahoolawe  is  one  of  the  smallest  and  youngest  Hawaiian  Islands,  and  has  suffered 
severe  ecological  damage.  Restoration  efforts  are  underway,  yet  little  is  known  of  what  endemic 
fauna  may  remain  on  the  island.  We  surveyed  for  moths  in  the  huge  endemic  radiation 
Hyposmocoma ,  and  discovered  nine  new  species  there.  Although  we  did  not  collect  larvae  for 
many  of  them,  placement  into  a  larger  phylogeny  allows  us  to  predict  larval  case  types.  These 
moths  are  remarkable  in  that  they  have  persisted  despite  burning  and  subsequent  erosion  and  loss 
of  native  plant  species  over  much  of  the  island,  and  provide  hope  that  other  endemic  insect 
species  persist  on  Kahoolawe  as  well. 
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Introduction:  The  multicopper  oxidase  (MCO)  family  of  enzymes  includes  laccases,  ascorbate 
oxidases,  bilirubin  oxidases  and  a  subgroup  of  metal  oxidases  (ferroxidases,  cuprous  oxidases, 
and  manganese  oxidases). 

Methods:  Gene  identification  and  sequence  analyses,  real-time  qPCR  analyses,  RNAi  effects  on 

Results/Conclusion:  On  the  basis  of  a  bioinformatics  investigation,  we  identified  7  genes 
encoding  putative  multicopper  oxidase  proteins  in  the  brown  planthopper  (BPH), 
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Introduction:  The  CPR  family,  the  largest  cuticular  structural  protein  family  in  insects,  is 
recognized  by  R&R  Consensus,  a  conservative  domain  of  about  63  amino  acids.  The  brown 
planthopper  (BPH),  Nilaparvata  lugens ,  is  a  major  rice  pest  in  Asia.  The  large  number  and 
diversity  of  CPR  family  protiens  helps  us  better  understand  insect  cuticle  and 
this  hemimetabolous  rice  pest. 

Methods:  RNAi,  real-time  qPCR,  tandem  mass  spectrometry 

Results/Conclusion:  By  comprehensively  investigating  the  BPH  transcriptome  and  comparing  it 
with  those  of  Drosophila  melanogaster ,  Anopheles  gambiae ,  Bombyx  mori,  Tribolium  castaneum 
and  Acrythosiphon  pisum,  we  have  identified  97  genes  that  code  for  putative  cuticular  proteins  of 
CPR  family.  Based  on  the  developmental  expression  patterns  of  each  CPR  gene,  we  conducted 
RNA  interference  experiments  and  classified  these  genes  based  on  the  phenotypes  after  the 
injections.  Some  particular  phenotypes  were  paid  special  attention,  such  as  malformed  wings, 
thinner  body  shape,  molting  difficulties,  lower  hatchability,  etc.  Proteomic  analysis  of  cast 
cuticles  from  BPH  by  tandem  mass  spectrometry  further  proved  the  existence  of  the  CPRs  and 
also  provided  a  lot  more  information  about  their  distribution  and  function. 
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Introduction:  The  brown  planthopper  (BPH,  Nilaparvata  lugens)  is  the  most  destructive  pest  of 
rice  and  causes  serious  economic  damage  in  Asia.  BPH  ingests  phloem  sap  by  penetrating  its 
stylet  into  rice  tissues  and  probing  for  the  phloem  sieve-tube.  During  feeding,  two  types  of  saliva 
(gel  and  watery  saliva)  ejecte  into  plant  tissues  and  play  crucial  roles  in  the  interaction  between 
the  insect  and  plant. 

Methods:  LC-MS/MS,  western  blot,  immunohistochemistry  staining,  RNA  interference,  RT- 
PCR,  scanning  electron  microscopy,  electrical  penetration  graph  (EPG) 

Results/Conclusion:  We  identified  an  unknown  salivary  sheath  protein  (NIShp)  in  BPH.  The 
gene  encoding  NIShp  was  specifically  expressed  in  the  salivary  gland  at  a  high  level  after 
hatching  from  eggs.  A  lethal  effect  in  addition  to  an  abnormal  phenotype  was  observed  in  NlShp- 
knockdown  BPH  fed  on  rice  but  not  on  an  artificial  diet.  The  impaired  feeding  process  of  NlShp- 
knockdown  BPH  on  rice  was  verified  by  EPG  detection,  indicating  that  the  insect  could 
not  penetrate  the  rice  plant  in  the  absence  of  the  salivary  sheath.  According  to  present  research, 
we  propose  a  salivary  sheath  required  feeding  model  for  piercing-sucking  insects  and  provide  a 
potential  target  for  rice  planthopper  management. 
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Introduction:  Dihydrofolate  reductase  (DHFR)  is  a  critical  enzyme  in  folate  metabolism.  The 
suppression  of  the  enzmye  may  cause  decreased  cell  proliferation  and  increased  cell  death  and 
thus  the  enzyme  may  become  a  potential  target  for  biocontrol  strategies  against  crop  pests. 


Methods:  In  this  study,  a  dihydrofolate  reductase  gene  ( dhfr )  from  important  agricultural  pests, 
Ostrinia  furnacalis ,  was  cloned  and  its  expression  profile  was  analyzed. 

Results/Conclusions:  Quantitative  real-time  PCR  showed  that  the  transcription  level  of  OfDHFR 
was  high  in  eggs,  early  3rd  instar  and  late  5th  instar  larvae.  Tissue-specific  analysis  indicated 
that  OfDHFR  transcript  level  was  high  in  epidermis  and  fat  body,  but  low  in  silk  gland.  By 
feeding  with  methotrexate  (MTX)-supplemented  diets(>25ppm),  larval  growth  retardation  and 
higher  mortality  were  observed.  Both  of  the  percentage  pupation  and  adult  emergence 
significantly  decreased  with  increasing  concentration  of  MTX.  RNA  interference  by  introducing 
double  stranded  RNAs  that  target  the  endogenous  dhfr  genes  resulted  in  an  dramatic  reduction  in 
egg  production  rate  of  the  adult  females.  In  conclusion,  the  gene  dhfr  acts  in  larval  growth  and 
adult  fecundity,  which  might  become  a  potent  insecticide  target  for  environmentally  friendly 
control  of  insect  pests. 
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Introduction:  RNA  interference  (RNAi)  is  a  promising  new  technology  for  the  control  of  corn 
rootworm  (CRW).  This  work  presents  the  discovery  of  new  gene  targets  DvSSJl  and  DvSSJ2,  in 
CRW.  DvSSJl  and  DvSSJ2  are  orthologs  of  the  Drosophila  genes  snakeskin  (Ssk)  and  mesh, 
respectively,  which  encode  membrane  proteins  associated  with  smooth  septate  junctions  (SSJ) 
and  are  required  for  intestinal  barrier  function. 

Results/Conclusions:  Diet  based  insect  bioassays  of  DvSSJl  and  DVSSJ2  double-stranded  RNA 
(dsRNA)  demonstrated  target  specific  mRNA  suppression,  larval  growth  inhibition,  and 
mortality.  Transgenic  plants  expressing  DvSSJl  dsRNA  provided  significant  plant  protection 


and  insecticidal  activity  against  corn  rootworm.  DvSSJl  and  DvSSJ2  provide  new  gene  targets 
for  the  control  of  corn  rootworm  using  RNAi  technology,  by  suppressing  production  of  their 
respective  smooth  septate  junction  membrane  proteins  located  within  the  intestinal  lining, 
leading  to  growth  inhibition  and  mortality. 
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Targeting  insect-specific  genes  through  post-transcriptional  gene  silencing  with  RNA 
interference  (RNAi)  is  a  new  strategy  for  insect  pest  management.  Unfortunately,  some  insect 
taxonomic  groups,  such  as  dipterans  and  lepidopterans,  are  recalcitrant  to  RNAi,  preventing  the 
application  of  novel  RNAi  technology  to  these  insect  pests.  Double  stranded  ribonucleases 
(dsRNases)  that  degrade  dsRNA  have  been  shown  to  contribute  to  low  RNAi  efficiency.  The 
western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera,  is  amenable  to  RNAi  whereas  the 
European  corn  borer  (ECB),  Ostrinia  nubilalis,  is  recalcitrant.  Thus,  in  this  study,  we 
investigated  the  influence  of  dsRNases  on  the  RNAi  efficiency  of  these  two  major  agricultural 
pests  that  are  known  to  exhibit  very  different  RNAi  responses.  Here  we  present  the  sequence  of 
three  dsRNase  cDNAs  for  ECB  and  two  dsRNase  cDNAs  for  WCR,  as  well  as  discuss  the 
conservation  of  the  deduced  amino  acid  sequences.  These  sequences  are  aligned  with  dsRNase 
sequences  from  other  insect  species  to  show  the  phylogenetic  relationship.  Tissue-  and 
developmental  stage-specific  expression  patterns  of  the  dsRNases  are  also  discussed,  as  well  as 
the  time-depended  degradation  that  occurs  when  double  stranded  RNA  (dsRNA)  is  incubated 
with  ECB  gut  fluids,  as  visualized  with  gel  electrophoresis.  Furthermore,  we  show  that 
dsRNA/chitosan  nanoparticles  reduce  dsRNA  degradation  in  EBC  gut  fluids.  This  investigation 
provides  insight  into  a  molecular  mechanism  influencing  RNAi  efficiency  in  insects,  and  is 


expected  to  help  formulate  effective  strategies  for  improving  RNAi  efficiency  in  RNAi- 
recalcitrant  insect  pests. 
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Introduction:  Over  300  viruses  are  transmitted  by  the  whitefly,  Bemisia  tabaci,  with  90%  of  them 
belonging  to  the  genus,  Begomovirus.  Begomoviruses  are  exclusively  transmitted  by  whiteflies 
to  a  range  of  agriculture  crops,  resulting  in  billions  of  dollars  lost  annually,  while  jeopardizing 
food  security  worldwide.  Several  begomoviruses  have  emerged  as  being  especially  devastating, 
including  Tomato  yellow  leaf  curl  virus  (TYLCV).  Although  the  use  of  pesticides  has  helped 
manage  whiteflies,  there  is  an  increasing  need  to  develop  novel  strategies  that  are  effective  at 
controlling  whitefly  populations,  especially  in  regions  where  large-scale  pesticide  applications 
are  impractical. 

Methods:  To  identify  functional  genes  that  may  be  used  as  targets  in  the  development  of  RNA 
interference  (RNAi)  technology  for  whitefly  control,  we  first  performed  transcriptome  analysis 
of  whiteflies  during  the  first  three  days  (24  h,  48  h,  and  72  h)  of  TYLCV  acquisition,  which 
revealed  ~80  genes  that  were  differentially  expressed.  Furthermore,  some  of  these  genes  were 
selected  as  targets  for  RNAi  against  whitefly. 

Results/Conclusions:  Here,  we  discuss  how  a  fundamental  understanding  of  whitefly  gene 
expression  in  response  to  TYLCV  acquisition  can  contribute  to  the  development  of  RNAi 
strategies  to  manage  whiteflies  and  the  viruses  they  transmit. 
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Introduction:  Immunity  in  insects  is  highly  conserved  and  serpins  are  a  superfamily  of  protease 
inhibitors  with  a  spectrum  of  biological  functions.  Here,  we  show  that  Serpin  2  is  differentially 
expressed  in  the  SBNP1  (resistant)  and  CSR2  (susceptible)  strains  of  silkworm,  Bombyx  mori 
upon  B.  mori  nucleopolyhedrosis  virus  (BmNPV)  challenge. 

Results/Conclusions:  Time  course  analysis  revealed  high  expression  of  Serpin  2  in  the  tissues  of 
susceptible  strain  at  72  hours  post  infection  with  basal  expression  in  the  resistant  strain.  RNA 
interference  mediated  knockdown  of  Serpin  2  led  to  increased  viral  load  in  the  hemolymph  of 
both  the  strains,  indicating  its  antiviral  role  in  immunity.  Expression  analysis  of  Toll  genes  at  72 
hours  post  BmNPV  infection  showed  upregulation  in  the  midgut  tissues  of  resistant  but  not  in 
susceptible  strain.  A  homology  model  of  Serpin  2  indicated  it  as  an  inhibitor  of  a  protease  with 
trypsin  specificity.  Our  results  indicate  that  Serpin  2  inhibits  viral  replication  and  spread  by 
targeting  viral  structural  protein  p74,  resulting  in  low  expression  of  Toll  genes  and  increased 
load  of  bacteria  in  the  midgut  of  susceptible  strain.  We  conclude  that  Serpin  2  has  an  important 
role  in  antiviral  activity  and  maintenance  of  gut  homeostasis  in  silkworm. 
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Bark  beetles  show  high  variation  among  species,  populations,  and  individuals,  even  when  only  a 
small  subset  of  this  diverse  subfamily,  i.e.,  those  colonizing  the  primary  stems  of  conifers,  is 
considered.  This  group  is  of  particular  interest  because  of  their  pronounced  ecological  roles  and 
socioeconomic  impacts.  Our  ability  to  predict,  and  where  necessary  modulate,  those  impacts 
requires  an  understanding  of  bark  beetle  interactions  with  host  trees,  symbionts,  natural  enemies, 
land  use  patterns,  and  weather.  This  understanding,  and  more  specifically  our  ability  to  link 
pattern  with  process,  can  be  improved  by  identifying  key  thresholds  that  are  quantitatively 
structured  yet  can  yield  qualitatively  different  outcomes.  Moreover,  these  drivers  interact  across 
broad  spatial  and  temporal  scales,  and  generate  both  positive  and  negative  feedbacks. 
Understanding  feedback  structure,  thresholds,  nonlinearities,  and  cross-scale  interactions 
becomes  even  more  important  as  we  try  to  overlay  our  knowledge  of  the  basic  behavior  and 
ecology  of  bark  beetles  onto  an  anthropogenically  modified  landscape.  This  presentation 
introduces  the  general  life  history  and  ecology  of  conifer  bark  beetles,  for  further  development  in 
the  subsequent  talks.  It  emphasizes  how  it  is  worthwhile  to  consider  nonlinear  relationships, 
thresholds,  and  feedbacks  when  interpreting  many  aspects  of  bark  beetle  biology,  such  as  their 
host  selection  behavior,  chemical  signaling,  and  population  dynamics.  A  few  brief  examples  to 
highlight  these  relationships  are  provided. 
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Abstract  text: 

Introduction:  Conifers  are  the  dominant  trees  over  huge  areas  and  include  many  species  of  great 
economic  and  ecological  importance.  Some  conifer  species,  particularly  members  of  the  pine 
family,  are  susceptible  to  attack  by  tree-killing  bark  beetles  (Curculionidae:  Scolytinae)  and  their 
symbiotic  bluestain  fungi.  The  beetle-symbiont  complex  can  overwhelm  the  defenses  of  healthy 
trees  through  pheromone-mediated  mass-attacks.  However,  most  of  the  time,  the  trees’  effective 
preformed  and  inducible  defenses  protect  them  from  attack  and  regulate  bark  beetle  populations 
at  low,  endemic  levels.  Here  I  will  describe  the  multitude  of  tree  defense  mechanisms  that  bark 
beetles  and  fungi  have  to  deal  with  when  attacking  healthy  trees. 

Results/Conclusion:  The  fundamental  challenge  shared  by  tree-killing  bark  beetles  and  their 
symbionts  is  to  cope  with  the  powerful  defenses  of  a  living  conifer.  Conifer  defenses  are 
generally  of  a  quantitative  and  general  nature.  Conifers  integrate  multiple  defense  mechanisms, 
including  preformed  and  inducible  specialized  metabolites  (terpenoids  and  phenolics),  tough 
mechanical  barriers  (periderms,  lignified  cells,  crystals),  and  other  chemical,  molecular  and 
mechanical  defenses.  These  defenses  impede  fungal  establishment  and  inflict  considerable  beetle 
mortality  during  tree  colonization.  Anthropogenic  disturbances,  such  as  climate  change  and 
range  expansion  of  invasive  species,  reduce  tree  vigor  and  create  new  pest-conifer  associations  at 
an  increasing  rate.  These  threats  accentuate  the  need  for  a  more  detailed  understanding  of  the 
interactions  between  conifer  defenses  and  the  bark  beetle-symbiont  complex. 
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Abstract  text: 


The  coffee  berry  borer,  Hypothenemus  hampei  (Ferrari),  is  the  most  damaging  pest  of  coffee 
worldwide  and  causes  millions  of  dollars  in  losses  each  year.  Damage  is  caused  by  a  colonizing 
female  boring  a  hole  into  the  berry  followed  by  oviposition  in  galleries  within  the  seed  (i.e.,  the 
coffee  bean),  which  is  the  marketable  product.  Both  larvae  and  adults  consume  the  seed,  thus 
reducing  quality  and  yields.  Recent  findings  have  revealed  interesting  aspects  of  the  biology  and 
ecology  of  the  insect,  including  the  elucidation  of  a  repellent  that  might  have  a  strong  potential 
for  pest  management  in  the  field.  An  examination  of  the  microbiota  has  revealed  the  role  of 
several  different  bacteria  in  caffeine  detoxification,  thus  explaining  how  the  insect  is  able  to 
survive  in  a  food  source  containing  an  alkaloid  (i.e.,  caffeine).  The  recent  publication  of  the  draft 
genome  provides  us  with  a  better  understanding  of  the  internal  machinery  that  makes  this  insect 
such  a  formidable  pest.  Finally,  studies  using  artificial  diet  sandwiches  have  allowed  to  observe 
subsocial  tasks  such  as  maternal  sanitation  and  tending  of  eggs  and  larvae. 
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Introduction:  Social  behavior,  ranging  from  parental  care  to  eusociality,  has  evolved  multiple 
times  in  bark  beetles,  especially  in  combination  with  fungus  farming  in  the  ambrosia  beetles.  A 
general  theory  on  the  ecological  factors  selecting  for  sociality  in  these  beetles  is  missing  so  far. 

Methods:  Here  I  present  our  most  recent  findings  on  this  topic,  generated  from  behavioral 
observations,  experimental  manipulations,  and  artificial  selection  studies  on  our  focal  species, 
Xyleborinus  saxesenii.  Experimental  manipulation  of  substrate  quality  showed  that  X.  saxesenins 
facultatively  eusocial,  i.e.,  given  higher  quality  substrate  females  decide  to  delay  dispersal  from 
the  mother’s  nest  and  help  to  rear  their  siblings.  Within  the  nest  they  divide  tasks  such  as 
pathogen  defense,  fungus  tending,  and  nest  protection  with  larval  offspring,  in  a  way  unique  for 
holometabolous  insects.  Pathogen  defense  seems  particularly  important  and  was  shown  to  be 
induced  by  experimental  introduction  of  fungal  pathogen  spores  in  beetle  nests.  Social  behaviors 
are  generally  costly  for  daughters,  however,  as  we  showed  that  later  dispersing  daughters  lay 


fewer  eggs  than  early  dispersers.  Laboratory  rearing  of  these  beetles  allows  to  do  selection 
experiments  on  social  behaviour,  which  is  rarely  possible  in  animals. 

Results/Conclusion:  Our  findings  suggest  that  social  behavior  in  bark  beetles  is  mainly  selected 
by  ecological  conditions,  like  (i)  a  low  probability  of  successful  nest  foundation,  (ii)  the 
durability  and  the  defendability  of  the  nesting  resource  that  may  allow  multiple  generations  to 
develop  there,  and  (iii)  the  possibility  to  increase  production  of  kin  by  joint  pathogen  defense  and 
fungus  farming. 
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Introduction:  The  evolution  of  eusociality  and  reproductive  altruism  has  long  been  a  source  of 
intrigue.  The  long-lived  wood-boring  ambrosia  beetle  Austroplatypus  incompertus  (Schedl) 
(Coleoptera:  Curculionidae:  Platypodinae)  is  the  only  known  eusocial  beetle.  Despite  more  than 
two  decades  since  its  galleries  with  apparent  overlapping  generations  and  female  workers  were 
first  documented,  further  details  about  its  social  system  and  life  history  have  remained  elusive. 

Methods:  We  collected  extensive  data  on  the  life-history,  female  reproductive  morphology,  sex 
ratio,  and  genetic  family  structure  of  A.  incompertus  in  a  typical  population  and  habitat  within 
live  Eucalyptus  trees  in  Australia. 

Results/Conclusion:  We  show  that  the  galleries  are  always  inhabited  by  single-parent  families 
consisting  of  a  singly  but  lifetime-inseminated  and  reproductively  active  foundress,  unmated 
daughter  helpers,  and  outbred  immature  offspring  that  always  were  full-siblings  to  each  other 
and  to  their  adult  sister  “minders”.  Mature  male  offspring  always  disperse  to  mate  but  don’t 
participate  in  gallery  establishment  and  subsequently  survive  only  as  stored  sperm,  whilst  some 


mature  female  offspring  can  assume  a  helper  role  without  future  reproduction  or  dispersal 
capacity.  Although  their  galleries  and  associated  fungal  gardens  can  persist  for  up  to  40  years, 
we  found  no  evidence  for  colony  inheritance.  Our  results  substantiate  the  importance  of  full¬ 
sibling  relatedness  and  kin-selection  for  the  evolution  of  obligate  eusociality  and  establish  that 
life-time  monogamy  combined  with  specific  ecological  conditions  can  explain  the  evolution  of 
advanced  eusociality  in  the  order  Coleoptera. 
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The  genus  Tomicus  contains  eight  species  and  is  naturally  distributed  in  temperate,  including 
Mediterranean,  and  boreal  coniferous  forests  of  the  whole  Palearctic  zone.  One  species  however, 
T.  piniperda,  was  accidentally  introduced  into  North  America  in  1992.  Most  species  develop  on 
pines  and  very  occasionally  on  other  conifers.  The  particularities  of  the  genus  life  cycle  are 
presented  first:  precociousness  of  attacks;  monogamy;  univoltinism;  mass  attacks  without 
aggregation  pheromones;  larval  development  in  phloem  of  trunk  or  branches  of  very  weakened 
trees  but  adult  maturation  in  shoots  of  healthy  trees;  development  requires  different  plants  and 
causes  both  tree  death  and  growth  losses.  The  second  part  of  the  presentation  focuses  on  the 
population  dynamics  and  strategy  of  establishment  of  T.  piniperda.  The  species  mainly  breeds  in 
downed  timber,  but  uses  the  strategy  of  exhausting  tree  defenses  when  attacking  living  trees,  as 
most  other  bark  beetle  species  do.  However,  contrary  to  them,  T.  piniperda  exhausts  tree 
defenses  without  aggregation  pheromones  and  without  help  of  symbiotic  associated  fungi.  This 
behavior  explains  why  the  critical  threshold  of  attack  density  of  T.  piniperda  on  healthy  pines  is 
particularly  high,  allowing  the  species  to  kill  only  very  weak  trees.  Comparisons  with  other 
Tomicus  species,  especially  T.  destruens  and  T.  yunnanensis ,  will  be  made.  Tomicus  yunnanensis 
succeeds  in  establishing  on  trees  only  after  they  have  been  dramatically  weakened  by  maturation 
in  the  shoots.  Finally,  general  aspects  of  population  management  will  be  presented. 
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Introduction:  Many  insects  communicate  using  airborne  sounds  or  vibrations.  Although  sound 
has  been  shown  to  affect  plant  and  animal  development  and  physiology,  few  studies  have  looked 
at  the  effects  of  sound  on  the  microbial  community  associated  with  insects.  Wood-infesting 
insects,  such  as  bark  and  ambrosia  beetles  which  associate  with  a  large  variety  of  micro¬ 
organisms,  provide  an  excellent  system  to  study  the  effects  of  sound.  Sound  production  by  bark 
and  ambrosia  beetles  within  their  tunnels  could  affect  the  performance  and  relationship  of 
microbes  within  tree  tissues  and  ultimately  affect  beetle  fitness. 

Methods:  We  tested  the  effects  of  vibration  and  airborne  sounds  on  the  growth  and  performance 
of  fungi  associated  with  Dendroctonusb&rk  beetles,  as  well  as  other  economically  or  ecologically 
important  plant  and  insect  pathogens.  We  tested  both  individual  sound  frequencies  as  well  as 
paired  combinations  (i.e.  two  note  cords)  ranging  from  100  to  20,000  Hz  using  contact 
transducers  or  sound  speakers. 

Results/Conclusion:  Most  fungal  species  were  affected  by  a  particular  sound  treatment,  however 
fungal  growth  response  differed  with  the  sound  wave  and  vibration  treatments.  For  some  species, 
fungal  growth  rates  increased  in  response  to  treatments.  The  effects  of  sound  on  hyphal  growth 
was  apparent,  indicating  that  airborne  sound  and  vibrations  have  the  ability  to  the  either  increase 
or  reduce  the  growth  of  certain  fungi.  These  finding  show  that  the  microbial  community  and  the 
fungal  relations  with  beetles  are  potentially  influenced  by  sound  produced  by  the  insects.  Results 
also  could  lead  to  the  development  of  new  methods  to  control  fungi. 
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Large  bark  beetle  outbreaks  are  regarded  as  major  forest  disturbances,  sometimes  ranking  higher 
than  hurricanes,  tornadoes,  and  fire.  They  are  favoured  by  natural  events  such  as  storms  and 
droughts,  by  global  change,  and  by  the  increase  of  national  and  international  trade.  We  analyse 
the  past  and  current  impact  of  these  outbreaks,  in  terms  of  silvicultural,  environmental,  and 
socio-economic  consequences,  as  well  as  the  various  components  of  prevention  and 
management.  A  particular  emphasis  is  given  to  emerging  risks  connected  to  the  movements  of 
exotic  species  or  to  new  pest-host  plant  associations. 
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Introduction: 


Since  the  winter  2006/07  and  the  first  reports  of  large  colony  die-offs  in  the  U.S.,  there  have 
been  on-going  concerns  over  the  health  of  honey  bee  ( Apis  mellifera )  populations.  These  reports 
are  from  temperate  regions  of  the  world,  especially  where  the  exotic  ectoparasitic  Varroa  mite 
( Varroa  destructor )  is  widespread. 


Methods: 

To  relate  honey  bee  health  with  Varroa  ectoparasitism,  we  screened  honey  bee  populations  with 
and  without  Varroa  mites  (paired  sampling  design)  for  a  wide  range  of  other  pathogens, 
including  viruses  and  Microsporidia.  We  primarily  used  qPCR  using  pathogen-specific 
oligonucleotide  primers  for  detection  and  quantification  of  pathogen  loads  in  a  pooled  sample  of 
30  worker  honey  bees  per  colony,  allowing  us  to  screen  many  colonies  per  locality.  We 
subsequently  standardized  data  to  absolute  pathogen  load  per  individual  honey  bee  worker. 

Results/Conclusion: 

We  found  a  wide  diversity  of  pathogens  in  honey  bees,  particularly  positive  single  strand  RNA 
viruses.  Despite  idiosyncrasies  across  localities  in  the  prevalence  of  pathogens,  one  virus  was 
clearly  and  consistently  associated  with  Varroa  ecoparasitism:  Deformed  wing  virus.  It  was  both 
widespread  where  Varroa  parasitizes  honey  bees  and  at  sometimes  at  extremely  high  loads  per 
bee.  This  virus  is  highly  virulent,  shorten  lifespans  and  induces  behavioral  abnormalities.  I  argue 
that  DWV  and  its  variants  (particularly  Varroa  destructor  virus- 1,  aka  DWV  variant  4B’)  is  likely 
the  major  driver  of  poor  honey  bee  health  worldwide. 
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Introduction:  Food  security  is  a  global  concern.  Nothing  spells  unrest  like  a  hungry  populace.  It 
is  important  that  countries  be  as  food  independent  as  possible  and  maintain  agricultural 
production  within  their  own  borders.  To  do  this,  it  is  vital  that  a  healthy  pollinator  force  be 
present,  especially  where  fruit  and  vegetable  production  is  taking  place.  It  has  been  forecast  by 
FAO  and  others  that  fruit  and  vegetable  production  may  be  limited  in  developing  countries  by 
insufficient  pollination.  Managed  and  wild  honey  bees  play  a  vital  role  in  the  pollination  of  food 
for  humans,  especially  as  agricultural  plot  size  increases  and  movable  hives  are  needed  during 
bloom  to  meet  pollination  demands  of  larger  fields. 

Methods:  The  respective  role  of  wild  and  managed  pollinators  in  different  areas  of  the  world  will 
be  compared  and  contrasted  drawing  from  published  studies. 

Conclusions:  Many  crops  receive  adequate  pollination  without  the  need  for  a  managed  pollinator 
such  as  honey  bees.  However,  as  plot  size  increases  the  need  for  a  mobile  managed  pollinator 
increases  and  this  is  especially  true  in  areas  of  heavy  agriculture  where  field  margins  may  be 
minimal.  Managed  pollinators  such  as  honey  bees  can  serve  as  crop  insurance  even  in  the 
presence  of  wild  pollinators.  In  addition  to  pollination  services  that  honey  bees  provide,  the 
management  of  honey  bees  can  provide  local  beekeepers  with  income  from  wax  and  honey 
production. 
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Introduction: 

Although  Africanized  honey  bees  {Apis  mellifera)  are  known  to  be  tolerant  to  parasites  and  other 
pathogens,  considerable  losses  have  been  reported  in  recent  years  in  Brazil.  Whereas  the 
phenomenon  that  has  led  to  the  decline  of  these  pollinators  around  the  world  has  also  been 
observed  in  Brazil,  with  regard  to  the  sudden  weakening  of  colonies,  morbidity  and  sometimes 
death,  several  analyses  are  being  made  to  contribute  to  the  elucidation  of  possible  causes 
involved  with  such  losses.  A  summary  of  results  will  be  presented,  trying  to  establish  relations 
with  what  has  been  observed  with  European  bees  in  other  countries. 

Methods: 

Thousands  of  bee  samples  from  more  than  50  municipalities  in  10  states  have  been  analyzed 
since  2009.  These  samples  were  tested  and  analyzed  for  a  variety  of  virus,  bacteria, 
microsporidium  and  parasites.  The  findings  of  this  large  scale  survey  will  be  presented. 

Results/Conclusion: 

While  the  results  presented  here  confirm  the  presence  of  diverse  pathogens  carried  by 
Africanized  honey  bees  samples  from  Brazil,  pathological,  epidemiological,  and  widespread 
studies  remain  to  be  conducted.  In  addition,  no  single  pathogen  seems  overly  predominant  in 
decline  bee  colonies.  Efforts  have  been  made  for  the  registration  of  beekeepers,  as  well  as  for  the 
regulation  of  specific  programs  that  lead  to  actions  based  on  representative  epidemiological 
surveys,  besides  initiatives  which  allow  the  expansion  of  scientific  knowledge  and  network  of 
specialized  laboratories. 
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Introduction: 

The  contribution  of  honey  bees  to  crop  pollination  and  honey  production  in  Canada  is  valued  at 
$3-4  billion  annually.  The  health  of  Canadian  honey  bees  however,  is  threatened  by  multiple 
factors  including  pathogens,  parasites,  and  pests,  nutritional  stress,  queen  quality,  pesticide 
exposure,  and  weather  conditions.  We  explored  how  the  diverse  Canadian  geography,  climate, 
and  farming  practices  influence  the  relative  weight  of  these  factors.  We  also  analysed  future 
demands  for  pollination,  and  the  related  consequences  on  hive  movement,  colony  health,  and 
regulatory  legislation. 

Methods: 

We  analysed  data  on  honey  bee  health,  productivity,  and  pollination  services  from  several 
sources  including  the  Annual  Report  of  Colony  Losses  published  by  the  Canadian  Association  of 
Professional  Apiculturists,  Statistics  Canada,  and  our  own  research  to  obtain  a  representation  of 
Canadian  honey  bee  health  and  its  contribution  to  Canadian  agricultural  systems. 

Results/Conclusion: 

There  are  approximately  700,000  colonies  in  Canada  managed  by  9,000  beekeepers  in  different 
paradigms,  including  stationary  honey  production,  localized  pollination,  or  long-distance 
migratory  pollination.  There  has  been  rapid  growth  in  Canadian  pollination  markets  resulting  in 
increased  honey  bee  stock  and  interprovincial  movement:  hybrid  canola  seed  in  Alberta, 
highbush  blueberry  in  British  Columbia  and  lowbush  blueberry  in  Atlantic  Canada  and  Quebec. 
Increased  movement  has  generated  concern  for  transmission  and  control  of  diseases  and  pests. 
We  will  present  an  update  on  the  status  of  Canadian  honey  bee  health,  emerging  threats,  their 
effects  on  provincial  and  federal  legislation,  and  the  evolving  agricultural  landscape. 
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Introduction: 

A  decline  in  honey-bee  health  due  to  parasites,  diseases,  poor  nutrition  and  environmental  toxins 
has  been  documented  for  years.  Under  current  international  trade  agreements,  the  U.S.  cannot 
deny  import  permits  from  other  nations  unless  the  exporting  nation  has  a  disease,  parasite,  or 
pest  of  honey  bees  that  is  not  found  in  the  U.S.  Confirming  the  absence  of  exotic  threats  to  honey 
bee  populations  not  thought  to  be  present  in  the  U.S.  is  the  primary  objective  a  national  survey  of 
honey  bee  pests  and  diseases  that  has  been  funded  annually  since  2009  by  the  USDA  APHIS  and 
coordinated  in  collaboration  with  the  USDA  ARS  Bee  Research  Laboratory  and  the  University 
of  Maryland. 

Methods: 

Of  particular  emphasis  of  this  survey  is  an  attempt  to  document  the  likely  absence  of  certain 
honey  bee  parasites  and  diseases  in  the  U.S.;  specifically,  the  absence  of  the  parasitic 
mite,  Tropilaelaps  sp.  and  other  exotic  threats,  such  as  Apis  cerana  and  slow  bee  paralysis  virus 
(SBPV).  To  date,  no  exotic  Tropilaelaps  mites  nor  SBPV  have  been  detected  in  the  U.S.  To 
maximize  the  information  gained  from  this  survey  effort,  collected  samples  are  also  analyzed  for 
honey  bee  diseases  and  parasites  known  to  be  present  in  the  U.S. 

Results/Conclusion: 

This  information  will  help  to  place  current  and  future  epidemiological  studies  in  context  and  thus 
may  indirectly  help  investigations  of  emerging  conditions  such  as  colony  collapse  disorder 


(CCD).  This  cross-country  survey  is  the  most  comprehensive  honey  bee  pest  and  health  survey 
to  date,  and  provides  essential  disease  and  pest-load  baseline  information. 
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Introduction: 

Managed  honey  bee  colonies  have  been  dying  at  alarmingly  high  rates  in  the  U.S.  for  the  last  9 
years.  In  an  attempt  to  reduce  these  losses,  concerted  efforts  have  been  placed  to  survey 
beekeepers  and  their  operations  to  identify  and  quantify  disease  and  management  factors 
associated  with  an  increased  or  decreased  incidence  of  disease.  Here  we  summarize  these  efforts, 
highlighting  strategies  that  are  likely  to  reduce  losses.  We  will  then  explore  efforts  which  attempt 
to  convince  beekeepers  to  change  practices  in  order  to  reduce  losses. 

Methods: 

In  an  attempt  to  reduce  these  losses,  concerted  efforts  have  been  placed  to  survey  beekeepers  and 
their  operations  to  identify  and  quantify  disease  and  management  factors  associated  with  an 
increased  or  decreased  incidence  of  disease. 

Results/Conclusion: 

Here  we  summarize  these  efforts,  highlighting  strategies  that  are  likely  to  reduce  losses.  We  will 
then  explore  efforts  which  attempt  to  convince  beekeepers  to  change  practices  in  order  to  reduce 
losses. 
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Introduction:  Thrips-transmitted  Tomato  spotted  wilt  virus  (TSWV)  is  one  of  the  top  10 
destructive  viruses  threatening  global  food  security.  Losses  induced  have  exceeded  several 
billions  of  US  dollars  worldwide.  This  abstract  focuses  on  thrips  and  TSWV  impact  in  peanut 
production  in  the  Southeastern  United  States  over  3  decades. 

Methods:  Over  the  years,  field-level  ecological  studies,  management  studies,  laboratory 
experiments,  serological,  molecular,  and  genomic  approaches  have  helped  decipher  thrips- 
TSWV-peanut  interactions,  and  improve  management  strategies. 

Results/Conclusion:  At  the  onset  of  TSWV  incidence  in  the  Southeast  in  the  1980s,  losses  due  to 
TSWV  were  extensive  with  growers  losing  entire  crops.  There  was  virtually  no  host  resistance  to 
thrips/TSWV.  Rigorous  breeding  efforts  led  to  the  development  of  cultivars  with  appreciable 
levels  of  field  resistance  to  TSWV.  That  said,  resistance  accrued  slowly,  and  basic  details,  such 
as  factors  influencing  resistance,  and  mechanism  of  resistance  remained  largely  unknown.  Our 
recent  knowledge  gained  using  molecular  and  genomic  approaches  has  helped  comprehend  this 
information  better.  Despite  all  these  efforts,  field  resistant  cultivars  are  not  immune  to  thrips 
and/or  TSWV.  As  evidenced  by  recent  flare-ups,  given  the  right  conditions,  losses  could  still  be 
substantial.  Transdisciplinary  team  ‘SWAT  -Spotted  Wilt  Action  TEAM’  efforts  have  led  to 
development  of  a  risk  reduction  management  plan  encompassing  numerous  cultural  and 
chemical  tactics.  This  plan  is  continuously  revised  per  new  revelations,  and  has  significantly 
improved  peanut  production.  Current  research  approaches  are  aimed  at  examining  the  selection 


pressure  these  management  tactics  exert  on  the  pest  and  the  pathogen,  and  its  mitigation  to 
improve  sustainability. 
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Introduction:  Arthropod-transmitted  plant  diseases  cost  growers  billions  of  dollars  annually. 
Management  options  for  these  diseases  include  plant  certification,  plant  resistance,  management 
of  inoculum  sources  (including  weeds),  and  vector  management.  While  vectors  can  be  managed 
with  certain  cultural  practices,  legal  practices  such  as  crop  free  periods,  biological  control  and 
others,  growers  in  many  places  rely  on  the  use  of  insecticides  to  reduce  populations  of  vectors. 
Ideally,  an  insecticide  should  eliminate  vectors  before  transmission  occurs,  produce  rapid 
feeding  cessation,  impair  vector  movement,  and  reduce  vector  reproduction.  The  result  of  these 
desirable  traits  would  include  reduction  of  vectors,  reduction  in  the  ability  to  acquire  and 
inoculate  pathogens,  reduction  of  vectors’  dispersal,  and  a  rapid  decline  of  colonization,  which 
would  consequently  reduce  spread  of  arthropod-vectored  diseases. 

Methods:  The  effect  of  old  chemistries  and  recently  registered  insecticides  was  reviewed  in  the 
literature  and  with  a  set  of  field,  laboratory  and  greenhouse  experiments. 

Results/Conclusion:  Unfortunately,  there  are  very  few  insecticides  that  include  several  above- 
mentioned  desirable  traits,  and  in  most  cases,  they  may  take  a  few  days  to  cause  mortality.  Some 
do  not  even  reduce  feeding  before  death.  Additionally,  early  infections  in  the  crop  phenology  are 
usually  more  severe  than  late  season  infections.  For  this  reason,  earlier  reduction  of  feeding  of 
vectors  in  the  crop  phenology  would  decrease  the  physiological  effects  on  plants  and  potentially 
reduce  the  transmission  of  arthropod-transmitted  bacterial  and  viral  diseases.  A  few  insecticides 


proved  to  reduce  the  feeding  of  vectors  and  the  choice  of  chemical  control  options  for  arthropod 
vectors  remains  limited. 
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Introduction:  Iris  yellow  spot  virus  (IYSV;  Tospovirus :  Bunyaviridae)  presents  an  interesting  case 
study  in  epidemiology  in  the  USA  and  Worldwide.  In  the  US,  from  obscurity  in  the  late  1990s, 
IYSV  became  an  emerging  threat  beginning  in  early  2000s.  IYSV  is  now  reported  from  many 
onion  growing  states  in  the  US  and  from  the  Americas,  Asia,  Australia,  and  Europe.  The  ever 
increasing  globalization  and  trade  of  plant  materials,  and  the  small  size  of  its  primary  vector, 
Thrips  tabaci ,  likely  contributed  to  the  spread  of  IYSV.  The  continued  spread  and  increasing 
economic  impact  of  the  virus  on  an  economically  important  crop  such  as  onion,  and  to  other 
Allium  crops,  have  provided  impetus  to  gain  a  better  understanding  of  its  biology,  epidemiology, 
and  molecular  biology,  and  develop  management  options. 

Methods:  A  co-ordinated,  multi-state,  and  multi-disciplinary  US-wide  effort  facilitated 
significant  progress  toward  an  integrated  disease  management  program. 

Results/Conclusion:  Progress  included  improved  virus  diagnostics,  complete  genome 
characterization,  better  understanding  of  thrips  role,  onion  volunteers  and  weeds  in 
epidemiology,  effect  of  soil  and  irrigation  management  on  disease  incidence,  multi-location  and 
multi-year  field  trials  of  onion  cultivars  and  germplasm  for  virus  resistance,  combined  with 
breeding  programs  focused  on  identifying  resistance/tolerance  to  thrips  and  IYSV.  A  risk- index 
that  consists  of  factors  that  affect  positively  or  negatively  the  final  disease  incidence  is  being 
developed.  However,  challenges  remain  such  as  lack  of  sources  of  virus  resistance,  inability  to 


predict  vims  outbreaks,  limited  choice  of  chemical  control  options  for  thrips,  diversity  of  onion 
production  systems  and  the  need  to  develop  region-specific  management  tactics. 
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Introduction:  Maize  is  a  staple  food  in  sub-Saharan  Africa,  where  pests  and  diseases  have  large 
effects  on  smallholder  farming  communities.  Outbreaks  of  maize  lethal  necrosis  (MLN)  since 
2011  have  caused  major  losses  for  farmers  across  Kenya,  Rwanda,  Tanzania,  the  Democratic 
Republic  of  Congo,  Uganda,  South  Sudan  and  Ethiopia.  In  this  region,  MLN  is  caused  by  co- 
infection  of  maize  with  Maize  chlorotic  mottle  virus  (MCMV)  and  Sugarcane  mosaic  virus 
(SCMV). 

Methods:  To  be  explained  during  presentation. 

Results/Conclusion:  SCMV  is  transmitted  in  a  non-persistent  manner  by  a  number  of  widely 
distributed  aphid  species,  and  has  been  known  in  the  region  for  at  least  30  years.  Thus,  the  East 
African  MLN  epidemic  is  linked  primarily  to  emergence  of  MCMV,  which  is  transmitted  by 
several  Chrysomelid  beetle  species  and  maize  thrips  ( Frankliniella  williamsi).  Both  beetles  and 
thrips  transmit  MCMV  in  a  semi-persistent  manner.  Maize  thrips  were  reported  in  East  Africa  in 
2009,  and  have  been  observed  in  all  fields  where  maize  is  grown,  including  in  MLN  and 
MCMV-affected  fields.  Surveys  also  indicated  the  presence  of  highly  polyphagous  F. 
occidentalism  F.  schultzei  and  Thrips  tabaci  on  maize  and  other  plants  in  the  region,  and  of 
Scirothrips  spp.  on  maize.  Preliminary  experiments  suggest  F.  schultzei  and  T.  tabaci ,  as  well  as 
F.  williamsi  can  transmit  the  Kenyan  isolate  of  MCMV.  However,  F.  occidentalis  did  not 
transmit  this  isolate.  The  wide  distribution  of  thrips  and  aphid  vectors,  together  with  continuous 
cropping  of  highly  susceptible  maize  crops,  has  resulted  in  a  ‘perfect  storm’  for  development  of 
MLN  in  the  region. 
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Introduction:  The  begomoviruses  are  the  largest  and  most  economically  important  group  of  plant 
viruses  transmitted  exclusively  by  the  whitefly  Bemisia  tabaci  in  a  circulative  persistent  manner. 
The  circulation  of  the  viruses  within  the  insect  vectors  involves  complex  interactions  between 
virus  and  vector  components;  however,  the  molecular  mechanisms  of  these  interactions  remain 
largely  unknown. 

Methods:  In  this  study,  we  investigated  the  immune  response  of  the  invasive  B.  tabaci  Middle 
East- Asia  Minor  1  species  to  Tomato  yellow  leaf  curl  virus  (TYLCV)  infection  using  Illumina 
sequencing  and  a  number  of  molecular  techniques. 

Results/Conclusion:  We  found  that  1,606  genes  involved  in  157  biochemical  pathways  were 
differentially  expressed  in  the  viruliferous  whiteflies.  Kyoto  Encyclopedia  of  Genes  and 
Genomes  (KEGG)  pathway  analysis  indicated  that  TYLCV  can  perturb  the  cell  cycle  and 
primary  metabolism  in  the  whitefly,  which  explains  the  negative  effect  of  this  virus  on  the 
longevity  and  fecundity  of  B.  tabaci.  Our  data  also  demonstrated  that  TYLCV  can  activate 
whitefly  immune  responses,  such  as  autophagy.  While  feeding  the  whitefly  with  autophagy 
inhibitors  increased  the  viral  load;  autophagy  activation  via  feeding  of  rapamycin  notably 
decreased  the  amount  of  viral  coat  protein  and  DNA  in  the  whitefly.  Surprisingly,  TYLCV  also 
suppressed  whitefly  immune  responses  by  down-regulating  the  expression  of  genes  involved  in 
Toll-like  signaling  and  mitogen-activated  protein  kinase  pathways.  These  results  reveal  the 
relationship  of  coevolved  adaptations  between  begomoviruses  and  whiteflies  and  will  provide  a 
road  map  for  future  investigations  on  the  complex  interactions  between  plant  viruses  and  their 
insect  vectors. 
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Introduction:  Two  persistently  transmitted  phytoviruses,  Pea  enation  mosaic  virus  (PEMV)  and 
Bean  leafroll  virus  (BLRV),  periodically  cause  widespread  yield  losses  in  pulse  crops  in  the 
inland  Pacific  Northwest  (PNW).  Recent  work  has  confirmed  that  populations  of  their  primary 
vector  (pea  aphid,  Acyrthosiphon  pisum)  are  comprised  of  genetically  differentiated  host  races 
differing  in  performance  on  pea  and  alfalfa.  Here,  we  ask:  (1)  is  host  race  fidelity  (performance 
and  behavior)  affected  by  virus  infection  in  this  system;  (2)  do  viruses  erode  genotype-specific 
barriers  to  host  plant  use;  and  (3)  what  are  potential  implications  of  these  effects  for  variation  in 
virus  disease  incidence  in  PNW  pulses? 

Methods:  Greenhouse  experiments  assessed  the  reproduction  and  host  selection  behavior  of  three 
PNW  host  races  of  pea  aphid  on  alfalfa  and  pea  infected  with  BLRV  or  sham  inoculated.  Data 
from  these  experiments  were  used  to  create  a  conceptual  model  and  testable  hypotheses  for  the 
effects  of  virus  infection  x  host  race  fidelity  interactions  on  virus  incidence. 

Results/Conclusion:  A  BLRV  x  host  x  host  race  interaction  on  pea  aphid  reproductive 
performance,  and  changes  in  host  race  preference  in  response  to  virus-infected  plants,  were 
detected.  These  findings  have  both  fundamental  and  applied  implications,  first,  they  show  that 
host  race  fidelity  can  be  destabilized  by  phytovirus  infection.  Second,  the  potential  effects  on 
vector  population  dynamics  and  virus  acquisition  potentially  influence  the  epidemiology  of 
injurious  phytoviruses  in  PNW  pulse  crops.  Pea  aphid  is  a  vector  for  phytoviruses  affecting  pulse 
crops  worldwide,  so  the  findings  may  have  relevance  in  other  systems. 
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Introduction:  Plant  species  belonging  to  Cucurbitaceae  including  squash,  cucumbers,  and  melons 
are  hosts  to  more  than  70  viruses,  many  transmitted  by  aphid  or  whitefly  vectors.  A  number  of 
cucurbit  production  areas  worldwide  are  impacted  by  epidemics  of  one  or  more  of  these  viruses 
that  often  are  cosmopolitan  in  distribution. 

Methods:  Epidemiological  studies  have  been  carried  out  in  many  regions  with  the  goal  of 
identifying  the  various  components  and  interactions  that  result  in  diseased  crops.  Virus 
transmission  experiments  coupled  with  trapping  studies  have  played  a  key  role  in  identifying 
aphid  species  that  are  important  vectors  of  potyviruses  based  on  their  transmission  efficiencies 
and  abundances  in  the  field.  Vector  performance  studies  have  examined  the  important  question 
of  whether  viral  infection  in  plants  alters  host  plant  quality  to  the  benefit  of  vectors  and 
ultimately  increases  spread  of  viruses. 

Results/Conclusion:  More  than  30  species  of  aphids  are  known  to  transmit  Watermelon  mosaic 
virus  (WMV),  many  of  which  also  vector  Papaya  ringspot  virus  (PRSV)  and  Zucchini  yellow 
mosaic  virus  (ZYMV)  to  cucurbits.  Transient  movement  across  cantaloupe  fields  by  conspicuous 
numbers  of  Myzus  persicae  and  other  aphid  vectors  sometimes  results  in  rapid  development  of 
potyvirus  epidemics  with  infection  rates  near  100%  in  just  a  few  weeks.  Similarly,  chronically 
high  infestations  of  Bemisia  tabaci  transmit  Cucurbit  yellow  stunting  disorder  virus  (CYSDV)  to 
both  spring  and  fall  season  cantaloupes.  Select  insecticides  have  proven  effective  at  preventing 
or  significantly  delaying  infection  by  the  semi-persistently  transmitted  CYSDV.  Virus-vector 
relationships  in  the  context  of  management  and  evolutionary  strategies  will  be  discussed. 
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Introduction:  High  value  vegetable  crops  targeting  regional  markets  (tomato,  crucifers  and 
onions)  and  those  targeting  export  markets  (French  beans)  are  widely  cultivated  by  smallholders 
in  east  Africa.  The  Western  Flower  thrips,  Frankliniella  occidentalis  Pergande;  Onion  thrips, 
Thrips  tabaci  Lindeman;  Yellow  flower  thrips,  F.  schultzei  Trybom;  Bean  flower  thrips, 
Megalurothrips  sjostedti  Trybom  and  thrips-transmitted  tospoviruses,  Tomato  spotted  wilt  virus 
and  Iris  yellow  spot  virus  are  key  constraints  to  productivity  of  vegetables  in  this  region. 
Management  of  these  constraints  by  smallholders  is  largely  based  on  use  of  insecticides,  most 
often  indiscriminate  in  nature. 

Methods:  To  help  manage  thrips  and  tospoviruses,  the  Thrips  IPM  program  in  icipe ,  a 
collaborative  research  effort  among  national,  international  and  private  sector  partners,  focused  on 
developing  and  implementing  IPM  strategies  for  thrips  and  tospoviruses  in  East  Africa. 

Results/Conclusion:  The  program  improved  thrips  information  and  monitoring  tools  and 
developed  IPM  tools  based  on  thrips  attractants,  habitat  management,  entomopathogens, 
endophytes  and  resistant  cultivars.  Further  to  improve  the  efficacy  of  biopesticides  and  make 
them  affordable  to  smallholders  innovative  biopesticides  application  strategy  based  on  “Lure  and 
infect”  concept  have  been  developed.  Based  on  the  outcomes  of  project  and  in  partnership  with 
the  private  sector  and  national  partners  integrated  management  strategies  for  thrips  and 
tospoviruses  are  widely  disseminated  among  smallholders  in  east  Africa.  Activities  and 
outcomes  towards  development  and  implementation  of  thrips  and  tospovirus  management 
strategies  in  East  Africa  will  be  presented. 
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Introduction:  Aphid-transmitted  luteo viruses  are  important  constraints  for  agricultural  production 
and  play  important  roles  in  non-managed  ecosystems.  Utilizing  the  Barley  yellow  dwarf 
luteovirus  (BYDV)-aphid  system,  we  highlight  numerous  factors  that  influence  plant-virus- 
vector  interactions  including  plant  host  infection  status,  alternate  hosts,  elevated  CO2  and 
drought.  Plant  virus  infection  alters  host  suitability  for  vectors.  Luteovirus-infected  plants  are 
generally  superior  hosts  for  vectors  compared  to  noninfected  plants.  Vectors  preferentially 
respond  to  virus-infected  plants  compared  to  noninfected  ones.  In  some  luteovirus  pathosystems 
nonviruliferous  aphids  prefer  virus-infected  plants,  while  viruliferous  aphids  prefer  non-infected 
plants.  Enhanced  vector  performance  and  shifts  in  vector  preference  based  on  plant  host  infection 
status  may  promote  virus  fitness  by  enhancing  spread. 

Methods:  Methods  described  during  presentation. 

Results/Conclusion:  Recent  research  has  shown  that  BYDV  titer  increases  in  plants  grown  under 
elevated  CO2.  Increased  virus  titer  is  associated  with  earlier  and  more  pronounced  disease 
symptoms  enhancing  the  probability  of  virus  spread.  Most  recently  drought  has  been 
demonstrated  to  influence  plant- virus-vector  interactions  in  this  pathosystem.  Under  abundant 
water  virus  infection  reduced  seed  set  and  germination  of  plants,  but  no  fitness  impacts  were 
observed  under  drought  conditions.  These  findings  suggest  that  future  climate  can  have  a 
substantial  impact  on  plant-virus-vector  interactions.  Finally,  new  grass  hosts  of  BYDV  have 
been  found  in  grassland  habitats  in  the  U.S.,  including  invasive  species,  which  might  serve  as 
virus  inoculum  sources.  This  has  implications  for  disease  management,  competitive  dynamics 
between  invasive  and  native  grasses  and  future  conservation  of  endangered  grasslands.  Recent 
research  will  be  presented  and  impacts  on  plant-virus-vector  interactions  discussed. 
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Introduction:  Mass-attack  strategies  have  evolved  among  some  predators  and  herbivores  when  a 
lone  forager  is  less  likely  to  be  able  to  overcome  the  defenses  posed  by  a  resource  than  a  group 
is.  Like  wolves  hunting  moose,  piranhas  hunting  capybaras  and  bark  beetles  infesting  pine  trees, 
a  lone  entomopathogenic  nematode  (EPN)  in  the  family  Steinernematidae  is  unlikely  to 
successfully  subdue  an  insect  host.  Using  the  concepts  of  group  behaviors  and  risk-sensitive 
foraging  theory,  we  have  developed  and  tested  several  hypotheses  about  how  parasites  find, 
assess,  infect  and  exploit  hosts  using  EPNs  as  a  model. 

Methods:  Galleria  mellonella  (Lepidoptera:  Pyralidae)  is  the  most  commonly  used  host  for  our 
infection  studies,  though  other  species  have  been  employed  in  selected  experiments.  The  EPNs 
tested  include  species  with  different  foraging  strategies,  namely  Steinernema  carpocapsae 
(ambusher),  Steinernema  glaseri  (cruiser)  and  Steinernema  feltiae  (intermediate).  Tests  have 
been  conducted  in  a  large  array  of  experimental  arenas  that  vary  from  very  simple  to  complex. 
Using  these  arenas,  we  have  recorded  the  rate  of  infection  by  EPNs,  the  attractiveness  of  infected 
versus  uninfected  hosts  and  other  parameters  that  potentially  drive  infection  dynamics. 

Results/Conclusion:  EPNs  infect  hosts  in  groups  because  a  single  nematode  cannot  initiate  a 
successful  infection.  The  behaviors  of  individuals  within  a  group,  that  is  whether  or  not  to  invade 
a  host,  are  dictated  by  host  quality,  the  risk  of  infecting  the  host  and  infective  juvenile  age. 
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Introduction:  Movement  behavior  is  critical  to  determination  of  spatial  ecology  and  success  of 
foraging  in  predators  and  parasites.  In  this  study  movement  behavior  of  entomopathogenic 
nematodes  was  explored.  Given  that  entomopathogenic  nematodes  benefit  from  group  attack  and 


infection,  we  hypothesized  that  the  populations  would  tend  to  move  in  aggregate  in  the  absence 
of  extrinsic  cues. 

Methods:  Movement  patterns  in  sand  were  investigated  when  nematodes  were  applied  to  a 
specific  locus  or  when  the  nematodes  emerged  naturally  from  infected  insect  host;  six  nematode 
species  were  tested  ( Heterorhabditis  bacteriophora ,  H.  indica,  Steinernema  carpocapsae ,  S. 
feltiae ,  S.  glaseri ,  and  S.  riobrave).  Nematodes  were  applied  in  aqueous  suspension  via  filter 
paper  discs  or  in  infected  insect  host  cadavers  (to  mimic  emergence  in  nature).  We  developed 
novel  statistical  methodology  for  testing  for  aggregative  versus  uniform  movement. 

Results/Conclusion:  We  discovered  that  nematode  dispersal  followed  an  aggregated  pattern 
rather  than  a  random  or  uniform  distribution.  The  group  movement  may  have  been  continuous 
from  the  point  of  origin,  or  it  may  have  been  triggered  by  a  propensity  to  aggregate  after  a  short 
period  of  random  movement.  We  discuss  statistical  issues  related  to  tests  for  aggregation  and  the 
robustness  of  such  tests  to  the  realities  of  animal  movement.  These  findings  have  implications 
for  parasitic  nematode  spatial  distribution  and  suggest  that  group  behavior  is  involved  in 
nematode  foraging. 
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Introduction:  Chemical  signaling  is  an  important  control  mechanism  for  nematode  development 
and  behavior.  Ascaroside  pheromones  control  nematode  development  and  behavior.  They  are  a 
large  class  compounds  composed  of  a  central  ascarylose  sugar  with  a  variable  lipid  side  chain.  In 
Caenorhabditis  elegans ,  ascarosides  regulate  recovery  from  and  entry  into  dauer  development, 
and  behavior  such  as  mating,  aggregation  and  dispersal.  Additionally,  ascarosides  regulate 
development  or  behavior  in  other  free  living  and  pathogenic  nematode  species.  In 


entomopathogenic  nematodes  (EPNs),  they  regulate  recovery  from  infective  juveniles  stage  (IJs). 
We  hypothesized  that  dispersal  in  EPNs  is  regulated  by  pheromones. 

Methods:  To  identify  chemical  signals  for  dispersal,  we  used  model  nematode  C.  elegans  dauers 
and  Steinernema  feltiae  IJs,  which  is  an  analogous  life  stage  to  dauer.  Two  approaches  were  used 
for  signal  identification:  Activity  guided  purification  and  comparative  metabolomics  using  liquid 
chromatography-mass  spectrometry  (LC-MS). 

Results/Conclusion:  LC-MS  analysis  of  C.  elegans  dauer  inducing  medium  revealed  a  blend  of 
ascarosides  regulated  C.  elegans  dispersal  and  this  blend  was  recognized  by  S.  feltiae  IJs.  Partial 
purification  of  S.  feltiae  dispersal  blend  revealed  that  ascaroside  pheromone  blend  regulates 
dispersal  in  EPN.  EPN  dispersal  and  foraging  dynamics  associated  chemical  signaling  will 
greatly  advance  the  entomopathogenic  nematology  field. 
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Introduction:  The  persistence  and  efficacy  of  entomopathogenic  nematodes  (EPNs)  are  highly 
dependent  on  environmental  conditions,  primarily  temperatures  and  moisture  levels.  Thriving  in 
diverse  habitats,  EPNs  have  adapted  survival  mechanisms  which  enable  them  to  withstand 
extreme  drought  and  temperature  conditions.  Nevertheless,  the  molecular  and  physiological  basis 
of  these  mechanisms  is  poorly  understood. 

Methods:  Recently  we  used  transcriptomic  analytical  tools  (454  pyro-sequencing)  to  compare 
stressed  (heat  and  desiccation)  populations  of  Steinernema  species  that  differ  in  their  tolerance 
ability.  Analysing  gene  expression  patterns  of  the  stress  response  showed  a  large  fraction  of 
down-regulated  genes  in  the  desiccation-tolerant  nematode  S.  riobrave ,  whereas  a  larger 


proportion  of  the  genes  in  the  susceptible  S.  feltiae  Carmiel  and  Gvulot  strains  were  up- 
regulated.  We  further  compared  metabolic  pathways  and  the  expression  of  specific  stress-related 
genes.  In  the  more  tolerant  nematode,  more  genes  were  down-regulated  whereas  in  the  less 
tolerant  strains,  more  genes  were  up-regulated.  This  phenomenon  warrants  further  exploration  of 
the  mechanism  governing  induction  of  the  down-regulation  process.  We  further  employed 
RNAseq  technique  to  compare  gene  expression  of  desiccation  and  heat  stressed  population  of 
Heterorhabditis  bacteriophora  population.  The  results  also  indicate  differential  expression  of 
genes  during  the  adaptation  period  to  the  stress. 

Results/Conclusion:  Our  data  establish  a  foundation  for  further  exploration  of  stress  tolerance 
mechanisms  in  EPNs  and,  in  the  long  term,  may  help  to  improve  their  ability  to  withstand 
suboptimal  environmental  conditions. 
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Introduction:  Entomopathogenic  nematodes  (EPN)  of  the  genus  Heterorhabditis  and 
SteinernemcmYQ  biological  control  agents  of  insect  pests.  Successful  applications  depend  on 
various  EPN  isolates  from  biogeography  distributions  with  diversity  of  traits  for  a  specific  target 
insect  species. 

Methods:  EPN  surveys  were  carried  out  in  different  habitats  across  the  world.  The  collected 
isolates  were  identified  and  maintained.  Their  tolerance  to  the  heat,  cold,  and  desiccation, 
together  with  the  infection  efficacy,  were  evaluated. 

Results/Conclusion:  Over  80  Steinernema  species  and  20  Heterorhabditis  species  were 
identified.  They  were  collected  from  different  habitats  (such  as  different  soil  textures, 
temperature  range,  osmotic  conditions  and  moisture  levels  etc.),  and  exhibit  considerable 
variations  in  terms  of  host  range,  infectivity,  reproduction  and  survival.  These  variations  may 
reflect  a  variety  of  biotic  and  abiotic  factors  in  different  geographical  regions  and  could  be 
analyzed  by  the  genomic  technology. 
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Abstract  text: 


Introduction:  The  study  of  soil  food  webs  in  agro-ecosystems  is  critical  to  understand  how 
ecological  processes  are  modulated  by  different  farming  practices.  A  potential  objective  of  such 
studies  is  developing  cultural  tactics  to  conserve  the  services  of  beneficial  organisms.  Due  to  an 
exceptional  diversity  and  abundance  of  entomopathogenic  nematodes  (EPNs)  across  the 
peninsula,  Florida  citrus  groves  provide  an  ideal  model  system  to  study  biotic  and  abiotic  factors 
affecting  naturally  occurring  biological  control  of  the  root  weevil  pest  Diaprepes  abbreviatus 
(Coleoptera:  Curculionidae). 

Methods:  We  combined  molecular  and  geospatial  analytic  approaches  to  evaluate  the  occurrence 
of  native  EPNs  and  selected  natural  enemies  of  EPNs  (i.e.  bacterial  and  fungal  antagonists  and  r- 
selected,  free-living  nematode  competitors).  We  employed  >20  qPCR  probes  to  quantify  these 
organisms  in  soil  samples  from  regional  surveys  and  field  experiments  exploring  impacts  of 
citrus  management  tactics. 

Results/Conclusion:  We  demonstrated  that  eco-regions  with  different  levels  of  citrus  root 
herbivory  have  unique  EPN  species  assemblages.  Spatial  patterns  of  EPN  communities  in  both 
orchards  and  natural  areas  were  associated  with  soil  properties  related  to  soil  moisture.  Field 
experiments  revealed  that  cultural  practices  for  managing  the  disease  huanglongbing  (citrus 
greening)  caused  by  Candidatus  liberibacter  asiaticus  (Proteobacteria:  Rhizobiales),  altered  the 
EPN-food  web  assemblage  and  increased  the  severity  of  the  D.  abbreviatus-Phytophthora 
nicotiane  (Pythiales:  Pythiaceae)  pest-disease  complex.  New  tools  to  monitor  and  analyze 
multitrophic  impacts  of  soil  modifications  present  a  new  era  for  the  exploitation  of  naturally 
occurring  biological  control. 
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Abstract  text: 


The  entomopathogenic  nematode  Steinernema  scarabaei,  isolated  from  epizootics  in  oriental 
beetle  ( Anomala  orientalis )  and  Japanese  beetle  (Popillia  japonica)  larvae  in  turfgrass  areas  in 
New  Jersey,  USA,  has  exceptional  potential  for  the  control  of  many  species  of  white  grubs,  the 
root-feeding  larvae  of  scarab  beetles  (Coleoptera:  Scarabaeidae).  Its  high  efficacy  can  be 
ascribed  to  its  outstanding  virulence,  high  infectivity,  and  limited  elicitation  of  host  defensive 
behaviors.  Differences  in  the  degrees  of  virulence,  infectivity,  and  elicitation  of  host  defensive 
behaviors  in  different  white  grubs  species  were  somewhat  correlated  with  the  species'  degree  of 
efficacy  against  these  species  (P.  japonica  >  A.  orientalis  =  Rhizotrogus  majalis  >  Cyclocephala 
borealis).  While  S.  scarabaei  is  clearly  attracted  to  hosts  it  has  a  much  lower  dispersal  rate  both 
in  absence  and  presence  of  hosts  compared  to  other  EPN  species  that  are  considered  typical 
cruisers  and  have  shown  promise  for  white  grub  management  (e.g.,  S.  glaseri ,  Heterorhabditis 
bacteriophora,  H.  zealandica).  However,  the  low  dispersal  rate  of  S.  scarabaei  clearly  is  not  a 
limiting  factor  in  the  turf  system  where  white  grub  density  can  be  very  high  (>  100  per  m2 
concentrated  in  top  5  cm  of  soil).  Its  high  efficacy  combined  with  longevity  of  the  IJ  stage  under 
a  wide  range  of  soil  conditions  and  its  ability  to  effectively  reproduce  in  white  grubs  enable  S. 
scarabaei  to  suppress  white  grub  populations  and  persist  in  the  field  for  several  years  after 
application. 
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Introduction:  Males  of  certain  species  of  Steinernema  fight  and  kill  each  other.  The  combat  takes 
place  within  a  host  insect  that  was  previously  colonized  by  infective  juveniles  (IJs)  and  killed 
with  the  aid  of  their  bacterial  symbiont.  The  host  cadaver  is  a  valuable  resource,  potentially 
yielding  hundreds  of  thousands  of  descendants  for  successful  colonists.  It  is  also  a  closed  system 
in  which  the  number  and  relatedness  of  competitors  and  mating  partners  for  adult  nematodes  is 
determined  by  the  infection  behavior  of  the  IJs.  Fatal  fighting  is  rare  amongst  animals;  we 


investigated  factors  influencing  its  expression  in  steinernematids,  including  developmental 
pathway,  competitor  number  and  relatedness. 

Methods:  For  these  investigations  we  used  drops  of  insect  blood,  which  enabled  us  to  manipulate 
nematode  group  composition  and  social  history,  supported  by  experiments  in  insects.  Male 
steinernematids  coil  around  and  squeeze  each  other,  frequently  resulting  in  paralysis  and  death. 
We  tested  the  effect  of  relatedness  on  aggression  in  groups  of  Steinernema  longicaudum ,  using 
nine  inbred  lines. 

Results/Conclusion:  The  probability  of  death  occurring  in  pairs  of  males  was  affected  by  the 
developmental  pathway  followed,  being  much  higher  in  males  that  had  developed  from  IJ  (and 
so  could  potentially  gain  the  entire  cadaver,  and  females  in  it,  for  their  own  reproductive  success) 
than  in  males  that  developed  directly  (a  pathway  which  occurs  in  crowded  within-host 
generations).  Higher  average  relatedness  led  to  progressively  lower  rates  of  male  mortality,  as 
predicted  by  kin  selection  theory,  and  results  indicated  that  male  steinernematids  recognize  their 
kin. 
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Abstract  text: 

Introduction:  Entomopathogenic  nematodes  (EPNs)  can  be  used  in  pistachio  orchards  to  control 
pest  populations  of  navel  orangeworm.  When  applied  in  large  numbers,  they  may  affect 
ecosystem  processes  as  they  infect  alternate  hosts,  or  emerge  from  hosts  and  release  nutrients 
and  bacterial  exudates  into  the  soil.  We  examined  how  EPNs  influence  native  soil  and  surface 
dwelling  arthropods  in  field  trials  and  also  examined  their  effects  on  native  nematode 
communities  in  two  large  orchards  over  two  field  seasons. 

Methods:  Native  nematode  taxa  abundances  were  used  to  calculate  metabolic  footprints  based  on 
the  size-dependent  metabolic  activity  of  different  functional  guilds  of  nematodes. 

Results/Conclusion:  Applied  EPNs  increased  the  proportion  of  bacterial  feeding  nematodes  in 
the  first  orchard,  while  in  the  second  orchard,  the  fungal  metabolic  footprint  increased. 

Arthropod  groups  that  increased  with  EPN  application  included  isotomid  collembolans, 
predatory  anystid  mites  and  gnaphosid  spiders,  indicating  either  direct  predation  or  indirect 
trophic  effects.  Significantly  fewer  Forficula  auricularia  (Dermaptera:  Forficulidae)  and 
Blapstinus  discolor  (Coleoptera:  Tenebrionidae)  were  found  under  treated  trees,  suggesting  a 
possible  non-target  infection. 
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Introduction:  Dispersal  and  foraging  behavior  of  entomopathogenic  nematodes  is  poorly 
understood. 

Methods:  We  compared  lateral  dispersal  of  the  ambusher,  Steinernema  carpocapsae,  and  cruiser, 
Heterorhabditis  bacteriophora ,  from  infected  host  cadavers  in  soil  microcosms  (0.05  m2-1.5  m2). 

Results/Conclusion:  Pattern  of  dispersal  differed  spatio-temporally,  but  average  population 
displacement  was  similar  (~6  cm/day)  in  absence  of  hosts.  A  majority  of  S.  carpocapsae 
ambushed  near  the  source  cadaver  (<3.8  cm),  whereas  H.  bacteriophora  dispersed  7-12  cm 
away.  About  4%  of  S.  carpocapsae  sprinted  faster  than  the  fastest  H.  bacteriophora,  reaching 
30-61  cm. 

Non-mobile  hosts  enhanced  H.  bacteriophora  dispersal,  whereas  mobile  hosts  increased  S. 
carpocapsae  dispersal.  Large  proportions  of  infective  juveniles  (IJs)  of  both  species  stayed  near 
(<  3.8  cm)  source  cadavers  (88-96%  S.  carpocapsae ;  67-79%  H.  bacteriophora)  and  the 
proportion  reaching  the  farthest  distance  (1 1.4  cm)  was  higher  for  S.  carpocapsae  (1.4%)  than  H. 
bacteriophora  (0.4%)  in  the  presence  of  mobile  hosts.  S.  carpocapsae  had  higher  average 
population  displacement  than  H.  bacteriophoram  the  presence  of  non-mobile  (5.07  vs.  3.6 
cm/day)  and  mobile  (8.06  vs.  5.3  cm/day)  hosts. 

S.  carpocapsae  responded  positively  to  genetic  selection  with  13-23  and  21-37-fold  increases  in 
dispersal  after  five  and  ten  rounds  of  selection,  respectively  and  with  a  significant  increase  in 
average  displacement  of  selected  lines  (6.85  to  7.54  cm/day)  over  foundation  population  (5.54 
cm/day).  Overall  mean  realized  heritability  for  dispersal  was  0.60.  The  farthest  reaching  IJs  of 
the  selected  lines  were  comprised  of  more  males  (72%)  than  the  foundation  population  (44%). 
Enhanced  dispersal  was  associated  with  reduced  nictation  and  fecundity. 
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Introduction:  The  infective  juveniles  (IJs)  of  EPN  species  are  free-living  and  employ  host¬ 
seeking  behaviors  such  as  chemotaxis  to  locate  suitable  hosts  for  infection.  Chemosensory 
information  plays  a  central  role  in  the  decision  of  whether  or  not  to  infect  a  potential  host. 
Furthermore,  host-associated  odorants  may  reveal  if  a  potential  host  is  already  infected  with 
EPNs  (either  conspecific  or  heterospecific  nematodes).  The  health  status  of  a  potential  host  can 
greatly  impact  the  reproduction  potential  and  overall  fitness  of  nematodes  infecting  a  particular 
host. 

Methods:  Chemotaxis  behavior  of  Steinernema  carpocapsae ,  S.  feltiae ,  S.  glaseri ,  and  S. 
riobrave  toward  infected  and  naive  hosts  was  measured,  specifically  testing  the  attractiveness  of 
volatile  odorants.  Hosts  were  tested  at  multiple  time  points  post-infection  (one  day,  three  days, 
five  days,  seven  days,  and  sixteen  days  post- infection).  Chemotaxis  to  conspecifically  and 
heterospecfically  infected  hosts  was  tested  and  those  host  combinations  and  post-infection  time 
points  with  interesting  chemotaxis  phenotypes  were  interrogated  using  solid  phase 
microextraction,  gas  chromatography,  and  mass  spectrometry  to  identify  odorants  informing  IJ 
behavioral  ecology. 

Results/Conclusion:  We  found  that  the  attractiveness  of  infected  hosts  to  IJs  changes  over  time  in 
a  species-specific  manner.  This  may  be  based  on  the  foraging  strategy  of  the  nematodes.  We  will 
discuss  the  nature  of  some  of  the  volatile  organic  compounds  identified  and  our  attempts  to 
validate  their  importance  in  host-seeking  behavior. 
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Classical  biological  control  (CBC)  has  proven  to  be  a  cost-effective  and  sustainable  method  to 
combat  non-native  invasive  weeds,  and  some  spectacular  successes  have  been  achieved  in  a 
variety  of  environments.  Over  the  last  20  years,  CBC  has  come  under  increasing  scrutiny  due  to 
potential  direct  and  indirect  non-target  attacks  (NTAs).  We  used  the  recently  updated  (2014)  “A 
World  Catalogue  of  Agents  and  Their  Target  Weeds”  to  summarize  and  analyse  NTAs  by 
intentionally  released  and  actively  redistributed  weed  biological  control  agents,  worldwide.  Of 
the  457  agent  species  included  in  our  analysis,  56  (12.3%)  were  recorded  attacking  non-target 
plant  species  in  the  field.  The  proportion  of  agents  causing  NTAs  has  been  declining  over  time 
and  is  7.7%  for  agents  released  between  1991  and  2008.  We  determined  whether  NTAs  were 
predicted  or  predictable,  the  severity  of  the  attacks,  the  relatedness  of  non-target  species  to  the 
target  weed  and  whether  they  were  plants  native  to  the  invaded  range  or  of  economic  importance. 
We  examined  which  agent  orders  /  families  are  more  likely  to  cause  NTAs  and  whether 
geographic  regions  differ  in  the  proportion  of  agent  releases  causing  NTAs.  We  attempted  to 
relate  the  abundance  and  impact  of  established  biocontrol  agents  with  any  observed  NTAs.  We 
finally  discuss  NTAs  in  the  light  of  changing  interpretations  of  host-range  assessment  results  and 
environmental  safety  criteria,  and  make  suggestions  for  how  best  to  avoid  cases  of  unpredicted 
NTAs  in  the  future. 
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Abstract  text: 

If  we  had  known  then  what  we  know  now,  we  might  never  have  initiated  a  biocontrol  program 
against  Phragm ites  australis  (Poaceae).  In  1998,  the  species  was  considered  an  introduced 
invasive,  likely  from  Europe.  Now  we  know  that  the  genus  Phragmites  in  North  America 
comprises  a  single  species  but  includes  three  different  lineages  and  many  different  genotypes 
including  native  lineages  that  must  be  protected.  What  is  the  probability  of  finding  biocontrol 
agents  with  this  degree  of  specificity?  Actually  very  high  -  seven  of  the  10  species  of 
Phragmites-  specialist  herbivores  accidentally  introduced  to  North  America  are  specific  to  one 
genotype  or  another  and  the  three  native  specialists  only  attack  native  genotypes.  Through 
extensive  host  range  testing  including  behavioral  responses,  plant/insect  phenology,  and 
investigations  of  traits  specific  to  plant  genotypes,  we  have  identified  two  species  of  insects,  the 
noctuid  moths,  Archanara  geminipuncta  and  A.  neurica,  with  potential  to  control  invasive  P. 
australis  without  adversely  impacting  native  genotypes.  Is  this  an  anomaly  or  does  this  level  of 
specificity  exist  in  other  plant-herbivore  systems?  Finding  good  weed  biocontrol  agents  is  one 
thing:  getting  permission  to  release  them  is  another  issue  altogether.  The  current  US  regulatory 
framework  does  not  distinguish  between  trivial  feeding  and  demographic  impacts  and  apparently 
confuses  fundamental  and  realized  host  ranges.  Hence,  it  is  not  clear  whether  releases  of  these 
agents  will  be  permitted  in  the  USA.  It  is  clear,  however,  that  host  specificity  is  possible  even  at 
the  sub-species  level,  extending  opportunities  for  weed  biological  control. 
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In  1903,  the  Queensland  Department  of  Agriculture  and  Stock  (QDAS)  introduced  Dactylopius 
ceylonicus  cochineal  for  Opuntia  vulgaris  (Barbary  fig)  control,  but  the  culture  died.  In  1913-14, 


QDAS  imported  three  more  Dactylopius  species,  Cactoblastis  cactorum  and  a  disease  of 
Opuntia.  In  1914,  D.  ceylonicus  was  released  in  Queensland  and  quickly  led  to  successful 
control  of  O.  vulgaris :  two  agents  were  also  released  against  lantana  but  were  unsuccessful. 

From  1921-1940,  19  insect  species  were  released  and  12  established  against  seven  Opuntia 
species.  In  the  1930s  Cactoblastis  cactorum  (Pyralidae)  complemented  by  Dactylopius  opuntiae 
led  to  the  world-renowned  complete  control  of  Opuntia  stricta  (prickly  pear)  over  25M  ha  of 
eastern  Australia.  Australia  has  now  initiated  73  and  completed  58  agricultural  and 
environmental  weed  biocontrol  programs  and  became  a  pioneer  in  the  successful  use  of  plant 
pathogens  for  weed  biocontrol.  Fifteen  programs  have  been  completely  successful,  1 1 
seasonally/  regionally  successful,  1 1  unsuccessful  and  22  are  too  early  to  assess.  This  69% 
program  success-rate  includes  targets  like  salvinia,  rubber  vine,  Paterson’s  curse,  and  most 
recently  mist  flower  and  Crofton  weed.  A  2006  independent  evaluation  showed  that  for  an 
annual  investment  of  A$4M  since  1903,  weed  biocontrol  has  returned  an  annual  benefit  of  $95M 
to  offset  the  A$6B  a  year  cost  of  weeds  to  Australian  agriculture.  The  1970s- 1990s  was  the 
heyday  for  weed  biocontrol  programs  in  Australia.  Since  then  activity  and  capability  has 
seriously  declined.  These  circumstances,  and  the  110  year  history  and  prospects  of  weed 
biological  control  in  Australia  are  reviewed. 
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Concerns  regarding  the  ability  to  predict  the  realized  (field)  host-ranges  of  candidate  agents  that 
can  develop  on  native,  or  valued  exotic  plants  are  undoubtedly  preventing  safe  and  effective 
agents  from  being  released.  Moreover,  the  potential  indirect  effects  of  weed  biocontrol  on 
ecological  networks  are  also  raising  concerns  among  regulatory  authorities.  The  best  way  to 
minimize  the  risk  of  indirect  effects  from  weed  biocontrol  agents  is  to  control  the  target  weed,  so 
that  it  and  its  biocontrol  agent  becomes  a  minor  component  of  the  local  biota.  In  this  talk  we 
shall  discuss  recent  attempts  to  use  quantitative  data  to  improve  the  predictive  ability  of  host- 


range  testing,  to  reduce  the  risk  that  safe  and  effective  agents  are  unnecessarily  discarded.  We 
will  also  discuss  recent  research  that  has  indicated  that  the  risk  of  an  agent  being  parasitized  by 
native  parasitoids  can  also  be  predicted  and  that  while  the  risk  of  an  agent  being  rendered 
ineffective  by  predators  is  less  predictable,  there  are  some  generalities  that  can  assist  agent 
prioritization,  potentially  making  biocontrol  both  environmentally  safer  and  more  effective. 
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Molecular  techniques  are  becoming  more  diverse  and  powerful,  more  widely  available,  and 
easier  to  implement.  For  classical  biological  control,  molecular  analyses  are  able  to  elucidate 
information  about  target  weeds  that  are  critical  to  improving  control  success,  such  as  evidence  of 
hybridization,  genetic  diversity,  population  structure  and  origins  of  invasions.  Combined,  this 
information  should  contribute  to  the  rise  of  biological  control  through  more  efficient  agent 
exploration,  improved  host-specificity  and  control  efficacy.  We  will  provide  some  recent 
examples  of  how  molecular  tools  have  clarified  details  of  plant  invasion  processes  and  also 
discuss  the  newest,  and  so  far,  less  utilized  molecular  tools  that  have  the  ability  to  contribute 
even  further  to  our  knowledge  of  targets  of  weed  biological  control. 
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Classical  biological  control  of  weeds  has  always  focused  on  finding  agents  that  are  highly  host 
specific,  which  is  usually  the  consequence  of  a  close  evolutionary  association  with  their  host 
plant.  Behavioral  experiments  have  revealed  that  some  species  of  insects  which  were  previously 
thought  to  attack  a  range  of  plant  species  really  consist  of  multiple  biotypes  that  each  have  a 
more  restricted  host  plant  specificity.  Molecular  genetic  tools  enable  us  to  confirm  that  such 
biotypes  are  reproductively  isolated.  Recent  examples  include  Psylliodes  chalcomera 
(Chrysomelidae),  Ceutorhynchus  assimilis  (Curculionidae),  Trichosirocalus  horridus 
(Curculionidae),  and  eriophyid  mites.  This  raises  the  question  of  whether  such  populations 
should  be  considered  true  species,  and  if  not  how  they  should  be  classified  for  use  as  biological 
control  agents.  Furthermore,  it  is  critical  to  develop  methods  to  confirm  the  identity  of  live 
insects  before  releasing  them  as  classical  biological  control  agents  in  order  to  avoid  mistaken 
identity.  The  existence  of  stable  biotypes  or  cryptic  species  may  greatly  increase  the  number  of 
prospective  biological  control  agents  available;  however,  it  also  creates  new  challenges  for  the 
governmental  regulation  of  such  agents. 
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Abstract  text: 

Biological  control  offers  a  highly  cost  effective  and  ecologically  sustainable  tool  for  the 
suppression  of  invasive  alien  plants.  However,  the  actual  implementation  of  weed  biological 
(mass-rearing,  releases,  redistribution,  monitoring  of  the  impact  of  the  agents)  has  been  relatively 
neglected  in  South  Africa,  resulting  in  less-that-optimal  outcomes  for  some  projects  e.g.  against 
various  cactus  species,  invasive  perennial  trees,  and  water  weeds.  In  South  Africa,  as  in  many 
other  countries,  agents  have  traditionally  been  mass-reared  and  released  by  the  researchers  and  a 
few  landowners,  but  from  1996  onwards,  with  the  advent  of  the  Working  for  Water  Programme, 
a  far  more  inclusive  approach  to  the  implementation  of  this  science  was  adopted.  Many 
dedicated  implementation  officers  were  appointed  in  the  various  provinces  of  South  Africa 
whose  role  it  is  to  coordinate  mass-rearing,  release  and  establishment  of  biocontrol  agents.  Weed 
biological  control  implementation,  especially  as  deployed  against  aquatic  weed  species,  has  been 
rolled  out  to  a  number  of  schools,  conservation  groups  and  non-governmental  agencies  resulting 
in  an  increased  awareness  of  the  benefits  of  biological  control  by  the  public.  Further,  a 
programme  that  trains  and  permanently-employs  physically  challenged  individuals  in  aquatic- 
weed  biological  control  has  been  highly  successful.  The  key  to  the  considerable  success  of  the 
aquatic-weeds  biocontrol  programme  has  been  the  ongoing  and  detailed  record-keeping  that  has 
ensured  that  field-information,  regarding  releases  and  establishment  of  agents,  is  provided  to  the 
researchers,  who  are  then,  in  turn,  able  to  offer  guidance  for  the  implementing  personnel  in  the 
field,  country- wide. 
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Abstract  text: 


Citizen-based  science  monitoring  may  provide  a  cost  effective  way  to  monitor  weed  populations 
and  evaluate  effects  of  biocontrol  especially  across  broad  geographic  regions.  In  this  study,  we 
report  results  from  a  citizen-science  monitoring  programme  initiated  to  evaluate  the  effects  of  the 
stem-mining  weevil  Mecinus  janthiniformis  (Curculionidae)  on  the  Eurasian  invasive  weed 
Dalmatian  toadflax  Linaria  dalmatica.  Nearly  40  Dalmatian  toadflax  populations  have  been 
monitored  across  the  state  of  Idaho  since  2007.  Our  main  study  goals  were  to  revaluate  the 
factors  affecting  fluctuations  in  ramet  density  of  L.  dalmatica  from  2007  to  2016  including  the 
effect  of  M.  janthiniformis as  a  follow-up  to  a  previous  study  which  evaluated  monitoring  from 
2007-2011.  Our  results  indicate  that  citizen-based  monitoring  not  only  provides  important  data 
for  evaluating  conditions  conducive  to  biocontrol  impact  but  also  heightens  awareness,  training, 
and  support  of  biocontrol  activities  in  the  local  communities. 
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Over  the  last  century,  Europe  has  exclusively  been  a  source  of  agents  for  the  classical  biological 
control  (CBC)  of  weeds  in  the  rest  of  the  world.  This  is  because  many  of  the  targeted-plants 
came  from  Europe  in  the  first  place,  and  it  is  also  a  reflection  of  the  many  overseas  bases  placed 
in  Europe  for  this  very  purpose.  Despite  having  significant  capacity  for  decades  in  CBC,  Europe 
has  only  recently  started  implementing  the  practice  there.  Awareness  has  been  growing  in 
Europe  of  the  impact  of  invasive  weeds  on  environments  and  the  economies  of  EU  Member 
States,  but  the  logical  step  to  CBC  was  too  large  or  novel  for  most.  Apart  from  faltering  efforts 
against  Pteridium  aquilinum  (bracken  fern)  in  the  UK  in  the  1980s,  it  wasn’t  until  the  release  of 
the  psyllid,  Aphalara  itadori ,  in  2010  against  the  notorious  Japanese  knotweed,  Fallopia 
japonica ,  that  Europe  made  its  first  full,  official,  planned  CBC  attempt.  In  2015,  a  rust  was 
released  against  Himalayan  balsam,  Impatiens  gladulifera,  in  the  UK,  and  the  gall-forming  wasp, 
Trichilogaster  acaciaelongifoliae  (Pteromalidae),  against  long-leaved  wattle,  Acacia  longifolia , 
in  Portugal.  Europe  is  ironically  benefitting  from  serendipitous  CBC  of  azolla,  ambrosia  and 


opuntias,  but  intentional  successes  are  unrealised.  Increased  recognition  of  the  scale  of  the 
problem,  a  resistance  to  the  use  of  chemicals,  and  EU  legislation,  such  as  the  Water  Framework 
Directive,  Sustainable  Use  Directive,  and  most  recently  an  Invasive  Species  Regulation,  should 
drive  the  growth  of  CBC.  There  is  no  shortage  of  targets! 
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Woody  shrubs  in  the  genus  Tamarix  were  introduced  into  North  America  in  the  19th  century  and 
have  invaded  riparian  zones  throughout  western  North  America.  The  scope  and  severity  of  the 
invasion  led  to  a  classical  weed  biological  control  program  against  several  of  the  invasive 
Tamarix  species.  The  first  open  field  releases  of  Tamarix- feeding  beetles,  Diorhabda  species 
(Chrysomelidae),  were  made  in  2001.  Since  then  tamarisk  beetles  have  moved  into  many  of  the 
areas  dominated  by  Tamarix.  Multiple  defoliations  bring  about  dieback  of  the  Tamarix  canopy 
and  depending  upon  factors  still  under  investigation,  varying  levels  of  mortality  follow.  With  a 
measurable  impact  on  the  target  species  and  no  non-target  impacts,  this  program  would  appear  to 
be  an  unequivocal  success  but  instead  it  has  become  a  focal  point  of  controversy.  A  re¬ 
examination  of  the  ecological  role  of  Tamarix  in  the  naturalized  range  has  raised  concerns  that 
Tamarix  control  may  have  had  unintended  consequences.  The  primary  concern  is  that  Tamarix 
is  now  used  as  a  nesting  substrate  for  an  endangered  bird  subspecies,  the  southwestern  willow 
flycatcher,  Empidonax  traillii  extimus.  It  is  generally  accepted  that  Tamarix  monocultures  do 
not  support  flycatchers  and  it  is  also  clear  that  mixed  stands  of  native  trees  and  Tamarix  are 
acceptable.  However,  the  controversy  has  led  to  lawsuits  and  the  cancellation  of  permits  for 
interstate  movement  of  Diorhabda.  This  project  has  brought  into  focus  conflicts  that  threaten 
future  weed  biocontrol  programs  and  that  redefine  what  we  consider  as  a  success  in  weed 
biocontrol. 
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The  first  release  of  an  herbivorous  organism  for  control  of  a  weed  in  North  America  occurred  in 
California  in  1940  when  Prof.  Harry  S.  Smith,  University  of  California,  Riverside,  collected  a 
native  scale  insect  in  southern  California  and  released  it  on  two  native  Opuntia  spp.  on  Santa 
Cruz  Island,  offshore  from  Santa  Barbara.  The  first  release  of  an  exotic  agent  to  control  an 
exotic  weed  in  North  America  occurred  in  1945  with  the  release  of  a  leaf-feeding  beetle, 
Chrysolina  hyperici  (Chrysomelidae),  on  Hypericum  perforatum  in  northern  California.  Since 
then,  a  total  of  67  organisms  have  been  released  on  34  weed  species  in  California.  Perennial 
species  made  up  more  than  half  of  the  weed  targets,  the  remainder  was  evenly  divided  between 
annual  and  biennial  species.  About  half  (47%)  infested  rangelands,  25%  infested  natural  areas, 
15%  occurred  in  managed  areas  of  production  agriculture,  and  13%  occurred  in  aquatic  and 
riparian  habitats.  Of  the  67  species  of  agents  released,  72%  established;  22%  failed  to  establish; 
6%  are  too  early  to  determine.  Qualitative  assessment  of  weed  control  following  release 
suggests  that  43%  of  the  projects  were  a  complete  or  partial  success.  Recent  changes  in  funding 
supporting  rangeland  agriculture  in  California  has  resulted  in  a  drastic  reduction  in  weed 
biocontrol  research  staff.  Financial  support  has  shifted  from  local  and  state  levels  to  federal 
agencies. 
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Canada  has  a  long  history  of  successful  public-good  research  targeting  the  suppression  of 
introduced  invasive  plants  with  arthropod  biocontrol  agents.  Since  1952,  over  75  insect  species 
have  been  released  for  the  suppression  of  20  introduced  weeds,  including  recent  notable 
successes  against  leafy  spurge,  diffuse  knapweed,  purple  loosestrife,  houndstongue  and 
Dalmatian  toadflax.  The  release  of  a  biocontrol  agent  in  Canada  is  the  culmination  of  8  to  12 
years  of  cooperative  work  with  international  consortia  to  identify  promising  agents,  and  to 
conduct  host-range  testing  of  their  safety  and  potential  impact.  Recent  Canadian  release  permits 


have  been  granted  for  new  biocontrol  agents  against  swallow-worts,  knotweed,  yellow  toadflax 
and  hawkweeds.  As  a  case  study,  the  joint  Canadian  and  US  petition  for  the  release  of  Hypena 
opulenta,  a  multivoltine  leaf-feeding  moth  (Noctuidae)  on  swallow- worts,  is  used  to  review  the 
status  of  weed  biocontrol  in  Canada.  The  first  release  of  diapausing  H.  opulenta  larvae  was  made 
on  swallow- wort,  Vincetoxicum  rossicum ,  in  Canada  in  September  2013.  The  insect  successfully 
overwintered  in  field  cages,  following  releases  during  2014-2015,  however  overwintering 
outside  the  cages  has  not  been  confirmed.  Within  the  release  year,  adult  moths  and  larvae  have 
spread  at  least  200  m  and  a  second  generation  of  larvae  has  been  confirmed  in  both  2014  and 
2015.  In  summer  2015,  defoliating  populations  of  H.  opulenta  developed  outside  the  release 
cages  and  monitoring  continues  to  track  overwintering  survival  and  possible  moth  dispersal.  The 
Canadian  data  are  contributing  to  the  ongoing  review  process  for  Hypena  in  the  United  States. 
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Plant  pathogens  have  often  been  used,  on  their  own,  or  to  complement  the  actions  of  plant¬ 
feeding  insects  in  classical  weed  biological  control  (WBC).  In  1971,  Australia  became  the  first 
country  to  deliberately  introduce  a  plant  pathogen  for  WBC  -  the  rust  fungus  Puccinia 
chondrillina ,  which  has  had  a  spectacular  negative  impact  on  the  widespread  form  of  skeleton 
weed,  Chondrilla  juncea  (Asteraceae).  Since  then,  interest  in  pathogens  for  WBC  has  steadily 
increased.  Release  programs  in  partnership  with  the  community  have  been  effective  in 
streamlining  delivery  of  introduced  pathogens  across  the  target  weed’s  range  in  Australia. 
Successes  with  pathogens  have  been  attributed  to  their  ability  to  adapt  readily  to  the  new 
environment  into  which  they  are  introduced,  their  compatibility  with  the  genotype(s)  of  the  weed 
and  their  ability  to  cause  major,  recurrent  epidemics.  There  is  no  indication  that  pathogens 
introduced  for  WBC  are  less  safe  than  arthropods:  no  non-target  impacts  have  ever  been  reported 
following  their  releases  in  Australia. 


The  impact  of  three  weed  pathogens  introduced  into  Australia  since  2000  will  be  discussed:  (i) 
the  rust  fungus  Puccinia  myrsiphylli  on  bridal  creeper,  Asparagus  asparagoides  (Asparagaceae); 
(ii)  the  white-smut  fungus  Entyloma  ageratinae  on  mistflower,  Ageratina  riparia ;  and  (iii)  the 
rust  fungus  Baeodromus  eupatorii  on  Crofton  weed,  Ageratina  adenophora  (Asteraceae). 

Pathogens  may  not  always  be  the  most  effective  solutions  in  weed  management,  but  they 
certainly  offer  exciting  opportunities  for  WBC  that  should  be  more  widely  explored. 
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Current,  pre-release  experiments  to  assess  the  environmental  safety  of  candidate  agents  for  weed 
biocontrol  rely  on  no-choice  and  choice,  development,  feeding,  and  oviposition  tests.  Examining 
behavioral  responses  of  candidate  organisms  to  olfactory  and  visual  cues  can  improve  safety 
assessments  because  these  cues  mediate  host-plant  finding  that  precedes  feeding  and  oviposition 
in  the  field.  We  investigated  how  the  seed-feeding  weevil,  Mogul  ones  borraginis 
(Curculionidae),  distinguishes  its  host  plant  and  target,  the  rangeland  weed,  houndstongue, 
Cynoglossum  officinale,  from  confamilial  plant  species  native  to  North  America,  which  are 
potential  alternative  hosts  for  the  weevil.  In  laboratory  choice  bioassays,  M.  borraginis  achieved 
100%  accuracy  in  host-plant  finding  when  it  had  access  to  both  olfactory  and  visual  cues,  as 
compared  with  lesser  precision  (a  mean  of  86.8%)  when  either  modality  was  tested  alone.  The 
searching  time  was  similar  when  unimodal  or  bimodal  cues  were  used.  Weevils  presented  with 
mismatched  visual  and  olfactory  cues  from  C.  officinale  and  a  non-target  species  exhibited 
reduced  accuracy  and  an  increased  searching  time.  Electrophysiological  measurements  of 
olfactory  and  visual  receptors  of  the  weevils  verified  the  behavioral  responses  observed.  Our 
results  suggest  that  M.  borraginis  perceives  and  responds  behaviorally  to  both  olfactory  and 


visual  cues,  maximizing  its  host  finding  accuracy  and  minimizing  searching  time.  We  posit  that 
studies  of  responses  by  biocontrol  agents  to  multimodal  cues  will  advance  our  understanding  of 
how  these  agents  achieve  discrimination  among  closely-related  plant  species,  thus  limiting  their 
realized  host  ranges  and  reducing  non-target  impacts. 
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Abstract  text: 

Introduction:  Highly  mobile  insects  interact  with  their  resources  at  multiple  spatial  scales. 
Resource  availability,  such  as  host  plants,  host  prey  and  oviposition  sites,  can  vary  in  space  and 
time.  Depending  on  the  spatial  distribution  of  these  resources,  mobile  insects  may  change  their 
oviposition  behaviour.  However,  rarely  do  we  have  information  on  oviposition,  and  resource 
availability  for  multiple  species  across  landscapes. 

Methods:  Using  data  sets  on  resource  use  from  three  model  systems,  sweet  potato  whitefly 
(. Bemisia  tabaci),  cotton  budworm  ( Helicoverpa  punctigera),  and  yellow  fever  mosquito  ( Aedes 
aegypti ),  we  tested  hypotheses  about  the  relationship  between  the  amount  and  distance  between 
oviposition  sites,  and  per  capita  egg  lay. 

Results/Conclusion:  We  found  that  urban  and  agricultural  landscapes  with  few  oviposition  sites 
(e.g.,  host  plants,  water  traps),  had  higher  egg  lay  than  in  landscapes  with  many  and  close  sites. 
For  example,  in  cities  with  few  household  water  sources  egg  lay  by  the  mosquito  Ae.  aegypti  was 
significantly  higher  in  ovi-traps  than  in  sites  with  many  water  sources  for  oviposition.  In  farming 
communities,  landscapes  with  few  fields  of  host-plant  patches  received  higher  per  capita  egg  lay 
from  B.  tabaci  and  H.  punctigera  than  landscapes  with  many  and  aggregated  fields  of  host 
plants.  These  results  suggests  that  the  further  mobile  arthropods  have  to  move  to  encounter  a 
resource,  the  more  likely  they  will  exploit  the  resource  once  found.  In  conclusion,  distribution 


and  abundance  of  these  species  can  be  explained  in  part  by  the  link  between  their  behaviour  and 
the  availability  of  resources  at  multiple  spatial  scales. 
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Abstract  text: 

While  there  are  dozens  of  studies  relating  land-use  patterns  to  insect  populations,  there  is 
relatively  little  clarity  about  whether  landscape  diversification  could  be  used  to  suppress  insect 
pests  in  agricultural  systems.  In  this  paper,  we  will  present  a  conceptual  framework  for  how 
land-use  patterns  can  affect  herbivore  populations  directly  by  mediating  their  ability  to  disperse 
in  the  landscape.  Specifically,  complex  landscapes  may  increase  populations  of  some  herbivore 
species  by  providing  nearby  natural  habitat  for  overwintering,  and  a  diversity  of  forage 
species.  Conversely,  complex  landscapes  may  decrease  herbivore  populations  if  field  margins 
are  barriers  to  dispersal,  increased  dispersal  among  fields  reduces  fecundity,  or  increased 
dispersal  among  fields  increases  weather-related  mortality.  This  conceptual  framework  will  be 
supported  by  examples  from  the  literature  and  an  analysis  of  landscape-herbivore  data  that 
examines  the  importance  of  herbivore  dispersal  behavior.  A  better  understanding  of  how  land- 
use  patterns  mediate  insect  dispersal  will  lead  to  greater  insight  into  how  future  land-use 
scenarios  could  contribute  to  ecological  pest  suppression. 
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Abstract  text: 

Introduction:  Infectious  plant  pathogens  are  a  great  threat  to  agricultural  productivity.  Many  crop 
production  systems  around  the  world  are  threatened  by  insect- vectored  pathogens,  and  insect 
movement  across  spatial  scales  is  critical  for  disease  spread.  At  local  scales,  insects  must  move 
from  plant  to  spread  to  spread  pathogens  within  a  field.  At  larger  spatial  scales,  migratory 
patterns  of  insects  across  landscapes  mediate  disease  cycles  and  pathogen  dynamics. 

Methods:  Here,  we  present  evidence  of  how  the  structure  of  plant  and  herbivore  communities 
affects  the  movement  of  aphids  that  vector  pathogens  to  legume  plants  at  local  and  regional 
spatial  scales. 

Results/Conclusion:  At  local  scales  within  fields,  we  have  shown  that  competition  with  non¬ 
vector  herbivores  can  strongly  influence  the  propensity  of  aphids  to  disperse  away  from  plants 
and  spread  pathogens  within  a  field.  Understanding  the  structure  of  herbivore  communities  is 
critical  for  understanding  movement  and  disease  spread  within  fields.  At  regional  scales,  we 
have  found  that  the  diversity  of  plant  communities  influences  aphid  migratory  patterns  and  the 
likelihood  of  landing  in  suitable  legume  hosts.  In  turn,  characterizing  landscape-level  habitat 
composition  is  critical  for  understanding  aphid  movement  and  disease  spread  across  broad 
regions.  Our  work  shows  that  movement  of  insect  vectors  at  local  and  landscape  scales  is 
influenced  by  community  composition,  in  turn  influencing  the  dynamics  of  infectious  insect- 
vectored  pathogens.  The  community  ecology  of  infectious  disease  has  been  grossly  understudied, 
and  our  work  suggests  a  need  for  more  research  into  how  the  composition  of  ecological 
communities  impacts  vector  movement  and  resulting  pathogen  transmission  in  agro-ecosystems. 
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Abstract  text: 

Introduction:  Research  relating  to  ecosystem  services  has  increased,  partly  because  of  drastic 
declines  in  biodiversity  in  agricultural  landscapes.  However,  the  mechanistic  linkages  between 
land  use,  biodiversity  and  service  provision  are  often  poorly  understood  and  synthesized.  This  is 
particularly  true  for  many  ecosystem  services  provided  by  mobile  organisms  such  as  natural 
enemies  to  crop  pests.  These  species  are  not  only  influenced  by  local  land  use  but  also  by 
landscape  composition  at  larger  spatial  scales. 

Methods:  We  present  a  mechanistic  landscape  model  for  biological  control  of  cereal  aphids, 
explicitly  accounting  for  the  influence  of  landscape  composition  on  natural  enemies  varying  in 
mobility,  feeding  rates  and  other  life  history  traits.  Finally,  we  use  the  model  to  map  biological 
control  services  across  cereal  fields  in  a  Swedish  agricultural  region  with  varying  landscape 
complexity. 

Results/Conclusion:  The  model  predicted  that  biological  control  would  reduce  crop  damage  by 
45-70%  and  that  the  biological  control  effect  would  be  higher  in  complex  landscapes.  In  a 
validation  with  independent  data,  the  model  performed  well  and  predicted  a  significant 
proportion  of  biological  control  variation  in  cereal  fields.  However,  much  variability  remains  to 
be  explained,  and  we  propose  that  the  model  could  be  improved  by  refining  the  mechanistic 
understanding  of  predator  dynamics  and  accounting  for  variation  in  aphid  colonization.  If  this 
kind  of  ecological  production  function  is  combined  with  production  functions  for  other  services, 
the  joint  model  will  be  a  powerful  tool  for  managing  ecosystem  services  and  planning  for 
sustainable  agriculture  at  the  landscape  scale. 


Symposium 

Presentation  Title:  Piecing  together  patterns  of  western  corn  rootworm  ( Diabrotica  virgifera 
virgifera  LeConte)  movement 


Author  Name:  Joseph  Spencer 


Author  Institution:  University  of  Illinois 

Session  Title:  Symposium:  Arthropod  Movement  in  Agro-Ecosystems:  Linking  Individual 
Behaviours  and  Population  Patterns  Across  Spatio-Temporal  Scales.  Just  What  Does  Emerge? 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1656 

DOI:  10. 1603/ICE.2016. 93972 

Abstract  text: 

Introduction:  We  must  pay  attention  to  what  insects  actually  do  in  the  field.  When  observations 
and  empirical  data  contradict  the  conventional  wisdom,  we  should  pay  attention  to  the  stories 
that  the  insects  tell.  During  20  years  studying  the  rotation-resistant  (and  now  Bt-resistant) 
western  corn  rootworm  (WCR,  Diabrotica  virgifera  virgiferaLzConio)  (Coleoptera: 
Chrysomelidae)  in  Illinois,  my  laboratory  has  gained  an  appreciation  for  the  details  of  WCR 
local  movement,  mating,  and  dispersal.  Those  insights  are  helping  us  understand  current 
management  challenges  posed  by  the  most  significant  U.S.  pest  of  corn. 

Methods:  WCR  beetles  were  collected  within  and  above  the  plant  canopies  of  soybean  and 
cornfields  (planted  with  Bt  or  non-Bt  corn  hybrids)  using  insect  nets,  collection  jars,  and  malaise 
traps.  Analyses  measured  physical  and  reproductive  characteristics  of  individuals  and  analyzed 
WCR  gut  contents  to  identify  where  adults  had  been  feeding.  The  temporal  context  of 
collections,  combined  with  information  about  the  types  of  plants  at  collection  sites,  enrich  the 
interpretation  of  individual  characteristics  and  movement  patterns. 

Results/Conclusion:  Rotation-resistant  WCR  engage  in  extensive  interfield  movement;  however, 
their  intrafield  movement  patterns  and  distributions  of  mating  activity  in  Bt  cornfields  fall  short 
of  expectations  fundamental  to  insect  resistance  management  plans.  Patterns  of  aerial  dispersal 
from  Bt  cornfields  indicate  that  many  females  leave  their  natal  fields  shortly  after  mating  and 
move  long  distances.  A  poor  match  between  refuge  design  and  WCR  biology  contributed  to  the 
evolution  of  Bt  resistance  while  patterns  of  dispersal  from  Bt  cornfields  will  make  it  difficult  to 
manage  resistance  on  a  local  scale. 
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Abstract  text: 

Introduction:  Insect  movement  covers  a  wide  range  of  behaviours,  from  localised  foraging  to 
inter-continental  migration,  and  each  form  of  movement  carries  its  own  costs  and  potential 
rewards.  One  factor  that  may  affect  the  movement  behaviours  that  insects  engage  in  is  pathogen 
load:  hosts  may  be  unaffected  by  infection,  they  might  evade  infection  by  escaping  contaminated 
habitats  or  infected  insects  may  die  during  migration.  The  pathogen  too  may  be  affected  by  the 
migratory  effort  of  its  host,  yet  few  studies  have  attempted  to  classify  the  relationship  in  this 
way. 

Methods:  Using  rotational  insect  flight  mills  and  insect  bioassays,  we  investigate  this 
relationship  in  the  fall  armyworm,  Spodoptera  frugiperda ,  when  infected  with  the  baculovirus  S. 
frugiperda  multiple  nucleopolyhedrosis  virus  (S/MNPV). 

Results/Conclusion:  The  flight  mill  data  provide  evidence  for  a  continuum  between  different 
dispersal  behaviours  and  we  find  a  rare  example  of  sex  differences  in  the  response  to  parasitism, 
with  males  but  not  females  changing  their  flight  behaviour  in  response  to  sublethal  viral 
infection.  We  also  report  the  first  outcomes  of  a  study  designed  to  test  the  effects  of  migratory 
effort  on  pathogen  load. 
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Introduction:  Migration  is  a  fundamental  life-history  strategy  for  billions  of  insects,  including 
many  pest  species,  yet  the  genes  and  biochemical  pathways  that  drive  this  phenomenon  are 
poorly  understood.  Quantifying  the  genetic  variation  in  genes  associated  with  migratory  traits 
will  facilitate  a  greater  understanding  of  long-range  movements  in  pests  at  the  population  level. 

Methods:  Here,  we  use  a  combination  of  tethered  flight  and  next-generation  sequencing  to 
determine  genetic  differences  associated  with  flight  propensity  in  a  major  agricultural  pest,  the 
cotton  bollworm  Helicoverpa  armigera.  Phenotyping  was  performed  using  state-of-the-art  flight 
mills  using  H.  armigera  spanning  different  geographic  origins.  Genomic  analyses  were 
performed  on  adult  moths  using  a  combination  of  RNA-seq  and  targeted  sequencing  to 
determine  variation  at  the  transcriptomic  and  genomic  levels  respectively. 

Results/Conclusion:  Adult  H.  armigera  exhibiting  short-  and  long-distance  flight  phenotypes 
possess  distinct  gene  expression  profiles  and  reveal  a  suite  of  differentially  expressed  genes  with 
many  related  to  physiological  adaptations  required  for  long-distance  flight.  These  include  genes 
important  in  the  mobilisation  of  lipids  as  flight  fuel,  flight  muscle  structure  and  the  regulation  of 
hormones  that  influence  migratory  physiology.  Targeted  sequencing  and  SNP  analyses  revealed 
genetic  variation  in  candidate  genes  that  could  contribute  to  key  adaptations  that  drive  long- 
range  movement  in  H.  armigera.  We  conclude  that  genetic  variation  in  a  complex  suite  of 
pathways  underline  the  remarkable  flexibility  of  facultative  insect  migrants  to  respond  to 
deteriorating  conditions  in  the  form  of  migratory  flight  and,  more  broadly,  the  results  provide 
novel  insights  into  the  fundamental  adaptations  required  for  migration  in  insect  pests. 
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Abstract  text: 

Introduction:  Agricultural  landscapes  comprised  of  broad-acre  crops  are  dynamic,  and  frequently 
changing  in  proportion,  composition  and  configuration  of  land  cover.  Highly  mobile  arthropod 
pests  interact  with  these  dynamic  landscapes,  but  rarely  do  we  know  the  key  spatio-temporal 
drivers  explaining  their  abundance  across  a  region  and  over  multiple  seasons. 

Methods:  Over  two  years  and  across  the  150  km  region  of  the  Darling  Downs,  Queensland, 
Australia,  we  used  male  pheromone  lures  placed  in  Bt  cotton,  sorghum  and  pigeon  pea  to 
quantify  the  abundance  of  Helicoverpa  armigera  and  H.  punctigera  moths.  Using  GLMM  we 
partitioned  variation  in  moth  abundance  across  random  and  fixed  spatio-temporal  factors  (e.g., 
composition  and  amount  of  land  cover,  crop  development  and  year). 

Results/Conclusion:  None  of  the  temporal  factors  were  significant.  However  significant  variation 
in  H.  armigera  and  H.  punctigera  moths  caught  in  Bt  cotton  was  explained  by  increasing 
proportions  of  Bt  cotton  at  a  landscape  scale  (e.g.  %  Bt  cotton  from  0.5  to  2.0  km  radii  (r)).  The 
relationship  was  the  opposite  for  moths  caught  in  sorghum  with  fewer  H.  armigera  and  H. 
punctigera  trapped  with  increasing  amounts  of  sorghum.  The  mechanism  for  this  apparent 
concentration  and  or  dilution  of  moths  remains  unknown,  but  it  is  likely  to  be  species  specific  as 
H.  punctigera  females  rarely  oviposit  in  sorghum.  These  results  illuminate  the  drivers  of  male 
moth  behaviour  across  dynamic  agricultural  landscapes.  These  results  have  implications  for 
resistance  management. 
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Introduction:  Bt  has  revolutionized  pest  control  in  cotton,  with  many  benefits.  However,  should 
resistance  to  Bt  develop,  this  method  of  control  will  be  limited.  Obtaining  empirical  evidence  on 
the  efficacy  of  'refuges',  the  cornerstone  of  the  current  resistance  management  system,  is 
difficult:  processes  operate  at  multiple  spatio-temporal  scales,  complex  interactions  exist, 
Helicoverpa  are  highly  mobile  and  we  must  consider  both  the  dynamics  of  the  refuge  and  the 
landscape,  as  well  as  the  pest. 

Methods:  Agent-based  simulation  modelling  allows  us  to  explore  emergent  egg  distribution 
patterns  and  landscape  use  by  Helicoverpa  based  on  empirical  studies  of  underlying  processes, 
such  as  movement  and  oviposition  behaviour.  We  use  a  pattern-oriented  approach  to  validate  the 
results  of  the  model  against  independent  data  from  the  field. 

Results/Conclusion:  Our  model  indicates  that  there  are  some  landscape  characteristics  that 
interact  with  moth  resource  preferences  to  have  an  important  influence  on  the  egg  density  in  Bt 
cotton,  the  relative  egg  density  (compared  to  other,  non-Bt  crops)  and  the  ‘efficacy’  of  refuges. 
Existing  refuge  schemes  could  be  deficient  in  preventing  the  evolution  of  resistance  in  a  complex 
landscape  context  and/or  at  certain  times  of  year.  However,  the  model  enables  a  better 
understanding  of  how  and  when  refuges  are  most  effective,  with  the  potential  to  inform  better 
refuge  design  as  part  of  area-wide  management  of  Helicoverpa. 
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Abstract  text: 

Introduction:  The  current,  global  mass  invasion  by  alien  invasive  species  is  creating  a  rapidly 
growing  array  of  unique  ecological,  economic  and  social  challenges  of  unprecedented  magnitude 
in  terms  of  its  temporal  rate  and  geographical  extent.  Despite  the  pressing  management 
implications,  the  mechanisms  that  control  invasive  insect  invasion  remain  poorly  understood. 
Several  factors,  such  as  species  life  traits,  propagule  pressure,  and,  biotic  and  abiotic  interactions 
(ecological  resistance)  are  widely  believed  to  play  a  critical  role  in  controlling  the  spatial 
distribution  of  problem  invaders.  However,  little  is  known  about  the  relative  contribution  of 
these  different  in  determining  invasion  success. 

Methods:  We  present  a  general  modelling  framework  for  efficient  evaluation  of  the  relative 
influence  of  species  life  traits,  propagule  pressure  and  spatial  heterogeneity  effects  on  the 
biological  invasion.  Spatial  patterns  of  ecological  resistance  are  characterized  using  a  broad 
range  of  landscape  metrics.  We  use  classification  and  non-linear  clustering  methods  to  identify 
independent  landscape  measures  for  characterizing  the  composition  and  configuration  of  spatial 
patterns  of  ecological  resistance. 

Results/Conclusion:  These  landscape  measures  are  used  to  establish  a  quantitative  relationship 
between  landscape  structure  and  population  dynamics.  Rather  than  focusing  on  individual 
species,  a  more  general  approach  is  adopted  where  the  pattern  of  invasion  by  multiple  species  are 
to  be  used  to  infer  key  drivers  of  invasion.  We  present  a  strategy  to  identify  groups  of  species 
with  similar  patterns  of  response  to  ecological  resistance  across  life  strategies. 
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Abstract  text: 


Introduction:  Social  bees  are  central  place  foragers  who  collect  nectar  and  pollen  from  food 
sources  in  the  surrounding  landscape,  but  little  is  known  about  the  probability  of  a  scouting  bee 
finding  a  particular  food  source.  This  information  would  be  useful  to  predict  the  bees'  foraging 
success  and  food  influx  in  a  given  landscape  as  well  as  the  pollination  services  they  provide. 

Methods:  We  developed  a  software  tool,  BEESCOUT,  that  identifies  the  size  and  location  of 
food  sources  from  a  graphical  map.  Based  on  empirical  data  from  harmonic-radar  experiments, 
an  individual-based  scout  model  determines  the  detection  probabilities  of  these  food  sources  for 
honeybees  and  bumblebees. 

Results/Conclusion:  Here  we  present  the  analysis  of  a  number  of  maps  from  arable  landscapes  in 
the  UK  in  regard  to  the  detection  probabilites  of  their  food  patches.  We  then  use  this  information 
as  input  for  the  honeybee  model  BEEHAVE  and  a  new  bumblebee  model  currently  under 
development.  We  discuss  how  detection  probabilities  affect  colony  growth  and  survival  and 
address  the  differences  between  honeybees  (large  colonies,  recruitment  to  specific  sites  via 
waggle  dances)  and  bumblebees  (small  colonies,  no  sophisticated  recruitment)  in  terms  of  their 
susceptibility  to  find  food  sources. 
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Abstract  text: 

Introduction:  A  precipitous  decline  in  the  eastern  migratory  population  of  the  monarch  butterfly 
has  spurred  efforts  to  establish  North  American  and  state-based  conservation  plans.  Loss  of 
milkweeds  and  forbs  from  a  large  portion  of  the  Midwest  and  Iowa  over  the  past  decade  is 


considered  a  major  factor  in  reduced  reproductive  performance  in  the  summer  breeding  grounds. 
Effective  conservation  efforts  in  Iowa  and  the  Upper  Midwest  of  the  USA  will  require 
information  on  how  spatial  arrangements  of  created  or  restored  milkweed  habitat  influence 
monarch  host  plant  seeking  behavior  and  egg-laying. 

Methods:  We  constructed  an  agent-based,  spatially-explicit  model  of  monarch  butterfly 
movement  and  egg-laying  in  an  Iowa  landscape.  The  Iowa  landscape  was  divided  into  23  habitat 
types  and  an  index  of  milkweed  density  determined  for  each.  Monarch  agents  probabilistically 
chose  between  habitat  patches  based  on  milkweed  density  at  each  step  of  the  model.  The 
monarch  agent  also  had  a  probability  of  laying  eggs  based  on  the  index  of  milkweed  density  at 
each  step. 

Results/Conclusion:  The  model  as  parameterized  indicates  extensive  use  of  roadsides  and  fields 
with  higher  milkweed  densities  and  little  use  of  fields  with  low  milkweed  density,  consistent 
with  available  observational  data.  Oviposition  and  movement  behavior  in  the  heterogeneous 
landscape  resulted  in  varying  egg  densities  in  identical  habitat  types,  an  emergent  property  of  the 
system.  We  identify  characteristics  of  habitat  patches  that  had  higher  egg  densities,  which  will 
inform  future  conservation  efforts. 
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Abstract  text: 

Introduction:  The  periodic  table  provides  life’s  recipe  in  the  form  of  25+  chemical  elements.  All 
these  elements  have  a  geography.  Here  I  explore  ways  to  generate  rates  of  decomposition  by 
understanding  how  biogeochemistry  shapes  the  performance  of  plants,  microbes  and 
invertebrates. 


Methods:  I  survey  a  few  results  from  lab  experiments,  large-scale  field  experiments,  and 
comparative  community  ecology  to  explore  how  the  recipe  for  decomposer  invertebrates  helps 
translate  into  decomposition  rates. 

Results/Conclusion:  Chemical  elements  constrain  the  performance  of  soil  invertebrates  in 
various  ways.  Phosphorus  can  do  so  indirectly  by  facilitating  both  leaf  litter  fall  and  the  growth 
of  microbes  on  which  grazers  and  shredders  feed.  Constitutive  elements  like  P  and  N  can  be 
stored  in  the  tissue,  allowing  organisms  to  endure  occasional  patches  where  P  and  N  are  scarce. 
More  labile  elements  like  Na  are  both  consumed  and  excreted  at  roughly  the  same  rates  and  are 
constrained  to  narrow  set  points.  Chronic  low  Na  availability  (as  in  an  inland  tropical  forest)  can 
thus  reduce  the  metabolic  capacity  of  invertebrates  and  hence  decrease  their  ability  to  assimilate 
other  nutrients  and  decompose  litter.  In  this  way,  Na  is  likely  an  ecological  catalyst — “first 
among  equals” — in  predicting  the  activity  of  plant  consumers.  Understanding  the  roles  and 
interactions  of  the  diversity  elements  within  organisms  can  give  key  and  entertaining  insights 
into  their  summed  effects  on  ecosystems. 
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Abstract  text: 

Introduction:  The  greatest  repository  of  biodiversity  is  the  rainforest,  and  rainforest  diversity  is 
heavily  concentrated  in  leaf  litter,  the  ultimate  destination  of  most  of  the  forest's  primary 
production.  Ants  dominate  this  litter  environment  as  predators  and  modulate  decomposition  rates 
through  top-down  control  of  the  detrital  food  web.  The  litter  environment  is  highly  dynamic,  and 
demonstrates  a  broad  range  of  microclimates,  which  indubitably  must  affect  occupancy  by 
animals  that  respond  dramatically  to  changes  in  thermal  conditions.  As  litter  decomposes,  the 
stratum  loses  depth  and  this  may  reduce  thermal  complexity.  In  this  study,  we  document  how  the 


depth  of  litter,  and  the  heterogeneity  of  light,  structure  the  thermal  properties  of  litter  and,  in 
turn,  how  the  biodiversity  responds. 

Methods:  We  established  field  experiments  in  which  we  manipulated  the  depth  of  leaf  litter  and 
the  light  environment  of  the  litter,  and  measured  how  the  thermal  gradient  in  the  litter  and 
biodiversity  of  ants  responded  to  changes  in  depth. 

Results/Conclusion:  Leaf  litter  provides  a  substantial  thermal  buffer  to  the  top  layer  of  soil  and 
the  deep  layers  of  leaf  litter.  In  shallow  litter,  where  decomposition  rates  are  highest,  there  is 
scant  thermal  heterogeneity  within  leaf  litter,  but  slow  decomposition  rates  and  deep  leaf  litter 
provide  a  much  wider  range  of  thermal  microclimates.  These  changes  are  closely  associated  with 
ant  biodiversity  responses.  Because  areas  with  slowly  decomposing  leaf  litter  provide  a  greater 
ambient  range  of  thermal  conditions,  these  locations  are  more  suited  to  accommodating  and 
ameliorating  negative  effects  of  climate  change  on  biodiversity. 
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Abstract  text: 

Introduction:  Leaf  litter  is  an  essential  source  of  energy  and  nutrients  for  freshwater  ecosystems, 
particularly  in  forested  headwater  streams.  Stream  invertebrate  detritivore  species  involved  in 
decomposing  leaf  litter  vary  strongly  in  functional  traits,  including  feeding  traits  and 
microhabitat  preferences.  While  the  role  of  detritivore  species  richness  on  decomposition  is  well 
studied,  little  is  known  about  the  role  of  functional  traits  and  functional  diversity  relative  to  other 
biotic  and  abiotic  drivers,  and  how  their  importance  may  vary  across  habitats  and  seasons. 

Methods:  We  quantified  the  role  of  detritivore  functional  diversity  and  specific  functional  traits 
on  leaf  decomposition  relative  to  variation  in  the  effect  of  detritivore  density  and  biomass,  and 


other  sources  of  abiotic  variability,  which  included:  (1)  two  different  habitats  in  replicated 
natural  streams  and  (2)  an  increasing  land-use  gradient,  from  natural  to  agricultural  streams. 
Temporal  variability  was  assessed  by  conducting  experiments  in  autumn  and  spring,  main 
seasons  for  aquatic  invertebrate  growth  in  these  boreal  landscapes. 

Results/Conclusion:  Using  structural  equation  modelling,  we  found  detritivore  functional 
diversity  can  be  as  important  to  litter  decomposition  as  detritivore  biomass,  density,  and  abiotic 
factors,  including  those  associated  with  land-use  change,  but  its  importance  can  fluctuate 
substantially  across  habitats  and  seasons.  We  further  found  that  variation  in  both  functional 
diversity  and  the  presence  of  particular  traits  strongly  modulates  the  effects  of  land  use  on  litter 
decomposition.  Taken  together,  these  results  highlight  how  functional  diversity  and  species  traits 
can  help  developing  a  more  predictive  framework  for  understanding  variation  in  leaf  litter 
decomposition  in  natural  and  human-disturbed  ecosystems. 
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Abstract  text: 

Introduction:  The  role  of  insects  in  terrestrial  decomposition  remains  poorly  resolved, 
particularly  for  neglected  substrates  like  fine  woody  debris.  Uncertainty  about  how  mesh  bags 
used  to  experimentally  exclude  arthropods  may  affect  decomposition  rates  continues  to  impede 
progress  in  this  area.  We  sought  to  1)  quantify  the  contributions  of  insects  to  the  decomposition 
of  small-diameter  (<2.5  cm)  Triadica  sebifera  L.  “twigs”  and  2)  test  for  “hidden  treatment” 
effects  inherent  to  mesh  exclusion  bags  by  comparing  mass  loss  from  wooden  “dowels”  in  the 
absence  of  visible  insect  activity. 

Methods:  In  subtropical  forests,  three  twig  diameter  classes  plus  dowels  were  enclosed  in  two 
mesh-size  bags  (0.3  mm  or  1  mm  openings)  or  left  entirely  unprotected  from  insects  over  a  20- 
month  study  period. 


Results/Conclusion:  Unprotected  twigs  lost  significantly  more  mass  than  those  within  fine  mesh 
bags.  Because  this  effect  was  consistent  throughout  the  study,  which  encompassed  most  of  the 
decomposition  process  (reaching  nearly  80%  mass  loss),  our  findings  suggest  the  invertebrate 
influence  does  not  disappear  or  attenuate  over  time,  at  least  for  fine  woody  debris.  Our  dowel 
data  show  that  fine  and  coarse  mesh  bags  accelerate  the  decomposition  of  enclosed  woody 
material,  suggesting  insects  contribute  even  more  to  decomposition  than  our  measured  value  of 
9-10%.  Termites  exhibited  a  strong  preference  for  larger  diameter  twigs,  resulting  in  short-term 
differences  in  decomposition  rates  among  diameter  classes.  Our  findings  strongly  confirm  the 
importance  of  insects  to  wood  decomposition  and  highlight  the  need  to  incorporate  these 
organisms  in  models  of  carbon  and  nutrient  cycling. 
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Introduction:  Dead  wood  is  a  major  pool  of  organic  matter  in  forested  ecosystems  and  thus,  of 
high  relevance  for  nutrient  and  carbon  cycling.  A  high  proportion  of  forest  biota  rely  on  dead 
wood  as  habitat  and  many  of  these  wood-inhabiting  organisms,  such  as  fungi  and  insects, 
contribute  significantly  to  wood  decomposition  but  their  role  is  likely  to  vary  geographically  and 
relative  to  climate.  However,  overall  patterns  remain  unknown. 

Methods:  A  network  of  45  research  groups  has  now  joined  to  install  more  than  55  experimental 
plots  worldwide.  These  plots  are  distributed  across  the  northern  and  southern  hemisphere  and 
cover  the  two  major  climate  gradients,  precipitation  and  temperature.  At  each  plot,  fresh  dead 
wood  (diameter:  3  cm)  is  exposed  to  decomposition  with  and  without  protection  from  insect 
activities.  Decomposition  rates  relative  to  these  treatments  are  measured  as  mass  loss  after  one 
and  two  years.  Furthermore,  the  activity  and  species  composition  of  fungal  and  bacterial 
communities  are  recorded  by  molecular  methods. 


Results/Conclusion:  This  approach  will  help  to  quantify  the  contribution  of  insects  and  microbes 
to  wood  decomposition  relative  to  global  climate.  Such  information  is  crucial  to  build  more 
realistic  wood  decomposition  models  and  to  evaluate  effects  of  climate  change  on  this  particular 
ecosystem  process. 


Symposium 

Presentation  Title:  The  potential  of  insects  to  act  as  spore  vectors 
Author  Name:  Rannveig  Jacobsen 

Author  Institution:  Norwegian  University  of  Life  Sciences 
Session  Title:  Symposium:  Arthropods  and  Decomposition 
Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1669 
DOI:  10. 1603/ICE.2016. 91296 
Abstract  text: 

Introduction:  Insects  and  fungi  are  the  main  decomposers  of  dead  wood,  and  they  form  an 
exceptionally  species  rich  community  in  boreal  and  temperate  forests.  The  decomposition 
process  can  be  influenced  by  interactions  between  insects  and  wood-decay  fungi,  such  as 
fungivory  or  dispersal  of  fungi  by  insects.  We  have  seen  indications  that  the  insect  species 
present  in  early  decay  stages  of  dead  wood  influence  the  fungal  community  found  in  later  decay 
stages,  and  we  suggest  that  this  influence  might  be  due  to  insect-vectored  spore  dispersal.  While 
it  is  well-known  that  the  symbiotic  fungi  of  ambrosia  beetles  and  wood  wasps  rely  on  dispersal 
by  insects,  it  is  unknown  whether  insect- vectored  dispersal  is  important  to  other  species  of  fungi 
such  as  Basidiomycete  polypores. 

Methods:  We  investigate  the  potential  of  several  different  beetle  species  to  act  as  insect  vectors 
for  fungi  by  high-throughput  sequencing  of  fungal  DNA  extracted  from  these  beetles.  Some  of 
these  species  have  been  recorded  to  visit  sporulating  polypores  in  previous  studies  and  thus  if  we 
isolate  polypore  DNA  from  the  same  species,  that  would  indicate  that  such  polypore  visitors 
could  function  as  spore  dispersers.  Coupled  with  previous  and  on-going  studies  we  intend  to 
assess  their  potential  importance  as  insect  vectors  for  the  dispersal  of  wood-decay  fungi. 

Results/Conclusion:  Wood-living  beetles  and  wood-decay  fungi  could  both  benefit  from  a 
mutualistic  relationship  of  spore-feeding  and  spore  dispersal  that  would  be  highly  significant  to 
both  community  assembly  and  decomposition  in  dead  wood. 
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Abstract  text: 

Introduction:  A  large  fraction  of  forest  insect  biodiversity  is  saproxylic,  i.e.,  dependent  on  dying 
and  dead  wood,  but  little  is  known  about  how  these  organisms  contribute  to  wood 
decomposition,  nutrient  cycling  and  related  processes.  Here  we  summarize  findings  from  recent 
studies  aimed  at  testing  these  questions  in  the  southeastern  United  States  and  discuss  directions 
for  future  research. 

Methods:  Five  experimental  studies  designed  to  quantify  the  contributions  of  insects  to  wood 
loss  were  conducted  in  southeastern  U.S.  forests  over  the  past  decade.  We  consider  key  findings 
from  these  studies  and  present  the  results  from  a  meta-analysis. 

Results/Conclusion:  Subterranean  termites  ( Reticulitermes  spp.)  are  the  most  important  wood¬ 
feeding  insects  in  the  region,  consuming  approximately  15-20%  of  wood  volume,  and  thus  have 
the  greatest  direct  effect  on  wood  decomposition.  Insects  can  also  have  less  visible  indirect 
effects  on  the  decomposition  process,  however,  e.g.,  some  beetles  appear  to  accelerate  lignin 
degradation  through  interactions  with  fungi.  It  is  clear  from  the  meta-analysis  that  termites 
strongly  promote  wood  decomposition  but  with  variable  effects  across  gradients  in  wood 
diameter  and  time.  Experiments  aimed  at  measuring  the  effect  of  insects  on  decomposition  over 
nearly  the  entire  process  and  testing  for  a  connection  between  termites  and  forest  productivity  are 
underway. 
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Abstract  text: 

Introduction:  Carrion  systems  in  general  have  been  understudied,  so  to  better  describe  the  biotic 
interactions  of  microbial  taxa  during  vertebrate  decomposition,  it  is  necessary  to  place  this 
community  within  the  larger  interaction  network  of  carrion  associated  organisms  (e.g., 
necrobiome).  Ephemeral  carrion  resource  subsidies  are  known  to  influence  the  structure  and 
function  of  local  communities  in  both  terrestrial  and  aquatic  ecosystems.  The  Pacific  salmon 
anadromous  lifecycle  and  resulting  carcasses  provides  a  model  system  to  test  complex 
interactions  among  microbial  communities  of  the  necrobiome,  and  their  potential  effects  on 
bottom-up  biodiversity  that  drive  key  ecosystem  functions.  The  objective  of  the  study  was  to 
characterize  the  internal  microbial  communities  (e.g.,  microbiomes)  within  the  salmon 
necrobiome  network  at  the  carrion-stream-riparian  interface. 

Methods:  Amplicon-based  sequencing  was  used  to  identify  the  microbiomes  from:  aquatic 
insects  (three  mayfly  species)  in  salmon  carcass  bearing  and  non-salmon  carcass  bearing 
streams;  the  epinecrotic  microbial  communities  of  decomposing  salmon  carcasses 
0 Oncorhynchus  keta );  and  terrestrial  necrophagous  insects  ( Calliphora  terraenovae larvae  and 
adults)  associated  with  the  carcasses. 

Results/Conclusion:  There  was  a  significant  difference  in  the  mayfly  microbiomes  collected  in 
salmon  carcass  and  non-salmon  carcass  bearing  streams,  while  the  developmental  stage  (larvae 
and  adult)  was  most  important  to  the  necrophagous  insect  microbiome  structure.  Furthermore, 
the  microbiome  was  influenced  by  the  resource  on  which  the  necrophagous  larvae  developed, 
while  the  changes  in  adult  microbiome  varied  temporally.  Overall,  we  illustrated  how  ephemeral 
resource  pulses  influenced  the  integration  of  resource  subsidy  microbial  communities  into 
aquatic  and  terrestrial  primary  consumer  food  webs. 
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Introduction:  Recent  progress  in  carrion  ecology  has  highlighted  the  role  animal  carcass 
decomposition  has  in  structuring  animal  communities,  its  impact  on  ecosystems,  and  its  localized 
effects  on  plants,  microbes  and  soils.  We  argue  these  separate  advances  now  require  synthesis  to 
unite  findings  that  cross  ecological  scales  and  sub-disciplines.  Here,  we  outline  the  necrobiome 
as  a  concept  that  captures  the  complex  biotic  interactions  driving  the  decomposition  process, 
scaling  from  genes  and  microbes  to  ecosystem  processes.  We  then  describe  how  these 
interactions  relate  to  carcass  decay  rates,  local  scale  biodiversity  and  soil  community  effects 
using  examples  from  a  series  of  carrion  decomposition  experiments. 

Methods:  Replicate  vertebrate  animal  carcasses  were  allowed  to  decompose  in  four  geographic 
locations  representing  two  locations  in  the  Midwest  USA,  one  in  the  Pacific  Northwest  USA  and 
one  in  southeast  Australia.  At  each  carcass,  the  necrophagous  invertebrate  communities  were 
sampled  to  relate  biodiversity  to  carcass  decay.  In  addition,  in  the  USA  locations,  carcasses' 
epinecrotic  microbial  communities  were  used  to  add  to  overall  invertebrate  and  microbial 
community  diversity  metrics  and  to  evaluate  how  these  groups  of  organisms  interact  during 
decomposition.  Further,  at  the  Australia  location,  soil  chemistry  and  localized  plant  community 
responses  were  characterized. 

Results/Conclusion:  Overall,  invertebrate  and  microbial  taxon  richness  increased,  while  taxa 
turnover  rates  deceased  over  decomposition  in  the  Midwest  location,  while  there  were  clear 
patterns  of  cross-domain  interactions  that  were  strongest  midway  through  decomposition.  In 
Australia,  there  was  significant  contrasting  temporal  dynamics  in  beetles,  ants,  and  mites,  with 
plants  also  showing  different  (re)colonisation  rates. 
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Introduction:  Vertebrate  carrion  is  often  viewed  as  an  inanimate  object  devoid  of  life-nothing 
like  its  previous  form  when  it  might  have  thrived  as  a  living  animal  in  a  given  landscape.  With 
time,  and  under  the  right  conditions,  carrion  will  lose  form  and  eventually  disintegrate-releasing 
nutrients  back  into  the  environment.  A  host  of  organisms  ranging  from  microbes  and  arthropods 
to  vertebrate  scavengers  compete  for  these  resources  and  are  responsible  for  the  recycling  of 
nutrients  back  into  the  ecosystem. 

Methods:  The  purpose  of  this  presentation  is  to  discuss  the  role  that  microbes  play  in  regulating 
the  interactions  between  two  competing  blow  fly  (Diptera:  Calliphoridae)  species  that  frequent 
carrion  in  the  southern  United  States.  Cochliomyia  macellaria  is  a  native  blow  fly  species  that  is 
a  primary  colonizer,  while  Chrysomya  rufifaciesis  an  invasive  blow  fly  species  whose  larvae 
predate  on  those  of  the  native  species  and  is  considered  a  secondary  colonizer  of  carrion. 

Results/Conclusion:  For  both  species,  data  generated  from  development  studies,  behavioral 
assays  with  an  olfactometer,  next-generation  sequencing,  and  GC-MS  assessments  of  volatile 
organic  compounds  associated  with  the  larvae  will  be  reviewed.  We  will  demonstrate  that 
microbes  serve  as  foot  soldiers  for  these  insects  and  impact  their  development  patterns,  attraction 
of  prey,  and  avoidance  of  predators.  Such  information  is  critical  for  understanding  the 
mechanisms  regulating  carrion  degradation  and  nutrient  recycling.  Results  from  such  studies  are 
applicable  in  areas  such  as,  but  not  limited  to,  management  of  animal  mortalities  in  confined 
animal  facilities,  forensic  entomology,  disease  ecology,  and  invasive  species  biology. 
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Introduction:  A  major  way  that  plants  interact  with  belowground  microarthropod  communities  is 
via  the  exudation  of  simple  carbon  compounds.  The  exudation  of  these  compounds  can  leads  to 
changes  in  soil  communities,  often  altering  both  activity  and  composition.  Additionally,  such 
compounds  are  presumed  to  be  responsible  for  as  much  as  30%  of  heterotrophic  soil  respiration. 
However,  our  understanding  of  how  changes  in  the  quantity  and  quality  of  exudates  mediate 
carbon  cycling  and  the  role  that  microarthropod  communities  play  in  these  processes  is  only  now 
being  explored. 

Methods:  Here,  I  present  a  synopsis  of  recent  research,  which  examines  how  change  in  exudate 
inputs  can  influence  community  structure  and  activity.  Additionally,  I  will  examine  how 
inclusion  of  other  soil  microarthropods  might  elucidate  a  more  complete  picture  of  the  role  root 
exudates  play  in  rhizospheric  carbon  cycling. 

Results/Conclusion:  Results  thus  far  indicate  that  the  quantity,  quality,  and  composition  of 
exudates  play  an  important  role  in  shaping  both  soil  microbial  community  structure  and  function. 
However,  microarthropods  often  mediate  these  changes  and  their  role  has  often  been  overlooked. 
Pairing  both  lab  studies  and  field  studies  coupled  to  stable  isotope  methods,  I  have  shown  that 
the  whole  belowground  communities,  particularly  predatory  mites  and  microarthropod 
microbivores,  mediate  the  cycling  of  dominant  exudates.  Together  these  findings  indicate  that 
the  role  of  exudates  in  carbon  cycling  is  likely  very  dynamic. 

In  conclusion,  the  interplay  between  exudates,  belowground  communities,  and  carbon  cycling  is 
complex.  However,  understanding  the  interplay  between  microbial  community  composition  and 
microarthropods  may  prove  informative  with  regards  to  rhizospheric  carbon  cycling. 
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Introduction:  Terrestrial  taphonomy  and  insect  colonization  is  well  studied,  but  little  is  known  of 
the  fate  of  a  body  in  the  ocean.  Most  marine  work  involves  large  carcasses  such  as  those  of 
whales  which  have  no  value  in  the  forensic  interpretation  of  a  human  body.  This  study  is  part  of 
a  series  of  experiments  studying  the  fate  of  human  proxies  in  the  ocean. 

Methods:  The  Victoria  Experimental  Network  Under  Sea  (VENUS)  observatory,  Ocean 
Networks  Canada  is  an  underwater  cabled  laboratory  in  the  Salish  Sea  in  BC  and  Washington 
State.  It  includes  submersible  vehicles,  cameras  and  sensors  which  are  remotely  operated  via  the 
internet  allowing  researchers  to  conduct  data-rich,  long  term  studies  in  real  time.  Two  pig 
carcasses  were  deployed  under  a  video  camera  in  each  of  three  marine  habitats  at  depths  of  92, 
170  and  300m  in  spring  and  fall  and  were  observed  every  15  minutes  over  a  6  month  period. 
Oxygen  optodes  and  CTDs  were  located  at  the  pig  site. 

Results/Conclusion:  Oxygen  dramatically  impacted  faunal  scavenging  and  hence  overall 
taphonomy.  In  hypoxic  conditions,  many  large  decapods  fed  on  the  carcasses  despite  oxygen 
levels  dropping  to  highly  stressful  levels.  Only  when  carcasses  were  deployed  where  oxygen  was 
extremely  low,  were  the  large  decapods  excluded.  In  higher  oxygen  habitats,  the  fauna  was 
dramatically  different  with  carcasses  being  skeletonized  by  large  numbers  of  amphipods  within 
days.  The  amphipods  resulted  in  a  localized  oxygen  drawdown  creating  hypoxic  conditions  and 
excluding  larger  arthropods.  Once  amphipods  left,  oxygen  returned  to  normal  and  larger 
arthropods  returned. 
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Introduction:  Dung  decomposition  is  an  enormous  ecosystem  service.  In  a  small  country  like 
Finland,  cattle  produce  4  billion  kg  of  dung  annually.  Previous  studies  on  dung  decomposition 
have  focused  on  examining  the  role  of  different  decomposers  on  a  small  scale.  We  aimed  to 
measure  the  role  of  arthropod  decomposer  groups  (earthworms,  small  dung  beetles  and  large 
dung  beetles)  on  a  national  scale. 

Methods:  We  recruited  citizen  scientists  to  make  an  experiment  on  73  cattle  farms,  where  none, 
all  or  selected  arthropod  groups  were  excluded  from  dung  pats.  The  weight  of  the  pats  was 
measured  every  10  days  over  2  months,  totaling  4180  measurements  from  733  individual  pats.  In 
the  end  of  the  experiment,  we  found  that  the  pats  where  all  arthropods  had  access  were  lightest, 
while  the  pats  where  they  were  excluded  were  the  heaviest.  Small  dung  beetles  had  a  less 
significant  role  in  decomposition,  while  the  large  tunneling  beetles  ( Geotrupessp .)  accounted  for 
most  of  the  dung  removal.  Our  study  shows  how  a  hypothesis  based  on  small-scale  experiments 
can  be  tested  on  a  large  scale  by  help  from  citizen  scientists. 

Results/Conclusion:  To  date,  most  citizen  science  projects  have  focused  on  collecting 
observational  data  on  species  distribution,  abundance  and  phenology.  However,  with  careful 
planning  and  support,  citizen  scientists  can  perform  complex  experiments  over  large  spatial 
scales.  In  addition  to  unique  data  sets  to  scientists,  this  offers  people  hands-on  experience  on 
ecosystem  services  and  role  of  biodiversity. 
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Introduction:  Carrion  is  an  ephemeral  and  spatially  patchy  resource  that  supports  a  diverse  subset 
of  species  linked  to  nutrient  cycling  and  the  decomposition  process.  A  number  of  studies  have 
separately  documented  changes  in  the  diversity  of  plants,  arthropods  and  vertebrates  at 
individual  carcasses,  but  surprisingly  little  is  known  about  the  traits  that  underpin  these 
responses. 

Methods:  We  used  a  carcass  addition  experiment  to  assess  how  dynamic  changes  in  species 
composition  were  related  to  species  traits.  We  found  that  changes  in  insect  assemblage  evenness 
and  heterogeneity  were  determined  by  species’  dispersal  traits,  and  that  plant  assemblage 
responses  to  subsequent  soil  nitrogen  changes  was  most  apparent  among  graminoids  and  exotic 
species.  In  particular,  large  and  manoeuvrable  beetles  and  plants  with  high  specific  leaf  area 
displayed  strong  responses  to  the  carcass  addition. 

Results/Conclusion:  These  results  provide  an  integrated  example  of  how  traits  of  different  groups 
of  organisms  enable  them  to  exploit  patchy  and  dynamic  resources,  and  establishes  a  clearer 
mechanistic  understanding  of  how  carcasses  drive  biodiversity  dynamics. 
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The  ubiquity  of  microbes  and  their  chemical  products  suggests  that  the  active  manipulation  of 
microbially  derived  semiochemicals  by  animals  could  be  critical  in  behavioral  and  ecological 
networks.  We  examined  the  ability  of  burying  beetles  ( Nicrophorus  spp.)  to  exploit  location  cues 
from  carrion  microbes  and  then  to  suppress  those  cues  to  reduce  competition.  In  a  field 
experiment,  burying  beetles  discovered  fewer  mouse  carcasses  treated  with  an  antibacterial 
compound  than  untreated  carcasses,  evidence  that  bacteria  produce  important  cues.  When 
carcasses  were  prepared  by  a  N.  orbicollis  pair  (hair  removal,  rounding  and  application  of  anal 
and  oral  secretions)  and  then  buried  in  the  field,  discovery  rates  were  very  low  (0  -  12.5%),  and 
much  lower  than  buried  carcasses  that  were  being  used  for  breeding  by  a  related  species 
(Ptomascopus  morio ,  69.0%)  that  does  not  modify  the  carcass  or  that  were  opened  for  feeding  by 
non-breeding  N.  orbicollis  (76.7%).  Headspace  analysis  (GC/MS)  demonstrated  that  preparation 
of  a  carcass  reduced  production  of  two  bacterial  volatiles  (dimethyl  disulphide  and  dimethyl 
trisulphide)  highly  attractive  to  competitors  for  carrion.  Preparation  of  a  carcass  by  burying 
beetles  also  reduced  visits  to  a  carcass  by  carrion  flies  and  slowed  the  biomass  loss  of  a  carcass 
exposed  to  the  carrion  community.  The  results  demonstrate  that  animals  can  effectively 
manipulate  microbially  derived  semiochemicals  to  their  advantage. 
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Modern  entomology  was  introduced  into  China  about  100  years  ago.  Researches  focused  on 
morphology,  systematics,  ecology,  and  pest  management  in  the  past  60  years.  Since  2000,  almost 
all  disciplines  of  insect  science  have  undergone  rapid  development  in  China.  The  numbers  of 
papers  and  citation  in  international  peer-review  journals  from  Chinese  entomologists  reached  the 
top  2,  and  the  number  of  the  most  cited  papers  from  China  is  no.  3  in  the  word  since  2010.  The 
most  competitive  disciplines  of  entomology  in  China  include  genomics,  paleo-entomology, 
phenotypical  plasticity,  ecology,  interactions  of  multiple  trophic  levels,  molecular  phylogeny, 
pest  management  of  transgenic  plants,  and  so  on.  The  great  achievements  mentioned  above 


largely  attribute  to  maturity  of  new-generation  entomologists,  enhancement  of  financial  supports, 
national  demands,  and  international  cooperation.  Entomology  in  China  will  see  greater  and  faster 
development  in  the  future.  With  more  attentions  to  global  changes  and  biological  security, 
Chinese  entomologists  will  make  more  efforts  in  vector  biology  of  insects,  which  transmit  the 
serious  viral  diseases  of  humans,  animals,  and  crops.  The  entirely  novel  profile  of  Chinese 
entomology  will  be  presented  in  the  international  entomological  communities. 
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The  brown  planthopper  (BPH),  Nilaparvatalugens ,  is  the  most  economically  damaging  pest  for 
rice.  Our  main  advances  on  its  functional  genomics  include:  (1)  The  complementarity  in 
nutritional  pathways  in  BPH  and  its  symbionts.  Symbionts  enable  BPH  to  become  adapted  to  and 
to  thrive  on  a  low-nutrient  diet  that  is  solely  provided  by  rice.  (2)  The  enzyme  system  involving 
the  chitin  synthesis  and  degradation  in  BPH  was  revealed  and  a  “1+5+ 1+3”  pattern  of  chitin 
metabolism  enzymes  was  proposed,  which  showed  1  synthase,  5  endo-chitinases,  1  exo-chitinase 
and  3  chitin  deacetylases  required  for  molting.  (3)  We  found  that  two  insulin  receptors  play 
opposing  roles  in  controlling  long  wing  versus  short  wing  development  by  regulating  the  activity 
of  the  forkhead  transcription  factor  N1FOXO.  (4)  A  mechanism  of  rice  ragged  stunt  virus 
(RRSV)  transmission  from  its  BPH  vector  to  the  rice  plant  was  revealed.  RRSV  induced 
apoptosis  in  the  salivary  gland  cells  via  a  caspase-dependent  manner  and  efficiently  takes 
advantage  of  the  apoptosis  to  accomplish  its  release  process.  (5)  We  demonstrated  that  BPH  has 
a  systemic  RNAi.  We  further  screened  more  than  300  genes,  and  found  that  NIBicC  was  the  most 
sensitive  to  RNAi;  to  date,  0.05pg  /per  insect  dsRNA  may  result  defective  oogenesis,  indicating 
that  RNAi-based  techniques  may  be  a  potential  method  for  the  pest  control. 
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Introduction:  The  whitefly  Bemisia  tabaci  (Gennadius)  (Hemiptera:  Aleyrodidae),  with  its  global 
distribution  and  extensive  genetic  diversity,  is  now  known  to  be  a  complex  of  over  35  cryptic 
species.  However,  a  satisfactory  resolution  of  the  systematics  of  this  species  complex  is  yet  to  be 
achieved. 

Methods:  Here,  we  designed  experiments  to  examine  reproductive  compatibility  among  species 
with  different  levels  of  mtCOI  divergence. 

Results/Conclusion:  The  data  show  that  putative  species  with  mtCOI  divergence  of  >8%  between 
them  consistently  exhibited  complete  reproductive  isolation.  However,  two  of  the  putative 
species,  Asia  II  9  and  Asia  II  3,  with  mtCOI  divergence  of  4.47%  between  them,  exhibited  near 
complete  reproductive  compatibility  in  one  direction  and  partial  reproductive  compatibility  in  the 
other.  Together  with  some  recent  reports  on  this  topic  from  the  literature,  our  data  indicates  that, 
while  divergence  in  the  mtCOI  sequences  provides  a  valid  molecular  marker  for  species 
delimitation  in  most  clades,  more  genetic  markers  and  more  sophisticated  molecular  phylogeny 
will  be  required  to  achieve  adequate  delimitation  of  all  species  in  this  whitefly  complex.  While 
many  attempts  have  been  made  to  examine  the  reproductive  compatibility  among  genetic  groups 
of  the  B.  tabaci  complex,  our  study  represents  the  first  effort  to  conduct  crossing  experiments 
with  putative  species  that  were  chosen  with  consideration  of  their  genetic  divergence.  In  light  of 
the  new  data,  we  discuss  the  best  strategy  and  protocols  to  conduct  further  molecular 
phylogenetic  analysis  and  crossing  trials  in  order  to  reveal  the  overall  pattern  of  reproductive 
incompatibility  among  species  of  this  whitefly  complex. 
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There  are  about  one  thousand  fungal  species  capable  of  killing  insects,  most  of  which  are 
ascomycetes.  The  species  like  Metarhizium  spp.  and  Beauveria  bassiana  have  been  developed  as 
environmentally  friendly  biocontrol  agents  against  different  insect  pests.  We  performed 
comprehensive  comparative  genomics  and  fungal  genomics  studies  of  these  fungi.  The  results 
indicated  that  the  insect  pathogens  have  a  strikingly  larger  proportion  of  genes  encoding  secreted 
proteases  and  chitinases  than  other  sequenced  fungi.  Phylogenetic  analysis  confirmed  that  fungal 
entomopathogenicity  is  polyphyletic,  so  similar  expansions  of  insect  cuticle  degrading  proteases 
and  chitinases  reflect  a  convergent  evolution  for  fungus-insect  interactions.  Genome  survey  of 
different  Metarhizium  species  with  varied  host  range  indicated  that  the  specialist  species  with  a 
narrow  host  range  diverged  first  and  then  the  transitional  species  followed  by  the  generalists  in 
association  with  the  evolution  of  insect  hosts.  For  pathogenic  infections,  insect  fungi  like  M. 
robertsii  evolved  with  divergent  adhesins  to  mediate  spore  adherence  to  insect  and  plant 
surfaces,  a  mammalian  perilipin-like  protein  to  regulate  the  appressorium  turgor  pressure  for 
insect  cuticle  penetration  and  a  collagen-like  protein  to  camouflage  cell  wall  components  for 
evading  host  immunity.  In  addition,  the  cyclodepsipeptide  destruxins  in  M.  robertsii  and 
dibenzoquinone  oosporein  in  B.  bassiana  could  also  be  deployed  by  the  fungi  to  inhibit  host 
innate  immune  responses  to  facilitate  fungal  infection. 
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Structure  and  expression  patterns  of  pupa-specific  cuticle  protein  genes  (BmWCPs)  in  Bombyx 
mori  were  analyzed  to  understand  the  regulatory  mechanism  of  these  genes.  The  regulation  of 
one  of  these  genes  (BmWCP4)  was  analyzed  in  detail.  The  20-hydroxy ecdysone  (20E)-induced 
expression  of  BmWCP4  was  mediated  by  the  transcription  factor  5mPOUM2,  which  binds  to  the 
cA-response  elements  (CREs)  of  the  BmWCP4  gene  in  B.  mori.  20E  induced  the  expression  of 
the  early  transcription  factor  Broad  Complex  Z,  which  then  activated  the  5mPOUM2  expression. 
The  expression  pattern  of  BmBR-C  Zl,  BmBR-C  Z2  and  BmBR-C  Z4  was  in  tandem  with  the 
expression  of  BmPOUM2.  BmBR-C  Z4  was  induced  by  20E  in  the  wing  discs,  whereas  BmBR-C 
Zl  and  BmBR-C  Z2  were  not.  Three  potential  BR-C  Z4  cA-response  elements  (CREs)  were 
identified  in  the  promoter  region  of  BmPOUM2.  The  expression  of  BmPOUM2  mRNA  and 
protein  was  increased  by  the  over-expression  of  BmBR-C  Z4  in  BmN  cells,  which  acted  at  the 
promoter  of  BmPOUM2.  Electrophoretic  mobility  shift  assay  (EMSA)  and  the  luciferase  activity 
analysis  under  the  control  of  wild-type  and  mutants  of  the  BR-C  Z4  CREs  suggested  that  BmBR- 
C  Z4  protein  bound  to  the  predicted  BRC-Z4  CRE  C  (-684—660).  Taken  together  the  data 
suggest  that  BmBR-C  Z4  is  a  direct  upstream  regulator  of  BmPOUM2  and  regulates  the  pupal- 
specific  expression  of  BmWCP4  through  BmPOUM2. 
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Juvenile  hormones  (JH)  and  20-hydroxyecdysone  (20E)  coordinately  control  insect  molting  and 
metamorphosis.  One  major  function  of  JH  is  to  inhibit  some  actions  of  20E  during  the  larval 
stages  and  therefore,  JH  is  usually  referred  to  as  the  “ status  quo ”  hormone.  In  Drosophila ,  JH 
prevents  20E-triggered  remodeling  of  the  larval  fat  body  and  precocious  differentiation  of  the 
optic  lobe  of  adult  brain  during  the  larval-pupal  metamorphosis.  Recently,  two  paralogous 
bHLH-PAS  transcriptional  factors,  Methoprene -tolerant  (Met)  and  Germ-cell  expressed  (Gee), 
were  demonstrated  as  the  JH  receptors.  The  metamorphic  factor  Kruppel  homolog  1  ( Kr-hl ), 
encoding  a  zinc-finger  transcription  factor,  is  a  JH  primary-response  gene.  Met  and  Gee 
transduce  JH  signals  to  induce  Kr-hl  expression  via  JH  response  element  (JHRE)  containing  E- 
box-like  motifs.  Taiman,  a  bHLH-PAS  family  transcriptional  regulator,  directly  interacts  with 
Met/Gce,  acts  as  a  potential  partner  molecule  of  the  JH  receptors  to  mediate  JH-induced  Kr-hl 
expression,  while  Hsp83  modulates  JH  signaling  through  mediating  the  JH  binding  and  nuclear 
localization  of  Met/Gce.  Moreover,  Kr-hl  mediates  JH  signals  to  repress  expression  of  E93  and 
br ,  two  20E  primary-response  genes  that  respectively  mediate  20E-induced  remodeling  of  larval 
tissues  and  formation  of  adult  organs  during  metamorphosis,  suggesting  that  Kr-hl  plays  a  key 
role  to  mediate  JH-20E  crosstalk.  We  are  currently  focusing  on  the  detailed  molecular 
mechanism  how  Kr-hl  mediates  JH-20E  crosstalk.  Taking  the  advantage  of  Drosophila  genetics 
and  other  techniques,  it  should  be  the  right  time  to  understand  the  mystery  of  the  “ status  quo ” 
action  of  JH. 
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Sex  pheromones  released  by  female  moths  are  detected  by  the  olfactory  sensilla  with  high 
specificity  and  sensitivity  in  antennae  of  conspecific  males.  The  two  closely  related  sympatric 
species,  Helicoverpa  armigera  and  Helicoverpa  assulta  share  two  major  sex  pheromone 
components,  cis-1 1-Hexadecenal  and  cis-9-Hexadecenal,  but  in  reversed  relative  concentrations, 
97:3  and  7:93,  respectively.  We  combined  behavior,  electrophysiology,  molecular  biology,  and 
optical  imaging  to  investigate  the  peripheral  coding  mechanisms  in  males  to  their  sex  pheromone 
blends.  Specific  olfactory  sensory  neurons  (OSNs)  in  three  types  of  antennal  sensilla  are  mainly 
involved  in  the  pheromone  coding.  Three  pheromone-binding  proteins  and  one  odorant-binding 
protein,  five  pheromone  receptors  from  the  two  species  were  identified  functionally.  The 
projection  of  the  axons  of  OSNs  to  the  male  specific  macroglomerular  complex  in  the  antennal 
lobe  was  also  compared  between  the  two  species.  We  conclude  that  evolution  of  the  peripheral 
olfactory  coding  mechanisms  for  pheromones  of  the  two  species  satisfies  the  need  of  specific- 
species  pheromone  detection,  which  shed  new  light  onto  the  reproductive  isolation  between  these 
species. 
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Introduction:  Transgenic  cotton  carrying  Bt  ( Bacillus  thurigiensis)  insecticidal  toxins  was 
approved  in  1997  for  commercial  use  in  China,  and  now  it  accounts  for  >90%  of  cotton  crop.  Bt 
cotton  planting  may  lead  to  the  change  of  population  levels  of  different  insects  in  cotton  field  and 
the  associated  small-scale  farming  system. 

Methods:  We  conducted  long-term  and  large-scale  field  monitoring  of  insect  pests  and  natural 
enemies  in  cotton  from  early  1990s,  and  also  the  relative  field-plot  trials  of  Bt  and  non-Bt  cotton 
from  1997  in  northern  China. 


Results/Conclusion:  With  the  increasing  adoption  of  Bt  cotton,  cotton  bollworm  ( Helicoverpa 
armigera)  population  has  been  effectively  suppressed  in  this  crop,  and  also  greatly  reduced  in 
other  non-Bt  host  crops  (e.g.,  maize,  soybean,  peanut)  in  the  same  planting  area.  It  is  a  so-called 
“halo  effect”  of  Bt  crops,  i.e.,  the  suppression  of  target  pests  on  non-Bt  plants  near  Bt  plants.  Due 
to  the  decreasing  insecticide  use  in  Bt  cotton,  population  abundances  of  generalist  predators 
(ladybirds,  lacewings  and  spiders)  gradually  increased  in  this  crop,  and  then  resulted  in 
decreasing  aphid  ( Aphis  gossypii )  abundance.  Generalist  predators  usually  have  great  dispersal 
ability,  increasing  predator  abundance  in  Bt  cotton  ultimately  promoted  biocontrol  services  in  the 
whole  agroecosystem.  However,  generalist  predators  had  limited  control  efficacy  of  mirid  bugs. 
This  insect  group  has  progressively  increased  population  levels  and  acquired  pest  status  in  cotton 
in  association  with  a  reduction  in  insecticide  use  in  Bt  cotton,  and  subsequently  increased  as  the 
major  pests  of  neighboring  host  crops  (e.g.,  Chinese  date,  grape). 
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In  China,  considerable  research  has  focused  on  the  biology,  ecology  and  management  of  the 
diamondback  moth  (DBM),  Plutella  xylostella  L.,  but  much  of  this  information  is  inaccessible 
internationally.  This  work  supports  previous  conclusions  that  DBM  is  a  secondary  pest  induced 
by  intensive  insecticide  use  that  destroys  natural  enemies  and  selects  for  insecticide  resistance. 
These  practices  and  increased  Brassica  crop  production  in  China  mean  that  the  pest  status  of 
DBM  is  increasing.  Regionally  suitable  climate  and  local  insecticide  use  has  led  to  distinct 
regional  patterns  of  insecticide  resistance;  populations  in  the  south  are  typically  most  resistant  to 
synthetic  insecticides.  Recent  studies  demonstrate  that  DBM  makes  annual  intergenerational 
south-north  migrations  into  regions  unsuitable  for  year  round  persistence.  Such  advances  in 
ecological  understanding,  coupled  with  regional  crop  management  strategies,  could  provide  the 


basis  for  improved  forecasting  and  management  approaches  but  facilitating  and  sustaining  the 
adoption  of  IPM  practices  remains  enormously  challenging. 
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China  has  been  successful  in  the  use  of  biological  control  methods  to  manage  numerous 
agricultural  and  forest  insects.  Several  species  of  parasitoids,  coccinellid,  and  hemipteran 
predators,  and  several  species  of  predatory  mites  are  among  of  the  most  used  natural  enemies. 
Many  species  entomopathogens  (fungal,  bacterial  and  viral  pathogens)  and  nematodes  have  also 
been  widely  used  to  manage  various  species  of  pests  under  field  and  protected  environments.  In 
this  presentation,  we  discuss  the  current  biological  control  programs  including  the  use  of  natural 
enemies,  entomopathogens,  wild-type  and  genetically  modified  viruses  as  insecticides  in  China, 
as  well  as  the  future  and  main  challenges  China  must  face  to  further  encourage  the  adoption  of 
biological  control. 
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The  Earth's  population  is  expected  to  exceed  well  over  9  billion  by  2050,  and  we  will  need  to 
meet  humanity’s  nutritional  security  with  a  minimal  ecological  footprint.  The  “9  Billion 
Problem”  has  implications  for  how  we  grow  and  view  food  now  and  in  the  future,  and  edible 
insects  can  be  part  of  the  toolkit.  The  United  States  Department  of  Agriculture’s  National 
Institute  of  Food  and  Agriculture  (NIFA)  focuses  on  research,  education,  and  outreach  that  is 
aimed  at  solving  the  grand  global  challenges,  including  food  security  and  food  safety,  nutrition, 
sustainable  energy,  water  and  climate  change,  and  to  ensure  the  economic  well  being  of 
communities. 
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Insects  have  gained  great  attention  in  recent  years  as  a  sustainable  alternative  to  other  animal 
based  food  ingredient,  protein  and  commodity  sources.  There  are  a  number  of  issues  to  consider 
on  the  subject  of  insect  nutrient  composition.  The  first  is  combining  all  the  information  across  a 
wide  range  of  disciplines.  A  second  issue  is  that  insect  nutrient  composition  is  sometimes 
reported  on  an  as-is  basis  (live  weight),  while  other  studies  report  values  on  a  dry  weight  basis. 
Units  also  vary  across  data  sources  and  in  many  cases  are  not  reported  in  standard  units  such  as 
unit  (mg,  g,  depending  on  nutrient)  per  lOOg  serving.  Additionally,  insects  consumed  by  humans 
are  often  processed  in  some  fashion  prior  to  consumption.  Processing  methods  commonly  used 


include  drying,  roasting,  frying,  salting  and  canning,  all  of  which  can  have  substantial  impacts  on 
nutrient  composition.  Lastly,  when  evaluating  the  nutrient  composition  of  raw  whole  insects,  the 
effect  of  residual  food  in  the  insect's  gastrointestinal  tract  must  be  considered.  This  presentation 
will  discuss  various  aspects  of  insect  value  as  a  human  food  ingredient  on  the  basis  of  nutrient 
content  and  other  properties.  It  will  also  discuss  some  recent  activities  related  to  USDA  NIFA  in 
this  emerging  field/industry  such  as  SBIR  (Small  Business  Innovation  Research)  research  grants 
as  well  as  opportunities  through  the  agency's  ongoing  interest  in  funding  such  efforts. 
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Insects  provide  a  very  promising  alternative  for  the  future  production  of  animal  protein.  Their 
nutritional  value  in  conjunction  with  their  food  conversion  efficiency  and  low  water 
requirements,  make  them  a  more  sustainable  choice  for  the  production  of  food  of  animal  origin. 
However,  to  realize  their  potential  as  a  viable  source  of  food  for  a  growing  human  population,  it 
is  necessary  to  create  the  infrastructure  for  their  production,  processing,  storage,  distribution, 
marketing,  and  develop  legislation  for  their  use  as  food.  But  none  of  these  steps  become  relevant 
unless  we  have  the  ability  to  produce  insects  in  sufficient  quantities  to  supply  the  potential 
demands  for  animal  protein.  While  the  current  state  of  the  art  of  insect  farming  is  still  primitive 
and  requires  high  levels  of  manual  labor,  technologies  of  insect  mass  production  exist  in  other 
areas  such  as  mass  production  for  sterile  male  releases  and  augmentative  biological  control  that 
may  be  applicable  to  insect  farming.  Some  areas  of  insect  farming  have  been  identified  as  critical 
bottle  necks  or  demanding  high  labor.  Those  areas  include  artificial  diets  and  feeds,  watering 
systems,  tray  or  cage  design,  and  stage  separation  for  harvesting,  reproduction,  and  packing. 
Development  of  technological  advances  should  be  focused  on  improving  each  of  those  areas. 
Examples  of  technologies  used  in  other  fields  of  insect  mass  production  that  can  be  modified  and 
adapted  to  improve  these  areas  of  insect  farming  are  presented  and  discussed. 
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Introduction:  The  disgust  factor  is  a  deep-seated,  sub-conscious  aversion.  Applied  to  insects  as 
food,  this  factor  is  common  in  people  of  Western  cultures,  particularly  in  those  who  were  raised 
as  young  children  to  associate  insects  with  dirt,  filth,  and  illness.  By  association,  every  other 
insect  carries  this  same  aversion  for  those  struggling  with  the  disgust  factor. 

Methods:  The  tests  of  two  hypotheses  will  be  presented  in  this  paper.  First  we  tested  the 
hypothesis  that  there  is  an  association  factor.  Experiments  will  be  described  in  which  we 


autoclaved  cockroaches  and  offered  them  to  people  experiencing  the  disgust  factor.  Even  water 
in  which  a  fork  was  submerged  that  had  held  a  sterilized  cockroach  was  refused  by  the  sampled 
population.  Second  we  tested  in  the  literature  the  disappearance  of  the  disgust  factor  associated 
with  raw  fish,  the  acceptance  of  sushi  in  the  US.  Once  sushi  became  acceptable,  its  rise  in 
popularity  was  steep. 

Results/Conclusion:  Why  and  how  this  happened  is  explored  in  this  presentation  with  predictions 
of  how  this  disappearance  will  happen  in  Western  cultures  with  respect  to  food  insects. 
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As  a  high  quality  protein  source,  insects  for  food  and  feed  are  of  increasing  interest,  particularly 
for  their  potential  to  alleviate  global  food  insecurity  while  at  the  same  time  being  ecologically 
and  economically  advantageous.  Despite  the  traditional  use  of  a  diversity  of  species  as  a  dietary 
component  throughout  human  history,  and  recently,  the  cultivation  of  insects  as  an  industry,  little 
formal  regulatory  guidance  or  safety  information  exists  to  direct  this  potentially  vast  consumer 
market.  This  discussion  attempts  to  review  the  potential  safety  concerns  of  insects-as-food  and 
feed,  including  the  phylogenetic  classification  and  monitoring  considerations  that  should 
accompany  this  industry,  mindful  that  timely  responsible  development  operate  in  cooperation 
with  international  regulatory  food  safety  authorities  for  the  establishment  of  scientifically  sound, 
globally  harmonized  guidance.  The  use  and  regulation  of  insects  as  food  is  developed  from  an 
introductory,  historical  perspective  through  characterization  and  labelling,  with  particular 
consideration  for  the  safety  and  toxicologic  assessment  according  to  current  applicable  and 
adaptable  EU  and  US  guidance  for  the  industry.  Scope  of  the  talk  ranges  from  possible  safety 
concerns  from  raw  material  through  the  manufacturing  and  packaging  process  and  concludes 
with  the  partnered  responsibility  of  manufacturers  and  consumers  alike,  in  coordination  with 
good  globally  harmonized  scientific  policy,  to  fairly  and  thoughtfully  consider  this  abundant 


food  source  as  a  safe  alternative  to  sustainably  address  food  security  for  a  burgeoning  world 
population. 
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Introduction:  The  topic  of  insects  as  human  food  has  gained  increasing  attention  within  the 
academic  world  in  recent  years.  Edible  insects  are  promoted  as  beneficial  for  tackling  problems 
of  environmental  degradation,  population-level  health  problems,  and  socio-economic  inequality. 
Thus,  the  increased  production  and  consumption  of  edible  insects  is  framed  as  being  conducive 
to  future  food  security.  But  the  state  of  research  on  edible  insects  tells  a  more  complex  and 
diverse  story. 

Methods:  We  conducted  a  systematic  review  of  all  research  articles  pertaining  to  insects  as 
human  food  published  between  2000  and  early  2016.  Of  154  peer-reviewed  original  research 
articles  during  this  period,  over  half  (n=87)  were  published  after  the  landmark  FAO-Wageningen 
conference  in  2014.  Research  based  in  more  developed  countries  (those  with  a  higher  Human 
Development  Index  score)  has  also  increased  during  this  period,  as  had  the  proportion  of 
research  focusing  on  farmed  rather  than  wild-harvested  edible  insects. 

Results/Conclusion:  We  present  the  results  of  this  review  in  light  of  FAO  (Food  and  Agriculture 
Organization)  recommendations  for  research  in  this  field.  We  recommend  that  future  research 
acknowledges  the  socio-economic  implications  of  the  Industrialization  of  insects  as  a  food 
ingredient,  alongside  impacts  on  environmental  and  human  health. 
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Edible  insect  based  foods  have  a  native  microbiota  that  is  somewhat  different  from  other  sources 
of  animal  foods.  This  microbiota  is  largely  determined  by  the  nature  of  the  insect  and  conditions 
found  in  production  and  processing  environments.  Human  foodborne  pathogen  prevalence  in 
insects  is  generally  small  but  prudent  producers  and  processors  must  implement  effective 
controls  to  minimize  food  safety  risks.  This  presentation  will  detail  the  kinds  of  infectious  and 
intoxicating  bacteria,  viruses,  and  parasites  that  may  be  found  on  edible  insects.  Potential  human 
pathogenic  bacteria  Escherichia  coli,  and  Bacillus  cereus  have  been  found  in  some  samples  of 
processed  caterpillars,  which  suggests  that  handling  or  consumption  of  these  caterpillars  has 
potential  health  risks.  In  contrast,  definitive  human  foodborne  pathogens  Salmonella  and  Listeria 
monocytogenes  were  not  isolated  from  the  guts  of  farm-raised  superworm  ( Zophobas  morio), 
yellow  mealworm  ( Tenebrio  molitor ),  wax  moth  ( Galleria  mellonella ),  butterworm 
( Chilecomadia  moorei),  and  house  cricket  ( Acheta  domesticus).  Evidence  of  parasite 
transmission  by  eating  insects  is  known.  There  is  scant  evidence  of  circumstances  that  human 
foodborne  virus  particles  can  be  transmitted  by  insect  ingestion.  Because  of  the  varied  nature  of 
insects  and  foods  that  contain  insect  based  ingredients  it  is  imperative  that  prudent  processors 
understand  the  inherent  risks  of  their  products  and  ensure  the  proper  application  of  interventions 
to  reduce  these  risks. 
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Introduction:  Locusts/grasshoppers  are  in  high  demand  in  the  Middle  East  and  North  Africa, 
among  other  markets  around  the  world.  For  some  cultures,  such  as  Jewish,  certain  Middle 
Eastern  locust  species  are  considered  acceptable  as  food  (or  "Kosher").  However,  currently  these 
insects  are  very  seasonal  and  only  available  in  a  narrow  time  during  the  year. 

Methods:  Given  the  growing  population  and  need  for  more  sustainable  protein  alternatives, 
particularly  in  arid  regions  in  Africa  and  Middle  East,  we  seek  to  meet  this  growing  demand  by 
mass  producing  locusts  for  the  edible  insect  market  year  around.  This  will  involve  developing 
several  innovations  in  farming  practices,  insect  feed  diets  and  mechanization  of  aspects  such  as 
feeding  and  watering  of  the  locusts.  Our  project  will  also  allow  collaboration  among  various 
ethnic  and  religious  groups  in  Israel,  the  Middle  East  and  Africa  including  Jewish,  Muslim  and 
Christian  communities. 

Results/conclusion:  This  talk  will  present  our  locust  farming  activities  and  innovations  to  date, 
our  marketing  strategies  and  efforts  to  bring  together  people  of  diverse  cultures  in  a  region  long 
plagued  by  conflict  and  strife  while  helping  to  meet  the  world's  food  and  protein  needs  in  a  more 
environmentally  sustainable  way. 
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Introduction:  Cultural  entomology  is  the  study  of  insects’  influence  on  human  culture.  Insects 
have  affected  the  outcome  of  war,  have  served  as  food,  vectors  of  disease,  and  inspiration  for 
both  art  and  technology.  Educating  the  public  about  the  extent  to  which  insects  have  affected 
humans  throughout  our  history  could  increase  awareness  and  appreciation  of  insects  and  insect 
diversity.  No  actively  maintained,  extensive  online  resource  for  cultural  entomology  presently 
exists.  I  am  in  the  second  stadium  of  building  an  interactive,  encyclopedic  online  museum- 
database,  with  the  eventual  aim  of  crowdsourcing  content. 

Methods:  Students  in  the  Pupating  Lab  (http://www.uwlax.edu/profile/bklein)  are  documenting, 
digitizing,  and  categorizing  cultural  entomology  materials  in  preparation  for  a  preliminary  online 
launch,  to  be  tested  and  critiqued  by  colleagues.  By  testing  the  use  of  our  online  tool  in 
classrooms,  we  hope  to  gather  assessments  of  its  educational  value.  We  are  using  a  scanner 
(Epson  Expression  1 1000XL)  to  digitize  two-dimensional  tangible  objects  and  are  categorizing 
each  item  by  subject,  geography,  date,  taxon,  etc.  All  tangible  objects  receive  unique  ID  numbers 
and  are  archivally  stored. 

Results/Conclusion:  A  fully  interactive  online  database  offering  information  about  insect-human 
interactions  would  offer  the  tools  to  conduct  quantitative  analyses  of  such  interactions,  and  to 
spread  awareness  about  the  importance  of  insect  biodiversity  in  a  human  cultural  context. 
Effective  long  term  maintenance  of  the  database  will  pose  challenges,  and  we  welcome  advice 
and  support  from  cultural  entomophiles  to  collectively  develop  and  support  this  growing 
resource. 
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Introduction:  Parallel  mythology  is  concerned  with  parallels  between  myths  of  vastly  separate 
cultures.  Examples  of  parallel  mythology  are  myths  about  fire  theft,  flood,  land  of  the  dead, 
virgin  birth  and  the  resurrected  hero.  Parallel  mythology  is  caused  by  diffusion  of  myths  from 
early  cultures  or  a  psychological  basis  universal  to  all  human  beings. 

Methods:  In  this  study,  entomological,  anthropological  and  mythological  literature  were 
surveyed  for  myths  involving  insects.  These  myths  were  quantified  into  insect  taxa  and  the  role 
of  the  insect  in  the  myth. 

Results/Conclusion:  Data  show  that  Diptera  in  negative  roles  are  examples  of  parallel  mythology 
since  they  are  abundant  and  widespread.  Lepidoptera  in  metamorphic  roles  (death,  rebirth, 
spirits)  were  also  determined  to  be  examples  of  parallel  mythology. 
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Human  interaction  with  honey  bees  predates  antiquity;  early  honey  hunters  risked  their  lives  by 
descending  on  ropes  with  the  goal  of  stealing  honeycomb.  True  beekeeping  (defined  as  the 


provision  of  artificial  cavities  within  which  honey  bees  can  produce  honey  and  care  for  the 
progeny  of  the  queen)  was  well  developed  by  2500  BCE,  as  documented  by  reliefs  on  Egyptian 
temple  walls.  Although  there  were  hints  of  honey  production  and  large-scale  beeswax  use  before 
these  ancient  Egyptian  reliefs,  the  honey  and  wax  in  these  early  accounts  could  have  been 
procured  by  honey  hunting.  The  oldest  beehives  were  horizontal  mud  hives  that  were  stacked 
upon  each  other,  forming  walled  apiaries.  Apiculture  spread  throughout  the  Mediterranean  over 
the  next  2  millennia,  as  documented  by  the  discovery  of  the  oldest  beehives  from  Tel  Rehov  (in 
what  is  now  Israel)  and  the  later  horizontal  pottery  hives  in  Greece.  Ancient  Rome  witnessed  the 
development  of  hives  made  of  stone,  wood,  fennel  stalks,  and  boards,  and  during  the  Middle 
ages  (100  to  1500  CE),  illuminated  manuscripts  documented  the  use  of  hives  made  from  wooden 
boards,  fennel  stalks,  hollow  logs,  and  woven  straw.  Apiculture  was  not  restricted  to  the  Western 
world.  Beekeeping  was  practiced  in  China  well  before  400  BCE,  and  introduced  to  India  by  300 
BCE.  In  the  New  World,  the  Mayans  kept  the  stingless  bee,  Melipona  beecheii ,  in  hollow  logs 
capped  with  round  stones  or  coral  from  as  early  as  300  BCE. 
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The  Englishman  B.D.  Walsh  (1808-1869)  reveled  in  his  classical  education  as  a  youth,  receiving 
awards  and  scholarships  before  matriculating  at  Cambridge  University,  then  a  stronghold  of  the 
Anglican  Church.  A  scholar  of  ancient  Greek  language  and  literature,  Walsh  remained  at 
Cambridge  for  12  years,  becoming  a  fellow  of  Trinity  College,  intent  on  a  life  in  the  ministry.  He 
crossed  paths  with  undergraduate  classmate  Charles  Darwin,  another  lover  of  insects  and 
participant  in  the  beetle  collecting  craze  then  sweeping  their  nation.  In  1837,  Walsh  published  a 
reformist  pamphlet  in  which  he  reproached  the  university  for  refusing  admittance  to  non- 
Anglicans  and  argued  for  radical  curricular  and  policy  changes.  This  work  presages  Walsh’s 
eminent  scholarship,  trenchant  pen,  and  progressive  tendencies,  all  hallmarks  of  his  future 
entomological  writings.  A  historian  dubbed  him,  “The  Cambridge  don  who  must  be  judged  the 


most  advanced  of  the  internal  reformers,”  noting  that  Walsh’s  reforms  were  eventually 
implemented.  But  by  that  time  Walsh  had  embarked  on  a  new  life,  a  pioneer  of  the  American 
prairie.  He  toiled  for  years  as  a  self-sufficient  farmer  and  lumber  businessman,  returning  to 
entomological  studies  in  his  final  decade.  Walsh’s  fascinating  life  and  legacy  beg  the  question 
posed  in  the  title  of  this  presentation.  We  will  explore  the  answer  by  examining  Walsh’s  early 
writings;  his  private  correspondence  with  Darwin,  LeConte,  and  others;  his  editorship  for  2 
entomological  periodicals  and  role  in  shaping  the  nascent  profession  of  entomology  in  the  U.S.; 
his  staunch  anti-clericalism;  and  his  defense  of  and  contributions  to  Darwinian  theory. 
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Insects  feature  prominently  in  Japanese  culture,  and  have  shaped  traditions  ranging  from  religion 
to  industry  and  popular  pastimes.  One  distinct  aspect  of  Japanese  culture  is  its  keen  appreciation 
of  seasonality,  often  reflected  in  kigo  (words  that  indicate  a  season)  that  appear  in  Japanese 
poetry  such  as  haiku.  Insects  are  frequently  used  kigo:  e.g.,  semi  (cicada)  and  ha  (mosquito)  for 
summer;  mushi  (insect;  usually  implies  crickets)  and  unka  (leafhopper)  for  autumn.  The 
animistic  belief  system  of  Japan’s  indigenous  religion,  Shinto,  also  includes  insects.  Records 
show  that  the  caterpillar  of  a  swallowtail  species,  Papillio  xuthus,  was  worshiped  as  a  god  ( kami ) 
by  a  cargo  cult  in  seventh  century  Japan.  Today,  mushi  kuyd  (memorial  services  for  insects)  are 
still  carried  out  by  farmers  in  some  regions  to  pray  for  insects  that  they  have  killed  during  the 
farming  season.  Japanese  children  and  adult  hobbyists  alike  enjoy  rearing  kahutomushi  (the 
Japanese  rhinoceros  beetle,  Allomyrina  dichotoma ),  named  for  its  resemblance  to  an  ornamented 
samurai  helmet — though,  in  fact,  dragonfly,  praying  mantis,  and  butterfly  motifs  often  adorned 
the  helmets  of  medieval  samurai.  Of  the  many  insects  found  in  Japan,  however,  none  is  more 
economically  important  than  the  silkworm,  Bombyx  mori ,  which  was  introduced  to  Japan  from 
China  (possibly  through  Korea)  in  the  third  century.  Silk  not  only  enriched  Japanese  tradition 
and  culture  throughout  its  history,  but  also  enabled  Japan’s  modernization  in  the  nineteenth 
century. 
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Introduction:  Diverse  insects,  from  butterflies  to  cicadas,  have  remained  a  consistent  presence  in 
the  visual  arts  of  East  Asia  for  millennia.  Before  the  Meiji  Period  (1868-1912),  Japanese 
portrayal  of  insects  drew  on  ecology  and  emphasized  harmony  in  nature  with  “elegance  of  line,” 
whereas  many  European  artists  produced  scientific  illustration  that  focused  on  taxonomic  detail. 
During  Meiji  rule  in  Japan,  cultural  exchange  with  Europe  reached  its  zenith,  and  Japanese 
appreciation  of  insects  influenced  the  Art  Nouveau  movement,  particularly  in  France.  The  result 
was  a  golden  age  for  insect  biodiversity  in  the  visual  arts. 

Methods:  I  reviewed  books  about  Meiji  and  Art  Nouveau  design,  and  I  explored  digital  images 
of  insects  in  Japanese  and  French  art  by  visiting  the  websites  of  various  museums  and  libraries.  I 
focused  on  insects  other  than  butterflies  and  dragonflies  in  order  to  emphasize  the  insects  that  are 
not  normally  exalted  in  Western  art. 

Results/Conclusion:  Before  the  Meiji  Period  in  Japan,  crickets,  earwigs,  and  other  insects 
inhabited  garden  scenes,  often  hiding  among  dense  foliage.  Around  the  year  1900,  insects  were 
commonly  featured  more  prominently,  and  in  greater  detail,  than  plants.  With  the  rise  of  Art 
Nouveau  in  Europe,  a  vast  diversity  of  insects  (typical  of  Japanese  art)  became  popular  in  many 
art  forms,  from  architecture  to  jewelry.  Insects  were  decoupled  from  their  traditional  Biblical 
symbolism,  and  appreciated  on  their  own  terms. 


Symposium 


Presentation  Title:  Insectography:  Insects  in  the  world  of  fiction 

Author  Name:  Erin  Bauer 

Author  Institution:  University  of  Nebraska 

Session  Title:  Symposium:  Insects  and  the  Global  Human  Experience 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1707 
DOI:  10. 1603/ICE.2016.93 135 
Abstract  text: 

This  presentation  will  discuss  the  author’s  M.S.  Project,  Insectography:  Insects  in  the  World  of 
Fiction.  This  is  a  bibliography  of  fictional  works  originally  published  or  produced  in  the  United 
States  between  1950  and  2012  with  insects,  spiders,  related  arthropods  and/or  entomologists  as 
main  characters.  Sections  of  Insectography  include  children’s  books,  novels  (adult  and  young 
adult),  films/TV  episodes,  and  video  games.  Each  topic  area  includes  bibliographic  information 
about  the  work,  including  but  not  limited  to  title,  author/director,  publisher/distributor,  and 
copyright  date.  Following  that  is  a  detailed  description/synopsis  of  the  work  with  an  emphasis  on 
how  insects  are  involved.  The  list  was  compiled  through  various  online  and  print  resources, 
including  movie  and  book  databases,  Amazon.com,  Barnes  and  Noble,  Netflix,  library  lists  (such 
as  bibliographies  and  filmographies),  etc.  It  also  includes  books,  films,  TV  shows,  and  games  the 
author  personally  saw  and/or  reviewed.  Although  numerous  small  bibliographies  of  films  or 
books  about  insects  exist,  there  is  no  full  pop  culture  list  that  incorporates  all  of  these  media. 
Insectography  helps  fill  that  gap.  The  bibliographic  data  provides  readers  with  the  references 
needed  to  access  these  resources  quickly,  and  also  increases  awareness  and  publicizes  some 
works  that  are  more  obscure  or  less  well  known.  For  parents  or  teachers,  this  list  is  a  good 
starting  point  to  introduce  insects  and  related  arthropods  in  a  fun  way.  Insectography  is  currently 
available  on  Digital  Commons,  UNL’s  institutional  repository,  and  the  UNL  Entomology 
Departmental  website.  A  condensed  version  was  published  in  American  Entomologist  (59:2). 


Symposium 

Presentation  Title:  The  mother  of  entomology:  17th  century  artist  and  revolutionary,  Maria 
Sybilla  Merian 

Author  Name:  Michelle  A.  Duennes 


Author  Institution:  University  of  Illinois 


Session  Title:  Symposium:  Insects  and  the  Global  Human  Experience 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1708 
DOI:  10. 1603/ICE.2016. 94216 
Abstract  text: 

Maria  Sybilla  Merian  was  born  into  the  founding  family  of  a  publishing  house.  She  was  trained 
as  an  artist  by  her  stepfather,  but  did  not  receive  formal  training  because  of  her  gender.  Despite 
her  lack  of  formal  education  in  art  and  science,  her  highly  detailed  illustrations  were  ground¬ 
breaking  works  in  entomology  in  her  time.  Her  work  was  unique  in  that  she  drew  insects  to  scale 
feeding  on  their  host  plants  and  often  included  each  stage  of  their  life  cycle.  She  was  one  of  the 
first  illustrators  to  accurately  document  insect  metamorphosis.  She  accomplished  her  most 
famous  work,  Metamorphosis  Insectorum  Surinamensium,  during  a  trip  to  Surinam,  South 
America  she  took  with  her  daughter  in  1699,  shortly  after  divorcing  her  husband.  This  expedition 
was  one  of  the  first  of  its  kind,  specifically  for  scientific  purposes.  I  discuss  my  personal 
experiences  translating  Metamorphosis  Insectorum  Surinamensium  from  Latin  into  English,  how 
Maria  Sybilla  Merian’ s  illustrations  built  the  foundation  of  the  field  of  entomology  and  what 
entomologists  today  can  learn  from  her  life,  her  journeys  and  her  works. 
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Blues  music  is  the  foundation  for  jazz  and  rock,  all  of  which  are  genres  of  music  created  in  the 
United  States  and  subsequently  exported  with  spectacular  success  throughout  the  world.  An 
important  character  in  many  early  blues  lyrics  is  the  trickster,  a  figure  that  uses  humor,  cunning, 


and  deceit  for  personal  gain.  The  trickster  is  often  an  animal,  originating  from  traditional  African 
American  narratives,  and  the  animal  almost  always  serves  as  a  metaphor  for  a  person  who  is 
vexing  the  songwriter,  or  is  even  the  songwriter.  Although  tricksters  can  be  found  in  many  blues 
lyrics,  very  little  attention  has  been  paid  to  insects  as  trickster  characters.  Therefore,  in  this 
presentation  I  discuss  tricksters  such  as  the  boll  weevil,  mosquito,  bed  bug,  chinch  bug,  bee,  and 
wasp.  I  show  how  these  insects  are  used  in  blues  lyrics  to  symbolize  numerous  aspects  of  the 
African  American  experience  during  the  early-  to  mid-twentieth  century. 
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Insects  have  played  a  key  role  in  popular  music,  serving  as  the  subject  of  songs  and  dances,  the 
name  of  bands  and  labels,  and  in  photos  and  illustrations  on  records  and  album  covers.  Examples 
of  each  will  be  presented.  The  links  between  many  modern  musical  artists  and  bands  named  after 
insects  will  be  revealed. 
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Soon  to  be  worth  over  US$100  billion,  the  video  games  industry  is  a  powerful  player  [no  pun 
intended]  in  the  entertainment  field.  The  diversity  of  games,  both  in  their  designs  and  narratives, 
provides  a  rich  though  young  field  [called  "ludology"]  for  analysis.  Insects  likewise  have  been 
incorporated  into  games  in  a  highly  diverse  set  of  ways.  They  have  inspired  gameplay  mechanics 
and  tropes,  and  can  appear  as  helpful  or  harmful  characters  in  varying  states  of  realism.  Here  we 
review  the  many  ways  insects,  entomology,  and  even  entomologists  appear  in  and  have 
influenced  the  video  game  industry.  We  find  that,  as  in  nature,  insects  have  a  rather  high 
prevalence  in  gaming  and,  as  in  society,  the  attitudes  to  insects  range  from  negative  to  positive. 
From  "SimAnt"  to  "Sonic  the  Hedgehog"  to  "StarCraft,"  the  list  is  immense,  so  we  developed  a 
classification  system  to  better  categorize  these  interactions  and  present  iconic  examples  for  each. 
Interestingly,  we  conclude  the  abundance  of  insects  may  well  be  higher  in  games  than  in 
literature,  cinema,  or  other  forms  of  media,  as  insects  and  arthropods  are  uniquely  suited  to  fill 
certain  "niches"  in  game  design  and  narratology. 
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Introduction:  Cultural  entomologists  examine  the  relationship  between  humans  and  insects,  often 
by  observing  how  insects  are  represented  in  the  products  of  human  culture  such  as  art,  music, 
film  and  literature.  Fireworks  are  pyrotechnics  used  for  various  purposes,  including  aesthetic, 
cultural,  and  religious.  In  this  study,  fireworks  were  observed  to  examine  how  arthropods  are 
represented. 


Methods:  In  a  preliminary  study,  a  local  fireworks  vendor  was  searched  for  insect-related 
products.  The  name  of  each  and  the  taxonomy  of  arthropods  was  recorded.  Finding  that  there 
appeared  to  be  sufficient  material  to  warrant  a  more  extensive  study,  one  firework  of  each  variety 
was  purchased,  photographed,  ignited  and  video  recorded. 

Results/Conclusion:  Only  about  1%  of  fireworks  were  entomological.  Hymenoptera  were  the 
most  commonly  occurring  group,  followed  by  Lepidoptera  and  Arachnida.  Fountains  were  the 
most  common  type  of  entomological  firework,  followed  by  aerial  spinners.  Bees  and  wasps  lend 
themselves  well  to  these  types  of  fireworks,  as  shooting  sparks  bear  a  passing  resemblance  to 
them.  However,  the  majority  were  named  for  harmless  forms  such  as  caterpillars,  ladybugs  and 
crickets.  The  most  frequent  noise  associated  with  insect  fireworks  was  the  crackle,  followed  by 
the  hummer.  Most  fireworks  examined  depicted  a  swarm  of  insects  on  their  packaging,  and 
photorealistic  images  were  common.  Some  packages  had  chimeric  features,  most  frequently 
vertebrate  eyes,  while  others  had  features  that  exaggerated  ferocity.  The  similarities  in  how 
insects  are  used  between  fireworks  and  other  entertainment  media  are  remarkable,  suggesting  a 
unified  cultural  perception  of  insects.  Unfortunately,  many  negative  values  are  reinforced. 
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Entomologists  are  well  aware  of  the  diversity  of  insect  life;  the  fact  that  we  typically  deal  with 
thousands  of  species  in  practice,  and  millions  in  theory,  is  taken  more  or  less  for  granted.  Insect 
biodiversity  is  also  used  prominently  in  promotion  of  the  importance  of  insects  in  ecosystems, 
and  the  value  of  insects  for  conservation  biology.  Aesthetic  arguments  in  favor  of  insect 
appreciation  are  typically  framed  in  terms  of  the  relationship  between  beauty  and  diversity. 
Insect  identification,  on  the  other  hand,  is  made  remarkably  difficult  by  diversity,  and  the 
production  of  identification  resources  is  generally  a  matter  of  simplification  without  distortion. 
Folk  taxonomy  generally  recognizes  fewer  taxa  of  insects  than  scientific  taxonomy — typically 


about  100  for  a  given  region.  When  this  number  of  categories  was  presented  in  the  “Bugs  of. ...” 
series  of  books,  public  reaction  was  very  favorable.  Not  all  public  responses  to  diversity  involve 
categorical  over-simplification,  however,  and  the  overwhelming  diversity  of  forms  can  also 
inspire  people  to  the  belief  that  “no  two  are  alike.”  In  yet  another  area,  amateur  insect  collectors 
have  typically  overplayed  the  diversity  of  categories  worth  recognizing  within  their  favorite  taxa 
(e.g.,  Goliathus  beetles,  Ornithoptera  butterflies),  resulting  in  proliferation  of  subspecies, 
aberrations,  and  other  named  forms.  Subspecies,  in  particular,  are  scientifically  controversial,  but 
a  broad  approach  to  the  subject  of  insect  categorization,  acknowledging  recent  contributions 
from  molecular  biology,  suggests  that  counting  species  is,  at  all  levels  of  sophistication,  an 
interplay  between  cognitive  propensities  on  the  one  hand,  and  empirical  evidence  on  the  other. 
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Introduction:  Subterranean  ant-sternorrhynchan  interactions  are  classic  examples  of  mutualism: 
the  ants  provide  the  aphids  and  mealybugs  with  a  constant,  parasite-free  environment  and  in  turn 
the  sternorrhynchans  provide  the  ants  with  their  main  sugar-source:  honey  dew.  Indeed,  these  are 
model  systems  for  studying  mutualism  evolution  and  stability.  Historically,  these  questions  have 
been  addressed  taking  a  one-to-one  view,  i.e.  focusing  on  individual  ant-myrmecophile 
interactions.  Yet,  these  individual  interactions  are  subsets  of  larger  ecological  communities  in 
which  multiple  species  of  ants  interact  with  multiple  species  of  Sternorrhyncha  as  well  as  with 
other  types  of  partners,  such  as  bacteria  and  plants. 

Methods:  The  Northeastern  United  States  are  home  to  such  a  subterranean  community  of  Lasius 
and  Brachymyrmex  ants  that  tend  several  species  of  root-feeding  Prociphilus  aphids  and 
Rhizoecus  mealybugs.  The  sternorrhynchans  each  have  their  own  suite  of  host  plants  and  all 
insect  partners  harbor  a  specialized  internal  microbiome  that  facilitates  these  nutritional 
interactions.  Using  a  combined  approach  of  genetic  barcoding  and  morphology,  I  was  able  to 


fully  characterize  all  species  interactions  and  their  specificity  in  this  multi-level  ecological 
network. 

Results/Conclusion:  These  results  show  a  complex  interaction  network,  in  which,  for  example, 
the  prime  commodity  of  the  system,  honeydew,  may  not  only  be  influenced  directly  by  the 
aphids  producing  it,  but  also  indirectly  by  their  endosymbionts  and  host  plants.  Thus,  for  a 
complete  understanding  of  mutualism  evolution  and  stability,  we  need  to  extend  our  view  from 
focusing  only  on  the  species  central  to  the  mutualism  towards  including  those  species  that  may 
indirectly  be  influencing  the  focal  interactions. 
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We  adapted  host-microbiome  co-propagation  methods  that  we  originally  developed  to  improve 
microbiomes  of  plants  to  artificially  select  for  beneficial  gut-microbiomes  of  honeybees  and 
other  insects.  We  call  this  microbiome  engineering  approach  host-mediated  microbiome 
selection,  because  this  method  selects  upon  microbial  communities  indirectly  through  the  host 
and  leverages  host  traits  that  evolved  to  influence  microbiomes  (Mueller  &  Sachs  2015).  In 
essence,  host  phenotypes  are  used  as  probes  to  gauge  and  manipulate  those  microbiome 
functions  that  impact  host  fitness.  To  facilitate  research  on  host-mediated  microbiome 
engineering,  we  explain  and  compare  the  principal  methods  to  impose  artificial  selection  on 
microbiomes;  discuss  advantages  and  potential  challenges  of  each  method;  offer  a  skeptical 
appraisal  of  each  method  in  light  of  these  potential  challenges;  and  outline  experimental 
strategies  to  optimize  microbiome  engineering  in  honeybees  and  other  animals. 
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Introduction:  Understanding  the  astounding  diversity  of  insect  parasitoids  requires  an  assessment 
of  the  behavioral  and  physiological  mechanisms  underlying  host  specificity.  Here,  I  examine  the 
mechanisms  and  processes  that  govern  host  specificity  of  insect  parasitoids  of  ants  in  the  fly 
family  Phoridae.  These  parasitoids  includes  hundreds  of  species,  most  of  which  are  extremely 
specialized,  attacking  one  or  a  few  closely  related  ant  species. 

Methods:  I  provide  evidence  that  three  features  are  responsible  for  the  extreme  specificity  of  the 
parasitoids.  First,  I  present  data  that  suggests  female  parasitoids  use  specialized  social 
pheromones  of  ants  to  find  hosts  suitable  for  oviposition.  Because  these  communication  signals 
are  by  their  nature  “reliable”  and  “detectable”  indicators  of  the  presence,  identity,  density, 
availability  and  suitability  of  the  host  ants,  parasitoids  may  not  need  other  more  generalized 
olfactory  cues  to  find  hosts.  Second,  I  show  that  use  of  adult  ants  as  hosts  requires  a  specialized 
ovipositor  and  oviposition  behavior  to  counter  the  sturdy  exoskeleton,  mobility,  agility,  and 
social  defenses  of  ant  hosts.  Third,  I  show  that  males  of  many  of  these  parasitoids  are  attracted  to 
hosts  where  they  compete  for,  court  and  mate  with  receptive  females.  Host  location  behavior  by 
males  in  search  of  mates  and  females  in  search  of  oviposition  sites  may  thus  reinforce  one 
another  and  thereby  enhance  host  specificity. 

Results/Conclusion:  I  conclude  with  a  discussion  of  how  these  three  mechanisms  of  host 
specificity  may  provide  opportunities  for  switches  to  novel  hosts  and  promote  new  speciation 
events. 
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Introduction:  Army  ants  and  their  arthropod  symbionts  represent  one  of  the  most  species-rich 
animal  associations  on  Earth,  and  constitute  a  fascinating  example  of  diverse  host-symbiont 
interaction  networks.  However,  despite  decades  of  research,  our  knowledge  of  army  ant 
symbionts  remains  fragmentary  due  to  taxonomic  ambiguity. 

Methods:  An  integrative  approach  allowed  us  to  reliably  determine  species  boundaries,  assess 
biodiversity,  match  different  developmental  stages  and  sexes,  and  to  study  the  life  cycles  of  army 
ant  symbionts.  This  approach  is  based  on  a  combination  of  community  sampling,  DNA 
barcoding,  morphology  and  physiology. 

Results/Conclusion:  As  an  example,  I  present  the  results  of  the  rove  beetle  genus  Vatesus  and  its 
different  Eciton  army  ant  host  species  at  La  Selva  Biological  Station,  Costa  Rica.  DNA 
barcoding  led  to  the  discovery  of  cryptic  biodiversity  and,  in  combination  with  extensive 
community  sampling,  revealed  strict  host  partitioning  with  no  overlap  in  host  range.  Using  DNA 
barcoding,  we  were  also  able  to  match  the  larval  stages  of  all  focal  Vatesus  species.  In 
combination  with  studies  of  female  reproductive  physiology,  this  allowed  us  to  reconstruct 
almost  the  complete  life  cycles  of  the  different  beetle  species.  We  show  that  Vatesus  beetles  are 
highly  adapted  to  the  symbiosis  with  army  ants,  in  that  their  reproduction  and  larval  development 
are  synchronized  with  the  stereotypical  reproductive  and  behavioral  cycles  of  their  host  colonies. 
Besides  revealing  the  biodiversity  and  life  history  adaptations  of  this  particular  myrmecophile 
group,  I  will  present  the  first  results  on  community  structure  and  specificity  of  this  species-rich 
host-symbiont  network. 
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Introduction:  Intimate  ecological  interactions  of  parasites  and  their  hosts  can  influence  species 
evolution.  Eucharitidae  (Hymenoptera:  Chalcidoidea)  is  the  only  insect  family  whose  members 
are  all  ant  parasitoids,  and  their  life  history  has  been  shaped  by  specialized  host  associations  in 
the  immature  and  adult  stages.  The  divergent  behaviors  and  life  histories  of  the  major  eucharitid 
lineages  are  hypothesized  to  be  connected  to  lineage  diversification  on  several  major  ant  groups. 
Different  evolutionary  subsets  of  eucharitids  use  various  oviposition  strategies  and  are  successful 
on  their  targeted  ant  subfamilies  due  to  a  complex  suite  of  behavioral,  morphological,  and 
semiochemical  adaptations. 

Methods:  Behavioral  patterns  of  the  eucharitids  are  here  considered  from  a  phylogenetic 
perspective.  Higher-level  relationships  from  eucharitid  phylogenies  estimated  from  five  gene 
regions  are  compared  to  those  of  an  anchored  hybrid  enrichment  phylogenomic  dataset. 

Results/Conclusion:  The  two  sources  of  data  produce  similar  topological  patterns,  reinforcing 
recent  hypotheses  concerning  eucharitid  evolution  on  ant  hosts.  Eucharitidae  exhibit  a  general 
trend  of  high  host  conservatism  (phylogenetic  affinity)  at  the  ant-subfamily  level  in  extant 
lineages,  with  very  few  inferred  instances  of  ant  subfamily  colonization  (host- switching) 
occurring  infrequently  at  an  early  time  period.  A  robust  phylogeny  is  crucial  for  interpreting 
evolutionary  patterns  and  contributes  to  our  understanding  of  eucharitid  life  history. 
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Introduction:  Many  ants  can  produce  vibrational  signals  by  rubbing  a  tergal  carina  (scraper) 
against  a  ridged  area  (file)  placed  between  abdominal  segments.  These  signals  have  important 
roles  in  colony  organization.  Little  is  known  regarding  exploitation  by  myrmecophiles  of  the 
ants’  acoustical  channel,  except  among  juvenile  lycenid  and  riodinid  butterflies.  Among  social 
parasites,  ant  nest  beetles  (Carabidae,  Paussini)  are  obligate  myrmecophiles  able  to  move 
throughout  the  colony  at  will  and  prey  on  ants  without  eliciting  aggressive  behaviours.  The 
independent  evolution  in  these  beetles  of  three  types  of  stridulatory  organs  on  their  legs  suggests 
that  acoustical  communication  has  played  an  important  role  in  their  evolution.  It  was  recently 
demonstrated  that  stridulatory  organs  in  Paussus  favieri  have  evolved  as  an  acoustic  mechanism 
to  interact  with  ants. 

Results/Conclusion:  Ants  parasitised  by  P.  favieri  produce  caste-specific  stridulations.  We  found 
that  P.  favieri  can  “speak”  three  different  “languages”,  each  similar  to  sounds  produced  by 
different  ant  castes  (workers,  soldiers,  queen).  Playback  experiments  were  used  to  test  host  ant 
response  to  the  sounds  emitted  by  P.  favieri.  The  data  suggest  that,  by  mimicking  the 
stridulations  of  the  queen,  P.  favieri  dupes  workers  and  is  treated  as  royalty.  New  recordings  of 
several  other  Paussus  species  and  of  their  host  ants  performed  through  standard  microphones  and 
laser  vibrometry,  combined  with  behavioral  observations,  confirm  that  acoustical  mimicry  is  a 
generalized  strategy  in  all  Paussus  species,  showing  that  there  is  always  a  substantial  overlap  in 
the  sound  characteristics  of  beetles  and  ants,  but  with  important  differences  among  different 
host-parasite  associations. 
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Introduction:  Most  Paussinae  species,  commonly  known  as  flanged  bombardier  beetles,  are 
obligate  associates  of  ants.  Ant  nest  beetles  ( Paussus )  have  broken  the  complex  communication 
systems  of  their  host  ants,  allowing  them  to  blend  into  the  ant  society,  all  the  while  preying  upon 
the  ants  and  their  brood,  and  even  tricking  their  ant  hosts  into  rearing  their  young.  Our  recent 
work  has  shown  that  this  beetle-ant  symbiosis  has  resulted  in  at  least  three  large,  rapid  species 
radiations  that  share  many  characteristics  with  well-studied  rapid  radiations  of  vertebrates. 
Paussus  has  great  potential  to  become  an  important  new  model  group  with  which  to  study 
patterns  and  infer  processes  of  rapid  speciation  and  phenotypic  evolution,  and  to  investigate 
whether  the  same  key  factors  are  at  play  in  this  lineage  of  arthropods  as  have  been  found  in 
vertebrate  radiations. 

Results/Conclusion:  Using  next-generation  sequencing  of  museum  specimens,  as  well  as  Sanger 
sequencing  of  freshly  collected  specimens,  I  infer  the  deep  phylogenetic  framework  and 
divergence  time  estimates  for  the  Paussinae  based  on  molecular  sequence  data.  A  well- 
supported,  dated  molecular  phylogeny  stabilizes  the  higher-level  classification,  reveals  ancient 
vicariant  events,  indicates  that  myrmecophily  has  evolved  many  times  independently  within  the 
subfamily,  and  establishes  the  broader  phylogenetic  context  for  all  future  studies  of  adaptive 
radiation,  speciation,  phenotypic  evolution,  and  phenotypic  convergence  within  ant  nest  beetles. 
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Abstract  text: 


Introduction:  Rove  beetles  are  one  the  most  speciose  lineages  of  animals  with  more  than  60,000 
described  species.  Xanthopygine  rove  beetles  belong  in  the  tribe  Staphylinini  in  the  subfamily 
Staphylininae.  The  subtribe  Xanthopygina  contains  29  genera  and  342  species  distributed  in  the 
New  World  tropics,  from  Mexico  to  Argentina.  Adults  are  among  the  largest  in  body  size  (>2.5 
cm)  and  the  most  strikingly  colored  of  all  rove  beetles.  They  typically  occur  on  rotting  fruits  and 
mushrooms  and  all  of  them  are  active  predators.  Several  species  are  known  to  be  associated  with 
social  insects.  Some  are  found  in  nests  of  stingless  bees  or  vespid  wasps,  but  more  frequently 
they  are  known  from  the  refuse  piles  or  fungus  gardens  of  leafcutter  ants.  Initial  observations 
suggested  that  these  myrmecophiles  hunt  fly  larvae  living  in  these  habitats  but  recent  anecdotal 
observations  suggest  that  these  beetles  may  occasionally  prey  on  leafcutter  ants  as  well. 

Results/Conclusion:  A  Bayesian  phylogenetic  analysis  revealed  that  two  independent  lineages 
xanthopygine  rove  beetles  exist;  one  including  the  genera  Glenus,  Paraxenopygus,  Smilcoc  and 
Tricholinus ,  and  another  including  the  genera  Haematodes,  Scariphaeus  and  Weiserianum. 
Morphological  characteristics  typically  associated  with  myrmecophily  in  xanthopygines  include 
a  transverse  head,  long  mandibles  and  subserrate  antennae. 
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Introduction:  Rove  beetles  of  the  subfamily  Aleocharinae  have  evolved  myrmecophily  numerous 
times  during  evolution,  leading  to  intimate  symbiotic  associations  with  host  ants  and  dramatic 
morphologies  and  behaviors.  The  repeated  evolution  of  myrmecophily  is  thought  to  depend  on 
the  beetles’  possession  of  a  defensive  tergal  gland  on  the  dorsal  abdomen.  The  gland  protects 
against  worker  aggression,  and  facilitates  ecological  specialisation  inside  colonies  via 
modification  of  its  primitive  quinone-based  chemistry  to  compounds  that  manipulate  host  ant 


behavior.  Myrmecophilous  aleocharines  also  possess  additional  glands  in  different  segments  that 
are  believed  to  mediate  interactions  with  ants. 

Methods:  In  this  talk,  I  present  new  insights  into  the  molecular  and  genetic  phenomena 
mediating  the  evolution  of  myrmecophily  in  aleocharines  arising  from  work  on  a  novel  model 
rove  beetle.  The  biological  control  agent  Dalotia  coriaria  is  a  free-living  aleocharine  that 
embodies  the  evolutionary  ground  state  from  which  myrmecophily  has  repeatedly  arisen  via 
changes  in  gland  chemistry  and  gland  multiplication.  I  explore  the  developmental  origin  and 
genetic  specification  of  the  tergal  gland,  and  the  transcriptional  regulation  of  its  enzymatic 
chemistry. 

Results/Conclusion:  This  work  provides  a  foundation  for  understanding  how  gland  development 
and  transcriptional  reprogramming  of  glandular  biosynthesis  have  led  to  chemical  diversification 
in  aleocharines,  establishing  the  molecular  basis  of  the  widespread,  recurring  evolution  of 
myrmecophily  across  the  subfamily. 
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Both  the  spider  beetles  (Ptinidae)  and  dung  beetles  (Scarabaeinae)  have  inquilinous  species  that 
are  rarely  collected  and  poorly  known  biologically.  This  includes  8  genera  of  spider  beetles  in  at 
least  5  separate  clades  that  are  distributed  in  the  Neotropics,  Southern  Africa,  and  Australia. 
Trichomes  or  glandular  openings  are  present  in  all  species  and  are  typically  found  on  the 
pronotum  but  are  also  seen  on  the  elytra  and  hind  femora.  Trophallaxis  has  been  observed  in  one 
species  of  Gnostus.  There  is  an  even  larger  number  of  species,  mainly  in  the  genus  Dignomus, 
that  may  have  trichomes  as  evidenced  by  pronota  with  a  transverse  basal  cleft,  paired  lobes  and 


setal  tufts.  Associated  glands  producing  ant  appeasing  chemicals  is  possible,  but  evidence  of  ant 
associations  is  lacking. 

The  scarabaeine  dung  beetles  have  13  onthophagine  genera  possibly  representing  one  clade  that 
are  true  symphiles  with  either  ants  or  termites.  Nearly  all  are  found  in  Africa  except  for  one 
genus  with  species  distributed  from  Southern  Africa  to  Southeast  Asia.  Within  this  clade,  the 
basal  lineages  are  associated  with  ants  while  the  most  derived  taxa  are  probable  termitophiles. 
Probable  trichomes  are  present  only  in  some  species  of  the  ant  associated  genus  Haroldius  and 
are  located  on  the  elytal  base  and  adjacent  pronotal  surfaces.  More  efforts  should  be  done  to 
elucidate  the  largely  unknown  biologies  of  these  taxa  that  may  not  be  as  rare  as  collection 
records  indicate. 
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Introduction:  Waterhyacinth  is  considered  one  of  the  world's  worst  aquatic  weeds.  It  currently 
occurs  in  50  countries  in  the  tropics  and  subtropics.  Thick  mats  of  waterhyacinth  plants  can  make 
waterways  unnavigable,  as  well  as  block  sunlight  and  reduce  dissolved  oxygen  levels  for  other 
aquatic  organisms.  Often,  mats  of  waterhyacinth  are  located  in  remote  areas  that  are  difficult  to 
access  or  areas  where  human  access  is  restricted  (i.e.  snail  kite  nesting  areas).  It  is  impractical 
and/or  unlawful  to  access  these  areas  to  deploy  any  control  measures.  With  the  ability  of 
waterhyacinth  to  double  the  size  of  a  population  in  as  little  as  8  days,  it  is  imperative  that  control 
measures  be  implemented  in  a  timely  fashion.  Megamelus  scutellaris  (Hemiptera:  Delphacidae) 
is  the  most  recent  addition  to  the  biological  control  program  for  waterhyacinth  in  the  United 
States. 

Methods:  An  unmanned  aerial  vehicle  (UAV)  was  retrofitted  with  a  plastic  insect  containment 
box  that  could  be  opened  remotely,  so  that  M.  scutellaris  could  be  flown  into  these  remote  and/or 


restricted  areas.  Insects  were  immobilized  with  C02  prior  to  flight  in  order  to  minimize  injury. 
Insects  were  flown  over  the  middle  of  the  waterhyacinth  mat  of  interest.  The  door  to  the 
containment  box  was  opened  approximately  30  cm  above  the  mat  to  distribute  the  insects. 

Results/Conclusion:  This  research  illustrates  the  usefulness  of  UAVs  in  distributing  insect 
natural  enemies  of  weeds  in  remote  or  hard  to  access  areas  more  easily. 
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Introduction:  Present-day  pest  management  in  agricultural  systems  often  relies  on  insecticides  to 
reduce  impacts  on  crops.  However,  spotted  wing  drosophila  ( Drosophila  suzukii )  is  a  pest  that 
cannot  be  controlled  via  such  management  alone.  D.  suzukii  is  a  recent  world-wide  invasive  pest 
that  devastates  the  production  of  many  soft  skinned  fruits.  Initial  management  efforts  have  tried 
to  control  this  pest  using  insecticides  within  the  crop  habitat.  Like  many  successful  invasive 
species,  D.  suzukii  is  not  so  easily  controlled. 

Methods:  Understanding  the  natural  history  of  D.  suzukii  is  necessary  to  create  comprehensive, 
sustainable  management  programs.  This  includes  determining  the  role  of  non-crop  hosts  in  the 
persistence  and  infestation  cycle  of  this  pest.  To  begin  to  tease  apart  these  roles,  we  used  a  co¬ 
occurring  crop  (blackberry,  Rubus  fruticosas)  and  non-crop  (pokeweed,  Phytolacca  americana) 
system  to  determine  ovipositional  preference,  host  fidelity,  and  impacts  on  larval  fitness  between 
these  two  hosts. 

Results/Conclusion:  We  found  that  D.  suzukii  are  capable  of  infesting  both  hosts  at  the  same  rate, 
but  females  have  varying  host  fidelity  to  the  host  in  which  they  developed.  Progeny  that 
developed  in  blackberries  were  more  fit  than  progeny  that  developed  in  pokeweed  berries.  In 


field  locations,  these  hosts  only  overlap  in  availability  for  a  short  period  of  time,  and  infestation 
rates  are  variable  between  them.  Nonetheless,  we  expect  that  non-crop  hosts  facilitate  the 
invasion  of  D.  suzukii  and  perpetuate  infestation.  Therefore,  managing  non-crop  hosts  is 
important  to  the  comprehensive  management  of  this  pest. 
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Introduction:  Insects  have  a  powerful  innate  immune  system  to  defend  against  pathogenic  and 
parasitic  intruders.  Insect  innate  immunity  has  attracted  great  attention  from  scientists  attempting 
to  understand  the  basic  biology  of  the  immune  system  and  detailed  immunity  networks.  Despite 
large  numbers  of  immune  related  genes  that  have  been  identified  from  different  insect  species, 
little  information  about  these  genes  is  available  for  parasitoids.  Parasitoid  wasps  are  important 
natural  enemies  of  various  pests.  Therefore,  we  used  Pteromalus  puparum ,  a  pupal 
endoparasitoid  wasp  that  parasitizes  various  butterfly  species  such  as  the  small  cabbage  white 
butterfly  ( Pieris  rapae)  as  a  model  animal  to  investigate  the  immune  response  genes. 

Methods:  Female  adults  of  P.  puparum  were  challenged  by  injecting  Escherichia  coli. 
Micrococcus  luteus  and  Beauveria  bassiana.  Injected  wasps  were  collected  at  6,  24,  and  48  h 
after  the  injection  to  analyze  the  bacteria- induced  genes  using  transcriptomic  and  genomic 
approaches. 

Results/Conclusion:  As  a  result,  we  identified  P.  puparum  pattern  recognition  proteins,  signal 
transduction  molecules  and  execution  molecules  involved  in  the  immune  pathways,  including  the 
Toll,  Imd,  JNK  and  JAK-STAT  pathways.  We  detected  gene  differential  expression  in  response 
to  different  bacterial  infections  as  well  as  development  stages.  Detailed  information  of  the  gene 
structure,  distribution  and  orientations  in  scaffolds  were  revealed  by  genome  scale  analysis. 


Comparing  immune  genes  of  P.  puparum  with  other  model  insects  and  wasps,  we  found  multiple 
differences  in  the  immune  gene  constitution.  These  findings  will  provide  valuable  information 
for  further  clarifying  their  roles  in  the  immune  defense,  reproduction  and  development  of  P. 
puparum. 
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Introduction:  Harmonic  radar  has  a  long  collaborative  history  in  research,  but  has  only  recently 
become  sufficiently  miniaturized  that  it  can  be  hand-held  to  track  the  movement  of  individually 
tagged  insects.  Work  with  Halyomorpha  halys  has  established  that  the  tag  for  tracking  does  not 
impair  the  pest’s  mobility,  survival,  or  behavior.  We  present  a  history  of  the  international 
collaboration  and  evaluate  the  retention  capacity  of  H.  halysin ,  a  vegetable  trap  cropping  system, 
as  well  as  various  tree  fruit  “attract- and-kill”  sites  augmented  with  semiochemicals. 

Methods:  First,  we  tracked  the  movement  of  tagged  adult  H.  halys  between  a  trap  crop  (sorghum 
and  sunflower)  and  a  cash  crop  (bell  peppers)  with  harmonic  radar.  Adults  were  released  in  the 
cash  or  trap  crop,  and  the  time  that  they  remained  as  well  as  the  distance  that  they  moved  from 
the  release  point  was  evaluated  at  1,  3,  6,  and  24  h  later.  Second,  we  similarly  evaluated  potential 
attract-and-kill  sites  with  or  without  additional  semiochemicals  at  a  preferred  host,  nonpreferred 
host,  or  non-host  with  harmonic  radar. 

Results/Conclusion:  The  trap  crop  retained  adults  for  longer  periods  of  time  and  were  more 
acceptable  than  the  cash  crop.  Additionally,  we  found  that  both  host  plant  stimuli  and  the  H. 
halys  aggregation  pheromone  can  significantly  increase  the  retention  time  and  decrease  the 
distance  moved  by  adults  at  attract-and-kill  sites.  Our  results  show  that  harmonic  radar  can 


answer  biologically  relevant  and  applied  ecological  questions  to  support  management  tactics  for 
this  invasive  species  as  well  as  foster  international  collaborations  among  scientists. 
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Introduction:  Eicosanoids  are  oxygenated,  enzymatic  metabolites  of  arachidonic  acid. 
Prostaglandins  and  leukotrienes  are  examples  of  eicosanoids  that  serve  as  signaling  molecules  in 
vertebrates  and  invertebrates.  They  function  in  multiple  areas  of  physiology  such  as  immunity, 
reproduction,  development,  and  ion  transport.  In  previous  studies,  we  found  that  prostaglandins 
influence  the  expression  of  specific  proteins  in  insect  cells  using  2D  electrophoresis.  We  report 
here  on  the  outcomes  of  our  experiments  designed  to  test  the  hypothesis  that  inhibition  of 
eicosanoids  impact  the  expression  of  specific  proteins. 

Methods:  BCIRL-HvAMl  cells,  derived  from  Heliothis  virescens  pupal  ovaries,  were  incubated 
with  eicosanoid  inhibitors,  harvested  and  subjected  to  2D  gel  electrophoresis.  Proteins  that  were 
up-  or  down-regulated  at  least  2-fold  are  currently  being  analyzed  via  mass  spectrometry  and 
their  identities  are  being  established  via  bioinformatics.  Protein  identities  will  be  confirmed 
using  quantitative  PCR. 

Results/Conclusion:  Based  on  initial  work,  we  noted  that  the  expression  of  numerous  proteins 
was  altered  after  exposure  of  the  cells  to  eicosanoid  inhibitors.  These  proteins  are  currently  being 
analyzed  and  identified.  Results  will  be  especially  useful  for  generating  ways  to  interfere  with 
insect  development  in  agricultural  management  arenas.  Cell  culture  is  becoming  an  important 
technology  in  industrial  and  academic  settings  for  the  study  of  both  basic  and  applied  aspects  of 
entomology,  including  the  design  of  novel  pest  control  strategies. 
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The  ability  to  rapidly  generate  high  resolution  serial  images,  create  three-dimensional  models 
and  perform  morphometric  analysis  of  opaque  plant  and  insect  tissue  is  an  indispensable  tool  for 
plant  scientists,  entomologists  and  breeders.  Laser  Ablation  Tomography  (LAT)  enables 
researchers  to  study  a  plant  or  insect’s  internal  and  external  physiology  and  visualize  its 
interactions  with  other  organisms. 

LAT  acquires  three-dimensional  structural  data  with  micron  resolution  in  opaque  specimens.  The 
process  uses  an  ultrafast,  ultraviolet  pulsed  laser  and  a  rapidly-swept  galvanometer  scanner  to 
continuously  vaporize  a  thin  surface  layer  of  a  sample.  The  emitted  autofluore scent  light  is 
directed  through  an  optical  system  for  filtering  and  imaging,  creating  highly  contrasted,  colorful 
stacks  of  images.  Stacks  of  images  are  processed  and  reconstructed  into  a  high-resolution  volume 
rendering  that  can  be  analyzed,  segmented,  quantified  and  virtually  dissected.  This  method 
allows  for  rapid  data  acquisition  without  the  need  for  staining  or  complex  preparatory 
procedures.  LAT  enables  high-throughput  characterization  of  anatomical  traits  in  a  wide  variety 
of  materials.  CUDA  enabled  libraries  quickly  access  specimen  features  from  captured  images. 
Anatomical  features  can  be  measured  from  two-dimensional  images  or  combined  to  access  three- 
dimensional  parameters. 

Studies  using  LAT  have  shown  increased  statistical  correlations  in  QTL  mapping  studies.  LAT 
was  developed  to  streamline  phenotyping.  By  automating  a  precise  volumetric  imaging  process, 
researchers  can  focus  on  data  analysis  rather  than  time  consuming  sample  processes.  LAT 
technology  stands  as  the  only  tool  capable  of  high-speed  3D  analysis  that  is  well  suited  for  high- 
throughput  phenotyping,  delivering  micron  resolution  and  structural  quantification. 
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Introduction:  Crops  genetically  engineered  with  traits  to  express  insecticidal  toxins  are  a  valuable 
pest  management  tool  because  of  their  yield  protection  qualities  and  environmental  benefits.  To 
delay  the  onset  of  resistance,  insecticide  resistance  management  (IRM)  plans  have  been  adopted 
to  ensure  the  utility  of  these  toxins  over  multiple  generations  of  pest  exposure.  Current  IRM 
strategies  rely  on  refuges  of  plants  without  the  pest-specific  trait  to  be  planted  within  or 
adjoining  fields  of  plants  carrying  the  toxin  to  provide  a  gene-pool  of  unexposed  insects. 
However,  little  empirical  work  exists  on  refuge  function  because  of  the  difficulty  in  identifying 
which  adults  fed  in  refuges  as  larvae. 

Methods:  Natural  abundances  of  stable  isotopes  have  provided  a  field-tested  method  to  track 
how  generations  of  a  polyphagous  pest  utilize  different  host  plants.  Our  work  expands  on  this 
methodology  by  using  stable  isotope  enrichment,  a  practice  with  a  long  history  in  crop 
physiology  and  food-chain  ecology,  to  track  emergence,  dispersal  and  mating  in  a  specialist 
herbivore,  the  western  corn  rootworm,  Diabrotica  virgifera  virgifera  LeConte.  This  allows  us  to 
test  refuge  configurations  in  the  field. 

Results/Conclusion:  Labeling  of  refuge  populations  has  revealed  that  asynchronous  emergence 
patterns,  female-biased  sex  ratios,  and  physical  parameters  such  as  dry  weight  and  head  capsule 
width,  did  not  influence  mating  between  resistant  and  susceptible  rootworms.  However,  how  far 
adults  move  to  find  their  mates  did  have  an  effect.  Our  work  reveals  that  while  current  strategies 
can  help  facilitate  gene-flow  from  refuges,  modifications  to  the  current  practices  may  be 
necessary  to  maximize  trait  durability. 
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Introduction:  Entomopathogenic  nematodes  (EPN)  have  been  shown  to  migrate  towards  plants 
expressing  the  volatile  (£)-/?-caryophyllene  (EBC)  in  response  to  herbivore  attacks.  Selecting 
EPNs  for  EBC  attraction  may  be  a  way  to  improve  the  use  of  EPNs  to  control  western  corn 
rootworm. 

Methods:  EPN  were  selected  for  EBC  attraction  through  the  use  of  a  soil  filled  olfactometer.  The 
olfactometer  contained  a  central  chamber  with  3  extending  arms  leading  to  external  chambers 
containing  a  capillary  inoculated  with  the  EBC  volatile,  a  blank  capillary  inoculated  with  water, 
or  an  empty  control.  Each  arm  was  connected  to  the  external  chambers  with  a  cap  containing  a 
fine  mesh  screen  to  prevent  nematodes  from  moving  into  them.  Approximately  10,000 
nematodes  were  released  in  the  central  chamber.  After  24  hours  the  arms  were  removed  and  the 
sand  contained  within  them  was  placed  into  individual  Baermann  funnels.  Recovered  nematodes 
were  counted  under  a  microscope.  Nematodes  recovered  from  the  arm  connected  to  the  EBC 
inoculated  chamber  were  used  to  infect  Galleria  mellonella  larvae  in  order  to  produce 
subsequent  generations  of  nematodes  exhibiting  enhanced  attraction  to  the  EBC  volatile.  This 
was  repeated  for  a  total  of  3  generations. 

Results/Conclusion:  The  objective  is  to  acquire  an  increase  in  EBC  attraction  among  the 
nematode  species,  as  well  as  the  persistence  of  this  trait  within  the  EPN  strain. 
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Abstract  text: 

Introduction:  In  recent  decades,  research  objectives  in  the  field  of  agriculture  have  become 
increasing  interdisciplinary.  The  collection,  interpretation  and  dissemination  of  these  data  are 
often  difficult  but  critical  to  finding  sustainable  and  economical  solutions  for  producers. 
Technological  advancement  in  video  hardware  and  software  provide  an  opportunity  to  capture 
large  amounts  of  visual  data  that  can  be  later  quantified  in  a  consistent  and  repeatable  manner. 

Methods:  A  simulated  hail  study  was  conducted  during  the  2015  growing  season  to  evaluate  the 
yield  potential  of  surviving  corn  plants  based  on  a  novel  scoring  system.  A  GoPro  Hero  4  camera 
with  a  G3  gimbal  was  used  to  collect  plant  stage  and  location  prior  to  the  hail  event  and  the 
damage  score  of  surviving  plants  seven  days  after  the  hail  event.  A  maximum  of  three  ears  were 
randomly  selected  for  each  damage  score  at  harvest  and  yield  components  were  taken.  In 
addition,  time-lapse  photography  was  taken  on  some  plants  to  demonstrate  the  importance  of 
waiting  to  evaluate  hail  fields  and  provide  insights  into  plant  response  following  a  hail  event. 

Results/Conclusion:  This  study  demonstrates  the  capability  of  video  technology  to  provide  large 
quantities  of  objective  data  that  can  serve  a  dual  purpose  in  extension  through  the  utilization  of 
these  images  to  increase  the  translation  and  understanding  of  key  findings.  This  study  was 
focused  on  an  abiotic  factor,  however,  it  demonstrates  the  value  of  this  approach  and  could  be 
used  in  systems  where  a  visual  response  is  recorded. 
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Abstract  text: 

Introduction:  Ecosystem  services  are  free  products  on  which  human  survival  depends.  These 
include  provisioning  services  (such  as  food,  fresh  water,  fuel,  building  materials,  and  medical 
and  industrial  products),  cultural  services  (religious,  recreational  and  educational  values), 
supporting  services  (primary  production,  pollination,  seed  dispersal,  decomposition  and  soil 
formation)  and  regulating  services  (biological  control  and  other  positive  and  negative  feedback 
regulation).  In  the  absence  of  insects,  many  of  these  services  would  disappear  and  could  be 
replaced  only  at  great  cost,  if  at  all. 

Methods:  Presentations  in  this  session  were  selected  to  represent  these  categories  of  services, 
with  emphasis  on  the  role  of  insects  in  delivery  of  these  services. 

Results/Conclusion:  Insects  are  critical  components  of  ecological  processes  that  provide 
ecosystem  services.  Insects  have  both  positive  and  negative  effects  from  the  standpoint  of 
sustainability  of  service  delivery.  The  positive  roles  of  insects  in  pollination  and  decomposition 
services  have  been  recognized.  However,  many  insects  provide  important  provisioning  services 
in  many  parts  of  the  globe.  Even  short-term  negative  effects  may  contribute  positively  to  the 
long-term  sustainability  of  ecosystem  services.  The  effects  of  insects  or  management  tactics  on 
multiple  ecosystem  services  should  be  evaluated  to  ensure  that  we  do  not  undermine  the  long¬ 
term  sustainability  of  ecosystem  services  necessary  for  our  survival. 
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Introduction:  Is  ecosystem  functioning  (plant  production  and  nutrient  cycling)  largely  under 
abiotic  control  or  strongly  affected  by  consumers?  Consumers  could  impact  ecosystems  by 
releasing  mobile  nutrients  in  excrement  (fast  cycle),  and  by  changing  plant  decomposition  (slow 
cycle).  Slow  cycle  effects  can  produce  positive  feedbacks  when  selective  consumption  modifies 
plant  species  composition.  Grasshoppers  are  abundant  and  consume  large  amounts  of  plant 
production  in  many  grasslands,  making  them  likely  candidates  to  impact  ecosystems. 

Methods:  Since  1995,  experiments  that  vary  grasshopper  abundance,  their  species  composition, 
avian  predation  on  them,  and  plant  litter,  and  measure  ecosystem  functions  (plant  production  and 
nutrients)  were  conducted  at  22  locations  in  Montana  bunchgrass  prairie. 

Results/Conclusion:  Grasshoppers  impact  interannual  primary  production  by  18  -  30%  and 
nitrogen  availability  by  10  -  80%.  At  some  locations  (15%),  nitrogen  and  primary  production 
increased,  as  plants  with  slow  decomposing  litter  are  preferentially  eaten.  At  some  locations 
(30%),  nitrogen  and  primary  production  decreased,  as  plants  with  fast  decomposing  litter  are 
preferentially  eaten.  While  at  most  locations  (55%),  effects  vary  among  years  as  grasshopper 
preferential  feeding  shifted  between  plants  with  slow  and  fast  decomposing  litter.  Therefore, 
grasshoppers  largely  impact  the  slow  cycle,  creating  a  positive  feedback  as  plant  species 
composition  changes  with  feeding;  this  maintains  impacts  for  years  after  the  experiment  ends. 

Grasshopper  effects  on  ecosystems  are  changing  with  anthropogenic  climate  change  as  plant 
abundances  with  different  nutritional  and  decomposition  characteristics  change,  and  grasshopper 
species  abundances  with  different  feeding  preferences  change.  Finally,  predation  reduces 
grasshopper  effects  and  predation  is  increasing  with  climate  change. 
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Introduction:  Although  there  are  nearly  500  species  of  native  dung  beetles  in  Australia,  most  are 
adapted  to  small,  hard,  dry,  pelletised  marsupial  droppings  and  not  to  dealing  with  the  large, 
moist  deposits  of  cattle  and  horses.  In  1788  Governor  Phillip  arrived  at  Botany  Bay  with  5  cows, 
2  bulls  and  7  horses.  This  changed  Australia  forever.  Now  there  are  about  29  million  cattle  and 
several  million  horses.  Until  Commonwealth  Scientific  and  Industrial  Research 
Organisation  (CSIRO)  introduced  exotic  dung  beetles  in  the  1960s,  the  dung  of  these  herbivores 
sat  on  the  soil  surface,  sometimes  for  years,  locking  up  organic  matter,  smothering  pasture 
growth  and  polluting  waterways.  The  current  annual  dung  production  of  cattle  in  Australia  has  a 
dry  matter  content  of  about  42  million  tonnes:  a  resource  which  has  be  valued  at  a  $7bn  dollars. 

Methods:  CSIRO  released  43  exotic  species  to  the  mainland  between  1965  and  1985:  23  of  these 
became  established:  most  have  reached  the  natural  limits  of  their  distribution.  Another  25+ 
species  are  required. 

Results/Conclusion:  The  ecosystem  services  dung  beetles  provide  include: 

•  Biocontrol  of  dung-breeding  flies 

•  Restructuring  soil  profiles 

o  Riddling  the  soil  profile  with  tunnels 
o  Reducing  soil  bulk  density 
o  Mixing  surface  and  subsoil  layers 

•  Improving  soil  fertility: 

o  increased  soil  aeration 

o  incorporating  dung  nutrients  throughout  the  soil  profile 
o  water  infiltration  down  tunnels  deep  into  the  subsoil 

•  Increasing  carbon  storage  in  soils: 

o  burying  dung  carbon 
o  promoting  increased  root  growth 

•  Improving  pasture  water  dynamics: 

o  reducing  run-off 

o  reducing  nutrient  loads  in  run-off  water 
o  increasing  water  storage  deep  in  the  soil  profile 
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Introduction:  Understanding  how  landscape  characteristics  affect  insect  services  at  local  and 
landscape  scales  is  critical  for  mitigating  effects  of  global  environmental  change. 

Methods:  In  this  talk,  I  use  knowledge  gained  from  agricultural  landscapes  to  suggest 
hypotheses,  which  I  hope  will  encourage  more  systematic  research  on  the  role  of  landscape 
composition  and  configuration  in  determining  the  structure  of  ecological  communities, 
ecosystem  functioning  and  services.  These  include  the  dominance  of  beta  diversity  hypothesis 
(landscape-moderated  dissimilarity  of  local  communities  determines  landscape-wide  functional 
biodiversity  and  overrides  negative  local  effects  of  habitat  fragmentation  on  biodiversity),  the 
landscape-moderated  concentration  and  dilution  hypothesis  (spatial  and  temporal  changes  in 
landscape  composition  can  cause  transient  concentration  or  dilution  of  populations  with 
functional  consequences)  and  the  intermediate  landscape-complexity  hypothesis  (landscape¬ 
moderated  effectiveness  of  local  conservation  management  is  highest  in  structurally  simple, 
rather  than  in  cleared,  i.e.  extremely  simplified,  or  in  complex  landscapes). 

Results/Conclusion:  Shifting  our  research  focus  from  local  to  landscape-moderated  effects  on 
functional  biodiversity  and  ecosystem  services  will  be  critical  to  developing  solutions  for  future 
biodiversity  and  ecosystem  service  management. 
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Introduction:  Globally,  agricultural  landscapes  support  plant,  animal  and  microbial  communities 
that  provide  humans  with  a  variety  of  ecosystem  services.  In  the  past,  agricultural  science 
focused  almost  exclusively  on  maximizing  the  provisioning  services  of  agriculture,  i.e. 
increasing  the  yield  of  food,  feed  and  fiber.  More  recently,  the  critical  role  of  supporting  services 
such  as  nutrient  cycling  and  soil  formation,  regulating  services  including  pest  suppression  and 
pollination,  and  cultural  services  including  the  recreational  and  aesthetic  qualities  of  landscapes 
have  become  increasingly  evident. 

Methods:  To  sustainably  produce  food  and  energy  for  a  rapidly  expanding  human  population, 
scientists  and  land  managers  will  need  to  think  creatively  about  how  to  maximize  the  mixture  of 
ecosystem  services  we  can  derive  from  agricultural  landscapes.  It  is  likely  that  future  landscapes 
will  need  to  be  explicitly  designed  and  managed  to  optimize  the  blend  of  ecosystem  services  that 
each  can  supply.  The  advent  of  cellulosic  bioenergy  cropping  systems  provides  an  opportunity  to 
rethink  and  potentially  redesign  agricultural  landscapes  in  the  Midwestern  US  for  increased  pest 
suppression  and  other  services. 

Results/Conclusion:  Our  results  suggest  that  perennial  and  polycultural  bioenergy  crops  can 
increase  agricultural  landscape  diversity  yielding  positive  impacts  on  biodiversity  and  ecosystem 
services,  including  pollination,  biological  pest  suppression,  water  quality,  and  greenhouse  gas 
mitigation.  How  society  chooses  to  value  the  combination  of  ecosystem  services  derived  from 
agriculture  will  ultimately  determine  the  structure  of  these  working  landscapes. 
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Introduction:  Insects  provide  ecosystem  services  to  agriculture  through  pest  control  and  crop 
pollination.  These  services  provide  opportunities  to  replace  inputs  of  agrochemicals  and  mineral 
nutrients  in  cropping  systems.  Negative  impacts  on  the  environment  and  biodiversity  can  thereby 
be  minimized,  without  compromising  high  and  stable  crop  production  levels.  But  we  need  to 
develop  resource-efficient  instruments  that  support  beneficial  insect  communities  and  their 
services.  And  for  this  we  need  to  improve  our  basic  ecological  understanding  of  how  insect 
populations  and  communities  are  impacted  by  land  management.  A  further  key  issue  is  to 
understand  how  shifts  in  the  composition  of  insect  communities  impact  the  delivery  and  stability 
of  the  services  they  provide. 

Methods:  I  give  examples  of  how  considering  species  traits  and  food  web  interactions  in  a 
combination  of  experiments  and  modeling  efforts  improves  our  understanding  of  these  processes. 

Results/Conclusion:  Understanding  the  ecology  of  these  animals  improves  our  ability  to  predict 
how  land  use  and  supporting  practices  affect  a  community,  and  how  the  community  determines 
the  flow  and  stability  of  the  ecosystem  services  biological  pest  control  and  crop  pollination.  It 
provides  information  to  develop  effective  tools  to  support  populations  and  communities  of 
beneficial  insects  in  managed  landscapes. 
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Introduction:  Land  use  is  the  main  driver  of  biodiversity  loss  which  has  been  shown  to  affect 
ecosystem  functions  and  services.  In  the  Biodiversity  Exploratory  project,  we  study  the  response 
of  insect  communities  to  a  gradient  in  management  intensity  in  both  grasslands  and  forests,  and  a 
number  of  insect-mediated  processes  such  as  herbivory  and  predation. 

Methods:  In  the  Jena  biodiversity  experiment,  plant  species  richness  is  manipulated  from  1  to  60 
species  to  study  both  the  response  of  the  insect  community  to  changes  in  plant  diversity,  and  the 
consequences  of  a  change  in  insect  biodiversity  for  the  same  ecosystem  processes. 

Results/Conclusion:  Increasing  land  use  intensity  decreased  insect  species  richness,  but  the  main 
effect  was  a  change  in  the  (functional)  composition  of  the  communities.  For  example,  rank- 
abundance  curves  became  steeper  in  more  intensively  managed  grasslands  and  the  community 
was  shifted  towards  species  with  higher  dispersal  ability  and  smaller  body  size.  Increasing  plant 
species  richness  increased  insect  abundance  and  species  richness,  but  also  affected  community 
composition.  Land  use  and  plant  species  richness  affected  rates  of  herbivory  and  predation,  and 
many  of  the  observed  changes  can  be  attributed  to  changes  in  insect  community  composition. 

Our  results  emphasize  that  changes  in  land  use  or  plant  diversity  may  bring  about  subtle  change 
in  insect  communities  that  may  have  consequences  at  the  ecosystem  level. 
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Introduction:  Pollination  services  provided  by  a  diverse  group  of  insects  is  one  of  the  best 
recognized  ecosystem  services.  Insect  pollinators  can  increase  the  production  of  about  three 
fourths  of  important  crops  worldwide  and  the  proportion  of  flowering  plants  depending  on 
pollinators  is  estimated  to  be  over  85%  of  all  flowering  plants.  Both  managed  and  wild  insect 
pollinators  use  native  natural,  semi-natural  or  human-altered  ecosystems  for  their  food  and/or 
habitat  recourses.  Among  such  global  terrestrial  ecosystems,  various  forest  kinds  and 


successional  stages  can  be  key  habitats  for  pollinators.  For  example,  planted  forests  account  for  a 
large  proportion  of  forest  area  in  some  countries.  More  of  the  world’s  commercial  timber  is 
produced  by  planted  forests  than  by  natural  and  semi-natural  forests,  and  the  clear  increasing 
demands  for  timber  are  mainly  met  by  growing  more  timber  on  planted  forests.  Such  intensive 
silvicultural  management,  as  well  as  the  simplified  structure  and  composition  of  managed 
forests,  might  have  negative  influences  on  pollinator  diversity  and  pollination  services. 

Methods:  Managed  forests  and  some  practices  in  managed  forests  may  however  still  contribute 
to  conservation  and  restoration  of  pollinator  diversity  through  various  means. 

Results/ConclusiomRecent  studies  have  shown  examples  affecting  diversity  of  insect  pollinators 
which  influences  pollination  services  in  or  around  forests. 
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Introduction:  Tropical  rainforests  harbor  a  rich  diversity  of  fauna  and  flora  held  together  in  a 
delicate  balance.  Accelerated  by  road  construction,  logging,  ranching,  subsistence-  and  large- 
scale  agriculture  contribute  to  the  deforestation  of  such  ecosystems.  The  resulting  deforestation 
affects  biological  control  services,  that  regulate  arthropod  vectors  of  human  disease,  in  a  variety 
of  ways. 

Methods:  This  review  summarizes  key  findings  related  to  the  impact  of  tropical  rainforest 
deforestation  on  mosquito-borne  disease.  Factors  following  deforestation,  such  as  the  expansion 
of  agricultural  land,  loss  of  biodiversity,  habitat  fragmentation,  and  microclimate  changes  are 
explored  with  particular  attention  to  malaria  and  select  arboviral  diseases. 


Results/Conclusion:  In  the  case  of  malaria,  Anopheles  species  assemblages  in  intact  tropical 
rainforests  are  distinct  from  those  encountered  in  deforested  areas.  These  differences  are 
mediated  by  differences  in  larval  habitat  and  host  availability,  which  in  turn  give  rise  to  altered 
malaria  transmission  risk.  For  arbo viral  diseases  such  as  yellow  fever  and  Venezuelan  equine 
encephalitis,  enzootic  sylvatic  cycles  can  give  rise  to  spillover  into  humans,  mediated  by  bridge 
vectors  that  are  adapted  to  anthropogenic  habitats.  The  impact  of  tropical  rainforest  deforestation 
on  human  vector-borne  disease  prevalence  is  therefore  dependent  on  the  type  of  ensuing  land  use 
and  disease-specific  ecology.  For  several  diseases  of  major  public  health  importance,  intact 
forests  provide  the  valuable  ecosystem  service  of  regulating  and  geographically  constraining  the 
distribution  of  disease. 
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Introduction:  Insects  play  a  key  role  in  almost  all  ecosystem  services  on  the  planet,  either  by 
directly  providing  the  service,  or  by  indirectly  influencing  the  service.  Because  invertebrates  are 
particularly  sensitive  to  many  aspects  of  global  change,  their  provisioning  of  and  effects  on 
ecosystem  services  globally  will  also  inevitably  change. 

Methods:  Here,  we  review  what  is  known  about  how  the  role  of  insects  in  mediating  ecosystem 
services  will  be  altered  by  global  change, 

Results/Conclusion:  We  suggest  a  framework  for  how  we  might  approach  scientific  and 
management  questions  about  the  sustainability  of  these  ecosystem  services. 
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Introduction:  Recently  we  proposed  a  sustainable  model  to  exploit  insect  pest  species  for  human 
consumption  in  the  central  region  of  Mexico.  Since  the  pre-Hispanic  time,  Sphenarium 
purpurascensis  an  orthoptera  species  that  was  exploited  as  human  food.  But  in  the  last  century, 
farmer's  vision  changed,  and  insect  pests  are  envisioned  as  a  big  problem  for  agrosystem 
production,  because  of  this,  they  have  to  be  eliminated  by  using  chemical  control.  We  have 
estimated  that  350,000  tons  of  insects  can  be  extracted  by  catching  them  mechanically.  This 
large  biomass  could  provide  social,  economic  and  ecological  benefits.  In  addition,  the  use  of 
chemical  control  would  be  reduced,  as  well  as  the  adverse  effects  of  introduced  chemicals. 

Methods:  We  have  just  started  a  program  to  promote  mechanical  pest  control  among  farmers  in 
the  Tlaxcala  State.  The  principal  aim  of  this  work  is  to  implement  the  mechanical  collection  of 
insects  and  to  compare  the  quantity  of  biomass  of  the  most  important  orthopteran  pest  species 
around  the  world,  including  Locusta  migratoria,  Locustana  pardalina,  Schistocerca  gregaria, 
Schistocerca  peregrinatoria,  and  Zonocerus  variegatus. 

Results/Conclusion:  Previous  data  on  distribution  and  population  density  of  grasshoppers  will  be 
considered.  We  have  evaluated  the  cost  and  benefits  for  the  ecosystems  at  different  locations 
e.g .,  Africa  and  Asia.  This  vision  really  is  not  new;  we  are  simply  returning  to  the  knowledge  of 
ancient  cultures  with  respect  to  a  sustainable  form  of  exploiting  the  environment. 
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Introduction:  One  of  the  most  devastating  pests  of  corn  in  the  United  States  is  the  corn  rootworm 
( Diabrotica  virgifera  virgifera).  Rootworm  larvae  feeding  upon  the  roots  inhibit  the  corn  plant's 
ability  to  take  up  water  and  nutrients,  decrease  its  ability  to  develop  and  remain  upright,  and 
ultimately  cause  yield  loss,  depending  on  the  amount  of  damage  inflicted  on  the  roots  by  the 
feeding  pests  and  the  growing  conditions.  Since  2003,  transgenic  corn  plants  expressing  different 
Bt  proteins  toxic  to  com  rootworm  have  become  the  preferred  agronomic  approach  for  corn 
rootworm  control  in  the  US. 

Results/Conclusion:  This  presentation  will  introduce  a  novel  insecticidal  protein  toxic  to  corn 
rootworm  having  a  unique  mode  of  action  compared  to  toxin  proteins  currently  in  use  in 
transgenic  plants  for  next  generation  below-ground  trait. 
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Bacillus  thuringiensis  strains  produce  insecticidal  proteins  upon  sporulation.  These  proteins, 
designated  Cry  proteins,  are  deposited  in  parasporal  crystalline  inclusions.  The  majority  of  these 
insect-specific  toxins  exhibit  three  domains  in  the  mature  toxin  sequence.  However,  other  Cry 
toxins  are  structurally  and  evolutionarily  unrelated  to  this  three-domain  family  and  much  less  is 
known  of  their  three  dimensional  structures  or  mechanisms  of  action.  Amongst  the  non-three 
domain  Cry  toxins,  the  Cry34/35Abl  binary  toxin  and  Cry6Aa  are  active  against  the  western 
corn  rootworm  (WCR)  Diabrotica  virgifera  virgifera  Le  Conte.  Cry34Abl  is  a  protein  of 
~14  kDa  with  features  of  the  Aegerolysin  family  (Pfam06355)  of  proteins  that  have  known 
membrane  activity.  The  Cry34Abl  protein  structure  is  related  to  other  membrane  interacting 
proteins  with  a  beta  sandwich  fold,  including  actinoporins  and  hemolysins.  Cry35Abl  is  a  ~  44 
kDa  member  of  the  ToxinlO  family  (Pfam0543 1)  that  includes  insecticidal  proteins  such  as  the 
Lysinibacillus  sphaericus  binary  toxin  BinA/BinB.  The  Cry35Abl  protein  structure  is  clearly 
related  to  beta  pore  forming  toxins.  We  recently  determined  the  three  dimensional  crystal 
structure  of  Cry6Aa  and  the  relationship  of  this  new  protein  structure  to  alpha  helical  pore 
forming  toxins.  In  vivo  and  in  vitro  mode  of  action  studies  indicate  that  Cry6Aa  is  a  membrane 
pore-forming  toxin.  This  presentation  will  discuss  the  structure  and  function  of  Cry34/35Abl 
and  Cry6Aa  in  relationship  to  biological  activity.  Cry34/35Abl  and  Cry6Aa  protein  structure 
and  function  information  will  also  be  considered  within  the  context  of  the  tiered  safety 
assessments. 
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Abstract  text: 

Introduction:  Current  hemipteran  pest  management  is  heavily  reliant  on  chemical  pesticides. 
Management  of  this  order  of  insects  represents  one  of  the  greatest  challenges  in  agricultural 
biotechnology.  Bacillus  thuringiensis  (ffr)-based  technologies  have  been  widely  employed  for 
decades  to  manage  populations  of  lepidopteran  and  coleopteran  pests,  but  few  Bt  toxins  have 
activity  against  hemipteran  species.  To  overcome  this  limitation,  we  have  applied  an  innovative 
strategy  to  enhance  the  activity  of  Bt  toxins  against  hemipteran  pests. 

Methods:  Having  isolated  a  peptide  that  binds  aminopeptidase  N  in  the  gut  of  the  pea  aphid 
( Acyrthosiphon pisum ),  we  demonstrated  that  addition  of  GBP3.1  to  the  Bt  Cyt2Aa  toxin 
enhanced  activity  against  the  pea  aphid  and  the  green  peach  aphid  ( Myzus  persicae)  (Chougule  et 
al. ,  2013).  We  applied  this  same  approach  to  new  hemipteran  targets  including  the  soybean  aphid 
( Aphis  glycines ),  an  important  pest  in  the  U.  S.  Soybean  aphid  gut  binding  peptides  were  selected 
and  the  Cry4Aa  toxin  modified  with  these  peptides  for  enhanced  activity  against  soybean  aphid. 
We  used  two  approaches  for  isolation  of  soybean  aphid  gut  binding  peptides,  an  in  vivo  screen 
by  feeding  aphids  on  a  phage  display  library  and  eluting  phage  bound  to  the  gut  epithelium,  and 
in  vitro  selection  for  peptides  that  bound  to  recombinant  soybean  aphid  aminopeptidase  N  and 
alkaline  phosphatase.  Five  sites  were  selected  for  insertion  of  gut  binding  peptides  into  the 
Cry4Aa  toxin. 

Reuslts/Conclusion:  Our  results  show  that  the  addition  of  gut  binding  peptide  sequences  to  Bt- 
toxins  can  enhance  their  activity  against  pests  that  are  otherwise  challenging  to  control. 
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The  Bacillus  thuringiensis  5-endotoxins  (Bt  toxins)  are  widely  used  insecticidal  proteins  in 
engineered  crops  that  provide  agricultural,  economic,  and  environmental  benefits.  However,  the 
development  of  insect  resistance  to  Bt  toxins  endangers  their  long-term  effectiveness.  We  have 
developed  a  phage-assisted  continuous  evolution  selection  that  rapidly  evolves  high-affinity 
protein-protein  interactions,  and  applied  this  system  to  evolve  variants  of  the  Bt  toxin  Cry  1  Ac 
that  bind  a  cadherin-like  receptor  from  the  insect  pest  Trichoplusia  ni  (TnCAD)  that  is  not 
natively  targeted  by  wild-type  Cry  1  Ac.  The  resulting  evolved  Cry  1  Ac  variants  bind  TnCAD 
with  high  affinity  (Kd  =  1 1-41  nM),  kill  TnCAD-expressing  insect  cells  that  are  not  susceptible 
to  wild-type  CrylAc,  and  kill  Cry  1  Ac-resistant  T.  ni  insects  up  to  335-fold  more  potently  than 
wild-type  CrylAc.  Our  findings  establish  that  the  evolution  of  Bt  toxins  with  novel  insect  cell 
receptor  affinity  can  overcome  Bt  toxin  resistance  in  an  insect  and  confer  lethality  approaching 
that  of  the  wild-type  Bt  toxin  against  the  non-resistant  insect. 
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Introduction: The  Bacillus  thuringiensis  nomenclature  was  revised  in  1998  when  there  was  a 
sharp  rise  in  the  number  of  new  genes  being  cloned  and  it  was  not  feasible  to  continue  to  use  the 
detailed  characterization  that  defined  the  initial  1989  nomenclature.  The  revised  system  has 
stood  the  Bt  community  in  good  stead  for  many  years  but  in  recent  times  has  become 
unmanageable  due  to  the  large  number  of  diverse  toxin  genes  that  are  being  identified  through 
genome  sequencing  projects. 

Methods: Informal  discussions  have  taken  place  with  a  number  of  different  groups  to  establish 
what  information  they  would  like  to  see  captured  in  a  new  nomenclature.  This  has  been 
combined  with  discussions  with  experts  in  the  Bt  field  about  what  data  can  feasibly  be 
incorporated  into  a  revised  system.  Finally  the  input  of  bioinformaticians  has  been  sought  to 
establish  the  sort  of  approaches  that  could  be  used  to  produce  a  secure,  robust  and  automated 
classification  algorithm. 

Results/Conclusions :The  need  to  have  a  system  by  which  individual  toxins  and  their  genes  are 
given  a  unique  identifier  was  considered  of  paramount  importance  by  all  stakeholders  that  were 
consulted.  Ideally  users  would  like  that  identifier  to  encompass  critical  information  about  the 
toxin  (eg  specificity,  phylogeny  etc),  however  the  experts  did  not  consider  it  feasible  to  produce 
a  reliable  nomenclature  with  this  level  of  detail.  Instead  a  multilayer  system  is  proposed  in  which 
enhanced  data  and  analyses  can  be  linked  to  a  more  basic,  but  robust  nomenclature. 
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Abstract  text: 

Introduction:  Bacillus  thuringiensis  subsp.  israelensis  (Bti)  and  Lysinibacillus  sphaericus  (Ls) 
are  the  actives  in  commercial  larvicides  used  for  mosquito  control.  Bti’s  high  activity  is  due  to 
synergistic  interactions  among  Cry4Aa,  Cry4Ba,  Cryl  lAa,  and  CytlAa,  whereas  Ls  toxicity 
results  from  its  binary  protein,  Bin,  containing  BinA,  the  toxin  domain,  and  BinB,  a  midgut¬ 
binding  protein.  Bti  resistance  is  rare,  however,  Bin  resistance  can  exceed  20,000-fold  in  the 
field.  Bti’s  CytlA  is  a  low  toxicity  lipophilic  protein  that  binds  to  midgut  microvilli,  and  delays 
resistance  to  Bti  Cry  proteins  and  Ls  Bin. 

Methods:  Using  recombinant  DNA  technology  we  developed  Bt  strains  recombining  CytlA  with 
Bt-Cry  proteins,  and  BinAB  or  only  BinA  in  various  combinations. 

Results:  Our  best  recombinants  are  ten-fold  or  more  toxic  than  wild  type  commercial  strains  to 
all  Aedes ,  Anopheles ,  and  Culex  tested.  Moreover,  using  large  engineered  Bin  crystals  we  solved 
the  BinAB  structure  using  serial-femtosecond  crystallography  (SFX)  at  an  X-ray  free-electron 
laser  (XFEL)  source  (Colletier  et  al.  2016).  The  structure  reveals  tyrosine  and  carboxylate- 
mediated  contacts  as  pH  sensitive  switches  that  solubilize  the  protoxin  in  alkaline  larval  midguts. 
An  enormous  heterodimeric  interface  appears  responsible  for  anchoring  BinA  to  receptor-bound 
BinB  for  co-internalization.  Remarkably,  this  interface  is  largely  composed  of  propeptides, 
suggesting  proteolytic  maturation  would  trigger  heterodimer  dissociation  and  progression  to  cell 
internalization  and  possible  pore  formation.  The  structure  offers  rational  means  to  test 
hypotheses  about  intoxication  pathways  and  perhaps  for  engineering  broader  target  spectra  that 
would  include  Aedes  species  like  Ae.  aegypti ,  an  important  vector  of  Dengue  Fever  and  Nika 
viruses. 
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Abstract  text: 

Introduction:  A  new  potent  and  selective  corn  rootworm  (Diabrotica  virgifera  virgifera  & 
Diabrotica  barberi )  active  protein  was  identified  from  a  Pseudomonas  strain  with  a  mode  of 
action  different  from  current  commercial  traits.  Transgenic  corn  events  expressing  the  new  insect 
active  lead  demonstrate  strong  protection  against  corn  rootworm  injury  in  both  greenhouse  and 
field  studies.  This  new  lead  offers  promise  as  an  effective  new  tool  to  combat  corn  rootworm. 

Methods:  NMR  based  method  is  used  to  determine  3D  structure.  Saturated  mutagenesis  is 
performed  on  this  new  insect  active  protein  and  their  associated  insecticidal  activities  are 
determined  in  diet  based  bioassay. 

Results/Conclusion:  A  review  of  the  protein  characteristics,  in  planta  efficacy  and  tests  of 
resistant  colonies  generated  against  current  commercial  traits  for  this  new  lead  will  be  provided. 
General  structural  features  and  relationship  between  the  structure  and  function  of  this  new  lead 
will  be  discussed. 
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Introduction:  AflP-lA/lB  is  a  highly  potent  two-component  corn  rootworm  active  discovered 
from  an  Alcaligenes  strain. 


Methods:  Artificial  diet-based  western  corn  rootworm  ( Diabrotica  virgifera  virgifera  LeConte.) 
bioassays  were  used  to  guide  the  purification  of  AflP-lA/lB  from  an  Alcaligenes  bacterial  strain. 
Transgenic  maize  ( Zea  maysL.)  expressing  the  corresponding  genes  was  generated.  Protein 
structure  modeling  was  performed. 

Results/Conclusion:  Transgenic  maize  events  expressing  AflP-lA/lB  demonstrate  strong 
protection  from  rootworm  damage  in  greenhouse  and  field  studies.  Results  from  plant  efficacy 
tests  using  laboratory-selected  western  com  rootworm  populations  show  that  AflP-lA/lB  and 
mCry3A  have  a  different  mode  of  action.  However,  AflP-lA/lB  and  Cry34/35  appear  to  share  a 
similar  mode  of  action.  The  crystal  structures  for  the  well-established  Bt-based  Cry34Abl  and 
Cry35Abl  have  been  described  (Kelker  et  al.  2014  PLOS  ONE  9(1  l):el  12555).  We  will  provide 
a  comparison  between  those  two  pairs  of  actives  through  either  actual  3D  structural  alignments 
or  molecular  modeling.  Our  results  suggest  insecticidal  proteins  from  a  non-Bt  bacterial  source 
can  function  like  actives  from  more  familiar  Bt  sources. 
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Vestaron  is  a  leading  pioneer  in  peptide  based  insect  control  technology  developing  both 
biopesticides  and  plant  incorporated  insect  protectant  traits.  Vestaron  is  focused  on  cystine-knot 
insecticidal  peptides  which  are  chosen  for  their  benign  toxicological  profiles  against  humans  and 
the  environment.  These  peptides  can  be  developed  into  commercial  products  in  half  the  time  and 
at  approximately  one  tenth  the  cost.  Vestaron  has  multiple  candidates  in  its  pipeline  of 
bioinsecticides.  These  products  then  become  the  basis  for  the  development  of  plant  incorporated 
protectants.  Further,  the  active  ingredients  of  these  biopesticides  can  be  synthetically  modified 
for  improved  bioavailability. 
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An  evaluation  of  potential  adverse  effects  on  non-target  organisms  (NTOs)  is  a  requirement  for 
commercial  registration  of  an  insecticidal  GM  crop.  The  current  approach  utilized  for  ecological 
effects  testing  and  risk  assessment  consists  of  a  flexible  and  robust  framework  that  can 
accommodate  a  science-based  assessment  of  a  variety  of  pesticidal  products  with  different  modes 
of  action.  A  hypothesis-based  approach,  consistent  with  the  existing  risk  assessment  paradigm, 
was  developed  to  characterize  the  potential  for  adverse  effects  upon  NTOs  and  inform  the 
ecological  risk  assessment  (ERA)  for  a  cotton  product  expressing  a  protein  targeting  sucking 
insect  pests.  The  modified  Bacillus  thuringiensis  (Bt)  Cry51Aa2.834_16  protein  has  been  shown 
to  be  efficacious  against  targeted  sucking  insect  pests  in  cotton.  For  this  preliminary  ERA,  well- 
designed,  tiered  laboratory  bioassays  were  coupled  with  confirmatory  field  evaluations  to 
generate  comprehensive  and  complimentary  data  sets  on  NTOs  that  represent  key  ecological 
functions  within  the  agroecosytem.  This  presentation  will  provide  an  overview  of  the  effects 
testing  approach  to  determine  the  biological  activity  of  the  Cry51Aa2.834_16  protein,  as  well  as 
an  evaluation  of  potential  effects  on  NTOs  placed  into  the  context  of  an  ecological  risk 
assessment  for  this  cotton  product. 


Symposium 

Presentation  Title:  Use  of  species  sensitivity  distributions  in  the  characterization  of  risk  of 
novel  insecticidal  proteins  to  non-target  organisms 


Author  Name:  Chad  Boeckman 


Author  Institution:  Corteva  Agriscience,  Agriculture  Division  of  DowDuPont 

Session  Title:  Symposium:  Novel  Insecticidal  Agents  and  Next-Gen  Approaches  for  Insect 
Control 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1759 
DOI:  10.1603/ICE.20 16. 107854 
Abstract  text: 

Species  sensitivity  distributions  (SSDs)  were  developed  in  the  late  1970’s  as  a  way  to 
characterize  risk  to  environmental  systems  from  the  introduction  of  new  agents.  Refinements 
have  occurred  since  their  early  inception  and  currently  SSDs  are  routinely  used  in  risk 
characterization  for  chemicals  important  for  the  agriculture  industry.  SSDs  are  also  not  new  to 
the  genetically  modified  arena  as  SSDs  exist  for  both  Cry  IF  and  CrylAb;  however,  their  use  in 
the  biotechnology  space  has  remained  somewhat  limited  given  the  well  characterized  spectrum 
of  activity  and  long  history  of  safe  use  for  these  proteins.  As  industry  moves  forward  with 
discovery  and  integration  of  insect  control  traits  derived  from  novel  sources,  SSDs  may  play  a 
pivotal  role  in  characterizing  the  spectrum  of  activity  of  that  novel  trait.  Using  SSDs  in  this  way 
confers  several  advantages,  namely  activity  data  are  typically  part  of  the  discovery  and 
characterization  phase  for  insect  control  traits,  and  SSDs  fit  within  the  environmental  risk 
assessment  framework  already  used  to  assess  risk  to  non-target  organisms.  In  summary,  SSDs 
demonstrate  an  ability  to  robustly  assess  risk  for  novel  insecticidal  agents  and  their  use  within 
the  biotechnology  arena  is  a  natural  and  value  added  progression. 
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Abstract  text: 

Resistance  management  for  crops  with  insecticidal  traits  relies  on  three  key  components:  (1) 
refuges  where  susceptible  insects  are  produced;  (2)  pyramids  of  multiple  traits  with  differences 
in  their  modes  of  action;  and  (3)  integration  with  other  pest  management  tactics  as  part  of  an 
Integrated  Pest  Management  (IPM)  approach.  Growers  and  technology  providers  have  a  shared 
responsibility  to  ensure  successful  implementation.  The  design  of  next-generation  traits  will 
build  on  learnings  from  resistance  management  of  existing  products.  While  the  existing 
framework  is  likely  to  remain  in  place,  successful  resistance  management  for  next-generation 
traits  may  be  enhanced  through  implementing  additional  strategies  that  consider  the  unique 
attributes  of  the  proposed  technology. 
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Abstract  text: 

The  eastern  North  American  monarch  butterfly  ( Danaus  plexippus)  has  emerged  as  a  powerful 
model  system  to  study  circadian  clocks.  By  timing  the  departure  of  migratory  monarchs  from 
their  breeding  grounds  in  the  fall  and  contributing  to  the  navigational  capabilities  that  allow  them 
to  reach  their  overwintering  sites  in  Mexico,  circadian  clocks  are  central  to  a  successful  seasonal 
long-distance  migration.  Investigations  of  the  molecular  gears  by  which  the  butterfly  circadian 
clock  keeps  time  has  led  to  the  surprising  discovery  that  the  monarch  clock  contains  not  only  the 
core  Drosophila  clock  genes  but  also  mammalian-like  components:  a  mammalian-like  repressor, 
cryptochrome  2  ( cry2 ),  present  in  all  non-drosophilid  insect  genomes  sequenced  so  far,  and  a 
mammalian-like  activator,  bmall,  whose  C-terminus  is  truncated  in  Drosophila.  Interestingly, 
mammalian  CRY  has  recently  been  shown  to  regulate  the  circadian  clock  through  interactions 
with  the  BMAL1  C-terminal  transactivation  domain.  Because  of  the  striking  conservation  of  the 
main  activator  and  repressor  between  monarch  and  mammals,  and  their  loss  in  Drosophila ,  the 


monarch  represents  an  ideal  system  to  study  how  circadian  repression  by  CRY2  is  achieved,  and 
to  investigate  the  evolution  of  clock  mechanisms  leading  to  the  diverse  clock  designs  found  in 
insects.  To  this  end,  we  are  currently  genetically  manipulating  monarch  clock  genes  in  vivo  using 
CRISPR/Cas9-mediated  genome  targeting,  with  a  particular  focus  on  BMAL1.  These  approaches 
have  already  provided  new  insights  into  circadian  repression  that  will  be  presented  during  the 
symposium. 
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Abstract  text: 

Introduction:  The  mangrove  cricket,  Apteronemobius  asahinai ,  shows  simultaneously  two 
endogenous  rhythms  in  its  locomotor  activity:  The  circatidal  rhythm  generates  active  and 
inactive  phases,  and  the  circadian  rhythm  modifies  activity  levels  by  suppressing  the  activity 
during  subjective  day.  The  phase  response  curve  for  inundation  stimuli  provides  evidence  of  a 
circatidal  clock.  We  examined  the  role  of  the  clock  genes  period  (per)  and  Clock  ( Clk )  in  the 
circatidal  clock. The  role  of  the  optic  lobe,  which  has  been  shown  to  be  the  locus  of  the  circadian 
clock  in  other  crickets,  was  also  examined. 

Methods:  We  injected  double-stranded  RNA  of  per  or  Clk ,  or  surgically  removed  the  optic  lobes 
bilaterally  in  male  crickets  collected  from  the  field,  and  recorded  their  activity  under  constant 
darkness  at  25°C. 

Results/Conclusion:  RNAi  of  per  and  Clk ,  and  the  removal  of  the  optic  lobes  disrupted  the 
circadian  rhythm  but  not  the  circatidal  rhythm.  From  these  results,  we  suggest  that  the  circatidal 
rhythm  of  the  mangrove  cricket  is  driven  by  a  molecular  and  neural  mechanism  different  from 
the  circadian  clock.  The  ancestor  of  the  mangrove  cricket  must  be  a  terrestrial  cricket  with  a 
circadian  clock  but  without  a  circatidal  clock.  It  is,  therefore,  surprising  if  this  circatidal  clock  is 
evolved  independently  from  the  circadian  clock.  Further  studies  on  the  physiological  mechanism 
of  the  circatidal  clock  are  needed. 
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Abstract  text: 

Introduction:  The  marine  midge  Clunio  marinus  (Diptera:  Chironomidae)  lives  in  the  intertidal 
zone  of  the  European  Atlantic  coast.  It’s  life  cycle  is  timed  to  the  rhythm  of  the  tides  by 
circadian  and  circalunar  clocks.  As  the  pattern  of  the  tides  differs  along  the  coastline,  C. 
marinus  populations  show  a  variety  of  local  genetic  adaptations  in  circadian  and  circalunar 
timing.  QTL  mapping  indicates  that  the  timing  adaptations  are  controlled  by  few  major  effect 
loci.  Population  genetic  analysis  suggests  that  they  evolved  within  the  last  20,000  years. 

Methods:  In  order  to  pinpoint  the  adaptive  timing  loci,  we  sequenced,  assembled,  annotated  and 
genetically  mapped  a  C.  marinus  reference  genome,  leading  to  a  full  reconstruction  of  the  three 
chromosomes.  Then  we  re-sequenced  pools  of  300  individuals  from  five  populations  of  C. 
marinus ,  which  differ  in  circadian  and  circalunar  timing. 

Results/Conclusion:  Genome-wide  we  detected  timing-associated  genes  based  on  the  correlation 
of  genetic  divergence  with  timing  differences.  The  distribution  of  genetic  variation  in  the  QTLs 
suggests  that  timing  adaptation  happened  from  standing  genetic  variation  and  involves  regulatory 
changes.  Subsequent  molecular  analysis  substantiated  that  adaptation  in  circadian  timing  relies 
on  modulating  alternative  splicing  of  a  metabolic  enzyme. 
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Introduction:  The  circadian  mechanisms  within  insects  shows  conservation  of  the  cardinal  clock 
genes,  but  with  interesting  changes  in  the  number  and  even  the  role  of  some  of  the  main  players. 
This  allows  us  to  draw  inferences  about  the  ancestral  circadian  mechanism.  More  recently,  we 
have  compared  the  insect  circadian  clockworks  to  that  in  a  non-model  but  ecologically  very 
interesting  marine  crustacean. 

Methods:  We  harvested  the  specled  marine  sealouse,  Eurydice  pulchra  from  a  beach  in  North 
Wales  and  analysed  their  circadian  (-24  h)  and  circadidal  (-12.4  h)  phenotypes.  By  cloning  the 
canonical  clock  genes  and  examining  their  expression  patterns  we  were  able  to  build  up  a  model 
of  how  the  circadian  clock  might  work  by  using  an  ex  in  vivo  model.  We  also  used  genetic, 
environmental  and  pharmacological  manipulations  to  try  and  disrupt  the  two  types  of  rhythms. 

Results/Conclusion:  Our  studies  provided  a  model  of  how  the  circadian  clock  works  in  a 
crustacean,  which  shows  some  interesting  differences  compared  to  the  best  studied  Drosophila 
oscillator.  However  it  appears  that  tidal  clocks  share  come  circadian  components  but  not  others 
and  we  were  able  to  generate  a  putative  model  of  how  the  circadtidal  clock  might  function.  The 
main  challenge  for  the  future  will  be  to  identify  the  specific  circatidal  genes  and  their  products. 
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Introduction:  Mechanisms  regulating  insect  seasonality  and  photoperiodic  clock  (seasonal 
calendar)  are  only  poorly  understood  at  molecular,  anatomical  and  genetic  levels.  The  main 
reason  is  absence  of  robust  diapause  phenotypes  in  classical  genetic  models.  Clearly,  a  new 
model  with  photoperiodically  regulated  diapause  response  is  needed. 

Methods:  We  have  introduced  reverse  genetic  tools  (gene  silencing)  to  the  Linden  bug, 
Pyrrhocoris  apterus,  sequenced  its  transcriptome  and  characterized  the  circadian  gene  toolkit. 
Size  of  this  insect  allows  performing  microsurgery  of  the  brain,  at  the  same  time,  we  are  able  to 
keep  and  analyze  dozens  of  field  lines  of  various  geographic  origins. 

Results/Conclusion:  While  we  were  able  to  identify  all  essential  circadian  gene  homologs,  none 
of  them  was  cyclically  expressed  in  the  whole  brain.  Yet,  RNAi  knock  down  of  Clock ,  cycle,  and 
period  genes  resulted  in  behavioral  arrhythmicity,  confirming  these  genes  as  functional  circadian 
factors.  We  also  identified  a  specific  manipulation  leading  to  slower  circadian  clock.  Notably, 
the  critical  photoperiod,  a  condition  when  50%  of  the  tested  females  reproduce  and  50%  undergo 
the  diapause,  was  significantly  lengthened.  These  data  suggest  shared  genetic  components 
between  circadian  and  photoperiodic  clocks.  Our  current  effort  is  aiming  at  characterizing  light 
input  into  circadian  and  photoperiodic  clocks.  Altogether,  P.  apterus  is  a  promising  new  model 
of  insect  chronobiology. 
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Introduction:  It  has  been  reported  that  adults  of  the  large  black  chafer  Holotrichia  parallela  show 
2-day  periodicity  in  their  appearance  and  pheromone  production.  However,  characteristics  of  this 
rhythm  have  not  been  thoroughly  studied.  We  examined  their  appearance  on  the  ground  to 
describe  behavioral  characteristics  of  the  rhythm. 

Methods:  We  collected  chafers  using  a  pheromone  trap  to  clarify  the  time  of  day  they  appeared, 
and  we  conducted  a  mark  and  recapture  study  at  2  trees  ( Ulmus  parvifolia)  to  observe  individual 
rhythm  in  the  field.  Copulation  frequency  was  observed  under  quasi-natural  conditions. 
Appearance  was  recorded  under  constant  conditions  also  in  the  laboratory  to  reveal  their  free- 
running  period. 

Results/Conclusion:  The  chafers  flew  to  the  tree  after  sunset  and  away  before  sunrise.  Most 
chafers  reappeared  at  the  same  tree  on  even  days  counted  from  the  marked  day.  It  seemed  that 
there  are  two  sympatric  groups  of  the  odd  day-  and  even  day-group  appearing  by  turns.  Under 
quasi-natural  conditions,  most  chafers  appeared  every  2  nights,  and  some  females  showed  calling 
behavior  and  copulated  every  appearance.  Under  constant  dark  conditions,  the  free-running 
period  of  the  appearance  rhythm  was  47.8  ±  0.3  h.  These  results  suggest  that  H.  parallela  have 
endogenous  about  2-day  (circabidian)  rhythm  and  most  chafers  appear  every  2  nights  for 
copulation. 
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Introduction:  Separation  in  timing  of  mating  is  a  powerful  isolation  mechanism  among  species, 
and  instrumental  in  speciation,  yet  the  role  and  importance  of  allochronic  differentiation  in  the 
evolution  of  sexual  communication  is  almost  completely  unknown.  The  ideal  species  to 


investigate  the  importance  of  timing  in  the  evolution  of  sexual  communication  are  moths, 
because  in  moths  reproductive  isolation  mostly  results  from  species-specific  sex  pheromone 
blends,  while  they  also  show  very  specific  daily  activity  patterns  in  their  sexual  activities.  Even 
though  daily  patterns  of  sexual  activity  (female  calling,  male  response,  and  mating)  have  been 
studied  in  a  large  number  of  moth  species,  virtually  nothing  is  known  on  the  mechanisms  or 
genetic  basis  of  differentiation  in  daily  patterns  of  sexual  activity. 

Methods:  I  will  summarize  the  knowledge  gathered  on  timing  of  sexual  activities  in  moths  over 
the  past  decades,  and  the  genetic  basis  and  factors  that  have  been  found  to  affect  their  timing  of 
sexual  behavior.  I  will  illustrate  interactions  between  sex  pheromone  variation  and  timing  of 
sexual  activities  that  we  found  in  heliothine  moths.  I  will  also  show  our  latest  research  results  on 
allochronic  differentiation  in  the  two  strains  of  the  noctuid  moth  Spodoptera  frugiperda,  where 
separation  in  daily  timing  of  sexual  activities  is  the  most  consistent  factor  that  likely  drives  their 
current  genetic  isolation. 

Results/Conclusion:  Interactions  between  sex  pheromone  variation  and  differentiation  in  timing 
of  sexual  activities  are  likely  important  driving  factors  that  may  explain  the  enormous  diversity 
of  moth  species. 
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Introduction:  Like  most  organisms,  Drosophila  is  infected  by  a  diverse  range  of  viral  pathogens. 

Methods:  To  understand  how  Drosophila  evolves  resistance  to  infection,  we  have  been 
investigating  the  factors  that  cause  natural  variation  in  the  susceptibility  of  flies  to  viral  infection. 


Results/Conclusion:  We  have  found  that  there  is  great  variation  in  the  susceptibility  of  flies  to 
viruses  in  nature.  One  of  the  major  causes  of  this  variation  is  the  bacterial  symbiont  Wolbachia, 
which  can  make  flies  resistant  to  a  broad  range  of  viruses.  This  antiviral  protection  is  the  result 
of  the  symbiont  blocking  the  replication  of  viral  RNA.  This  is  a  costly  way  for  flies  to  protect 
themselves  from  infection,  as  strong  antiviral  protection  is  associated  with  very  high  symbiont 
densities,  which  reduces  the  survival  and  fecundity  of  the  flies.  Furthermore,  symbionts  with 
differing  levels  of  antiviral  protection  can  spread  rapidly  through  a  population,  leading  to  shifts 
in  susceptibility.  Once  an  antiviral  symbiont  is  established  in  a  population,  it  reduces  the  strength 
of  selection  on  the  host  genome  for  resistance,  potentially  leading  to  the  insect  becoming 
addicted  to  symbiont-mediated  protection. 
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Introduction:  Tripartite  interactions  between  viruses,  bacteria  and  hosts  can  have  significant 
implications  for  the  outcome  of  infections.  The  endosymbiotic  bacterium  Wolbachia,  which  is 
present  in  an  estimated  40%  of  all  insect  species,  has  the  ability  to  alter  viral  dynamics  in  both 
Drosophila  and  mosquitoes,  a  feature  that  in  mosquitoes  may  be  utilised  to  limit  the  spread  of 
important  arboviruses.  The  impact  of  the  presence  of  Wolbachia  on  virus  infection  in 
Drosophila  can  include  two  main  effects:  1)  interference  with  viral  replication/accumulation, 
and/or  2)  protection  against  viral-induced  mortality. 

Methods:  Several  approaches  were  used  to  analyse  the  effects  of  Wolbachia  infection  on 
resistance  to  virus  infection. 

Results/Conclusion:  We  have  demonstrated  that  Wolbachia  infected  Drosophila  are  protected 
from  the  pathogenic  effects  of  Drosophila  C  virus  in  both  systemically  and  orally  infected  adults, 
as  well  as  orally  infected  larvae.  The  mechanisms  that  underpin  Wolbachia-mQdmtQd  protection 


have  not  been  fully  elucidated,  but  in  Drosophila  it  is  possible  to  have  protection  against  virus- 
induced  mortality  without  impacting  virus  accumulation.  Presence  of  protective  Wolbachia  in 
Drosophila  correlates  with  the  generation  of  hydrogen  peroxide.  Interestingly,  Drosophila  with 
an  elevated  hydrogen  peroxide  level  exhibit  delayed  virus-induced  mortality  without  any  impact 
on  virus  accumulation.  Taken  together  this  suggests  that  during  virus  infection  oxidative  stress 
induced  by  Wolbachia  might  be  acting  as  a  signaling  molecule  involved  in  host  tolerance  rather 
than  an  active  agent  directly  targeting  virus  accumulation. 
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Introduction:  Within  a  few  hours  inside  the  mosquito  midgut,  the  malaria  parasites  undergo 
complex  and  finely  regulated  developmental  processes  that  result  in  the  formation  of  oocysts  on 
the  basal  side  of  midgut  epithelium  and  establishment  of  infection.  During  this  time,  in  particular 
during  epithelial  cell  invasion,  the  mosquito  host  mounts  robust  immune  reactions  that  are 
responsible  for  extensive  parasite  killing,  often  leading  to  premature  termination  of  transmission. 
Our  previous  work  has  delineated  a  sophisticated  pathway  resembling  the  vertebrate  complement 
pathway,  which  is  now  widely  acknowledged  to  be  critical  in  supporting  or  rejecting  malaria 
transmission.  However,  a  small  number  of  parasites  escape  these  reactions,  possibly  by  evading 
the  mosquito  complement  system.  In  this  talk,  I  will  discuss  how  complement  may  recognise 
parasites  triggering  their  opsonization  and  killing.  I  will  also  examine  how  specific  parasite 
surface  proteins  may  interact  with  complement  factors  to  evade  this  robust  immune  response. 

Methods:  Multiple  approaches  were  used  to  assess  complement  system  function. 

Results/Conclusion:  The  results  from  this  work  primarily  answer  fundamental  biological 
questions,  adding  to  our  understanding  of  this  ancient  immune  pathway  and  triggering  further 
research  in  the  fields  of  insect  innate  immunity,  host-parasite  interactions  and  malaria 


transmission  biology.  The  produced  knowledge  may  also  directly  or  indirectly  contribute  to  the 
design  of  new  interventions  aiming  to  block  malaria  transmission,  as  inhibition  of  parasite 
evasion  of  the  mosquito  complement  pathway  can  lead  to  transmission  blockade. 
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Introduction:  Viral  infection  is  a  major  threat  for  all  living  organisms,  which  have  evolved 
efficient  antiviral  defence  mechanisms.  Given  that  viruses  replicate  inside  cells,  the  host 
discrimination  between  self  and  non-self  presents  particular  challenges.  Yet,  the  innate  immune 
system  of  Drosophila  melanogaster  senses  viral  RNAs  and  triggers  RNA  interference,  the  best 
characterized  antiviral  defense  mechanism. 

Methods:  High-throughput  sequencing  of  small  RNA  libraries  was  used  to  gain  insight  on  the 
nature  of  the  viral  RNAs  triggering  immunity.  In  parallel,  transcriptomic,  proteomic  and  genetic 
approaches  were  used  to  identify  factors  involved  in  antiviral  resistance. 

Results/Conclusion:  Protection  against  viral  infection  in  D.  melanogaster  involves  RNA 
interference  but  also  the  induced  expression  of  many  genes,  some  of  which  (e.g.  Vago)  counter 
viral  replication,  while  others  (e.g.  Diedel)  regulate  homeostasis,  thus  allowing  D. 
melanogaster  to  survive  the  stress  of  the  infection.  Genetic  analysis  of  virus-host  interactions 
reveals  that  other  factors  besides  the  immune  system  can  have  an  important  impact  on  the 
susceptibility  to  viral  infection.  Some  of  these  genes  are  proviral  and  encode  host  factors 
hijacked  by  the  virus  to  accomplish  its  life  cycle,  while  others  are  antiviral  and  encode  molecules 
restricting  viral  infection.  The  function  of  these  molecules,  and  their  relevance  in  hosts  other  than 
Drosophila ,  will  be  discussed. 
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Abstract  text: 

Introduction:  Extracellular  protease  networks  control  a  number  of  biological  functions  in  insects, 
including  development  and  immunity.  At  their  center  are  proteases  that  activate  each  other  in  a 
sequential  order.  Protease  cascades  are  part  of  the  mosquito  immune  system,  regulating 
melanization,  the  Toll  pathway,  and  most  likely  also  the  complement  system.  Recent  findings  in 
a  number  of  insect  model  systems  describe  these  cascades  as  branched,  with  one  or  few  stimuli 
activating  rapidly  a  powerful  immune  response.  To  investigate  the  complexity  of  control  of  anti¬ 
parasite  immunity  in  mosquitoes,  we  investigated  the  molecular  makeup  of  the  protease  network 
in  the  African  malaria  mosquito,  Anopheles  gambiae  Giles. 

Methods:  We  combined  reverse  genetic  and  biochemical  methodologies  to  identify  the  clip 
domain  proteases  (CLIPs)  and  their  inhibitors,  serpins  (SRPNs)  that  are  required  for 
prophenoloxidase  (proPO)  activation  and  thus  melanization. 

Results/Conclusion:  Using  these  approaches,  we  identified  3  proteases,  CLIPB4,  9  and  10  that 
directly  cleave  and  activate  proPO.  CLIPB8  also  is  required  for  proPO  activation,  albeit  acting 
upstram  of  CLIPB9.  Each  of  these  proteases  provides  an  intervention  point,  being  either 
inhibited  by  SRPN1  and/or  SRPN2.  In  addition,  CLIPB4  can  cleave  and  activate  CLIPB8, 
forming  a  positive  feedback  process  that  accelerates  melanization.  Together,  these  actions 
combine  to  provide  a  suitable  and  safe  melanization  response  that  leads  to  melanization  of 
allochthonous  malaria  parasites  and  other  foreign  surfaces.  Disturbing  this  protease  network  has 
negative  consequences  for  both  parasite  and  mosquito,  exemplifying  the  trade-off  between 
immunity  and  fitness. 
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Abstract  text: 

Introduction:  Mosquito  guts  accommodate  a  complex  and  dynamic  microbial  community.  Redox 
homeostasis  plays  a  critical  role  in  shaping  the  microflora  and  maintaining  a  symbiotic 
relationship  with  the  host.  In  this  study  we  investigated  the  impact  of  oxidative  stress  on  the 
microbial  structure  in  the  gut  and  the  mosquito  fecundity. 

Methods:  Anopheles  gambiae  G3  mosquitoes  were  exposed  to  different  concentrations  of 
paraquat  (0.1,  0.5,  1  and  2  mM),  an  oxidative  stress  inducer.  The  control  group  was  not  exposed 
to  paraquat.  The  microbial  structure  was  profiled  by  16S  rRNA  pyrotags,  and  fecundity  was 
assessed  by  egg  counts.  The  tolerance  level  to  paraquat  in  different  gut  bacterial  strains  were 
tested  in  vitro.  The  mosquito  oxidative  stress  level  was  measured  by  oxidized  glutathione 
(GSSG)  and  reduced  glutathione  (GSH)  ratio. 

Results/Conclusion:  The  exposure  to  paraquat  increased  mosquito  mortality  and  decreased 
fecundity,  this  effect  was  dose  dependent.  The  oxidative  stress  was  accumulated  in  paraquat 
treated  mosquitoes,  which  was  demonstrated  by  increased  GSSG/GSH  ratio.  In  addition,  the 
propensity  to  blood  feeding  was  compromised,  feeding  rate  was  lower  in  paraquat  exposed 
mosquitoes.  The  gut  bacterial  structure  in  paraquat  treated  mosquitoes  was  shifted,  Enterobacter 
and  Elizabethkingia  increased,  while  Pseudomonas  was  decreased.  The  bacterial  strains  were 
cultured  in  vitro  with  various  concentrations  of  paraquat.  The  growth  inhibitory  concentration  of 
paraquat  was  8  and  10  mM  for  Enterobacter  and  Elizabethkingia ,  respectively,  but  only  0.5  mM 
for  Pseudomonas.  The  data  suggest  the  mosquito  defense  capacity  against  oxidative  stress  is 
limited,  and  oxidative  stress  tolerant  gut  microbes  may  participate  in  the  maintenance  of  redox 
homeostasis. 
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Introduction:  Honey  bee  ( Apis  mellifera)  colony  losses  are  associated  with  high  levels  of 
parasites  and  pathogens,  that  proliferate  as  a  consequence  of  a  severe  reduction  of  the  honey  bee 
immune  competence.  A  key  role  in  this  syndrome  is  played  by  a  mutualistic  symbiosis  between 
the  parasitic  mite  Varroa  destructor  and  the  Deformed  wing  virus  (DWV).  In  this  talk  we  discuss 
the  immune  interactions  between  bees,  mites  and  DWV. 

Methods:  Experiments  were  conducted  that  measured  the  effects  of  mites  and  DWV  on  bee 
immune  signaling  pathways  and  virus  replication. 

Results/Conclusion:  Immunosuppression  induced  by  DWV  infection  favors  feeding  and 
reproduction  of  the  mite,  which  acts  as  an  effective  vector  of  the  viral  pathogen  and  stimulates  its 
replication.  DWV  infection  targets  antiviral  barriers  under  control  of  the  Toll  pathway  by 
disrupting  NF-kB  signaling.  This  has  a  negative  impact  on  other  arms  of  immune  defense 
modulated  by  this  transcription  factor,  such  as  melanization,  clotting  and  encapsulation,  thus 
favoring  the  feeding  activity  of  the  ectoparasitic  mite.  There  are  several  crosstalking  stress 
responses  which  partly  account  for  the  synergistic  interaction  among  different  factors  concurring 
in  the  disruption  of  honey  bee  immunity  and  health.  The  study  of  the  molecular  mechanisms 
underlying  these  stress  interactions  provide  a  new  functional  framework  for  interpreting  the 
complex  multifactorial  syndrome  denoted  as  honey  bee  colony  collapse. 
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Introduction:  Entomopathogenic  Steinernema  nematodes  employ  Xenorhabdus  bacteria 
symbionts  to  help  kill  insects  and  to  support  reproduction  within  the  cadaver.  Infective 
nematodes  release  their  bacterial  symbiont  into  the  insect  hemocoel,  where  the  2  allies  face  and 
overcome  insect  immunity.  The  bacterial  symbiont  then  provides  activities  that  support 
nematode  reproduction  through  bioconversion  of  the  insect  cadaver.  Nutrient  depletion  triggers 
development  of  the  nematode  into  its  colonized  infective  form  to  begin  the  cycle  anew. 

Methods:  Virulence  and  immune  suppression  have  been  investigated  using  Xenorhabdus 
nematophila  bacteria,  the  symbiont  of  Steinernema  carpocapsae  nematodes,  infecting 
Lepidopteran  insects  (e.g.  Manduca  sexta )  and  the  Dipteran  host  Drosophila  melanogaster. 
Genomic  analyses  have  revealed  candidate  virulence  factors,  which  in  X  nematophila  are 
investigated  using  genetic  techniques  to  inactivate  specific  gene  products  and  biochemical 
approaches  to  study  bioactive  compounds. 

Results/Conclusion:  X  nematophila  is  virulent  toward  all  tested  Lepidoptera  and  D. 
melanogaster  but  only  suppresses  immunity  in  the  former.  Immune  suppression  and  virulence  is 
subject  to  bacterial  population  heterogeneity,  a  phenomenon  regulated  by  the  global  transcription 
factor  Lrp.  Lrp  controls  expression  of  many  genes,  including  those  responsible  for  the  production 
of  small  metabolites  that  have  a  direct  negative  impact  on  immune  induction.  The  nematode  host 
also  contributes  to  insect  immune  suppression.  An  analysis  of  Steinernema  genomes  revealed 
enrichment,  relative  to  other  parasitic  and  free-living  nematodes,  in  proteases  and  protease 
inhibitors  with  potential  immunosuppressive  capabilities.  The  expansion  of  this  class  may  reflect 
the  broad  host  range  of  Steinernematids  relative  to  other  nematode  parasites  with  restricted  host 
ranges. 
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Introduction:  Parasitoid  wasps  are  insects  whose  young  feed  upon  and  kill  other  insects,  and  are 
a  “natural  laboratory”  for  the  repeated  acquisition  of  symbionts  from  several  different  types  of 
viral  pathogens.  These  viruses  are  used  as  weapons  to  deliver  genes  to  parasitoid  hosts  that  are  of 
direct  benefit  to  developing  wasps  through  host  immune  suppression.  The  best-studied  examples 
of  mutualistic  viral  symbionts  are  ancient  associates  of  wasps  known  as  Polydnaviruses. 
However,  studies  of  recently  acquired  viral  symbionts  are  in  their  infancy,  highlighting  the  need 
to  examine  further  examples  of  this  phenomenon.  The  goal  of  this  project  is  to  understand  the 
functions  of  recently  acquired  virus  symbionts  in  parasitism,  and  the  evolutionary  processes  that 
describe  their  transition  to  a  beneficial  role. 

Methods:  In  this  study,  we  focus  upon  the  venom  gland  associated  Diachasmimorpha 
longicaudata  entomopoxvirus  (DLEV)  infecting  D.  longicaudata  wasps  that  are  larval-pupal 
parasitoids  of  the  Caribbean  Fruit  Fly  Anastrepha  suspensa.  We  sequenced  the  genome  of 
DLEV,  quantified  its  replication  throughout  the  wasp  and  fly  life  cycles,  and  examined  routes  of 
transmission.  Additionally,  we  performed  experiments  to  more  specifically  characterize  the  role 
of  DLEV  in  parasitism. 

Results/Conclusion:  We  will  outline  features  of  viral  genome  evolution,  viral  replication,  and 
transmission  that  make  DLEV  distinct  from  other  entomopoxviruses,  and  compare  and  contrast 
these  features  with  other  virus  mutualists  including  Polydnaviruses. 
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Introduction:  The  wasps  Leptopilina  heterotoma  (Lh)  and  Leptopilina  boulardi  (Lb)  are  obligate 
parasites,  successful  not  only  on  Drosophila  melanogaster ,  but  also  on  related  Drosophila 
species.  Lh  is  a  generalist  parasite  with  a  broader  host  range  than  that  of  Lb.  Remarkably,  Lh 
blocks  both  the  cellular  and  humoral  arms  of  its  host’s  innate  immunity,  whereas  Lb  suppresses 
cellular  immunity  alone.  The  wasps’  contrasting  success  is  attributed  to  differences  in  the 
immune-suppressive  activities  of  their  virus-like  particles  (VLPs).  VLPs  are  produced  in  the 
female’s  venom  gland  and  enter  the  larval  host’s  body  during  oviposition.  Morphologically,  both 
Lh  and  Lb  VLPs  have  a  central  core  from  which  spikes  emerge.  Our  goal  is  to  understand  the 
cellular  and  molecular  basis  of  how  VLPs  silence  the  fly’s  immune  system.  Despite  their  virus¬ 
like  morphologies,  VLPs  are  not  infectious  as  they  do  not  replicate  in  either  the  wasp  or  in  the 
fly  host.  In  recent  analysis  of  Lh  VLP  proteomes,  we  identified  4  overlapping  classes  of  proteins 
with  similarity  to  (a)  proteins  in  intracellular  transport,  (b)  mitochondrial  proteins,  (c)  bacterial 
proteins  (including  virulence  proteins),  and  (d)  inhibitors  of  immune  signaling. 

Methods:  An  array  of  molecular  and  experimental  methods  were  used  to  characterize  VLP 
proteins. 

Results/Conclusion:  We  will  present  a  molecular-genetic  characterization  of  proteins  unique  to 
the  Lh  VLPs  and  discuss  our  current  view  of  their  biotic  nature.  These  studies  are  relevant  to  our 
understanding  of  cellular  and  molecular  strategies  parasitic  wasps  use  to  capture  and  inactivate 
their  host's  defense  systems  to  ensure  their  own  success. 
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Introduction:  Cotesia  congregata  is  an  endoparasitoid  wasp  that  develops  inside  larvae  of  the 
tobacco  hornworm  Manduca  sexta.  This  parasitoid  wasp  has  evolved  virulence  strategies  using 
an  obligate  viral  symbiont  named  Cotesia  congregata  bracovirus  (CcBV).  CcBV  particles, 
containing  multiple  double  stranded  DNA  circles,  produced  by  specialized  cells  of  the  wasp 
ovaries,  are  injected  along  with  the  eggs  into  the  caterpillar  body.  They  act  by  manipulating 
caterpillar  immune  defenses  and  development,  thereby  enabling  wasps  to  survive  in  an  immune- 
competent  host. 

Methods:  In  order  to  characterize  the  molecular  interactions  between  C.  congregata  and  M.  sexta 
the  transcriptomes  of  2  immune  tissues  (fat  body  and  hemocytes)  from  24  h  parasitized 
caterpillars  were  obtained  by  a  high-throughput  transcriptomic  approach. 

Results/Conclusion:  By  this  approach  we  obtained  the  first  functional  map  of  a  bracovirus 
genome  and  visualized  the  global  impact  of  parasitism  on  M.  sexta  immune  gene  regulation  24  h 
post  oviposition.  Results  showed  that,  at  this  time  point,  parasitism  does  not  affect  the  different 
immune  response  pathways  in  the  same  way.  Indeed,  parasitism  does  not  prevent  activation  of 
antimicrobial  peptide  signaling  pathways,  suggesting  that  the  development  of  wasp  eggs  and 
larvae  is  occurring  in  an  antiseptic  environment.  In  contrast,  genes  involved  in  recognition  of 
foreign  objects,  phenoloxidase  activation  and  cellular  immune  responses  were  globally 
downregulated  after  parasitism.  This  regulation  is  consistent  with  the  observed  inhibition  of  the 
caterpillar  encapsulation  response  and  allowed  us  to  identify  potential  targets  of  parasitism 
implicated  in  cellular  immune  responses  and  melanization. 


Symposium 

Presentation  Title:  Drosophila-Leptopilina  wasps  interactions:  Inter-species  variation, 
mechanisms,  and  evolution 

Author  Name:  Marylene  Poirie 

Author  Institution:  Universite  Nice  Sophia  Antipolis 

Session  Title:  Symposium:  Interactions  Between  the  Insect  Immune  System  and  Parasites 
Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1779 


DOI:  10. 1603/ICE.2016. 92698 


Abstract  text: 

Introduction:  Our  knowledge  of  antibacterial  innate  immunity  has  largely  benefited  from 
research  in  insects,  notably  Drosophila.  Yet,  insect  immune  defence  against  eukaryotic  parasites 
such  as  endoparasitoid  wasps  largely  remains  to  be  deciphered.  Here,  we  explored  the 
mechanisms  and  evolution  of  interactions  between  Drosophila  species  and 
Leptopilina  endoparasitoids,  from  the  host  (immune  resistance)  and  parasitoid  (venom  immune 
suppressive  molecules)  side. 

Methods  for  Host  Immune  Response:  A  time-course  analysis  of  the  Asian  pest  Drosophila 
suzukii  immune  interaction  with  several  endoparasitoids  was  performed  and  the  fitness  cost  of 
the  encapsulation  response  was  evaluated. 

Methods  for  Parasitoid  Virulence:  One  of  the  main  virulence  molecules  in  the  venom  of 
Leptopilina  houlardi  wasps  is  a  secreted  RacGAP  that,  once  injected  into  the  host,  enters  host 
lamellocytes  (hemocytes  involved  in  parasitoid  encapsulation).  An  evolutionary  analysis  of 
venom  RacGAP-encoding  genes  was  performed  together  with  the  immunolocalization  of  the 
proteins  in  host  lamellocytes. 

Results/Conclusion  for  Host  Immune  Response:  Results  revealed  differences  in  timing  of 
encapsulation  in  D.  suzukii  compared  to  D.  melanogaster.  For  instance,  L. 
heterotoma  encapsulation  occurs  at  the  parasitoid  late  larval  stage,  resulting  in  large  melanized 
capsules  in  emerging  flies.  The  cost  of  encapsulation  also  differed  between  the  2  species. 

Results/Conclusion  for  Parasitoid  Virulence:  We  identified  9  venom-secreted  RacGAPs  in  L. 
boulardi  and  describe  their  molecular  evolution,  in  relation  with  duplication  events.  Some  of 
these  Rac  GTPase  Activating  Proteins  (RacGAPs)  co-localize  in  host  lamellocytes  with 
extracellular  vesicles  produced  in  parasitoid  venom,  providing  insights  on  their  mode  of 
transport  between  organisms  to  finally  enter  host  cells. 
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Introduction:  Parasitoid  wasps  are  among  the  most  diverse  insects  on  earth,  with  many  species 
causing  major  mortality  in  host  populations.  They  have  evolved  a  wide  spectrum  of  immune 
interactions  with  hosts  by  introducing  a  number  of  parasitoid-associated  factors,  including 
symbiotic  viruses,  venom,  teratocytes  and  wasp  larvae.  Several  parasitoids  carrying  different 
factors  all  can  successfully  live  on  the  same  host,  Plutella  xylostella,  which  made  a  perfect 
model  system  to  look  into  how  different  parasitoids  deal  with  the  immune  system  of  the  same 
host. 

Methods:  Draft  genome  sequences  of  3  different  parasitoid  species  were  sequenced  and 
compared,  and  transcriptomes  of  wasp  larvae,  venom  glands,  teratocytes  and  parasitized  host 
larvae  by  3  parasitoids  were  also  sequenced.  The  transcriptional  characters  of  immune-regulating 
gene  families  of  3  parasitoids  were  verified,  analyzed  and  compared. 

Results/Conclusion:  Several  genes  with  functions  in  immune  regulation  are  lost  in  parasitoid 
genomes.  Many  genes  exhibited  stage-specific  expression  patterns,  while  a  number  of  transcripts 
associated  with  wasp  larvae,  venom,  and  teratocytes  exhibited  overlapping  expresssion  patterns. 
Overall,  these  comparative  and  functional  data  provided  several  insights  into  immune 
interactions  within  wasps  and  between  wasps  and  hosts. 
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Introduction:  Using  the  Lepidopteran  model  host  Galleria  mellonella  and  parasitic  fungus 
Metarhizium  anisopliae  we  explored  the  role  of  epigenetic  mechanisms  in  host-parasite 
coevolution.  Our  recent  studies  provide  evidence  for  the  participation  of  DNA  methylation, 
histone  acetylation/deacetylation  and  microRNAs  in  generation- spanning  transcriptional 
reprogramming  associated  with  shifts  in  host  resistance  during  host-parasite  coevolution. 
Epigenetic  inheritance  may  account  for  reciprocal  adaptations  in  this  antagonistic  context  which 
occur  too  rapidly  to  be  determined  by  genetic  mechanisms.  Insects  can  detect  fungal  infections 
and  respond  by  activation  of  immune  responses  encompassing  the  synthesis  of  antifungal 
peptides  and  inhibitors  against  fungal  proteinases. 

Methods:  Several  different  approaches  were  used  to  assess  epigenetic  responses  in  insects  and 
fungi  such  as  microarray,  RTPCR  and  ELISA. 

Results/Conclusion:  We  determined  that  parasitic  fungi  can  in  turn  sense  the  presence  of  insect- 
derived  antifungal  peptides  and  proteinase  inhibitors  and  respond  by  inducing  the  synthesis  of 
enzymes  that  degrade  the  host-derived  defense  molecules.  These  attacks  and  counterattacks  are 
mediated  by  transcriptional  reprogramming  controlled  at  least  by  histone 
acetylation/deacetylation,  DNA  methylation  and  by  particular  miRNAs.  Such  epigenetic 
mechanisms  are  solely  responsible  for  generation- spanning  transcriptional  reprogramming  in  the 
host  insect,  they  often  link  immunity  with  developmentally  related  gene  expression,  and  they 
may  also  contribute  to  the  manifestation  of  acquired  adaptations. 
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Introduction:  Parasitic  wasps  that  develop  inside  a  living  insect  display  innovative  strategies  to 
ensure  their  parasitic  success.  Thousands  of  ichneumonid  species  rely  on  polydnaviruses  to 


deliver  DNA  molecules  encoding  virulence  genes  in  the  insect  host.  Other  species  such  as 
Venturia  canescens  rely  on  virus-like-particles  containing  wasp  proteins  to  protect  their  egg  from 
the  host  immune  system.  Both  types  of  particles  are  formed  in  a  specialized  tissue  of  the  female 
genital  tract  thanks  to  a  set  of  viral  genes. 

Methods:  Genomic,  transcriptomic  and  proteomic  analyses  were  used  to  identify  genes 
potentially  involved  in  particle  morphogenesis  and/or  in  the  transfer  of  virulence  molecules. 

RNA  interference  technology  was  used  to  further  determine  if  these  genes  are  actually  involved 
in  these  processes. 

Results/Conclusion:  We  show  that  at  least  two  independent  events  of  virus  genome  integration 
occurred  within  ichneumonid  wasps  and  gave  origin  to  different  types  of  particles.  The  results  of 
the  functional  study  of  selected  viral  genes  will  be  presented. 
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Cotesia  flavipes  (Hymenoptera,  Braconidae)  in  an  efficient  larval  parasitoid  of  the  sugarcane 
borer  Diatraea  saccharalis  (Lepidoptera,  Crambidae).  C.  flavipes  was  introduced  and  is 
successfully  used  in  applied  biological  control  programs  over  extensive  areas  of  sugarcane 
production  in  Brazil.  The  successful  exploitation  of  host  larvae  by  Cotesia  flavipes  is  related  to  a 
plethora  of  regulatory  molecules  this  wasp  injects  into  the  host  or  that  is  produced  by  parasitoid- 
derived  tissues  and  associated  symbiotic  virus  (Polydnavirus  -  PDV).  PD  Vs  produce  several 
proteins  that  allow  host  colonization  by  immature  parasitoids,  as  they  affect  the  host  immune 
system,  regulate  host  metabolism  and  growth.  PDV-derived  proteins  are  an  interesting  source  of 
molecules  that  could  be  used  in  developing  genetically-modified  plants  suitable  for  sustainable 


pest  management.  In  order  to  determine  the  diversity  of  proteins  the  PDV  associated  with 
Cotesia  flavipes  (CfPDV)  and  their  production  during  parasitoid  development,  we  obtained  high 
throughput  sequencing  data  and  partially  sequenced,  annotated  and  compared  the  PDV  genome 
of  C.  flavipes  to  other  related  PDVs.  A  set  of  PDV  genes  was  selected  and  their  expression  in 
parasitized  host  larvae  was  assessed.  In  order  to  evaluate  the  potential  for  biotechnological 
exploitation  of  such  proteins  in  pest  control,  candidate  genes  were  selected  and  used  for  plant 
transformation  to  allow  testing  the  effects  of  C/PDV  proteins  on  non-preferred  host  insects. 
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Bracoviruses  are  symbiotic  viruses  stably  associated  with  parasitoid  wasps  of  the  braconid 
family  belonging  to  a  monophyletic  group,  the  microgastroid  complex.  They  play  a  crucial  role 
in  the  wasp  life  cycle  as  they  produce  bracovirus  particles,  which  are  injected  into  parasitized 
lepidopteran  hosts  during  wasp  oviposition  and  are  necessary  for  successful  development  of 
wasp  larvae  within  the  host.  Bracovirus  particles  package  multiple  dsDNA  circles  encoding 
virulence  genes,  while  the  genes  used  to  produce  the  particles  stay  permanently  in  the  wasp 
genome.  The  virulence  genes  are  expressed  by  parasite  host  cells  and  produce  factors  inducing 
manipulation  of  host  physiology  including  inhibition  of  lepidopteran  immune  defences.  Each 
wasp  species  possess  his  own  virus  but  they  all  derive  from  a  unique  event:  the  stable  integration 
of  a  large  DNA  virus  in  the  genome  of  their  common  ancestor.  After  the  initial  integration  the 
virus  has  been  chromosomally  transmitted  and  has  evolved  differently  depending  on  the  wasp 
lineage.  By  comparing  parasitic  wasp  genomes,  we  have  analysed  the  dynamic  of  viral 
sequences  evolution  within  the  wasp  genome,  which  differs  between  the  genes  involved  in 
particles  production  in  the  wasp  ovaries  and  those  coding  for  virulence  genes  expressed  in  the 
parasitized  host.  Relics  of  viruses  (for  example  retroviruses)  are  abundant  in  eucaryote  genome 
but  viruses  associated  with  parasitic  wasps  are  to  date  a  unique  example  of  endogenous  viruses 


conferring  a  functional  benefit  to  the  host.  Our  comparative  genomic  analysis  provides  insights 
into  how  endogenous  viruses  evolve  when  they  confer  a  benefice  to  their  host. 


Symposium 

Presentation  Title:  On  the  evolutionary  origins  of  banchine  polydnaviruses 

Author  Name:  Michel  Cusson 

Author  Institution:  Natural  Resources  Canada 

Session  Title:  Symposium:  Parasitoids,  Polydnaviruses,  and  Pathogens:  Genomes  to  Immune 
Physiology 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  1785 
DOI:  10. 1603/ICE.20 16.95 120 
Abstract  text: 

Introduction:  Polydnaviruses  form  a  group  of  unconventional  dsDNA  viruses  transmitted  by 
endoparasitic  wasps  during  egg  laying  into  caterpillar  hosts,  where  viral  gene  expression  is 
essential  to  immature  wasp  survival.  A  copy  of  the  viral  genome  is  present  in  wasp 
chromosomes,  thus  ensuring  vertical  transmission.  Recent  work  indicates  that  the  two  recognized 
polydnavirus  taxa,  bracovirus  and  ichnovirus,  are  derived  from  distinct  viruses  whose  genomes 
integrated  into  the  genomes  of  ancestral  wasps.  However,  the  identity  of  the  ichnovirus  ancestor 
is  unknown  and  questions  remain  regarding  the  possibility  that  the  two  described  ichnovirus 
subgroups,  banchine  and  campoplegine  ichnoviruses,  have  distinct  origins. 

Methods:  To  address  the  latter  question,  we  used  genomic,  proteomic  and  transcriptomic 
analyses  to  characterize  particle  proteins  of  the  banchine  Glypta  fumiferanae  ichnovirus  and  the 
genes  encoding  them. 

Results/Conclusions:  Our  study  provides  unequivocal  evidence  that  the  two  ichnovirus  types 
are  derived  from  related  viral  progenitors.  This  suggests  that  morphological  and  genomic 
differences  observed  between  the  two  ichnovirus  lineages,  including  features  unique  to  banchine 
ichnovirus  genome  segments,  result  from  evolutionary  divergence  either  before  or  after  their 
endogenization.  Strikingly,  analysis  of  selected  wasp  genomic  regions  revealed  genes  presumed 
to  be  part  of  the  replicative  machinery  of  the  progenitor  virus,  shedding  new  light  on  the  likely 
identity  of  this  virus.  Homology  searches  pointed  to  nucleocytoplasmic  large  DNA  viruses  as  the 
likely  source  of  these  genes,  which  could  well  play  a  role  in  ichnovirus  replication  as  they  were 
overexpressed  in  the  virogenic  tissue. 
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Introduction:  Enolase  is  an  ubiquitous  metalloenzyme  involved  in  the  glycolytic  pathway. 
Interestingly  it  appears  also  as  a  multifunctional  protein.  Enolases  anchored  on  the  outer  surface 
of  the  plasma  membrane  are  involved  in  tissue  invasion  mechanisms  by  the  activation  of 
Plasminogen. 

Methods:  To  determine  the  Enolase  localization  and  its  capacity  to  bind  and  activate  the 
plasminogen,  experiments  of  immunogold  labeling,  indirect  immunofluorescence  staining,  co¬ 
localization,  binding  and  activation  in  vitro  assay,  Duolink  in  situ  Proximity  Ligation  Assay 
(PLA)  and  dot  blotting  assay  were  carried  out.  Furthermore  the  Enolase  ability  to  degrade 
extracellular  matrix  was  in  vitro  evaluated  by  a  Matrix  digestion  assay. 

Results/Conclusion:  We  have  identified  an  extracellular  Enolase  (yte-ENO)  produced  by 
teratocytes,  embryonic  cells  of  the  insect  parasitoid  Aphidius  ervi  (Hymenoptera,  Braconidae). 
For  the  first  time  we  demonstrate  thatAe-ENO,  although  lacking  a  signal  peptide,  accumulates  in 
cytoplasmic  vesicles  oriented  towards  the  cell  membrane.  ^4e-ENO  binds  and  activates  a 
plasminogen-like  molecule  inducing  digestion  of  the  host  tissue  and  thereby  ensuring  successful 
parasitism.  The  results  support  the  hypothesis  of  the  existence  of  plasminogen-like  proteins  in 
invertebrates  and  their  activation  through  mechanisms  involving  the  surface  enolase/fibrino lytic 
system  that  until  now  seemed  to  be  exclusively  found  in  vertebrates,  and  that  is  conserved  across 
species.  These  findings  also  suggest  that^4e-ENO  is  a  novel  and  unique  example  of  gene  sharing 
in  insects. 
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Introduction:  Two  parasitoids,  Cotesia  vestalis  and  Diadegma  semiclausum ,  carrying  the 
polydnaviruses  CvBV  and  DsIV  respectively,  successfully  live  on  the  same  host,  Plutella 
xylostella ,  making  this  model  unique  to  study  physiological  interactions  between  parasitoids  and 
their  host  insects. 


Methods:  The  draft  genome  sequences  of  CvBV  and  DsIV  were  sequenced  and  compared. 
Transcriptomes  of  the  host  larvae  parasitized  by  the  two  parasitoids  were  also  sequenced.  Gene 
expressions  of  the  two  polydnaviruses  were  characterized,  and  the  gene  relationship  among 
polydnaviruses,  lepidopteran  host  and  hymenopteran  host  were  determined  by  qPCR  and  gene 
cloning. 

Results/Conclusion:  CvBV  and  DsIV  genome  sequences  were  540  kbp  (157  ORF)  and  200  kbp 
(108  ORF),  encoding  13  and  8  known  gene  families,  respectively.  Transcripts  of  most  CvBV  and 
DsIV  encoding  genes  were  detected  in  various  host  tissues.  The  expressional  peaks  of  CvBV  and 
DsIV  genes  in  the  host  always  appeared  in  a  tissue-specific  distribution  pattern:  first  hemocytes, 
then  fat  body,  and  lastly  other  tissues,  which  suggested  that  the  host  immune  system  was  the  first 
target  of  the  parasitoid-carrying  polydnaviruses.  Homologs  of  several  CvBV  genes,  not  DsIV 
genes,  were  found  to  be  continuously  expressed  in  the  non-parasitized  host  in  a  trace  level, 
suggesting  that  polydnavirus  functional  genes  might  originate  from  their  lepidopteran  hosts.  The 
expressional  levels  of  these  homologous  genes  were  greatly  increased  shortly  after  parasitization, 
indicating  that  polydnavirus  may  play  a  key  role  in  the  early  stage  of  the  course  of  parasitization. 
Taking  together,  polydnavirus  is  a  gene  delivering  system  or  a  gene  enhancing  system. 
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Introduction:  Aphids  are  sap-feeding  insects  with  piercing-sucking  mouthparts.  Their  reknown  as 
major  pests  in  agriculture  relies  mainly  on  their  formidable  capacity  to  transmit  countless  plant 
viruses  to  most  important  crops  worldwide.  The  primary  mode  of  virus  transmission  is  the  non- 
circulative  manner  where  the  virus  is  retained  on  specific  receptors,  yet  unidentified,  located  in 
the  aphids’  stylets.  Viruses  are  transported  on  the  stylet’s  surface  while  the  aphid  moves  from 
plant  to  plant.  They  are  inoculated  to  healthy  plants  often  within  a  single  puncture  lasting  a  few 
seconds,  thereby  promoting  viral  outbreaks.  Highly  specific  interactions  between  viruses  and 
their  vectors  are  involved  in  this  reversible  attachment  process.  Over  the  last  decade,  we  have 
discovered  the  acrostyle,  an  organ  located  at  the  tip  of  aphids’  maxillary  stylets,  which  bears  the 
receptors  of  Cauliflower  mosaic  virus  (CaMV),  and  likely  those  of  all  agronomically  important 
non-circulatively  transmitted  viruses.  Using  an  antibodies  library,  we  identified  very  recently  the 
first  protein  of  the  acrostyle.  We  aim  to  determine  the  role  it  plays  in  plant  virus  transmission. 
Moreover,  the  physiological  function  of  the  acrostyle  remains  totally  unknown. 

Methods:  Antibodies  library  and  immunolabelling  were  used  to  identify  proteins  located  on  the 
acrostyle. 

Results/Conclusion:  We  propose  that  the  acrostyle,  conserved  across  many  aphid  species,  could 
be  involved  in  the  retention  and  release  of  other  compounds,  originating  either  from  the  plant  or 
from  the  saliva,  and  thereby  play  a  role  in  aphid/plant  compatibility.  The  most  recent  advances 
will  be  presented  and  discussed. 
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Introduction:  Since  the  first  outbreaks,  flavescence  doree  epidemics  had  been  associated  to  the 
introduction  of  the  leafhopper  vector  Scaphoideus  titanus,  while  Europe  imported  American 
phyloxera-resitant  Vitis  rootstocks. 

Methods:  However,  the  geographical  and  ecological  origin  of  the  etiological  agent,  a 
phytoplasma,  remained  unclear  despite  evidences  for  a  plant  host-range  not  restricted  to 
grapevine. 

Results/Conclusion:  We  show  in  this  article  that  this  phytoplasma  is  endemic  in  European  Alders 
and  common  in  Clematis.  Its  emergence  as  an  epidemic  pathogen  for  grapevine  is  restricted  to 
some  genetic  variants  pre-existing  in  the  wild  plant  host  reservoir.  The  compatibility  of  this 
phytoplasma  to  the  introduced  S.  titanus  insect  vector  certainly  resulted  from  the 
adaptation/compatibility  of  phytoplasma  VMP  to  other  insects  living  and  gathering  on  perennial 
wild  plant  hosts.  VMP  organization  is  similar  to  adhesion  related  proteins  (ARP)  and  allows  the 
fast  duplication  of  pre-adapted  repeated  domains.  This  suggests  a  key  role  of  VMPs  in  the  life¬ 
style  of  woody  hosts  phytoplasmas  that  rely  on  the  adaptation  to  new  insect  vectors  to  expand 
thier  plant-host  range. 


Symposium 

Presentation  Title:  Why  host  acquired  insect-specific  toxins  and  regulations  when  you  are  a 
plant  pathogen?  Facts  and  lessons  from  the  aphid  /  Cyt  /  Dickey  a  dadantii  model 

Author  Name:  Yvan  Rabhe 

Author  Institution:  INRA 

Session  Title:  Symposium:  Plant  Piercing- Sucking  Insects  and  Vectors  without  Borders 
Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1792 


DOI:  10. 1603/ICE.2016. 93542 


Abstract  text: 

Introduction:  Many  different  bacterial  phytopathogens  were  recently  demonstrated  to  encode 
insect-specific  toxins,  and  insect-associated  regulatory  pathways. 

Methods: Such  toxins  were  identified  first  by  either  genomic  or  genetic  screens.  These  proteins 
were  shown  to  be  responsible  for  strong  pathogenic  effects  on  their  studied  hosts,  and  often  on 
insect  species  otherwise  associated  with  phytopathogen  vectoring,  such  as  aphids.  However, 
direct  association  of  aphids  with  phytopathogenic  bacterial  transmission  was  not  demonstrated  at 
ecological  level  in  such  models. 

Results/Conclusion:  We  will  present  the  main  features  of  pathogenicity  of  the  soft-rot  bacteria 
Dickeya  dadantii  towards  aphids,  and  question  the  vectoring  capacities  for  bacteria  in  this  taxon 
well  known  for  its  virus-vectoring  abilities. 
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Abstract  text: 

Introduction:  Vector-borne  viruses  can  induce  changes  in  the  phenotype  of  their  host  plants  that 
influence  the  frequency  and  nature  of  host-vector  interactions.  Insect-vectored  phyto viruses  that 
differ  in  their  modes  of  transmission  (persistent,  semi-persistent  and  non-persistent)  benefit  from 
different  patterns  of  interaction  among  host  plants  and  vectors.  Manipulation  of  vector  behavior 
by  phytovirus  facilitates  its  propagation  and  seems  to  converge  according  to  the  virus 


transmission  mode.  However,  this  convergence  has  barely  been  studied  in  viruses  infecting 
Brassicaceae. 

Methods:  The  present  study  has  tested  the  effects  of  infection  of  the  Brassicaceae  plant  Camelina 
sativa  with  the  persistent  Turnip  Yellows  Virus  and  the  semi-persistent  Cauliflower  Mosaic  Virus 
on  (i)  arrestment  and  dispersal,  (ii)  feeding  behavior  by  electropenetrography  and  (iii) 
physiology  of  two  aphid  species:  the  polyphagous  Myzus  persicae  and  the  Brassicaceae  specialist 
Brevicoryne  brassicae. 

Results/Conclusion:  Results  showed  no  evidence  of  evolutionary  convergence  in  vector  behavior 
within  persistent  and  semi-persistent  phytovirus-infected  camelina.  Indeed,  whatever  the  virus 
species  considered,  infected  camelina  had  opposite  effects  ( i.e .  negative  and  positive)  on  the 
feeding  behavior  and  physiology  of  the  two  aphid  species.  In  conclusion,  viral  manipulation  of 
vector  behavior  could  therefore  depend  not  only  on  the  virus  mode  of  transmission,  which  is 
generally  considered  as  a  common  assumption,  but  also  on  the  aphid  species.  Indeed,  aphid 
species  with  dissimilar  dietary  specialization  differed  in  their  response  to  the  same  virus 
infection. 
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Introduction:  Seed  potato  crops  are  currently  sprayed  weekly  with  mineral  oil  to  prevent 
transmission  of  the  Potato  virus  Y  (PVY;  Potyviridae:  Potyvirus),  one  of  the  most  prevalent  and 
important  non-persistent  viruses  affecting  potato  production.  In  spite  of  its  wide  usage  as 
inhibitor  of  virus  transmission,  the  mode  of  action  for  mineral  oil  is  poorly  known  but  we 
hypothesized  that  it  could  influence  the  virus-vector-plant  relationships. 


Methods:  Several  experiments  using  the  electrical  penetration  graph  (EPG)  technique  and 
ethological  observations  have  been  conducted  to  assess  the  effect  of  mineral  oil  (i)  on  aphid 
behavior  (ii)  on  PVY  acquisition  and  inoculation  by  aphids  and  (iii)  on  virus  replication  and 
accumulation  in  plants. 

Results/Conclusion:  There  was  no  difference  in  Rhopalosiphum  padi  (Hemiptera:  Aphididae) 
behavior  on  potato  plants  treated  with  mineral  oil.  The  detection  of  PVY  in  the  stylets  of  single 
aphids  showed  that  mineral  oil  effectively  decreased  PVY  acquisition  by  R.  padi  for  up  to  8 
days.  This  inhibition  effect  decreased  with  time  after  the  mineral  oil  application.  The  detection  of 
PVY  in  leaves  after  aphid  inoculations  showed  that  mineral  oil  reduced  not  only  the  transmission 
efficacy  of  PVY  but  also  the  quantity  of  virus  in  plants.  Finally,  a  reduction  of  PVY  levels  in 
mineral  oil-treated  plants  was  observed.  These  new  data  are  consistent  with  previous  findings 
and  confirm  that  the  mode  of  action  of  mineral  oil  in  the  reduction  of  the  spread  of  PVY  is 
probably  caused  by  the  addition  of  multiple  effects  on  the  aphid-potato-PVY  system 
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Introduction:  Aster  yellow  (AY)  disease  is  caused  by  phytoplasma  belonging  to  the  specie  ‘Ca. 
phytoplasma  asteris’.  Symptoms  associated  with  AY  diseases  have  been  described  in  canola 
crops  in  Western  Canada  since  the  1960s.  Except  for  an  outbreak  in  1967,  AY  disease  incidence 
has  been  very  low.  However,  incidences  have  increased  over  the  past  decade  and  outbreaks  in 
2000,  2007  and  2012  induced  important  losses  in  canola  production  and  quality.  AY  is 
transmitted  mostly  by  the  aster  leafhopper  Macrosteles  quadrilineatus.  Correlation  between 
numbers  and  infectivity  of  migrant  M.  quadrilineatus  with  AY  outbreaks  have  been  suggested 
for  canola. 


Methods:  Since  2001,  15-20  canola  fields  located  throughout  Saskatchewan  have  been  monitored 
every  growing  season  for  the  presence  of  AY  diseases  and  leafhopper  vector.  Symptomatic 
plants  were  visually  estimated  and  the  %  of  AY-infected  plants  were  calculated  after  randomly 
sampling  and  PCR  testing  100  plants  per  fields.  Leafhoppers  were  sampled  in  every  fields  twice 
monthly,  identified  and  tested  with  PCR  for  the  presence  of  AY  phytoplasma  DNA. 

Results/Conclusion:  Generally,  the  evolution  of  the  AY  incidence  over  time  is  correlated  with 
the  numbers  and  the  AY  infectivity  of  leafhopper.  Hypothesis  regarding  the  lack  of  outbreaks  in 
years  with  high  number  of  AY-infected  leafhoppers  is  proposed 
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Abstract  text: 

Introduction:  Bois  Noir  phytoplasmas  were  discovered  in  vineyards  of  Ontario,  Canada  in  2006. 
In  2007,  a  multidisciplinary  project  was  initiated  to  research  the  system 
leafhoppers/grapevines/phytoplasmas  in  Canadian  vineyards,  notably  the  occurrence  of 
phytoplasma  diseases  in  commercial  vineyards,  to  identify  leafhopper  species  and  grapevine 
cultivars  that  were  phytoplasma  positive.  We  also  conducted  behavioural  studies  to  characterize 
the  feeding  behaviour  of  several  leafhopper  species  associated  with  vineyards  and  detected 
phytoplasma  positive. 

Methods:  Epidemiological  studies  were  conducted  by  collecting  leafhoppers  and  grapevine 
leaves  samples  in  several  commercial  vineyards  of  Canada.  Theses  samples  were  subjected  to 
PCR  analysis  to  identify  phytoplasma  strains.  Feeding  behaviour  of  cicadellid  adults  was 
investigated  using  histological  and  electropenetrograph  studies. 


Results/Conclusion:  More  than  100  leafhoppers  species  are  associated  with  Canadian  vineyards. 
Several  new  phytoplasma  strains  were  identified  in  leafhoppers  and  grapevine  culivars. 
Histological  and  EPG  studies  revealed  that  Erythroneura  species  (the  most  abundant  species  in 
Canadian  vineyards  and  that  have  been  detected  phytoplasma-positive)  are  essentially  mesophyll 
feeders  and  do  not  feed  on  phloem. 
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Abstract  text: 


Introduction:  Global  food  security  requires  increased  crop  productivity  to  meet  escalating 
demands.  Even  current  levels  of  production  are  dependent  on  the  heavy  use  of  inputs,  including 
synthetic  pesticides  that  threaten  the  environment  and  human  wellbeing.  Biodiversity  provides 
ecosystem  services  such  as  biological  pest  control  that  potentially  underpin  sustainable 
intensification  of  agriculture.  But  biodiversity  is  eroded  under  most  agricultural  systems  and  its 
reinstatement  is  challenging. 

Methods:  This  paper  considers  whether  biodiversity  can  be  promoted  in  agricultural  systems  to 
the  extent  that  the  need  for  synthetic,  non-renewable  inputs  is  reduced  and  if  doing  this  can 
generate  equivalent  or  even  improved  crop  yields 

Results/Conclusion:  Amongst  the  examples  presented  is  a  multi-year,  multi-country  study  of  the 
effects  of  surrounding  rice  crops  with  nectar-producing  plants.  Populations  of  the  key  pests  (rice 
brown  planthopper,  Nilaparvata  lugens,  and  white  backed  planthopper,  Sogatella  furcifera )  were 
significantly  reduced,  and  crops  in  the  border  plant  intervention  treatment  required  a  mean  of 
1.00  insecticide  applications  per  season,  significantly  fewer  than  the  mean  of  3.36  applications  in 
the  control  treatment.  Meanwhile,  mean  grain  yield  in  the  border  plant  intervention  treatment 
was  increased  and  a  cost-benefit  analysis  indicated  the  intervention  treatment  delivered  a  7.5  per 
cent  advantage,  worth  US$215  ha-1,  over  normal  farm  practice  as  represented  by  the  control 
treatment.  Studies  of  this  type  signal  scope  to  feed  the  burgeoning  human  population  without 
increasing  our  reliance  on  synthetic  inputs  and  whilst  promoting  biodiversity. 
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Abstract  text: 

Introduction: 

Invasive  arthropods  threaten  global  food  supply,  ecosystem  integrity  and  trade.  Analysis  of 
freely  available  government  arthropod  incursion  response  and  eradication  programs 
(http://b3.net.nz/gerda/index.php)  reported  that  prospects  for  successful  eradication  were 
improved  more  than  20-fold  for  insect  species  with  attractants.  Detection  of  most  invasive 
species  is  difficult,  although  insect  traps  can  be  powerful  at  solving  the  detection  problem  by 
leveraging  attraction  over  a  large  active  space  into  surveillance. 

Methods: 

Traps  operating  as  biosensors  can  be  enabled  with  optical,  acoustic  or  other  sensors.  Insect 
behavioural  assays  including  proboscis  extension  response  (PER)  in  honeybees  can  be  used  for 
signature  odourant  detection  for  Tb  and  many  other  targets  but  have  yet  to  become  adopted.  E- 
nose  technologies  are  progressing  but  well  behind  insects  for  sensitivity,  including  honeybees 
with  aversive  training.  Bioelectricity-based  sensors  such  as  field  EAG  and  SSR  are  not  widely 
used  but  purely  electricity  based  biosensors  could  work  at  a  focussed  system  level,  such  as  the 
laser  based  LIDAR  in  line  of  sight  for  detection  of  odor-trained  honeybees  hovering  over  a 
Biosecurity  target.  Insect  telemetry  in  complex  landscapes  has  further  enormous  potential  to 
remove  the  limitation  of  line  of  sight. 

Results/Conclusion: 

Once  delimitation  is  achieved  there  remains  the  challenge  of  identifying  and  developing  suitable 
tactics  for  suppression,  and  deploying  them  successfully.  Precise  landscape  information  using 
biosensors  may  enable  adaptive  and  tailored  local  responses  from  managers  at  greater  precision. 
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Abstract  text: 

Introduction:  The  sterile  insect  technique  is  a  species-specific  pest  control  method  that  has  been 
used  successfully  for  the  control  of  the  screwworm  Cochliomyia  hominivorax  (Diptera: 
Calliphoridae),  several  species  of  fruit  flies  (Diptera:  Tephritidae),  tsetse  fly  Glossina  austeni 
(Diptera:  Glossinidae),  pink  bollworm  Pectinophora  gossypiella  (Lepidoptera:  Gelechiidae),  and 
codling  moth  Cydia  pomonella  (Lepidoptera:  Tortricidae),  among  others.  The  mode  of  action  is 
through  the  induction  of  sterility  in  the  wild  population.  Entomopathogenic  fungi,  particularly 
Beauveria  bassiana  (Bals.)  and  Metarhizium  anisoplae  (Met.)  Sorokin  have  been  used  as 
biological  control  agents  for  the  suppression  of  a  wide  range  of  insect  pests. 

Methods:  Using  fruit  flies  as  a  model  system,  the  feasibility  of  using  sterile  insects  to 
horizontally  transmit  entomopathogenic  fungi  conidia  was  investigated.  Lethal  times  of  B. 
bassiana  strains  were  determined.  The  horizontal  transmission  of  conidia  from  treated  to 
untreated  flies  was  determined  under  laboratory  and  field  cage  conditions  and  the  sexual 
performance  of  treated  sterile  males  was  assessed.  B.  bassiana  treated  sterile  males  were  released 
in  the  field  and  transmission  to  wild  flies  estimated.  The  effect  on  selected  non  target  organisms 
was  also  evaluated. 

Results/Conclusion:  Horizontal  transmission  was  confirmed.  The  sexual  performance  of  treated 
sterile  males  was  not  affected  during  the  first  four  days  post-treatment.  Field  trials  confirmed 


transmission  to  44%  of  wild  flies  captured  in  traps.  There  was  no  conidia  transmission  to  non¬ 
target  organisms.  The  very  small  amount  of  fungi  conidia  required  and  the  possibility  of 
affecting  the  wild  population  through  sterility  induction  or  mortality  due  to  fungi  infection  make 
this  approach  worth  further  consideration  and  development. 
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Abstract  text: 

Introduction: 

Pest  monitoring  and  outbreak  prediction  are  critical  to  pest  management.  However,  it  is  difficult 
to  determine  the  population  and  the  risks  brought  by  pests  if  solely  relying  on  pest  number 
readings.  The  number  of  pests  is  influenced  by  various  environmental  parameters,  such  as 
temperature,  humidity,  rainfall,  wind  speed  etc.  It  is  costly  if  collecting  these  data  manually.  An 
automatic  monitoring  system  is  therefore  a  better  choice  to  collect  agricultural  information, 
given  that  such  a  system  can  detect  environmental  parameters  simultaneously,  improve  the 
accuracy  of  measurements,  and  reduce  both  time  and  labour  costs. 

Methods: 

A  wireless  sensor  network-based  monitoring  system  was  developed  by  combining  automation, 
geographic  information,  internet  of  things  (IOTs),  and  wireless  communication  technologies. 

This  system  includes  two  major  components:  a  field  monitoring  network  for  collecting 
environmental  parameters  and  pest  density  detection  via  sensor  nodes,  which  is  then  sent  to  field 
gateways  and  a  remote  control  center  (RCC)  for  data  integration  through  wireless 
communication  technologies.  The  monitoring  system  has  been  applied  to  monitor  Bactrocera 


dorsalis  (Hendel)  and  Spodoptera  liturain  Taiwan.  More  than  200  nodes  were  set  up  for 
monitoring  the  pest  population  dynamics. 

Results/Conclusion: 

Our  RCC  provides  a  platform  for  data  exhibition  and  analysis,  which  allows  users  to  query  the 
sensing  statistics  and  links  the  pest  density  with  geographic  information.  Such  an  integrated 
platform  will  become  a  critical  tool  in  pest  management. 
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Introduction: 

Tephritid  (Diptera)  surveillance  programs  are  generally  mature  invasive  pest  detection  systems. 
Over  several  decades,  such  programs  around  the  world  have  detected  repeated  introductions  of 
fruit  flies,  enabling  extirpation  of  the  invading  species.  Despite  these  successes,  the  efficiency  of 
these  programs  can  be  improved  via  application  of  numerical  methods  and  computational 
analyses.  We  focus  here  on  the  design  and  optimization  of  attractant-based  trap  networks, 
describing  a  new  paradigm  utilising  computer-designed  trap  networks.  This  approach  could 
match  or  exceed  the  sensitivity  of  fixed  density  networks  with  fewer  traps. 

Methods: 

We  created  a  computer-designed  trap  network  for  tephritid  detection  via  two  components:  1)  a 
spatial  model  that  estimates  the  detection  sensitivity  of  a  trap  network,  parametrized  by  field 
experiments  on  individual  trap  captures  over  space  and  risk  factors,  and  2)  a  machine-learning 


component  that  iteratively  designs  and  tests  trap  networks.  Interaction  of  these  two  components 
generates  successively  improved  physical  trap  layouts  at  a  landscape  level. 

Results/Conclusion: 

The  biological  basis  of  the  trap  network  model  and  of  the  factors  used  to  evaluate  outbreak  risks 
are  critical.  For  some  species,  such  as  Ceratitis  capitata  Wiedemann,  this  information  exists 
from  over  a  century  of  intense  research.  For  this  species  and  others,  simulation  results  can  show 
theoretical  improvements  of  the  computer-designed  network  compared  with  a  fixed  number  of 
traps  per  unit  area  approach.  However,  validation  will  require  field  experiments  to  test  the  utility 
of  computer  simulations  for  invasive  tephritid  surveillance  trap  network  design. 
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Abstract  text: 

Introduction :  Based  on  the  same  principles  used  to  provenance  items  of  forensic,  commercial 
and  ecological  value,  such  as  cadavers,  milk  powder  and  rare-birds,  stable  isotope  and  trace 
element  biogeochemical  signatures  show  promise  as  markers  of  an  insects’  natal  origin.  In  the 
context  of  pest  management,  knowing  if  the  detection  of  a  high-risk  species  represents  a  new 
arrival  or  an  established  population  is  critical  for  rapid  decision-making  about  the  level  and 
nature  of  the  response  required.  Here,  an  example  of  how  this  technology  might  ultimately  assist 
with  the  decisions  of  how  to  deal  with  detection  of  a  few  fruit  flies  in  a  trap  in  a  fruit  fly  free 
zone  is  being  tested. 

Methods'.  Field  collected  fruit  and  soil  samples,  both  representing  local  isotopic  signatures,  were 
obtained  from  several  Australian  geographic  regions.  The  fruit  were  used  to  rear  Queensland 
fruit  fly  ( Bactrocera  tryoni)  and  medfly  ( Ceratitis  capitata )  in  quarantine.  Geographically 
informative  isotope  ratios  (52H,  5180, 87Sr/86Sr)  and  trace  element  concentrations  (Rb,  Cs  ng/g) 


were  measured  in  all  samples  by  respective  standard  mass  spectroscopy  techniques.  Multivariate 
analysis  of  the  data  was  used  to  infer  if  fruit  fly  geographic  origins  were  distinguishable  at 
relevant  spatial  scales. 

Results/Conclusion:  Results  are  discussed  in  light  of  success  with  other  non-fruit  fly  pest  species, 
which  had  provided  the  early  proof  of  principle  for  this  technology.  Advances  using  the  more 
sensitive  lazer  ablation  ICP-MS,  to  analyse  single  instead  of  pooled  flies,  and  consideration  of 
biological  characteristics  of  invasive  species  that  could  confound  results,  e.g.  polyphagy,  are  also 
discussed. 
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Introduction: 

In  California  traps  are  deployed  and  maintained  for  exotic  fruit  flies  detection  at  approximately 
30,000  locations. 

Methods: 

Solid  TMR  (trimedlure  [TML],  methyl  eugenol  [ME],  raspberry  ketone  [RK])  multi-lure 
dispensers  impregnated  with  DDVP  insecticide  and  placed  inside  Jackson  traps  were  weathered 
during  summer  and  winter  in  five  California  citrus  growing  counties  (Ventura,  Orange, 
Riverside,  Tulare,  and  Kern).  In  addition  TMR  wafers  without  DDVP  and  with  an  insecticidal 


strip  were  compared  to  TMR  dispensers  with  DDVP  at  Exeter  and  Riverside.  Weathered 
dispensers  were  sampled  and  chemically  analyzed  weekly.  Amounts  of  TML,  the  male  lure  for 
Ceratitis  capitata ,  Mediterranean  fruit  fly;  ME,  the  male  lure  for  f?actrocera  dorsalis ,  oriental 
fruit  fly;  and  RK,  the  male  lure  for  B.  cucurbitae,  melon  fly  were  determined  weekly  at  each 
location. 

Results/Conclusion: 

For  the  male  lures,  TML  degraded  fastest  followed  by  ME  and  RK.  Degradation  of  DDVP  in 
strips  occurred  faster  than  DDVP  in  the  TMR  dispenser.  Overall,  the  TMR  dispensers  performed 
well  over  a  variety  of  climatic  habitats  during  both  summer  and  winter.  Based  on  these  chemical 
assays  and  prior  bioassay  results  with  fruit  flies  in  Hawaii,  TMR  dispensers  could  potentially 
replace  three  individual  lure  traps,  reducing  costs  of  large  fruit  fly  survey  programs.  Use  of 
insecticidal  strips  with  TMR  dispensers  without  DDVP  are  economically  attractive  because  they 
would  not  require  registration  with  US-EPA.  TMR  dispensers  for  use  as  male  annihilation 
devices  were  also  tested  further  in  Hawaii  in  escape  proof  traps  without  an  insecticide  for  use  in 
C.  capitata  IPM  programs. 
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Abstract  text: 

Insect  resistant  genetically  engineered  maize,  cotton  and  soybean  have  been  grown  on  hundreds 
of  millions  of  hectares  around  the  world  for  20  years.  They  provide  protection  from 
Lepidopteran  and  Coleopteran  pest  feeding  and  deliver  substantial  benefits  to  farmers,  the 
environment,  and  society  compared  with  conventional  crops.  Similar  traits  are  in  development  or 
limited  commercial  use  in  non-commodity  crops,  especially  in  the  developing  world.  Science- 


based  regulations  were  put  in  place  during  the  early  years  of  development  and  commercial  use  of 
these  products  that  reflected  the  public’s  uncertainty  associated  with  a  new  technology.  These 
regulations  were  intended  to  ensure  that  unreasonable  and  unexpected  adverse  effects  would  not 
occur  in  the  environment  or  to  consumer  health  under  both  cultivation  and  import  scenarios. 
Despite  a  history  of  low  risk,  regulations  have  not  changed  on  the  basis  of  this  experience.  We 
will  discuss  the  current  status  of  regulations  for  these  crops,  acceptance  of  the  crops  by  farmers 
and  consumers,  and  explore  barriers  that  mostly  limit  the  use  of  these  traits  to  major  commodity 
crops  and  reduce  the  ability  of  farmers  and  consumers  around  the  world  to  attain  the  full 
potential  of  the  technology. 
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Abstract  text: 

Genetically  engineered  (GE)  plants  with  resistance  to  insect  pests  were  first  commercially  sold  in 
the  United  States  in  1996.  These  maize  hybrids  were  unique  because  they  produced  their  own 
insecticide,  a  protein  from  the  bacterium,  Bacillus  thuringiensis  (Bt),  that  targeted  European  corn 
borer,  Ostrinia  nubilalis.  Subsequently  in  2003  Bt  maize  hybrids  with  resistance  to  corn 
rootworm  beetles,  Diabrotica  virgifera  virgifera,  were  introduced.  One  of  the  primary  benefits  of 
these  crops  has  been  the  reduced  use  of  synthetic  chemical  insecticides.  However,  insect 
resistance  to  Bt  threatens  sustainability  of  this  technology.  Some  insects  have  become  resistant  to 
Bt  crops,  while  others  have  not:  two  distinctive  types.  This  talk  will  provide  an  overview  of 
lessons  learned  regarding  insect  resistance  and  how  integrated  pest  management  (IPM)  may  play 
an  important  role  in  managing  insect  resistance.  The  talk  will  focus  on  European  corn  borer  and 
western  corn  rootworm  in  the  United  States,  fall  armyworn,  Spodoptera  frugiperda ,  in  Brazil, 
and  African  stem  borer,  Busseola  fusca ,  in  South  Africa. 
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Abstract  text: 

Bt  cottons  containing  Cry  proteins  from  Bacillus  thuringiensis  have  been  released  for 
commercial  cultivation  since  the  early  1990’s,  and  are  now  grown  in  many  countries.  Bt  cotton 
was  introduced  to  reduce  insecticide  applications  against  primary  Lepidopteran  pests,  especially 
the  Helicoverpa/Heliothis  complex  and  pink  bollworm,  Pectinophora  gossypiella ,  in  response  to 
escalating  insecticide  resistance  and  costs  and  environmental  and  health  concerns.  We  review  the 
impact  of  Bt  cotton  in  Australia,  China,  USA,  Brazil  and  India,  all  large  cotton  producers.  In  all 
countries,  Bt  cotton  reduced  the  number  of  insecticide  applications  against  the  Lepidopteran 
pests,  increased  yield  and  farm  income  (where  control  of  Lepidopteran  pests  was  previously 
poor),  reduced  regional  pest  Lepidopteran  abundance  and  improved  resource  use  efficiency. 
However,  benefits  for  improved  integrated  pest  management  (IPM)  have  varied  between  and 
within  countries.  Reasons  include:  (i)  the  emergence  of  pests  not  susceptible  to  Bt  cotton  and  no 
longer  controlled  by  sprays  against  Lepidopteran  pests,  (ii)  interaction  with  control  strategies  for 
other  pests  (e.g.  boll  weevil,  leafhoppers  and  mealy  bugs),  (iii)  interaction  with  other  crops  in  the 
production  areas  (including  different  crops  expressing  similar  toxins)  and  (iv)  changes  in  the 
proportion  of  crops  which  may  be  hosts  for  emergent  pests.  Development  of  resistance  remains  a 
persistent  threat.  These  issues  have  required  ongoing  adaptation  of  existing  IPM  and  IRM 
systems.  Nevertheless,  Bt  cotton  provides  a  strong  foundation  on  which  to  improve  existing  IPM 
systems  with  careful  management  and  integration  with  other  technologies  (HPR,  selective 
insecticides,  RNAi),  and  this  trend  will  continue. 
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Abstract  text: 

One  of  the  most  important  applications  of  genetically  modified  varieties  is  the  control  of  pests. 
They  serve  two  purposes:  replacing  pesticides  and  reducing  pest  damage.  In  countries  where  they 
replace  pesticides,  the  benefit  of  Bt  crops  is  a  reduction  in  the  environmental  side  effects  of 
pesticides,  and  there  is  evidence  that  the  health  effect  of  reduced  exposure  in  the  U.S.  and  China 
is  quite  significant.  In  other  countries,  they  increase  yields  by  reducing  pest  damage,  and  this 
yield  effect  can  be  substantial.  We  estimate  that  the  yield  effect  of  Bt  crops  may  be  between  10- 
40%  in  cotton  and  20%  in  corn.  This  yield  effect  has  resulted  in  an  increase  in  the  prices  of  these 
commodities,  which  we  estimate  to  be  around  10%  in  the  case  of  corn  and  25%  in  the  case  of 
cotton,  benefiting  consumers  and  sometimes  producers.  The  fact  that  Bt  cotton  has  been  adopted 
on  a  larger  land  base  than  Bt  corn  has  resulted  in  lower  increases  in  cotton  prices  than  corn 
prices,  and  a  shift  in  production  of  cotton  to  China  and  India,  who  have  adopted  it,  and  corn  in 
the  U.S.  The  lack  of  adoption  of  Bt  varieties  in  the  developing  world  as  well  as  in  Europe  has 
resulted  in  costs  of  tens  of  billions  of  dollars  annually  because  of  higher  prices,  higher 
production  costs,  and  increased  health  costs. 
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Abstract  text: 

Introduction:  Arthropods  form  a  major  part  of  the  biodiversity  in  agricultural  landscapes  and 
contribute  to  important  ecosystem  services  including  control  of  pest  arthropods,  pollination,  and 
decomposition.  Some  arthropods  are  protected  species  because  they  are  of  conservation  value. 
Consequently,  certain  arthropods  or  the  ecosystem  services  they  provide  are  regarded  as  entities 
to  be  protected  from  pest  control  measures.  Therefore,  the  potential  impacts  that  genetically 
engineered  (GE)  plants  may  have  on  those  valued  non-target  arthropods  (NTAs)  are  addressed  in 
the  environmental  risk  assessment  (ERA)  that  is  conducted  prior  to  the  commercial  release  into 
the  environment  of  a  GE  plant.  This  is  of  particular  relevance  in  the  case  of  GE  plants  producing 
insecticidal  compounds  for  pest  control. 

Methods:  Using  GE  crops  that  produce  Cry  proteins  from  Bacillus  thuringiensis  as  an  example, 
this  talk  describes  how  to  assess  the  non-target  risks  of  GE  crops  to  ensure  that  they  are 
compatible  with  other  insect  pest  control  strategies  and  can  contribute  to  integrated  pest 
management  programs.  This  includes  the  use  of  problem  formulation  to  formulate  testable  risk 
hypotheses,  the  application  of  the  tiered  risk  assessment  framework,  the  selection  of  species  for 
laboratory  toxicity  tests  and  the  design  of  robust  laboratory  tests  to  support  the  ERA. 

Results/Conclusion:  The  relevance  and  quality  of  the  collected  information  is  important  to 
enhance  the  safety  of  the  GE  plants  released  and  data  transportability  across  jurisdictions. 


Symposium 

Presentation  Title:  Resistance  management  in  insect  resistant  genetically-engineered  crops 

Author  Name:  Rick  Roush 

Author  Institution:  Pennsylvania  State  University 

Session  Title:  Symposium:  Insect-Resistant  Genetically  Engineered  Crops:  Current  Status, 
Concerns,  and  Future  Prospects 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1811 

DOI:  10. 1603/ICE.20 16.932 14 


Abstract  text: 


Introduction:  Since  their  introduction  in  1996,  crops  using  genes  derived  from  Bacillus 
thuringiensis  have  proven  to  be  remarkably  sustainable  compared  to  prior  use  of  insecticides. 
Whereas  newly  introduced  insecticides  often  failed  within  7-8  years  for  cotton  pests  such  as 
Helicoverpa  armigera  and  Heliothis  virescens ,  for  example,  Bt  cotton  has  provided  sustained 
management  of  these  pests  in  Australia  and  the  USA,  respectively,  since  1996.  However,  across 
Bt  cotton  and  corn,  there  have  been  control  failures  among  at  least  4  insect  pests  in  5  countries. 
Consistent  with  modeling  and  experiments  from  more  than  a  decade  ago,  factors  delaying 
resistance  include  relatively  high  expression  of  Bt  toxins  (providing  high  kill  of  at  least 
susceptible  genotypes),  abundant  refuges  of  non-Bt  host  plants,  and  two-toxin  Bt  crops  deployed 
separately  from  one -toxin  Bt  crops  (see  also  Tabashnik  et  al.  2013,  Nature  Biotech  31:  510).  A 
key  example  is  the  pink  bollworm,  Pectinophora  gossypiella,  for  which  resistance  evolved  in 
India  under  marginal  refuge  adoption,  but  not  in  the  USA,  where  refuge  compliance  has  been 
good.  To  preserve  the  benefits  of  Bt  crops,  both  government  and  industry  need  to  be  better 
engaged  in  applying  these  lessons. 

Results/Conclusion:  In  intensive  monitoring  efforts,  resistance  alleles  were  found  for  both 
Cry2Ab  (at  frequencies  of  at  least  0.001)  and  Vip3A  (at  0.008-0.027)  in  Australian  Helicoverpa 
punctigera  and  H.  armigera  even  before  these  toxins  were  deployed.  This  suggests  that  the 
frequencies  of  resistance  to  candidate  toxins  should  be  tested  before  they  are  fully  developed. 
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Abstract  text: 

The  eggplant  fruit  and  shoot  borer  (EFSB),  Leucinodes  orbonalis,  is  the  major  pest  of  eggplant 
throughout  Asia  and  Africa.  Eggplant  is  one  of  the  most  nutritious  and  important  vegetables 
consumed  in  India,  Bangladesh  and  the  Philippines,  but  is  treated  with  insecticides  as  often  as 
every  other  day  to  control  EFSB.  Beginning  in  the  early  2000s,  the  Indian  seed  company 


Mahyco  introduced  a  Cry  1  Ac  gene  into  eggplant  to  make  it  resistant  to  EFSB.  After  extensive 
agronomic  and  safety  testing  —  transgenic  Cry  proteins  have  a  long  history  of  safe  use  globally  — 
the  product  was  to  be  commercialized  in  India.  However,  a  politically-motivated  moratorium  on 
cultivation  was  mandated  in  February  2010.  Meanwhile,  in  Bangladesh  4  Bt  eggplant  lines 
developed  by  the  Bangladesh  Agricultural  Research  Institute  (BARI) 
were  conditionally  approved  for  cultivation  in  September  2013.  In  2014,  BARI  provided  20 
farmers  with  Bt  eggplant  lines  and,  in  2015,  108  farmers.  In  addition  to  plants  distributed  by 
BARI,  farmers  are  allowed  to  save  their  seed  so  it  is  estimated  that  several  hundred  Bangladesh 
farmers  now  plant  Bt  eggplant.  After  extensive  testing  of  this  product  in  the  Philippines,  a 
regulatory  dossier  is  being  prepared  for  submission  to  regulators  for  commercialization,  and 
India  is  reconsidering  its  moratorium.  In  this  presentation  we  review  the  present  status  of  Bt 
eggplant  globally  and  discuss  its  ability  to  control  EFSB,  its  impacts  on  pesticide  use  patterns 
and  the  economics  of  producing  eggplant.  We  also  address  the  need  for  IRM  stewardship  to 
ensure  the  durability  of  this  valuable  technology. 
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Abstract  text: 

As  a  developing  country  with  relatively  limited  arable  land,  China  is  making  great  efforts  for 
development  and  use  of  genetically  modified  (GM)  crops  to  boost  agricultural  productivity.  In 
recent  years  many  Bacillus  thuringiensis  (Bt)  rice  varieties  have  been  developed  in  China.  To 
ensure  the  safe  use  of  Bt  rice,  numerous  biosafety  risk  assessments  of  Bt  rice  were  conducted  in 
the  laboratory  and  field.  In  October  2009,  the  Chinese  Ministry  of  Agriculture  issued  biosafety 
certificates  for  commercial  production  of  two  CrylAb/lAc  rice  lines.  China  made  a  great  leap 
forward  from  Bt  rice  basic  research  to  potential  commercialization  of  the  world’s  first  Bt  rice. 
However,  the  biosafety  certificates  were  not  renewed,  and  expired  in  2014.  In  this  presentation, 
biosafety  assessments  of  Bt  rice  in  China  will  be  summarized  and  public  acceptance  of  Bt  rice  in 
China  will  be  discussed. 
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Introduction:  Arachnid  venoms  contain  complex  mixtures  of  biologically  active  components, 
some  of  which  are  neurotoxins  that  disrupt  ion  channel  function.  Neurotoxins  can  have  high 
potency  and  specificity  of  action  towards  invertebrates,  and  are  ideal  candidates  for  the 
development  of  new  insecticides  offering  improved  target  specificity  and  therefore  reduced 
environmental  impact  by  comparison  with  conventional  insecticides.  However,  these  toxins  are 
normally  effective  when  injected  into  insects,  and  are  typically  ineffective  when  administered 
orally,  since  they  are  unable  to  access  the  central  nervous  system  where  they  are  active. 

Methods:  We  have  developed  a  novel  method  that  enables  the  oral  delivery  of  insecticidal 
peptides  to  their  site  of  action.  A  recombinant  approach  is  used  to  construct  genes  encoding 
insecticidal  peptides  linked  to  a  gene  encoding  a  carrier  protein  (snowdrop  lectin,  GNA).  The 
resulting  constructs  are  introduced  into  microorganisms  for  expression.  Fusion  proteins  produced 
by  microbial  fermentation  can  subsequently  be  tested  for  insecticidal  activity  against  crop  pests. 
Following  ingestion  of  the  fusion  protein,  the  carrier  component  directs  transport  across  the  gut 
of  the  target  insect  and  thereby  delivers  the  insecticidal  component  to  the  circulatory  system, 
where  it  is  active. 

Results/Conclusion:  Potential  for  the  development  of  novel  biopesticides  based  on  arachnid- 
derived  venom  toxins  is  illustrated  by  the  design  and  production  of  fusion  proteins  containing 
toxins  that  target  different  insect,  but  not  mammalian,  ion  channels.  We  also  present  research  to 
show  that  fusion  proteins  can  be  expressed  in  functional  form  in  transgenic  plants.  Thus  the 
technology  has  potential  for  achieving  endogenous  crop  protection  in  GM  crops. 
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Many  insect  species  are  known  to  be  sensitive  to  RNA  interference  (RNAi)  either  through 
feeding  or  injection  or  both.  Some  economically  important  insects  such  as  western  corn 
rootworms  (. Diabrotica  virgifera  virgifera)  are  more  sensitive  to  RNAi  compared  to 
Lepidopterans  or  Hemipterans.  In  this  presentation,  current  efforts  to  use  RNAi  as  a  trait  to 
control  economically  important  insects,  regulatory  challenges  facing  trait  development  and 
unknown  factors  such  as  resistance  to  RNAi  will  be  reviewed. 
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Introduction:  Sulfur  is  an  element  necessary  for  the  life  cycle  of  higher  plants.  Its  assimilation 
and  reduction  into  essential  biomolecules  are  pivotal  factors  determining  a  plant’s  growth  and 
vigor  as  well  as  resistance  to  biotic  stress.  While  certain  soil  microbes  can  enhance  ion  solubility 
via  chelating  agents  or  oxidation,  microbial  regulation  of  plant-sulfur  assimilation  has  not  been 
reported. 

Methods:  Here  we  report  a  previously  unidentified  mechanism  by  which  the  growth-promoting 
rhizobacterium  Bacillus  subtilis  (GB03)  transcriptionally  activates  genes  responsible  for  sulfur 
assimilation,  increasing  sulfur  uptake  and  accumulation  in  Arabidopsis.  Moreover,  transcripts 
encoding  for  sulfur-rich  aliphatic  and  indolic  glucosinolates  are  GB03  induced. 

Results/Conclusion:  GB03 -exposed  plants  with  elevated  glucosinolates  exhibit  greater  protection 
against  the  generalist  herbivore,  Spodoptera  exigua  (beet  army  worm).  In  contrast,  a  previously- 
characterized  glucosinolate  mutant  compromised  in  the  production  of  both  aliphatic  and  indolic 
glucosinolates  is  also  compromised  in  terms  of  GB03 -induced  protection  against  insect 
herbivory.  As  with  in  vitro  studies,  soil-grown  plants  show  enhanced  glucosinolate  accumulation 
and  protection  against  beet  armyworm  feeding  with  GB03  exposure.  These  results  demonstrate 
the  potential  of  microbes  to  regulate  plant  sulfur  assimilation  and  emphasize  the  sophisticated 
integration  of  microbial  signaling  in  plant  defense. 
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Introduction:  Soil  nutrition  can  influence  plant  expression  of  defense  and  plant  interactions  with 
monarch  butterflies  in  natural  and  agricultural  systems.  However,  most  plants  obtain 
macronutrients  from  microbial  symbionts  at  a  carbon  cost.  Due  to  this  resource  exchange,  we 
expect  that  soil  fertility  can  influence  the  plant  cost  to  hosting  symbionts  and  resulting  effects  on 
plant  defense.  Here,  I  test  the  hypothesis  that  the  effects  of  mycorrhizal  fungi  on  plant  growth 
and  defense  depend  on  soil  fertility. 

Methods:  Asclepias  syriac a  seedlings  were  grown  with  ten  densities  of  mycorrhizal  fungal 
inoculum  across  a  gradient  of  soil  nutrient  availability  (N  and  P).  Plants  were  harvested  after  3 
months  of  growth.  Roots  were  examined  for  mycorrhizal  colonization.  We  examined  plant 
biomass  and  defense  traits  in  aboveground  plant  material.  Specifically,  we  quantified  latex 
production,  cardenolide  concentration,  and  leaf  toughness. 

Results/Conclusion:  Fertilization  treatments  influenced  mycorrhizal  colonization  in  a  nonlinear 
fashion,  with  the  highest  levels  occurring  at  intermediate  fertilization  application.  Mycorrhizal 
inoculum  density  decreased  A.  syriaca  biomass  under  low  nutrient  conditions,  but  had  little 
effect  under  high  fertilization.  Mycorrhizal  inoculum  and  fertilization  also  affected  the 
expression  of  defense  traits  in  an  interactive  fashion.  These  results  reveal  that  the  effects  of  soil- 
borne  microorganisms  on  plant  growth  and  defense  traits  depend  on  soil  nutrient  status. 
Specifically,  soil  nutrition  can  alter  the  costs  and  benefits  associated  with  symbiosis  and  change 
plant  associations  with  mycorrhizal  fungi.  These  results,  in  combination  with  previous  work, 
suggest  that  soil  microbes  and  soil  fertility  jointly  influence  plant-herbivore  interactions,  with 
implications  for  agricultural  management  of  plant-pest  interactions. 


Symposium 

Presentation  Title:  A  lipid-mediated  cross-talk  between  insect  defense  and  drought  stress 
responses 

Author  Name:  Michael  Kolomiets 
Author  Institution:  Texas  A&M  University 

Session  Title:  Symposium:  Research  Frontiers  into  the  Use  of  FoePreventive  Medicine€  in 
Arthropod  Pest  Management 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1818 

DOI:  10.1603/ICE.2016.94316 


Abstract  text: 


Introduction:  Both  drought  stress  and  insect  feeding  are  known  to  transcriptionally  and 
metabolically  reprogram  plant  genomes  to  switch  from  growth  to  defense  modes.  Stress  signals 
responsible  include  plant  lipid  derivatives  such  as  oxylipins.  With  the  exception  of  jasmonates, 
the  functions  of  other  estimated  600  putative  oxylipin  signals  is  unknown.  Here,  we  present 
recent  results  suggesting  that  these  poorly  understood  molecules  are  required  for  both  defense 
against  insects  and  drought  tolerance. 

Methods:  To  decipher  the  functions  of  oxylipins,  we  created  a  large  and  unique  library  of  maize 
near-isogenic  mutants  in  most  family  members  of  the  major  oxylipin  biosynthesis  enzymes, 
lipoxygenases  and  oxo-phytodienoate  reductases  (OPR).  The  mutants  were  tested  for  resistance 
to  fall  and  beet  armyworms,  Spodoptera  frugiperda  and  S.  exiqua,  and  drought  stress  tolerance 
as  measured  by  water  loss  assays  and  survival  after  prolonged  periods  of  water  withholding. 
Hormone,  oxylipin  and  metabolic  profiling  was  carried  out  by  UPLC-MS/MS  techniques. 

Results/Conclusion:  The  functional  analyses  identified  several  LOX  and  OPR  genes  that  display 
reduced  insect  resistance  and  either  reduced  or  increased  drought  tolerance  depending  on  specific 
LOX  or  OPR  gene.  Surprisingly,  the  mutations  that  exhibited  the  strongest  effect  on  resistance  to 
both  stresses  are  in  the  genes  that  are  not  directly  involved  in  jasmonates  biosynthesis, 
suggesting  the  understudied  novel  oxylipins  have  potent  signaling  activities  in  defense  against 
insects  and/or  drought.  Interestingly,  most  of  the  mutants  with  increased  susceptibility  to  insects 
were  also  more  sensitive  to  drought,  suggesting  a  potential  cross-talk  mediated  by  same  oxylipin 
signals. 
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Introduction:  Herbivorous  insects  are  considered  a  major  problem  in  cranberry  ( Vaccinium 
macrocarponAit.,  Ericaceae)  production.  Spraying  chemical  pesticides  is  common  practice,  but 
beneficial  insects  such  as  honeybees,  important  pollinators,  and  natural  enemies  of  herbivores, 
such  as  predators  and  parasitoids,  could  be  affected  as  well.  Therefore,  we  focused  on  the 
defensive  mechanisms  that  cranberry  plants  themselves  use  to  combat  insect  pests,  and  aimed  to 
strengthen  these  by  manipulating  available  nutrient  levels. 

Methods:  We  subjected  6  cranberry  genotypes  to  4  different  fertilizer  rates.  In  a  greenhouse 
setting,  we  assessed  performance  of  the  native  pests  Sparganothis  sulfureana  and  Choristoneura 
parallela  (Lepidoptera:  Tortricidae)  and  the  invasive  pest  Lymantria  dispar  (Lepidoptera: 
Erebidae).  Also,  we  measured  plant  growth,  levels  of  nitrogen  and  phenolic  acids  and  emission 
of  herbivore-induced  plant  volatiles. 

Results/Conclusion:  The  results  showed  that  cranberry  varieties  differ  in  their  insect  resistance 
qualities.  Overall,  increased  nutrient  availability  decreased  plant  resistance  against  the  pests, 
although  the  strength  of  this  effect  was  influenced  by  plant  genotype  and  herbivore  species. 
Experimentally  augmenting  plant  resistance  by  manipulating  nutrient  levels  may  contribute  to 
the  development  of  more  sustainable  pest  management  practices. 
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Introduction:  Plant  feeding  pest  mites  and  plant  feeding  predatory  mites  can  be  similarly  affected 
by  cultivar,  yet  the  latter  has  not  been  studied.  Another  factor  that  has  been  ignored  in  host  plant 
mite  interactions,  especially  in  lab  studies,  is  the  effect  of  UV  light. 

Methods:  Mites  were  monitored  monthly  on  pomelo  and  Shamouti  orange  trees  in  the  field, 
colonized  with  the  non-plant  feeding  aggressive  intraguild  predator  (IGP)  Amblyseius  swirskii, 
following  releases  of  Euseius  scutalis  and  E.  stipulatus ,  both  known  as  plant  feeders.  Similarly, 
under  semi-field  conditions  establishment  of  these  species  were  evaluated  on  pomelo  and 
Shamouti  seedlings.  To  determine  UV  effects  we  exposed  the  seedlings  to  a  full  spectrum,  full 
spectrum  minus  UVB,  full  spectrum  minus  UVA  and  UVB. 

Results/Conclusion:  In  the  field  on  pomelo,  establishment  of  E.  stipulatus  was  minimal  whereas 
population  levels  of  the  naturally  occurring  IGP  A.  swirskii  were  high.  In  contrast  on  Shamouti 
populations  of  E.  stipulatus ,  were  higher  than  those  of  A.  swirskii.  Establishment  of  E.  scutalis  in 
both  plots  and  in  the  seedling  trial  was  nil  and  low,  respectively.  In  the  E.  stipulatus  seedling  trial 
the  levels  of  A.  swirskii  were  substantially  higher  on  pomelo  than  on  Shamouti,  whereas  the 
populations  of  E.  stipulatus  were  not  affected  by  cultivar.  UV  affected  mite  establishment,  where 
populations  were  highest  without  UV.  Evidently  IGP,  cultivar  and  UV  need  to  be  considered 
when  evaluating  biocontrol  under  controlled  and  semi  controlled  conditions,  regardless  of 
whether  the  phytoseiids  feed  on  the  plant  or  not. 
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Introduction:  Water  hyacinth  ( Eichhornia  crassipes )  is  the  world’s  most  economically  damaging 
aquatic  weed  species.  The  California  Sacramento  /  San  Joaquin  Delta,  is  a  large  (68,000-acres) 


complex  and  highly  dynamic  ecosystem  with  tidal  influence,  urban  pollution,  land  subsidence 
(erosion),  and  agricultural  runoff.  Invasive  infestations  by  water  hyacinth  are  directly  and 
indirectly  associated  with:  clogged  waterways,  increase  in  evapotranspiration,  reduction  in 
biodiversity,  threat  to  endemic  aquatic  species,  loss  of  agricultural  irrigation  water,  increased 
prevalence  of  the  West  Nile  Virus  mosquito  vector. 

Methods:  To  investigate  the  mechanisms  of  water  hyacinth  control,  an  efficient  Baysian  model 
system  is  required.  Although  deterministic  models  have  been  used  to  predict  organism  control, 
such  models  suffer  from  the  inability  to  account  for  stochasticity  in  a  system.  Entomologists  and 
conservationists  in  related  fields  have  offered  multidisciplinary  and  multi-institutional  computer 
modeling  programs  to  optimize  success  of  biological  control  agents.  In  view  of  the  success  of 
such  models,  it  was  decided  to  provide  an  up  to  date  and  comprehensive  spatio-temporal 
ecological  model  of  water  hyacinth  environment  on  the  performance  of  a  biological  control 
agent. 

Results  /  Conclusion:  The  first  section  of  this  presentation  details  the  selection  of  the  salient 
variables  for  spatio-temporal  ecological  models.  The  second  section  contains  information  dealing 
with  biological  control  (Coleoptera:  Curculionidae  Neochetina  bruchi )  and  weed  interactions. 

The  third  section  provides  the  results  of  a  test  of  the  model. 
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Introduction:  The  honey  bee,  Apis  mellifera ,  is  host  to  a  variety  of  microorganisms.  The  bacterial 
community  that  occupies  the  adult  worker  gut  contains  a  core  group  of  approximately  seven 
taxa,  while  the  hive  environment  contains  its  own  distribution  of  bacteria  that  is  in  many  ways 


distinct  from  the  gut.  Parasaccharibacter  apium,  gen.  nov.,  sp.  nov.,  is  a  hive  bacterium  found  in 
food  stores  and  in  larvae,  worker  jelly,  worker  hypopharyngeal  glands,  and  queens.  P. 
apium  increases  larval  survival  under  laboratory  conditions. 

Methods:  To  determine  if  this  benefit  is  extended  to  colonies  in  the  field,  we  tested  if  P.  apium 
(1)  survives  and  reproduces  in  supplemental  pollen  patty,  (2)  is  distributed  throughout  the 
hive  when  added  to  pollen  patty,  (3)  benefits  colony  health,  and  (4)  increases  the  ability  of 
foragers  to  resist  the  Nosema. 

Results/Conclusion:  P.  apium  survived  in  supplemental  diet  and  was  readily  consumed  by  bees. 

It  was  distributed  throughout  the  hive  under  field  conditions,  moving  from  the  pollen  patty  to 
hive  larvae.  While  P.  apium  did  not  significantly  increase  colony  brood  production,  food  stores, 
or  foraging  rates,  it  did  increase  resistance  to  Nosema  infection.  Our  data  suggests  that  P.  apium 
may  positively  impact  honey  bee  health.  Potential  mechanisms  underlying  the  benefit  are 
discussed. 
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Introduction:  Bees  benefit  humans  in  large  part  through  their  role  as  pollinators,  for  which  some 
species  of  honey  bees  and  bumblebees  are  carefully  managed  to  enhance  crop  production. 
Commercial  bee  management  in  the  USA  and  Canada  involves  the  transient  movement  of 
thousands  of  bee  colonies  to  crop  sites  and  prophylactic  use  of  antibiotics  and  other 
agrochemicals  to  prevent  or  limit  populations  of  common  bee  parasites  pathogens.  Biotic  and 
abiotic  stress  factors  are  of  renewed  concern  for  impacts  on  bees  in  light  of  declining  bee  health 
over  the  past  decade.  Like  all  animals,  diverse  bacterial  species  have  evolved  to  live 
symbiotically  within  honey  bee  guts,  forming  complex  microbiome  communities.  Some  of  these 


bacteria  are  endemic  and  are  predicted  to  act  mutualistically  by  enhancing  host  nutrition  and 
defense  against  parasites.  Non-target  impacts  from  current  commercial  bee  management 
practices  on  these  microbiota  communities  may  occur,  potentially  disrupting  host  nutrition  and 
parasite  defense.  Cultures  of  many  honey  bee-specific  bacteria  are  now  available.  In  addition, 
broadly  recognized  probiotic  bacteria,  including  species  of  Bifidobacterium  and 
Lactobacillus  native  to  mammalian  guts  are  promoted  as  potentially  beneficial  to  honey  bees.  In 
principle,  probiotic  treatment  with  these  bacteria  may  therapeutically  mitigate  stressors  and 
rebuild  microbiota  communities  in  managed  bee  colonies. 

Results/Conclusion:  By  experimentally  manipulating  nascent  adult  bee  microbiomes  with 
candidate  probiotic  bacteria  and/or  parasites,  we  assess  impacts  on  microbiome  constitution,  bee 
health,  and  parasite  susceptibility.  We  discuss  these  emerging  probiotic  options  and  efficacy  data 
addressing  their  potential  role  in  bee  management. 
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Introduction:  Remote  sensing  can  be  ground-based  (proximal),  and  therefore  acquired  at  a  high 
spatial  resolution,  or  airborne  at  lower  spatial  resolution  to  cover  large  areas.  Despite  important 
challenges,  airborne  remote  sensing  technologies  will  undoubtedly  be  of  major  importance  in 
optimized  management  of  agricultural  systems  in  the  twenty-first  century.  Remote  sensing 
technologies  are  particularly  useful  as  art  of  spatio-temporal  of  nutrient  and  irrigation 
deficiencies  as  part  of  agronomic  optimization  and  to  prevent  crops  from  being  infested  with 
arthropod  pests. 


Methods:  We  used  a  combination  of  proximal  and  airborne  remote  sensing  technologies  to  detect 
and  characterize  relationships  between  crop  nutreint  composition  and  stress  induced  by  different 
arthropods,  including  twospotted  spider  mites. 

Results/Conclusion:  A  conceptual  framework  will  be  presented  in  which  remote  sensing  based 
crop  monitoring  is  used  to:  optimize  agricultural  input  management  and  to  minimize  risks  of 
arthropod  pest  outbreaks. 
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Introduction:  We  examine  two  mechanisms  through  which  successful  pest  management  may  be 
influenced  by  events  occurring  before  the  crop  is  colonized  by  the  insect  community  (e.g., 
“preventive  medicine”):  the  influences  of  crop  rotation  and  nutrient  management.  Crop  rotation 
is  one  of  the  oldest  and  most  important  cultural  practices  that  may  shape  pest  densities,  and  is 
typically  used  to  manage  pests  that  can  bridge  between  successive  cropping  cycles  in  a  resting 
stage  in  the  soil.  Crop  nutrition  may  modulate  crop  suitability  for  pests,  either  by  influencing 
food  quality  or  plant  defense. 

Methods:  We  used  data  gathered  from  the  commercial  farming  setting  to  evaluate  the 
importance  of  crop  rotation  and  crop  nutrition  for  pest  population  build-up,  impact  on  the  crop, 
pesticide  use,  and  crop  yield.  Data  were  gathered  primarily  from  independent  pest  management 
consultants  and  growers. 

Results/Conclusion:  We  find  strong  influences  of  crop  rotation  on  densities  of  Lygus  hesperus  in 
California  cotton,  nutrient  status  of  cotton  crops,  sensitivity  of  the  cotton  crop  to  Lygus 


herbivory,  farmer  decisions  to  apply  insecticides,  and  final  crop  yield.  Farmers  can  optimize  the 
layout  of  their  ranches  to  manage  both  within-year  and  between-year  effects  of  crop  landscapes 
on  pest  populations. 
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Abstract  text: 

Climate  change  is  emerging  as  the  predominant  influence  on  forest  ecosystem  function  and 
diversity  due  to  its  profound  effect  on  many  biotic  processes.  Furthermore,  its  pervasive  nature 
will  likely  amplify  other  important  drivers  of  forest  change,  including  invasive  species.  The 
major  hypothesized  effects  of  a  warming  climate  on  biological  invasions  in  forests  are:  (1) 
Altered  probability  of  establishment  for  novel  species,  (2)  changes  in  distributional  ranges  of 
already  established  invaders,  (3)  changes  in  trophic  interactions  (4)  altered  seasonality  and 
voltinism,  and  (5)  changes  to  outbreak  frequency  and  intensity.  Empirical  examples  of  the 
influence  of  climate  on  any  of  these  processes  are  few  and  ascribing  changes  of  any  aspect  of 
insect  invasion  to  a  climatic  driver  is  challenging.  First,  in  all  but  a  few  systems,  we  lack  the 
spatial  and  temporal  resolution  to  detect  climatically  driven  changes  in  range  or  density.  Second, 
we  often  have  a  poor  understanding  of  a  given  species  physiological  and  ecological  envelope. 
Third,  the  rapid  changes  in  population  density  and  range  inherent  to  invasion  may  mask  any 
influence  of  climate  on  distribution  and  abundance.  The  focus  of  our  symposium  will  be  to 
highlight  exemplar  systems  where  a  warming  climate  has  been  shown  to  influence  invasions  in 
forest  insects.  We  also  showcase  efforts  to  develop  predictive  models  that  may  help  to  bridge  the 
gap  between  the  few  systems  where  empirical  data  exists  and  the  vast  number  of  existing  and 
potential  invasions  where  such  data  is  deficient. 
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Abstract  text: 

Forest  die-off  caused  by  the  invasive  mountain  pine  beetle  (MPB,  Dendroctonus  ponder osae)  is 
rapidly  transforming  western  North  American  forest  landscapes.  We  have  investigated  suitability 
of  jack  pine  ( Pinus  banksiana)  as  a  host  for  the  MPB  in  the  jack  pine  forests.  We  have 
investigated  whether  compatibility  of  jack  pine  chemicals  with  MPB  and  its  symbiotic  fungi  has 
facilitated  the  colonization  of  this  novel  host.  We  have  identified  four  mechanisms  that  have 
likely  facilitated  the  MPB  host  range  expansion.  First,  jack  pine  trees  appeared  to  have  less 
pronounced  chemical  defenses,  both  constitutive  and  induced, (phenolics,  terpenoids,  fatty  acids) 
than  a  historical  host  of  MPB,  lodgepole  pine  (P.  contorta).  This  probably  helped  beetles  to 
overcome  host  tree  resistance.  Second,  prior  to  the  arrival  to  the  jack  pine  forests,  invasion  of  a 
zone  of  hybrids  of  jack  and  lodgepole  pine  trees  in  Alberta  by  beetles  likely  improved  beetle 
success  in  the  jack  pine  as  hybrids  show  chemical  characteristics  of  both  novel  and  historical 
hosts.  It  appears  that  beetles  used  hybrid  forests  as  a  ‘stepping  stone’  prior  to  invasion  of  jack 
pine  forests.  Third,  fungal  and  bacterial  symbionts  of  beetles  likely  contributed  beetle 
performance  in  the  jack  pine  by  detoxifying  toxic  chemicals,  including  secondary  compounds 
and  fatty  acids.  Finally,  similarity  of  secondary  compounds  and  fatty  acids  between  the  novel 
and  historical  hosts  may  have  facilitated  the  host  expansion  of  MPB  because  of  compatibility  of 
these  chemical  compounds  for  pheromone  production,  aggregation  on  the  host  trees,  larval 
development,  and  the  growth  of  its  fungal  symbionts. 
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Climate  strongly  determines  reproduction,  growth,  and  development  patterns  of  forest  insects 
and  so  changes  in  climate  can  be  expected  to  alter  their  populations.  In  the  Southern  Hemisphere, 
Sirex  noctilio  is  a  non-native  woodwasp,  reputedly  the  most  important  pest  of  non-native  pine 
plantations.  Climate  change,  particularly  the  increase  in  temperature,  changes  in  precipitation 
and  in  the  frequency  of  extreme  events  can  influence  S.  noctilio  population  dynamics  and  its 
management  in  several  ways.  The  direct  influence  of  temperature  on  the  developmental  rates  of 
S.  noctilio  may  influence  their  seasonal  phenology  and  voltinism  patterns.  In  warmer  climates, 
emergence  of  S.  noctilio  adults,  starts  earlier  in  the  season,  while  in  colder  conditions  emergence 
starts  much  later  and  completion  of  the  life  cycle  may  require  up  to  3  years.  On  the  other  hand, 
temperature,  precipitation,  and  extreme  events  such  as  droughts  may  also  affect  S.  noctilio 
populations  via  its  influence  on  the  abundance  and  susceptibility  of  hosts  (pines),  changing  their 
availability  and  spatial  connectivity  at  landscape  scale.  Together,  these  changes  may  result  in 
changes  in  S.  noctilio  population  growth,  dispersal  capacities,  and  relationships  with  their  natural 
enemies.  By  analyzing  populations  within  the  invaded  range,  we  discuss  how  climate  can 
influence  (a)  the  size  and  frequency  of  outbreaks,  (b)  geographical  spread  rates,  and  (c)  the 
efficiency  of  current  control  methods.  Looking  into  population  behavior  of  forest  insects  in  the 
non-native  range  may  help  us  better  understand  the  ecology  and  management  of  insects  under 
climate  change  scenarios. 
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Introduction:  While  distributional  changes  associated  with  climate  change  have  been  widely 
acknowledged  in  ectotherms  in  the  light  of  their  ecophysiological  limits,  causal  relationships 
with  range  shifts  have  still  rarely  been  demonstrated.  In  the  pine  processionary  moth,  a  winter- 
developing  insect,  combined  experimental  and  modelling  evidence  have  elucidated  the 
mechanisms  in  which  average  winter  warming  has  lowered  barriers  to  expansion.  Nonetheless, 
warming  may  also  alter  life  cycles,  or  vulnerable  instars  may  be  subjected  to  new  stressors 
associated  with  climate  fluctuations.  Comprehensive  responses  to  such  varied  conditions  are  not 
fully  untangled  yet,  and  the  spread  may  be  more  complex  than  initially  thought  due  to  mixed 
effects  of  future  climate  change,  its  spatial  dependency,  and  population  differentiations. 

Methods:  This  presentation  will  be  based  upon  published  work  on  this  study  system,  spanning  a 
number  of  techniques  ranging  from  thermal  biology  under  controlled  conditions  and  semi-natural 
experiments  to  field  surveys  and  in  silico  approaches. 

Results/Conclusion:  Tolerance  to  acute  cold  is  considered  high  enough  to  withstand  usual 
minimal  temperatures  near  front  edges,  but  larval  susceptibility  to  cumulative  chill  injury  and 
thermal  induction  of  foraging  were  evidenced.  Both  processes  impair  colony  survival  of  this 
gregarious  species  under  natural  conditions.  Spread  simulations  from  climate  records  and  feeding 
thresholds  showed  that  warmer  winters  have  opened  previously  unsuitable  areas  that  match  those 
actually  neo-colonized.  However,  thermal  constraints  depend  on  genotypes  and  life  stages,  which 
have  yet  to  be  considered.  Demographic  outcomes  of  climate  variations  are  thus  contingent  on 
geography  and  phenology,  the  latter  being  known  to  vary  among  populations. 
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Abstract  text: 

Introduction:  For  invasive  species,  climate  change  can  open  new  habitats  to  invasion  or  impose 
barriers  to  further  spread.  Many  invasive  species  spread  beyond  the  environmental  conditions 
associated  with  the  native  range  and  founding  introduction,  enabled  by  plasticity  or  evolutionary 
processes  that  result  in  local  adaptation  to  novel  climates.  The  gypsy  moth  ( Lymantria  dispar )  is 
an  invasive  folivore  in  North  American  hardwood  forests.  Spread  rates  across  the  invasion  are 
extremely  dynamic,  with  some  regions  experiencing  expansion  while  the  invasion  front  in  other 
regions  is  static  or  contracting.  The  aims  of  our  work  are  to  measure  variation  in  fitness  traits 
across  the  invasion  front,  test  for  local  adaptation  to  climatic  extremes  in  populations  at  the  range 
margins,  and  determine  physiological  limits  on  further  spatial  spread. 

Methods:  Our  work  uses  classic  common  garden  experiments  in  the  field  and  growth  chambers. 
With  new  advances  in  growth  chamber  temperature  control,  we  tested  historic  temperature 
regimes  and  measured  growth  under  future  climatic  extremes.  To  further  investigate  the  potential 
for  local  adaptation  across  the  latitudinal  gradient  of  the  gypsy  moth  invasion,  we  have 
completed  a  genome-wide  association  study  to  determine  the  genetic  basis  of  gypsy  moth 
phenotypic  traits. 

Results/Conclusion:  Our  experimental  work  has  found  evidence  for  divergent  developmental 
responses  to  constant  temperature  extremes,  but  fewer  differences  between  populations  under 
variable  natural  climates.  We  have  constructed  a  genome-wide  single  nucleotide  polymorphism 
(SNP)  library  that  has  identified  13,000+  variable  sites  to  test  genetic  differences  between 
phenotypes  and  test  the  hypothesis  that  adaptive  evolution  is  greater  at  the  range  extremes. 
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Abstract  text: 

Global  change  processes  require  vigilance  to  prevent  and  manage  invasions  of  plant  pests  that 
threaten  agricultural  production  and  biodiversity  in  natural  ecosystems.  Such  changes  encompass 
increasing  global  trade  and  travel,  and  changes  in  land  use,  cropping  systems  and  climate. 
Authorities  demand  scientifically  founded  advice  from  pest  risk  assessors  to  support  decisions  on 
plant  health  management,  but  current  risk  assessments  approaches  are  qualitative  and  suffer  from 
ambiguous  definitions.  Quantification  makes  assessments  more  concrete,  specific  and 
operational.  Pathway  models  and  spread  models  are  novel  tools  in  the  practice  of  pest  risk 
assessment  (PRA).  A  pathway  model  is  a  model  of  the  introduction  process  of  a  plant  pest.  It 
follows  the  path  of  infested  plant  product  from  the  place  of  production  to  its  destination,  and 
quantifies  the  fate  of  the  pest  on  the  material  during  its  travel.  It  calculates  the  exposure  of  hosts 
or  host  habitat  to  pest  propagules  that  escape  from  the  transported  plant  material  along  the  path. 

A  spread  model  is  a  model  that  quantitatively  assesses  the  growth  of  the  pest  population  in  space 
and  time.  The  assessment  of  entry  and  spread  using  quantitative  approaches  can  enhance  the 
scientific  credibility  of  assessment  results,  but  requires  better  data,  and  accumulation  of 
experience  in  the  PRA  world.  Opportunities  and  challenges  for  developing  and  using  pathway 
models  and  spread  models  to  support  PRA  will  be  illustrated  with  case  studies  on  forest  pests  in 
Europe,  conducted  with  support  from  the  European  Commission  and  the  European  Food  Safety 
Authority. 
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The  Brown  Marmorated  Stinkbug  ( Halyomorpha  halys)  is  a  polyphagous  pentatomid  that  is 
native  to  eastern  Asia.  This  highly  invasive  insect  is  a  notorious  pest  of  agriculture,  horticulture 
and  silviculture,  and  can  become  a  nuisance  pest  of  human  habitations  when  it  seeks  protected 
overwintering  sites.  Biosecurity  agencies  face  some  critical  questions  that  can  be  addressed  using 
niche  modelling.  What  is  the  potential  range  of  H.  halys ,  and  what  assets  are  at  risk  were  it  to  be 
introduced?  How  sensitive  is  this  estimate  to  climate  change?  A  CLIMEX  niche  model  was 
developed  for  H.  halys  based  on  its  known  native  range  and  validated  using  invaded  range  data 
in  Europe  and  the  USA.  We  introduce  a  set  of  future  climate  scenarios  for  a  “business  as  usual” 
greenhouse  gas  emission  scenario  (RCP  8.5).  These  are  applied  to  the  baseline  model,  and  the 
global  potential  ranges  were  compared  under  the  baseline  and  future  climate  scenarios.  The 
potential  distribution  of  H.  halys  under  recent  historical  conditions  far  exceeds  its  present  known 
distribution.  The  future  climate  scenarios  indicate  marked  shifts  in  the  estimated  potential 
distribution.  We  compare  the  invasion  debt  under  current  and  future  climate  scenarios  and 
highlight  assets  that  are  under  threat.  We  then  discuss  robust  biosecurity  strategies  in  the  face  of 
climate  uncertainty. 
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Abstract  text: 

The  International  Pest  Risk  Research  Group,  or  IPRRG,  is  a  group  of  research  scientists  and  pest 
risk  practitioners  committed  to  enhancing  pest  risk  modelling  and  mapping  methods,  addressing 


the  key  challenges  faced  by  the  discipline.  Since  2007,  we  have  held  annual  meetings  where  new 
developments  are  presented,  discussed,  and  tested.  We  communicate  findings  of  the  group  and 
its  members  to  a  broad  international  audience  that  includes  policymakers  as  well  as  scientists. 
IPRRG  has  produced  three  major  group  publications  and  numerous  publications  from  self- 
organized  teams  within  the  group.  Focal  topics  have  included  climate  change,  economic  impacts, 
uncertainty  and  the  interface  between  pest  risk  science  and  policy.  We  also  provide  technical 
training  in  pest  risk  methods,  thereby  promoting  best  practice  in  their  application.  As  the  name 
suggests,  the  group  is  international  and  open  to  all,  including  students,  researchers  and  other 
professionals.  This  paper  will  summarise  progress  in  developing  and  promoting  effective 
techniques  in  pest  risk  modelling  and  mapping  and  outline  the  critical  challenges  that  lie  ahead. 
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Abstract  text: 

Introduction:  The  distribution  of  climatically  suitable  habitat  has  a  major  impact  on  the  risks 
posed  by  invasive  alien  species.  Whether  a  local  climate  is  “suitable”  depends  on  the  potential 
population  growth  rate  for  the  species  during  favorable  periods  and  the  extent  of  mortality  during 
stressful  periods.  Many  alien  insect  species  appear  to  have  broader  environmental  tolerances  than 
native  species,  so  some  researchers  have  conjectured  that  invasive  alien  species  will  have  more 
climatically  suitable  habitat  than  native  species  under  future  climate  conditions.  The  Mix-Master 
hypothesis  suggests  that  species  responses  to  climate  change  are  idiosyncratic  and  not  well 
predicted  by  whether  a  species  is  native  or  not;  future  climate  changes  will  contribute  to  a  mixing 
of  species  distributions. 

Methods:  We  used  CLIMEX  to  characterize  the  climatic  suitability  of  North  America  for  several 
native  and  alien  insect  species.  CLIMEX  was  driven  by  current  climate  conditions  and  climate 
forecasts  under  different  GCMs  and  emissions  scenarios  at  different  future  time  horizons. 


Results/Conclusions:  Our  results  indicate  that  the  distribution  of  suitable  habitat  for  most  native 
and  alien  species  is  likely  to  shift  poleward  and  towards  higher  elevations.  However,  future 
climate  does  not  always  cause  an  expansion  of  suitable  habitat  for  alien  species  or  a  contraction 
of  suitable  habitat  for  native  species.  In  fact,  the  responses  are  highly  variable  for  both  species 
groups.  Our  results  provide  some  support  for  the  Mix-Master  hypothesis  and  caution  against 
general  statements  about  the  impact  of  climate  change  on  invasive  species.  More  robust  systems 
are  needed  to  validate  these  forecasts. 
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Abstract  text: 

Florida  is  considered  a  primary  pathway  for  alien  invasive  species  of  arthropods  to  enter  the 
United  States,  many  of  which  establish  and  become  damaging  pests.  Over  the  past  30  years,  new 
species  have  been  added  to  the  state’s  fauna  at  a  rate  of  about  one  per  month.  The  range  of 
annual  detection  extended  from  four  species  in  1987  to  21  in  1997.  Immigrant  taxa  detected 
during  this  period  included  mostly  Homoptera  (45  species)  and  Coleoptera  (38)  but  there  were 
13  additional  taxa:  Thysanoptera  (19),  Hemiptera  (10),  Acari  (10),  Blattodea  (7),  Hymenoptera 
(6)  Araneae  (5),  Diptera  (5),  Isoptera  (3),  Lepidoptera  (4),  Odonata(l),  Orthoptera  (2),  and 
Psocoptera  (1).  Species  of  Homoptera  and  Coleoptera  remained  the  most  commonly  detected  in 
subsequent  years  but  others  varied  widely  based  primarily  on  the  locations  and  intensity  of 
collection.  From  1986  to  201 1,  305  alien  invasive  species  were  discovered,  49%  of  them  from 
the  high  international  traffic  area  of  southeast  Florida,  specifically  Miami-Dade  and  Palm  Beach 
County.  The  origins  of  these  arthropods  have  shifted  from  primarily  the  Neotropical  Region  to 
about  equally  from  Asia  and  both  sources  remain  much  higher  than  Africa,  Australia,  Europe, 
and  the  Nearctic  and  Pacific  Regions.  However,  South  and  Central  America  are  the  primary 
reservoirs  of  several  important  pests  that  are  detected  periodically  in  Florida  and  subsequently 
eradicated,  such  as  the  Mediterranean  fruit  fly,  Ceratitis  capitata.  The  origins  of  existing 


immigrant  fauna  in  Florida  were  determined  by  using  geographic  distributions;  whereas, 
pathway  analysis  indicated  the  potential  for  entry  and  establishment  of  additional  species. 
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Abstract  text: 

The  most  prominent  urban  pests  in  Florida  have  been  introduced  from  other  parts  of  the  world. 
Ones  that  were  introduced  by  the  earliest  settlers  are  now  considered  almost  native  species. 
Recently  introduced  species  are  considered  exotic  invasive  species.  This  overview  of  urban  pests 
will  cover  the  pest  status  of  some  of  the  termites  (Blattodea),  that  have  invaded  Florida  from 
other  parts  of  the  world.  The  number  of  Florida  termite  species  have  almost  tripled  in  the  past  40 
years  with  the  introduction  and  establishment  of  the  world's  most  invasive  species  like  the 
Formosan  subterranean  termite  ( Coptotermes  formosanus),  the  Asian  subterranean  termite 
{Coptotermes  gestroi),  the  conehead  termite  ( Nasutitermes  corniger),  and  the  Western  dry  wood 
termite  ( Incisitermes  minor).  Only  about  1/4  of  the  invasive  termite  species  have  established  in 
Florida  with  the  possibility  that  many  more  will  be  introduced  in  the  future. 
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Abstract  text: 

Insects  that  are  introduced  into  or  arrive  in  Florida  can  potentially  be  hosts  for  a  variety  of 
unseen  metazoans,  including  microscopic  entomophilic  nematodes  that  are  carried  phoretically 
as  dauer  juveniles  or  as  internal  or  external  parasites  in  various  stages.  Entomophilic  nematode 
surveys  conducted  by  the  authors  suggest  that  the  global  number  of  such  species  could  be 
between  40,000  to  500,000  species.  This  is  significant  considering  that  the  number  of  currently 
described  species  for  the  entire  phylum  is  only  about  25,000.  Insects  can  arrive  in  Florida  by 
natural  means,  be  purposefully  introduced  for  biological  control,  be  inadvertently  introduced  as 
hitchhikers,  or  be  brought  in  as  part  of  the  pet  or  food  trades.  For  entomophilic  nematodes  that 
might  be  hitchhiking  on  or  in  these  insects,  the  host  associations  could  be  so  specific  that  they 
pose  little  threat,  but  in  other  cases  where  host  specificity  is  relatively  wide,  the  nematode 
associates  could  transfer  to  native  insects  causing  different  potential  downstream  ecological 
effects.  Because  nematodes  are  mostly  microscopic,  the  consequences  of  such  introductions  are 
often  not  considered.  We  will  consider  several  actual  and  potential  cases  of  entomophilic 
nematode  arrivals  into  Florida  with  different  potential  outcomes. 
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Abstract  text: 

In  addition  to  insects  hitchhiking  to  Florida,  we  also  have  been  the  recipient  of  a  number  of 
exotic  phytophagous  molluscs,  both  snails  and  slugs.  These  join  the  large  number  of  indigenous 
species  of  molluscs.  Tike  the  natives,  these  invasives  vary  in  their  abundance  and  damage 


potential.  A  recent  invader,  the  giant  African  snail,  has  garnered  a  great  deal  of  attention  due  to 
its  recent  invasion  of  populous  areas  in  southeastern  Florida  and  its  large  size;  the  publicity 
surrounding  this  invader  has  made  Floridians  unusually  conscious  of  snails.  Despite  the 
reputation  of  giant  African  snail  for  causing  damage,  most  snail-related  damage  in  Florida  is 
caused  by  Cuban  brown  snail.  This  species  occurs  widely  in  the  southern  half  of  the  Florida 
penninsula.  However,  Asian  tramp  snail  seems  to  be  increasing  in  abundance  in  both  urban  and 
rural  areas.  In  northern  Florida,  the  indigenous  perforated  dome  snail  is  the  dominant  snail  pest, 
though  other  indigenous  species  such  as  white-lipped  globe  and  southern  flatcoil  occasionally 
feed  on  plants.  The  newly  introduced  Bulimus  spor adieus,  though  locally  abundant,  seems  to 
feed  on  algae.  Another  new  introduction  is  graceful  awl-snail;  this  omnivore  has  not  proved  to  be 
a  problem.  The  important  plant-feeding  slugs  in  Florida  are  the  indigenous  marsh  slug  and  the 
nonindigenous  Florida  leatherleaf;  the  latter  originated  in  Cuba.  New  invaders  include  banded 
slug  and  black- velvet  leatherleaf,  though  neither  has  become  very  abundant  or  damaging  thus 
far.  Unlike  the  pattern  of  mollusc  introduction  in  most  of  the  USA,  the  invaders  thus  far  are 
tropical  in  origin. 
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Abstract  text: 

The  state  of  Florida  hosts  a  large  number  of  exotic  species  with  many  new  “invasives”  arriving 
annually.  Among  invasive  insects  establishing  in  Florida  over  the  past  decade  are  three  whiteflies 
(Hemiptera:  Aleyrodidae)  that  cause  highly  visible  wax  and  sooty  mold  buildup  in  urban 
plantings  as  well  as  defoliation;  the  fig  whitefly  (FW)  Singhiella  simplex  Singh  (subfamily 
Aleyrodinae),  the  rugose  spiraling  whitefly  (RSW)  Aleyrodicus  rugioperculatus  Martin,  and 
Bondar’s  nesting  whitefly  (BNW)  Paraleyrodes  bondari  Peracchi  (both  subfamily 
Aleurodicinae).  These  three  species  have  been  established  in  Florida  since  2007,  2009,  and  2011 
respectively.  While  FW  feeds  primarily  on  Ficus  benjamina  in  Florida  it  is  recorded  from  4 
species  of  Ficus.  RSW  and  BNW  have  broader  host  ranges  including  plants  in  the 
genera  Ficus ,  Psidium,  Annona ,  Pouteria  (BNW)  and  32  genera  in  12  plant  families  (RSW).  The 


apparent  preference  of  BNW  for  Ficus  benjamina  in  Florida,  a  host  not  in  the  literature,  suggests 
BNW  may  represent  a  cryptic  species  complex  and  underscores  the  importance  of  accurate  pest 
identification  when  developing  treatment  plans.  Aleurotrachelus  trachoides  is  an  established 
exotic  whitefly:  single  detection  1935,  1980s  reappeared,  now  causing  new  problems  in  Florida 
over  the  past  decade  and  deserves  attention.  Another  more  internationally  recognized 
whitefly,  Bemisia  tabaci  biotype  Q  or  MED  was  detected  in  Florida  for  the  first  time  in  2005  and 
has  subsequently  become  established  within  some  greenhouse  nurseries  in  the  state,  but  has 
never  been  detected  in  open  field  production.  Discussions  on  the  historical  perspective,  life 
history,  biology,  molecular  makers,  biological/chemical  control  will  be  presented. 
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Abstract  text: 

As  new  invasive  species  are  detected  scientists  mount  2  fronts  of  attack:  remedial  pesticide 
treatments  and  implementing  biological  control  programs  in  areas  where  chemical  controls  are 
not  feasible.  Both  tactics  are  generally  problematic  with  organisms  that  little  is  known  about  and 
when  imported  without  a  complement  of  their  natural  enemies.  Our  program  is  aimed  at 
identifying  generalist  predators  for  the  major  taxa  that  could  be  imported.  The  premise  being  that 
a  generalist  predator  could  be  reared  on  alternate  hosts  in  numbers  that  could  be  useful  in  an 
augmentative  biological  control  program.  That  said,  the  potential  for  commercialization  of  such 
natural  enemies  is  questionable.  Our  tactic  is  to  develop  banker  plant  systems  on  which  these 
generalist  predators  can  be  reared  and  used  in  cropping  systems  where  they  might  be  needed 
until  such  time  as  there  might  be  an  importation  of  a  pest  for  which  they  would  be  needed. 

These  systems  would  offer  the  benefit  that  they  would  help  manage  already  established  pests  for 
which  there  are  no  commercially  available  natural  enemies. 
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Abstract  text: 

Ambrosia  beetles  (Curculionidae:  Scolytinae  and  Platypodinae)  are  distributed  world-wide  and 
highly  important  invasive  pests  in  the  U.S  and  Florida  in  particular.  Many  if  not  most  ambrosia 
beetles,  of  which  Xylosandrus  crassiusculus  is  a  good  example,  primarily  attack  trees  under 
stress  from  other  causes.  In  doing  so  their  ecological  role  is  to  contribute  to  tree  recycling- 
decomposition.  Ambrosia  beetles  do  not  feed  directly  on  wood  tissue  but  rather  on  fungal  spores 
that  grow  following  inoculation  of  the  host  tree  during  the  colonization  process.  These  fungi  in 
conjunction  with  the  beetle  vector  are  instrumental  in  killing  the  host  plant.  The  redbay  beetle, 
Xyloborus  glabratus ,  however,  aggressively  attacks  redbay,  Persea  borbonia ,  and  several  other 
species  of  Lauraceae.  One  of  which  is  avocado,  P.  americana ,  and  this  beetle  and  several 
associates  vector  the  laurel  wilt  fungus  Raffaelea  sp.  that  kills  avocado  and  the  other  hosts. 
Current  knowledge  on  the  behavior,  biology,  ecology  and  suppression  of  these  and  other 
ambrosia  beetle  species  will  be  discussed. 
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Abstract  text: 

Florida  has  an  extensive  biological  control  history  with  the  first  recorded  insect  release  dating 
back  to  the  late  1800’s.  The  dramatic  increase  in  international  trade,  travel,  and  human 
population  growth  over  the  past  one  hundred  years  has  provided  the  state  an  endless  array  of 
non-native  pests.  A  tropical  climate,  ideal  for  pest  establishment,  exacerbates  the  problem. 
Herbivore,  parasitoid,  and  predatory  insects  have  been  gathered  from  around  the  world,  studied, 
and  released  in  Florida  in  an  attempt  to  combat  these  environmental,  agriculture,  and  economic 
pests.  A  Florida  biological  control  history  overview  including  taxonomic  accounts  covering  both 
successes  and  failures  is  outlined. 
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Abstract  text: 

The  rich  vegetation  and  Neotropical  climate  of  Florida  make  the  state  suitable  for  the  invasion 
and  establishment  of  exotic  flora  and  fauna.  In  the  past  two  decades,  there  are  multiple  thrips 
species  which  have  invaded  Florida  and  are  considered  serious  pests  owing  to  the  economic  or 
aesthetic  damage  they  inflict  on  a  wide  variety  of  host  plants  including  vegetable,  ornamental 
and  tree  crops.  Chilli  thrips  Scirtothrips  dorsalis  Hood  and  melon  thrips  Thrips  palmi  Karny  are 
two  such  opportunistic  species  which  are  extremely  polyphagous  and  known  to  cause  significant 
economic  damage  in  south  Florida.  The  great  reproductive  potential,  multivoltine  nature,  ability 
to  feed  on  multiple  hosts,  and  keen  ability  for  invasion  combined  with  easy  adaptation  in  a  wide 
range  of  climatic  conditions  are  a  few  of  the  qualities  which  makes  these  thrips  a  major  concern 
for  agriculture  in  many  countries.  They  can  reduce  yield  or  value  of  the  crop  directly  by  using 


them  as  food  and  oviposition  sites  and  indirectly  by  transmitting  plant  diseases.  Common 
blossom  thrips  Frankliniella  schultzei  Trybom  is  another  emerging  pest  of  vegetables  in  the 
region  posing  a  serious  threat  to  tomato  and  pepper  growers  due  to  its  ability  to  transmit 
Groundnut  Ring  Spot  Virus.  Discussions  on  the  historical  perspective,  biology,  behavior, 
biological/chemical  control  of  these  thrips  in  south  Florida  will  be  presented. 
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Abstract  text: 

The  Mexican  bromeliad  weevil,  Metamasius  callizona ,  is  an  invasive  weevil  in  Florida  that  is 
destroying  populations  of  12  of  Florida’s  16  native  bromeliads.  The  weevil  is  native  to  Mexico, 
Guatemala,  and  Belize.  The  most  devastated  of  Florida’s  bromeliads  is  Tillandsia  utriculata ,  a 
tank  bromeliad  that  supports  aquatic  microcosms  that  are  complex  and  composed  of  numerous 
and  diverse  organisms,  several  of  which  are  specialists  in  the  plant’s  phytotelmata.  Because  of 
the  weevil,  Florida  may  lose  up  to  12  species  of  bromeliads  and  9-19  invertebrate  animals  that 
rely  on  T.  utriculata  for  their  existence.  One  species  of  bromeliad  ( Tillandsia  simulata)  and  up  to 
five  of  the  invertebrate  animals  that  associate  with  T.  utriculata  are  precinctive  to  Florida. 
Exploration  for  specialist  parasitoids  discovered  the  parasitic  fly  Lixadmontia  franki  attacking 
Metamasius  quadrilineatus  in  Honduras  in  1993.  In  2007,  permission  to  release  the  fly  in  Florida 
was  received.  During  2007-2013,  1,771  female  flies  were  released  at  nine  sites  in  six  counties, 
but  only  a  single  recovery  was  made.  Current  studies  seek  to  understand  how  differences 
between  Floridian  and  Central  American  weevils  and  host  plants  affect  the  weevil’s 
demographics.  Such  research  may  lead  to  the  development  of  a  variety  of  T.  utriculata  in  Florida 
that  is  more  resistant  to  the  weevil.  Our  research  will  be  useful  to  natural  resource  conservation 
and  the  pineapple  production  industry  in  the  possible  event  that  M.  callizona  colonizes 
uninfested  lands  that  have  a  rich  bromeliad  fauna  and/or  a  pineapple  industry. 
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Abstract  text: 

Introduction:  Advances  in  dsRNA-induced  gene  silencing  (RNAi)  in  insects  have  created  new 
opportunities  for  control  of  invasive  pest  insects.  Although  gene-silencing  sensitivity  of  insects 
to  orally-delivered  dsRNA  varies  greatly  among  insects,  this  sensitivity  is  dependent  on  the  gene 
being  targeted.  We  present  research  on  the  effects  of  orally-fed  dsRNA  on  mortality  in  the 
invasive  Asian  citrus  psyllid,  Diaphorina  citri  Kuwayama.  This  insect  is  the  vector  of  a 
bacterium  associated  with  citrus  greening  disease  (Huanglongbing,  HLB). 

Methods:  Diaphorina  citri  genes  encoding  proteins  to  a  number  of  different  biological  pathways 
were  targeted  with  dsRNA  and  effect  on  insect  mortality  was  evaluated.  Double-stranded  RNAs, 
280-320  bp  in  length,  with  identity  to  one  of  43  different  D.  citri  mRNAs  where  synthesized  and 
administered  to  D.  citri  in  an  artificial  diet. 

Results/Conclusion:  Genes  whose  cognate  function  involves  iron  binding,  sequestration  and 
metabolism  were  among  the  most  responsive  to  RNAi  induced  mortality.  The  3  most  effective 
dsRNAs  exhibited  33-40%  mortality  above  controls:  an  iron-sulfur  cluster  subunit  of  the 
mitochondrial  electron  transport  chain  complex  (; rieske ),  a  heme  iron-binding  terminal  oxidase 
enzyme  (Cytochrome  P450)  and  a  tetrahydrobiopterin  (BH4)  pathway  enzyme  (Pterin  4a- 
Carbenolamine  Dehydratase).  In  Planta  evaluation  was  demonstrated  by  producing 
paratransgenic  citrus  through  inoculation  with  a  citrus  tristeza  virus  (CTV)  infectious  clone 
engineered  to  produce  D.  citri  rieske  dsRNA.  Adult  psyllids  were  fed  on  leaves  from  these  plants 
and  leaves  producing  rieske  dsRNA  induced  67%  greater  mortality  than  controls.  Broader 
application  to  invasive  insects  was  demonstrated  showing  rieske  dsRNA  mortality  in  the  invasive 
Lepidopteran,  Helicoverpa  armigera  Hubner. 
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Abstract  text: 

The  red  palm  weevil,  Rhynchophorus  ferrugineus  Olivier  (Curculionidae:  Coleoptera)  is  a  key 
pest  of  date  palm,  Phoenix  dactylifera.  It  was  often  felt  that  sufficient  quarantine  measures  were 
not  used  in  the  initial  years  when  this  invasive  pest  invaded  the  date  palm  gardens  during 
Eighties  in  Middle  East.  The  situation  worsened  and  the  routine  preventive  methods  did  not  bear 
fruits  and  the  farmers  were  forced  to  resort  to  many  drastic  unproven  methods.  However,  in 
Europe  many  quarantine  methods  and  laws  were  in  force  to  prevent  the  spread  of  red  palm 
weevil  but  that  too  has  limited  success.  There  is  a  need  to  put  in  place  comprehensive  and 
innovative  quarantine  schedules  for  this  most  important  pest  of  palms.  For  large  scale  planting  of 
date  palm,  integrated  methods  were  developed  and  used  effectively  which  included  but  not 
restricted  to  checking  of  planting  material  and  mother  palms,  use  of  trained  sniffer  dogs, 
prophylactic  treatments,  safe  transportation,  sanitation  of  destination  plots,  isolated  nurseries, 
periodic  monitoring  and  others.  Quarantine  alone  is  not  the  answer  for  keeping  the  invasive  pests 
under  control  and  a  global  program  has  to  be  evolved  with  the  participation  of  all  stakeholders  to 
suppress  the  progress  of  red  palm  weevil.  Discussed  in  this  paper  are  the  qualitative  and 
quantitative  quarantine  methods  needed  to  contain  and  prevent  the  spread  of  red  palm  weevil. 
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In  recent  years  invasive  palm  borers  such  as  Rhynchophorus  ferrugineus ,  (Coleoptera: 
Curculionidae)  (RPW)  and  other  tree  borers  have  been  spreading,  almost  without  obstruction, 
over  the  world  causing  tremendous  environmental  damage  -  in  particular  to  agricultural  crops 
and  urban  landscaping.  In  some  events,  collapsed  trees  even  caused  fatal  injuries.  Insufficient  or 
inadequate  quarantine  regulations  were  often  blamed  as  not  being  able  to  block  the  pest  invasion 
and  spread.  Analysis  of  the  recent  spread  of  RPW  along  the  Mediterranean  coast,  clearly 
indicates  that  authorities  behind  the  quarantine  maintenance  and  implementation  are  lacking 
practical  tools  for  detection  of  invasive  pests  and  borers  in  particular.  Detection  of  infested  trees 
is  a  great  challenge  as  the  borers  spend  most  of  their  life  inside  the  tree  trunk  concealed  from 
inspecting  eyes.  Inspectors  are  lacking  effective  tools  for  detection  of  invasive  pests  as  visual 
inspection  is  insufficient.  Various  prevailing  detection  strategies  will  be  reviewed  considering 
their  potential  role  in  prevention  spread  of  invasive  organisms  in  general  and  tree  borers  in 
particular. 
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Our  work  was  conducted  at  the  at  Heuraoua  Institute  which  has  a  citrus  orchard  located  in  Sahel- 
Mitidja.  The  diversity  of  Diptera  found  in  this  citrus  orchard  was  compared  using  two  trapping 
techniques;  Barber  and  yellow  traps.  During  6  months  of  sampling  in  2012  and  2013,  the  total 
number  of  individuals  captured  by  the  Barber  traps  within  the  citrus  orchard  was  5,225 
individuals.  Among  them  1,914  Dipteran  specimens  (19  species,  27  families),  which  is  equals  a 
relative  abundance  of  36.65%  Dipterans  within  the  sample.  However  the  total  number  of 
individuals  sampled  by  the  yellow  traps  during  4  months  of  the  same  year  was  8,124  insects  of 
which  5,680  were  Dipterans  (27  species,  26  families)  which  represents  71.04%  relative 
abundance. 
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Abstract  text: 

The  North  American  Plant  Protection  Organization  (NAPPO)  provides  a  forum  for  the  public 
and  private  sectors  in  Canada,  the  U.S.  and  Mexico  to  collaborate  in  developing  science-based 
standards  to  protect  agricultural,  forest  and  other  plant  resources  against  plant  pests,  while 
ensuring  safe  trade.  Regional  standards  provide  guidelines  for  countries  to  harmonize  their 
phytosanitary  measures.  NAPPO  depends  on  a  range  of  stakeholders  including  regulators, 
scientists,  academics,  producers  and  national  industry  associations  to  achieve  its  mission. 
Involving  these  stakeholders  throughout  the  development  and  preparation  of  all  types  of  NAPPO 
science  documents  encourages  information  sharing,  takes  into  account  the  practical  experience  of 
producers  and  brings  in  environmental  concerns.  This  collaborative  approach  leads  to  the 
development  of  standards  and  documents  that  are  relevant,  timely,  practical  and  science-based. 
Close  collaboration  with  other  regional  plant  protection  organizations  and  with  the  International 
Plant  Protection  Convention  of  the  Food  and  Agriculture  Organization  of  the  United  Nations  also 
ensures  global  harmonization  of  phytosanitary  measures.  Numerous  NAPPO  standards  have 
formed  the  basis  for  International  Standards  for  Phytosanitary  Measures  (ISPMs)  that  are  now 
applied  globally.  The  most  widely  recognized  example  has  been  ISPM  15,  Regulation  of  wood 
packaging  material  in  international  trade. 
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One  of  the  main  roles  of  the  European  and  mediterranean  Plant  Protection  Organization  (EPPO) 
is  to  help  its  member  countries  to  prevent  entry  or  spread  of  dangerous  pests.  The  organization 
has  therefore  been  given  the  task  of  identifying  pests  which  may  present  a  risk  for  the  region 
(early  warning),  evaluating  them  and  making  proposals  on  the  phytosanitary  measures  which  can 
mitigate  the  risk.  Once  a  pest  has  been  identified  as  presenting  a  risk  for  the  EPPO  region, 
guidance  on  how  to  detect  and  identify  it  are  developed  (phytosanitary  procedures  for  inspection 
and  diagnostic  protocols)  as  well  as  recommendations  on  how  to  eradicate  and  control  this  pest. 
To  perform  these  activities,  EPPO  has  established  a  number  of  panels  composed  of  experts  of 
individual  countries.  The  panels  develop  standards  e.g.  diagnostic  protocols,  official  control 
standards.  The  EPPO  secretariat  also  collects  information  and  makes  it  available  to  its  member 
countries.  Different  databases  have  been  developed  including  EPPO  global  database  and  the 
EPPO  database  on  diagnostic  expertise.  In  addition  to  pest-specific  activities,  EPPO  also 
develops  recommendations  for  quality  assurance  in  laboratories,  in  order  to  harmonize 
procedures  in  the  EPPO  region  and  improve  diagnostic  quality.  The  different  activities 
conducted  in  this  framework  are  presented  with  a  special  focus  on  activities  in  entomology. 
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Introduction:  The  New  Zealand  Ministry  for  Primary  Industries  (MPI)  is  tasked  with  helping  “to 
maximise  export  opportunities  for  our  primary  industries,  improve  sector  productivity,  increase 
sustainable  resource  use,  and  protect  New  Zealand  from  biological  risk”  (MPI  2015).  The  first 
three  tasks  would  not  be  achievable  without  the  necessary  regulatory  safeguards  which  help 
protect  New  Zealand  from  new  pests,  including  insects,  associated  with  travellers,  imported 
goods  and  the  craft  or  packaging  on  which  they  can  arrive.  This  is  because  an  incursion  of  any 
new  pest  could  potentially  threaten  New  Zealand  exports  of  primary  products  or  reduce  or 
diminish  current  productivity. 

Methods:  This  paper  describes  the  main  components  of  New  Zealand’s  integrated  regulatory 
system  to  manage  pests  associated  with  imported  goods  including;  pre-export  requirements  for 
supply  countries,  trade  arrangements,  intelligence  and  surveillance,  and  border  interventions.  We 
discuss  the  policies,  decision-making  framework  and  criteria  used  to  determine  the  measures 
applied  to  manage  pest  risk  in  each  of  these  components.  We  also  discuss  how  we  maintain 
effective  systems  through  auditing,  working  with  trading  partners  to  improve  compliance,  and 
partnering  with  researchers  and  industry  stakeholders. 

Results/Conclusion:  New  Zealand’s  regulatory  system  is  based  on  international  principles  and 
standards  and  endeavours  to  be  evidence-based  and  technically  justified.  MPI  recognises  that  no 
system  is  capable  of  reducing  risk  from  pests  to  0  and  therefore  aims  to  reduce  the  likelihood  of 
new  pests  establishing  and  spreading  in  New  Zealand  to  a  low  level  and  directs  resource  to  the 
areas  of  greatest  risk. 
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The  Inter- American  Institute  for  Cooperation  on  Agriculture  (IICA)  is  the  specialized  agency  of 
the  Inter- American  System  for  agriculture.  IICA  supports  the  efforts  of  the  Member  States  to 
achieve  agricultural  development  and  rural  well-being.  Within  its  Agricultural  Health  and  Food 
Safety  (AHFS)  mission  area,  IICA  supports  and  executes  a  wide  variety  of  activities  aimed  at 
improving  plant  health  in  Latin  America  and  the  Caribbean.  Through  cooperative  agreements 
with  the  United  States  Department  of  Agriculture  (USD  A)  Animal  and  Plant  Health  Inspection 
Service  (APHIS),  IICA  builds  capacity  in  the  Caribbean  to  safeguard  the  region  from  the 
Introduction  and  spread  of  plant  pests.  Working  with  international  and  regional  partners,  IICA 
provides  training  in  pest  list  development,  inspection,  and  review  of  international  plant  health 
standards.  Working  in  partnership  with  El  Comite  de  Sanidad  Vegetal  (COSAVE),  a  Regional 
Plant  Protection  Organization  (RPPO)  in  South  America,  IICA  is  implementing  a  project  titled 
“Strengthening  Regional  Implementation  of  Phytosanitary  Measures  and  Market  Access,”  which 
includes  a  broad  suite  of  capacity  building  activities  aimed  at  improving  surveillance,  risk 
analysis,  inspection,  and  phytosanitary  certification.  Finally,  IICA  serves  as  the  Technical 
Secretary  of  the  Inter- American  Plant  Health  Group,  which  is  comprised  of  all  Regional  Plant 
Protections  Organizations  (RPPOs)  in  the  Americas. 
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Introduction:  The  escalation  of  new  plant  pests  emerging  around  the  world  today  is  very  much 
driven  by  globalization  and  climate  change.  The  importance  of  pest  emergency  response  as  a 
mechanism  to  contain,  suppress  and  eradicate  a  new  pest  when  intercepted  for  the  first  time 
cannot  be  overemphasized  but  can  be  a  very  costly  exercise.  Strategies  that  emphasize  on 
preventing  potential  pests  invading  new  locations  are  the  best  desirable  options. 


Methods:  The  Pacific  Community  has  been  dealing  with  emergency  response  for  plant  pest 
incursions  in  many  Pacific  Island  countries  and  territories  in  the  past.  Emergency  response 
usually  begins  with  a  detection  of  a  pest  as  a  result  of  quarantine  surveillance.  SPC  is  usually 
asked  to  provide  both  technical  and  material  assistance.  Confirmation  of  alleged  pests  and 
provision  of  technical  information  about  the  confirmed  new  pest  are  crucial  at  the  early  stage.  A 
survey  to  determine  the  extent  of  the  pest’s  spread  is  usually  carried  out  as  a  prerequisite  of  a  full 
scale  eradication  campaign.  However,  eradication  may  be  implemented  only  when  feasible,  in 
terms  of  funding  availability,  extent  of  spread  and  with  strong  economic  based  justifications. 

Results/Conclusion:  The  success  of  an  emergence  response  plan  depends  on  the  pest,  status  of 
pest  establishment,  availability  of  eradication  information  and  technology  and  funds  to 
implement  eradication  in  a  timely  basis.  While  there  are  some  success  stories  experienced,  there 
are  also  failures  to  learn  from.  Certain  pests,  like  some  species  of  fruit  fly  are  eradicable  while 
others,  for  example,  coconut  rhinoceros  beetle  are  rather  ineradicable. 
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Under  the  Article  IV  of  the  International  Plant  Protection  Convention  (IPPC),  the  contracting 
parties  should  establish  a  National  Plant  Protection  Organization.  The  Plant  Health  General 
Directorate  (DGSV  in  Spanish)  is  recognized  as  the  National  Plant  Protection  Organization  of 
the  Federal  Government  of  Mexico  that  acts  under  the  Plant  Health  Federal  Faw.  Some  relevant 
programs  that  Mexico  has  in  implementation  include  the  Mediterranean  Fruit  Fly  Program, 
Huanglongbing  -  HFB,  Pink  Hibiscus  Mealybug;  Asian  Citrus  Psyllid  and  a  permanent 
Phytosanitary  Surveillance  Program  to  prevent  the  introduction  and  spread  of  regulated  pests. 

The  protection  of  endangered  areas  and  the  designation,  maintenance  and  surveillance  of  pest 


free  areas  and  areas  of  low  pest  prevalence  are  phytosanitary  activities  that  allow  Mexico  to 
receive  the  recognition  as  country  free  of  the  Mediterranean  fruit  fly  ( Ceratitis 
capitata;  Wiedemann).  As  a  result  of  this  declaration  the  impact  is  favorable  to  more  than  1.8 
million  ha  of  the  top  15  fruits  and  vegetables,  with  an  annual  production  of  17.6  million  tons  and 
a  value  market  of  approximately  86,000  million  pesos.  The  positive  impact  as  a  result  of  this 
declaration  is  favorable  to  more  than  1.8  million  ha  of  the  top  15  fruits  and  vegetables,  with  an 
annual  production  of  17.6  million  tons  and  a  value  market  of  approximately  86,000  million 
pesos,  has  allowed  large  expansion  of  fruit  and  vegetable  production  and  exports  from  Mexico, 
generating  economic  growth,  creating  tens  of  thousands  of  jobs  in  rural  areas  and  contributing  to 
public  health  by  increasing  fruit  and  vegetable  supply. 
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The  ability  of  regulatory  agencies  to  properly  identify  and  mitigate  the  risk  of  accidental 
introduction  of  invasive  species  is  based  on  the  accuracy  of  the  available  literature  on  the  pest. 
Generally,  the  available  literature  is  biased  towards  those  locations  where  the  pest  has  a  well- 
established  population.  It  is  difficult  to  predict  the  invasive  ability  of  a  pest  based  on  these  data. 
Pest  risk  assessment  programs  (PRAs)  determine  the  potential  of  a  pest  to  establish  and  spread  in 
a  new  location.  Since  computer  models  are  only  as  accurate  as  the  data  used  in  the  program, 
these  models  can  often  either  over  or  under  predict  the  invasiveness  of  a  pest.  Physiological 
ecologists  and  ecological  niche  modellers  can  collaborate  to  identify  gaps  in  the  existing  data 
that  would  provide  better  estimates  on  the  ability  of  a  pest  to  occupy  a  new  niche,  as  well  as 
performing  these  studies  and  re-running  the  modelling  programs  to  more  accurately  assess  the 
invasiveness  and  risk.  This  presentation  will  cover  a  recent  program  using  the  combined  efforts 
of  Entomologists  and  Ecologists  to  develop  new  ecological  niche  models  to  improve  the 
accuracy  of  PRAs  and  its  benefits  to  Plant  Protection  Organizations  in  enhanced  decision¬ 
making. 
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Efforts  are  made  to  harmonize  phytosanitary  measures  inorder  to  prevent  the  introduction  and 
spread  of  invasive  plant  pests.  This,  while  facilitating  trade  in  commodities,  that  could  harbour 
these  pests,  is  a  growing  challenge.  Especially  in  this  era  of  reduced  resources  toward  the  effort, 
and  changing  climates  that  are  altering  the  invasive  species  landscape  and  potential  spread  of 
plant  pests.  Applications  of  both  pre-  and  post-harvest  phytosanitary  measures  can  reduce  the 
risk  of  introduction  and  spread  of  invasive  plant  pest  species.  Greater  integration  of  pre  and  post¬ 
harvest  measures  may  facilitate  effective  phyto sanitation.  This  presentation  discusses  efforts  at 
the  international  level  to  address  phytosanitary  issues  and  provide  solutions  in  this  challenging 
milieu. 
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National  Plant  Protection  Organizations  (NPPO)  evaluate  the  risk  of  invasive  alien  species 
through  a  process  known  as  Pest  Risk  Analysis  (PRA),  which  uses  available  evidence  to 
determine  whether  an  organism  is  a  pest,  and  whether  measures  should  be  taken  to  prevent  its 
spread.  The  PRA  process  includes  three  parts:  initiation,  risk  assessment  and  risk  management. 
The  central  part  of  the  PRA  process  is  the  risk  assessment  and  requires  evaluating  the  probability 
of  entry,  establishment  and  spread  of  the  pest,  and  the  potential  economic  and  environmental 
consequences  that  may  occur  post-establishment.  The  conclusions  from  the  pest  risk  assessment 
are  used  during  the  risk  management  phase  to  decide  what  phytosanitary  measures,  if  any,  are 
required  to  prevent  pest  movement,  and  how  strong  these  measures  need  to  be.  This  presentation 
will  give  an  overview  of  the  risk  assessment  methodology  used  by  the  Canadian  Food  Inspection 
Agency  (Canada’s  NPPO)  and  will  discuss,  through  the  use  of  examples,  the  specifics  of  the 
Canadian  context  that  affect  the  conclusions  of  risk  assessments  and  the  required  phytosanitary 
measures  to  prevent  the  introduction  and  spread  of  alien  plant  pest  species  in  Canada. 


Symposium 

Presentation  Title:  How  to  build  consensus  globally  to  prevent  the  introduction  and  spread  of 
plant  pests  while  facilitating  safe  trade 

Author  Name:  Stephanie  Bloem 

Author  Institution:  North  American  Plant  Protection  Organization 

Session  Title:  Symposium:  The  Role  of  National,  Regional,  and  International  Plant  Protection 
Organizations  to  Prevent  the  Introduction  and  Spread  of  Plant  Pests 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1862 

DOI:  10. 1603/ICE.2016. 93698 

Abstract  text: 

The  International  Plant  Protection  Convention  (IPPC),  established  in  1952,  is  an  international 
plant  health  agreement,  which  aims  to  protect  cultivated  and  wild  plants  by  preventing  the 
introduction  and  spread  of  pests.  The  IPPC  work  program  includes  developing  international 
standards  for  phytosanitary  measures  (standard  setting);  facilitating  capacity  development  and 
implementation  of  the  IPPC  (implementation  facilitation);  promoting  communication  and 
information  exchange  within  and  outside  IPPC  community  (communication  and  advocacy);  and 
strengthening  partnership  and  liaison  with  other  organizations  at  global,  regional  and  national 
levels  (partnership  and  liaison).  The  main  principles  upon  which  IPPC  work  is  based  are: 
necessity,  managed  risk,  minimal  impact,  transparency,  harmonization,  non-discrimination, 
technical  justification,  cooperation,  and  equivalency  of  phytosanitary  measures.  Currently,  there 


are  182  signatories  (or  countries)  that  adhere  to  the  Convention.  Countries  are  represented  at  the 
IPPC  by  their  National  Plant  Protection  Organization  (NPPOs).  They  may  also  be  members  of  a 
Regional  Plant  Protection  Organization  (RPPO)  who  play  a  critical  2-way  role  by  organising 
regional  input  into  IPPC  initiatives  and  supporting  the  implementation  regionally.  The  IPPC  also 
liaises  with  relevant  international  organizations  that  help  with  regional  and  national  capacity 
building.  The  discussion  will  focus  on  the  commonalities  of  issues  mentioned  by  the 
participating  NPPOs  and  RPPOs,  and  how  science  and  technology  can  feed  into  the  global  IPPC 
network  to  improve  approaches  and  methods  used  to  prevent  the  spread  of  plant  pests. 
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Abstract  text: 

Ecological  succession  is  an  example  of  multiple  independent  discoveries  as  both  plant  ecologists 
and  forensic  entomologists  can  be  credited  for  coining  the  term  “succession”  and  for  coming  up 
with  potentially  valid  biological,  physical  and  chemical  mechanisms  underlying  succession. 

In  the  late  1980s,  forensic  entomologists  and  carrion  ecologists  believed  that  modifications  of  the 
environment  by  fly  larvae  were  the  cause  of  succession  on  animal  remains,  a  process  called 
facilitation. 

However,  we  show  that  facilitation  was  carried  over  from  the  plant  ecology  literature  without 
empirical  evidence.  We  also  discuss  two  field  experiments  where  facilitation  was  empirically 
tested,  hereby  putting  into  question  whether  facilitation  really  applies  to  heterotrophic  systems. 
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Abstract  text: 

Introduction:  Aside  from  the  insects  collected  from  the  body,  the  most  important  piece  of  data 
required  for  estimating  the  time  of  insect  colonization  for  a  decedent  is  temperature  history. 
Temperature  has  a  direct  impact  on  insect  development  and  can  be  one  of  the  most  difficult  data 
histories  to  obtain  for  a  scene.  Scene  location  (e.g.  indoor  vs.  outdoor),  the  presence  of  large 
maggot  masses  or  even  the  medical  or  social  history  of  the  decedent  may  influence  the 
temperatures  experienced  by  the  developing  larvae.  While  much  of  the  work  of  the  forensic 
entomologist  relies  on  this  particular  type  of  data,  our  knowledge  of  its  scale  and  variability  from 
the  scene  to  the  autopsy  has  remained  largely  unknown. 

Methods: This  presentation  will  illustrate  the  evaluation  of  temperature  data  and  related  factors 
for  multiple  scenes,  as  well  as  the  use  of  temperature  sensors  and  an  infrared  camera  for 
decomposing  bodies  from  the  scene  to  the  autopsy. 

Results/Conclusion:  These  analyses  have  revealed  that  some  of  the  assumptions  made  about 
insect  exposure  to  temperatures  during  development  after  morgue  cooler  storage  may  not  be 
accurate.  They  also  suggest  new  questions  for  new  potential  areas  of  research  regarding 
temperature  and  insect  development  at  scenes.  A  discussion  of  the  implications  for  these  data  on 
casework  and  possible  solutions  to  mitigate  temperature  complications  in  time  of  colonization 
estimates  will  also  be  presented. 
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Abstract  text: 

Introduction:  The  use  of  insects  in  legal  matters  in  Australia  dates  back  to  the  early  20th  century 
when  carrion-breeding  flies  were  first  used  to  assist  the  police  in  interpreting  the  circumstances 
of  a  murder.  Since  then,  many  civil  and  criminal  cases  throughout  the  continent  have  featured 
insects  as  part  of  their  investigations.  The  advancement  of  applied  entomology  as  a  branch  of 
forensic  science  has  been  based  on  research  in  taxonomy  and  systematics  (what  species  infest 
corpses  and  how  do  we  identify  them?),  ecology  (what  is  the  distribution  and  abundance  of  such 
species?)  and  behaviour  and  physiology  (what  governs  the  interactions  among  and  development 
of  such  species?).  A  main  aim  has  been  to  improve  the  precision  and  accuracy  of  estimates  of  the 
minimum  time  since  death  of  victims  of  misadventure.  There  is  also  an  overarching  and 
compelling  need  for  scientific  rigour,  ethical  standards,  and  appropriately  qualified  conclusions 
whenever  insect  evidence  is  applied  in  a  legal  context. 

Results/Conclusion:  This  talk  summarises,  with  the  help  of  an  historical  perspective,  the  main 
innovations  in  forensic  entomology  in  Australia  and  where  the  future  priorities  lie. 
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Introduction:  Phenotypic  plasticity,  here  defined  as  the  ability  of  a  single  genotype  to  exhibit 
different  phenotypes  in  different  environments,  is  common  in  insects.  It  is  reflected  by  changes 
of  morphology,  physiology,  behaviour,  or  life  history.  While  this  can  be  a  fascinating  topic  from 
a  scientific  point  of  view  by  offering  many  directions  of  research,  it  can  hamper  seriously 
forensic  entomology  which  rely  on  predictable  and  reproducible  life  histories  to  model  the 
growth  and  development  of  necrophagous  insects  for  estimating  a  minimum  post-mortem 
interval.  However,  in  the  last  decade  there  is  growing  evidence  that  there  is  a  critical  amount  of 
variation  in  the  development  of  blow  flies  caused  by  drugs,  competition,  stress,  precociousness, 
etc. 

Methods:  We  analyzed  the  development  of  the  two  blow  fly  species  Calliphora  vicina  and 
Lucilia  sericata  on  several  types  of  tissue  of  different  species  for  comparing  the  inter-  and 
intraspecific  variation  in  growth  as  an  example  for  the  gap  between  scientific  research  and  the 
application  of  its  results.  Moreover,  we  review  the  current  state  of  art  in  forensic  entomology 
when  establishing  growth  reference  data  for  forensically  relevant  taxa. 

Results/Conclusion:  The  study  highlights  the  balancing  act  of  answering  legal  questions  despite 
facing  phenotypic  plasticity. 
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Abstract  text: 

Introduction:  Arthropods  are  among  the  main  terrestrial  taxa  because  they  are  disseminated  in  a 
variety  of  environments  and  exploit  organic  substrates  including  cadavers.  Although  forensic 
entomology  has  been  well  established  worldwide,  some  aspects  still  deserve  attention  such  as 
processes  and  tools  that  can  be  used  to  ensure  an  accurate  identification  of  insects.  And  why  is  it 
so  important  to  identify  the  insects?  It  is  well  known  that  insects  found  on  human  remains  are 
useful  for  estimating  the  postmortem  interval  (PMI). 

Methods:  The  challenge  involved  in  identifying  insects  goes  far  beyond  the  commonly  observed 
problems  such  as  their  great  diversity  in  the  nature  and  the  high  intraspecific  variability  within 
certain  groups.  Meanwhile  the  number  of  molecular  profiles  of  necrophagous  species  (helpful  to 
obtain  a  rapid  and  safe  diagnosis)  available  in  public  databases  of  gene  sequences  (as  GenBank 
and  Bold)  has  grown  in  certain  parts  of  the  world,  in  Brazil  the  investment  in  this  practice  has 
been  lower.  Even  though  other  techniques  and  tools  have  been  currently  used  (as  cuticular 
hydrocarbon  profiles,  dichotomous  or  interactive  keys),  there  is  a  real  and  urgent  need  to 
encourage  and  recognize  continuously  the  taxonomist  work  to  examine,  describe  and  review 
species. 

Results/Conclusion:  Considering  this  issue  and  the  remarkable  number  of  holometabolous 
insects  associated  with  corpses,  additional  research  is  needed  regarding  identification  of 
immature  and  adults,  to  develop  of  new  strategies  of  insects  identification  or  the  refinement  of 
the  traditional  methods. 
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Abstract  text: 

Introduction:  A  comparative  study  of  decomposition  and  insect  succession  patterns  between  a 
human  corpse  and  animal  carcasses  was  carried  out  in  a  litchi  forest  in  the  seaside  city  of 
Shenzhen,  south  China. 

Methods:  A  human  adult  corpse  (49.5  kg,  Hm)  and  animal  carcasses,  including  large  pigs  (45 
and  48  kg,  PgL),  small  pigs  (23  and  25  kg,  PgS)  and  rabbits  (1.75  kg,  Rt)  were  employed.  The 
details  of  decomposition  and  species,  development  stages  as  well  as  abundance  of  insects  were 
determined  through  observation  and  sampling  twice  per  day  over  a  1 18-day  study  period. 

Results/Conclusion:  The  decomposition  duration  from  fresh  to  skeletonization  of  the  human 
corpse  and  the  animal  carcasses  (Hm,  PgLl,  PgL2,  PgSl,  PgS2,  Rtl  and  Rt2)  was  406,  346,  365, 
144,  191,  73  and  79  h,  respectively.  The  carcasses  yielded  42  species  of  arthropods,  representing 
5  orders  and  18  families.  The  growth  and  development  rates  of  the  forensically  important  insects 
were  the  same  on  all  subjects  (i.e.,  they  reached  the  next  developmental  stages  on  the  same  day), 
but  their  lasting  times  on  carrion  were  different.  Forensically  important  insects  could  still  be 
detected  on  the  human  remains  upon  the  completion  of  the  investigation  on  day  118,  but  they 
disappeared  on  day  82,  day  33,  and  day  12  from  the  carcasses  of  large  pigs,  small  pigs  and 
rabbits,  respectively. 
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Abstract  text: 

Introduction:  Blow  flies  (Diptera:  Calliphoridae)  are  primary  decomposers  that  can  be  used  to 
estimate  a  minimum  postmortem  interval  (mPMI)  in  death  investigations.  As  significant 
variation  in  developmental  phenotypes  used  for  mPMI  estimations  has  been  documented  in 
recent  literature,  it  has  become  important  in  the  field  of  forensic  entomology  to  quantify  genetic 
variation  among  wild  blow  fly  populations  that  are  used  to  generate  reference  data  sets.  It  is 
therefore  crucial  to  pinpoint  potential  biotic  and  abiotic  influences  on  this  variation  in  specified 
geographic  regions. 

Methods:  This  research  aims  to  investigate  carrion  diversity  as  a  potential  mediator  for 
population  genetic  structure  in  wild  Indiana  blow  flies.  Data  regarding  blow  fly  and  carrion 
population  structure  within  given  spatial  and  temporal  coordinates  for  a  single  season  will  be 
presented.  Specifically,  vertebrate  carrion  species  identifications  via  gut  content  analysis, 
microbiome  analysis,  and  the  population  structure  of  insects  themselves  will  be  presented. 

Results/Conclusion:  These  data,  along  with  the  collection  of  abiotic  data  such  as  temperature, 
humidity,  and  wind  speed  will  form  the  basis  of  a  model  of  carrion  diversity  and  abundance  in  a 
given  geographic  area. 
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Abstract  text: 

Introduction:  In  addition  to  their  use  in  the  estimation  of  the  minimum  post-mortem  interval 
(minPMI)  necrophagous  blowflies  (Diptera:  Calliphoridae)  may  also  represent  a  reliable 
specimen  for  toxicological  analyses  (Entomotoxicology)  especially  in  the  absence  of  tissues  and 
fluids  normally  taken  for  such  purpose.  Numerous  researchers  have  extracted  several 
toxicological  substances  and  measured  their  effects  in  altering  the  morphology,  the  rate  of 
development  and  the  survival  on  blowfly  immatures  associated  with  remains.  The  accumulation 
of  such  substances  in  blowflies  may  compromise  their  use  for  the  estimation  of  the  minPMI.  At 
present  a  modest  number  of  substances  and  insect  species/instars  have  been  studied. 
Furthermore,  many  early  studies  utilized  analytical  procedures  which  are  now  obsolete  with 
little/no  validation. 

Methods  and  Results/Conclusions:  This  research  presents  the  method  validation  and  the  effects 
on  blowflies  for: 

Nicotine  in  Calliphora  vomit oria  (L.)  by  GC-MS.  Nicotine  is  an  alkaloid  present  in  the  tobacco 
plant.  Nicotine  is  one  of  the  most  deadly  poisons  known  to  man  and  it’s  extremely  easy  to 
purchase. 


Methamphetamine  in  C.  vomit oria  by  GC-MS.  Methamphetamine  is  a  psychostimulant  synthetic 
drug  originally  used  as  a  medical  treatment  but  now  a  common  recreational  drug  (meth,  crystal, 
and  ice).  High  doeses  can  cause  death. 

Endosulfan  in  C.  vomitoriaby  GC-MS.  Endosulfan  is  a  toxic  pesticide,  responsible  for  many  fatal 
poisoning  incidents  around  the  world.  Endosulfan  is  acutely  neurotoxic  to  both  insects  and 
humans. 

Coumatetralyl  in  Lucilia  sericata  (Meigen)  by  LC/MS-MS.  Cumarine  compounds  are  used  in 
anti-coagulant  therapies.  Coumatetralyl  is  a  product  largely  used  in  poisoned  baits. 
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Abstract  text: 

Introduction:  My  group  is  interested  in  the  molecular  neurobiology  of  mosquito  host-seeking 
behavior.  Female  mosquitoes  require  a  blood  meal  to  complete  egg  development.  In  carrying  out 
this  innate  behavior,  mosquitoes  spread  dangerous  infectious  diseases  such  as  malaria,  dengue 
fever,  and  yellow  fever.  Humans  attract  mosquitoes  via  multiple  sensory  cues  including  emitted 
body  odor,  heat,  and  carbon  dioxide  in  the  breath.  The  mosquito  perceives  differences  in  these 
cues,  both  between  and  within  species,  to  determine  which  animal  or  human  to  target  for  blood¬ 
feeding. 

Methods:  We  have  developed  CRISPR/Cas9  genome-editing  in  the  yellow  fever  and  dengue 
vector  mosquito,  Aedes  aegypti ,  with  the  goal  of  understand  how  sensory  cues  are  integrated  by 
the  female  mosquito  to  lead  to  host- seeking  behavior. 


Results/Conclusion:  Some  of  the  questions  we  are  currently  addressing  are:  Why  are  some 
people  more  attractive  to  mosquitoes  than  others?  How  do  insect  repellents  work?  How  are 
multiple  sensory  cues  integrated  in  the  mosquito  brain  to  elicit  innate  behaviors?  How  do  female 
mosquitoes  select  a  suitable  body  of  water  to  lay  their  eggs?  Recent  advances  from  my  group  in 
analyzing  the  molecular  biology  of  host-seeking  behavior  will  be  discussed. 
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Abstract  text: 

Introduction:  Disease-transmitting  mosquitoes  such  as  Aedes  aegypti,  Anopheles  gambiae  and 
Culex  quinquifasciatus  use  sophisticated  olfactory  systems  to  find  humans.  This  presents  an 
opportunity  to  use  odorants  to  alter  their  behavior.  We  have  identified  a  few  key  olfactory 
receptors  contributing  directly  to  behavioral  valence  of  odorant  ligands.  Understanding  how 
receptors  contribute  to  attraction  and  aversion  has  allowed  us  to  further  identify  behaviorally 
active  odorants  using  chemical-informatics. 

Methods:  We  extract  structural  features  shared  amongst  known  ligands  of  these  receptors  and 
computationally  screen  chemicals  to  identify  novel  agonists  and  antagonists.  Some  behaviorally 
active  ligands  however  act  in  a  multimodal  fashion,  acting  on  a  multitude  of  chemosensory 
receptors,  presenting  additional  challenges.  In  order  to  identify  improved  “behavioral  actives” 
we  have  developed  a  novel  behavior-informatics  method  utilizing  key  features  of  chemical 
structure  or  receptor  activity  to  predict  a  behavior  of  interest  such  as  attraction,  oviposition  and 
repellency. 

Results/Conclusion:  Using  the  behavior-informatic  pipeline  we  have  screened  400,000  chemicals 
to  identify  hundreds  of  new  behaviorally  active  compounds,  both  natural  and  man  made. 
Behavioral  testing  is  being  used  to  identify  new  classes  of  repellents  and  attractants  that  are  safe 


and  affordable.  These  include  repellents  with  improved  cosmetic  properties,  spatial  repellents 
that  do  not  require  application  on  all  exposed  skin,  house  entry  repellents,  oviposition  repellents. 
We  are  also  testing  new  lures  and  trapping  devices  such  as  a  low-cost  indoor  traps,  oviposition 
traps  and  autonomous  traps  that  can  count  mosquitoes  and  provide  nucleic  acids  for  high- 
throughput  genomics  analysis  of  pathogens  and  genotypes. 
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Abstract  text: 

Introduction:  Exploring  the  molecular  basis  of  olfaction  in  hematophagous  insects,  such  as 
Rhodnius  prolixus ,  could  lead  to  environmentally  friendly  methods  of  vector  control  to 
ultimately  reduce  disease  transmission.  The  genome  of  R.  prolixus-  a  vector  of  American 
trypanosomiasis  (Chagas  disease)  unveiled  a  plethora  of  olfactory  genes,  particularly  odorant 
receptor  (OR)  and  odorant-binding  proteins  (OBP)  genes  (Mesquita  et  al.,  2015, 
doi:  1 0. 1 073/pnas.  1 506226 1 1 2). 

Methods:  Using  a  combination  of  proteome,  gene  silencing  and  heterologous  gene  expression, 
OBPs  and  ORs  expressed  in  antennae  of  R.  prolixus  were  functionally  characterized. 

Results/Conclusion:  Initially,  we  employed  proteomic  approaches  to  identify  soluble  proteins. 
Nano-liquid  chromatography  and  LTQ  Velos  Orbitrap  mass  spectrometry  confirmed  the 
expression  of  63%  OBPs  and  31%  chemosensory  proteins  (CSPs)  predicted  in  the  genome. 

Using  double-stranded  RNA-mediated  interference  (RNAi)  the  functional  importance  of  odorant 
receptor  co-receptor  (Oreo)  in  both,  physiology  and  behavior  aspects  of  this  species,  was 
demonstrated.  Insects  with  reduced  Oreo  transcripts  showed  loss  of  the  ability  to  find  a 
vertebrate  host  in  a  timely  manner,  decreased  ingested  blood  volume,  delayed  and  decreased 
molt  rate,  increased  mortality  rate,  and  decreased  egg  laying.  Finally,  as  observed  in  other  insect 
species,  R.  prolixus  ORs  expressed  in  Xenopus  laevis  oocytes  showed  dose-dependent 
electrophysiological  response  to  different  ligands,  all  of  them  related  to  pheromone  alarm 
molecules  in  other  insect  species.  Together,  these  data  demonstrate  that  olfactory  proteins  of  R. 
prolixus  are  potential  molecular  targets  for  the  development  of  repellents  and  attractants  aimed  at 
reducing  transmission  of  Chagas  disease. 
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Abstract  text: 

Introduction:  Many  insect  behaviors  are  driven  by  olfaction,  making  olfactory  receptors  (ORs) 
appealing  targets  for  control  strategies.  Insect  ORs,  a  family  of  odorant-gated  ion  channels,  are 
thought  to  be  composed  of  a  representative  from  a  variable  family  of  odorant  binding  subunits 
and  a  highly  conserved  co-receptor  subunit  (Oreo).  Oreo-directed  agonists  and  antagonists  have 
recently  been  identified.  In  addition  to  competitively  inhibiting  OR  activation  by  Oreo  agonists, 
several  Oreo  antagonists  have  been  shown  to  act  through  a  non-competitive  mechanism  to  inhibit 
OR  activation  by  odorants.  This  result,  combined  with  the  high  degree  of  Oreo 
conservation  across  insect  species,  suggests  Oreo  as  an  attractive  target  for  chemical  control  of 
insects. 

Methods:  ORs  from  Anopheles  gambiae  and  Drosophila  melanogaster  are  expressed  in  Xenopus 
laevis  oocytes  and  functionally  assayed  by  two-electrode  voltage  clamp  electrophysiology  to 
identify  Oreo  antagonists.  High  potency  Oreo  antagonists  are  then  screened  for  the  ability  to 
modify  olfactory  behavior  in  D.  melanogaster  larvae. 

Results/Conclusion:  We  are  screening  a  series  of  compounds,  analogs  of  N-(4-ethylphenyl)-2- 
thiophenecarboxamide  (previously  identified  Oreo  antagonist)  and  a  series  of  cyclic  structures, 
for  antagonism  of  A.  gambiae  Oreo,  identifying  antagonists  with  improved  potency.  For  several 
of  these  novel  Oreo  antagonists,  we  have  demonstrated  competitive  inhibition  of  receptor 
activation  by  an  Oreo  agonist  and  non-competitive  inhibition  of  receptor  activation  by  odorants. 
A  phenylthiophenecarboxamide  analog  successfully  inhibited  olfactory  driven  behavior  in  the  D. 
melanogaster  larval  assay.  Our  results  suggest  that  olfaction  mediated  behaviors  of  mosquitoes 
might  also  be  manipulated  with  Oreo  antagonists. 
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Abstract  text: 

Introduction:  Oreo,  the  ubiquitous  co-receptor  of  insect  olfactory  receptors,  is  an  essential 
constituent  of  the  olfactory  machinery.  Oreo  function-eliminating  mutations,  RNAi-mediated 
reduction  in  Oreo  abundance  and  compounds  acting  as  Oreo  antagonists  impact  negatively  on 
the  organisms'  capacity  to  perceive  the  normal  odor  repertoire  causing  anosmia-reminiscent 
effects.  On  the  other  hand,  compounds  acting  as  Oreo  agonists  may  impact  in  a  positive  fashion 
on  the  function  of  olfactory  receptors. 

Methods:  We  have  used  lepidopteran  ( Bombyx  mori)  cell-based  screening  platforms  expressing 
Oreo  and  olfactory  receptor  heteromer  subunits  (ORx)  of  Anopheles  gambiae  in  conjunction 
with  specific  ligand-dependent  functional  assays  to  assess  the  effects  of  specific  atural 
compounds  on  receptor  functionality. 

Results/Conclusion:  We  show  that  known  Oreo  agonists  induce  allosteric  changes  on  receptor 
heteromers  resulting  in  significant  ORx  ligand-specific  enhancement  in  odor  perception  capacity 
in  vitro.  We  have  also  used  the  same  type  of  expression  platforms  to  screen  a  number  of  essential 
oils  obtained  from  Mediterranean  aromatic  plants  for  the  presence  of  natural  volatiles  acting  as 
specific  Oreo  agonists  and  antagonists.  Due  to  their  volatile  nature,  anosmia-inducing 
compounds  may  act  at  a  distance  and  thus  be  used  as  spatial  disorienting  agents.  The  same 
principle  applies  to  natural  olfactory  enhancers,  which  may  be  used  as  additives  to  human  odor 
blend-containing  mosquito  traps  for  more  effective  trapping.  The  combined  deployment  of 
spatial  anosmia-inducing  and  olfactory  capacity-enhancing  compounds  may  provide  an  effective 
approach  for  indoor  and  outdoor  prevention  of  malaria  transmission  to  humans. 
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Abstract  text: 

Introduction:  Oviposition  site  selection  by  gravid  malaria  mosquitoes  is  a  key  moment  in 
determining  the  reproductive  success  of  the  individual,  and  thus  the  population  dynamics  of  the 
species.  Consequently,  the  search  for  an  oviposition  site  has  important  implications  with  regard 
to  the  control  of  malaria  vectors.  To  date,  there  has  been  little  research  investigating  how  gravid 
Anopheles  gambiae  sensu  lato  females  locate  and  select  oviposition  sites. 

Methods:  We  employ  two-choice  attraction  and  oviposition  assays,  as  well  as  a  multi-array 
oviposition  assay  to  analyze  how  female  mosquitoes  select  and  discriminate  between  headspace 
volatile  extracts  collected  from  wild  and  domesticated  grasses.  In  addition,  we  use  combined  gas 
chromatography  and  electroantennographic  detection  analyses  to  identify  behaviorally  active 
compounds  in  two  cultivars  each  of  three  species  of  domesticated  grasses. 

Results/Conclusion:  We  show  that  gravid  An.  gambiae  Giles  and  An.  arabiensis  Patton  females 
are  differentially  attracted  to  odor  extracts  collected  from  wild  grasses.  Work  on  domesticated 
grasses  shows  similar  results.  Blends  of  synthetic  compounds  identified  in  the  headspace  of  the 
three  species  of  domesticated  grasses  attract  and  stimulate  oviposition  in  An.  arabiensis  in 
laboratory  and  semi-field  experiments.  These  findings  provide  a  breakthrough  needed  for 
developing  novel  monitoring  and  control  strategies  for  malaria  vector  control. 
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Abstract  text: 


Introduction:  Sugar  feeding  from  plants  is  a  highly  conserved  trait  among  most  of  the  mosquito 
genera  and  olfaction  plays  a  critical  role  in  mediating  this  behavior.  Resource  tracking  in 
mosquitoes  is  primarily  mediated  by  a  large  family  of  proteins,  the  olfactory  receptors  (ORs). 
Among  the  three  major  mosquito  species  (Diptera  :  Culicidae)  sequenced  to  date  ( Anopheles 
gambiae ,  Aedes  aegypti ,  and  Culex  quinquefasciatus)  a  great  diversity  in  OR  family  is  found,  yet 
there  is  a  small  sub-set  of  ORs  that  are  highly  conserved.  We  hypothesized  that  these  conserved 
ORs  are  involved  in  detection  of  volatile  chemicals  that  guide  them  to  plants. 

Methods:  We  isolated  and  identified  plant  headspace  odor  chemical  signatures  through  Solid 
Phase  Micro  Extraction  (SPME),  or,  adsorbent  collections. 

Results/Conclusion:  Quantitative  and  qualitative  changes  in  volatile  emission  patterns  between 
day  and  night  were  observed.  Extracts  were  tested  on  members  of  the  conserved  OR  clade 
heterogously  expressed  in  an  "empty-neuron"  of  Drosophila  melanogaster  under  a  UAS-GAL4 
system.  Bioassay  guided  isolation  of  constituent  ligands  from  extracts  was  accomplished  by 
employing  gas  chromatography  coupled  to  single  sensillum  recordings  (GC-SSR).  This  revealed 
a  distinct  array  of  plant/floral  derived  odorant  ligands  that  elicited  strong  excitatory  responses. 
Bioassay  guided  isolation  and  identification  of  novel  ligands  from  nature  provides  baits  that  can 
be  added  to  odor  baited  traps  and  integrated  into  the  existing  vector  control  strategies. 
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Abstract  text: 

Introduction:  For  survival  and  reproduction,  female  mosquitoes  must  feed  on  plants  to  replenish 
energy-rich  compounds  they  use  as  fuel  for  flight,  obtain  nutrients  for  reproduction  through 
blood  meals  from  vertebrate  hosts,  and,  subsequently,  lay  fertilized  eggs  on  environments 
suitable  for  their  offspring  to  flourish.  While  feeding  on  vertebrates,  mosquitoes  unwittingly 


transmit  diseases  from  one  human  or  animal  to  another.  The  olfactory  system  is  crucial  for 
mosquito  fitness  in  the  environment  as  they  guide  mosquitoes  to  hosts  (plants  and  vertebrates)  as 
well  as  sites  for  oviposition.  Thus,  the  olfactory  system  is  an  ideal  target  to  mitigate  disease 
transmission  and  improve  the  human  condition,  be  it  by  reducing  mosquito-host  interactions,  or 
trapping  gravid  females  for  surveillance  and  control. 

Methods:  This  presentation  will  focus  mainly  on  the  Southern  house  mosquito,  Culex 
quinquefasciatus.  A  brief,  historic  overview  will  be  given  of  the  reverse  chemical  ecology 
approach,  prior  to  the  advent  of  insect  genome  sequencing,  during  the  genome  era,  using  next 
generation  sequencing  and  employing  today’s  technologies.  The  importance  of  “asking 
mosquitoes”  with  well-designed  behavioral  assays  and  field  tests  will  be  emphasized. 

Results/Conclusion:  I  will  discuss  recent  developments,  including  our  research  after  the 
discovery  of  a  DEET  receptor,  our  odorant  receptor-  and  odorant-binding  protein-based 
approaches  for  discovery  of  oviposition  attractants  and  novel  repellents,  and  evidence  for 
multitasking  olfactory  roles  played  by  the  labrum  in  mosquito’s  proboscis.  Groundbreaking 
evidence  for  modulation  of  odorant  receptor  signaling  in  mosquitoes  will  also  be  presented. 

Support  from  an  NIH  grant  Award  R01AI095514. 
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Introduction:  The  tick  Ixodes  ricinus ,  primarily  associated  with  deciduous  and  mixed  forests,  is 
the  main  competent  vector  for  a  number  of  emerging  zoonotic  pathogens  in  Europe.  In  recent 
decades,  this  species  has  expanded  both  its  latitudinal  and  altitudinal  range,  prolonged  its 
seasonal  activity  and  invaded  new  habitat. 


Methods:  These  changes  are  correlated  with  changes  in  the  epidemiology  of  several  tick-borne 
transmitted  diseases,  such  as  Lyme  borreliosis  and  tick  borne  encephalitis.  Furthermore,  a 
number  of  tick  borne  pathogens  are  now  receiving  increasing  attention  from  public  health 
authorities,  such  as  bacteria  of  the  order  Rickettsiales  ( Anaplasma  phagocytophilum,  'Candidatus 
Neoehrlichia  mikurensis',  Rickettsia  Helvetica)  and  protozoans  ( Babesia  divergens,  B. 
venatorum  and  B.  microti) which  have  also  been  detected  in  urban  tick  populations. 

Results/Conclusion:  Here  we  illustrate  new  insights  into  our  understanding  on  how  Ixodes 
ricinus  ecology  and  its  interactions  with  hosts  affects  tick  borne  diseases  in  the  European 
anthropomes  today.  These  results  are  crucial  for  quantifying  the  parameters  needed  for  risk  pre¬ 
assessment  and  the  identification  of  public  health  strategies  for  preventing  and  controlling  tick- 
borne  diseases. 
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Introduction:  Ixodes  ticks  maintain  a  diverse  array  of  human  pathogens  in  their  enzootic  cycles. 
Ongoing  spread  of  Ixodes  scapularis  populations  in  North  America  are  expanding  the  range  of 
Borrelia  burgdorferi  sensu  stricto,  agent  of  Lyme  disease,  as  well  as  more  recently  invading 
pathogens  such  as  Babesia  microti ,  Anaplasma  phagocytophilum  and  Borrelia  miyamotoi. 
Interactions  with  the  highly  prevalent  B.  burgdorferi  in  ticks  and  hosts  can  influence  the 
likelihood  that  these  pathogens  will  become  established  in  new  areas. 

Methods:  We  examined  interactions  between  B.  burgdorferi ,  B.  microti ,  A.  phagocytophilum  and 
B.  miyamotoi  in  a  longitudinal  sampling  of  small  mammals  involving  biweekly  trapping  in  CT, 
RI  and  ME  between  2013-2015.  Skin,  blood  and  ticks  from  mammals  as  well  as  host-seeking 


ticks  were  collected.  We  incorporated  these  interactions  into  mathematical  models  to  assess  the 
role  of  interactions  in  the  establishment  of  more  recently  invading  pathogens. 

Results/Conclusion:  Our  longitudinal  study  yielded  more  than  4,000  small  mammal  captures; 
pathogen  screening  is  in  progress.  Transmission  enhancement  of  B.  microti  in  hosts  coinfected 
with  B.  burgdorferi  was  previously  demonstrated  in  a  laboratory  study  and  may  partially  explain 
the  recent  emergence  of  B.  microti  in  B.  burgdorferi  endemic  areas.  Our  findings  inform 
pathogen  invasion  models  to  reduce  human  disease  risk.  Pathogen  interactions  imply  that  control 
measures  such  as  host  vaccination  against  B.  burgdorferi  may  affect  transmission  of  other  I. 
scapularis-bomQ  pathogens. 
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Introduction:  Patterns  of  host  use,  and  the  frequency  at  which  these  patterns  change,  are  of  key 
importance  if  we  are  to  understand  tick  population  dynamics  and  the  evolution  of  tick 
biodiversity.  Host  use  is  also  the  primary  determinant  dictating  the  circulation  and  evolutionary 
pathway  of  associated  infectious  agents.  However,  the  question  of  whether  ticks  are  typically 
host  specialists  or  host  generalists,  along  with  the  factors  that  drive  host  use,  has  been  subject  to 
much  debate  over  the  last  half-century.  In  this  presentation,  I  bring  together  empirical  work  from 
diverse  tick  systems  to  examine  these  aspects  in  more  detail. 

Methods:  Population  genetics  data  for  five  different  tick  systems  has  been  analysed  in  relation  to 
host  use  and  placed  within  a  historical  context.  Where  possible,  this  data  has  further  been  linked 
to  current  patterns  of  tick  fitness  on  alternative  host  types  and  the  circulation  of  commonly 
associated  infectious  agents. 


Results/Conclusion:  The  data  all  support  the  prediction  that  host  specialisation  frequently  occurs 
in  these  arthropods  and  can  strongly  modify  the  circulation  of  vector-borne  pathogens. 
Interestingly,  host-associated  divergence  does  not  always  lead  to  tick  speciation;  ticks  show 
repeatable  patterns  of  being  local  specialists  and  global  generalists.  In  order  to  understand  tick 
population  dynamics  and  pathogen  transmission  risk,  it  is  necessary  to  define  host-specialised 
groups  at  local  scales.  Furthermore,  changing  environmental  conditions  can  greatly  alter  the 
contours  of  these  groups,  such  that  inferences  on  host  use  and  disease  risk  can  shift  over  space 
and  time. 
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Introduction:  Rapid  and  accurate  retrieval  of  whole  genome  sequences  of  human  pathogens  from 
tick  vectors  enables  fine-resolution  studies  of  pathogen  epidemiological  and  evolutionary 
dynamics.  Borrelia  burgdorferi  and  Babesia  microti(LymQ  disease  and  human  babesiosis 
agents,  respectively)  are  emerging  tick-borne  pathogens  whose  geographic  range  and  human 
incidence  are  on  the  rise  in  the  United  States.  Despite  their  epidemiological  relevance  and 
ongoing  invasion,  pathogen  genomic  techniques  have  not  yet  been  fully  harnessed  for  genomic 
study  of  these  two  tick-borne  pathogens  due  to  technical  challenges.  A  major  bottleneck  is  the 
difficulty  of  obtaining  high-quality  whole-genome  sequence  data  directly  from  tick  vectors  with 
a  high  ratio  of  host-to-pathogen  DNA. 

Methods:  To  address  this  challenge,  we  adopt  multiplexed  hybrid  capture  and  sequencing  to 
generate  a  novel  repository  of  genomic  data  for  B.  burgdorferi  and  B.  m/cr  of /informative  at  the 
spatio-temporal  scale  of  their  invasion  in  US.  Advanced  computational  and  population  genomic 
approaches  are  employed  to  assess  the  proportion  of  the  multiple  vs.  single  conspecific  strain 
infection  within-tick  vector,  and  to  understand  their  invasion  history  in  US. 

Results:  We  find  that  mixed  infections  with  conspecific  strains  of  B.  burgdorferi  are  ubiquitous 
in  tick  populations  (>70%  ticks),  demonstrating  that  vertebrate  hosts  and  humans  are  exposed  to 
genetically  diverse  infections.  For  B.  microti ,  we  detect  at  least  three  distinct  genetic  populations 
in  the  Northeastern  US,  suggesting  that  human  strains  of  B.  microti  have  multiple  origins. 

Conclusion:  Ongoing  pathogen  genomic  surveillance  studies  combined  with  human  disease  and 
entomological  surveillance  data  are  warranted  to  better  understand  tick-borne  pathogen 
transmission  dynamics. 
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Abstract  text: 

Introduction:  Ants  are  the  world’s  premier  social  insects,  surpassing  other  eusocial  taxa  in 
species  richness,  morphological  variety,  and  diversity  of  social  organization. 

Methods:  Our  understanding  of  ant  evolution  has  been  greatly  facilitated  by  the  use  of  molecular 
phylogenetic  methods,  and  by  increased  scrutiny  of  the  fossil  record.  Ants  appear  to  be  the  sister 
group  of  Apoidea  (spheciform  wasps  and  bees),  contradicting  earlier  views  of  a  closer 
relationship  to  ectoparasitoid  wasps.  Most  ants  belong  to  the  formicoid  clade,  which  contains 
~90%  of  described  species,  and  has  produced  the  most  socially  advanced  and  dominant  forms. 
The  remaining  ants  are  old  lineages  of  predominantly  cryptobiotic  species  whose  relationships 
are  still  being  clarified.  Phylogenetic  challenges  include  (1)  a  long  branch  separating  ants  from 
their  nearest  relatives,  and  (2)  heterogeneity  in  DNA  substitution  rates  and  base  composition 
among  ant  lineages.  Crown-group  ants  evidently  arose  in  the  early  Cretaceous  but  much  of  the 
diversification  of  extant  subfamilies  and  genera  occurred  in  the  Cenozoic,  contemporaneous  with 
radiations  of  other  insect  groups  and  angiosperms. 

Results/Conclusion:  Much  work  remains  to  be  completed  on  the  species-level  taxonomy  of  ants, 
and  several  widespread  and  species-rich  ant  genera  have  been  revealed  to  be  non-monophyletic. 
This  situation  has  arisen  because  taxonomists  were  misled  by  two  evolutionary  processes  that  are 
widespread  in  ants:  (1)  a  notable  tendency  towards  convergence  in  morphology,  ecology  and 


behavior,  especially  in  the  worker  caste;  and  (2)  heterogeneity  in  rates  of  phenotypic  evolution, 
with  highly  divergent  taxa  nested  within  groups  that  otherwise  show  much  greater  evolutionary 
stasis. 
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Abstract  text: 

Introduction:  Genomic  data  are  transforming  our  understanding  of  the  evolution  of  the  tree  of  life 
and  this  is  especially  true  in  the  insects. 

Methods:  In  the  ants  (Hymenoptera:  Formicidae)  comparative  genomics  is  informing  how 
behavior  influences  genome  evolution,  reduced  representation  genome  sequencing  is  providing  a 
stable  framework  to  understand  the  phylogenetic  history  of  many  ant  groups,  and  metagenomics 
and  microbial  next-generation  sequencing  is  informing  us  of  the  diversity  and  role  of  host- 
associated  microbes. 

Results/Conclusion:  By  coupling  these  data  with  knowledge  of  life  history  strategies,  diet  and 
trophic  niche,  and  species  distributions  we  are  shedding  light  on  how  one  of  the  most 
ecologically  successful  groups  of  terrestrial  organisms  evolved. 
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Abstract  text: 

Introduction:  Over  the  past  two  decades,  a  myriad  of  fossil  ant  studies  have  shown  that  not  only 
did  ants  extend  as  far  back  as  the  Cretaceous,  but  during  that  time  they  were  morphologically, 
and  presumably  behaviorally  and  ecologically  diverse.  Fossil  studies  have  also  shown  that  the 
ecological  dominance  of  ants  seen  today  was  likely  achieved  in  the  Eocene.  Simultaneously,  our 
understanding  of  ant  phylogeny  has  changed  dramatically,  underpinned  by  large  molecular 
datasets,  casting  into  doubt  many  long  held  conclusions  about  evolutionary  relationships  among 
the  ants  based  solely  on  morphological  data.  More  recently  the  advent  of  phylogenomics  has 
further  expanded  our  understanding  of  ant  phylogeny  both  in  terms  of  giving  greater  confidence 
in  previous  molecular-based  and  morphology-based  conclusions,  and  also  revealing  novel 
relationships  not  elucidated  by  other  data  types. 

Methods:  As  confidence  has  grown  about  ant  relationships,  the  use  of  phylogenies  to  explore 
topics  such  as  the  dates  of  various  clades  and  diversification  rates  has  increased.  The 
contribution  of  the  ant  fossil  record  has  perhaps  never  been  greater  to  our  understanding  of  ant 
evolution. 

Results/Conclusion:  Not  only  has  the  fossil  record  provided  a  view  of  ant  morphological 
diversity  over  time,  but  the  importance  it  has  played  in  various  techniques  associated  with  dating, 
understanding  morphological  and  ecological  change,  and  diversification  cannot  be 
underestimated.  Combined  with  molecular  studies  of  extant  ants,  the  exploration  of  the  ant  fossil 
record  has  provided  us  an  exciting  window  into  the  evolutionary  narrative  of  the  ants  and  is 
likely  to  continue  to  reveal  novel,  and  unexpected,  results. 
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Abstract  text: 

Introduction:  Citizen  science  projects  and  emerging  high-throughput  sequencing  techniques  each 
have  the  potential  to  vastly  improve  the  amount  of  data  available  to  researchers  in  a  wide  variety 
of  scientific  fields.  Together,  these  techniques  can  address  ecological  and  evolutionary  questions 
in  non-model  organisms.  We  investigated  how  these  two  tools  could  synergistically  answer 
questions  about  a  long  established  but  poorly  understood  exotic  species,  the  pavement 
ant,  Tetramorium  sp.  E  (formerly  T.  caespitum). 

Methods:  Participant-collected  specimens  from  the  School  of  Ants  were  used  to:  1)  verify  the 
quality  of  DNA  following  a  simple  freeze-then-mail  sampling  protocol,  2)  determine  if  T. 
caespitum/impurum  complex  specimens  from  across  the  U.S.  belong  to  multiple  species,  and  3) 


describe  population  structure  and  intracolonial  relatedness  using  double-digest  restriction-site 
associated  DNA  sequencing  (ddRADseq). 

Results/Conclusion:  DNA  quality  from  citizen  science  specimens  was  sufficient  for  sequencing 
long,  single  genes  as  well  as  thousands  of  short  reads  throughout  the  genome.  Deeper  sampling 
confirms  that  T.  sp.  E  is  the  only  species  in  this  complex  introduced  into  the  U.S.,  and  the 
introduced  population  shares  a  COI  lineage  with  the  most  widespread  haplotype  of  this  species  in 
its  native  range.  Population  structure  exists  in  the  introduced  range,  with  most  Northeastern  and 
Western  ants  clustering  separately  from  Midwestern  and  Southern  individuals.  Genetic  evidence 
suggests  that  this  species’  life  history  traits  include  monogyny  and  outbreeding.  In  summary, 
citizen  science  collections  paired  with  high-throughput  sequencing  tools  can  lead  to  informative 
population  genomic  conclusions  about  widespread  organisms  that  may  be  ecologically  important 
but  poorly  understood. 
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Abstract  text: 

Introduction:  Ultraconserved  elements  (UCEs)  have  been  successfully  used  in  phylogenomics  for 
a  variety  of  taxa,  but  their  power  in  phylogenetic  inference  has  yet  to  be  extensively  compared 
with  that  of  traditional  Sanger  sequencing  data  sets.  Moreover,  UCE  data  on  invertebrates, 
including  insects,  are  sparse. 

Methods:  We  compared  the  phylogenetic  informativeness  of  959  UCE  loci  with  a  multi-locus 
data  set  of  ten  nuclear  markers  obtained  via  Sanger  sequencing,  testing  the  ability  of  these  two 
types  of  data  to  resolve  and  date  the  evolutionary  history  of  the  ant  subfamily  Formicinae. 


Results/Conclusion:  Phylogenetic  estimations  show  that  UCEs  are  superior  in  resolving  ancient 
and  shallow  relationships  in  formicine  ants,  demonstrated  by  increased  node  support  and  a  more 
resolved  phylogeny.  Phylogenetic  informativeness  metrics  indicate  a  twofold  improvement 
relative  to  the  10-gene  data  set.  We  were  able  to  significantly  improve  formicine  classification 
based  on  our  comprehensive  UCE  phylogeny.  Our  divergence  age  estimations,  using  both  UCE 
and  Sanger  data,  indicate  that  crown-group  Formicinae  are  older  (104-1 17  Ma)  than  previously 
suggested.  Biogeographic  analyses  infer  that  the  diversification  of  the  subfamily  has  occurred  on 
all  continents  with  no  particular  hub  of  cladogenesis.  The  early  history  of  the  clade  remains 
uncertain  due  to  ancient  rapid  divergence  events  that  are  unresolvable  even  with  our  genomic- 
scale  data,  although  this  might  be  largely  an  effect  of  several  long-branched  taxa.  This 
comparative  study  highlights  both  the  promise  and  limitations  of  UCEs  for  insect 
phylogenomics,  and  will  prove  useful  to  the  growing  number  of  evolutionary  biologists 
considering  the  transition  from  Sanger  to  next-generation  sequencing  approaches. 
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Abstract  text: 

Introduction:  Over  the  last  several  years  there  has  been  a  big-data  revolution  in  molecular 
systematics.  By  coupling  next-generation  sequencing  (NGS)  with  novel  laboratory  and 
bioinformatics  techniques,  it  is  now  possible  to  generate  genome-scale  datasets  for  thousands  of 
taxa  at  low  cost.  From  delimiting  species  to  reconstructing  evolutionary  history,  these  new 
techniques  show  great  potential  for  rapidly  advancing  biodiversity  reasearch. 

Discussion:  I  present  an  overview  of  one  of  the  most  promising  methods  -  the  targeted 
enrichment  of  ultraconserved  elements  (UCEs)  -  and  demonstrate  how  it  is  being  employed  to 
document  species  diversity  in  a  large-scale  project  called  Ant  Diversity  of  the  MesoAmerican 
Corridor  (ADMAC).  Specifically,  I  will  focus  on  one  target  ant  lineage,  the  Basiceros  genus- 


group,  and  will  test  the  ability  of  UCE  data  to  both  infer  phylogeny  and  delimit  species.  The 
results  will  then  be  used  to  redefine  generic  boundaries,  unravel  biogeographic  history,  and 
revise  species-level  taxonomy  within  the  Basiceros  group. 
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Abstract  text: 

Introduction:  Neotropical  cloud  forests  are  home  to  distinctive  assemblages  of  ants  that  do  not 
occur  in  the  lowlands.  In  Central  America,  traditional  sorting  of  specimens  into  genera,  species, 
and  morphospecies  provides  limited  information  on  the  origin  of  these  montane  ants. 

Methods:  Targeted  enrichment  of  Ultra-Conserved  Elements  (UCEs)  provide  abundant  sequence 
data  that  allow  unprecedented  resolution  of  phylogenetic  relationships  at  all  time  depths. 

Results/Conclusion:  I  use  UCE  data  to  investigate  the  origins  of  cloud  forest  ant  species  across 
multiple  lineages,  differentiating  "horizontal  diversification"  (dispersal  and  speciation  among 
cloud  forests)  and  "vertical  diversification"  (speciation  along  elevational  gradients). 
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Introduction:  Male  ants  are  diverse  in  form  and  in  patterns  of  morphological  evolution. 

Methods:  Using  modern  phylogenetic  techniques,  and  integrating  molecular  and  morphological 
data,  we  can  reconstruct  the  evolutionary  transformations  leading  to  the  observable  diversity  of 
ant  biology.  One  of  the  first  steps  in  this  effort  is  to  recognize  patterns  of  male  morphological 
traits — somatic  and  genitalic — and  to  use  these  traits  in  classification.  This  task  is  becoming 
easier  thanks  to  an  increase  in  available  identification  resources. 

Results/Conclusion:  The  attempt  to  incorporate  males  into  the  classification  of  the  Formicidae 
has  revealed  that  male  ants  may  evolve  in  tandem  with  females,  or  may  diverge  strongly  in  form 
and  function  in  several  ways.  The  proximate  reasons  for  these  divergences  include  ecological 
and  reproductive  factors,  and  provide  a  promising  avenue  for  future  research.  In  this  talk,  I 
discuss  the  history  of  male-based  research,  and  provide  new  male-based  synapomorphies  at 
suprageneric  levels,  focusing  on  the  Myrmicinae,  and  highlight  particular  cases  where  the  study 
of  male  ants  has  contributed  to  the  resolution  of  specific  problems,  including  species- 
delimitation.  A  call  is  made  for  the  integration  of  efforts,  methods,  and  lines  of  inquiry  to  better 
understand  the  evolutionary  and  natural  history  of  the  ants. 


Symposium 

Presentation  Title:  It  is  time  for  taxonomists  to  embrace  morphology 

Author  Name:  Flavia  Esteves 

Author  Institution:  California  Academy  of  Sciences 

Session  Title:  Symposium:  Advances  in  Ant  Systematics:  Global  Sampling,  New  Phylogenetic 
Methods,  and  Major  Taxonomic  Changes 

Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1903 


DOI:  10.1 603/ICE.20 1 6.92642 
Abstract  text: 

Introduction:  Morphology  is  a  significant  and  crucial  part  of  delimiting  species,  and  taxonomy 
forms  the  base  of  our  knowledge  system  in  biology.  Many  studies  have  claimed  that  taxonomy  is 
crumbling,  pointing  to  lack  of  funding  and  lack  of  taxonomists  as  main  culprits.  But  what  if  one 
of  the  problems  is  our  commitment  to  morphology,  and  to  the  morphological  information  we 
pass  along  in  the  studies  we  publish?  A  significant  part  of  taxonomic  studies  on  ants  is  conducted 
in  the  same  fashion  as  one  hundred  years  ago.  Besides  the  availability  of  new  or  not-so-new 
tools,  the  same  morphological  characters  are  evaluated  under  a  stereomicroscope.  Even  though 
high-resolution  pictures  are  replacing  hand  drawings,  continuous  characters,  such  as  color, 
measurements,  and  surface  sculpture  are  still  the  preferred  choice  for  some  taxonomists. 

Methods:  Using  as  a  case  study  the  taxonomic  revision  of  the  ant  genus  Stigmatomma  in  the 
Malagasy  bioregion,  I  show  that  it  is  possible  to  find  meaningful  and  discrete  characters  in  body 
parts  that  are  not  usually  evaluated,  or  through  not-so-new  techniques  for  morphological  studies. 

Results/Conclusion:  In  a  world  where  molecular  data  fuels  seemingly  better  phylogenetic 
hypothesis,  traditional  morphology-based  taxonomic  revisions  have  a  higher  value:  they  may  be 
the  main  source  of  morphological  information  for  functional  or  evolutionary  studies. 
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Abstract  text: 


Introduction:  Ants  are  conspicuous  organisms  of  major  ecological  importance  in  most  terrestrial 
ecosystems,  often  attaining  high  levels  of  abundance  and  diversity.  However,  the  richness, 
biogeographic  patterns,  and  phylogenetic  relationships  in  ants  represent  an  important  source  of 
uncertainty  in  literature.  Until  recently,  this  was  also  the  case  in  the  ectaheteromorph  ants,  a 
clade  comprising  the  subfamilies  Ectatomminae  and  Heteroponerinae  which  included  seven 
genera  and  about  400  species  distributed  in  the  Americas,  Australia  and  Asia. 

Methods:  Recent  morphological  studies  provide  a  strong  foundation  for  recognizing  and 
delimiting  most  species  in  the  clade  and  represent  the  first  step  in  trying  to  understand  the 
internal  phylogenetic  relationships  of  the  ectaheteromorph  ants.  In  addition,  molecular 
phylogenetic  relationships  of  six  ectaheteromorph  genera  and  almost  100  species  were  inferred 
to  explore  the  evolutionary  diversification  of  these  ants. 

Results/Conclusion:  The  first  conclusive  results  suggest  that  the  division  between  the  subfamilies 
Ectatomminae  and  Heteroponerinae  is  systematically  unnecessary.  The  seven  ectaheteromorph 
genera  could  be  included  in  a  single  subfamily,  Ectatomminae,  with  three  tribes:  Ectatommini 
(comprising  Ectatomma ,  Gnamptogenys  and  Rhytidoponera ),  Heteroponerini 
(comprising  Acanthoponera  and  Heteroponera ),  and  Typhlomyrmecini  (with  Typhlomyrmex  as 
its  only  representative).  The  genus  Aulacopone ,  known  by  a  single  specimen,  is 
considered  incertae  sedis  within  the  subfamily. 
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Abstract  text: 

Introduction:  The  dory  line  ants,  a  group  that  contains  the  ecologically  important  and  charismatic 
army  ants,  represent  an  exceptionally  rapid  ancient  radiation  and  a  taxon  in  need  of  taxonomic 
attention.  A  genus-level  revision  is  needed  to  better  reflect  evolutionary  relationships  among  the 


species  and  previous  attempts  at  resolving  the  phylogeny  of  this  clade  failed  to  resolve 
uncertainty  in  early  splits  of  the  dory  line  tree. 

Methods:  I  employ  2,500  Ultraconserved  Elements  (UCEs)  distributed  across  the  ant  genomes 
and  collected  from  20%  of  species  described  in  the  Dorylinae  to  build  a  new  phylogeny.  The 
extensive  taxon  sampling  is  aided  by  the  expertise  developed  while  preparing  the  generic 
revision  of  the  subfamily.  I  first  evaluate  the  potential  in  the  data  to  violate  the  assumptions  of 
commonly  used  phylogenetic  methods  and  apply  strategies  for  improving  model  fit  before 
inferring  the  phylogeny. 

Results/Conclusion:  The  inference  of  doryline  phylogeny  is  highly  susceptible  to  bias.  The  army 
ant  monophyly,  recovered  by  previous  phylogenetic  studies,  is  shown  to  be  driven  primarily  by 
long-branch  attraction.  The  new  results  show  independent  origins  of  Old  and  New  World  army 
ants  and  suggest  few  transoceanic  dispersal  events  in  the  evolution  of  the  subfamily.  These  new 
results  contrast  with  previous  phylogenies  but  are  in  line  with  some  of  the  morphology-  and 
zoogeography-based  arguments  put  forward  before  the  dawn  of  molecular  phylogenetics. 
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Abstract  text: 

Introduction:  Terataner  are  conspicuous,  predatory  ants  distributed  throughout  the  Afrotropical 
and  Malagasy  regions.  The  known  diversity  comprises  12  valid  and  around  40  new  species,  most 
of  them  Malagasy  microendemics.  The  genus  can  be  divided  into  two  groups  with  fairly  different 
biological  lifestyles.  Species  from  Central  Africa  are  strictly  arboreal  and  nest  in  rotten  parts  of 
standing  timber  far  from  the  ground.  The  female  reproductives  are  morphologically  typical  ant 
queens  with  wings.  The  remaining  species  from  East/South  Africa  and  the  Malagasy  region  nest 
sub-arboreally,  mostly  in  twigs,  and  have  wingless,  ergatoid  queens.  The  division  into 


geographical  groups  with  different  reproductive  strategies  and  dispersal  abilities  is  of  great 
importance  for  the  biogeography  of  the  genus,  especially  for  the  colonisation  of  and  radiation  on 
Madagascar. 

Methods:  Based  on  an  integrative  approach  of  comparative  morphology  and  next-generation 
RAD-tag  sequencing,  we  want  to  reconstruct  the  evolutionary  history  of  Terataner.  With  such 
data  we  want  to  explain  how  the  genus  colonised  Madagascar  from  Africa,  where  the  shift  to  an 
ergatoid  queen  occurred,  how  it  dispersed  and  radiated,  and  which  abiotic  factors  influenced  its 
diversification. 

Results/Conclusion:  Our  phylogenomic  data  suggests  that  Terataner  developed  the  ergatoid 
condition  in  Africa  and  subsequently  colonised  the  Malagasy  region  where  it  underwent  a  recent 
astonishing  radiation  with  high  levels  of  microendemism.  Surprisingly,  morphology  seems  well 
suited  for  species  delimitation  while  it  cannot  explain  supraspecific  phylogenetic  relationships. 
Instead,  we  observe  a  strong  geographical  signal  in  our  dataset  able  to  explain  the  within- 
Madagascar  dispersal.  Furthermore,  it  seems  that  waterbodies  play  an  important  role  in  species 
diversification. 
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Introduction:  As  one  of  the  few  globally  distributed,  hyperdiverse  ant  radiations,  the 
genus  Strumigenys  represents  an  interesting  opportunity  to  learn  about  diversification.  In 
particular,  Strumigenys  exhibit  a  wide  variety  of  morphological  diversity,  and  in  particular  some 
lineages  have  a  complex  mechanical  trap-jaw  mechanism  used  for  predation,  while  others  have 
more  simple  gripping  mandibles.  It  is  currently  unclear  which  form  is  the  ancestral  condition, 


and  how  these  complex  mechanisms  evolved.  Attempts  of  taxonomic  treatment  through 
morphological  characters  have  left  much  uncertainty  among  many  groups  of  species. 

Methods:  Using  a  RAD-seq  approach  and  and  with  taxonomic  coverage  of  534  species,  we 
produce  the  first  global  phylogeny  of  Strumigenys  and  investigate  their  genomic  and 
morphological  relationships. 

Results/Conclusion:  We  find  evidence  that  trap-jaw  mandibles  are  a  derived  state  evolving  from 
more  simple  mandibles,  and  that  it  has  evolved  in  convergence  multiple  times  around  the 
globe.  These  results  provide  an  interesting  puzzle  for  the  factors  that  promote  the  evolution  of 
complexity. 
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Abstract  text: 

Introduction:  Social  parasites  exploit  the  colony  resources  of  other  social  species  to  secure  their 
own  survival  and  reproduction.  Despite  their  highly  specialized  life  histories,  social  parasites 
evolved  at  least  100  times  in  ants  alone.  Interestingly,  obligate  ant  social  parasites  and  their  hosts 
were  often  inferred  to  be  close  relatives  (Emery’s  rule),  and  two  competing  hypotheses  prevail  to 
explain  the  evolutionary  origins  of  social  parasite  species:  the  interspecific  hypothesis  proposes 
that  social  parasites  evolve  via  allopatric  speciation,  whereas  the  intraspecific  hypothesis 
postulates  that  parasitic  species  evolve  directly  from  their  hosts  in  sympatry. 

Methods:  To  test  whether  social  parasites  frequently  originate  via  the  intraspecific  route  of  social 
parasite  evolution,  we  studied  the  evolutionary  history  of  leaf-cutting  fungus-growing  ants.  Leaf¬ 
cutting  ants  are  ideally  suited  for  comparative  evolutionary  studies,  because  five  socially 


parasitic  species  are  known  in  the  genera  Acromyrmex  and  Pseudoatta,  and  all  five  species 
represent  different  adaptations  to  their  socially  parasitic  life  histories.  To  infer  the  genetic 
patterns  and  mechanisms  underlying  social  parasite  evolution  in  leaf-cutting  ants,  we  first 
reconstruct  the  phylogeny  of  leaf-cutting  ants  and  their  social  parasites  using  molecular 
phylogenetic  and  phylogenomic  tools.  Second,  we  are  studied  the  population  genetic  and 
sociogenetic  background  of  host/parasite  species  pairs  using  population  genetic  and  genomic 
techniques.  Third,  we  aimed  at  identifying  the  molecular  genetic  mechanisms  underlying  the 
speciation  process  by  comparing  whole  genome  sequences  of  independently  convergently 
evolved  host/parasite  pairs. 

Results/Conclusion:  This  phylogenetic  study  provided  empirical  evidence  for  the  intraspecific 
hypothesis  of  social  parasite  evolution  in  Mycocepurus  ants. 
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Abstract  text: 

Introduction:  The  weevil  family  Curculionidae  Latreille,  1802  (true  weevils)  is  an  extremely 
successful  lineage  of  phytophagous  beetles,  comprising  >51,000  described  species  in  250  tribes 
and  ~4,600  genera.  Curculionidae  exhibit  a  remarkable  diversity  of  body  sizes,  shapes  and 
structures,  reflecting  an  equally  remarkable  range  of  habits.  On  account  of  their  intimate  and 
often  highly  specialized  interactions  with  plants,  they  are  among  the  most  significant  pests  of 
agriculture  and  forestry. 

Methods:  The  IK  Weevils  Project  seeks  to  reconstruct  the  phylogeny  of  Curculionidae  and 
establish  a  temporal  framework  for  curculionid  diversification,  through  analyses  of 
phylogenomic  and  morphological  data.  The  resulting  phylogenetic  trees  will  be  used  to  test  long- 


standing  hypotheses  about  curculionid  relationships  and  evolution  -  particularly  in  relation  to  the 
diversification  and  rise  of  flowering  plants  (angiosperms)  to  floristic  dominance.  These 
inferences  will  in  turn  contribute  to  resolving  the  taxonomic  problems  that  pervade  curculionid 
internal  higher  classification. 

Results/Conclusion:  The  present  talk  will  review  results  to  date  from  the  IK  Weevils  Project, 
including  progress  towards:  (1)  a  deeply  gene-  and  taxon-sampled  molecular  phylogeny  of 
Curculionidae  and  relatives  (1,000  species,  >500  genes),  (2)  a  deeply-sampled  morphological 
character  matrix  and  corresponding  phylogeny,  and  (3)  clarification  of  group  concepts  and 
relationships  in  Curculionidae  based  on  molecular  and  morphological  data. 
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Abstract  text: 

Introduction:  Weevils  (Curculionoidea)  are  a  hugely  speciose  beetle  group  and  this  richness  is 
matched  by  great  morphological  diversity.  The  IK  Weevils  morphology  project  is  marshalling  a 
novel  morphological  dataset  to  provide  an  independent  test  of  weevil  (especially  Curculionidae) 
phylogeny,  and  to  provide  novel  insights  into  the  evolution  of  this  important  phytophagous 
group. 

Methods:  Adult  and  larval  morphological  characters  from  diverse  character  systems  were 
compiled  and  synthesized  from  the  phylogenetic  literature  and  from  new  observations.  All 
characters  have  been  critically  evaluated,  re-interpreted  in  light  of  current  phylogenetic  thinking, 
and  organized  into  a  supermatrix.  We  have  compiled  an  unprecedented  and  comprehensive  taxon 
sample  for  Curculionidae,  other  weevil  families,  and  chrysomeloid  outgroups,  and  these  data  will 
be  used  to  evaluate  support  for  the  major  groupings  within  Curculionidae. 


Results/Conclusion:  The  IK  Weevils  morphology  project  will  provide  unique  insight  into  the 
morphological  evolution  of  weevils,  especially  for  the  largest  family,  Curculionidae.  The 
resulting  character  list  will  provide  the  foundation  for  many  systematic  and  phylogenetic  studies 
at  all  levels  within  weevils. 
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Abstract  text: 

Introduction:  The  Curculionidae  constitute  the  most  diverse  family  of  Coleoptera,  and 
recognition  of  its  main  subclades  (natural  subfamilies/tribes)  remains  challenging.  One  main 
objective  of  the  IK  Weevil  project  is  to  perform  a  cladistic  analysis  of  the  weevils  based  on 
morphological  characters  so  as  to  yield  a  robust  estimate  of  curculionid  phylogeny  and  provide  a 
framework  for  testing  hypotheses  about  the  evolution  of  the  characteristic  adult  and  larval 
structures  of  the  family.  We  here  present  a  backbone  morphological  phylogeny  estimate  of  the 
Curculionidae. 

Methods:  We  performed  a  cladistic  analysis  including  as  terminals  species  representatives  of 
genera  in  all  subfamilies  and  many  current  tribes,  plus  outgroups.  The  main  criteria  of  taxon 
sampling  were:  taxa  are  phylogenetically  important,  spanning  basal  splits  or  deep  branches;  type 
genera  are  included;  material  is  available  for  scoring  adult  and  larval  characters  and  for  DNA 
sequencing.  Characters  were  scored  from  external  and  internal  structures  of  adults  of  both  sexes 
as  well  as  of  larvae. 


Results/Conclusion: 


The  family  Curculionidae  is  a  robust  clade,  defined  by  both  adult  and  larval  synapomorphies;  the 
genera  currently  placed  in  Brachycerinae  (including  Erirhininae)  form  at  least  three  groups  in  a 
paraphyletic  sequence  at  the  base  of  Curculionidae;  the  Dryophthorinae  and  Platypodinae 
(including  Mecopelmus)  are  closely  related  subfamilies;  the  remaining  curculionids  (with  pedal 
type  of  male  genitalia)  form  two  large  sister  clades,  one  including  most  broad-nosed  weevils 
(Entiminae,  Cyclominae  and  allies),  with  predominantly  ectophytic  larvae,  and  the  other  the  rest 
of  the  family  (from  Curculioninae  to  Scolytinae),  with  an  oviposition  rostrum  and  endophytic 
larvae. 
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Abstract  text: 

Introduction:  Weevils  (Curculionoidea)  have  a  fairly  extensive  fossil  record  reaching  back  to  the 
early  Late  Jurassic,  and  many  taxa  have  been  described  in  recent  years.  However,  their 
identification  and  assignment  to  higher  taxa  is  often  dubious  or  uncertain,  and  the  overall 
classification  of  weevil  fossils  is  largely  incompatible  with  that  of  extant  weevils.  This  severely 
compromises  the  suitability  of  fossils  in  the  calibration  of  phylogenetic  estimates  and  the 
reconstruction  of  the  evolutionary  history  of  weevils. 

Methods:  We  present  a  review  of  the  most  critical  fossils  that  have  been  used  to  anchor  the 
origin  and  evolutionary  history  of  the  higher  weevil  taxa  (families  and  subfamilies),  based  on  re¬ 
examination  of  specimens  and  re-evaluation  of  descriptions  and  classifications. 

Results/Conclusion:  The  most  primitive  family  of  extant  weevils,  Nemonychidae,  is  fairly  firmly 
and  well  represented  by  fossils  from  the  Late  Jurassic  sites  of  Daohugou,  Karatau  and  Talbragar 
and  extends  into  the  late  Lower  Cretaceous,  but  their  classification  into  extinct  subfamilies 
Eobelinae  and  Baissorhynchinae  is  less  certain.  The  families  Anthribidae,  Belidae,  Attelabidae 


and  Caridae  are  much  less  securely  represented  in  the  fossil  record,  all  specimens  assigned  to 
them  in  the  literature  suffering  from  a  lack  of  unambiguous  characters  distinguishing  these 
families.  The  two  most  advanced  families,  Brentidae  and  Curculionidae,  are  reasonably  securely 
represented  in  the  fossil  record  from  the  late  Lower  Cretaceous  of  Santana  and  Orapa,  but  the 
assignment  of  the  fossils  to  extant  subfamilies  is  again  contentious  and  uncertain.  Particular 
problems  remain  in  establishing  the  origins  of  critical  subfamilies  such  as  Brachycerinae  and 
Scolytinae. 
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Abstract  text: 

Introduction: The  New  Zealand  fauna  contains  approximately  1200  described  species  placed  in 
243  genera  and  contained  in  five  families.  There  are  iconic  species  like  the  Giraffe  Weevil, 
Lasiorhynchus  barbicornis  Lacordaire  (Brentidae),  and  Spear  Grass  weevils  ( Hadrampus  Broun) 
and  a  number  of  genera  and  tribes  (e.g.,  Eugnomini  and  Phrynixini)  that  have  radiated  in  large 
numbers  like  other  groups  on  this  island-continental  landmass.  Many  groups  have  not  been  fully 
revised  and  like  other  family-groups  of  weevils,  require  a  hard  look  at  their  composition  and 
phylogenetic  relationships.  One  genus  that  has  been  bounced  about  is  the  enigmatic  Geochus 
Broun,  a  genus  that  has  been  placed  within  Enteminae  (Brachyderini),  Cyclominae,  Curculionini 
(Cryptoplini,  Diabathrariini,  Geochini,  and  Ramphini),  and  Molytinae  (Cryptorhynchini, 
Phryxini). 

Methods:  We  examine  the  phylogenetic  relationships  of  New  Zealand  weevils  based  on  COI  and 
28s  from  exemplars  of  most  genera  to  determine  their  phylogenetic  placements  within  a  regional 
sampling  as  a  backbone  to  further  research  leading  to  a  full  revision  of  the  fauna. 

Results/ConclusiomWe  will  present  the  results  of  this  ongoing  study. 
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Abstract  text: 

Introduction:  The  natural  history  and  current  classification  of  the  primitive  curculionoid  families 
Anthribidae,  Nemonychidae,  Belidae  and  Attelabidae  are  reviewed.  While  the  phylogenetic 
relationships  among  these  groups  are  generally  well-understood,  discoveries  of  new  taxa  of 
Belidae  in  Central  America  have  resulted  in  changes  in  the  classification  within  that  family.  This 
points  towards  as  yet  more  unknown  taxa  in  this  biologically  diverse,  sporadically  distributed 
group  of  weevils. 

Methods:  This  talk  will  review  the  current  classification  of  the  primitive  weevil  families. 

Results/ConclusiomThis  review  points  towards  as  yet  more  unknown  taxa  in  this  biologically 
diverse,  sporadically  distributed  group  of  weevils. 
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Abstract  text: 

Introduction:  The  family  Anthribidae  includes  374  genera  and  3861  species  in  three  subfamilies, 
two  of  which  have  worldwide  distributions:  Anthribinae  Billberg,  1820,  with  28  tribes  and  315 
genera;  and  Choraginae  Kirby,  1819,  with  five  tribes  and  51  genera.  Urodontinae  Thomson, 

1859  consists  of  eight  genera  that  occur  in  the  Afrotropical  and  part  of  the  Palaearctic  region. 
Some  anthribid  species  have  structural  modifications  in  males,  suggesting  sexual  selection  and 
the  existence  of  polyphenism  as  component  in  the  evolutionary  process,  by  introducing 
morphological  and  behavioral  novelties.  The  feeding  habits  are  diverse,  including  herbivores, 
fungivores,  and  carnivores.  The  subfamily  Anthribinae  is  the  most  numerous,  with  several 
species  displaying  distinct  patterns  of  sexual  dimorphism. 

Methods:  The  monophyly  of  Anthribidae  and  the  phylogenetic  relationships  among  subfamilies, 
tribes  and  genera  are  still  being  investigated.  In  order  to  infer  phylogenetic  relationship  within 
Anthribidae,  a  cladistic  analysis  is  performed  to  evaluate  the  evolutionary  history  of  the 
morphological  characters  involved  in  dimorphism,  and  compared  with  the  molecular  phylogeny 
using  DNA  sequences  from  mitochondrial,  nuclear  and  the  nuclear  protein-coding  (wingless). 

Results/Conclusion:  Overall,  we  evaluated  the  consistency  of  data  to  infer  the  subordinated 
monophyletic  and  paraphyletic  groups,  as  well  as  the  Gondwanan  relationships  within 
Anthribidae. 
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Introduction:  Entiminae,  with  about  1370  genera  and  12000  species  is  the  most  diverse 
subfamily  within  Curculionidae.  In  the  last  catalogue  of  weevil  genera,  Entiminae  is  classified 
into  55  tribes,  however,  most  of  them  are  probably  artificial.  The  main  objective  of  this 
contribution  is  to  test  the  monophyly  of  Entiminae  and  its  closely  related  subfamilies,  as  well  as 
the  naturalness  of  some  of  its  tribes,  especially  Naupactini,  which  is  the  most  diverse  in  South 
America. 

Methods:  We  analyzed  a  data  matrix  of  1 17  terminals  by  4400  molecular  characters,  including 
species  representative  of  59  genera  and  25  tribes  of  Entiminae,  9  species  of  Hyperinae,  15  of 
Cyclominae  (including  Gonipterini)  plus  several  outgroups  from  the  remaining  curculionid 
subfamilies.  The  molecular  markers  used  were  18S,  28S,  16S  and  COI.  For  the  tribe  Naupactini 
we  also  constructed  a  matrix  of  102  morphological  characters  coded  for  72  species  representative 
of  its  genera.  The  matrices  were  analyzed  by  Maximum  Parsimony,  and  the  molecular  ones,  also 
by  Maximum  Likelihood  and  Bayesian  Inference. 

Results/Conclusion:  The  phylogenetic  trees  obtained  show  Hyperinae,  Cyclominae  and 
Entiminae  forming  together  a  monophyletic  group,  with  Hyperinae  often  recovered  as  sister 
clade  of  a  group  including  members  from  the  other  two  subfamilies.  Several  tribes  of  Entiminae 
were  not  monophyletic,  e.g.  Tanymecini  and  Tropiphorini,  whereas  others  were  recovered  as 
natural  groups,  e.g.  Naupactini  and  Sitonini.  A  clade  Geonemini+  Eustylini  is  closely  related  to 
the  Naupactini,  with  Artipus  not  belonging  in  the  latter  tribe.  Some  naupactine  genera  were  not 
monophyletic,  e.g.  Naupactus  and  Mimographus  sensu  Alonso-Zarazaga  and  Lyal. 
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Abstract  text: 

Introduction:  Insect  host  plant  shifts  can  lead  to  a  burst  of  diversification  driven  by  arrival  to  a 
new  adaptive  zone.  In  this  context,  our  project  aims  to  explore  timing  and  patterns  in  the 
evolution  of  the  weevil  subfamily  Ceutorhynchinae  (Coleoptera:  Curculionidae),  particularly  in 
relation  to  affiliations  with  their  host  plants. 

Methods:  For  this  purpose,  we  compiled  a  comprehensive  molecular  data  set,  based  on  six 
mitochondrial  and  nuclear  genes,  representing  all  major  ceutorhynch  tribes.  Based  on  this  data, 
tree  reconstruction  was  conducted  and  divergence  times  of  the  tribes  were  estimated.  We  further 
inferred  species  diversification  with  a  model-based  evolutionary  framework,  to  account  for  rate 
variation  through  time  and  among  lineages,  and  to  estimate  the  impact  of  host  plant  shifts  on  the 
diversification  of  Ceutorhynchinae. 

Results/Conclusion:  First  results  indicate  that  host  shifts  might  have  led  to  a  pattern  of  non- 
random  differential  diversification,  associated  with  the  use  of  specific  host  taxa  and  the 
development  of  specific  ecological  traits.  The  colonization  of  Brassicaceae  led  to  an  increase  in 
diversification  rate  in  the  tribe  Ceutorhynchini.  Phylogenetic  patterns  within  the  tribe 
Ceutorhynchini  also  reflect  conserved  host  plant  associations,  as  all  taxa  feeding  on  Brassicaceae 
belong  to  the  genus  Ceutorhynchus  and  are  likely  monophyletic,  although  previously  described 
as  different  nominal  weevil  genera.  In  contrast,  genera  feeding  on  Geraniaceae,  Caprifoliaceae, 
and  Ericaceae  likely  lie  outside  of  the  true  Ceutorhynchini,  and  represent  early  splits  in 
Ceutorhynchinae.  The  results  further  indicate  the  monotypic  tribe  Amalini  nested  within 
Phytobiini  and  a  potential  host  change  within  the  latter  from  Polygonaceae  to  Haloragaceae. 


Symposium 

Presentation  Title:  Phylogenetics  and  evolution  of  Platypodinae 

Author  Name:  Bjarte  Jordal 

Author  Institution:  University  of  Bergen 

Session  Title:  Symposium:  Phylogeny  and  Evolution  of  Weevils  (Coleoptera:  Curculionoidea): 
A  Symposium  in  Honor  of  Guillermo  "Willy"  Kuschel 

Date  of  Presentation:  Tuesday,  September  27,  2016 


Abstract  Number:  1924 


DOI:  10.1603/ICE.2016.93192 


Abstract  text: 

Introduction:  Platypodinae  has  been  one  of  the  more  enigmatic  groups  of  weevils  with  respect  to 
their  placement  in  weevil  classification.  Traditionally  they  have  been  treated  as  the  sister  group 
to  Scolytinae,  even  as  familes  and  placed  outside  the  other  advanced  weevils.  Recent  molecular 
phylogenies  have  strongly  supported  a  placement  of  Platypodinae  and  Scolytinae  inside  the 
Curculionidae,  and  most  studies  have  indicated  a  separate  postion  of  each  of  the  subfamilies, 
albeit  weakly  supported. 

Methods:  Two  different  data  sets  were  assembled.  One  (COI,  ArgK,  CAD,  EFla,  28S,  PyA, 
UBA5,  Arr2,  Tpi,  Iap2)  was  used  to  to  test  the  phylogenetic  basis  of  Platypodinae,  in  particular 
with  respest  to  Scolytinae  and  Dryopthorinae.  A  second  data  set,  consisting  of  the  first  five 
genes,  was  used  to  resolve  relationships  within  Platypodinae  and  to  test  diversification  rate  and 
biogeographical  hypotheses.  Data  was  analysed  phylogenetically  in  a  Bayesian  and  parsimony 
framework  and  biogeographically  using  Lagrange  and  S-DIVA. 

Results/Conclusion:  Platypodinae  is  the  sistergroup  to  Dryophthorinae,  whereas  Scolytinae  was 
placed  within  the  advanced  weevils.  Mecopelmus  and  Coptonotus  were  both  placed  outside 
Platypodinae.  These  results  were  largely  congruent  with  morphological  data,  particularly  male 
genitalia.  Furthermore,  Tesserocerini  was  paraphyletic,  revealing  a  much  younger  Platypodini 
nested  within  it.  Biogeographical  results  indicated  a  very  restricted  distribution  for  Platypodinae, 
with  all  Neotropical  taxa  originating  from  the  Afrotropics.  The  position  of  Platypodinae  is  now 
largely  resolved  in  a  basal  position  with  Dryophthorinae  within  the  advanced  weevils. 
Forthcoming  UCE  data  will  hopefully  further  illuminate  the  placement  of  Mecopelmus  and 
Schedlarius. 
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Abstract  text: 


Introduction:  Bark  and  ambrosia  beetles  (Scolytinae)  are  among  the  most  ecologically  successful 
weevils  and  key  players  in  forest  environments.  They  occupy  an  unusually  broad  niche  range, 
from  the  xylem  of  stressed  and  dying  trees,  to  tiny  rotten  twigs,  roots,  seeds  and  petioles.  There 
is  a  growing  understanding  of  various  traits  and  behaviors,  including  the  symbiotic  fungal 
communities,  the  diversity  of  seed  feeding,  alternative  genetic  and  ploidy  system  and  mating 
structure.  These  have  convergently  evolved  over  different  taxonomic  groups,  making  this  an 
excellent  model  system  to  study  evolution. 

Methods:  We  have  compiled  the  largest,  most  extensive  bark  beetle  phylogeny  to  date.  This  was 
primarily  in  collaboration  with  the  lk  Weevil  project  using  anchored  hybrid  enrichment,  with 
additional  leafing  out  based  on  fewer  genes.  The  combination  of  phylogenetics  and  obtaining  a 
deeper  understanding  of  the  biology  of  Scolytines  permit  understanding  the  evolution  of  these 
traits. 

Results/Conclusion:  The  evolution  of  some  of  the  most  fascinating  aspects  of  their  biology  is  far 
more  interesting  than  previously  thought,  with  the  discovery  of  more  independent  origins  of 
fungus  farming,  inbreeding  and  seed  feeding.  This  enables  Scolytines  to  be  used  as  a  model 
system  for  studying  these  traits,  due  to  highly  repeated  instances.  We  are  also  finding  novel 
origins  and  novel  interactions  between  Scolytines  and  their  fungi,  studying  each  of  the  origins, 
showing  some  have  converged  with  the  same  symbionts,  and  others  have  utilized  different  fungi 
which  allows  the  spectacular  diversity.  Our  analysis  also  enabled  the  historically  first 
comprehensive  and  evidence-based  overhaul  of  Scolytine  classification. 
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Abstract  text: 


Introduction:  The  Molytinae  are  one  of  the  largest  subfamilies  of  Curculionidae,  with  around  a 
thousand  genera  included,  distributed  over  55  tribes  and  subtribes  in  Alonso-Zarazaga  &  Lyal 
(1999).  The  boundaries  are  very  unclear,  with  Cryptorhynchinae  and  Mesoptiliinae  sometimes 
included,  and  morphological  similarities  to  some  Cossoninae,  Lixinae  and  Curculioninae.  The 
monophyly  of  both  the  subfamily  and  its  constituent  tribes  and  subtribes  has  not  been 
demonstrated.  This  overall  lack  of  clarity  means  translating  discovered  relationships  from  any 
phylogenetic  approach  into  meaningful  hypotheses  in  a  classification  context.  The  solution  is  to 
create  a  set  of  testable  hypotheses  at  subtribal  and  subtribal  level,  thus  providing  tractable  units 
for  analysis. 

Methods:  A  morphological  review  of  the  named  subfamilies,  tribes  and  subtribes  in  Molytinae, 
Mesoptiliinae  and  Cryptorhynchinae  was  carried  out,  seeking  potential  apomorphic  character 
states  that  might  indicate  monophyletic  units.  In  all  cases  they  genera  were  examined,  to  link 
hypotheses  to  name-bearing  taxa  and  thus  facilitate  translation  of  phylogenetic  hypotheses  to 
units  of  classification.  A  revised  classification  of  the  subfamily  was  produced  on  the  basis  of  this 
review,  which  also  facilitates  a  subsequent  phylogenetic  analysis  based  on  both  morphological 
and  molecular  characters. 

Results/Conclusion:  The  review  identified  37  tribes  in  a  combined  Molytinae  and 
Cryptorhynchinae;  six  tribes  and  two  subtribes  were  synonymised,  2  tribes  were  reduced  to 
subtribe  and  one  subtribe  raised  to  tribal  status,  and  83  genera  were  transferred  between 
tribes.  Phrynixini  are  not  Molytinae.  Some  tribes  can  be  associated  on  the  basis  of  proposed 
synapomorphies. 
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Abstract  text: 


Introduction:  The  weevil  subfamily  Cryptorhynchinae  is  one  of  the  most  diverse  groups  of 
Curculionidae  comprising  >  6,000  described  species.  Traditionally,  the  group  is  defined  by  a 
thoracic  rostral  furrow,  although  the  morphology  of  this  character  widely  differs. 

Methods:  A  dataset  of  203  weevil  taxa  with  an  alignment  of  fragments  from  two  mitochondrial 
genes  and  seven  nuclear  genes  (altogether  5,523  bps)  is  used  to  construct  a  phylogeny  using 
maximum  likelihood  and  Bayes  inference  as  implemented  in  the  programs  IQTree  and 
ExaBayes. 

Results/Conclusion:  Analyses  had  largely  congruent  results  although  relationships  among 
outgroups  are  not  fully  resolved  and  somewhat  unstable.  The  genus  Alcidodes  is  particularly 
problematic  being  placed  among  Cryptorhynchinae  in  the  ExaBayes  analysis,  but  found  among 
Molytinae  in  the  IQTree  analysis.  Groups  with  a  different  morphology  of  the  rostral  furrow,  e.g. 
Aedemonini,  Camptorhinini,  Cryptorhynchini,  Ithyporini  are  not  closely  related  to  each  other. 
However,  most  taxa  with  a  mesosternal  receptacle  are  monophyletic,  comprising 
Cryptorhynchini,  Gasterocercini,  Torneumatini,  Psepholacini,  but  also  Arachnopodini.  Thus 
defined  the  Cryptorhynchinae  sensu  stricto  still  comprise  several  thousand  species  with  centres 
of  its  diversity  in  South  America  and  Australia.  The  early  lineages  we  find  in  America  and  the 
Palearctic,  while  the  extremely  diverse  faunas  of  Australia  and  neighbouring  islands  mainly 
belong  to  a  major,  more  recent  radiation.  This  includes  also  a  clade  comprising  the  majority  of 
litter- inhabiting  species  of  New  Zealand  and  the  genus  Miocalles  Pascoe.  Flightlessness  was 
attained  repeatedly  and  resulted  in  convergent  evolution  of  a  similar  habitus  in  different 
zoogeographic  regions,  mainly  exhibited  by  the  genus  “Acalles  Schoenherr”. 
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Abstract  text: 


What  drives  the  diversification  of  the  extremely  species-rich  phytophagous  insects? 
Coevolutionary  interactions  between  insects  and  their  host  plants  seem  to  have  an  important  role, 
but  the  details  of  this  process  are  not  known.  In  particular,  it  is  unclear  whether  different  modes 
of  insect-host  interaction  (e.  g.  mutualism  vs  antagonism)  lead  to  fundamentally  different 
processes  of  diversification.  Theoretical  work  indicates  that  this  should  be  the  case,  but  this  has 
not  been  widely  studied  empirically.  An  ideal  system  would  consist  of  a  community  of  insects 
co-distributed  with  their  host  plants,  differing  in  modes  of  interaction  but  not  much  in  other  life 
history  traits.  Here  we  studied  the  community  of  weevils  associated  with  flowers  of  Syagrus 
coronata  and  S.  botryphora,  two  closelly  related,  allopatric  palm  species  pollinated  primarily  by 
weevils  (Curculionidae).  Ten  weevil  genera  in  the  subfamilies  Baridinae  and  Derelomini  are 
common  visitors  to  inflorescences  of  both  palms,  with  a  subset  of  them  being  pollinators. 
Building  upon  previous  work,  we  have  collected  those  weevils  in  several  localities  throughout 
the  whole  distribution  of  their  host  species  and  characterized  the  ecological  interactions  between 
insects  and  host  by  recording  plant  tissues  consumed  by  larvae  and  floral  phases  visited  by 
adults.  For  six  of  the  weevil  genera  and  the  two  palm  species,  we  have  used  ddRAD-seq  to  study 
the  genomic  differentiation  between  populations.  Controlling  for  geographical  distance  and  host 
genetic  distance,  we  will  show  whether  antagonistic  weevils  show  higher  levels  of  genomic 
differentiation  than  mutualistic  ones. 
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Abstract  text: 

Introduction:  The  buthid  scorpion  genus  Centruroides  Marx,  1890  is  a  diverse  and  highly 
venomous  taxon,  distributed  from  northern  South  America  to  the  southern  United  States, 
throughout  the  Caribbean  islands  and  the  Galapagos.  With  76  species  and  5  subspecies  currently 
recognized,  it  is  the  largest  buthid  genus  in  North  America  and  the  second  largest  in  the  New 
World.  Centruroides  scorpions  produce  a  vast  array  of  venom  peptides,  including  p-neurotoxins, 


which  are  thought  to  be  unique  to  New  World  buthids  and  affect  voltage-gated  sodium  channels 
in  mammalian  tissues. 

Methods:  The  venom  of  several  species  is  potentially  lethal  to  adult  humans,  resulting  in  as  many 
as  1,000  fatalities  per  year  in  Mexico.  Despite  this  public  health  hazard  the  taxonomy  of  the 
group  has  not  been  revised  in  over  a  century,  cryptic  species  appear  to  be  abundant,  and  few 
morphological  characters  have  been  identified  or  proposed  to  consistently  delimit  species. 

Results/Conclusion:  In  this  study,  we  use  data  from  the  transcriptome  of  venom  glands  to 
examine  shifts  in  the  functional  diversity  of  venoms  as  evidence  for  a  key  adaptation  that  has 
allowed  the  radiation  of  a  morphologically  homogeneous  species  group. 
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Abstract  text: 

Introduction:  Using  large  datasets  in  divergence  time  estimation  requires  strong  fossil 
calibrations.  Phylogenetic  justification  of  fossils  is  often  complicated,  and  the  implementation  of 
fossil  calibrations  is  relatively  inconsistent  among  studies.  In  addition,  with  advances  in  NGS, 
the  inference  of  divergence  times  with  current  software  is  impractical  if  not  impossible.  For 
example,  using  BEAST  to  estimate  the  divergence  times  of  the  1KITE  (www.  lkite.org)  dataset 
(144  taxa,  413,459  alignment  sites)  required  several  thousands  of  CPU  hours. 

Methods:  We  tested  a  large  comprehensive  transcriptomics  dataset  with  37  fossil  calibrations, 
evaluating  the  effect  of  different  fossil  calibration  methods  on  node  age  estimate  error  values. 
Specifically,  we  examined  how  differing  fossil  calibration  methods  affected  age  estimates 
globally,  across  our  phylogeny,  and  within  specific  clades.  We  also  present  here  Fastdate,  a 


software  tool  that  relies  on  a  new,  accurate  and  fast  method  for  estimating  divergence  times.  It 
takes  as  input  the  phylogenetic  tree  computed  by  Maximum  Likelihood  or  Bayesian 
inference,  the  parameters  of  the  birth-death  process  and  a  rate  prior.  It  does  not  require  the 
alignment.  There  are  two  methods  for  calibrating  the  tree,  using  either  node  or  tip  age  priors. 
Fastdate  discretizes  time  into  fixed  intervals  (time  grid)  and,  using  a  dynamic  programming 
approach,  maps  the  tree  nodes  on  the  grid  such  that  the  posterior  probability  is  maximized.  If 
those  parameters  are  not  known,  Fastdate  can  estimate  them  using  MCMC  sampling. 

Results  and  Discussion:  We  discuss  the  best  practices  for  using  fossil  calibrations  in  big  datasets. 
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Abstract  text: 

Introduction:  Insects  with  specialized  diets  generally  rely  on  microbial  symbionts  to  supply 
unavailable  nutrients.  These  associations  are  obligate  since  symbiont  genomes  are  highly 
degenerate.  They  consistently  converge  upon  minimal  gene  sets  for  nutrition  and  basic  cellular 
functions  required  by  their  hosts.  Sap-feeding  insects  in  the  Auchenorrhyncha  (Hemiptera) 
harbor  a  diversity  of  bacterial  symbionts  that  are  responsible  for  making  the  ten  essential  amino 
acids  (EAA)  that  are  rare  in  plant  sap  diets.  Leafhoppers  (Cicadellidae)  generally  have  two 
symbionts  that  have  partitioned  EAA  synthesis. 

Methods:  The  oldest,  Sulcia  (Bacteroidetes),  synthesizes  eight  EAAs,  playing  a  central  role  in 
nutritional  metabolism.  Sulcia' s  genome  is  tiny,  ranging  from  190-245  kilobases  (kb)  among 
leafhopper  lineages.  Despite  size  differences,  it  is  highly  conserved  structurally  with 
unprecedentedly  low  rates  of  molecular  evolution.  In  contrast,  leafhoppers  are  associated  with  a 
diversity  of  co-primary  symbionts  responsible  for  the  synthesis  of  only  two  EAAs.  Most  species 


harbor  Nasuia  (Betaproteobacteria)  that  likely  co-diversified  with  Sulcia  since  the  common 
ancestor  of  the  Auchenorrhyncha.  In  sharpshooters  (Cicadellinae),  Nasuia  was  replaced  with 
Baumannia  (Gammaproteobacteria)  80-175  million  years  ago,  which  may  have  permitted  hosts 
to  transition  from  phloem  to  xylem  diet.  Nasuia  has  the  smallest  known  genome  (112  kb)  and 
encodes  very  few  cellular  functions.  The  younger  Baumannia  has  one  the  larger  genomes  of  an 
insect  symbiont.  It  varies  widely  between  host  species  (633-759  kb)  encoding  considerably  more 
metabolic  and  cellular  functions.  Given  the  wide-range  of  cellular  requirements  of  each 
symbiont,  leafhoppers  must  provide  individually  tailored  support. 

Results/Conclusion:  Preliminary  gene  expression  analyses  provide  insight  into  how  this  is 
accomplished. 
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Abstract  text: 

Introduction:  Efforts  to  understand  the  evolutionary  history  of  flies  have  been  stymied  by  the 
lack  of  resolution  in  a  major  radiation  among  the  acalyptrate  Schizophora.  The  evolutionary 
relationships  among  all  the  superfamilies  are  unclear,  and  many  are  likely  non-monophyletic.  We 
do  not  have  strong  support  for  the  branching  pattern  between  major  model  organisms,  such  as 
genetic  models  and  agricultural  pests  in  Drosophilidae  and  Tephritidae,  the  many  economically 
important  taxa  in  Calyptratae,  and  models  of  behavioral  research  in  Diopsidae  and  Sepsidae. 

Methods:  This  study  represents  the  most  thorough  study  of  high  fly  phylogeny  in  terms  of  taxon 
sampling  and  genomic  evidence.  A  combination  of  transcriptomic  and  Anchored  Hybrid 
Enrichment  exome  data  are  analyzed  to  yield  a  compelling  phylogeny  of  these  flies. 


Results/Conclusion:  Calyptratae  is  recovered  deep  within  the  acalyptrates,  allied  with 
Sphaeroceridae  and  Ephydroidea.  A  lineage  including  Sciomyzoidea,  Lauxanioidea,  and 
Conopidae  is  sister  to  the  rest  of  the  lineage.  All  other  acalyptrate  families  can  be  binned  into 
approximately  five  other  major  lineages.  Sensitivity  analyses  with  a  range  of  partitioning 
schemes  and  taxonomic  subsamples  show  that  the  relationships  between  these  major  lineages 
continue  to  be  challenging  to  recover.  This  project  offers  a  broad  and  robust  view  into 
the  evolution  of  these  flies  through  time  and  morphological  space. 
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Abstract  text: 

In  my  laboratory  we  study  mechanistic  underpinnings  of  phenotypic  plasticity  in  insect 
locomotion.  We  study  a  variety  of  insects  and  locomotion  modes,  but  an  ongoing  project 
involves  the  study  of  intraspecific  variation  in  flight  performance  of  male  Libellula  pulchella 
dragonflies. 

A  large  amount  of  standing  variation  in  male  flight  performance  is  apparent  in  the  natural 
populations  we  study.  Such  variation  is  somewhat  surprising  given  that  high  performing  males 
tend  to  mate  more  and  therefore  should  be  at  a  selective  advantage.  Historically,  we  have 
correlated  data  obtained  from  physiological-  and  single  gene  approaches  with  environmental 
variables  to  examine  mechanisms  controlling  variation  in  this  trait  as  well  as  identify  possible 
trade-offs  with  others. 

Here  I  will  present  and  discuss  the  outcomes  of  our  more  recent  efforts  that  integrate  population 
genomics  and  flight  muscle  transcriptomics  in  field-caught  males  to  assess  genetic  variation 
affecting  flight  performance  in  L.  pulchella. 
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Introduction: 


Antliophora  include  the  megadiverse  flies  (Diptera)  and  the  two  smaller  orders 
scorpionflies  sensu  lato  (Mecoptera  with  ~  550  described  species)  and  fleas  (Siphonaptera  with  ~ 
2,200  described  species).  Fleas  are  ectoparasites  with  extreme  host  adaptions  and  can  carry 
vectors  of  diseases.  Mecoptera  are  much  less  specialized  and  quite  diverse  in  their  life  histories. 

Methods:  Recent  phylogenetic  analyses  of  morphological  and  molecular  data  confirmed  that 
Antliophora  are  monophyletic  but,  the  relationships  among  the  three  orders  and  the  monopyly  of 
Mecoptera  and  their  intraordinal  phylogeny  remained  a  matter  of  debate.  We  present  results  on 
antliophoran  relationships  based  on  whole-body  transcriptome  data  (“1KITE  Antliophora” 
subgroup,  www.lkite.org).  Among  representatives  of  Mecoptera  we  included  crucial  taxa  like 
the  wingless  Boreus  (“snow  fleas”),  the  wingless  Tasmanian  endemic  Apteropanorpa,  and  two 
species  of  the  enigmatic  Nannochoristidae.  Nannochoristidae  have  been  discussed  as  sister  group 
of  all  remaining  mecopterans,  of  Pistillifera,  of  Boreidae,  or  of  a  clade  (Diptera  +  Siphonaptera). 
Their  placement  is  still  unstable  and  affected  by  analytical  methods. 

Results/Conclusion:  We  inferred  phylogenetic  relationships  based  on  molecular  data  of  more 
than  2,000  orthologous  genes  along  with  carefully  optimized  datasets.  The  results  are  used  for 
tracing  morphological  and  evolutionary  traits  using  a  comprehensive  morphological  data  matrix. 
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Abstract  text: 

Introduction:  When  selecting  any  statistical  model,  it  is  important  to  ensure  that  the  model 
incorporates  enough  complexity  to  appropriately  describe  the  processes  of  interest,  but  the  model 
should  also  be  simple  enough  to  avoid  estimating  more  than  the  data  can  accurately  predict 
(over-fitting).  Model  partitioning  is  often  used  in  molecular  phylogenetics,  because  it  is 
reasonable  to  assume  that  different  sites  in  a  multiple  sequence  alignment  arise  from 


heterogeneous  evolutionary  processes.  Model  partitioning  allows  for  the  selection  of  an 
independent  substitution  model  and  model  parameters  for  subsets  of  an  alignment  in  order  to 
better  accommodate  among  site  heterogeneity.  Traditionally,  molecular  alignments  have  been 
partitioned  by  locus,  codon  position,  or  some  combination  of  the  two.  We  find  this  approach  for 
accounting  for  among  site  heterogeneity  to  be  expedient,  but  overly  simplistic. 

Methods:  Here  we  describe  two  partitioning  techniques  used  in  the  1KITE  project  (Misof  et  al. 
2014),  the  first,  applied  to  nucleotide  data,  treats  each  site  as  separate  and  clusters  similar  sites 
together  into  subsets  based  on  their  estimated  substitution  rates.  The  second,  applied  to  amino 
acid  alignments,  partitions  the  alignment  into  subsets  based  on  protein  domains  a  priori ,  then 
uses  a  heuristic  algorithm  to  join  similar  subsets  together. 

Results/Conclusion:  With  both  methods,  we  find  a  substantial  improvement  in  the  fit  of  the 
model  to  the  data  using  information  theoretic  metrics  like  the  Akaike  information  criterion 
(AIC). 
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Abstract  text: 

Introduction:  Butterflies  and  moths  (Lepidoptera)  are  one  of  the  most  diverse  insect  orders,  with 
more  than  157,000  described  species.  They  also  constitute  some  of  the  most  popular  and 
charismatic  insects  and  serve  as  a  model  group.  However,  many  deep  level  relationships, 
especially  among  superfamilies,  remain  ambiguous. 

Methods:  We  present  results  from  a  recently  developed  hybrid  enrichment  probe  set,  which 
targeted  -800  genes. 


Results/Conclusion:  Here  we  update  efforts  on  the  Lepidoptera  1KITE  project,  and  sample 
representative  taxa  from  many  superfamilies,  construct  a  new  transcriptomic  dataset,  and  present 
preliminary  results  on  phylogenetic  relationships  of  Lepidoptera. 
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Abstract  text: 

Morphology  and  Phylogenomics:  two  sides  of  the  same  medal!?  Comparing  morphological 
features  was  the  exclusive  way  of  addressing  systematic  issues  until  the  late  20th  century.  Since 
then,  systematics  was  revolutionized  by  the  introduction  and  broad  use  of  molecular  data  and 
new  analytical  approaches.  Thereby  the  size  of  molecular  data  sets  increased  steadily  over  the 
years.  Similarly,  morphology  underwent  a  dramatic  methodological  change  in  the  last  decade. 
New  methods  and  workflows  such  as  p-computed  tomography,  light  sheet  microscopy  or  3D- 
reconstructions  were  introduced.  Although  this  methodological  change  strongly  revolutionized 
the  discipline  and  accelerated  the  workflow,  it  cannot  compete  with  the  exponential  growth  of 
molecular  data  sets.  As  a  consequence  of  this  rise  of  molecular  techniques  the  question  came  up 
whether  and  how  morphology  can  still  contribute  to  modern  systematics.  In  this  talk  I  will  show, 
that  morphology  offers  much  more  than  being  the  base  for  phylogenetic  reconstructions  but  also 
allows  reconstructing  evolutionary  stories,  tells  us  about  the  interactions  between  an  organism 
and  its  environment  and  explains  functional  and  mechanical  aspects.  Morphology  and 
phylogenomics  should  not  be  considered  as  rivals  over  the  small  common  ground  of  tree 
generation  but  rather  be  seen  as  two  disciplines  strongly  complementing  each  other  and  with 
different  advantages  and  weaknesses.  If  combined  as  it  is  done  in  the  1KITE  project,  they  can 
strongly  increase  our  evolutionary  understanding. 
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Abstract  text: 

Introduction:  Dragonflies  and  damselflies  (Odonata)  are  a  charismatic  insect  order  with  a  little 
more  than  6000  species;  their  closest  relatives  are  the  mayflies,  but  the  inter-ordinal  relationships 
among  these  lineages  has  remained  elusive.  Within  Odonata,  the  two  suborders,  Anisoptera  and 
Zygoptera,  are  well  supported.  In  contrast,  the  interrelationships  among  families  within  each 
suborder  have  remained  unclear  since  datasets  partly  contradict  each  other. 

Methods:  Here  we  present  and  discuss  our  efforts  in  the  "TransOdonata"  1KITE  subproject, 
which  aims  to  use  morphology  and  transcriptomics  to  infer  the  phylogeny  of  Odonata, 
Ephemeroptera,  and  the  umbrella  grouping  of  “Palaeoptera”. 

Results/Conclusion:  We  will  highlight  our  taxon  selection,  and  discuss  the  results  of  our 
sequencing  and  morphological  work  to  date,  which  resulted  in  a  dataset  with  over  3000  genes  for 
over  100  odonate  and  mayfly  taxa. 
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Abstract  text: 

Introduction:  The  hemipteroid  orders  (Psocodea,  Thysanoptera,  and  Hemiptera)  are  a  highly 
diverse  group  among  the  insects.  The  relationships  among  these  orders  and  to  other  insect  groups 
has  remained  problematic. 

Methods:  Using  Illumina  sequence  technology,  two  types  of  phylogenomic  data  have  been 
generated  for  these  insects.  The  first  is  a  dataset  of  assembled  transcriptomes  for  around  200 
species.  Second,  genome  sequencing  data  sets  have  been  produced  for  around  100  species  of  this 
group  for  which  fresh  material  for  RNA  sequencing  is  not  available.  A  procedure  using  the 
automated  Target  Restricted  Assembly  Method  (aTRAM)  to  assemble  1:1  single  copy  ortholog 
protein  coding  genes  from  these  data  is  illustrated. 

Results/Conclusion:  Trees  from  these  data  sets  are  well  resolved  and  solve  some  key  issues  on 
the  phylogeny  among  the  major  lineages  of  hemipteroid  insects. 
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Abstract  text: 


Introduction:  In  addition  to  Sanger-based  sequences  from  the  standard  "toolbox"  genes  we  have 
been  pursuing  for  decades,  there  are  three  large  Trichoptera  phylogenetic  datasets. 

Methods:  First,  the  Trichoptera  barcode  initiative  is  among  the  best  covered  of  all  insect  orders, 
with  -  4,500  species  sequenced  for  a  COI  fragment.  Next,  we  have  generated  anchored  hybrid 
enriched  (AHE)  data  for  hundreds  of  gene  fragments  for  -  250  Trichoptera  genera.  Through  the 
1KITE  initiative,  we  have  sampled  transcriptomes  from  55  individuals,-  40  families.  The  AHE 
data  are  combinable  with  the  transcriptomes,  since  transcriptomes  were  used  to  design  AHE 
probes.  Nuclear  rRNA  and  barcode  data  can  be  combined  with  high-throughput  data  sources, 
since  these  markers  are  captured  accidentally  with  Illumina  sequencing.  Thus,  we  have  the 
potential  to  create  a  scaffold  phylogeny  of  higher  taxa  from  "big  data",  and  continue  toward  the 
tips  of  the  tree  with  our  extensive  (1500  species)  rRNA  data.  At  the  species  level,  we  can  use  the 
single  barcode  fragment  for  the  terminal  leaves  of  the  Trichoptera  tree  of  life. 

Results/Conclusion:  The  promise  and  limitations  of  this  technique  will  be  discussed.  Preliminary 
data  confirm  previous  higher-level  hypotheses  of  Kjer  and  Holzenthal  (although  at  the  time  of 
this  writing,  our  data  have  not  yet  been  carefully  analyzed).  Toward  the  tips,  we  are  encouraged 
that  trees  from  selected  genera  ( Chimarra  and  Rhyacophila)  make  both  morphological  and 
geographic  sense,  leading  us  to  believe  that  while  certainly  not  perfect,  we  are  close  to  a  species- 
level  phylogeny  of  Trichoptera  that  is  currently  out  of  reach  for  the  mega-diverse  orders. 
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Abstract  text: 

Introduction:  Hymenoptera  represent  a  mega-diverse  order  of  holometabolous  insects  and 
encompass  more  than  150,000  described  species.  The  order  includes  literally  thousands  of  endo- 


and  ectoparasitoid  species.  These  are  or  can  be  used  for  BioControl  of  insect  pests.  Hymenoptera 
venoms  furthermore  represent  a  rich  pharmacopoeia  of  potentially  new  drugs.  Many 
phylogenetic  relationships  within  the  order  Hymenoptera  are  still  unresolved,  however.  For 
instance,  what  is  the  sister  lineage  of  the  famous  Aculeata,  whose  ovipositor  has  been  modified 
to  a  stinger?  Associated  with  the  lack  of  phylogenetic  resolution  is  the  difficulty  to  infer  how 
often  and  when  specifically  endoparasitoidism,  phytophagy,  and  eusociality  have  evolved  within 
Hymenoptera. 

Methods:  To  infer  phylogenetic  relationships  within  the  Hymenoptera,  we  de  ^ovo-sequenced  in 
context  of  the  international  1KITE  project  (www.lkite.org)  whole-body  transcriptomes  of  270 
different  species  of  wasps,  ants,  and  bees,  covering  all  major  lineages  of  this  enigmatic  group  of 
Holometabola.  We  identified  on  average  2,400  single-copy  protein-coding  genes  suitable  for 
phylogenetic  analysis. 

Results/Conclusion:  In  this  talk,  we  report  on  the  phylogenetic  analysis  of  these  genes  and 
discuss  the  implications  of  the  obtained  results  for  our  understanding  of  the  evolutionary  history 
of  Hymenoptera.  We  also  share  our  first-hand  experience  with  exploiting  these  data  for 
designing  target  DNA  enrichment  probes  for  molecular  investigations  on  Hymenoptera. 
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Abstract  text: 

Introduction:  Whirligig  beetles,  the  family  Gyrinidae,  are  the  second  largest  family  within  the 
aquatic  Adephaga  with  an  estimated  1,000  species,  highly  adapted  to  life  on  the  surface  of  water. 
The  most  recent  phylogenetic  study  on  the  family  proposed  new  relationships,  some  without 
strong  support,  and  the  analysis  did  not  include  a  time  component.  Strong  support  for 


phylogenetic  relationships  within  the  family  and  a  time  frame  for  the  evolution  of  the  family  are 
critical  for  future  studies  on  the  group.  The  aim  of  this  study  is  to  provide  a  robust  phylogenetic 
framework  for  the  whirligig  beetles,  resolving  relationships  within  the  family  and  provide  a 
timing  of  their  diversification. 

Methods:  Bayesian  phylogenetic  analyses  were  performed  using  MrBayes  3.2.6  MPI  version, 
analyzing  a  dataset  of  5  genes,  and  120  morphological  characters,  for  over  130  taxa.  A  total- 
evidence  fossil  calibration  approach  was  taken,  utilizing  the  novel  Fossilized  Birth-Death 
macroevolutionary  model  to  estimate  a  time  calibrated  phylogenetic  tree.  This  approach  not  only 
estimates  divergence  times,  but  also  provides  phylogenetic  placement  for  fossil  taxa. 

Results/Conclusion:  The  analysis  reveal  the  Gyrinidae  to  be  an  ancient  group  with  Triassic 
origins,  much  older  than  the  most  recent  estimates  of  Middle  Jurassic  for  the  origin  of  the  family. 
Phylogygenetic  relationships  within  the  family  are  revised.  The  subfamilies  Spanglerogyrinae 
and  Heterogyrinae  are  found  to  no  longer  be  monotypic  but  include  fossil  taxa  from  the 
Mesozoic.  Heterogyrinae  are  shown  to  be  the  dominant  whirligig  beetle  fauna  of  the  Mesozoic, 
with  a  sole  surviving  member  persisting  to  the  present  in  Madagascar. 
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Abstract  text: 

Diving  beetles  (Dytiscidae)  are  an  impressively  diverse  clade  with  nearly  4500  known  species. 
Members  of  the  group,  especially  within  certain  very  species  rich  clades,  are  not  ecologically 
diverse  since  they  generally  have  similar  feeding  and  other  life  history  attributes  yet  present  with 
exceptional  numbers  of  species.  Since  their  ecology  is  similar,  the  origins  of  these  large  species 
radiations  is  not  easily  explained  by  niche  differentiation. 


It  appears  that  exceptional  species  radiations  are  more  closely  related  to  sexual  selection 
mediated  diversifications.  Diving  beetles  exhibit  some  of  the  greatest  diversity  in  sexual  strategy 
of  any  animals  including  sexual  antagonism,  complex  sperm  diversity,  and  exceptional  variation 
in  female  reproductive  tract  morphology. 
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Abstract  text: 

Introduction:  A  revision  of  the  species  of  genus  LaccophilusLQ&ch ,  was  published  in  2015.  In  all 
105  African  species  were  recognized.  In  global  perspective  today  the  genus  comprises  some  270- 
280  valid  species  distributed  on  all  continents  but  Antarctica.  At  present  the  taxonomy  of  the 
genus  on  species-level  is  relatively  well  known  but  their  inter-specific  relations,  especially 
between  species  groups  in  different  zoogeographical  regions,  are  in  large  unstudied  and 
unknown.  This  survey  aims  to  produce  a  systematic  analysis  of  the  genus  in  global  perspective. 
Special  focus  will  be  laid  on  monophyly  of  the  genus,  phylogeny  of  it  and  trends  in  its 
biogeography. 

Methods:  Besides  traditional  morphological  features  the  survey  will  be  based  on  molecular 
characters  (DNA).  The  study  material  will  comprises  already  existing,  available  samples  of 
specimens  preserved  in  ethanol  from  various  parts  of  the  World.  This  material  will  be 
supplemented  with  fresh  material  from  targeted  collections  e.g.  in  Africa.  The  survey  is  a 
collaborative  work,  which  associates  to  it  a  number  of  colleagues  in  the  field. 

Results/Conclusion:  Preliminary  results  of  the  survey  is  presented.  They  include  a  phylogeny  and 
a  hypothesis  on  the  origin  and  the  evolutionary  history  of  the  genus. 
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Abstract  text: 

Introduction:  Pachynectes  is  a  river-dwelling  endemic  genus  of  Bidessini  on  Madagascar. 
Revised  by  Bistrom  1987  who  recognised  3  species,  more  recent  sampling  has  revealed  a  much 
larger  diversity.  Typical  of  many  endemic  radiations  on  the  island,  Pachynectes  species  show 


either  a  regional-  or  a  micro-endemic  distribution  pattern  on  the  island.  Many  hypotheses  have 
been  proposed  to  explain  such  spatial  endemism  patterns,  two  of  the  most  frequent  being  either 
climatic  gradients  or  watersheds. 

Methods:  The  Water  Beetle  Fauna  of  Madagascar  project  has  sampled  water  beetles  all  over  the 
island  between  2004-2015  using  trap  devices  and  active  sampling.  Here  we  use  five  genes  to 
reconstruct  the  phylogeny  of  Pachynectes.  The  inferred  sister-species  relationships  are  used 
together  with  distribution  modelling  of  included  species  to  test  the  mode  of  speciation. 

Results/Conclusion:  We  recognise  12-13  species  in  the  genus.  The  phylogeny  recovers  them  in  a 
western,  an  eastern  and  a  keeled  clade  apart  from  a  single  odd  species  resovlved  as  sister  to  the 
rest.  All  sister  species  were  allopatrically  distributed  either  along  latitudinal  or  longitudinal- 
altitudinal  gradients,  hence  evidence  of  an  allopatric  mode  of  speciation.  Overlaying  the 
modelled  species  distributions  on  predicted  centres  of  endemism  from  the  two  alternative 
hypotheses  show  that  climate,  but  not  watersheds,  has  a  strong  explanatory  power.  Both  the 
western  and  keeled  clade  occur  mainly  in  the  drier  western  part  of  the  country  and  their  basal 
phylogenetic  position  with  regards  to  the  eastern  humid  rainforest  clade  is  in  agreement  with  the 
drier  biome  being  relatively  older  than  the  humid  rainforest  on  Madagascar. 
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Abstract  text: 

Introduction:  Noteridae  (Coleoptera:  Adephaga)  is  a  small,  but  relatively  poorly  studied  family 
of  aquatic  beetle.  To  date,  the  phylogenetic  reconstructions  and  resulting  classification  have  been 
based  on  morphology  and  no  study  based  on  molecular  sequence  data  has  been  conducted  with  a 
focus  on  relationships  within  Noteridae.  Here,  we  infer  the  phylogeny  of  Noteridae  from  five 


genes  and  a  robust  taxon  sampling  to  test  previous  phylogenies  and  resolve  nebulous 
relationships  within  Noteridae. 

Methods:  Our  taxon  sampling  included  66  noterid  exemplars,  with  representatives  of  nearly  all 
noterid  genera,  and  an  additional  10  outgroup  taxa  of  other  Hydradephagan  families.  Five  genes 
were  targeted  using  standard  PCR  methods:  Cytochrome  Oxidase  I  (COI)  mtDNA,  Histone  3 
(H3)  DNA,  16SrDNA,  18SrDNA  and  28SrDNA,  for  a  final  concatenated  dataset  of  501  lbp. 
Trees  were  constructed  using  Bayesian  Inference  (BI)  and  Maximum  Likelihood  (ML)  methods, 
each  with  three  partitioning  schemes  used  to  compare  the  performance  of  analyses 

Results/Conclusion:  Our  analyses  recovered  trees  with  high  support  and  nearly  completely 
congruent  topologies  between  different  analyses  and  partitioning  schemes.  The  inferred 
phylogenies  strongly  contradict  previous  studies  based  on  morphology.  Resulting  trees  are 
presented  and  compared  with  previous  reconstructions  and  performance  of  analyses,  implicated 
morphological  character  evolution,  and  changes  in  classification  are  discussed. 
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Abstract  text: 

Introduction:  With  92  species,  New  Guinea  is  the  core  of  the  biodiversity  (145  valid  species)  of 
the  genus  Exocelina  Broun,  1886.  Phylogenetic  analyses,  based  on  molecular  data,  substantiate 
New  Guinean  Exocelina^ is  a  monophyletic  group,  a  result  of  a  single  colonization  by  an 
Australian  species.  The  species  are  superficially  similar  to  each  other,  and  only  closer  inspection 
reveals  stunning  morphological  diversity.  Previous  studies  defined  only  four  species  groups 
which  included  17  species.  Therefore,  our  goal  was  to  build  a  species  group  structure  of  the 
genus  and  proposed  keys  to  species  identification 


Methods:  Standard  methods  of  morphological  studies  are  used.  As  instruments  of  the  practical 
use,  the  species  group  structure  and  keys  are  based  on  similarity  of  the  morphological  structures. 
However,  in  their  construction,  we  used  also  phylogenetic  relationships  among  the  species 
obtained  from  the  phylogenetic  analysis  of  their  DNA  sequence  data  to  demonstrate  evolution  of 
the  genus  on  the  island. 

Results/Conclusion:  Twenty-two  species  groups  are  proposed  for  New  Guinea  Exocelina.  The 
largest  (5 1  species)  and  most  recent  group  is  the  E.  ekari-group ,  which  monophyly  is  well 
supported  morphologically  and  is  based  on  DNA  sequence  data.  The  danae- group  (13  species) 
and  casuarina-gxoxxp  (ca.  15  species),  the  second  largest  groups,  followed  by  wamena- group  (ca. 
seven  species)  are  polyphyletic.  There  are  seven  monophyletic  groups  with  three  to  five  species 
and  several  monotypic  groups.  The  proposed  key  allows  identification  to  species  group  or  its 
parts  and  in  case  monotypic  groups,  to  species.  For  the  further  identification,  keys  of  separate 
species  groups  are  provided. 
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Abstract  text: 

Introduction:  The  Cape  of  South  Africa  is  well-known  as  a  biodiversity  hotspot,  having  one  of 
the  most  diverse  temperate  floras  on  earth,  supporting  around  20%  of  plants  known  from  sub- 
Saharan  Africa.  Insect  diversity  in  the  region  is  less  well  known,  but  the  Cape  is  home  to  a 
number  of  endemic  radiations  and  apparently  relictual  lineages,  some  of  which  have  Gondwanan 
affinities.  Recent  work  on  the  water  beetle  fauna  of  the  Cape  has  revealed  that  the  region 
contains  one  of  the  most  distinctive  faunas  on  earth,  including  extensive  endemic  radiations,  and 
taxa  with  few  close  living  relatives. 

Methods:  Field  sampling,  alpha  taxonomy,  ICE-estimation  of  species  richness. 


Results/Conclusion:  The  talk  reviews  recent  taxonomic  work  on  Cape  water  beetles,  provides  an 
overview  of  its  composition  within  a  global  context,  and  reports  on  attempts  to  estimate  the  true 
species  richness  of  key  radiations.  The  Cape  water  beetle  fauna  is  unique  in  a  global  context, 
containing  a  number  of  lineages  which  are  poorly  represented  or  unknown  elsewhere  within  the 
Afrotropical  region. 
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Abstract  text: 

Introduction:  The  nature  of  Qinghai-Xizang  Plateau  including  vegetation,  lakes,  rivers  and 
wetlands  and  traffic  is  introduced.  Scientific  background  of  the  aquatic  beetles  of  Qinghai- 
Xizang  Plateau  is  also  reviewed. 

Methods:  Based  on  the  species  in  the  Biological  Museum  of  Sun  Yat-sen  University  and  the 
statistics  from  documents  on  Q-X  Plateau,  together  with  maps  dowloaded  from  the  internet,  a 
Photoshop  rendition  of  the  known  distribution  of  aquatic  beetles  was  analyzed. 

Results/Conclusion:  The  fauna  of  aquatic  beetles  are  poorly  known  currently.  Species  diversity 
of  Dytiscidae  is  higher  than  other  families.  Qinghai-Xizang  Plateau  has  a  large  number  of 
endemic  species,  but  no  endemic  genera.  The  species  in  lowland  areas  of  the  southern  part  in 
Sichuan  and  Xizang  (Chayu  county  to  Motuo  county)  are  dominant  with  Oriental  species,  but 
dominant  with  Palearctic  species  on  other  areas. 
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Abstract  text: 

A  new  cyberinfrastucture  initiative  to  develop  a  new  respository  for  aquatic  beetle  specimen  data 
along  with  collecting  information,  field  notes,  and  images  will  be  reviewed.  This  new  online 
resource,  Collections  Resources  for  Aquatic  Coleoptera  (CReAC),  provides  a  platform  for 
faciliting  data  sharing  and  disemination.  The  online  CReAC  portal  will  be  demonstrated  along 
with  how  other  collections  can  join  the  effort. 
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Abstract  text: 


Introduction:  Lutrochidae,  or  the  travertine  beetles,  are  a  small  family  of  aquatic  wood-boring 
beetles  with  twenty-one  described  species,  though  much  of  the  diversity  in  the  group  remains 
unexplored.  This  monogeneric  family  is  restricted  to  the  New  World  and  ranges  from  southern 
Canada  to  Argentina.  As  with  many  of  their  close  relatives,  they  live  in  lotic  habitats,  often  in 
forested  streams.  Lutrochidae  is  confined  to  the  New  World  and  the  species-groups  are 
geographically  limited.  Thus,  this  represents  a  unique  opportunity  to  test  biogeographic 
hypotheses  regarding  dispersal  or  vicariance  to  the  West  Indies  via  the  Cretaceous  Island  Arc 
and  the  effects  of  the  Great  American  Interchange  on  an  aquatic  invertebrate. 

Methods:  We  use  morphological  and  molecular  evidence  from  the  genes  16S,  18S,  and  COI  to 
reconstruct  the  evolutionary  history  of  the  group. 

Results/Conclusion:  The  data  gleaned  from  genes  16S,  28S  and  COI  are  used  to  construct  a 
refined  molecular-based  phylogeny  for  the  Lutrochidae,  revealing  several  monophyletic  species- 
groups  within  the  family,  each  with  unique  life  history  traits  and  geographic  distributions.  This 
tree  is  then  used  to  make  inferences  about  morphological  evolution  and  the  biogeography  of  the 
group. 
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Abstract  text: 

Introduction:  Beetles  have  colonized  the  aquatic  medium  on  multiple  occasions  throughout  their 
evolutionary  history.  Some  specialist  lineages  can  nowadays  be  found  associated  with  waterfall 
ecosystems  with  deeply  modified  morphologies  to  cope  with  these  extreme  habitats. 

Methods:  Using  fossil-based  divergence  time  estimates  and  comprehensive  molecular 
phylogenies,  we  investigate  the  origin  and  biogeographic  history  of  two  waterfall  lineages;  the 


genus  Oocyclus,  and  the  sister  genera  Scoliopsis  and  Tritonus.  The  two  latter  are  respectively 
distributed  in  India  and  Sri  Lanka,  and  in  Madagascar. 

Results/Conclusion:  We  reconstruct  a  divergence  time  between  these  two  lineages  in  agreement 
with  the  tectonic  split  of  the  two  landmasses  about  90  million  years  ago.  This  represents  one  of 
the  first  examples  of  a  clade  documenting  this  biogeographic  pattern.  A  possible  explanation  is 
that  a  majority  of  clades  that  drifted  on  the  Indian  continent  between  90  and  50  million  years 
ago,  likely  ran  extinct  due  to  the  intense  volcanism  triggered  by  the  Deccan  Traps.  The  mostly 
pantropical  genus  Oocyclus  is  recovered  as  paraphyletic  with  a  Cretaceous  origin.  Ancestral 
range  estimations  suggest  a  Pangean  distribution  followed  by  extinction  events  although 
Gondwanan  and  Laurasian  scenarios  can  be  invoked  to  explain  the  present-day  distribution  of 
these  beetles.  Waterfall  beetle  radiations  are  ancient  and  constitute  good  markers  of  Earth’s 
paleogeological  history. 
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Abstract  text: 

Introduction:  The  water  scavenger  beetles  in  the  subfamily  Acidocerinae  can  be  found  all  around 
the  world,  occupying  an  extremely  wide  range  of  habitats,  which  has  led  to  regard  this  group  as 
relatively  uniform  and  difficult  to  characterize.  Based  on  preliminary  molecular  data,  there  are 
two  main  groups  within  the  subfamily,  with  the  Chasmogenus  group  containing  so  far  six  out  of 
the  14  described  genera  of  Acidocerinae,  67  described  species  and  several  taxa  yet  to  be 
described. 


Methods:  Using  adult  morphology  and  DNA  sequence  data  from  6  genes,  we  reconstructed  the 
phylogeny  of  the  Chasmogenus- group  and  tested  patterns  of  ecological  and  morphological 
evolution. 

Results/Conclusion:  While  there  is  significant  congruence  with  the  current  classification,  our 
analyses  revealed  several  genera  are  not  supported  as  monophyletic  and  several  lineages  appear 
to  represent  new  genera.  There  appear  to  be  multiple  shifts  from  stream  to  seepage  habitats 
within  the  Chasmogenus- group. 
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Abstract  text: 

Introduction:  The  Berosini  tribe  comprises  about  380  species  distributed  into  5  genera:  Berosus 
Leach  (290  spp.)  with  worldwide  distribution;  Der alius  Sharp  (18  spp.)  and  Hemiosus  Sharp  (36 
spp.)  restricted  to  the  New  World;  and  Alloc otocerus  Kraatz  (27  spp.)  and  Regimbartia  Zaitzev 
(10  spp.)  from  the  Afrotropical,  Australian,  and  Oriental  regions.  Studies  regarding  the  tribal 
phylogeny  have  considered  it  to  be  a  natural  grouping.  Berosus  is  traditionally  divided  into  the 
subgenera  B.  {Berosus),  B.  {Enoplurus)  Hope  and  B.  {Phelerosus)  Sharp.  The  first  two  are 
cosmopolitan  and  the  latter  is  endemic  to  New  Zealand.  Several  authors  questioned  this  division, 
proposing  that  the  genus  should  be  reorganized  into  at  least  3 1  species  groups. 

Methods:  With  the  aim  of  proposing  hypotheses  of  phylogenetic  relationships  among  species  of 
the  tribe,  with  emphasis  on  Berosus,  and  to  test  the  formerly  suggested  divisions  of  Berosus  and 
Hemiosus ,  parsimony  and  Bayesian  analyses  were  performed  using  morphological  data  (328 
characters:  294  from  adults  and  34  from  larvae)  from  72  ingroups  and  8  outgroups  taxa, 


comprising  all  species  groups  proposed,  and  molecular  data  (molecular  markers:  COI,  16S,  28S 
and  EF-1  a,  2272  bp)  from  49  of  the  80  terminal  taxa. 

Results/Conclusion:  Results  support  monophyly  of  the  tribe;  a  close  relationship  of 
Allocotocerus ,  Derallus  and  Regimbartia ;  and  between  Berosus  and  Hemiosus.  Based  on  the 
analyses  of  the  combined  dataset,  monophyly  of  Berosus  and  Hemiosus  is  corroborated  and 
Berosus  subgenera  are  maintained  and  redefined. 
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Abstract  text: 


Introduction:  Most  moths  and  butterflies  fall  into  the  monophyletic  group,  Heteroneura,  in  which 
hindwings  and  forewings  are  strongly  coupled  and  venation  in  the  hindwing  is  reduced.  The 
remainder,  which  are  homoneurous,  include  the  most  primitive  moth  families  and  understanding 
their  evolution  holds  the  key  to  understanding  the  evolution  of  the  order.  The  discovery  of  new 
families  of  primitive  moths  is  therefore  exciting. 

Methods:  Two  adult  female  moths  were  collected  (by  RVG)  in  October  2009  and  were 
recognized  as  being  unusual.  Males  and  females  were  then  collected  at  the  same  time  of  year  in 
2012  and  each  year  since,  by  sweeping  over  the  host  plant,  Callitris  gracilis.  Larvae  and  pupae 
were  collected  by  splitting  branches.  Morphology  was  assessed  by  light  microscopy  and  SEM. 
The  molecular  dataset  included  three  Trichoptera  outgroup  taxa  and  59  Lepidoptera  ingroup  taxa 
with  sequences  from  25  genes,  generated  as  part  of  previously  published  studies.  Sequence  for  A. 
glatzella  was  obtained  for  16  of  these  genes  -  2  by  PCR  and  14  by  sequencing  of  transcriptomes. 
Phylogenies  were  generated  by  Bayesian  and  Maximum  Likelihood  methods. 

Results/Conclusion:  Aenigmatinea  glatzella  Kristensen  &  Edwards,  2014,  the  only  species 
currently  placed  in  the  new  family  Aenigmatineidae,  has  a  suite  of  unusual  morphological  traits 
including  strongly  reduced  mouthparts.  Despite  this,  molecular  analyses  provided  strong  support 
that  Aenigmatineidae  is  placed  within  Glossata  ("tongue"  moths)  and  forms  part  of  a  now  well 
supported  clade  also  containing  Acanthopteroctetidae  and  Neopseustidae,  which  appears  to  be 
the  sister  group  of  all  Heteroneura. 
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Abstract  text: 


Introduction:  The  Heliozelidae  are  a  family  of  tiny,  primitive,  day-flying  moths.  Currently  there 
are  12  described  genera  worldwide,  comprising  124  species,  known  mostly  as  leaf  miners. 
Widespread  sampling  around  Australia  in  recent  years  has  resulted  in  an  unexpectedly  large 
number  of  putative  new  species  and  genera,  exhibiting  broad  and  unanticipated  diversity  in  terms 
of  morphology,  ecology  and  host  plant  associations.  We  aim  to  establish  the  first  genus-level 
phylogeny  of  the  Heliozelidae  using  a  combination  of  molecular  and  morphological  data. 

Methods:  We  sequenced  over  30  transcriptomes  from  recently  collected  material  representing 
described  and  novel  heliozelid  genera,  plus  a  number  of  outgroups.  From  an  initial  analysis  of 
this  data,  we  retrieved  a  number  of  nuclear  gene  sequences  that  were  used  to  construct  a 
consensus  phylogeny  based  on  maximum  likelihood  and  Bayesian  methods.  We  subsequently 
mapped  a  number  of  taxonomic  and  life  history  traits  to  the  molecular  phylogeny. 

Results/Conclusion:  Our  results  provide  support  for  a  new  generic  classification  of  the 
Heliozelidae,  including  a  number  of  new  genera  from  Australia.  The  association  with  the  host 
plant  family  Rutaceae,  in  which  larvae  mine  flowers  and  seeds,  rather  than  leaves  as  is  typical  for 
the  family,  is  documented  for  the  first  time,  and  appears  to  have  originated  once  in  this 
family.  This  generic  phylogeny  sets  up  the  framework  for  further  studies  into  this  intriguing 
moth  family. 
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Abstract  text: 

Introduction:  The  family  Zygaenidae  not  only  represents  the  most  basal  lineage  of  the 
superfamily  Zygaenoidea,  but  also  exhibits  the  highest  diversity  in  morphology  and  ecology 
within  the  superfamily,  and  even  among  the  non-obtectomeran  apoditrysian  Lepidoptera.  Their 
brilliant  coloration  and  rarity  in  museum  collections  have  amazed  scientists  and  insect  collectors 


since  the  18th  century.  However,  their  chemical  defense  mechanism,  sexual  dimorphism, 
polymorphism  and  complex  mimetic  wing  patterns  have  led  to  incongruence  between  character 
sets  and  a  very  misleading  classification.  Previous  studies  suggest  that  all  the  zygaenid  larva  rely 
on  cyanogenic  plants  in  order  to  obtain  the  chemical  precursors  to  synthesize  the 
cyanoglucosides  responsible  for  defending  the  predators.  This  opinion,  however,  was  based  on 
very  limited  chemical  data  of  the  hostplants  of  few  Palaearctic  species  from  two  subfamilies. 

Methods:  In  the  present  study,  we  attempt  to  address  the  correlation  between  hostplant 
association,  morphological  structure  involving  chemical  defense,  aposematism  and  mimicry  of 
the  entire  family  by  using  DNA  sequence  data  of  3  genes  obtained  from  more  than  300  species 
belonging  all  the  recognized  subfamilies. 

Results/Conclusion:  Our  results  suggest  that  not  all  of  the  zygeanid  larvae  feed  exclusively  on 
cyanogenic  plants,  but  the  species  associated  with  non-cyanogenic  plants  can  still  produce 
cyanoglucosides.  This  kind  of  species  are  not  necessarily  related  to  each  other  so  it  suggests  a 
high  plasticity  in  chemical  defense  mechanism  in  evolution  and  may  explain  why  not  every 
species  are  bright-colored  and  mimetic. 
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Abstract  text: 

Introduction:  The  Limacodidae  and  related  families  Aididae,  Dalceridae  and  Megalopygidae 
form  the  Limacodid-group. 


Methods:  A  molecular  and  morphological  based  analysis  of  the  Limacodid-group  families  was 
performed. 

Results/Conclusion:  The  Limacodid-group  shares  several  larval  characters,  in  particular  the 
addition  of  prolegs  on  abdominal  segments  A2  and  A7.  In  Limacodidae  and  Dalceridae  these 
prolegs  are  modified  into  suckers,  whereas  Limacodidae  often  have  major  transformations  of 
dorsal  tubercles  between  the  first  and  second  instars.  The  recent  phylogenetic  efforts  have  shed 
light  on  the  relationships  within  the  Limacodid-group  and  closely  related  families  (e.g. 
Somabrachyidae,  Himantopteridae  and  Anomoeotidae),  as  well  as  putting  renewed  focus  on 
larval  slug-like  morphology  and  resultant  locomotion,  larval  spinosity  and  first  instar  fasting. 
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Abstract  text: 

Introduction:  A  Nymphalidae  survey  in  201 1  at  the  Yucatan  Peninsula  incorporated  DNA 
barcoding  to  identify  specimens  from  El  Colegio  de  la  Frontera  Sur  collection.  With  this 
approach,  it  was  realized  that  Adelpha  malea  fundania  was  overlooked  and  mistaken  with 
Adelpha  barnesia  leucas. 

Methods:  As  previously  only  2  specimens  were  reported  in  Mexican  collections,  a  morphological 
review  was  conducted  in  major  Mexican  collections  of  all  specimens  identified  as  A.  barnesia 
leucas  to  discover  the  presence  and  distribution  of  A.  malea  fundania.  The  information  was 
extracted  with  specimens’  data  from  MARIPOSA  database  of  Facultad  de  Ciencias  of  UN  AM, 
which  also  contains  Mexican  specimens  data  vouchered  at  foreign  collections.  This  was 
compared  with  the  Adelpha  genus  review  by  K.  Willmott,  as  he  reports  some  Mexican  specimens 
of  A.  malea  fundania  in  other  collections.  Finally,  geographical  distribution  was  obtained  with 
QGis  2.6.1  and  analyzed  with  biogeographical  provinces.  The  distribution  area  was  created 


through  average  propinquity  method  and  the  minimum  spanning  tree  assembled  using  PASSaGE 

2. 

Results/Conclusion:  It  was  found  204  specimens  of  both  species  in  7  collections,  of  which  62% 
corresponded  to  A.  malea  fundania  and  38%  to  A.  barnesia  leucas ;  72%  of  all  the  specimens  are 
vouchered  in  Mexican  collections.  A.  malea  fundania  is  present  in  38  localities  from  7  States  of 
Mexico  and  is  found  in  sympatry  with  A.  barnesia  leucas  in  some  localities.  A.  malea  fundania 
shows  an  archipelagic  distribution  with  evergreen  tropical  forest  affinity  and  a  distribution 
restricted  to  the  Mexican  Gulf  slope,  where  it  is  present  in  3biogeographical  regions. 
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Abstract  text: 

Introduction:  The  Blastobasidae  are  small  to  medium-sized,  grayish-brown  patterned  moths 
within  the  Gelechioidea.  Many  species  exhibit  very  low  inter-specific  variation  while  few 
species  exhibit  very  high  intra-species  variation  in  size  and  wing  pattern.  They  occupy  all 
continents,  except  for  the  polar  regions,  and  number  nearly  600  species  worldwide.  This  number 
will  easily  double  as  many  undescribed  species  are  known  from  specimens  on  loan  from 
institutional  museums  and  from  private  collectors.  The  richest  species  diversity  for  the  family  is 
found  in  the  Neotropical  Americas. 

Methods:  Macromorphological  and  molecular  evidence  corroborate  the  monophyly  of  the  family 
and  subfamilial  lineages.  Insights  into  ongoing  phylogenetic  studies  of  the  group  support  these 
lineages  and  furthermore  show  promising  characters  at  generic  levels.  Genitalic  characters  are 
found  to  be  more  informative  for  phylogenetic  studies  than  those  of  the  labial  palpi  and  wing 
venation,  which  are  highly  homoplastic.  Using  an  “all-inclusive  study”  (all  possible  taxa  within 


the  in-group)  for  phylogenetic  analysis  indicates  that  exemplar  approaches  or  studies  primarily  of 
type-species  of  a  group  underestimates  diversity. 

Results/Conclusion:  The  family,  formerly  thought  of  as  primarily  a  scavenger  group  is  now 
challenged  by  evidence  from  studies  of  recently  discovered  life-histories  of  blastobasid  species 
and  the  reassessment  of  life-histories  described  by  previous  workers. 
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Abstract  text: 

Introduction:  In  2012  Regier  et  al.  published  the  first  detailed  molecular  estimate  of  relationships 
among  subfamilies  in  the  Pyraloidea.  This  study  and  several  other  studies  have  shown  strong 
support  for  the  sister  group  relationship  of  Pyraloidea  to  Mimallonidae  +Macroheterocera,  and  of 
the  two  families,  Pyralidae  and  Crambidae.  But  the  Pyraloidea  is  a  speciose  group  with  over 
16,000  species  worldwide  and  much  work  remains  to  resolve  relationships  among  taxa  and  test 
hypotheses  of  monophyly. 

Methods:  We  sequenced  up  to  19  nuclear  genes  in  42  pyraloids,  representing  18  of  the  21 
subfamilies.  The  scientific  literature  was  surveyed  for  post-2012  taxonomic  research  in  the 
Pyraloidea. 

Results/Conclusion:  The  subfamily  relationships  within  the  Pyralidae  were  strongly  supported 
and  in  congruence  with  the  previous  morphological  studies.  One  exception  was  the  placement  of 
Polyterpnes  from  Australia  that  was  found  to  be  basal  to  chrysaugine+galleriine  clade  or 
excluded  from  the  Pyralidae  altogether.  In  Crambidae  the  molecular  phylogeny  was  also  strongly 
supported,  and  several  groupings  of  subfamilies  were  proposed,  the  “wet-habitat  clade” 
(Acentropinae  +  Schoenobiinae  +  Midilinae),  and  the  provisional  “mustard  oil  clade” 
(Glaphyriinae,  Evergestinae  and  Noordinae).  Both  of  these  groupings  presented  new  issues,  such 


as  incongruence  between  the  morphological  and  molecular  data  in  the  Schoenobiinae.  Results  of 
recent  morphological  studies  exemplify  the  need  to  include  1)  highly  derived  taxa  and/or  with 
doubtful  morphological  placement,  and  2)  more  taxa  of  the  speciose  subfamilies,  specifically  the 
Spilomelinae  that  has  been  recognized  as  a  polyphyletic  group  and  in  most  need  of  additional 
taxon  inclusion. 
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Abstract  text: 


Introduction:  The  fossil  record  of  Lepidoptera  has  long  been  considered  significantly  incomplete, 
limiting  its  relevance  to  studies  of  their  evolutionary  history.  We  have  tried  to  help  fill  this  gap 
with  two  recent  works  on  lepidopteran  fossils.  Sohn  et  al.  (2012)  compiled  all  the  known  records 
of  fossil  Lepidoptera  worldwide  and  provided  data  on  their  preservation,  age,  and  current 
deposition,  if  available.  Later,  Sohn  et  al.  (2015)  analyzed  these  statistically  and  characterized 
the  biases  in  the  lepidopteran  fossil  record.  Since  the  2012  catalogue,  there  have  been  several 
efforts  to  improve  the  fossil  record  of  Lepidoptera,  including  revisionary  studies  on  particular 
groups  (Fisher,  2014;  Doorenweerd  et  al.,  2015)  and  descriptions  of  new  fossils  (Zhang  et  al., 
2013,  2015;  Fisher,  2013).  Sohn  et  al.  (2015)  pointed  to  the  scarcity  of  reliably-identified 
lepidopteran  fossils  as  an  obstacle  to  divergence  time  estimations.  This  limitation  stems  from  the 
difficulties  in  observing  diagnostic  characters  from  intact  fossil  specimens. 

Methods:  Recent  technological  advances  such  as  microtomography  may  help  to  overcome  the 
problem  and  hence  identify  more  lepidopteran  fossils  based  on  synapomorphies.  We  tested  this 
possibility  using  synchrotron  microtomography  on  eight  lepidopteran  inclusions  in  Bitterfeld 
amber. 

Results/Conclusion:  In  this  talk,  we  summarize  updates  since  Sohn  et  al.  (2012)  and  introduce 
our  experience  with  synchrotron  microtomography  on  lepidopteran  fossils. 
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Abstract  text: 

Introduction:  A  robust  phylogenetic  framework  for  Lepidoptera  has  recently  begun  to  emerge.  A 
full  understanding  of  lepidopteran  evolution,  however,  will  require  in  addition  a  robust  time 
frame  for  the  diversification  events  of  the  major  clades  and  the  ecological,  behavioral  and 
structural  novelties  they  exhibit.  Fossils  are  essential  for  calibrating  divergence  time  estimates, 
but  lepidopterans  are  poorly  represented  in  the  fossil  record.  Moreover,  the  known  fossils  have 


been  only  minimally  studied,  many  remain  undescribed,  and  nearly  all,  including  most  that  have 
been  used  in  previous  dating  studies,  lack  convincing,  synapomorphy-based  assignments  of 
systematic  position.  The  lack  of  securely  identified  fossils  reflects  the  relative  dearth  of 
quantitative  morphological  and  phylogenetic  studies  in  Lepidoptera.  This  absence  is  a  severe 
shortcoming  in  understanding  their  evolution,  as  most  recent  phylogenetic  work  has  favored 
molecular  data. 

Methods:  The  aim  of  our  work  is  to  critically  review  identifications  of  important,  known  fossil 
Lepidoptera.  The  phylogenetic  positions  of  the  fossils  will  be  estimated  using  morphological 
synapomorphies  inferred  from  phylogenies  based  on  both  morphological  data  and 
molecular/genomic  data.  We  will  use  the  set  of  most  reliably  identified  fossils,  in  combination 
with  robust  molecular  phylogenies  based  in  part  on  RNA-Seq  data,  in  a  new  analysis  of 
divergence  times  for  all  families  of  Lepidoptera. 

Results/Conclusion:  The  improved  chronograms  will  also  be  used  to  test  hypothesized 
paleoenvironmental  and  life-  history  correlates  of  major  lepidopteran  adaptations  and  variation  in 
diversification  rates  across  all  superfamilies  of  Lepidoptera.  We  will  be  presenting  those  fossils 
selected  as  calibration  points  and  the  results  of  the  divergence  time  analysis. 
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Abstract  text: 

Introduction:  Opening  up  the  extensive  traditional  museum  collections  to  molecular  sampling  is 
key  to  assessing  lepidopteran  mega-diversity  and  establishing  a  revised,  phylogeny-based 
classification  system  in  future.  Such  genetic  mining  of  collection  specimens  has  long  been 
hampered  by  the  degradation  of  their  DNA,  but  modern  techniques  provide  different  approaches 
to  obtain  genetic  data. 


Methods:  We  utilise  different  approaches  to  extract  genetic  information  from  specimens  in  the 
Australian  National  Insect  Collection:  From  traditional  amplicon  sequencing  over  target 
enrichment  with  hybrid  probes  to  transcriptome  and  genome  (re-)sequencing  and  the  use  of 
Nanopore  technology. 

Results/Conclusion:  We  present  examples  of  different  approaches  that  are  used  for  specific 
purposes,  but  which  complement  each  other.  These  tools  can  be  used  for  a  more  comprehensive 
sampling  of  the  mega-diverse  Lepidoptera  in  the  quest  for  a  global,  natural  classification  system. 
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Abstract  text: 

Introduction:  During  insect  development  from  the  embryo  to  the  adult  stage,  the  cuticle 
(exoskeleton)  is  in  a  dynamic  and  recurring  state  of  renewal  and  dissolution.  Both  processes 
occur  simultaneously  during  the  period  of  molting.  Cuticle  deposition  and  degradation  will  be 
reviewed  with  a  focus  on  the  synthesis,  extrusion,  deacetylation,  laminar  organization  and 
turnover  of  chitin,  the  matrix  polysaccharide  that  serves  as  the  backbone  of  the  cuticle.  Enzymes 
involved  in  these  processes  ensure  subtle  variations  that  permit  generation  of  cuticles  of 
divergent  properties  at  specific  anatomical  locations  and/or  developmental  stages.  In  addition, 
several  other  proteins  help  in  the  assembly  and  protection  of  the  chitinous  matrix,  the  formation 
of  a  pseudo-orthogonal  stack  of  laminae  and  the  formation  of  pore  canals. 

Methods:  Confocal  and  transmission  electron  microscopic  analyses  and  localization  of  specific 
proteins  within  the  cuticle  using  immunogold-labeled  antibodies  have  provided  insights  into  the 
dynamics  of  cuticle  deposition  and  turnover.  dsRNA-mediated  down-regulation  of  specific 
proteins  predicted  to  participate  in  these  processes  was  employed  to  reveal  how  the  epidermal 
cells  orchestrate  synthetic  and  degradative  processes  simultaneously. 


Results/Conclusion:  Many  of  the  critical  reactions  apparently  occur  in  the  assembly  zone 
(Schmidt’s  layer)  described  by  Locke  many  years  ago.  Several  enzymes  and  assembly  proteins 
appear  to  stay  anchored  in  this  region  presumably  to  assist  in  this  process.  A  composite  view  of 
cuticle  architecture  and  the  role  of  individual  proteins  in  cuticle  organization  will  be 
summarized.  Several  challenging  problems  in  cuticle  physiology  and  biochemistry  that  remain 
unsolved  will  be  discussed. 


Symposium 

Presentation  Title:  Cuticle  formation  in  Cimex  lectularius 
Author  Name:  Bernard  Moussian 
Author  Institution:  Technische  Universitat 

Session  Title:  Symposium:  Insect  Biocomposites:  Cuticles  and  Peritrophic  Matrices 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1970 
DOI:  10. 1603/ICE.2016. 94529 
Abstract  text: 

Introduction:  The  insect  cuticle  is  a  versatile  extracellular  structure  that  reflects  niche  adaption. 
To  understand  the  diverse  functions  of  the  cuticle,  it  is  fundamental  to  analyze  the  mechanisms 
of  cuticle  formation  and  its  molecular  architecture.  In  the  last  few  years,  in  molecular-genetic 
approaches,  the  basics  of  cuticle  formation  and  function  have  been  studied  intensively  in  the 
model  organisms  Drosophila  melanogaster  and  Tribolium  castaneum.  With  this  knowledge  in 
the  rucksack,  it  is  time  now  to  address  questions  about  the  molecular  constitution  of  specialized 
cuticle  structures  adapted  to  the  lifestyle  of  non-model  insects.  The  bed  bug  Cimex 
lecturalius\i\QS  as  a  parasite  on  humans;  it  is  equipped  with  optimized  cuticle  structures  such  as 
the  ventral  elastic  membrane  that  allows  intake  of  large  amounts  of  blood.  We  are  especially 
interested  in  understanding  the  role  of  resilient  cuticle  proteins  in  this  tissue. 

Methods:  Using  information  of  the  newly  released  genome  sequence,  we  investigate  the  tissue- 
and  stage-specific  expression  of  essential  cuticle  genes  in  C.  lecturalius.  This  work  is 
accompanied  by  ultrastructural  analyses  of  the  bed  bug  cuticle. 

Results/Conclusion:  Together,  this  project  will  enable  us  to  unravel  the  function  of  these  factors 
in  reverse  genetic  experiments. 
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Abstract  text: 

Introduction:  Insect  cuticle  contains  primarily  cuticular  proteins  (CPs)  and  the  polysaccharide 
chitin.  Some  CPs  are  cross-linked  to  other  CPs  by  quinones  or  quinone  methides  produced  by  the 
laccase2-mediated  oxidation  of  A-acylcatechols.  CPR  proteins  compose  of  the  largest  family, 
which  can  be  further  divided  into  three  subgroups  based  on  motifs,  R&R  consensus  RR-1,  RR-2 
and  RR-3.  We  have  investigated  functions  of  major  CPs,  TcCPR27  (RR-2),  TcCPR18  (RR-2), 
TcCPR4  (RR-1)  and  TcCP30  (non-RR),  in  extracts  of  elytra  from  Tribolium  castaneum&dults. 

Methods:  Proteins  were  identified  by  MALDY-TOF  mass  spectrometry.  RNAi  was  used  to  study 
the  functions,  and  ultrastructural  defects  of  the  cuticles  were  observed  by  transmission  electron 
microscopy  (TEM).  Immunohistochemistry  and  immunogold  labeling  TEM  were  performed  to 
analyze  their  localization. 

Results/Conclusion:  TcCPR27,  TcCPR18  and  TcCP30  are  present  in  horizontal  laminae  and 
vertical  pore  canals  in  procuticle  of  rigid  adult  cuticle,  while  TcCPR4  is  predominantly  localized 
in  the  latter.  Depletion  of  TcCPR27  and  TcCPR18  causes  disorganized  laminae  and  pore  canals, 
and  also  malformed  elytra.  RNAi  for  TcCPR4  resulted  in  an  abnormal  shape  of  the  pore  canals 
with  amorphous  fibers  in  their  lumen.  TcCP30  protein  undergoes  laccase2-mediated  cross- 
linking  during  cuticle  maturation  and  TcCPR27  and  TcCPR18,  but  not  TcCPR4,  appear  to  be 
cross-linking  partners  of  TcCP30.  TcCP30  affects  adult  eclosion,  suggesting  that  TcCP30  plays  a 
critical  role  as  a  cross-linked  structural  protein  in  the  formation  of  the  lightweight  rigid  cuticle  of 
the  beetle. 
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Abstract  text: 

Introduction:  The  Rebers  and  Riddiford  (RR)  family  of  cuticular  proteins  is  the  largest  known 
family  of  cuticle  structural  proteins.  It  is  identified  by  a  conserved  sequence  of  approximately  63 
amino  acids  (pfam00379)  that  can  be  divided  into  2  main  subgroups;  RR-1  and  RR-2.  Proteins 
from  this  family  have  been  shown  to  bind  chitin.  A  homology  model  proposes  that  this  domain 
forms  a  half-barrel  composed  of  eight  antiparallel  b-strands  with  aromatic  residues  forming  a 
hydrophobic  surface  on  one  face  that  may  interact  with  the  saccharide  rings  of  chitin.  However, 
confirmation  of  this  structure  or  the  proposed  interaction  with  chitin  lacks  experimental 
verification.  We  have  chosen  to  use  CPR27,  a  highly  abundant  RR-2  protein  from  rigid  cuticle  of 
the  adult  red  flour  beetle,  Tribolium  castaneum ,  to  address  these  questions. 

Methods:  Recombinant  protein  was  produced  in  E.  coli  and  its  structure  was  explored  using 
circular  dichroism  (CD),  trypsin  sensitivity,  and  crystallography.  Surface  plasmon  resonance 
(SPR)  using  colloidal  chitin  was  utilized  to  characterize  its  chitin  binding  ability. 

Results/Conclusion:  Recombinant  CPR27  is  disordered  when  in  aqueous  solution  but  transitions 
with  time  to  b-strands  in  aqueous  mixtures  of  ethylene  glycol  or  trifluoroethanol,,  possibly 
indicating  that  the  RR2  domain  will  form  structure  when  not  fully  hydrated  or  in  a  more 
hydrophobic  environment,  as  occurs  when  the  cuticle  dehydrates  during  maturation.  CPR27  is 
resistant  to  cleavage  by  trypsin,  suggesting  that  access  of  the  enzyme  to  some  of  the  expected 
trypsin  cleavage  sites  is  restricted  by  protein  structure.  Additional  evidence  regarding  structure 
and  chitin  binding  by  RR  domains  will  be  presented. 
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Abstract  text: 

Introduction:  Before  molting,  newly  synthesized  cuticle  is  often  soft.  Soft  cuticle  enables  smooth 
shedding  from  the  old  cuticle  and  subsequent  expansion  of  new  cuticle.  However,  after 
expansion,  new  cuticle  should  be  hardened  quickly  to  avoid  enemies’  attack  or  pathogens’ 
invasion.  For  successful  completion  of  the  whole  molting  process,  the  transition  from  soft  to  hard 
cuticle  must  be  strictly  controlled.  Laccase-2  is  an  enzyme  involved  in  both  cuticle  hardening 
and  pigmentation.  It  has  been  hypothesized  that  the  activity  of  laccase-2  protein  is  actively 
regulated  during  molting.  However,  the  molecular  mechanisms  of  the  regulation  are  almost 
unknown. 

Methods:  1)  The  molecular  properties  of  laccase-2  proteins  from  Bombyx  mori  and  Manduca 
sextawQYQ  characterized  with  respect  to  their  activatability.  2)  Temporal  changes  of  laccase 
activity  in  the  pupal  cuticles  were  monitored.  3)  An  attempt  was  made  to  identify  factor(s)  for 
regulation  of  laccase-2  functions. 

Results/Conclusion:  Laccase-2  from  both  Bombyx  and  Manduca  have  a  potential  to  become 
much  more  active  by  proteolytic  processing.  Just  after  shedding  the  old  cuticle,  laccase  activity 
in  the  pupal  cuticles  is  weak,  but  later  it  becomes  stronger  when  sclerotization  and  brownish 
coloration  are  ongoing.  By  column  chromatographic  procedures,  a  candidate  for  laccase 
activating  factor  was  identified.  The  recombinant  factors  from  the  species  of  multiple  insect 
orders  can  activate  an  endogenous  laccase  precursor,  indicating  conservation  of  the  system 
across  orders. 
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Abstract  text: 

Introduction:  Chitin  is  used  to  form  rigid,  water  proofed  and  highly  ordered  cuticle  by  insects. 
The  complexity  of  organization  of  chitin  makes  chitin  degradation  a  complexed  process  too.  We 
now  know  how  the  bacterium  Serratia  marcescensusQS  chitinolytic  enzymes  to  degrade  chitin  as 
nutrients,  but  we  do  not  know  how  insect  does. 

Methods:  Here  the  lepidopteran  insect  Ostrinia  furnacalissNd&  applied  to  explore  insect  chitin 
degradation.  By  means  of  structural  biology  in  combination  with  biochemistry  as  well  as 
proteomics,  the  mechanism  of  some  of  insect  chitinolytic  enzymes  were  revealed. 

Results/Conclusion:  Compared  with  the  bacterium  Serratia  marcescens ,  the  insect  Ostrinia 
furnacalis  showed  some  similarities  but  uniqueness  in  the  process  of  chitin  degradation. 
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Abstract  text: 

IntroductiomMost  insects  are  oviparous  and  laid  eggs  are  susceptible  to  abiotic  stresses  such  as 
humidity  variations.  The  eggshell  preserves  the  developing  embryo  but  post-zygotic  structures 


can  augment  this  protection.  At  early  embryogenesis  blastoderm  cells  differentiate  in  the  proper 
embryo  and  the  extraembryonic  tissues  serosa  and  amnion.  The  serosa  wraps  the  embryo  and 
secretes  a  cuticle  that  becomes  eggshell  associated.  Findings  related  with  serosal  cuticle 
formation  and  relevance  in  mosquito  vectors  (Diptera:Culicidae)  and  the  beetle  Tribolium 
castaneum  (Coleoptera:Tenebrionidae)  will  be  summarized  here. 

Methods:  Physiological,  molecular,  biochemical  and  embryological  approaches  were  employed. 

Results/Conclusion:  In  Aedes,  Anopheles  and  Culex  mosquitoes  the  serosal  cuticle  contains 
chitin  and  its  formation  is  correlated  with  an  abrupt  increase  in  egg  resistance  to  desiccation, 
leading  to  egg  survival  under  dry  conditions,  although  this  trait  varies  enormously  among 
species.  Transcriptome  assays  performed  with  Anopheles  gambiae  revealed  that  genes  such  as 
Chitin  synthase  1 -A,  Tyrosine  hydroxilase ,  Dopa  decarboxylase ,  Serpentine  and  Knickopf  are 
related  with  serosal  cuticle  synthesis.  Causality  between  serosal  cuticle  formation  and  egg 
waterproofing  was  demonstrated  in  T.  castaneum  through  dsRNA-mediated  RNAi  (gene 
silencing).  In  this  beetle  it  is  possible  to  generate  viable  eggs  that  contain  neither  serosa  nor 
serosal  cuticle  (through  Zenl-RN  Ai)  or  contain  no  chitin  in  their  serosal  cuticles  ( Chsl -KNAi ). 
These  eggs  are  viable  at  high  humidity  but  fail  to  hatch  at  low  humidity.  The  serosal  cuticle  is  an 
exclusive  insect  trait  and  its  waterproofing  properties  probably  assisted  insect  terrestrialization 
during  evolution.  Further  evolutionary  perspectives  and  general  contributions  for  the  cuticle  field 
will  also  be  discussed. 
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Abstract  text: 

Introduction:How  the  shapes  of  organs  and  organisms  are  created  has  always  been  a  central 
question  in  biology.  Past  studies  have  focused  on  the  basic  patterns  of  tissues  and  bodies 
established  by  regulated  expression  and  function  of  morphogens  and  transcription  factors 


(patterning  genes).  Numerous  examples  of  closely  related  species  that  share  common  patterns 
but  differ  grossly  in  shapes  illustrate  that  organ/organismal  shapes  are  not  fully  explained  by 
function  and  expression  of  patterning  genes.  There  should  be  a  mechanism  that  directly  controls 
shape,  operating  downstream  or  independently  of  pattern  formation.  The  final  shapes  of  animal 
bodies  are  formed  largely  by  extracellular  matrix  (ECM),  including  endoskeleton  in  vertebrates 
and  exoskeleton  (cuticle)  in  arthropods.  Potential  roles  of  ECM  in  physical  regulation  of  tissue 
morphology  have  been  reported  recently.  Considering  that  physical  properties  of  ECM  depend 
on  its  molecular  composition,  it  is  possible  that  genomes  directly  control  tissue/body  shapes 
through  ECM  molecules  that  they  encode,  independently  of  the  basic  patterning. 

Methods:  We  conducted  functional  analysis  of  a  cuticular  protein  Obstructor-E  (Obst-E)  in 
Drosophila  melanogaster. 

Results/Conclusion:  We  have  found  that  the  single  cuticular  protein  has  a  dramatic  effect  on  the 
body  shape.  In  wild-type,  the  cuticle  covering  the  larval  body  undergoes  contraction  during 
metamorphosis  to  form  an  ellipsoidal  pupal  case.  The  contraction  was  impaired  in  obst-E  loss-of- 
function  mutants,  resulting  in  elongated  (uncontracted)  pupae.  Obst-E  protein,  constituting  the 
larval  cuticle,  appears  to  regulate  the  body  shape  in  a  direct,  physical  manner  by  controlling 
contractility  of  the  cuticle. 
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Abstract  text: 

Introduction:  Dragonflies  including  damselflies  are  extraordinarily  diverse  in  their  color  patterns. 
Unlike  most  insects,  nuptial  color  change,  the  body  color  transition  associated  with  sexual 
maturation,  is  commonly  found  in  dragonflies.  Because  dragonflies  visually  recognize 
conspecific  and  heterospecific  individuals,  their  body  color  plays  essential  roles  in  their  ecology 


and  reproductive  biology.  While  many  ecological  and  behavioral  studies  have  been  focused  on 
this  topic,  the  molecular  bases  underlying  the  diversity  of  color  pattern  and  color  vision  have 
been  poorly  understood. 

Methods:  We  analyzed  pigments  and  surface  nanostructure  by  liquid  chromatography-mass 
spectrometry,  scanning  electron  microscopy  and  transmission  electron  microscopy.  We  also 
surveyed  the  visual  transcriptomics  by  RNA  sequencing  of  visual  organs. 

Results/Conclusion:  We  found  that  sex-specific  redox  changes  in  ommochrome  pigments  cause 
the  yellow-red  color  transition  in  red  dragonflies,  and  that  sex-specific  changes  in  surface 
nanostructures  cause  the  light  brown-light  blue  transition  in  light  blue  dragonflies.  We  also 
identified  an  extraordinary  large  number  of  visual  opsin  genes.  These  opsin  genes  are 
differentially  expressed  between  adult  and  larva,  as  well  as  between  dorsal  and  ventral  regions  of 
adult  compound  eyes,  highlighting  the  behavior,  ecology  and  adaptation  of  aquatic  larva  to 
terrestrial  adult. 
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Introduction:  The  alimentary  canal  of  many  insects  contains  an  acellular,  porous  inner  tube  lining 
the  midgut  epithelial  cells,  known  as  peritrophic  matrix  (PM),  which  is  composed  of  chitin  and 
proteins.  The  PM  serves  as  the  first  barier  of  defense  against  mechanical  damage  by  rough  food 
particles,  chemical  damage  by  toxins  and  pathogen  entry  as  well  as  increases  the  efficiency  of 
digestion  by  compartmentalization  of  digestive  processes.  The  first  lepidopteran  PM  protein,  an 
invertebrate  intestinal  mucin,  was  identified  from  Trichoplusia  ni. 


Methods:  Proteomic  analyses  of  the  PM  in  Helicoverpa  armigera ,  Bombyx  mori,  Mamestra 
configurata  and  Spodoptera  littoralis  revealed  the  entire  suit  of  PM  proteins,  that  are  classified 
as  structural  (peritrophins)  and  non- structural  (enzymes)  proteins. 

Results/Conclusion:  Expression  analyses  of  genes  encoding  peritrophins  and  enzymes  involved 
in  PM  chitin  metabolism  revealed  different  patterns  of  expression  in  anterior,  middle  and 
posterior  sections  of  the  midgut  of  several  lepidopterans.  Western  blot  analyses  also  revealed 
site-specific  localization  within  the  PM  for  particular  peritrophins.  These  studies  have  led  to  an 
updated  common  model  of  the  lepidopteran  PM.  Different  structural  properties  and  synthesis 
patterns  of  the  PM  components  along  the  length  of  the  PM  indicate  that  the  lepidopteran  PMs 
possess  a  hybrid  Type  I-Type  II  formation;  thus,  previous  Type  I  formation  definition  is  no 
longer  valid  for  lepidopteran  PMs. 
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Introduction:  The  peritrophic  matrix  (PM)  is  an  extracellular  barrier  that  lines  the  midgut 
epithelium  of  most  insects  and  protects  the  intestine  from  invasion  by  microorganisms  and 
parasites.  It  consists  of  chitin  fibrils  that  are  embedded  in  a  matrix  of  proteins  and  glycoproteins. 
In  Tribolium  castaneum ,  there  are  1 1  genes  encoding  putative  PM  proteins  (TcPMPs),  which  are 
differentially  expressed  along  the  length  of  the  midgut  epithelium  of  feeding  larvae. 

Methods:  To  determine  the  exclusion  sizes  of  the  PM  in  different  midgut  regions,  an  in-situ 
permeability  assay  based  on  fluorescein  isothiocyanate  (FITC)-dextrans  of  defined  masses  was 
performed.  RNAi  was  applied  to  knock  down  expression  of  individual  TcPMPs  in  order  to 
examine  their  physiological  roles. 


Results/Conclusion:  PM  permeability  decreases  progressively  from  the  anterior  to  the  posterior 
midgut.  In  most  cases,  RNAi  revealed  no  abnormal  developmental  phenotypes.  However,  RNAi 
for  2  TcPMPs  encoding  PM  proteins  with  3  and  5  chitin  binding  domains  ( TcPMP3  and 
TcPMP5-B ),  respectively,  resulted  in  depletion  of  the  fat  body,  growth  arrest,  molting  defects 
and  mortality.  It  also  led  to  the  loss  of  the  PM’s  barrier  function  as  evidenced  by  the  permeation 
of  FITC  dextrans  into  the  ectoperitrophic  space,  while  they  were  retained  in  the  endoperitrophic 
space  in  control  larvae.  These  findings  suggest  that  distinct  TcPMPs  are  crucial  for  maintaining 
the  PM’s  barrier  function,  and  that  a  gradient  of  PM  permeability  is  essential  for  nutrition  and 
survival. 
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Introduction:  The  most  abundant  cue  that  caterpillars  deposit  on  plants  while  feeding  is  their 
frass.  Frass  deposition  is  an  unavoidable  occurrence  when  caterpillars  feed  in  enclosed  structures 
like  the  maize  whorl.  In  a  previous  study  we  demonstrated  that  fall  army  worm  (, Spodoptera 
frugiperda)  frass  proteins  affect  defense  responses  in  maize  whorls  depending  on  the  length  of 
time  they  are  in  contact  with  the  feeding  site.  Initially,  the  frass  proteins  trigger  herbivore 
defenses,  but  as  time  progresses  the  plant  switches  to  pathogen  defenses,  which  ultimately 
enables  the  herbivore  to  perform  better  on  its  host. 

Methods:  Frass  proteins  were  fractionated  by  isoelctric  focusing. 

Results/Conclusion:  These  experiments  revealed  that  fragments  of  Insect  Intestinal  Mucin  (IIM), 
a  major  component  of  the  peritrophic  matrix,  were  present  in  frass  fraction  and  affecting  maize 
defenses  in  response  to  herbivory. 
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Introduction:  Scorpion  alpha  and  beta-toxins  interact  with  voltage-gated  sodium  channels  (Navs) 
at  two  pharmacologically  distinct,  yet  structurally  undetermined  receptor  sites.  Alpha-toxins  bind 
at  site-3  and  inhibit  channel  inactivation,  whereas  beta-toxins  bind  at  site-4  and  shift  the  voltage- 
dependent  activation  toward  more  hyperpolarizing  potentials.  The  two  toxin  classes  are  divided 
to  subgroups  according  to  their  binding  preferences  and  competition  for  receptor  sites  at  Nav 
subtypes. 

Methods:  An  efficient  bacterial  system  was  established  for  toxins  expression  enabling 
mutagenesis  accompanied  by  toxicity,  binding  and  electrophysiological  assays,  as  well  as 
structure  determination  using  NMR  and  X-ray  crystallography. 

Results/Conclusion:  The  bioactive  surfaces  of  toxins  from  all  pharmacological  subgroups  were 
determined.  Exchange  of  external  loops  between  channels  exhibiting  marked  differences  in 
sensitivity  to  various  toxins  accompanied  by  point  mutagenesis  highlighted  the  channel 
determinants  playing  a  role  in  selectivity.  Using  these  data  and  the  structure  of  a  potassium 
channel  as  template,  a  structural  model  of  interaction  between  the  beta-toxin  Css4  from 
Centruroides  suffusus  suffusus  with  the  gating-module  at  domain-II  of  the  brain  channel 
rNav1.2a  was  established.  In  parallel,  a  swapping  and  mutagenesis  approach  employing  the 
rNav1.2a  mammalian  and  DmNavl  insect  Navs  and  the  alpha-toxin  Lqh2  from  Leiurus 
quinquestriatus  hebraeus  were  used  to  elucidate  receptor  site-3.  Channel  mapping  along  with 
toxin  dissociation  assays  and  double-mutant  cycle  analyses  using  toxin  and  channel  mutants 
identified  the  gating-module  of  domain-IV  as  the  docking  site  of  the  toxin  core-domain,  thus 
describing  for  the  first  time  the  docking  orientation  of  an  alpha-toxin  at  the  channel  surface. 
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Introduction:  Glutamate-gated  chloride  channels  (GluCls)  of  invertebrates  are  proven  targets  for 
insecticides,  acaricides  and  drugs  targeting  nematode  pathogens  of  farm  animals  and  man.  With 
the  development  of  resistance  to  currently  deployed  compounds,  novel  chemistry  targeting 
GluCls  is  of  considerable  interest. 

Methods:  Chemicals  originating  from  natural  products  (ivermectin,  abamectin)  have  proved 
successful  in  targeting  GluCls  and  we  have  explored  the  potential  of  novel  indole  alkaloid 
okaramines  from  the  fermentation  products  of  Penicillium  simplicissimum  using 
electrophysiological  recordings  from  native  and  cloned  GluCls. 

Results  /  Conclusions:  Long  known  to  be  toxic  to  larvae  of  the  lepidopteran  insect  Bombyx  mori, 
okaramines  have  recently  been  shown  to  activate  Bombyx  mori  GluCls  but  not  GABA-gated 
GluCls  from  either  Bombyx  mori  or  man.  They  were  also  ineffective  on  human  glycine-gated 
chloride  channels.  Thus  they  appear  to  show  a  degree  of  selectivity  for  GluCls.  The  insecticidal 
actions  of  a  series  of  okaramines  correlates  with  their  actions  on  GluCls  suggesting  that  their 
actions  on  these  ligand-gated  anion  channels  can  account  for  their  insecticidal  actions.  The  insect 
GluCl  agonist  site  is  a  new  site  for  the  actions  of  insecticides.  We  have  also  explored  the  actions 
of  okaramines  on  a  homomer-forming  GluCl  cloned  from  the  Lyme  disease  tick  Ixodes 
scapularis.  This  GluCl  is  sensitive  to  picrotoxin  and  fipronil.  Okaramine  B  is  also  active  but  via 
a  mechanism  that  appears  distinct  from  its  action  on  insect  GluCls.  Thus  the  natural  product 
family  of  okaramines  offers  new  leads  for  insecticides  and  acaricides  targeting  a  class  of  ligand¬ 
gated  anion  channels  only  found  in  invertebrates. 
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Abstract  text: 

Introduction:  Scorpion  B-toxins  bind  to  the  extracellular  regions  of  the  voltage  sensor  module  in 
domain  II  of  the  sodium  channel  and  enhance  channel  activation  by  trapping  and  stabilizing  the 
voltage  sensor  of  domain  II  in  its  activated  state.  However,  the  role  of  voltage  sensors  in  domains 
I,  III  and  IV  of  the  sodium  channel  in  the  action  of  scorpion  B-toxins  remains  unknown. 

Methods:  We  made  charge  reversal  mutations  of  the  five  positively  charged  residues  in  DIIIS4  of 
a  cockroach  sodium  channel,  BgNavl-la,  and  expressed  the  mutant  channels  in  Xenopus 
oocytes.  We  then  examined  the  effects  of  these  five  mutations  on  the  sensitivity  of  the  BgNavl- 
la  channel  to  a  highly  potent  insect  selective  scorpion  depressant  B-toxin,  Lqh-dprIT3,  from 
Leiurus  quinquestriatus  hebraeus,  using  two-electrode  voltage  clamp. 

Results/Conclusion:  Like  other  scorpion  B-toxins,  Lqh-dprIT3  shifted  the  voltage  dependence  of 
activation  of  the  BgNavl-la  channel  to  more  negative  membrane  potentials.  The  charge  reversal 
mutants  of  the  innermost  positively  charged  residues  R4E  and  R5E,  but  not  K1E,  R2E  or  R3E,  in 
IIIS4  increased  the  channel  sensitivity  to  Lqh-dprIT3.  This  hypersensitivity  most  likely  reflects 
an  increase  in  IIS4  trapping  via  allosteric  mechanisms.  Our  findings  provide  evidence  for  the 
involvement  of  the  domain  III  voltage  sensor  in  the  action  of  scorpion  B-toxins  and  provides  an 
example  of  the  coupling  between  the  voltage  sensors  in  neighboring  domains  during  channel 
activation 
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Introduction:  Given  their  contribution  to  action  potential  initiation,  voltage-activated  sodium 
(Nav)  channels  are  principal  targets  present  in  insect  venoms.  As  such,  the  use  of  toxins  has  led 
to  the  discovery  of  various  receptor  sites  in  different  Nav  channel  regions.  We  will  discuss  the 
discovery  and  functional  characterization  of  two  novel  spider  toxins,  Del  a  (from  Diguetia 
canities )  and  Aela  (from  Augacephalus  ezendami),  which  interact  with  a  distinct  region  within  a 
particular  voltage  sensor  to  influence  channel  gating. 

Methods:  To  investigate  the  function  of  Del  a  and  Aela,  we  combined  recombinant  protein 
production  and  NMR  with  insecticidal  assays  and  electrophysiological  recordings  from 
heterologous  expression  systems  as  well  as  cockroach  dorsal  unpaired  median  (DUM)  neurons. 

Results/Conclusion:  Del  a  promotes  opening  of  German  cockroach  ( Blattella  germanica )  Nav 
channels  whereas  the  toxin  has  little  effect  on  currents  mediated  by  American  cockroach 
( Periplaneta  americana)  Nav  channels.  Injection  of  Aela  into  sheep  blowflies  (Lucilia  cuprina) 
induces  rapid  paralysis  from  which  flies  recover  within  24  h.  In  contrast,  Aela  is  lethal  when 
injected  into  closely  related  fruit  flies  ( Drosophila  melanogaster )  and  it  induces  no  adverse 
effects  in  the  recalcitrant  lepidopteran  pest  Helicoverpa  armigera.  Electrophysiological 
experiments  using  BgNavl  channels  from  Blattella  germanica  reveals  that  Aela  potently  inhibits 
channel  opening  by  shifting  the  threshold  for  channel  activation  to  more  depolarized  potentials. 
In  contrast,  Aela  fails  to  significantly  affect  sodium  currents  in  DUM  neurons  from  Periplaneta 
americana.  The  phyletic  specificity  of  Del  a  and  Aela  provides  fundamental  information  for  the 
development  of  Nav  channel  insecticides  that  selectively  target  key  insect  pests  without  harming 
beneficial  species. 
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Abstract  text: 

Introduction:  Lindane  and  cyclodienes,  such  as  dieldrin  and  a-endosulfan,  represent  the  first 
generation  of  noncompetitive  antagonists  (NCAs)  against  insect  RDL  GABA  receptors.  It  has 
been  reported  that  A2'S  and  A2'G  mutations  in  the  membrane-spanning  region  M2  of  the  RDL 
GABA  receptor  confers  resistance  to  lindane  and  cyclodienes.  Fipronil  is  a  second  generation 
NCA,  but  A2'S  and  A2'G  mutations  provide  a  low  level  of  cross-resistance  to  fipronil.  The  role 
of  the  A2'S  mutation  in  fipronil  resistance  is  unclear 

Methods:  To  understand  the  role  of  the  mutations  in  the  RDL  GABA  receptor  subunits, 
Drosophila S2  cells  were  transfected  with  the  wild-type  and  mutant  RDL  GABA  receptor  subunit 
genes.  Then,  a  membrane  potential  assay  was  performed. 

Results/Conclusion:  A  homozygous  A2'S  mutation  in  the  RDL  GABA  receptor  subunit  gene  was 
found  in  fipronil-resistant  Oulema  oryzae  in  Japan,  and  it  has  been  suggested  that  the  GABA 
concentration  is  an  important  factor  that  affects  the  level  of  fipronil  resistance.  Moreover,  a  novel 


A2'N  mutation  that  confers  fipronil  resistance  was  found  in  M2  of  the  RDL  GABA  receptors 
from  fipronil-resistant  planthoppers,  Sogatella  furcifera  and  Laodelphax  striatellus  in  the 
heterozygous  state,  in  Japan.  Thus,  problems  are  being  caused  by  a  worldwide  outbreak  of 
cyclodiene-resistant  pests.  And  attention  must  be  paid  to  development  of  fipronil-resistant  pests 
of  rice,  such  as  Sogatella  furcifera ,  Laodelphax  striatellus  ,  and  Oulema  oryzae ,  in  Japan. 
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Introduction:  Neonicotinoids  are  a  major  class  of  insecticides  that  target  nicotinic  acetylcholine 
receptors  (nAChRs)  mediating  excitatory  neurotransmission  in  insect  as  well  as  mammalian 
nervous  systems.  The  mammalian  safety  of  neonicotinoids  is  based  on  their  selectivity  to  insect 
over  mammalian  nAChRs,  yet  the  selectivity  mechanism  is  still  poorly  understood.  Thus, 
multidisciplinary  approaches  have  been  employed  to  clarify  the  mechanism. 

Methods:  Recombinant  nAChRs  were  expressed  in  Xenopus  oocytes  by  co-expression  of  avian 
and  insect  nAChR  subunits.  The  current  amplitude  of  responses  of  recombinant  nAChRs  were 
measured  by  voltage-clamp  electrophysiology.  The  peak  current  amplitude  of  neonicotinoid 
responses  of  the  nAChRs  was  normalized  by  that  of  the  acetylcholine  response.  Concentration- 
response  data  were  fitted  by  non-linear  regression  to  determine  EC50. 

Results/Conclusion:  The  nAChRs  are  pentameric  ligand-gated  cation  channels  consisting  of  a 
and  non-a  subunits.  Neonicotinoids  interact  with  the  orthosteric  site  formed  by  loops  A,  B  and  C 
provided  by  a  subunits  and  loops  D,  E  and  F  provided  by  non-a  subunits  or  equivalent  loops  of  a 
subunits,  to  open  the  cation  channel.  Studies  by  molecular  modeling  and  site-directed 
mutagenesis  identified  basic  residues  in  loop  D  involved  in  the  selective  interactions  with 
neonicotinoids  at  the  a-non-a  subunit  interface.  Furthermore,  X-ray  crystal  structures  of  the 


acetylcholine  binding  protein  determined  in  complex  with  some  neonicotinoids  revealed  not  only 
the  a-non-a  subunit  interface,  but  also  the  a-a  interface  as  neonicotinoid  binding  sites.  Indeed, 
amino  acid  mutations  at  the  a-a  interface  affected  the  neonicotinoid  actions  on  recombinant 
nAChRs  in  accord  with  this  notion. 
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Introduction:  Insect  ad-like  nicotinic  acetylcholine  receptors  are  a  major  target  of  the 
biopesticide,  spinosAD.  Mutations  that  lead  to  resistance  have  been  consistently  characterised 
within  this  gene.  The  majority  of  the  molecular  lesions  interrupt  important  functional  domains, 
indicating  that  the  loss  of  function  of  this  highly  conserved  receptor  subunit  is  sufficient  to 
provide  high  levels  of  resistance. 

Methods:  Using  spinosad  resistant  da6  alleles  of  Drosophila  melanogaster ,  an  insect  model 
system,  and  the  GAL4>UAS  expression  system,  we  examined  the  role  of  individual  isoforms  of 
da6.  A  rescue  system  was  developed  and  this  allowed  us  to  test  the  capacity  of  other  insect 
species'  ad-like  subunits  to  rescue  to  a  spinosAD-susceptible  phenotype.  Chimeric  constructs  of 
da6  and  da7  nAChR  subunits  have  been  created  and  expressed,  to  test  the  hypothesis  that  the  C- 
terminal  region  is  critical  for  spinosAD  mode  of  action.  The  Clustered  Regularly  Interspaced 
Short  Palindromic  Repeats  /Cas9  system  was  used  to  create  several  specific  alleles  of  da6  for 
analysis. 

Results/Conclusion:  The  results  demonstrate  that  individual  a6  subunit  isoforms  are  sufficient 
for  rescue  of  spinosAD  binding  and  effect.  Other  insect  ad-like  receptors  from  Plutella 
xylostella ,  Musca  domestica ,  Bovicola  ovis  and  Lucilia  cuprina  rescue  the  spinosAD  response  in 
the  D.  melanogaster  system,  highlighting  the  conserved  nature  of  the  receptor  subunit  as  a 
spinosAD  target.  Chimeric  expression  experiments  add  further  weight  to  the  importance  of  the 


C-terminal  domain  of  a6,  while  specific  CRISPR  alleles  demonstrate  how  this  new  and  powerful 
tool  can  be  applied  to  highly  specific  mode  of  action  and  resistance  mechanism  characterisation 
studies. 
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Introduction:  Arthropod  neuronal  acetylcholine  receptors  (nAChRs)  are  the  targets  for  a  range  of 
highly  efficacious  arthropocides  that  includes  the  neonicotinoids  and  spinosyns.  Although 
previous  studies  indicate  that  the  two  classes  of  arthropocides  target  different  populations  of 
nAChRs,  the  pharmacological  characterisation  of  these  interactions  has  long  been  hampered  by 
difficulties  expressing  the  receptors  in  heterologous  systems.  With  the  rise  of  target-site 
resistance  affecting  the  efficacy  of  these  chemistries  and  the  aim  to  limit  the  impact  on  non¬ 
target  arthropods,  the  study  of  these  interactions  is  extremely  relevant. 

Methods:  Using  transcriptome  analysis  and  molecular  cloning  techniques,  we  obtained  a  number 
of  nAChR  subunits  from  the  cattle  tick  Rhipicephalus  microplus.  The  functional  characterisation 
of  the  wild  type  or  mutated  receptors  was  done  using  two-electrode  voltage  clamp 
electrophysiology  (TEVC)  and  a  range  of  ligands  including  spinosad. 

Results/Conclusion:  Out  of  the  1 1  nAChR  subunits  identified,  the  nAChRa5  (Rma5)  and 
nAChRa6  (Rma6)  subunits  reliably  formed  functional  homopentamers  when  expressed  in 
Xenopus  oocytes,  and  were  activated  by  acetylcholine.  The  non-desensitizing  Rma5  receptors 
were  activated  by  spinosad  application.  In  contrast,  spinosad  did  not  directly  activate  the  fast 
desensitizing  Rma6  receptors  but  acted  as  an  allosteric  modulator,  reducing  the  de sensitization 
rate  of  the  receptor.  We  are  investigating  the  putative  binding  site  for  spinosad  by  a  combination 
of  molecular  modelling  and  pharmacological  characterisation  of  the  mutated  receptors,  and  this 


work  has  important  implications  in  resistance  monitoring,  species  selectivity  and  rational  design 
of  future  molecules. 


Symposium 

Presentation  Title:  Diamide  insecticides:  Understanding  the  basis  for  insect  selectivity  and 
target-site  resistance 

Author  Name:  Daniel  Cordova 

Author  Institution:  DuPont  Crop  Protection 

Session  Title:  Symposium:  Ion  Channels  as  Targets  of  Synthetic  and  Natural  Neurotoxins 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1990 
DOI:  10.1603/ICE.2016.91186 
Abstract  text: 

Introduction:  Chlorantraniliprole  (Rynaxypyr®),  cyantraniliprole  (Cyazypyr™)  and 
flubendiamide  belong  to  the  diamide  class  of  insecticides,  with  sales  of  chlorantraniliprole  alone 
exceeding  $1  billion  in  2014.  The  diamides  control  pest  insects  through  activation  of  the 
ryanodine  receptor  (RyR),  an  intracellular  calcium  channel  critical  to  muscle  contraction. 
Chlorantraniliprole  is  highly  efficacious  against  chewing  insects,  while  cyantraniliprole  exhibits 
broad  insect  control. 

Methods:  Using  calcium-based  imaging  and  spectrophotometry,  single-channel  recording  and 
radioligand  binding  approaches,  activity  of  chlorantraniliprole  and  cyantraniliprole  was 
characterized  against  dipteran,  lepidopteran  and  hemipteran  RyRs  along  with  mammalian  RyRs. 

Results/Conclusion:  Chlorantraniliprole  and  cyantraniliprole  are  highly  potent  activators  of 
lepidopteran  and  hemipteran  RyRs,  while  exceedingly  high  concentrations  are  needed  to  activate 
mammalian  RyR  channels.  Single  channel  recordings  of  the  human  cardiac  RyR  show  that 
diamides  increase  the  frequency  of  channel  openings  rather  than  modifying  the  RyR  conductance 
state.  Previous  biochemical  studies  have  revealed  that  these  insecticides  bind  to  a  unique  site  on 
the  receptor  distinct  from  that  of  plant  alkaloid  ryanodine.  Although  the  binding  domain  has  yet 
to  be  defined,  several  regions  critical  to  sensitivity  of  diamides  have  been  identified  that  may 
play  a  key  role  in  species  selectivity,  mammalian  safety,  and  target-based  resistance. 
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Introduction:  Since  2006,  diamides  have  been  widely  used  to  control  populations  of 
agriculturally  relevant  insects  that  are  often  resistant  to  other  insecticides.  They  bind  to  and 
activate  insect  Ryanodine  Receptors  (RyR),  tetrameric  ryanodine-sensitive  Ca2+-release 
channels,  leading  to  paralysis  and  death.  Resistance  to  diamides  has  already  been  identified  in 
Plutella  xylostella  (Lepidoptera:  Plutellidae),  a  serious  global  pest  of  crucifers1 2.  Reduced  3H- 
bisamide  binding  of  these  Plutella  provide  strong  evidence  that  resistance  is  caused  by  a  change 
at  the  diamide  target  site,  possibly  G4946E12.  To  test  whether  the  mutation  confers  resistance  to 
diamides  in  vivo ,  we  introduced  the  Plutella  wild-type  (PxRyRWT)  and  G4946E  (PxRyRG4946E) 
RyR  into  Drosophila. 

Methods:  These  ’pestified’  Drosophila  provide  a  clean  system  to  analyse  the  polymorphism  in 
isolation.  Because  RyR  is  endogenously  expressed  in  muscles  and  neurons  we  drove  expression 
of  Plutella  RyRWT  and  RyRG4946Em  both  these  tissues  separately.  Chemical  bioassays  were  used  to 
examine  the  effects  of  the  mutation  on  diamide  sensitivity. 

Results/Conclusion:  We  found  that  when  PxRyRWT  was  expressed  in  muscles  the  animals  were 
more  sensitive  to  the  diamide  chlorantraniliprole.  However,  when  we  expressed  PxRyRG4946E  this 
effect  was  not  observed,  suggesting  that  G4946E  confers  resistance.  When  the  PxRyR  variants 
were  expressed  in  the  CNS  instead,  there  were  no  differences  in  sensitivity.  These  results  add 
evidence  to  the  role  of  G4946E  in  diamide  resistance  and  also  demonstrate  that  the  diamide 
lethal  effect  is  likely  to  be  due  to  its  effect  on  muscle  rather  than  neuronal  RyR. 

1.  Troczka  B  et  al.  (2012)  Insect  Biochem  Mol  Biol  42(1 1):873-880. 

2.  Unpublished  (Syngenta). 
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Abstract  text: 

Introduction:  Transient  Receptor  Potential  (TRP)  channels  are  a  large  group  of  non-selective 
cation  channels  that  occur  in  the  plasma  membrane  of  many  types  of  cells  and  are  typically 
involved  in  sensory  transduction.  Nanchung  (Nan)  and  Inactive  (lav)  are  the  only  two  insect 
TRPs  of  the  vanilloid  (TRPV)  family;  they  co-assemble  exclusively  in  chordotonal  stretch 
receptor  neurons  and  are  essential  for  the  senses  of  hearing,  gravity,  balance,  proprioception, 
acceleration  and  kinesthesia.  Insecticides  pymetrozine  (PM),  pyrifluquinazon  (PFQ)  and 
flonicamid  activate  and  then  silence  chordotonal  organs  and  are  particularly  effective  at 
disrupting  phloem  feeding.  PFQ  and  flonicamid  are  proinsecticides  whose  active  forms  are  de- 
acetylated  PFQ  and  TFNA-AM,  respectively. 

Results/Conclusion:  Chordotonal  organs  of  Drosophila  nan  or  iav  mutants  lack  functional  TRPV 
channels  and  cannot  generate  action  potentials,  but  they  actively  augment  small  movements. 
Exposure  to  PM,  PFQ  or  flonicamid  eliminates  augmentation  of  small  chordotonal  organ 
movements  in  wildtype  (wt)  but  not  in  mutant  flies.  Furthermore,  rapid  application  of  PM  and 
the  active  forms  of  PFQ  and  flonicamid  raises  Ca2+i  in  chordotonal  neurons  of  wt  but  not  of 
mutant  flies.  These  results  indicate  that  PM,  PFQ  and  flonicamid  stimulate  chordotonal  organs 
by  directly  or  indirectly  activating  TRPV  channels.  Nan-lav  heteromers  of  Drosophila 
melanogaster  and  Myzus  persicae  heterologously  expressed  in  CHO  cells  or  Xenopus  oocytes 
form  non-selective  cation  channels  that  are  potently  activated  by  PM  and  deacetylated  PFQ  but 
not  by  TFNA-AM,  confirming  that  TRPV  channels  are  the  target  of  PM  and  PFQ  but  not  of 
flonicamid. 
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Introduction:  Potassium  channels  exist  in  a  variety  of  molecular  configurations,  display  a  range 
of  voltage-dependent  properties,  and  are  important  regulators  of  electrical  excitability  of  nerve 
and  muscle,  as  well  as  other  functions.  Historically,  nerve  and  muscle  potassium  channels  are 
the  targets  of  several  structural  classes  of  synthetic  compounds  (e.g.,  substituted  catechols,  4- 
aminopyridine)  and  natural  toxins  (e.g.,  apamin,  charybdotoxin),  some  of  which  can  serve  as 
leads  for  insecticide  development. 

Methods:  Current  efforts  in  our  laboratories  includes  ongoing  research  into  blockers  of  the  Kv2 
(delayed  rectifier)  potassium  channels  of  the  malaria  mosquito,  Anopheles  gambiae.  Test  assays 
include  whole  animal  testing  (topical  and  surface  contact),  primarily  in 

mosquito.  Electrophysiological  studies  utilize  neuromuscular  recordings,  as  well  as  patch  clamp 
of  engineered  cells  expressing  Anopheles  gambiae  Kv2. 

Results/Conclusion:  Initial  substituted  catechols  showed  topical  toxicity  to  mosquitoes,  including 
the  resistant  Akron  strain  of  An.  gambiae ,  and  blocked  potassium  channel  currents,  albeit  at 
concentrations  >100  micromolar,  in  vitro.  More  potent  electrophysiological  and  toxic  effects 
were  observed  with  a  series  of  substituted  phenylmethylbenzamides.  These  compounds  had  low 
micromolar  inhibitory  potencies  and,  in  some  cases,  contact  activity  in  the  World  Health 
Organization  paper  assay.  Thus,  these  latter  compounds  can  serve  as  leads  for  continued 
insecticide  development. 
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Introduction:  Pyrethrum,  a  botanical  insecticide  from  certain  Chrysanthemum  spp.,  and 
pyrethroid  insecticides,  synthetic  analogs  of  the  pyrethrins  present  in  pyrethrum,  exert  their  toxic 
effect  by  targeting  voltage-gated  sodium  channels.  Currently,  pyrethroids  are  the  only  class  of 
insecticides  that  are  approved  to  be  used  in  insecticide-treated  bednets  for  malaria  control. 
Besides  their  insecticidal  activity,  pyrethrum  and  some  pyrethroids  exhibit  repellent  activities 
against  mosquitoes  and  other  insect  pests.  However,  the  molecular  mechanism  underlying 
pyrethroid  repellency  remains  unknown. 

Methods:  We  performed  electroantennogram  (EAG)  and  single  sensillum  recording  (SSR)  in 
fruit  flies  ( Drosophila  melanogaster)  to  determine  whether  olfactory  neurons  respond  to 
pyrethroids.  We  also  conducted  two-choice  and  T-maze  behavioral  assays  to  characterize  the 
behavioral  responses  of  flies  to  pyrethroids 


Results/Conclusion:  Pyrethrum  and  pyrethroids  elicit  EAG  responses  and  activate  specific 
olfactory  receptors  (ORs)  in  basiconic  sensilla  on  the  antennae.  These  compounds  also  exhibited 
spatial  repellency.  Identification  of  specific  pyrethroid-responsive  ORs  provides  molecular 
evidence  for  spatial  repellency  of  these  compounds  and  sets  a  new  paradigm  for  the 
understanding  of  the  modes  of  action  of  pyrethroids  in  mosquito  control,  where  pyrethroid 
repellency  is  predicted  to  be  a  critical  component. 
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Abstract  text: 


The  desert  locust,  like  many  generalist  insect  herbivores,  face  complex  challenges  when  feeding. 
Aside  from  encountering  variation  in  nutrient  content,  both  within  and  between  plants,  desert 
locust  regularly  encounter  nonnutritive  plant  compounds.  Furthermore,  different  plants  can 
contain  different  types  of  plant  allelochemicals.  The  challenge,  therefore,  is  to  balance  the  need 
to  match  nutritional  requirements  against  limiting  the  intake  of  potentially  harmful  toxins.  Work 
by  Bernays  and  her  colleagues  in  the  early  90s  demonstrated  that  generalist  herbivores  often 
benefited  from  eating  a  mixed  diet,  although  mechanistic  reasons  for  this  enhanced  growth  could 
only  be  speculated.  In  this  study,  we  reared  early  instar  Schistocerca  gre  gar  ianymphs  on  two  of 
its  native  host  plants  -  Schouwia  purpurea{ Brassicaceae,  containing  high  levels  of 
glucosinolates)  and  Hyoscyamus  muticus( Solanaceae,  containing  high  levels  of  tropane 
alkaloids).  Performance,  measured  in  terms  of  survival  and  days  to  molting,  was  best  for  nymphs 
on  the  mixed  plant  treatment,  relative  to  the  single  plant  treatments.  We  then  used  a  microarray 
approach  to  reveal  novel  insights  about  diet  mixing  at  the  molecular  level.  The  transcriptional 
responses  of  S.  gregariaon  the  different  treatments  show  markedly  unique  gene  expression 
patterns.  We  highlight  some  of  the  key  differences,  and  discuss  the  power  of  using  molecular 
approaches  to  better  understand  the  functional  benefits  of  diet  mixing  in  generalist  insect 
herbivores. 
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Introduction:  The  desert  locust,  Schistocerca  gregaria ,  can  undergo  a  density-dependent  phase 
transition  between  a  cryptic  solitarious  and  a  swarming  gregarious  phase  that  differ  in  many 
aspects  of  behaviour,  physiology  and  morphology.  The  first  characteristic  that  changes  during 
phase  transition  is  behaviour.  The  gregarious  behaviour  is  triggered  within  a  couple  of  hours  of 
forced  crowding.  During  this  period  in  which  the  behavioural  changes  occur,  the  levels  of 


multiple  monoamines  change  rapidly  in  the  nervous  system  of  the  desert  locust,  mainly  caused 
by  tactile  stimulation  (Rogers  et  al.  2003,  2004).  The  rise  of  serotonin  levels  was  shown  to  be 
necessary  as  well  as  sufficient  to  induce  the  behavioural  change  (Anstey  et  al.  2009). 

Methods:  We  studied  monoamine  receptors  in  S.  gregaria  and  the  red  flour  beetle,  Tribolium 
castaneum ,  to  get  better  insights  in  these  receptors  in  insects.  We  performed  pharmacological 
characterisations  in  vitro  and  studied  transcript  level  distributions.  In  combination  with 
phylogenetic  analyses  we  came  up  with  newclassification  systems  for  insect  monoamine 
receptors. 

Results/Conclusion:  Although  monoamine  receptors  have  been  broadly  studied  in  vertebrates, 
the  knowledge  concerning  their  pharmacology  is  rather  limited  in  insects.  The  available  data 
does  indicate  that  significant  binding  differences  exist  towards  synthetic  ligands  of  vertebrates  in 
insects,  indicating  that  the  receptors  of  monoamine  receptors  between  vertebrates  and  insects 
differ  enough  to  design  selective  ligands  for  selective  locust  pest  management. 


Symposium 

Presentation  Title:  Integrating  ecology  and  phase  polyphenism  into  preventative  locust 
management 

Author  Name:  Gregory  Sword 

Author  Institution:  Texas  A&M  University 

Session  Title:  Symposium:  Mechanisms  and  Consequences  of  Phase  Change  in  the  Desert 
Locust,  Schistocerca  gregaria 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  1999 

DOI:  10.1603/ICE.2016.95170 

Abstract  text: 

Locusts  are  defined  by  the  expression  of  density-dependent  phase  polyphenism  and  mass 
movement.  Knowledge  of  the  underlying  mechanisms  and  relationships  between  phase 
polyphenism  and  mass  movement  has  advanced  considerably,  providing  multiple  opportunities 
to  apply  this  understanding  to  improve  locust  management  practices  in  the  field.  Preventative 
locust  management  involves  scouting  potential  habitats  for  early  warning  and  rapid  response 
against  the  first  gregarious  populations  in  an  effort  to  limit  additional  population  growth  and 
mass  movement  to  new  areas.  In  pre-outbreak  populations,  the  relationship  between  local 


population  density,  resource  distribution  patterns  and  resource  abundance  can  be  used  to  predict 
locust  phase  state.  This  information,  in  turn,  can  be  used  to  prioritise  populations  for 
management  actions  based  on  their  relative  risk  of  gregarization.  Locust  survey  operations 
currently  assess  local  locust  population  densities  in  areas  that  are  known  historically  to  seed 
locust  outbreaks,  and  also  assess  overall  vegetation  abundance.  Incorporating  local  assessments 
of  resource  distribution  and  abundance  patterns  of  key  host  plants  is  a  simple  addition  to  locust 
survey  protocols  that  could  provide  much  more  predictive  power  in  terms  of  quantifying 
gregarization  risk.  Once  gregarization  occurs  and  migratory  bands  form,  insights  into  the  self¬ 
organization  and  collective  movement  dynamics  of  these  groups  can  potentially  be  used  to 
predict  their  movement  patterns,  thereby  improving  the  efficiency  with  which  they  can  be 
monitored  and  controlled  in  the  field. 
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Abstract  text: 

Introduction:  In  the  desert  locust,  the  transition  from  solitarious  to  gregarious  behaviour  is 
initiated  through  two  separate  sensory  pathways  that  signal  the  presence  of  conspecifics:  a 
cephalic  pathway  that  integrates  visual  and  olfactory  cues,  and  a  thoracic  pathway  where  the 
most  effective  stimulus  is  the  repeated  touching  of  the  hind  femora.  In  this  study,  we  applied 
several  different  stimulus  regimes  and  compared  both  their  behavioural  effects  and  the 
transcriptomic  changes  they  evoked  in  the  brain. 

Methods:  Fifth  instar  solitarious-phase  locusts  were  stimulated  for  2  hours  with  one  of  several 
different  stimuli  that  mimic  high  population  density.  Next,  their  behaviour  in  the  presence  of 
conspecifics  was  quantified  in  an  arena  assay.  Immediately  afterwards,  their  brains  were 
dissected  for  RNA  extraction,  followed  by  sequencing  of  all  transcripts  on  Illumina  HiSeq2000. 


The  transcriptomic  data  were  analysed  for  transcripts  that  show  stimulus  condition-specific 
differences  in  expression. 

Results/Conclusion:  As  expected,  all  stimulus  paradigms  caused  a  significant  increase  in  both 
activity  and  attraction  towards  conspecifics.  The  extent  of  this  behavioural  shift  differed, 
however,  between  the  different  stimulus  paradigms.  Transcriptional  responses  occurred  as  early 
as  ten  minutes  after  the  onset  of  stimulation.  The  expression  of  several  genes  in  the  brain 
responded  in  a  stimulus-specific  manner.  Analysis  for  transcripts  that  respond  to  both  gregarising 
sensory  pathways  will  provide  new  insights  in  the  neuro-molecular  underpinnings  of  the  earliest 
stages  of  behavioural  gregarisation. 
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Abstract  text: 

Introduction:  Males  of  at  least  three  locust  species  develop  a  pronounced  yellow  colouration 
upon  sexual  maturation,  but  only  in  the  gregarious  phase.  The  reason  for  this  phase/sex-specific 
‘Yellow  Protein’  (YP)  expression  is  unknown,  but  it  has  been  suggested  that  it  plays  a  role  in 
sexual  signaling.  We  sought  to  determine  whether  gregarious  female  locusts  prefer  to  mate  with 
yellow  over  non-yellow  males. 

Methods:  RNAi  of  YP  in  immature  male  L.  migratoria  led  to  a  markedly  reduced  yellow 
colouration  upon  sexual  maturity.  We  performed  copulation  assays  in  which  individual  virgin 
females  were  grouped  with  one  YP-RNAi  male  and  one  control-injected  male  (n=28),  or  with 
one  control-injected  male  and  one  mature  solitarious  male  (n=20).  These  combinations  were 
chosen  so  that  each  female  was  assayed  with  one  yellow  male  and  one  non-yellow  male,  of 
which  at  least  one  was  behaviourally  gregarious.  Across  a  2.5h  assay,  for  each  trio  we  noted  the 


first  male  to  copulate  with  the  female;  the  number  of  copulations  per  male;  and  the  duration  of 
each  copulation. 

Results/Conclusion:  Nineteen  of  the  28  YP-RNAi  vs.  control-injected  groupings  resulted  in 
copulation,  but  there  was  no  significant  difference  between  the  two  treatments  in  any  metric  of 
copulatory  success.  Of  the  15  control-injected  vs.  solitarious  groupings  that  resulted  in 
copulation,  control-injected  males  were  first  to  mate  in  13,  a  significantly  higher  proportion  (c2= 
8.067,  df =1,  P  =  0.005).  This  pilot  study  suggests  that  male  behavioural  phase  affects  copulatory 
success,  but  the  purpose  of  phase-specific  male  yellowing  remains  unclear. 
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Throughout  the  diversification  of  grasshoppers,  locust  phase  polyphenism  has  evolved  multiple 
times  in  several  acridid  lineages.  Often  locust  species  belong  to  clades  that  include  mostly  non¬ 
swarming  and  sedentary  species.  The  genus  Schistocerca  is  a  good  example  for  this  pattern.  The 
genus  comprises  about  50  species,  but  only  four  species  (S.  gregaria ,  S.  piceifrons ,  S.  cancellata , 
and  S.  interrita )  are  known  to  be  true  locusts,  while  the  remaining  species  do  not  swarm. 
Naturally,  the  genus  represents  an  excellent  model  system  to  study  the  evolution  of  locust  phase 
polyphenism.  By  understanding  the  phylogenetic  relationships  among  locusts  and  sedentary 
grasshoppers  within  a  clade,  and  by  characterizing  density-dependent  phenotypic  plasticity  of 
these  species,  it  is  possible  to  tease  apart  how  individual  reaction  norms  that  make  up  locust 
phase  polyphenism  might  have  evolved  throughout  the  diversification  of  the  genus.  In  this 
presentation,  I  present  the  latest  findings  on  the  phylogeny  of  Schistocerca  and  the  quantification 
of  density-dependent  phenotypic  plasticity  across  the  phylogeny  of  Schistocerca  and  demonstrate 
that  (i)  density-dependent  phenotypic  plasticity  is  an  ancestral  condition  for  Schistocerca ;  (ii) 
individual  reaction  norms  have  evolved  separately  and  finely  tuned  in  each  lineage;  (iii) 


behavioral  plasticity  has  been  lost  and  regained  multiple  times;  and  (iv)  physiological  and 
molecular  machineries  for  plasticity  might  be  conserved  within  the  genus. 
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Abstract  text: 

Introduction:  Gregarious  phase  locusts  Schistocerca  gregariamz  are  day-active,  whereas 
solitarious  phase  conspecifics  are  dusk-active  -  which  may  reduce  their  exposure  to  predators. 

We  have  examined  retinal  responses  and  the  activity  of  a  visual  interneuron  (the  descending 
contralateral  movement  detector,  DCMD),  visually  mediated  behavioural  responses,  and 
differences  in  circadian  clock  gene  expression. 

Methods:  We  made  continuous  extracellular  hook  electrode  recordings  of  DCMD  over  24-48h, 
and  electroretinogram  recordings  at  different  times  of  the  day  and  night.  We  measured  hiding 
responses  to  the  sight  of  looming  objects.  Samples  for  RNA-seq  were  collected  at  8  time  points 
over  24h. 

Results/Conclusion:  Activity  of  DCMD  in  solitarious  and  gregarious  locusts  is  modulated  in  a 
circadian  pattern  that  differs  between  the  phases.  Maximal  responses  are  earlier  in  the  day  for 
gregarious  animals.  Retinal  responses  are  modulated  strongly  in  a  diurnal  pattern  under 
light:dark  conditions,  but  less  strongly  or  not  at  all  under  constant  darkness.  Maximal 
electroretinogram  amplitudes  occur  later  in  the  day  for  gregarious  animals.  Circadian  modulation 
of  descending  visual  information  is  apparently  not  driven  simply  by  changes  in  retinal 
sensitivity.  Gregarious  locusts  are  more  likely  to  hide  from  a  looming  stimulus  than  are 
solitarious  locusts,  and  the  strength  of  their  response  is  relatively  constant.  The  strength  of  the 
hiding  response  of  solitarious  locusts  is  significantly  reduced  lh  after  dusk  -  despite  the 
increased  responsiveness  of  DCMD  at  this  time.  There  is  no  temporal  shift  in  expression  patterns 


of  clock  genes  that  could  explain  the  observed  differences  between  the  phases  in  visual  or 
behavioural  responses. 
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Abstract  text: 

The  coordinated  activity  of  locusts  has  always  been  a  challenge  to  laymen  and  scientists  alike. 

To  date  several  aspects  of  locust  swarming  are  far  from  fully  resolved.  These  include  biological 
issues  related  to  the  interactions  between  individuals,  the  swarm  and  the  environment,  and  to  the 
functional  and  evolutionary  advantages  of  swarming,  but  also  theoretical  questions,  related  to 
local  and  macroscopic  dynamics,  order  and  disorder  in  locust  swarms.  As  part  of  our  ongoing 
effort  to  decipher  the  rules  governing  locust  coordinated  behavior,  we  monitor  the  marching 
behavior  of  gregarious  desert  locust  nymphs  in  the  laboratory.  We  investigate  the  early  stages 
and  maintenance  of  spontaneously-generated  coordinated  marching  of  individuals  and  the 
effective  social  interaction  between  conspecifics,  as  well  as  the  global  properties  of  the  swarm. 
Intermittent  switching  between  standing  and  walking  was  found  to  be  a  major  feature  of  the 
behavior  of  individuals  within  the  crowd.  We  have  suggested  that  the  intermittent  motion  pattern 
constitutes  a  sequence  of  individual  decisions,  in  which  animals  repeatedly  reassess  their 
situation  and  their  environment,  and  decide  whether  or  not  to  swarm.  Accordingly,  we 
introduced  a  new  agent-based  modelling  approach  in  which  pause-and-go  motion  is  pivotal.  The 
suggested  instrumental  role  of  visual  stimuli  was  augmented  by  neurophysiological  experiments. 
We  also  explore  the  impact  of  spatial  heterogeneity  on  the  locust  collective  motion.  Our  results 
reveal  further  important  features  of  the  locust  marching  behavior,  in  addition  to  its  marked 
robustness.  In  a  related  collaborative  biology-engineering  project,  we  look  at  the  locusts  as 
inspiration  for  the  development  of  swarming  robots. 
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Introduction:  Feeding  a  global  population  of  9  billion  people  will  be  one  of  the  most  significant 
challenges  facing  our  world  over  the  next  100  years.  The  developing  world,  where  between  80% 
of  growers  are  small-scale  farmers,  faces  particular  difficulties  in  securing  access  to  safe  and 
reliable  pest  control.  Hermetic  storage  could  be  the  foundation  of  meeting  this  challenge,  as  it 
has  been  proven  to  reduce  postharvest  losses  under  a  range  of  environmental  conditions.  With 
this  success,  however,  comes  new  questions:  “How  does  the  physiology  of  pest  organisms 
respond  under  hermetic  conditions?”  and  “Does  hermetic  storage  affect  the  vitality  and 
nutritional  quality  of  the  grain?”  Answering  these  questions  could  lead  to  new  insights  into  the 
mode  of  action  of  hermetic  storage  and  improve  its  use. 

Methods:  We  review  the  research  of  the  Purdue  Improved  Crop  Storage  (PICS)  program  and 
what  we  have  learned  about  the  effects  of  hermetic  storage  on  the  physiology  of  postharvest 
pests  and  stored  grain. 

Results/Conclusion:  We  discuss  the  implications  of  this  new  knowledge  for  the  practice  of 
hermetic  storage  and  how  it  may  be  applied  to  improve  global  food  security. 
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Abstract  text: 

Introduction:  The  red  flour  beetle,  Tribolium  castaneum ,  is  a  major  pest  of  post-harvest 
commodities.  Biochemical  studies  have  shown  T.  castaneumlarvaG  have  a  compartmentalized 
gut,  with  cysteine  peptidase  activity  in  the  acidic  anterior  part  of  the  midgut,  that  is  critical  to  the 
early  stages  of  food  digestion.  Feeding  assays  revealed  that  peptidase  inhibitors  invoke 
differential  expression  of  several  cysteine  and  serine  peptidases  in  the  gut. 

Methods:  We  used  RNA-seq  to  associate  specific  cysteine  peptidase  genes  with  digestive 
functions  based  on  a  comparison  of  gene  expression  profiles  in  different  developmental  stages 
(egg,  larvae,  pupae,  and  adult).  Based  on  these  data,  a  model  of  food  digestion  in  T.  castaneum 
was  developed,  and  major  digestive  cysteine  peptidases  were  selected  and  targeted  via  RNAi. 

We  monitored  gene  expression  after  RNAi  treatment  by  transcriptome  analysis,  and  determined 
knockdown  specificity,  off-target  effects,  and  compensation  responses  by  other  digestive 
peptidases. 

Results/Conclusion:  Seven  cysteine  peptidases  are  primarily  responsible  for  digestion  in  the  T. 
castaneum  gut,  and  two  cathepsin  L  genes  were  highly  expressed  in  both  adult  and  larval 
(feeding)  stages.  Knockdown  of  important  cysteine  peptidase  genes  resulted  in  a  compensation 
response  where  other  cysteine  and  serine  peptidases  were  up  regulated.  The  degree  of  target 
knockdown  affected  the  compensation  response.  These  data  contribute  new  information  on 
digestion  in  an  agricultural  pest  as  well  as  the  response  to  RNAi  in  insects,  and  will  be  used  to 
develop  targeted  pest  control  strategies  for  tenebrionid  insects. 
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Abstract  text: 

Introduction:  Limited  literature  exists  on  mosquito  attraction  to  dogs,  yet  mosquitoes  transmit 
Dirofilaria  immitisto  750,000  dogs  annually. 

Methods:  Under  IACUC  guidance,  we  collected  odors  in  sorbent  tubes  from  5  dogs  using  a 
vacuum  pump.  Following  thermal  desorption  using  gas  chromatography  -  mass  spectroscopy 
(GC-MS),  output  was  compared  to  a  chemical  library. 

Results/Conclusion:  This  generated  a  list  of  chemical  constituents  of  dog  odors  to  be  evaluated  in 
an  olfactometer  with  Aedes  albopictus. 
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Abstract  text: 

Introduction:  Testing  of  new  arthropod  genetic  strategies  for  control  of  insect  borne  diseases 
requires  elaborate  lab  and  field-site  considerations.  It  is  important  to  assess  the  regulatory 
framework  of  the  country  to  ensure  compliance  with  regulatory  requirements.  An  arthropod 
containment  facility  within  a  functional  research  environment  is  a  crucial  Biosafety  requirement. 
Adequate  field-site  considerations  that  include  population  heterogeneity,  spatiotemporal 
abundance  of  target  vector  species  in  a  genetically  and  physically  isolated  open  field  are 
prerequisite. 

Methods:  We  conducted  structured  engagements  with  regulatory  authorities  in  Kenya  to 
establish  pertinent  regulatory  obligations.  Co-learning  workshops  with  key  stakeholders  and 
Biosafety  experts  in  arthropod  containment  were  conducted.  Reconnaissance  visits  to  potential 
field  sites  involved  assessment  of  physical  isolation,  presence  of  target  mosquito  species,  ease  of 
access  from  research  lab,  land  size,  among  others.  We  conducted  routine  adult  mosquito 
sampling  in  selected  sites  in  order  to  assess  the  required  entomological  considerations. 

Results/Conclusion:  Co-learning  initiatives  with  biocontainment  experts  led  to  the  development 
and  adoption  of  the  Kenya  arthropod  containment  guidelines.  Through  a  series  of  engagements 
with  key  stakeholders  such  as  Biosafety  regulators,  engineers  and  building  contractors,  a  suitable 
Arthropod  Containment  Level  2  (ACL-2)  facility  was  constructed  to  enable  conduct  of 
experiments  under  containment.  Seasonal  abundance  and  species  diversity  of  malaria  vectors 
were  also  determined.  The  arthropod  containment  infrastructure,  specialized  training  in 
biocontainment  and  preliminary  field  entomological  studies  provide  institutional  and  national 
capacity  for  the  conduct  of  research  with  transgenic  sterile  male  mosquitoes,  as  a  potential  tool 
for  malaria  control  in  Africa. 
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Abstract  text: 

Introduction:  Double-stranded  RNA  (dsRNA)  has  been  widely  used  to  knockdown  transcription 
of  the  targeted  gene  in  insects  because  many  insects  can  further  process  the  dsRNA  and 
incorporate  the  processed  product  [a  guiding  strand  of  small  interfering  RNA  (siRNA)]  into  the 
RISC  once  introduced  to  the  cells.  However,  these  approaches  have  often  failed  to  produce 
anticipated  down-regulation  of  the  target  genes  in  Drosophila  melanogaster. 

Methods:  Our  current  research  aims  to  increase  efficiency  of  dsRNA  delivery  to  the  target 
tissues/cells  so  that  the  tissue-specific  transcription  of  the  hard  to  knockdown  genes  in  D. 
melanogaster  can  be  down  regulated. 

Results/Conclusion:  By  utilizing  different  polymeric  nanoparticles  that  are  commercially 
available,  we  expect  that  treatments  of  dsRNA  complexed  with  polymeric  nanoparticles  (e.g., 
chitosan  and  polyamidoamine  (PAMAM)  dendrimers)  will  likely  decrease  the  transcript  level  of 
the  target  gene  in  the  highly  DDT-resistant  91-R  strain  of  D.  melanogaster.  Consequently,  these 
flies  will  likely  become  more  sensitive  to  DDT. 
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Abstract  text: 

Introduction:  Our  group  is  exploring  the  potential  to  target  inward  rectifying  potassium  (Kir) 
channels  as  a  novel  target  novel  target  site  to  control  arthropod  disease  vectors.  We  have  shown 
that  Kir  channels  constitute  a  critical  conductance  pathway  that  drives  the  functionality  of  the 
Malpighian  tubules.  The  greater  majority  of  arthropods  utilize  the  Malpighian  tubules  for 
osmoregulation,  but  ticks  are  unique  in  that  the  salivary  gland  is  the  organ  responsible  for 
osmoregulation  as  well  as  pathogen  transmission.  The  salivary  gland  and  Malpighian  tubules  are 
similar  in  cell  makeup  and  functionality,  which  raises  the  intriguing  possibility  that  Kir  channels 
have  similar  physiological  roles  in  the  two  tissues.  Here,  we  aimed  to  characterize  the 
physiological  role  Kir  channels  in  arthropod  salivary  glands  and  seek  to  determine  the  potential 
as  a  target  site  for  vector  control. 

Methods:  A  combination  of  genetic,  pharmacological,  physiological,  and  toxicological  methods 
were  used  to  characterize  the  physiological  role  Kir  channels  have  in  both,  fly  and  tick  salivary 
glands. 

Results/Conclusion:  We  first  identified  that  mRNA  expression  of  Kir  channel  constructs  are 
highly  upregulated  in  arthropod  salivary  glands,  suggesting  Kir  channels  constitute  a  critical 
conductance  pathway  in  the  salivary  glands.  Bioassay  and  electrophysiological  data  to  determine 
the  physiological  relevance  of  these  channels  will  be  presented  and  implications  for  arthropod 
control  will  be  discussed. 
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Abstract  text: 

Introduction:  Acetylcholine  is  the  predominant  chemical  messenger  within  the  insect  central 
nervous  system.  It  is  capable  of  activating  two  membrane-bound  receptors;  the  nicotinic 
acetylcholine  receptor  (nAChR),  a  ligand-gated  cation  channel,  and  the  muscarinic  acetylcholine 
receptor  (mAChR),  a  G-protein-coupled  receptor  (GPCR).  The  nAChR  has  been  exploited 
commercially  for  the  development  of  pesticides;  however,  the  mAChR  has  been  hampered  by  the 
lack  of  selective  chemistry  for  this  receptor,  and  consequently  high  mammalian  toxicity  of  tested 
compounds.  Two  mAChRs,  Type-A  and  more  recently  Type-B,  have  been  described.  The 
Type-B  mAChR  is  a  unique  cholinergic  receptor  that  in  Drosophila  melanogaster  is  activated  by 
acetylcholine  but  not  muscarine,  and  is  not  antagonized  by  atropine.  Additionally,  a  Type-B 
mAChR  has  been  described  in  Tribolium  castaneum ;  this  receptor  will  respond  to  muscarine,  but 
with  100-fold  lower  potency  than  the  Type-A  receptor. 

Methods:  Electrophysiological  experiments  in  a  Drosophila  melanogaster  CNS  preparation  were 
performed  to  follow  changes  in  nerve  firing  when  the  CNS  is  exposed  to  neuroactive 
compounds. 

Results/Conclusion:  Pilocarpine  (10  pM)  stimulated  activity  in  D.  melanogaster  CNS  that 
resulted  in  a  biphasic  effect,  first  increasing  and  then  decreasing  nerve-firing  frequency.  The 
decrease  in  firing  was  antagonized  (high  rate  discharge  prolonged)  by  the  presence  of  atropine 
and  a  novel  putative  mAChR  compound.  The  mAChR  has  important  functions  in  the  insect 
central  nervous  system,  and  we  hypothesize  that  with  appropriate  chemistry  the  mAChR  can  be 
an  important  and  selective  arthropod  control  target. 
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Abstract  text: 

The  varroa  mite  is  a  primary  driver  for  the  periodical  losses  of  honey  bee  colonies.  The  mite 
requires  bees  for  food  and  reproduction  and,  in  turn,  elicits  physiological  deficiencies  and 
vectors  viruses  that  compromise  bee  health.  The  most  common  and  effective  approach  to  mite 
management  is  the  use  of  in-hive  chemical  interventions  such  as  pyrethroid-,  organophosphate-, 
or  formamidine-based  varroacides  alone  or  in  combination  with  organic  acids  and  essential 
oils.  These  varroacides  not  only  have  adverse  health  effects  on  bees,  but  widespread  metabolic 
and  target-site  resistance  limits  their  use  to  reduce  the  risk  of  mite  infestations  and  vectored 
viruses  in  bee  colonies.  The  voltage-gated  chloride  channels  (VGCC)  are  involved  in  numerous 
physiological  functions,  including  the  maintenance  of  electrical  excitability,  and  are  reported  as 
an  exploitable  target  site  for  chemistries  with  novel  modes  of  action  for  pest  management.  The 
VGCC  blocker  4,4'-diisothiocyano-2,  2'-stilbenedisulfonic  acid  (DIDS)  has  documented  stomach 
poison  and  paralytic  activity  against  insects  and  nematodes,  respectively.  Recent  studies  report 
the  increased  toxicity  of  DIDS  to  mites  compared  to  in-hive  varroacides.  Here,  we  will  report 
the  (0  toxicity  and  efficacy  of  in-hive  varroacides  to  susceptible  and  resistant  mites,  (//) 
metabolic  and  target-site  mechanisms  in  varroacide-resistant  mites,  and  (///)  toxicity  and  efficacy 
of  DIDS  and  related  VGCC  blockers  to  varroacide-resistant  mites.  These  data  will  be  discussed 
not  only  with  regard  to  the  improvement  of  existing  chemical  interventions,  but  a  guide  for  the 
development  of  novel  modes  of  action  for  mite  management. 
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Abstract  text: 

Introduction:  In  a  traditional  sense,  insecticides  are  thought  exert  their  toxic  effects  through 
interactions  at  a  single,  static  target  site.  The  application  of  techniques  from  molecular  biology 
and  electrophysiology  has  shown  that  insecticide-target  site  interactions  are  much  more  nuanced 
and  dynamic  than  previously  thought. 

Methods:  A  region  of  the  sodium  channel  containing  the  kdrlkdr-hislsuper-kdr  mutations  was 
sequenced  from  house  flies  collected  across  the  globe.  Phylogenetic  analysis  of  these  sequences 
was  paired  with  parametric  bootstrapping  to  yield  an  estimate  of  maximum  likelihood  of 
multiple  origins  of  insecticide  resistance.  The  same  analyses  were  applied  to  Colorado  potato 
beetles  collected  from  across  the  United  States. 

Heterologous  recombination  was  used  to  create  a  DSC1  knockout  strain  of  Drosophila.  This 
strain  was  crossed  with  a paratsl  strain  to  create  a  double  mutant  strain  and  evaluated  the 
sensitivity  to  pyrethroids  and  DDT.  Two-electrode  voltage  clamp  was  applied  to  DSC1  channels 
heterologously  expressed  in  Xenopus  oocytes  in  the  presence  of  DDT. 

Results/Conclusion:  Phylogenetic  analysis  of  the  sodium  channel  from  both  house  flies  and 
Colorado  potato  beetles  showed  multiple  origins  of  kdr- type  resistance,  demonstrating  a  high 
evolutionary  propensity  for  resistance  selection.  The  DSC1  knockout  antagonized  pyrethroid 
insensitivity  due  to  the  paratsl  mutation.  However,  DSC1  added  to  DDT  insensitivity  due  to 
paratsl  mutation.  These  results  were  confirmed  by  voltage  clamp  experiments.  These  results 
show  the  target  sites  of  pyrethroids  and  DDT  are  much  more  complicated  and  far  reaching  than 
previously  thought. 
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Abstract  text: 

Introduction:  The  homopteran  feeding  blocker  flonicamid  has  an  undocumented  mode  of  action. 
A  single  meeting  report  (Hayashi  et  al .,  2008,  http://144.92, 199.79/8. 497il536-2442-8-49.pdf) 
provided  evidence  for  an  effect  on  A-type  potassium  channels  in  Heliothis 
virescens  neurons.  However,  a  blocking  effect  on  Kv2  channels  was  also  observed.  We  were 
interested  in  studying  the  toxic  effects  of  flonicamid  on  mosquitoes  in  vivo  to  see  if  it  had  any 
potential  to  control  vector-borne  disease,  and  in  vitro  to  further  study  its  mode  of  action.  Two 
compounds  were  investigated:  flonicamid  and  its  4-(trifluoromethyl)nicotinamide)  metabolite. 

Methods:  Test  assays  included  whole  animal  testing  (topical  and  surface  contact)  in  female 
Anopheles  gambiae  and  Aedes  aegypti,  for  knockdown  and  lethality.  Electrophysiological  studies 
utilized  various  in  situ  recordings,  as  well  as  patch  clamp  of  engineered  cells  expressing  An. 
gambiae  Kv2. 

Results/Conclusion:  Signs  of  toxicity  in  both  species  were  observed  as  splayed  legs,  uncontrolled 
or  inhibited  flight.  The  lethality  observed  in  An.  gambiae  (G3)  attained  an  endpoint  at  48  hr  post¬ 
treatment  and  the  LD50  of  160  ng/mg.  The  primary  amide  metabolite  had  more  rapid  knockdown 
and  much  more  potent  lethality;  LD50  of  6.9  ng/mg.  Flonicamid  was  also  toxic  to  resistant  An. 
gambiae  (Akron-kdr),  with  similar  lethality.  Both  compounds  had  a  blocking  effect 
against  Anopheles  gambiae  Kv2  channels,  but  with  IC50  values  of  about  1  mM.  Further  toxicity 
and  mechanistic  studies  are  ongoing  with  Ae.  aegypti.  The  available  data  indicate  that  these 
compounds  can  serve  as  leads  for  continued  insecticide  development. 
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Abstract  text: 


Introduction:  Insecticide  resistance  is  a  recurring  problem  for  most  forms  of  arthropod  control, 
from  agricultural  pests  to  vectors  of  disease.  Peptide  neurohormone  receptors  represent  a  diverse 
but  relatively  unexplored  array  of  targets  for  the  development  of  new  insecticides  that  may 
circumvent  current  forms  of  insecticide  resistance.  In  insects,  peptide  neurohormones  control  or 
modulate  numerous  biological  processes,  ranging  from  critical  physiological  functions  to 
behavior.  Several  types  of  receptor  classes  are  known  to  interact  with  peptide  neurohormones.  A 
particularly  diverse  class  of  receptors  are  the  G-protein  coupled  receptors  (GPCRs).  Several 
peptide  neurohormones  have  been  matched  to  their  cognate  GPCRs  in  such  model  organisms  as 
Drosophila  melanogaster ,  but  the  presence  and  functionality  of  predicted  homologous  receptors 
in  other  insects,  particularly  in  pest  species  in  more  distantly  related  taxonomic  groups,  requires 
confirmation. 

Methods:  Genetic  sequences  for  candidate  insecticidal  target  GPCRs  were  found  through  Basic 
Local  Alignment  Search  Tool  (BLAST)  homology  searches  of  available  insect  genomic, 
transcriptomic,  and  expressed  sequence  tag  databases.  These  were  confirmed  by  sequencing  of 
cDNA  amplified  via  PCR  with  specific  primers.  Receptors  were  expressed  in  reporter  cell  lines 
and  pharmacological  profiles  were  characterized  in  response  to  predicted  peptide  ligands.  In 
addition,  potential  non-peptide  analogs  were  examined  to  determine  the  activity  at  these 
receptors  and  to  explore  their  potential  to  disrupt  normal  signaling. 

Results/Conclusion:  This  investigation  provides  a  foundation  for  the  exploration  of  peptide 
neurohormone  receptors  as  viable  insecticidal  targets.  Current  progress  on  the  characterization  of 
these  peptide  GPCRs  in  pest  insects  and  activity  of  non-peptide  analogs  will  be  discussed. 
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Abstract  text: 


Introduction:  Pyrethroid  insecticides  have  a  long  history  of  wide  usage  in  control  of  arthropod 
urban  pests  and  disease  vectors.  Besides  their  direct  insecticidal  activities,  it  has  been  long 
known  that  these  compounds  induce  behavioral  avoidance,  which  may  underlie  the  popular  use 
of  pyrethrum/pyrethroid-based  mosquito  coil  and  pyrethroid  insecticides-treated  bednets  in  many 
regions  of  the  world.  However,  the  mechanism  underlying  pyrethroid  repellency  remains 
enigmatic. 

Methods:  In  this  study,  we  show  that  pyrethroids  elicit  electroantennogram  (EAG)  response  by 
using  in  vivo  electrophysiology  recording  and  exhibite  spatial  repellency  by  using  a  two-choice 
behavioral  assay  in  fruit  flies  ( Drosophila  melanogaster).  Further  functional  analysis  of  single 
sensillum  recording  (SSR)  in  fruit  flies  reveal  several  specific  neurons  in  basiconic  sensilla  on 
the  antenna  respond  to  pyrethroid. 

Results/Conclusion:  Our  study  provides  evidence  for  pyrethroid  repellency  and  set  a  new 
paradigm  for  the  understanding  of  the  modes  of  action  of  pyrethroids  in  insect  control. 
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Introduction:  The  biting  midge,  Culicoides  sonorensis  (Wirth  and  Jones)  (Diptera: 
Ceratopogonidae),  is  a  major  pest  of  veterinary  importance  due  to  the  pathogens  they  can 
transmit.  To  effectively  control  for  biting  midges  to  reduce  pathogen  transmission,  a  multifaceted 
program  must  be  used  that  targets  both  host-seeking  and  non-host- seeking  midges.  Midge 
biology  and  behavior  were  evaluated  to  determine  the  best  strategies  for  attracting  midges  to  a 
control  method,  effective  toxicants  for  mortality,  and  the  best  application  methods. 


Methods:  Biting  midge  behavior  analysis  in  addition  to  trials  utilizing  attractants  and  toxicants 
for  both  adult  and  larval  control  were  tested.  Laboratory  tests  included  visual  attraction,  vertical 
barrier  behavior,  ingested  insecticides,  larval  treatments,  and  contact  insecticides.  Semi-field  and 
field  trials  were  conducted  to  test  laboratory  findings  in  addition  to  application  and  feasibility  of 
the  control  method. 

Results/Conclusion:  Biting  midges  are  attracted  to  certain  spectra  of  ultraviolet  light  based  on 
behaviors  involved  with  sugar-seeking  or  escape.  These  results  indicated  the  possibility  midges 
could  be  attracted  to  a  sugar  source  containing  and  insecticide.  Tested  active  ingredients  within  a 
sugar  source  for  ingestion  proved  effective  at  eliciting  significant  midge  mortality  with  multiple 
insecticide  families.  Combining  the  results  of  visual  attraction  with  ingested  toxicants  lead  to  the 
development  of  a  UV  bait  station.  Tests  utilizing  an  insecticidal  netting  at  a  2m  height  to  reduce 
the  number  of  host-seeking  midges  entering  an  enclosure  to  blood-feed  proved  significantly 
effective  compared  to  no  barrier  at  all.  Lastly,  larval  treatments  were  identified  that  significantly 
reduce  the  number  of  emerging  adults. 
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Abstract  text: 

Introduction:  Scarab  beetles  include  the  most  massive  extant  insects,  and  they  may  also  be 
among  the  most  massive  insects  ever.  Is  there  any  evidence  from  the  scaling  of  tracheal 
structures  and  function  that  oxygen  transport  becomes  more  challenging  as  insects  become 
larger? 

Methods:  We  addressed  this  question  with  a  comparative  study  of  12  scarab  species. 


Results/Conclusion:  At  rest  and  during  tethered  flight,  body  size  had  no  effect  on  the  critical  P02 
for  oxygen  delivery;  though  this  varied  substantially  across  species  suggesting  life  history 
influences  tracheal  capacity.  We  used  x-ray  tomography  to  assess  the  scaling  of  tracheal 
structures,  as  well  as  the  scaling  of  major  organs  such  as  the  flight  muscle  and  brain.  Scarabs 
have  a  very  different  air  sac  structure  than  has  been  previously  described,  with  many  small 
“grape-cluster”  sacs  that  vary  in  number  but  not  diameter  across  beetle  size.  Some  of  these 
appear  to  function  primarily  as  filler  for  major  structures  such  as  horns;  others  envelope  the 
thorax  and  may  serve  as  thermal  insulators.  Within  the  head,  thorax  and  abdomen,  tracheal 
volumes  scaled  isometrically,  as  did  the  flight  muscles.  However,  the  tracheal  system  in  the  legs 
was  dramatically  larger  and  more  elaborate  in  the  larger  beetles,  lending  support  to  the 
hypothesis  that  evolution  of  giant  insects  may  require  significant  evolutionary  innovations  to 
achieve  adequate  oxygen  delivery  to  appendages.  Supported  by  NSF  IOS  1 122157. 
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Abstract  text: 

Introduction:  Insects  have  successfully  reinvaded  the  aquatic  environment  numerous  times, 
adapting  their  air-filled  respiratory  systems  to  function  underwater.  The  evolution  of  tracheal 
gills  has  enabled  insects  to  exploit  the  aquatic  environment  as  water-breathing  animals. 

However,  all  aquatic  insects  retain  their  air-filled  tracheal  system,  allowing  them  to  transform 
back  into  air-breathing  animals  when  they  metamorphose  into  flying  adults.  The  consequences  of 
this  respiratory  transition  on  the  insects'  gas  exchange,  ventilation,  and  blood  chemistry  has  yet 
to  be  thoroughly  investigated. 

Methods:  The  respiratory  parameters  of  both  aquatic  and  terrestrial  life  stages  of  the  common 
green  darner  dragonfly  {Anax  junius)  were  investigated  using  a  range  of  techniques.  The 
ventilatory  responses  of  aquatic  nymphs  and  terrestrial  adults  to  varying  PO2  and  PCO2  were 


recorded  using  non-invasive  reflective  sensors,  while  the  in  vivo  PO2  of  their  haemolymph  was 
measured  using  implantable  fibre-optic  optodes.  Finally,  their  total  haemolymph  CO2 
concentration  was  determined  in  5  pi  samples  using  a  miniaturised  gas  sparging  column  and  CO2 
gas  analyser. 

Results/Conclusion:  Measurements  of  TCO2  from  nymph  and  adult  haemolymph  samples  reveal 
that  aquatic  final  instar  nymphs  have  a  TCO2  that  is  not  significantly  lower  than  the  air  breathing 
adult.  This  TCO2  is  also  much  higher  than  occurs  in  the  blood  of  water-breathing  vertebrates. 

The  significance  of  these  findings  will  be  discussed  in  relation  to  the  efficiency  of  the  rectal  gill 
as  a  gas  exchange  organ. 
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Abstract  text: 

Introduction:  Recent  geochemical  models  suggest  that  over  the  last  500  million  years, 
atmospheric  oxygen  has  varied  from  as  low  as  12kPa  to  as  high  as  3  lkPa.  We  have  hypothesized 
that  this  variation  in  atmospheric  oxygen  would  have  influenced  the  evolution  and  development 
of  both  the  oxygen  supply  side  (the  tracheal  system)  and  the  oxygen  demand  side  (the 
mitochondria)  of  insect  respiratory  systems. 

Methods:  We  used  a  combination  of  x-ray  synchrotron  and  confocal  imaging  techniques  to  look 
at  the  effect  of  rearing  oxygen  on  insect  tracheal  and  mitochondrial  network  sizes,  densities,  and 
branching  patterns. 

Results/Conclusion:  Using  phase  contrast  x-ray  synchrotron  imaging,  we  demonstrated  that 
rearing  oxygen  is  inversely  correlated  to  the  diameter  of  the  major  conducting  tracheae  in  both 


Blatella  germanica  and  Zophobas  morio.  Taking  advantage  of  the  auto-fluorescent  properties  of 
tracheae,  we  used  confocal  imaging  to  visualize  the  tracheoles  in  the  flight  muscle  of 
Drosophila  melanogaster  and  the  leg  muscles  of  Gromphadorhina  portentosa.  Both  the 
patterning  and  size  of  the  tracheolar  network  varied  with  rearing  oxygen.  Using  genetically 
modified  D.  melanogaster  that  have  YFP  marked  mitochondria,  we  were  able  to  co-localize  the 
mitochondrial  network  with  the  tracheolar  network  and  show  that  mitochondrial  to  tracheolar 
distances,  as  well  as  overall  investment  in  both  varies  with  rearing  oxygen.  Lastly,  we  utilized 
3D  tomographical  x-ray  synchrotron  imaging  of  insects  in  fossilized  amber  to  visualize 
preserved  tracheae  across  several  geologic  periods.  The  results  of  these  studies  demonstrate  that 
atmospheric  oxygen  availability  strongly  impacts  the  development  and  evolution  of  the  insect 
tracheal  system. 
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Abstract  text: 

Introduction:  Insect  flight  is  a  strictly  aerobic  activity  requiring  extremely  high  rates  of  energy 
production,  thereby  pushing  the  limits  of  muscle  cellular  machinery.  Nevertheless,  flight 
metabolic  rate  is  highly  variable  among  groups,  species,  and  even  within  species.  How  cellular 
metabolic  machinery  coevolved  with  metabolic  rate  is  a  main  question  tackled  in  my  research. 

Methods:  Flight  metabolic  rate  was  measured  and  compared  in  several  species  of  bees  varying  in 
size.  Intraspecific  variation  was  also  studied  in  a  species  of  bumblebee.  Flight  muscle  metabolic 
phenotypes  were  characterized  by  measuring  the  activity  of  metabolic  enzymes,  the  composition 
of  muscle  membrane  phospholipids,  and  using  high-resolution  respirometry  on  isolated  flight 
muscle. 


Results/Conclusion:  In  bees,  the  capacity  to  metabolize  carbohydrates  coevolved  with  species 
variation  in  metabolic  rate.  The  activity  of  the  enzyme  hexokinase  is  directly  associated  with  the 
variation  in  flight  metabolic  rate.  Surprisingly,  mitochondrial  content  does  not  appear  to  vary 
across  species.  Muscle  membrane  phospholipid  composition  is  linked  to  species  metabolic  rate. 
Within  species,  individuals  with  higher  flight  metabolic  rate  have  higher  activity  of  hexokinase, 
and  several  other  glycolytic  and  mitochondrial  enzymes.  Nevertheless,  differences  in  flight 
metabolic  rate  between  bumblebee  workers,  drones,  and  queens  is  associated  with  the  activity  of 
hexokinase  and  trehalase  alone.  Carbohydrates  metabolism  is,  therefore,  key  in  tuning  muscle 
properties  to  accommodate  various  levels  of  metabolic  intensity  found  across  and  within  species. 
Further  characterization  of  mitochondrial  respiration  shows  that  the  metabolic  fuel  proline 
greatly  enhances  carbohydrate  metabolism  in  some  hymenopterans.  The  evolution  of  cellular 
metabolic  machinery  is  key  to  metabolic  rate  evolution. 
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Abstract  text: 

Introduction:  For  a  long  time,  respiratory  proteins  had  been  considered  unnecessary  in  insects 
because  oxygen  supply  was  thought  to  be  accomplished  by  the  tracheal  system.  Only  a  few 
species  (Chironomidae,  Notonectidae,  Gasterophilus  intestinalis)  that  dwell  under  hypoxia  were 
known  exceptions  and  possess  hemoglobin. 

Methods:  I  present  a  broad  survey  of  the  presence  of  (hemo-)globin  and  hemocyanin  in  the 
genomes  of  hexapod  taxa.  Phylogenetic  methods  were  used  to  trace  their  evolution.  Functional 
analyses  were  carried  out  for  selected  globins  and  hemocyanins. 

Results/Conclusion:  Hemocyanins  occur  in  most  hemimetabolous  insects,  suggesting  that 
hemocyanin  was  the  oxygen-transport  protein  of  the  last  common  hexapod  ancestor. 


Phylogenetic  analyses  showed  a  close  relationship  of  hemocyanins  of  hexapods  and  Remipedia, 
suggesting  the  emergence  of  Hexapoda  from  a  Remipede-like  ancestor.  In  Collembola, 
Zygentoma  and  Archaeognatha,  hemocyanin  occurs  throughout  the  animals'  life  cycle.  In 
"higher"  hemimetabolous  insects,  hemocyanin  function  appears  to  be  restricted  to  the  embryo 
while  in  adults  oxygen  is  supplied  solely  by  the  tracheal  system.  Hemocyanin  has  been  lost 
several  times  independently  in  certain  taxa,  which  might  be  associated  with  miniaturization, 
periods  of  high  oxygen  availability,  a  change  in  life-style  or  morphological  changes.  Once  lost, 
hemocyanin  could  not  be  regained.  When  a  respiratory  protein  was  again  required,  it  evolved 
several  times  independently  from  cellular  hemoglobins.  Such  hemoglobins,  which  belong  to 
different  globin-types,  belong  to  the  standard  repertoire  of  the  hexapod  genome.  It  is  unlikely 
that  these  cellular  hemoglobins  have  a  respiratory  role,  but  may  rather  be  involved  in  signaling  or 
ROS  defense. 
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Abstract  text: 

Introduction:  Both  body  size  and  cell  size  vary  greatly  among  insects.  The  fitness  consequences 
of  body  size  are  well  recognized  (e.g.  in  terms  of  offspring  number  and  size,  predation  risks  and 
duration  of  larval  development).  In  contrast,  fitness  consequences  of  cell  size  are  less  explicit.  I 
will  use  the  concept  of  optimal  cell  size  to  link  the  thermal  performance  of  insects  to  the 
evolution  of  their  life  histories.  According  to  this  concept,  the  adaptive  size  of  cells  strikes  a 
balance  between  the  need  to  meet  metabolic  demands  and  the  need  to  conserve  energy. 

Methods:  Collectively,  small  cells  have  relatively  large  surface  areas,  requiring  more  ATP  to 
turnover  phospholipids  and  generate  electrochemical  gradients.  Nevertheless,  small  cells  should 
enable  organisms  to  metabolize  resources  (oxygen  and  nutrients)  faster  because  of  greater 


surface  area  for  transport,  shorter  distances  for  diffusion,  and  more  nuclei  for  transcription. 
Therefore,  warmer  and  hypoxic  environments  should  select  insects  to  develop  smaller  cells, 
whereas  cold  and  normoxic  environments  should  favor  larger  cells. 

Results/Conclusion:  The  physiological  effects  of  small  cells  allow  for  fast  responses  in  metabolic 
activity,  which  should  play  a  role  in  shaping  thermal- sensitivity  during  resource  demanding 
activities  (physical  activity  or  reproduction)  or  during  brief  expositions  to  elevated  temperatures 
in  the  fluctuating  environments.  Ultimately,  the  links  between  cell  size  and  thermal  performance 
at  the  level  of  the  whole  organism  should  shape  insect  life-history  responses,  underpinning 
empirical  patterns  in  body  size,  including  the  temperature-size  rule  (cold  ectotherm  grow  slowly 
but  mature  at  large  size)  and  Bergmann’s  rule  (colder  environments  host  larger  ectotherms). 
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Abstract  text: 

As  juvenile  insects  grow,  body  mass  increases  continuously  within  an  instar,  while  sclerotized 
structures  increase  in  size  only  after  molting.  Because  the  tracheal  system  is  an  invagination  of 
the  exoskeleton,  it  also  is  hypothesized  to  increase  in  size  only  after  molting.  In  support  of  this, 
between  molts,  within  an  instar,  hypoxia  tolerance  decreases.  One  hypothesis  that  follows  from 
this  is  that  if  the  tracheal  system  is  sclerotized  and  increases  in  size  only  upon  molting,  insects 
may  have  a  reduced  O2  supply  as  they  grow  within  an  instar.  This  paper  will  review  the  current 
state  of  our  knowledge  about  how  the  tracheal  system  changes  within  an  instar.  Using 
microcomputed  tomography  and  synchrotron  x-ray  imaging,  we  have  found  that  major  tracheae 
do  not  increase  in  size  during  this  period  of  growth.  However,  others  have  found  that  smaller 
tracheal  structures  grow,  at  least  in  the  penultimate  instar.  Physiological  measurements  of 
respiration  and  metabolism  in  insects  indicate  that  tracheal  growth  may  not  be  adequate  for 
supplying  growing  tissues  with  enough  oxygen  to  maintain  optimal  metabolic  rates.  Further 


supporting  this  idea,  molecular  markers  of  hypoxia  also  indicate  that  insect  may  be  hypoxic 
nearing  the  end  of  an  instar.  Understanding  how  the  tracheal  system  grows  and  changes  within 
in  instar  may  help  us  better  understand  the  cues  for  initiation  of  molting  and  control  of  body  size 
in  insects. 
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Abstract  text: 

Introduction:  The  relative  importance  of  convection  or  diffusion  in  insect  gas  exchange  remains 
largely  unknown.  Furthermore,  transitions  between  respiratory  pattern  types,  and  phenotypic 
plasticity  within  individuals,  may  influence  detection  of  evolutionary  patterns,  or  the  outcomes 
of  comparative  experimental  work. 

Methods:  Here  we  investigate  these  questions  by  1)  simultaneously  measuring  CO2  release, 
intratracheal  pressure  and  individual  body  movements  in  the  desert  locust,  Schistocerca 
gregaria ,  at  a  range  of  oxygen  concentrations,  both  above  and  below  normal  atmospheric  levels, 
and  2)  using  a  literature  database  in  a  comparative  physiology  approach  to  explore  patterns  of 
cycle  variation  within  and  among  species  when  pattern  type  is  added  as  an  explicit  factor. 

Results/Conclusion:  Results  show  that  at  PCE’s  <13%  or  >21%  discontinuous  gas  exchange 
cycles  are  mainly  convective,  while  at  intermediate  and  normoxic  levels,  diffusion-based  gas 
exchange  dominates.  Furthermore,  the  addition  of  pattern  type  to  evolutionary  models  fails  to 
improve  model  fit,  although  we  also  found  a  negative  relationship  between  plasticity  of  pattern 
type  and  cycle  frequency.  This  suggests  discontinuous  gas  exchange  is  most  efficient,  in  terms  of 
the  costs  of  ventilation,  at  normoxic  (and  intermediate)  atmospheric  oxygen  levels.  These  results 
have  significant  implications  for  understanding  the  mechanistic  basis  of  gas  exchange,  and 
indirectly  in  the  evolution  of  respiratory  control  and  body  size  in  insects. 
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Abstract  text: 

Introduction:  The  ability  of  species  to  tolerate  high  temperatures  (thermal  tolerance)  and  their 
ability  to  change  tolerance  with  acclimation  (plasticity)  are  key  attributes  to  cope  with  the 
negative  impacts  of  warming.  In  aquatic  insects  thermal  tolerance  may  be  oxygen-limited,  such 
that  animals  succumb  to  heat  due  inadequate  oxygen  provisioning,  rather  than  effects  of  thermal 
stress  per  se.  Diving  beetles  surface  for  aerial  gas  exchange,  making  them  less  vulnerable  to 
oxygen  limitation.  However,  surfacing  exposes  the  beetles  to  predation  and  they  run  the  risk  of 
being  swept  away  by  currents.  Deronectes  diving  beetles  have  repeatedly  evolved  dense  setae 
that  allow  them  to  extract  oxygen  under  water  by  diffusion,  akin  to  plastron  respiration. 

Methods:  Within  a  phylogenetically  controlled  framework,  we  explore  differences  in  setal 
density  across  15  species  of  Deronectes,  indicative  of  species  differing  in  their  reliance  on 
diffusive  gas  exchange. 

Results/Conclusion:  Differences  in  setal  density  across  15  species  of  Deronectes  were  found  to 
be  evolutionary  linked  to  variation  in  their  thermal  tolerance  and  its  plasticity.  Thermal  tolerance 
windows  were  shifted  towards  colder  temperatures  in  species  with  a  high  setal  density. 
Furthermore,  plasticity  in  thermal  tolerance  was  found  to  be  smaller  in  densely  setated  species. 
These  differences  across  species  could  be  broadly  linked  to  differences  in  habitat  permanence. 
Cold,  permanent  rivers  promote  increased  reliance  on  diffusive  oxygen  uptake  by  tracheal  setae, 
allowing  animals  to  exploit  the  advantages  associated  with  remaining  submerged  but  at  the  cost 
of  reduced  thermal  tolerance  and  plasticity. 
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Abstract  text: 

Introduction:  Aquatic  insects  play  disproportionately  important  roles  in  the  ecology  of 
freshwaters.  Temperature  drives  virtually  all  aspects  of  aquatic  insect  life  histories  but  the 
physiological  processes  that  underlie  thermally  driven  patterns  of  development  and  performance 
remain  under- studied.  The  concept  of  oxygen  limitation  has  been  proposed  as  a  framework  for 
understanding  the  thermal  limits  of  ectotherms.  A  limited  number  of  studies  in  aquatic  insects 
seem  to  support  this  framework  when  animals  are  exposed  to  temperatures  close  to  their  critical 
maximum  temperatures  (CT  max).  However,  work  from  different  groups  suggests  that  CT  max 
experiments  are  not  ecologically  relevant  and  do  not  scale  with  actual  thermal  performance  in 
aquatic  insects  in  real  ecosystems. 

Methods:  In  this  talk,  I  will  present  the  results  of  respirometry  and  RT-qPCR  experiments  of 
mayflies  subjected  to  thermal  ramping  that  fail  to  support  the  oxygen  limitation. 

Results/Conclusion:  We  show  that  genes  responsive  to  hypoxia  (lactate  dehydrogenase  and  an 
important  component  of  the  hypoxia  inducible  factor  (HIFla)  signaling  pathway  (EGL-9))  have 
little  to  no  response  to  warming  whereas  heat  shock  protein  (HSPs)  expression  scales  with 
temperature.  I  will  further  present  the  results  of  respirometry  experiments  performed  on  2  species 
of  mayflies  reared  for  their  complete  lifecycles  under  8  thermal  regimes  -  ranging  from  sub- 
optimally  low  to  lethal.  By  linking  physiological  processes  to  life  history  performance  (survival, 
growth  rates,  development  time,  size/fecundity)  we  can  begin  to  understand  the  physiological 
processes  that  determine  the  ecological  limits  of  aquatic  insects. 
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Abstract  text: 

Introduction:  While  the  theory  of  oxygen-  and  capacity-limited  thermal  tolerance  (OCLTT) 
offers  an  explanation  for  the  effects  of  changing  oxygen  availability  on  thermal  limits,  the 
applicability  of  OCLTT  to  insects  and  other  arthropods  remains  uncertain.  Oxygen  limitation 
may  affect  thermal  tolerance,  range  limits  and  organismal  responses  to  climate  change, 
yet  despite  this,  the  effects  of  oxygen  availability  on  critical  thermal  limits  have  not  been  well- 
investigated  in  terrestrial  insects. 

Methods:  My  research  studies  oxygen-temperature  responses  across  several 

organizational  levels,  from  genes  to  whole-animal  responses,  using  a  variety  of  terrestrial  insect 

species  as  model  systems. 

Results/Conclusion:  By  combining  estimates  of  thermal  tolerance  and  aerobic  scope  at  different 
oxygen  levels,  I  showed  that  oxygen  safety  margins  set  high  temperature  thermal  limits  in 
Bombyx  mori  silkworms.  Metabolomic  profiling  of  false  codling  moth  larvae  above  and  below 
critical  thermal  minima  showed  that  low  temperature  tolerance  does  not  change  despite  changes 
in  anaerobic  metabolites  under  varying  ambient  oxygen  levels.  Using  comparative 
transcriptomics,  potential  mechanisms  underlying  cross  tolerance  between  oxygen  and  both  high 
and  low  thermal  tolerance  in  Drosophila  melanogaster  were  identified.  Last,  using  field- 
collected  dung  beetles  I  examined  whether  populations  with  known  differences  in  low 
temperature  tolerance  also  exhibit  different  levels  of  oxygen  tolerance.  This  research 
has  increased  our  understanding  of  the  effects  of  oxygen  on  thermal  tolerance,  and  has  direct 
implications  for  insect  pest  management. 
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Abstract  text: 

Insect  gas  exchange  is  modulated  by  precisely  controlled  spiracular  valve  movements  and,  in 
some  insects,  tracheal  ventilation.  While  we  know  much  about  the  independent  control  of  these 
functions,  their  interaction  is  rarely  discussed.  We  know  that  a  central  pattern  generator  controls 
ventilation  and  that  spiracle  valves  transition  between  closed,  flutter,  and  open  phases  as  a  result 
of  internal  oxygen  and  carbon  dioxide  partial  pressures.  However,  we  find  that  insects  can 
produce  unidirectional  tracheal  airflow  during  ventilation  and  that  some  insects  ventilate  during 
discontinuous  gas  exchange  -  a  gas  exchange  pattern  typically  observed  at  low  metabolic 
rates.  In  these  cases,  central  control  of  ventilation  must  interact  with  the  sensory  feedback  loops 
that  have  been  identified  to  control  spiracle  valve  movements  during  discontinuous  gas 
exchange.  Furthermore,  while  respiratory  patterns  have  been  thought  to  be  a  function  of 
metabolic  rate  alone,  we  find  differential  effects  of  temperature  and  digestion  on  the  gas 
exchange  patterns  of  Rhodnius  prolixus.  In  R.  prolixus  discontinuous  gas  exchange  is  abandoned 
at  lower  metabolic  rates  in  insects  exposed  to  increased  temperature  compared  to  insects 
digesting  a  blood  meal.  This  demonstrates  that  respiratory  patterns  are  not  only  a  function  of 
metabolic  rate,  but  that  body  temperature  plays  a  separate  role  in  spiracle  control  and  the 
resulting  respiratory  patterns.  These  findings  may  help  us  determine  the  mechanism  by  which 
internal  CO2  is  sensed  at  the  spiracle  muscle. 
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Abstract  text: 

Introduction:  Like  all  animals,  insects  depend  on  the  internal  movement  of  fluids  to  sustain  life. 
Despite  their  small  size,  they  use  complex  internal  networks  to  efficiently  transport  liquids,  food, 
and  gases  through  their  bodies.  Previously,  we  studied  respiratory  patterns  found  in  the 
Madagascar  hissing  cockroach  ( Gromphadorhina  portentosa)  to  understand  how  respiratory 
structures  and  behaviors  are  coordinated  to  produce  airflows  and  to  compensate  for  changes  in 
oxygen  availability. 

Methods:  Experiments  were  conducted  at  the  Advanced  Photon  Source  at  the  Argonne  National 
Lab  to  visualize  internal  structures  (tracheal  tubes  and  spiracles)  with  X-rays  and  external 
movements  (abdominal  pumping)  with  visible  light.  Results  from  that  study  were  used  to 
generate  a  computational  fluid  dynamics  model  of  a  simplified  insect  respiratory  system  to 
investigate  how  tracheal,  spiracular,  and  pumping  parameters  contribute  to  the  creation  and 
modulation  of  respiratory  airflows.  We  varied  these  parameters  through  a  range  of  values 
determined  from  animal  experiments,  and  also  used  purely  theoretical  states  not  seen  in  vivo. 

Results/Conclusion:  Our  preliminary  results  suggest  a  variety  of  parameter  combinations  that  can 
optimize  flow  rate,  shear  stress  on  the  channel  walls,  interior  mixing,  or  interior  diffusion.  Use  of 
this  model  will  contribute  to  improving  our  knowledge  about  how  the  insect  respiratory  system 
coordinates  flow  production,  and  potentially  predict  specific  tracheal  geometry  and  behaviors  in 
other  species.  We  also  aim  to  apply  the  results  of  this  study  toward  developing  low-power, 
small-footprint  microfluidic  system  platforms  for  new  engineered  devices. 
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Abstract  text: 

The  brown  locust,  Locustana  pardalina  (Walker)  inhabits  the  semi-arid  regions  of  the  central 
Karoo  of  South  Africa,  and  occurs  in  three  phases,  the  swarming  migratory  phase,  an 
intermediate  phase  and  the  solitary  phase.  This  locust  differs  from  most  other  locusts  in  that  the 
gregarious  phase  hopper  is  larger  than  the  solitary  phase  hopper  and  has  distinct  colouration. 
Hoppers  and  adults  in  the  gregarious  phase  are  very  active,  with  the  hoppers  forming  marching 
bands  that  move  throughout  the  day  and  the  adults  fly  both  at  night  or  day,  depending  on  air 
temperature.  Gregarious  phase  hoppers  and  adults  were  collected  from  three  locations  in  the 
Karoo  region;  Pofadder,  Britstown  and  De  Aar.  The  locusts  were  housed  in  insectaria  at  the 
University  of  the  Witwatersrand.  The  eggs  laid  by  these  locusts  produced  hoppers  which  could 
be  described  as  belonging  to  the  intermediate  phase.  Flow  through  respirometry  was  used  to 
determine  the  breathing  patterns  and  metabolic  rate  of  the  different  instars  and  adults.  Individual 
locusts  were  measured  during  the  night,  when  activity  is  minimal,  at  25° C  in  the  dark.  Each 
individual  was  measured  for  at  least  1.5  hours.  The  first  instar  hoppers  all  exhibited  a  continuous 
cyclic  breathing  pattern,  however,  from  the  second  and  subsequent  instars  discontinuous  gas 
exchange  patters  were  recorded.  The  second-  to  fourth-instars  chiefly  exhibited  two  pases;  viz. 
open  or  burst  and  closed.  The  flutter  phase  was  only  observed  in  fifth  instars  and  adults.  There  is 
an  influence  of  hopper  size,  adult  sex  and  phase  on  the  discontinuous  gas  exchange  cycle. 
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The  abundance  of  termites  and  ants  in  microbe-rich  environments  indicates  that  they  successfully 
cope  with  their  pathogens  and  may  have  evolved  unique  strategies  of  defense.  One  such  strategy 
in  termites  depends  in  part  on  proteins  produced  by  the  salivary  gland  for  antifungal  defense, 
which  include  termicins  (defensins)  and  b-l,3-glucanases  (Gram  Negative  Bacteria-binding 
Proteins  or  GNBPs).  These  proteins  appear  to  have  been  co-opted  from  an  internal  role  in  the 
innate  immune  system  to  an  external  role  that  relies  on  social  behaviors  such  as  grooming, 
cannibalism  and  burying  of  corpses.  Inhibition  or  suppression  of  these  proteins  increases  the 
susceptibility  of  termites  to  infection  by  local  strains  of  Metarhizium.  Cryptocercus 
woodroaches,  which  represent  the  closest  living  relatives  to  termites,  also  employ  secreted 
termicins  and  b-l,3-glucanases  for  defense  against  fungal  pathogens.  This  system  may  therefore 
have  evolved  over  150  million  years  ago  and  facilitated  the  evolution  of  group  living  in  termites. 
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Introduction:  The  study  of  hybrid  populations  is  important  for  understanding  patterns  of 
differential  gene  flow  and  introgression  and  the  permeability  of  species  boundaries.  Little  is 
known  about  the  genetic  factors  that  allow  for  introgression  between  invasive  species  that  come 
into  secondary  contact  in  their  novel  habitats  as  well  as  whether  loci  involved  in  local  adaptation 
to  new  habitats  can  cross  species  boundaries  while  the  species  themselves  continue  to  remain 


distinct.  The  black  imported  fire  ant,  Solenopsis  richteri,  was  first  introduced  in  the  southern 
USA  circa  1918,  while  the  red  imported  fire  ant,  S.  invicta,  was  introduced  in  the  1930’s. 
Although  these  two  species  do  not  hybridize  where  they  co-occur  in  their  native  South  American 
ranges,  the  two  species  form  a  large  hybrid  zone  in  the  USA. 

Methods/Results:  We  employed  admixture  mapping  using  RADseq  in  multiple  hybrid 
populations  to  identify  loci  that  are  associated  with  multiple  species-diagnostic  morphological 
characters.  We  also  identified  candidate  gene  regions  that  have  signatures  of  either  positive  or 
balancing  selection. 
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Introduction:  Many  microorganisms  have  co-evolved  with  invertebrate  hosts  to  create  an 
advantageous  mutualistic  relationship.  The  ant  genus,  Camponotus  have  coevolved  with  bacteria, 
Blochmannia  forming  a  tight  endosymbiotic  relationship  which  each  species  of  Camponotus  can 
be  defined  by  a  species  of  Blochmannia.  It  has  been  established  that  Blochmannia  provides 
important  nutrients  to  Camponotus  and  it  has  been  suggested  that  is  it  most  active  during  pupal 
development.  However,  the  omnivorous  nature  of  these  ants  suggests  that  Blochmannia  may 
provide  benefits  beyond  nutritional  enhancement. 

Methods/Results:  Here,  we  examine  how  Blochmannia  influences  developmental  melanization 
and  caste  size  of  Camponotus  floridanus  by  treating  ants  with  antibiotics.  Our  results  suggest 
that  Blochmannia  increases  the  melanization  process  of  ant  development  and  may  influence  ant 
size.  These  results  suggest  that  Blochmannia  provide  more  than  just  dietary  benefits  to  their  host; 
the  bacteria  can  influence  immune  defense  and  development  of  Camponotus.  We  also  tested 


whether  antibiotic  treated  ants,  which  had  reduced  melanization,  immunity  was  impaired  by 
exposing  them  to  a  fungal  pathogen,  metarhizium. 

Discussion:  Our  findings  further  support  that  this  tight-knit  relationship  is  even  more 
evolutionarily  adaptive  then  once  thought  and  may  also  shed  light  on  how  Camponotus  lives  in 
such  a  dangerous  and  pathogen-filled  environment  yet  continues  to  be  one  of  the  most  successful 
ant  species  in  the  world. 
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Introduction:  Aggregation  of  the  German  cockroach,  Blattella  germanica ,  is  regulated  by  fecal 
aggregation  agents  (pheromones),  including  volatile  carboxylic  acids  (VC As). 

Methods/Results:  We  demonstrated  that  the  gut  microbial  community  contributes  to  production 
of  these  semiochemicals.  Chemical  analysis  of  the  fecal  extract  of  B.  germanica  revealed  40 
VCAs.  Feces  from  axenic  cockroaches  (no  microorganisms  in  the  alimentary  tract)  lacked  12 
major  fecal  VCAs  and  24  of  the  remaining  compounds  were  represented  at  extremely  low 
amounts.  Olfactory  and  aggregation  bioassays  demonstrated  that  nymphs  strongly  preferred  the 
extract  of  control  feces  over  the  fecal  extract  of  axenic  cockroaches.  Additionally,  nymphs 
preferred  a  synthetic  blend  of  six  fecal  VCAs  over  a  solvent  control  or  a  previously  identified 
VC  A  blend.  To  test  whether  gut  bacteria  contribute  to  the  production  of  fecal  aggregation  agents, 
fecal  aerobic  bacteria  were  cultured,  isolated,  and  identified.  Inoculation  of  axenic  cockroaches 
with  individual  bacterial  taxa  significantly  rescued  the  aggregation  response  to  the  fecal  extract, 
and  inoculation  with  a  mix  of  six  bacterial  isolates  was  more  effective  than  with  single  isolates. 
The  results  indicate  that  the  commensal  gut  microbiota  contributes  to  production  of  VCAs  that 


act  as  fecal  aggregation  agents,  and  that  cockroaches  discriminate  among  the  complex  odors  that 
emanate  from  a  diverse  microbial  community. 

Discussion:  Our  results  highlight  the  pivotal  role  of  gut  bacteria  in  mediating  insect-insect 
communication.  Moreover,  because  the  gut  microbial  community  reflects  the  local  environment, 
local  plasticity  in  fecal  aggregation  ‘pheromones’  enables  colony-specific  odors  and  fidelity  to 
persistent  aggregation  sites. 
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Abstract  text: 

Introduction:  House  flies  have  a  life-long  association  with  microbe-rich  environments.  Larvae 
directly  ingest  bacteria  in  decaying  substrates  utilizing  them  for  nutritional  purposes.  Adult 
house  flies  ephemerally  associate  with  microbes,  ingesting  them  either  by  direct  feeding  or 
indirectly  during  grooming.  The  house  fly  gut  is  protected  from  ingested  bacteria  by  physical 
exclusion  (e.g.,  the  peritrophic  matrix),  digestive  processes,  and  innate  immune  effectors  such  as 
antimicrobial  peptides  (AMPs). 

Methods:  The  house  fly  genome  revealed  extensive  duplications  and  expansions  of  AMP 
families  including  the  attacins,  defensins  and  cecropins.  Defensins  are  cysteine-rich  microbicidal 
AMPs  with  broad-spectrum  activity  in  the  higher  Diptera.  We  examined  the  differential 
expression  of  9  defensin  paralogs  across  life  history  (three  larval  instars,  pupae,  adults)  using 
qRTPCR. 

Results/Conclusion:  Patterns  of  defensin  expression  suggest  utilization  of  some  paralogs  as 
typical  immune  defense  components  (i.e.,  the  “ancestral”  function  of  AMPs)  and  putatively  for 
bacterial  digestion.  Maximum  likelihood  analyses  comparing  the  nonsynonymous  and 
synonymous  substitution  rates  between  the  two  groups  of  defensins  suggests  that  positive 
selection  drove  the  diversification  of  novel  digestive  functions  in  several  defensin  paralogs. 
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Abstract  text: 


Introduction:  The  bed  bug,  Cimex  lectularius,  has  re-established  itself  as  a  ubiquitous 
ectoparasite  of  humans  throughout  most,  if  not  all,  of  the  world  during  the  last  twenty  years.  This 
global  resurgence  is  likely  linked  to  increased  international  travel  and  commerce,  widespread 
insecticide  resistance,  ability  to  resist  inbreeding  effects,  and  biological  underpinnings  that  make 
bed  bugs  superb  ectoparasites. 

Methods/Results:  Manual  curation  and  analyses  of  the  C.  lectularius  sequenced  genome  (~650 
Mb)  and  14,220  predicted  protein-coding  genes  provide  the  first  complete  representation  of 
genes  that  are  associated  with  traumatic  insemination,  a  reduced  repertoire  of  chemosensory 
genes  related  to  obligate  hematophagy,  host-symbiont  interactions,  and  several  mechanisms  that 
provide  the  framework  for  insecticide  resistance.  In  addition,  we  documented  the  presence  of 
over  800  lateral  gene  transfer  (LGT)  events,  the  most  identified  putative  LGTs  for  any  insect 
system. 

Discussion:  Genome  sequencing  and  annotation  will  prompt  future  research  on  mechanisms  of 
insecticide  resistance,  human-bed  bug  and  symbiont-bed  bug  associations,  and  unique  features  of 
bed  bug  biology  that  contribute  to  the  unprecedented  success  of  C.  lectularius  as  an  ectoparasite. 
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Abstract  text: 

Introduction:  Honey  bees,  Apis  mellifera,  are  frequent  pollinators  of  various  flower  species.  In 
this  study,  we  examined  the  number  of  visits  by  Apis  mellifera  to  different  flower  species. 

Methods:  We  evaluated  three  different  floral  offerings  from  the  gardens  of  a  school  in  Bogota, 
Colombia.  The  plant  species  were:  Veronica  (Hebes  franciscana ),  Vinca  ( Vinca  minor)  and 


Azalea  (Rhododendron  indicum).  The  observations  were  made  between  April  21  and  June  5, 
2014  at  10:00  a.m.,  for  5  minutes. 

Results/Conclusion:  Hebes  franciscana  was  the  only  plant  that  was  visited  by  honey  bees  during 
the  study.  Relevant  attraction  factors  included  the  abundance  of  flowers  offered,  the  size  of  the 
flowers  and  the  type  of  fertilization.  Environmental  variables  showed  no  significant  relationship 
as  evidenced  by  bee  behavior.  During  the  study  the  importance  of  urban  ecosystems,  such  as  the 
gardens,  are  considered  places  with  great  ecological  potential. 
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Introduction:  A  preliminary  taxonomic  list  of  diurnal  butterfly  species  was  compiled  from  two 
urban  areas:  Soratama  (environmental  reserve  in  the  northeast  of  the  city)  and  Colombo-Sueco 
(environmental  classroom),  Usaquen,  Bogota. 

Methods:  The  list  was  made  from  specimens  collected  and  observed,  every  day  from  8:00  to 
10:00  am,  in  100  m  transects,  during  the  months  of  October  and  December  2014. 

Results/Conclusion:  A  total  of  14  species  were  recorded  in  this  list  belonging  to  three  different 
families:  2  Lycenidae,  8  Nymphalidae  and  3  Pieridae.  The  Satyrinae  (Nymphalidae)  was  the 
dominant  subfamily.  Its  main  source  of  food  are  the  leaves  of  Solanaceae  (herbaceous  or  woody 
plants)  and  Chusquea  (similar  to  bamboo),  common  plants  on  the  site  and  commonly  recorded  in 
the  roadsides.  For  this  study  three  common  genres  from  intervened  habitats  were 
identified:  Vanessa  spp.,  Eurema  spp.  and  Leptophobia  spp.  This  is  the  first  taxonomic  list  of 
butterflies  that  is  made  for  these  two  areas. 
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Introduction:  The  family  Cosmopterigidae  belongs  to  superfamily  Gelechoiodea,  which  includes 
1,792  species  of  135  genera  worldwide(Sinev,  2002).  Park  (1983)  listed  9  species  in 
“Microlepioptera  of  Korea”.  Later,  a  total  of  22  species  were  recorded  by  Sinev  and  Park(1994) 
with  the  addition  of  2  new  species(C.  bichromella  and  L.  antenella).  Later,  Ponomarenko  and 
Park  (1997)  recorded  a  new  species(Y  sinevi).  Consequently,  a  total  of  23  species  of  the  family 
is  known  from  Korea.  This  group  is  divided  into  two  subfamilies;  Antequerinae  and 
Cosmopteriginae.  Cosmopterigidae  are  small  moths(wingspan  5-25mm)  and  the  shape  of  wing  is 
very  characteristic  with  narrowed  towards  the  apex.  In  the  some  species  are  leaf  miners  and  other 
species  damaged  the  seeds  of  Poaceae  and  Fagaceae.  This  study  aims  to  review  the  Korean 
species  of  the  Cosmopterigidae. 

Methods:  The  specimens  of  the  Cosmopterigidae  in  this  study  were  collected  by  light  trap  and 
bucket  trap.  External  morphological  character  and  genitalia  character  were  examined  for 
identification.  Also,  all  available  information  including  the  distribution,  host  plants  and  localities 
was  enumerated. 

Results/Conclusion:  In  this  study,  an  historical  review  of  the  family  was  conducted  based  on  the 
previous  literatures.  A  total  of  23  species  the  family  is  reviewed  from  Korea.  The  synonymic 
checklist  of  the  species  is  provided.  Available  external  and  genitalic  characters  were  examined 
and  illustrated  with  information  distribution  and  host  plants. 
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Abstract  text: 

Introduction:  The  family  Gracillariidae  is  a  large  group  of  leafminers  including  1,880  described 
species  worldwide.  Among  them,  Phyllonorycter  is  the  largest  genus  comprising  more  than  400 
described  species.  In  this  study,  the  genus  Phyllonorycter  Hiibner  from  South  Korea  is  reviewed. 

Methods:  All  the  specimens  of  the  genus  Phyllonorycter  examined  in  this  study  were  collected 
by  light  trap  or  reared  from  the  leaf-mined  leaves  of  their  host  plants  and  deposited  at  the 
Systematic  Entomology  Laboratory  of  Hannam  University  (SELHNU).  Also,  adult  and  genitalic 
characters  were  examined  and  illustrated,  including  all  the  available  information  for  the  species 
such  as  distributional  ranges  and  host  plants  in  this  study.  We  conducted  DNA  barcoding  for  the 
correct  identification  and  analyzed  the  molecular  relationship  among  the  species. 

Results:  Consequently,  a  total  of  15  species  from  the  genus  Phyllonorycter  are  reviewed 
including  a  newly  recorded  species,  Phyllonorycter  styracis ,  in  South  Korea.  Also,  all  available 
information  of  the  species,  including  host  plant  and  distributional  ranges,  is  enumerated.  Male 
and  genitalic  characters  were  examined  and  illustrated. 
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Abstract  text: 

Introduction:  The  family  Passalidae  belongs  to  the  superfamily  Scarabaeoidea  comprising  over 
500  species  in  the  world.  In  Korea,  only  one  species,  Leptaulax  koreanus  Nomuram,  Kon,  Johki 
&  Lee,  is  recorded  from  the  family  Passalidae  and  it  is  endemic  to  Korea.  This  species  exhibits 
sub-social  behavior  in  which  adults  take  care  of  larvae  and  eggs  in  the  habitat.  This  study  was 
carried  out  to  investigate  the  development  of  L.  koreanus  when  reared  in  the  laboratory  for  the 
first  time  in  Korea. 

Methods:  The  studied  insects  were  collected  in  Gwagneung  forest  in  Korea  from  June  to 
December  of  2015.  Rearing  of  the  L.  koreanus  was  conducted  using  an  artificial  diet  (fermented 
oak  sawdust)  at  room  temperature  (25°C)  and  70%  humidity.  Each  developmental  stage  was 
investigated  and  analyzed. 

Results/Conclusion:  In  this  study,  a  total  of  55  eggs  were  oviposited  by  female  adults.  Egg  hatch 
was  63%.  The  egg  color  iwas  green.  The  length  of  the  egg  was  2.2  ±  0.3  mm  and  width  is  1.76  ± 
0.28  mm.  The  size  of  the  head  capsule  for  each  instar,  first  to  third,  respectively,  is  as  follows: 
1.91  ±  0.06  mm,  2.55  ±  0.08mm  and  3.56±0.07mm.  The  duration  of  each  stage  was  as  follows: 
12.5  ±3.5  days  (egg),  16  ±  2  days  (1st  instar),  14.2  ±  4  days  (2nd  instar),  24.2  ±  3  days  (3rd 
instar)  and  8  ±  1  days  (pupa). 
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Abstract  text: 

Introduction:  The  family  Psychidae,  is  a  relatively  small  group,  with  fewer  than  1,350  described 
species  and  under  241  genera  worldwide  (Sobczyk  2011).  In  Korea,  a  total  of  seven  species  of 
the  family  Psychidae  have  been  known  to  date  (Park  1983;  Byun  et  al  1996,  2009).  Later  Roh  et 
al  (2015)  described  a  new  species,  Psyche  yeongwolensis,  and  reported  a  newly  recorded  species, 
Proutia  maculatella.  Recently  Roh  and  Byun  (2016)  added  a  newly  recorded  species  from 
Korea,  Ceratosticha  letodeta.  Consequently,  a  total  of  10  species  are  recorded  from  Korea  to 
date.  The  aim  of  this  study  is  to  report  two  newly  recorded  species,  Bacotia  sakabei  and  Proutia 
nigra  in  Korea.  Also,  we  reviewed  and  made  a  list  of  Korean  Psychidae.  All  the  available 
information  is  presented  their  taxonomic  illustration  and  available  information,  including 
localities,  host  plant  and  biological  characteristics. 

Methods:  Materials  examined  in  the  present  study  are  preserved  in  the  Systematic  Entomology 
Laboratory,  Hannam  University  (SELHNU),  Daejeon,  Korea.  The  genitalia  of  both  sexes  were 
dissected  and  examined  for  identification  of  the  species.  The  images  for  the  species  were  taken 
by  digital  camera  attached  on  the  microscope,  LEICA  M205C. 

Results/Conclusion:  A  total  of  12  species  of  the  family  Psychidae  is  recognized  with  two  newly 
recorded  species,  Bacotia  sakabei  and  Prouta  nigra,  in  Korea.  Also  all  available  information  of 
the  species,  including  host  plant  and  distributional  ranges,  is  enumerated.  Male  and  genitalic 
characters  were  examined  illustrated. 
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Abstract  text: 


A  checklist  of  the  bees  of  the  Commonwealth  of  Dominica,  Lesser  Antilles  is  provided.  Three 
new  records  from  the  family  Apidae  are  documented.  Based  on  recent  collections  from  12  sites 
on  the  island  using  colored  bowl  traps,  Malaise  traps,  sweep  nets,  and  light  sheets,  bowl  traps 
and  sweep  nets  were  the  most  effective  techniques  for  collecting  bees.  A  total  of  77  specimens 
representing  13  bee  species  in  the  families  Apidae  and  Halictidae  were  collected  and  identified 
between  29-V-2015  and  16-VI-2015.  Of  the  species  identified,  Centris  decolorata  Lepeletier, 
Centris  lanipes  (F.),  and  Melitoma  segmentaria  (F.)  are  new  records  for  the  island  of  Dominica. 
Four  halictid  species  collected  were  only  recently  described  as  new. 
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Abstract  text: 

Introduction:  Odontomachus spp.  were  collected  from  various  locations  across  the 
Commonwealth  of  Dominica  in  the  West  Indies. 

Methods:  Specimens  were  collected  in  nest  series  and  information  about  their  location,  elevation, 
nesting  substrate,  and  co-habitation  with  Termitidae  and  other  Formicidae  were  recorded.  High 
resolution  images  of  each  species  collected  were  recorded. 

Results/Conclusions:  Many  colonies  were  found  to  be  co-habitating  in  terrestrial  termite  mounds 
or  rotting  wood  along  with  their  Termitidae  inhabitants.  No  Odontomachus  spp.  were  found  in 
elevations  higher  than  1686  ft  above  sea  level.  Two  species  were  found,  most  prominently 
Odontomachus  bauri  (Emery),  and  additionally  in  a  single  sample,  Odontomachus  ruginodis 
(Smith).  The  specimens  of  O.  ruginodis\\\dX  were  collected  are  new  records  for  the 
Commonwealth  of  Dominica. 
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Abstract  text: 

Introduction:  On  the  island  of  Dominica  there  is  a  tropical  diversity  of  spiders  that  has  been 
relatively  unexplored. 

Methods:  In  this  study  spiders  were  sampled  from  two  different  sites  twice,  once  during  the  day 
and  once  during  the  night  for  one  hour  per  sample.  The  collected  spiders  were  keyed  out  to 
family  and  then  a  comparison  was  made  between  the  two  ecosystems  the  spiders  were  collected 
from  (primary  and  secondary  rainforest). 

Results/Conclusions:  It  was  found  that  spiders  from  the  family  Pholcidae  were  the  most 
abundant  spider  in  primary  rainforest,  but  they  were  not  found  in  secondary  rainforest.  In 
secondary  rainforest,  the  spider  families  Araneidae,  Miturgidae,  Oxyopidae,  Salticidae  and 
Theridiidae  were  the  most  common,  and  of  those  families  Oxyopidae  and  Miturgidae  were  not 
found  in  primary  rainforest. 
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Abstract  text: 

The  purpose  of  this  paper  is  to  present  a  key  for  the  identification  of  the  34  species  of  fungi  in 
the  genus  Septobasidium  known  to  occur  in  the  12  states  of  the  Southeastern  United  States.  Also 
included  is  a  brief  and  lucid  introduction  to  this  under-studied  and  little-known  group’s  biology, 
relationship  with  scale  insects  (Coccoidea),  and  economic  impact.  The  content  in  this  paper  is 
primarily  based  off  the  observations  and  keys  in  John  N.  Couch’s  The  Genus  Septobasidium ,  the 
most  complete  work  on  the  group  to  date.  Description  of  methods  used  to  create  the  key  are 
described. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Investigating  the  influence  of  geospatial  attributes  on  spider  species  richness 
and  diversity 

Author  Name:  Katherine  Russell 
Author  Institution:  University  of  Georgia 

Session  Title:  Undergraduate  Student  Oral  Competition:  Entomology  Around  the  World 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  2050 

DOI:  10.1603/ICE.2016.1 15205 

Abstract  text: 

Introduction:  The  maintenance  of  biodiversity  is  an  important  aspect  of  long-term  agricultural 
production  sustainability.  Maintaining  biodiversity,  especially  in  regards  to  predator  species, 
promotes  natural  pest  control  and  many  other  ecosystem  services.  Spiders  (Araneae)  often  prey 
upon  common  pest  species,  making  them  a  beneficial  component  of  agroecosystems.  Spider 
species  richness  and  diversity  varies  across  landscapes  and  is  often  correlated  with  certain  abiotic 
factors.  This  project  investigates  how  four  geospatial  attributes  -  elevation,  soil  moisture,  NDVI, 
and  distance  to  edge  habitat  -  influence  spider  species  distributions  within  three  crops:  a  biofuel 
feedstock,  Miscanthus  giganteus,  irrigated  cotton,  and  dryland  cotton.  It  is  hypothesized  that  the 


abundance  and  diversity  of  spiders  will  be  greatest  on  the  edges  of  the  fields  and  lowest  in  the 
centers. 

Methods:  Samples  were  obtained  from  pitfall  traps  placed  in  a  grid  pattern  within  Miscanthusand 
cotton  fields  in  south  Georgia,  USA.  Spiders  were  later  removed,  preserved,  manually  counted 
and  identified.  Counts  and  species  data  were  compiled  into  a  spreadsheet  and  correlated  with  the 
four  selected  attributes  using  multivariate  methods  and  geospatial  statistics. 

Results/Conclusion:  Final  results  are  pending.  Preliminary  analysis  shows  at  least  12  different 
species  of  spiders  present  across  the  farm-scape,  with  wolf  spiders  (Lycosidae)  numerically 
dominating  the  communities.  Further  identification  of  spiders  and  more  in-depth  analysis  of  the 
data  will  allow  for  greater  exploration  of  the  relationship  between  spider  abundance,  diversity, 
and  the  farm-scape’s  geospatial  attributes.  Ultimately,  the  results  should  help  growers  identify 
potential  spider  hotspots  within  their  farm-scapes,  which  could  then  be  maintained  to  promote 
healthy  populations. 
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Introduction:  There  are  approximately  370  genera  and  6,000  species  of  coccinellids  recorded 
from  around  the  world.  The  tribe  Coccidulini  Mulsant,  1846  (Coleoptera:  Coccinellidae)  has  16 
genera  in  the  Neartic  region  and  38  genera  in  the  Neotropical  region.  Some  species  belonging  to 
the  Coccidulini  have  importance  in  biological  control  and  are  the  focus  of  this  study. 

Methods:  We  reviewed  material  belonging  to  three  collections:  Coleccion  Nacional  de  Insectos 
(CNIN),  Instituto  de  Biologia  (UNAM),  Universidad  Autonoma  Chapingo  (UACH)  and  National 
Museum  of  Natural  History,  Smithsonian  (NMNH).  Diagnoses,  descriptions,  watercolor 


illustrations,  distributions,  taxonomic  history,  richness,  ecology  and  a  key  were  added  for  every 
genera  of  Coccidulini  in  Mexico 

Results/Conclusion:  A  total  of  737  coccinellids  of  the  tribe  Coccidulini  from  Mexico  were 
placed  into  eight  genera:  Azya ,  Cryptolaemus ,  Exoplectra ,  Nephaspis ,  Oryssomus ,  Rhyzobius, 
Scymnus  and  Stethorus.  Additionally,  the  first  studies  and  scientific  illustrations  of  Coccinellidae 
with  emphasis  in  Coccidulini  from  Mexico  were  investigated.  Illustration,  descriptions  and 
geography  distribution  is  an  importance  antecedent  for  futures  ecology,  taxonomic  and  biology 
studies  in  Mexico. 
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Abstract  text: 

Introduction:  Ants  dominate  many  terrestrial  and  arboreal  habitats  worldwide  and  often  possess 
special  adaptations  for  success  in  specific  environments.  Arboreal  ants  are  under  strong  selective 
pressure  to  grip  tightly  to  tree  surfaces,  as  falling  from  a  tree  can  require  an  energetically  costly 
and  dangerous  return  trip  to  the  nest.  This  study  examined  the  tarsal  hairs  on  the  legs  of  arboreal 
and  non-arboreal  ants,  which  are  thought  to  be  important  to  grip  strength. 

Methods:  Hair  number,  length  and  density  were  assessed  using  Scanning  Electron  Microscope 
(SEM)  images  of  the  tarsi  of  eight  ant  species  with  a  range  of  arboreality:  Camponotus 
floridanus ,  C.  impressus ,  Crematogaster  minutissima ,  Dorymyrmex  bureni ,  Odontomachus 
brunneus ,  Pogonomyrmex  badius ,  Pseudomyrmex  gracilis  and  P.  pallidus. 

Results/Conclusion:  Results  indicate  that  specialized  arboreal  ants  have  longer,  sparser  tarsal 
hairs  than  ants  that  are  strictly  ground-dwelling.  However,  ants  that  are  somewhat  arboreal  show 
variability  in  tarsal  hairs.  As  many  species  of  ants  can  be  restricted  to  either  the  arboreal  or  non- 
arboreal  life,  this  study  allows  us  to  better  understand  what  morphological  structures  contribute 
to  the  arboreal-ness  of  certain  ant  species. 
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Abstract  text: 


Introduction:  Attine  ants  exhibit  obligate  symbiosis  with  fungi  and  have  exhibited  a 
coevolutionary  history  over  the  past  50  million  years.  The  fungi  grown  by  the  ants  do  not  occur 
in  the  wild;  ant  colonies  obtain  their  fungal  symbionts  from  their  mother  colony  (vertical 
transmission).  Some  ant  colonies  can  get  their  fungi  from  neighboring  colonies  (horizontal 
transmission).  It  is  unknown  how  extensive  horizontal  transmission  occurs  in  the  vast  majority  of 
fungus-gardening  ants.  In  order  to  better  understand  the  geographic  extent  of  horizontal 
transmission  (symbiont  sharing)  of  the  fungi  grown  by  Trachymyrmex  septentrionalis  and 
Trachymyrmex  turrifex ,  we  examined  the  genotypic  variability  of  the  fungal  symbionts  grown  by 
these  species  in  central  and  east  Texas.  We  hypothesized  that  vertical  transmission  would  be  the 
general  rule  so  that  each  ant  species  was  growing  distinct  fungi  across  this  geographic  range. 

Methods:  We  collected  and  identified  ants  and  their  fungal  symbionts.  The  fungal  genotypes 
were  compared  with  sequences  uploaded  on  GenBank. 

Results/Conclusion:  We  found  that  T.  turrifex  fungi  were  in  a  clade  with  fungi  from  other  attine 
species  in  Panama  and  Arizona,  but  these  were  separate  from  the  clade  of  fungi  grown  by  T. 
septentrionalis  fungi.  The  patterns  shown  here  could  reflect  different  origins  of  T.  septentrionalis 
and  T.  turrifex  as  they  colonized  North  America.  T.  septentrionalis  is  thought  to  have  migrated 
west  to  Texas  from  Florida  whereas  T.  turrifex  moved  north  from  Mexico.  The  variability 
between  the  fungi  species  supports  the  differing  geographic  origins  of  their  mutualistic  partners, 
despite  both  species  occurring  in  the  same  areas. 
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Abstract  text: 


Introduction:  When  neonicotinoid  insecticides  are  applied  as  agricultural  seed  treatments,  the 
majority  of  the  active  ingredient  remains  in  the  soil.  Use  of  these  products  in  the  same  field  over 
consecutive  years  can  lead  to  accumulation  of  higher  concentrations  of  neonicotinoids  in  the  soil 
relative  to  a  single  application,  and  may  increase  non-target  effects  over  time. 

Methods:  This  study  examines  the  effects  of  thiamethoxam  and  imidacloprid  seed  treatments  on 
a  three-year  field  crop  rotation  of  soybean,  winter  wheat,  double  cropped  soybean  and  corn  at 
two  sites  in  Maryland.  Specifically,  we  are  studying  the  effects  of  seed  treatments  on  pestiferous 
arthropods  and  crop  yield.  Non-target  impacts  on  beneficial  arthropods  and  the  soil  microbial 
community  is  also  being  measured,  along  with  the  potential  uptake  of  neonicotinoids  from  the 
soil  by  non-target  plants,  specifically  the  flowers  of  winter  annual  plants  growing  within  the 
treatment  plots. 

Results/Conclusion:  In  soybean,  analysis  of  visual  counts  showed  that  treated  plots  had  a 
significantly  lower  number  of  both  herbivorous  arthropods  and  predatory  arthropods.  However, 
there  was  no  significant  difference  in  yield.  Further  results  from  soybean  and  winter  wheat  will 
be  discussed.  We  expect  to  see  more  pronounced  results  in  future  seasons  as  neonicotinoid 
residues  accumulate  in  the  soil.  The  prophylactic  use  of  neonicotinoid  seed  treatments  provides 
cheap  insurance  for  Mid- Atlantic  grain  producers  to  control  soil  insect  pests  and  certain 
aboveground  insects  during  the  seedling  stage.  However,  the  repeated  use  of  these  treatments 
may  not  be  warranted  or  sustainable. 
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Abstract  text: 

Experiments  linking  neonicotinoids  and  declining  bee  health  have  been  criticised  for  not 
simulating  ‘field-realistic’  exposure.  Here  we  quantified  the  duration  and  magnitude  of 


neonicotinoid  exposure  near  corn  crops  and  used  these  data  to  design  realistic  experiments  to 
investigate  the  effect  of  neonicotinoids  on  honey  bees.  Realistic  experiments  showed  that  chronic 
sublethal  exposure  to  neonicotinoids  affected  the  behaviour  and  longevity  of  individual  workers, 
and  was  associated  with  declines  in  social  immunity  and  increased  queenlessness  over  time.  We 
also  discovered  that  the  acute  toxicity  of  neonicotinoids  to  honey  bees  significantly  increases  in 
the  presence  of  field-realistic  levels  of  a  commonly  encountered  fungicide.  Our  work 
demonstrates  that  field  realistic  exposure  to  neonicotinoids  can  reduce  honey  bee  health  in  corn¬ 
growing  regions. 
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Abstract  text: 

Neonicotinoid  insecticides  can  move  from  crops  into  wild  plants  growing  in  neighboring 
unmanaged  areas.  This  is  the  case  for  milkweeds  growing  around  agricultural  areas  in  the 
Midwestern  U.S.  that  host  a  diversity  of  native  insects,  including  the  monarch  butterfly. 
However,  the  non-target  contamination  of  milkweeds  from  adjacent  agricultural  fields  is 
relatively  unknown  and  it  remains  unclear  whether  this  serves  as  a  potential  conservation  risk. 
We  surveyed  the  milkweed-associated  herbivores  on  plants  at  varying  distances  from  corn  fields 
and  estimated  herbivory  from  five  sites  in  Indiana  over  three  sample  periods  in  June,  July,  and 
August.  Simultaneously,  we  tagged,  georeferenced,  and  collected  milkweed  leaves  and  tested 
them  for  neonicotinoid  residues.  The  percentage  of  herbivory  varied  among  sites  and  over  time 
with  July  having  fewer  herbivores  than  June,  and  total  herbivory  varied  from  15-70%  of  total 
leaf  tissue  consumed.  The  main  seed-treatment  used  on  corn,  clothianidin,  was  present  in  3-61% 
of  milkweed  samples  collected  early  in  the  season  (concentration=  0.3-22  ng/g),  depending  on 
site  and  distance  from  corn  fields.  This  is  within  the  levels  previously  reported  to  have  sublethal 
effects  on  monarch  development.  Other  neonicotinoids  (e.g.,  imidacloprid,  thiamethoxam, 
acetamiprid)  were  also  detected  in  our  samples  that  likely  originated  from  nearby  soybean  fields 


or  horticultural  crops.  In  general,  the  incidence  of  clothianidin  was  not  strongly  correlated  with 
distance  from  the  edge  of  corn  fields  (up  to  a  max.  250m).  This  suggests  that  other  factors  (e.g., 
directionality,  soil  type,  genetic  variation  in  plant  traits  affecting  insecticide  uptake)  need  to  be 
factored  into  non-target  predictive  models. 
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Abstract  text: 

The  use  of  neonicotinoid  insecticides  as  seed  dressings  has  become  nearly  ubiquitous  within 
conventional  row  crop  agriculture.  The  extensive  use  of  such  products  have  conservationists  and 
researchers  concerned  for  the  health  of  non-targeted  organisms  which  might  be  exposed  to  the 
insecticide  through  a  number  of  pathways.  Over  three  site  years,  both  insecticide  treated 
(Cruiser®,  rate:  0.25  mg  a.i.  (thiamethoxam)/seed)  and  untreated  sunflower  (Helianthus  annuus 
[Family:  Asteraceae])  fields  were  planted  in  Eastern  and  Central  South  Dakota.  Foliar  predatory 
arthropod  communities,  as  well  as  leaf-tissue  insecticide  content  were  examined  regularly 
throughout  the  growing  season  to  compare  the  two  treatments.  An  additional  greenhouse  study 
was  performed  to  collect  and  quantify  toxins  in  extra-floral  nectar  (EFN)  from  treated  and 
untreated  sunflowers.  Seed-treated  fields  had  significantly  fewer  natural  enemies  than  the 
untreated  fields.  Thiamethoxam  and  clothianidin  (a  toxic  metabolite  of  thiamethoxam)  were 
found  at  high  levels  in  sunflower  leaf  tissue  early  in  the  growing  season  (through  V6)  but  levels 
quickly  fell  and  remained  relatively  low  for  the  remainder  of  plant  growth.  Yields  were 
unaffected  by  insecticidal  seed  treatments.  Extra-floral  nectar  collected  from  treated  plants  in  the 
greenhouse  study  contained  thiamethoxam  (ranging  from  1.23  ±  0.09  ppb  to  4.83  ±  0.63  ppb), 
but  no  clothianidin.  The  results  demonstrated  that  neonicotinoid  seed-treatments  negatively 
impact  beneficial  insect  communities.  Toxin-laden  EFN  was  identified  as  a  potential  route  of 
exposure  between  predators  and  seed-applied  neonicotinoids.  In  the  future,  the  risks  of  using 
insecticidal  seed  treatments  must  be  weighed  against  any  benefits. 
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Abstract  text: 

Some  target  pests  are  particularly  sensitive  to  neonicotinoid  seed  treatments,  whereas  non-target, 
non-insect  herbivores  (e.g.  slugs)  and  decomposers  (e.g.  millipedes)  may  be  less  sensitive. 
Because  field-realistic  neonicotinoid  concentrations  are  less  likely  to  kill  them,  insensitive 
species  may  pass  these  toxins  on  to  beneficial  predatory  arthropods,  causing  sublethal  effects  or 
mortality.  To  better  understand  the  influence  of  seed  treatments  on  non-target  invertebrates,  we 
characterized  the  soil  invertebrate  communities  in  soybean  fields  planted  with  treated  or 
untreated  seeds.  To  understand  the  risk  of  trophic  transfer  of  neonicotinoids  to  predators,  we 
conducted  greenhouse  experiments  and  fed  thiamethoxam-treated  soybeans  to  target  and  non¬ 
target  invertebrates.  We  used  a  modified  QuEChERS  method  and  LC/MS-MS  to  analyze 
thiamethoxam  and  clothianidin  concentrations  in  the  invertebrates  and  soy  tissue  at  the  time  of 
feeding.  We  related  these  neonicotinoid  level  to  each  other  (rate  of  transfer  from  plant  to 
invertebrate)  and  to  mortality  (efficacy).  By  assessing  neonicotinoid  levels  in  surviving 
invertebrates,  the  potential  trophic  transfer  of  insecticides,  and  the  influence  of  neonicotinoid 
seed  treatments  on  non-target  invertebrate  communities  in  crop  fields,  we  will  better  be  able  to 
assess  the  costs  and  benefits  of  these  ubiquitous  pest  management  tools. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Assessing  the  impacts  of  systemically-applied  imidacloprid  on  the  generalist 
hemipteran  predator  Jalysus  wickhami 


Author  Name:  Peter  Nelson 


Author  Institution:  North  Carolina  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Ecology  of  Pesticides,  Resistance, 
Toxicology,  and  Genetically  Modified  Crops:  Insecticides 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  2060 

DOI:  10. 1603/ICE.2016.1 14860 

Abstract  text: 

Jalysus  wickhami  is  a  generalist  hemipteran  predator  that  supplements  animal  prey  with  plant 
feeding  to  optimize  longevity  and  fecundity.  In  Southeastern  U.S.  flue-cured  tobacco  production, 
J.  wickhami  is  a  predator  of  several  economically  important  pests  including  Myzus  persicae , 
Heliothis  virescens,  and  Manduca  sexta.  Current  tobacco  management  practices  include  early 
season  pest  control  via  systemic  imidacloprid  applications  which  J.  wickhami  may  be  exposed  to 
through  plant  feeding.  Our  goal  was  to  investigate  the  impact  of  systemic  imidacloprid  on  J. 
wickhami  and  assess  the  compatibility  of  the  biological  control  agent  with  standard  pest 
management  practices.  Field  efforts  compared  predator  and  pest  abundance  and  predation  rates 
in  response  to  imidacloprid  applications,  while  laboratory  assays  investigated  toxicity  via 
multiple  routes  of  exposure.  Predator  and  pest  abundance  and  predation  rates  were  similar 
between  treatments  in  the  field,  while  laboratory  assays  revealed  J.  wickhami  is  exposed  to 
imidacloprid  via  plant  feeding  and  that  nymphs  are  more  tolerant  than  adults.  These  results 
indicate  nymph  tolerance  may  diminish  the  deleterious  effects  of  higher  plant  imidacloprid  titers 
early  in  the  season,  allowing  J.  wickhami  populations  to  grow.  Thus,  biological  control  provided 
by  J.  wickhami  appears  to  be  compatible  with  early-season  systemic  imidacloprid  applications  in 
flue-cured  tobacco  production. 
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Spotted  wilt  disease  caused  by  Tomato  spotted  wilt  virus  (TSWV)  is  a  major  constraint  in  peanut 
production,  and  tobacco  thrips  ( Frankliniella  fusca)  is  the  main  vector  species  in  the  southeastern 
United  States.  Insecticide  application  is  crucial  to  manage  thrips  populations.  One  of  the 
commonly  used  conventional  insecticides,  aldicarb,  will  be  phased  out  in  the  near  future  due  to 
its  broad-spectrum  toxicity.  The  effectiveness  of  alternative  insecticides,  particularly 
neonicotinoids,  to  control  thrips  is  being  evaluated.  However,  their  residual  toxicity  in  plants  and 
resistance  development  by  thrips  are  main  concerns.  In  the  current  study,  imidacloprid  and 
thiamethoxam  along  with  an  organophosphate  insecticide,  phorate,  were  evaluated  for  their 
effectiveness  on  thrips.  Residue  levels  of  insecticides  in  plants  were  assessed  by  collecting  plant 
tissues  at  10,  17,  24,  and  3 1  days  post-treatment  (DPT)  for  residue  analyses  and  thrips  bioassays. 
Membrane-based  feeding  assays  were  conducted  to  investigate  the  development  of  resistance 
against  insecticides.  Results  indicated  that  insecticide  residues  detected  in  leaf  tissues 
significantly  declined  after  10  DPT.  The  effectiveness  of  imidacloprid  and  phorate  to  cause 
thrips  mortality  largely  declined  after  10  DPT;  while  thrips  feeding  was  marginally  suppressed 
up  to  24  DPT.  Thiamethoxam  seed  treatment  neither  affected  thrips  mortality  nor  suppressed 
thrips  feeding.  A  baseline  for  insecticide  susceptibility  was  established  by  assessing  median 
lethal  concentrations  (LC50)  of  insecticides  with  thrips  from  a  laboratory  colony.  This 
information  was  subsequently  used  to  assess  the  resistance  status  of  field  populations.  Thrips 
populations  evaluated  had  similar  levels  of  susceptibility  to  the  selected  insecticides  and  were 
not  resistant  to  them. 
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The  western  flower  thrips,  Frankliniella  occidentalis  (Pergande)  is  a  worldwide  pest  of 
ornamental,  vegetable,  and  agronomic  crops  that  cause  injury  through  feeding,  ovipositing,  and 
the  transmission  of  tospoviruses.  Control  efforts  for  F.  occidentalis  have  relied  heavily  on 
insecticide  applications,  and  misuse  has  led  to  the  development  of  resistance.  In  order  to 
understand  the  current  status  of  resistance  of  F.  occidentalis  in  Florida,  the  susceptibility  of  F. 
occidentalis  is  being  evaluated  to  two  commonly  used  insecticides,  spinetoram  and  acetamiprid. 
Multiple  field  populations  of  F.  occidentalis  were  collected  from  several  geographic  locations 
throughout  Florida.  A  bean-dip  bioassay  was  used  to  determine  the  susceptibility  of  F. 
occidentalis  to  both  insecticides.  Green  beans  were  cut  into  25  mm  sections  and  submerged  in  10 
concentrations  of  each  insecticide  and  a  control  of  distilled  water  for  30  seconds.  They  were 
allowed  to  air  dry  and  placed  into  individual  diet  cups  with  lids.  Thrips  from  the  field 
populations  were  released  into  the  diet  cups.  Thrips  were  evaluated  after  24  and  48  hours  as  dead 
or  alive.  Results  from  the  bioassays  show  that  field  populations  of  F.  occidentalis  are  resistant  to 
spinetoram  and  acetamiprid  throughout  Florida.  Reliance  on  insecticides  for  control  of  F. 
occidentalis  is  not  a  sufficient  control  strategy.  Alternative  thrips  control  measures  such  as 
integrated  pest  management  programs  that  encompass  biological  control,  cultural  control, 
scouting,  host  plant  resistance  and  rotating  mode  of  action  classes  should  be  implemented  to 
conserve  insecticide  efficacy. 
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Helicoverpa  armigera  (Hiibner)  was  firstly  detected  in  Brazil  in  2013.  Understanding  the 
susceptibility  to  insecticides  in  H.  armigera  populations  in  Brazil  is  crucial  for  implementing 
Insect  Resistance  Management  (IRM)  programs.  In  this  study,  we  evaluated  the  susceptibility  of 
H.  armigera  populations  to  deltamethrin,  thiodicarb,  chlorpyrifos,  indoxacarb  and  chlorfenapyr. 
Initially,  we  determined  the  concentration-response  curves  to  these  insecticides  with  H.  armigera 
populations  collected  in  2013.  Then,  monitoring  of  insecticide  susceptibility  was  carried  out 
using  the  diagnostic  concentration  (based  on  LC99)  in  H.  armigera  populations  collected  from 
different  regions  and  host  plants  during  three  cropping  seasons  from  2014  to  2016.  Our  results 
indicated  that  H.  armigera  populations  collected  from  major  agricultural  regions  in  Brazil  are 
highly  tolerant  to  some  insecticides,  especially  to  deltamethrin  and  thiodicarb.  The  frequency  of 
CYP337B3  subfamily  of  the  cytochrome  P450  gene  was  very  high  (>95%)  in  all  populations  of 
H  armigera  accessed.  On  the  other  hand,  high  susceptibility  to  indoxacarb  and  chlorfenapyr  was 
observed  among  H.  armigera  populations  in  Brazil. 
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The  western  bean  cutworm  (WBC),  Striacosta  albicosta  (Smith)  (Lepidoptera:  Noctuidae),  a 
native  to  the  western  United  States,  is  a  destructive  pest  of  dry  beans  and  maize.  In  maize, 
economic  damage  occurs  by  larval  feeding  on  ears,  which  reduces  yield  and  quality.  Infestations 
occur  every  year  in  western  Nebraska  and  at  times  can  be  found  in  high  numbers  throughout  the 
state.  Traditionally,  pyrethroid  insecticides  have  been  used  to  control  larval  feeding.  However, 
farmers  and  crop  consultants  have  begun  to  express  concern  over  the  performance  of  existing 
insecticides.  In  response  to  reports  of  this  reduced  efficacy,  the  present  study  aims  to  establish  a 
baseline  of  susceptibility  to  bifenthrin,  a  commonly  used  pyrethroid,  and  its  effect  on  non-target 
arthropods.  Susceptibility  based  on  concentration-response  curves  generated  by  exposing 
neonate  WBC  to  increasing  insecticide  concentrations  will  be  used  to  establish  the  baseline. 


Preliminary  results  indicate  that  populations  from  fields  where  pyrethroids  have  been  exposed 
for  multiple  years  may  exhibit  reduced  susceptibility  when  compared  to  fields  where  pyrethroids 
have  yet  to  be  used.  In  order  to  assess  the  non-target  effects  of  foliar  insecticides  used  for  WBC, 
a  field  experiment  was  conducted  using  bifenthrin,  indoxacarb,  and  chlorantraniliprole.  Non¬ 
target  insects  were  collected  by  hand  and  using  yellow  sticky  cards  immediately  prior  to  spraying 
and  at  4  and  34  days  following  application.  Future  field  and  laboratory  studies  will  help  clarify 
the  impact  of  pyrethroids  on  non-target  arthropods  and  a  possible  decrease  in  susceptibility 
developed  by  WBC. 
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The  development  of  efficient  management  strategies,  particularly  with  pesticides  depends  on  the 
understanding  of  growth  potential  of  herbivore  pests.  Individual  level  responses  such  as 
mortality  or  fecundity  are  usually  assessed  by  conventional  in-vivo  bioassays  while 
biodemographic  studies  reflect  population  level  responses  more  accurately.  In  two  subsequent 
experiments  we  evaluated  life  history  parameters  of  the  soybean  aphid,  Aphis  glycines ,  and  lethal 
and  sub-lethal  effects  of  thiamethoxam  in  a  whole-plant  systemic  bioassays.  Comparisons  were 
made  between  colonies  pre-selected,  and  non-selected  with  thiamethoxam.  Soybean  seedlings 
were  allowed  to  take  up  the  insecticide  solutions  for  48  hours  followed  by  the  transfer  of  10 
wingless  aphids  per  clip  cage.  Mortality  was  recorded  after  7  days.  We  used  3  replications  per 
treatment  (5  thiamethoxam  concentrations  plus  the  control).  The  same  bioassay  was  used  to 
investigate  the  development  and  mortality  of  nymphs  and  the  longevity,  survivorship  and 
fecundity  of  adults.  The  data  were  then  used  to  construct  the  life  tables.  Daily  recordings  of 
survivorship  and  fecundity  were  obtained  from  a  single  neonate  per  clip-cage  with  one  cage  per 
plant.  The  experiment  was  repeated  6  times  per  treatment.  The  highest  LC50  and  EC50  values 
were  calculated  for  the  thiamethoxam-selected  colony.  Significant  differences  associated  with 


life  history  parameters  resulted  in  the  rates  of  population  growth  for  both  colonies.  Decreased 
survivorship  and  population  growth  inhibition  occurred  at  singular  concentrations  for  each 
colony.  Biodemography  measurements  were  shown  to  be  important  and  complementary  to 
bioassays  in  determining  and  predicting  the  sub-lethal  effects  of  thiamethoxam  on  soybean 
aphids  at  population  level. 
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Insecticide  seed  coating  is  a  common  prophylactic  practice  performed  in  soybean  to  control 
soybean  aphids  {Aphis  glycines  Matsumura).  Neonicotinoids  are  the  most  widely  used 
insecticides  for  seed  treatment.  The  soybean  aphid  is  a  devastating  pest  in  North  America  that 
causes  $2.4  billion  in  yield  losses  per  year.  Controversially,  neonicotinoid  seed  coating 
apparently  does  not  provide  significant  control  of  aphids  during  the  vegetative  growth  of 
soybeans,  and  its  prophylactic  use  has  been  questioned  (Johnson  et  al.  2009,  Magalhaes  et  al. 
2009).  Thus,  this  study  focuses  on  quantify  the  control  efficiency  of  aphids  by  neonicotinoid 
seed  coating  in  soybeans.  In  brief,  we  used  the  neonicotinoid-treated  soybean  material 
CruiserMaxx  Beans®  (Syngenta®,  Greensboro,  NC),  and  soybean  aphids  Biotype- 1  and 
Biotype-4.  Seed  coating  was  removed  from  seeds  as  control  treatment.  Soybean  plants  were 
grown  under  greenhouse  conditions  at  the  Ohio  Agricultural  Research  and  Development  Center, 
Wooster,  Ohio.  Plants  were  infested  with  aphids  at  7,  14,  28,  35,  and  42  days  after  sowing. 
Soybean  survival  was  recorded  every  24  h  the  following  three  days  after  infesting.  At  early 
stages  of  the  crop,  aphids  showed  significant  lower  survival  on  seed-coated  treatments  than 
control.  In  contrast,  at  35  days  after  planting  aphid  survival  was  similar  between  all  treatments. 
Aphid  Biotype- 1  and  Biotype-4  performed  similarly  on  all  treatments.  Our  study  suggests  that 
neonicotinoid  seed  coating  begins  to  lose  its  efficacy  to  control  aphids  around  35  days  after 
planting.  Research  supported  by  OARDC  SEEDS  grants  to  AM  and  LC. 
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The  use  of  sulfoxaflor  and  flupyradifrone  in  temperatures  under  15.5°C  (60°F)  has  been  believed 
to  result  in  decreased  efficacy  in  grain  sorghum  ( Sorghum  bicolor )  when  managing  sugarcane 
aphids  ( Melanaphis  sacchari).  This  study  was  conducted  at  the  Mississippi  State  University  R.R. 
Foil  Plant  Science  Research  Center  to  evaluate  the  efficacy  of  sulfoxaflor  and  flupyradifrone  at 
15.5°C  (60°F)  and  29.4°C  (85°F).  Asgrow  ‘54-00’  was  planted  and  treated  at  the  soft  dough 
growth  stage  with  sulfoxaflor  and  flupyradifrone  as  well  as  an  untreated  check.  Two  inch  leaf 
discs  were  removed  from  the  uppermost  leaf  below  the  flag  leaf  at  0  and  24  hours  and  3,  5,  7, 
and  10  days  after  treatment.  Leaf  discs  were  placed  in  water  agar  plates  and  infested  with  5 
aphids  per  dish  and  divided  for  each  temperature  tested  and  placed  in  growth  chambers.  Aphid 
mortality  was  recorded  at  48  hours.  Sulfoxaflor  and  Flupyradifuron  both  provided  good  control 
at  29.4°C  but  significantly  less  mortality  at  15.5°C  regardless  of  timing.  These  data  confirm  that 
growers  will  likely  experience  unacceptable  control  if  treating  sugarcane  aphids  during  periods 
cooler  temperatures. 
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The  western  corn  rootworm  Diabrotica  virgifera  virgifera  is  historically  one  of  the  main  insect 
threats  to  com  production  in  the  United  States.  For  decades,  the  western  corn  rootworm  control 
technology  history  has  been  a  repetitive  sequence  of  ephemeral  success,  fast  resistance  evolution, 
and  failure.  A  general  concern  is  the  reduction  of  viable  control  options  that  are  still  available  to 
control  the  western  corn  rootworm.  This  concern  has  been  reinforced  by  the  recent  confirmation 
of  field-evolved  resistance  of  D.  v.  virgifera  to  pyrethroids  in  southwestern  areas  of  both 
Nebraska  and  Kansas.  Therefore,  characterization  of  pyrethroid  resistance  mechanisms  are 
needed  to  develop  monitoring  tools  and  alternatives  for  farmers  as  well  as  understand  its 
evolution  in  the  field.  The  initial  approach  was  to  explore  knockdown  resistance  ( kdr )  usually 
associated  with  pyrethroid  resistance  in  other  insect  species.  Thus,  nucleic  acids  were  extracted 
from  bifenthrin- susceptible  and  -resistant  individuals  with  DNAzol®  protocol.  Then,  PCR 
reactions  and  DNA  sequencing  were  conducted  using  primers  designed  to  amplify  common 
known  kdr  and  super-Mr  point  mutations  in  insects’  sodium  channel.  Results  indicated  that  no 
point  mutation  was  found  in  the  kdr  sites  LI 014  and  T929  nor  in  the  super-Mr  site  M918  in 
western  corn  rootworm  beetles  resistant  to  bifenthrin.  This  suggests  that  bifenthrin  resistance  for 
this  species  could  be  related  to  a  different  Mr  point  mutation  and/or  other  mechanisms  of 
resistance.  Resistance  characterization  of  western  corn  rootworm  to  the  pyrethroid  insecticide 
bifenthrin  will  greatly  assist  in  the  planning  of  integrated  pest  management  programs. 
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Carboxylesterases  are  one  of  the  major  enzyme  families  involved  in  detoxification  of  pyrethroids 
and  up-regulation  of  carboxylesterase  genes  is  attributed  as  a  major  component  in  insecticide 
resistant  machineries  of  insects.  Based  on  our  house  fly  transcriptome  analysis,  a  total  of  39 
carboxylesterase  genes  were  identified  in  house  flies,  several  of  which  were  up-regulated  in  the 
resistant  ALHF  house  fly  strain  compared  with  susceptible  aabys  and  CS  strains.  Expression  of 
up-regulated  carboxylesterase  genes  in  Sf9  insect  cell  caused  increased  tolerance  of  cells  to 
permethrin.  In  vitro  metabolism  study  of  these  up-regulated  carboxylesterases  on  permethrin 
revealed  that  several  of  them  were  capable  of  metabolizing  permethrin  isomers  whereas  trans- 
permethrin  isomer  could  be  more  efficiently  hydrolyzed  by  carboxylesterases  compared  with  cis- 
permethrin,  suggesting  the  importance  of  these  up-regulated  carboxylesterase  genes  in 
permethrin  resistance  development  in  the  house  flies  through  detoxification  of  pyrethroids.  This 
conclusion  was  further  confirmed  by  modeling  and  permethrin  docking  analysis. 
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Abstract  text: 

To  understand  the  proximate  mechanism  of  olfactory-mediated  host  and  non-host  differentiation 
by  phytophagous  insects,  we  first  investigated  volatile  compounds  involved  in  the  olfactory 
attraction  and  discrimination  of  a  specialist  moth,  grape  berry  moth  (GBM),  Paralobesia 
viteana,  to  its  host  (grape)  and  a  non-host  (apple)  plant.  We  collected  headspace  volatiles  from 


live  grape  and  apple  shoots  using  activated  charcoal  traps  and  identified  volatile  compounds  that 
can  be  detected  by  GBM  antennae  using  a  combination  of  gas  chromatography  coupled  with 
electroantennographic  detection  (GC-EAD)  and  GC-MS.  We  have  determined  an  active  blend 
that  serves  as  an  attractant  to  mated  females  in  previous  flight  tunnel  work.  We  will  test  blends  in 
the  flight  tunnel  to  demonstrate  how  different  volatiles  and  mixtures  affect  moth  behavior  in  an 
agonist  or  antagonist  manner. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Apples  infested  with  the  oriental  fruit  moth  are  a  source  of  HIPVs  for  host- 
habitat  location  of  the  larval  parasitoid  Lytopylus  rufipes 

Author  Name:  Chia-Ming  Liu 

Author  Institution:  University  of  Tsukuba 

Session  Title:  Graduate  Student  Oral  Competition:  Insect  Chemical  Ecology 
Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  2071 
DOI:  10.1603/ICE.2016.1 13179 
Abstract  text: 

Introduction:  Lytopylus  rufipes  is  a  solitary,  larval  endoparasitoid  wasp  of  the  oriental  fruit 
moth,  Grapholita  molesta.  This  invasive  moth  can  cause  severe  internal  fruit  or  shoot  damage. 
We  observed  that  the  female  wasp  can  precisely  find  their  host  larva  within  infested  apple  fruit, 
but  in  laboratory  studies  it  never  attacked  the  exposed  larva  in  the  absence  of  the  apple  or  feces. 
We  then  speculated  that  Herbivore-Induced  Plant  Volatiles  (HIPVs)  emitted  from  the  infested 
apple  could  guide  the  female  wasp  for  oviposition. 

Methods:  To  test  this  hypothesis,  we  designed  a  series  of  two-choice  tests  among  non- infested, 
infested,  and  artificially  damaged  apples  using  a  4-arm  olfactometer. 

Results/Conclusion:  Female  wasps  spent  significantly  more  time  in  the  infested  apple  odor  than 
in  the  non-infested  apple  or  artificially  damaged  apple  odor.  These  results  indicated  that  female 
L.  rufipes  use  odor  to  discriminate  host-infested  apples  from  the  other  treatments.  Further  gas 
chromatography-mass  spectrometry  (GC-MS)  analyses  showed  different  profiles  in  each 
treatment.  This  may  provide  an  explanation,  at  least  in  part,  for  differences  in  behavioral 
responses. 
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Introduction:  It  is  well  known  that  oral  secretions  by  caterpillars  activates  the  production  of 
volatiles  in  leaves.  These  volatiles  attract  natural  enemies  of  the  caterpillar.  Silk  gland  secretion 
(SGS)  is  found  in  zones  of  foliar  feeding  damage  by  caterpillars.  However,  it  is  unknown 
whether  SGS  affects  the  production  of  volatiles  in  leaves.  The  objective  of  this  study  was  to 
reveal  the  role  of  SGS  by  using  Bombyx  mori  larvae  and  their  food,  mulberry  leaves. 

Methods:  We  ablated  the  spinneret  of  larvae  using  a  heat-pen  to  prevent  SGS  secretion.  We 
performed  GC-MS  analyses  on  the  volatiles  emitted  from  mulberry  leaves  infested  with  larvae 
unable  to  secrete  SGS.  We  analyzed  leaves  for  SGS  using  HPLC.  We  also  performed  cloning 
experiments  and  gene  expression  analysis. 

Results/Conclusion:  Mulberry  leaves  infested  with  larvae  unable  to  secrete  SGS  emitted 
significantly  higher  amounts  of  (Z)-3-hexen-l-yl  acetate  and  (Z)-3-hexen-l-ol  than  control 
(leaves  infested  with  normal  larvae).  We  found  a  32  kDa  protein  from  silk  gland  extract  that 
catalyzed  conversion  of  13-hydroperoxy  linolenic  acid  (13-HPOT)  into  13-oxo  linolenic  acid. 
The  gene  encoding  the  enzyme  had  been  assigned  as  an  ‘uncharacterized  protein’  in  the  NCBI 
database.  We  could  not  find  any  domains  in  the  database  so  far.  Therefore,  we  tentatively  named 
the  enzyme  fatty  acid  hydroperoxide  dehydratase  (BmFHD).  The  transcript  and  the  protein  were 
found  only  in  middle  silk  glands  of  B.  mori  larvae.  The  gene  expression  level  was  high  when 
larvae  fed  on  leaves. 
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Abstract  text: 

Bees  of  the  genus  Epeolus  (Hymenoptera:  Apidae)  are  exclusively  brood  parasites  of  the  solitary 
bee  genus  Colletes  (Hymenoptera:  Colletidae).  The  presence  of  obligate  host-parasite  species- 
species  relationships  suggests  that  coevolution  may  have  been  a  mechanism  through  which  both 
genera  diversified  (brood  parasites  alone  comprise  15%  of  the  known  bee 
fauna).  Epeolus  females  possess  specialized  morphological  and  behavioral  adaptations  to 
oviposit  within  the  polyester-lined  nests  of  their  hosts.  After  hatching,  the  Epeolus  larva  kills  the 
Colletes  larva  and  appropriates  the  pollen  food  stores  in  the  nest  for  itself,  a  strategy  known  as 
cleptoparasitism.  Using  gas  chromatography  (GC),  we  tested  the  hypothesis  that  there  should  be 
a  higher  degree  of  shared  chemistry  between  associated  host-cleptoparasite  species 
than  Epeolus  and  non-target  Colletes  as  a  result  of  odor  mimetism  (for  sneaking  into  host  nests 
undetected),  similar  biology  (e.g.  feeding  on  identical  floral  sources),  or  both.  Evidence  of 
chemical  mimetism  by  cleptoparasitic  bees  is  known  only  in  one  pair  of  coevolved  genera, 
Nomada  (cleptoparasite)  (Hymenoptera:  Apidae)  and  Andrena  (host)  (Hymenoptera: 
Andrenidae).  In  a  comparison  of  two  associated  Epeolus  and  Colletes  species  pairs,  we  found 
that  16%  of  all  compounds  detected  were  present  only  in  one  Epeolus  species  and  its  presumed 
host  species,  while  only  3%  were  present  only  in  one  Epeolus  species  and  the  non¬ 
target  Colletes  species.  Remaining  compounds  were  unique  to  a  particular  species,  sex,  or  genus, 
or  shared  by  all.  GC-mass  spectrometry  will  determine  if  the  shared  compounds  are  bee-derived 
(evidence  of  mimicry  by  coevolution)  or  plant-derived  (evidence  of  association  by  other  means). 
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Abstract  text: 

Plant  perception  of  herbivory  is  primarily  mediated  by  insect  oral  secretions  which  can  vary  in 
composition,  both  quantitatively  and  qualitatively.  Herbivory  perception  acts  in  such  a  way  to 
trigger  or  suppress  phytohormone  levels  and  plant  defense  responses.  In  order  to  understand  how 
the  components  of  different  oral  secretions  change  plant  defenses,  we  compared  volatile 
emission  patterns  over  time  in  tobacco  herbivorized  by  Heliothis  virescens,  Manduca  sexta,  and 
Trichoplusia  ni  larvae  and  damaged  with  elicitor  application.  Additionally  we  are  quantifying 
transcript  levels  of  enzymes  involved  in  the  biosynthesis  of  green  leaf  volatiles  -  in  particular, 
Lox  2  and  HPL  -  Lox  3  and  AOS,  the  corresponding  enzymes  in  the  jasmonic  acid  synthesis 
pathway.  Based  on  this  knowledge,  we  hope  to  describe  the  effect  that  species-specific  herbivore 
oral  secretions  have  on  the  same  plant  and  how  this  fits  in  the  larger  context  of  within  plant 
signaling. 
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Abstract  text: 


Introduction:  The  navel  orangeworm  ( Amyelois  transitella)  is  a  polyphagous  pest  in  California 
orchards.  There  is  considerable  evidence  that  this  moth  is  part  of  a  facultative  mutualism  with  the 
phytopathogenic  fungus  Aspergillus  flavus ,  and  our  previous  work  has  demonstrated  numerous 
benefits  accruing  to  both  species  from  their  association.  We  provided  evidence  for  fungal 
metabolism  of  furanocoumarins,  and  there  are  examples  of  fungal  metabolism  of  chemical 
insecticides  in  other  such  associations.  In  this  study,  we  investigated  the  effects  of  A. 
flavusprQSQncQ  on  insecticide  toxicity  to  navel  orangeworms.  Spinetoram  (a  spinosyn)  and 
bifenthrin  (a  pyrethroid)  are  used  in  orchard  sprays  in  California  to  manage  tree  nut  and  fruit 
pests. 

Methods:  We  conducted  feeding  assays  with  third  instars  on  almond  agar  diet  into  which 
bifenthrin  or  spinetoram  was  incorporated,  and  half  of  the  treatments  were  inoculated  with  A. 
flavus.  The  concentration  of  insecticides  was  0.01%  of  the  field  applications  to  adjust  for  dilution 
in  the  orchard  and  prevent  100%  mortality. 

Results/Conclusions:  Preliminary  results  show  that  larvae  survived  and  developed  better  on 
bifenthrin-treated  diet  than  on  diet  containing  spinetoram,  indicating  greater  inherent  resistance 
to  pyrethroids.  In  contrast  with  our  previous  furanocoumarin  assays,  however,  the  presence  of  A. 
flavus  increased  mortality  in  both  treatments.  This  outcome  is  likely  the  result  of  sublethal 
effects  of  the  insecticide  on  the  ability  of  larvae  to  prevent  opportunistic  infection  by  the  fungus. 
In  insecticide-treated  orchards,  the  germination  time  and  growth  rate  of  A.  flavus  are  likely 
important  in  deciding  whether  this  pest  association  is  beneficial  or  detrimental  to  navel 
orangeworm. 
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Abstract  text: 


Picture-winged  flies  ( Euxesta ,  Chaetopsis  spp.,  Diptera:  Ulidiidae)  are  severe  primary  pests  of 
sweet  corn  in  southern  Florida.  Females  oviposit  in  silks  and  larvae  consume  the  silks  and 
kernels,  rendering  the  ear  unmarketable.  Growers  treat  their  fields  with  numerous  broad 
spectrum  insecticide  applications  to  prevent  intolerable  silk  fly  damage.  Species  differ  in  their 
response  to  insecticides  which  are  critical  for  management.  Correct  identification  in  the  field  is 
difficult  due  to  the  insects’  active  behavior.  Identification  of  attractive  semiochemicals  may 
facilitate  development  of  improved  monitoring  and  management  strategies  for  these 
pests.  Oviposition  and  attraction  bioassays  in  the  lab  identified  frass  from  fall  armyworms 
( Spodoptera  frugiperda )  fed  on  corn  silk  and  corn  tassel  as  the  most  attractive  volatile  source  for 
these  flies.  An  electroantennography  (EAG)  method  was  devised  to  identify  raw  materials  that 
elicit  strong  olfactory  responses  from  which  volatiles  could  be  collected  and  identified. 
Electroantennography  further  demonstrated  that  silk-frass  volatiles  resulted  in  the  greatest 
antennal  response  for  all  three  species  tested.  Frass  volatiles  were  tentatively  identified  using 
GC-MS  and  twenty  four  were  tested  for  electrophysiological  activity.  Fly  response  to  the 
volatiles  differed  among  the  species.  Evaluation  of  these  chemicals  for  attractiveness  is  ongoing. 
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Introduction:  Cotesia  kariyai  (Hymenoptera:  Braconidae)  is  a  gregarious  larval  endoparasitoid  of 
the  rice  armyworm  Mythimna  separata  (Lepidoptera:  Noctuidae).  Previous  studies  reported  that 
food  plant  species  of  larval  M.  separata  affects  the  parasitism  success  rate  of  the  wasp.  Larvae 
fed  leaves  of  Japanese  radish,  Raphanus  sativus  (Brassicaceae),  were  less  susceptible  to 
parasitism  by  C.  kariyai  than  those  fed  Poaceae  plants.  Therefore,  we  hypothesize  that  secondary 
plant  chemicals  in  Japanese  radish  affect  survival/development  of  the  immature  wasps. 

Methods:  To  test  the  hypothesis,  we  focused  on  the  characteristic  secondary  plant  chemicals  of 
Brassicaceae  plants,  glucosinolates.  In  this  laboratory  study,  we  demonstrated  the  effects  of  allyl 


isothiocyanate  (AITC)  in  the  host’s  diet  on  parasitism  of  the  wasp.  AITC  is  a  hydro lyzate  of 
sinigrin,  which  is  one  of  the  major  glucosinorate  components  of  Japanese  radish. 

Results/Conclusions:  In  this  study,  larvae  were  allowed  to  feed  on  AITC-  supplemented  artificial 
diets  (O.OOlmg,  O.Olmg,  O.lmg,  0.2mg,  0.5mg/mg  artificial  diet)  after  parasitism  by  the  wasp 
(1st  day  of  6th  instar).  Then,  the  successful  parasitism  rate  and  the  number  of  emerged  wasps  per 
host  were  recorded.  We  found  that  both  parasitism  success  rate  and  the  number  of  emerged 
wasps  per  host  showed  negative  correlation  with  concentration  of  AITC.  This  means  that  AITC 
in  host  diet  affects  survival  of  parasitoid  egg/larva  in  host  body.  Consequently,  parasitoid 
survival  could  be  negatively  affected  by  glucosinolate  in  Japanese  radish. 
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introduction:  The  spined  soldier  bug,  Podisus  maculiventris ,  is  a  polyphagous  predator  likely 
using  herbivore-induced  plant  volatiles  (HIPVs)  for  foraging.  We  hypothesize  that  conditioning 
this  predator  to  HIPVs  may  increase  their  efficiency  as  biocontrol  agents.  However,  little  is 
known  about  olfactory  conditioning  in  predaceous  insects. 

Methods:  Assuming  a  response  by  P.  maculiventris  to  HIPVs  is  acquired  via  associative 
learning,  we  trained  individual  predators  to  associate  a  conditioned  stimulus  (the  synthetic  HIPV 
methyl  salicylate,  or  MeSA)  with  an  unconditioned  stimulus  (hemolymph  extracted  from  the 
tobacco  hornworm  Manduca  sexta  as  food),  expecting  attraction  to  this  volatile  when  paired  with 
a  food  reward.  After  experiencing  this  association,  we  assessed  adult  and  nymph  preferences 
toward  MeSA. 

Results/Conclusions:  We  found  that:  1.  Conditioned  nymphs  showed  an  orientation  response  to 
MeSA  whereas  adults  did  not  display  a  strong  preference  upon  conditioning,  suggesting  that 


olfactory  learning  abilities  may  vary  with  developmental  stage;  2.  Nymphs  that  responded 
positively  to  MeSA  retained  this  association  for  ca.  48  hrs  which  might  indicate  short  term 
memory,  habituation  and/or  replacements  of  olfactory  templates;  and  3.  The  response  of  nymphs 
was  the  same  regardless  of  the  number  of  volatile-food  pairings  (i.e.,  one  vs.  multiple  association 
experiences).  Overall,  our  results  provide  evidence  that  P.  maculiventris  nymphs  learn  to 
associate  HIPVs  with  prey  presence  and  they  are  more  likely  to  respond  to  conditioning 
protocols;  nevertheless,  the  information  they  acquire  appears  to  be  rapidly  modified.  These 
findings  suggest  that  immature  stages  outperform  adults  when  designing  pest  management 
practices  that  enhance  the  beneficial  effects  of  HIPVs  on  biological  control. 
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Introducton:  We  previously  developed  a  two-choice,  static  flow  olfactometer  to  evaluate  the 
attractiveness  of  mushroom-growing  substrates  to  the  female  mushroom  sciarid  fly,  Lycoriella 
ingenua ,  a  pest  of  the  cultivated  white  button  mushroom,  Agaricus  bisporus.  Gravid  female  flies 
are  more  attracted  to  the  mushroom  growing  compost  substrate  itself  than  the  white  button 
mushroom,  and  are  also  highly  attracted  to  the  mycoparasitc  green  mold,  Trichoderma 
aggressivum,  growing  both  in  culture  and  on  mushroom  compost. 

Methods:  In  an  attempt  to  identify  fungal  species  in  the  compost  eliciting  attraction  to  gravid 
female  flies,  we  isolated  several  fungal  species  from  adult  bodies,  larval  bodies,  larval  frass,  and 
mushroom  compost.  The  attraction  of  gravid  female  flies  to  these  isolated  fungal  species  cultured 
on  potato  dextrose  agar  (PDA)  was  examined  with  our  previously  described  two-choice,  static 
flow  olfactometer.  The  oviposition  behavior  of  gravid  female  flies  to  these  isolated  fungal 
species  was  examined  with  two-choice  oviposition  and  no  choice  oviposition  assays  in  small 


glass  Petri  dish  arenas  (5  cm  in  diameter).  These  isolated  fungal  cultures  were  always  challenged 
against  T.  aggressivum ,  the  most  attractive  substrate  we  have  found  thus  far. 

Results/Conclusions:  Female  flies  are  equally  attracted  to  and  will  lay  similar  numbers  of  eggs  in 
two  species  of  Penicillium  and  T.  aggressivum.  Here,  we  report  our  most  recent  findings 
evaluating  the  survivorship,  from  egg  to  adult,  on  each  of  the  isolated  fungal  cultures.  We  also 
report  our  attempts  to  identify  the  physiologically  active  volatile  emissions  from  these  isolated 
fungal  species  using  gas-chromatmatrography  coupled  electroantennogram  (GC-EAD) 
techniques. 
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Abstract  text: 

Introduction:  Nestmate  recognition  embodies  the  first  line  of  defense  for  social  insect  colonies. 
Thus,  enhancing  our  knowledge  of  nestmate  recognition  is  crucial  for  a  comprehensive 
understanding  of  social  insect  defense  strategies.  Colony  strategies  include  agonistic  behaviors, 
which  are  adaptive  when  the  benefits  of  securing  resources  outweigh  the  costs  of  aggressively 
defending  a  territory.  Costs  may  come  from  conspecific  neighbors  encroaching  on  a  territory  or 
from  floaters  passing  through.  To  reduce  territoriality  costs,  colonies  may  restrict  aggression  to 
entities  posing  the  greatest  threat,  or  to  seasons  when  resource  competition  is  high. 

Methods:  We  explored  the  effects  of  intercolony  experience  and  seasonality  on  territorial 
aggression  in  red  harvester  ants,  Pogonomyrmex  barbatus.  We  tested  these  two  factors  using 
both  paired,  worker-worker  interactions,  and  cuticular  hydrocarbon  (CHC)  coated  glass  bead 
assays  to  determine  their  effects  on  nestmate  recognition  behaviors. 


Results/Conclusions:  Our  results  show  that  P.  barbatus  workers  are  significantly  more 
aggressive  towards  non-nestmates  from  neighboring  colonies  than  more  distant  colonies,  and 
both  experience  and  familiarity  with  non-nestmates  have  significant  effects  on  aggression. 
Similarly,  when  presented  with  CHC  profiles  alone  (i.e.  glass  bead  assays),  worker  ants 
exhibited  significantly  more  aggression  towards  neighboring  colony  CHC  profiles  than  distant 
colony  profiles.  Notably,  however,  these  effects  appear  to  be  strongly  dependent  on  the  season  in 
which  the  workers  were  tested.  These  findings  indicate  that  P.  barbatus  shows  qualities  of  the 
“nasty  neighbor”  phenomenon,  and  that  variation  in  territorial  aggression  is  due,  in  part,  to 
associative  learning  of  neighboring  colony  recognition  cues  (i.e.  CHCs)  with  territoriality 
experience. 
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Insects  exploit  cuticular  hydrocarbons  (CHCs)  for  intra-  and  interspecific  communication  ( e.g ., 
as  sex,  territorial,  and  epideictic  pheromones,  and  for  caste  and  species  recognition).  However, 
the  genetics  underlying  CHC  biosynthesis  are  not  well  understood.  We  recently  discovered  an 
exceptional  case  of  intrasexual  CHC  profile  dimorphism  in  the  spiny  mason  wasp,  Odynerus 
spinipes  (Hymenoptera:  Vespidae).  Females,  but  not  males  of  the  spiny  mason  wasp  are  capable 
of  expressing  two  different  CHC  profiles  (chemotypes)  that  qualitatively  differ  in  more  than  70 
CHCs  from  each  other.  The  ability  to  express  two  chemotypes  is  likely  the  result  of  an 
evolutionary  arms  race  between  O.  spinipes  and  two  cleptoparasites,  the  cuckoo  wasps  Chrysis 
mediata  and  Pseudospinolia  neglecta  (Hymenoptera:  Chrysididae),  that  seek  to  mimic  the  CHC 
profile  of  their  host  in  order  to  evade  chemical  detection.  O.  spinipes  can  serve  as  a  model  to 
learn  more  about  the  genes  and  enzymes  involved  in  CHC  biosynthesis  in  insects.  Because 
females  of  O.  spinipes  expressing  different  chemotypes  occur  at  the  same  time  at  the  same 


locality,  they  should  primarily  differ  in  the  expression  of  CHC-related  genes.  We  therefore 
started  differential  gene  expression  analyses  and  readily  identified  more  than  20  candidate  genes. 
We  furthermore  started  field  experiments  with  which  we  aim  to  address  the  question  whether  or 
not  females  are  able  to  alter  their  CHC  profile  or  whether  their  CHC  profile  represents  a  life-time 
property. 
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Abstract  text: 

Introduction:  Flea  beetles  (FB),  Epitrix  spp.  and  Phyllotreta  spp.,  are  important  economic  pests 
of  vegetable  crops  in  North  America  particularly  eggplant  and  cabbage.  An  experiment  was 
conducted  in  Whitethorne,  Virginia  (USA)  on  both  eggplant  and  cabbage  in  2015  to  determine 
the  impact  of  FB  feeding  injury  on  crop  yield. 

Methods:  FB  density  and  defoliation  were  assessed  weekly  for  about  one  month  by  counting  the 
number  of  beetles  present  on  ten  plants  per  plot,  and  using  a  percent  defoliation  scale  counting 
10  randomly  selected  leaves  per  plot:  1=  no  defoliation;  2=  1-20%  defoliation;  3=  21-40% 
defoliation;  4=  41-60%  defoliation;  5=  >60%  defoliation.  After  1  month,  all  plots  were  treated 
with  a  broad  spectrum  insecticide  combination  to  eliminate  any  further  insect  injury.  Crop  yield 
was  assessed  on  eggplant  by  counting  the  number  of  eggplant  harvested  per  plot,  and  cabbage  by 
taking  the  total  weight  of  all  16  cabbage  heads  per  plot.  Individual  plants  were  monitored  using 
the  same  defoliation  scale  by  assigning  an  overall  defoliation  rating  1-5  to  the  entire  plant,  ten 
plants  were  used  for  each  category  of  defoliation.  Yield  of  these  individual  plants  was  also 
assessed  by  counting  the  number  of  eggplant  per  plant,  and  the  individual  weights  of  the  cabbage 
heads. 


Results/Conclusion:  The  predominant  FB  species  found  on  eggplant  was  Epitrix  fuscula  and  on 
cabbage  were  Phyllotreta  striolata  and  Phyllotreta  cruciferae.  There  was  a  significant  negative 
relationship  between  defoliation  rating  and  yield  in  both  crops  on  a  per  plot  basis  and  on  an 
individual  plant  basis. 
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Abstract  text: 

Introduction:  Application  of  foliar  insecticides  is  one  of  the  most  frequently  used  tactics  in  pest 
management  programs.  Some  insecticides  are  absorbed  and  redistributed  within  the  plant. 
Residuals  of  applications  can  also  last  for  several  days  on  a  leaf  surface  before  they  are  entirely 
degraded.  Although  absorption  of  active  ingredients  and  residuals  into  the  plant  are  useful  for 
controlling  pests,  insecticide  applications  may  potentially  affect  how  plants  reflect  light. 
Consequently,  measurements  of  plant  spectral  reflectance  after  insecticide  applications  may  not 
precisely  indicate  changes  caused  by  plant  stressors.  Our  objectives  were:  1)  determine  whether 
soybean  leaf  reflectance  is  affected  by  applying  foliar  insecticides  and  2)  determine  when  the 
effect  of  foliar  insecticides  on  soybean  reflectance  becomes  negligible. 

Methods:  Two  field  trials  and  one  greenhouse  trial  were  conducted  using  a  randomized  block 
design  and  a  completely  randomized  design,  respectively.  Treatments  for  field  and  greenhouse 
trials  consisted  of  an  untreated  check,  two  representatives  of  the  most  common  insecticide 
groups  used  in  the  north-central  U.S.  (i.e.,  ^-cyhalothrin  and  chlorpyrifos)  and  an  unregistered 
systemic  insecticide  (i.e.,  sulfoxaflor).  Insecticides  were  applied  at  labeled  rates.  Soybean 
reflectance  was  measured  using  a  hyperspectral  spectroradiometer  of  2151  wavelengths  from 
350  nm  (i.e.,  ultraviolet)  to  2500  nm  (i.e.,  far- infrared).  Evaluations  occurred  pre-insecticide 
application,  3,  24,  48,  96,  120  and  240  h  after  application  of  the  insecticides. 


Results/Conclusion:  Results  will  be  discussed  in  the  context  of  pest  scouting  via  remote  sensing 
and  evaluation  of  methodologies  for  manipulating  pest  abundance  in  remote  sensing 
experiments. 
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Abstract  text: 


Introduction:  Although  the  toxicity  of  ultraviolet  light  to  organisms  including  insects  is  well 
known,  it  is  unclear  whether  visible  light  is  harmful  to  insects.  Here,  we  investigated  the  lethal 
effect  of  visible  light  on  insects. 

Methods:  We  irradiated  pupae  of  three  insect  species  ( Drosophila  melanogaster,  Culex  pipiens 
molestus,  and  Tribolium  confusum)  with  various  light  wavelengths  (378-732  nm).  Further,  to 
evaluate  the  lethal  effects  of  light  on  developmental  stages  other  than  pupae,  we  irradiated  the 
eggs,  larvae,  and  adults  of  D.  melanogaster  with  various  light  wavelengths  (377-508  nm). 

Results/Conclusion:  Wavelengths  of  467  and  440  nm  were  lethal  to  D.  melanogaster  pupae;  417 
nm  had  the  strongest  lethal  effect  on  C.  pipiens  molestus  pupae,  and  404-467  nm  was  lethal  to  T. 
confusumpwpaQ.  These  results  reveal  that  irradiation  with  short-wavelength  visible  light  has  a 
strong  lethal  effect  on  insects  of  various  orders,  and  the  effective  wavelength  is  species-specific. 
Short-wavelength  visible  light  was  also  lethal  to  developmental  stages  of  D.  melanogasterothQY 
than  pupae.  The  lethal  effect  on  eggs  increased  with  decreasing  light  wavelengths.  Wavelengths 
of  405^165  nm  showed  almost  the  same  lethal  effect  on  larvae,  but  wavelength  of  494  nm  was 
not  lethal.  Wavelength  of  465  nm  notably  decreased  adult  longevity.  These  results  show  that  the 
effective  wavelength  varies  for  each  developmental  stage.  We  revealed,  to  our  knowledge,  for 
the  first  time  that  short-wavelength  visible  light  is  harmful  to  insects.  Thus,  the  irradiation  of 
visible  light  may  become  a  clean  and  safe  technique  for  pest  control. 
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Introduction:  Organic  and  conventional  farming  systems  broadly  differ  in  the  type  and  frequency 
of  fertilizer  and  insecticide  inputs.  Resulting  differences  in  soil  characteristics  and  pest  pressure 
both  might,  in  turn,  alter  plants’  ability  and  need  to  deploy  defenses  against  herbivores. 
Laboratory  experiments  have  demonstrated  that  soil  fertility  and  herbivore  attack  impact  gene 
expression  in  crop  plants,  but  such  effects  are  rarely  examined  within  real-world  farming 
systems. 

Methods:  In  our  study,  we  compared  gene  expression  profiles  for  foliage  collected  from  two 
commercially-managed  potato  (, Solarium  tuberosum)  fields,  one  organic  and  one  conventional, 
using  RNA  sequencing  (RNAseq).  We  found  that  a  wide  range  of  anti-herbivore  defense  genes 
were  upregulated  in  the  organic  compared  to  conventional  potato  field.  We  used  the  RNAseq 
data  to  further  explore  the  impact  of  farming  system  on  defense-gene  expression  by  using 
quantitative,  reverse  transcriptase  PCR  (qRT-PCR)  to  verify  a  general  upregulation  of  defense 
genes  in  organic  versus  conventional  potato  fields,  across  many  geographically-dispersed 
growers’  fields.  We  also  conducted  a  common-garden  experiment  to  examine  the  interactive 
effects  of  varying  soil-management  practices,  and  differing  herbivore  pressures,  on  defense-gene 
expression. 

Results/Conclusion:  Our  ultimate  goal  is  to  exploit  differences  in  soil  characteristics  and  pest 
communities  between  organic  and  conventional  management  practices,  to  gain  more-general 
insight  into  how  these  factors  impact  plants’  ability  and  likelihood  to  deploy  defenses  against 
herbivores. 
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Abstract  text: 


Introduction:  Mineral  oil  is  an  insecticide  used  to  control  a  variety  of  pests  and  to  reduce  non- 
persistent  virus  transmission.  Despite  its  use  in  potatoes  for  potato  virus  Y  (PVY)  control,  its 
effects  on  other  potato  pests,  such  as  Colorado  potato  beetle,  have  not  been  studied. 

Methods:  In  this  study,  we  performed  a  series  of  laboratory  experiments,  including  choice  and 
no-choice  bioassays  and  direct  sprays,  on  Colorado  potato  beetle,  green  peach  aphid,  and  potato 
aphid. 

Results/Conclusion:  The  results  showed  that  mineral  oil  affected  insect  behavior.  Both  species  of 
aphids,  as  well  as  adult  and  first-instar  potato  beetles,  were  less  likely  to  feed  on  potato  leaflets 
treated  with  oil.  The  results  suggest  that  mineral  oil  may  be  able  to  contribute  to  control  of 
aphids  and  Colorado  potato  beetle  in  potato. 
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Abstract  text: 

Introduction:  Much  of  the  agrochemical  spray  applied  to  crops  is  simply  to  maintain  effective 
residual  coverage.  With  a  traditional  airblast  sprayer  it  is  not  economical  or  practical  to  put  on 
repeated,  frequent  sprays;  however,  with  the  application  ease  of  a  solid  set  canopy  delivery 
system  (SSCDS)  it  becomes  a  possible  pest  management  tool. 

Methods:  We  conducted  an  experiment  at  the  Clarksville  Research  Center  evaluating  the 
relationship  between  insecticide  application  frequency  and  rate  on  codling  moth  (Cydia 
pomonella)  mortality.  Plots  consisted  of  single  trees,  replicated  4  times  with  a  buffer  tree  on 
either  side  of  each  treated  tree.  Five  treatments  were  applied  to  apples  with  a  spray  gun  in  a 
manner  simulating  SSCDS  exposure,  and  application  will  be  paired  with  a  spray  card 


measurement  so  coverage  levels  can  be  directly  compared  to  SSCDS.  We  used  Altacor®,  a 
modern,  reduced  risk  insecticide  and  compared  the  effect  of  application  intervals  total  active 
ingredient. 

Results/Conclusion:  Lower  rate,  frequent  applications  proved  to  be  as  effective  for  pest 
suppression  as  the  manufacturer's  recommendations  on  total  active  ingredients. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Temperature  effects  on  mating  and  fruit  infestation  by  the  grape  berry  moth, 
Paralobesia  viteana  Clemens  (Lepidoptera:  Tortricidae) 

Author  Name:  Keith  Mason 

Author  Institution:  Michigan  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Integrated  Pest  Management  and  Sustainable 
Agriculture:  Agricultural  Systems 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  2089 

DOI:  10.1603/ICE.2016.1 15297 

Abstract  text: 

Introduction:  Paralobesia  viteana  is  a  key  economic  pest  of  cultivated  grapes  in  eastern  North 
America.  This  fruit  feeding  tortricid  can  be  monitored  with  sex  pheromone  baited  traps,  but 
captures  of  male  P.  viteana  decline  over  the  course  of  a  season  while  fruit  infestation  increases. 
This  limits  the  utility  of  traps  for  predicting  infestation  and  for  timing  control  measures.  We 
investigated  how  temperature  influences  the  biology  of  P.  viteanaand  how  this  may  affect  the 
phenology  of  this  pest. 

Methods:  To  explore  the  effect  of  temperature  on  P.  viteana  biology,  we  measured  adult 
longevity,  mating  frequency  and  oviposition  in  lab  reared  P.  viteana  that  were  held  in  rearing 
chambers  at  10°C,  18°C  or  28°C  (60%  RH  and  17:7  L:D). 

Results/Conclusion:  A  significant  inverse  relationship  between  temperature  and  survival  was 
found.  Moths  held  at  10°C  survived  more  than  six  times  longer  than  moths  held  at  28°C.  The 
number  of  mating  pairs  was  higher  in  lab  colonies  that  were  held  at  28°C,  and  mating  events 
occurred  over  a  longer  period  of  the  diurnal  cycle,  compared  to  colonies  held  at  18°C  or  10°C. 
Oviposition  was  significantly  higher  at  28°C  than  at  the  other  temperatures,  and  this  likely 


contributes  directly  to  increased  infestation  in  the  middle  and  late  season.  The  patterns  observed 
in  adult  longevity,  mating  and  egg  laying  show  that  temperature  is  an  important  contributing 
factor  to  the  biology  of  P.  viteana.  We  discuss  how  these  findings  result  in  the  seasonal  patterns 
of  male  capture  and  vineyard  infestation  by  this  pest. 
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Abstract  text: 


Life-history  traits  can  have  a  direct  impact  on  an  organism’s  overall  fitness.  By  looking  at 
differences  in  life-history  traits  of  closely  related  insect  groups  we  can  better  understand  what 
drives  these  changes  and  how  they  affect  fitness.  The  European  corn  borer  (ECB),  Ostrinia 
nubilalis  (Hiibner),  is  a  polyphagous  insect  species  native  to  Europe,  where  it  is  widespread. 

ECB  is  considered  a  major  economic  pest  of  corn  in  the  United  States  and  Canada.  ECBs  have 
two  distinct  pheromone  races,  the  E  and  Z  races,  which  produce  different  ratios  of  two  isomers  in 
their  pheromone  blends.  The  pheromone  races  also  can  exhibit  variation  in  emergence  behavior 
and  host  plant  selection.  My  research  focuses  on  how  E  and  Z  ECB  larvae  differ  in  fitness  over 
the  course  of  their  development  due  to  changes  in  life-history  traits  on  a  range  of  potential  and 
historical  host  plants.  ECB  larvae  were  reared  on  plant-incorporated  diets  consisting  of  either 
Cry  IF  Bt  corn,  non-Bt  corn,  tomato,  or  hops.  Larvae  from  both  pheromone  races  were  measured 
for  variations  in:  (1)  growth  and  development,  (2)  pheromone  production,  (3)  fecundity,  and  (4) 
survival.  It  is  theorized  that  differences  in  these  fitness  traits,  even  minor  ones,  could  lead  to 
potential  increased  risk  in  the  development  of  resistance  to  current  pest  management  strategies 
for  ECB.  This  information  may  also  be  used  to  provide  a  better  understanding  of  fitness  trait 
trade-offs  for  similar  lepidopteran  agricultural  pest  species. 
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Abstract  text: 

Introduction:  Spiders  are  important  in  terrestrial  ecosystems  as  predators  and  a  food  source.  They 
are  primarily  influenced  by  changes  in  habitat  structure  because  it  provides  hunting  niches,  prey 
availability  and  cover.  Thus,  environmental  changes  caused  by  human  intervention  (e.g. 
agriculture,  forest  management)  that  influence  habitat  structure  can  influence  diversity.  We  aim 
to  investigate  the  effects  of  commonly  used  grazing  practices  on  sward  structure  and  to 
determine  its  relationship  with  spider  diversity  in  internationally  important  upland  calcareous 
grasslands.  These  habitats  are  some  of  the  most  species  rich  and  diverse  habitats  in  Europe  but 


are  threatened  due  to  agricultural  intensification  and  abandonment.  In  the  UK  there  is  currently 
disagreement  between  conservation  bodies  on  the  best  way  to  manage  this  important  resource. 
Typically  grazing  management  practices  are  altered  in  an  attempt  to  maintain  floristic  diversity 
whereas  benefits  to  the  invertebrate  community  have  been  overlooked. 

Methods:  We  examined  typical  grazing  regimes  (light  cattle  grazing,  light  sheep  grazing,  heavy 
sheep  grazing  and  no  grazing)  in  three  regions  of  upland  calcareous  grassland  in  Britain.  Spiders 
were  sampled  using  pitfall  traps  and  sward  structure  was  recorded  in  quadrats  paired  with  pitfall 
traps  sequentially  throughout  a  growing  season. 

Results/Conclusion:  Sward  structure  and  spider  assemblages  differed  among  grazing  treatments 
along  with  aspects  of  spider  diversity  which  can  be  attributed  to  sward  structure.  Management 
recommendations  are  made  to  inform  best  practice  for  supporting  spider  fauna. 
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Abstract  text: 

Introduction:  Early  detection  and  implementation  of  Hessian  fly,  Mayetiola  destructor  (Say) 
(Diptera:  Cecidomyiidae),  management  methods  are  dependent  on  cost  effective  and  efficient 
monitoring  strategies.  The  existing  monitoring  strategy  utilizing  the  Hessian  fly  female  sex- 
pheromone  is  effective;  however,  it  does  not  monitor  females.  Monitoring  of  female  Hessian 
flies  is  key  to  detecting  new  invasions  and  incorporating  trap  captures  into  management 
decisions.  Research  conducted  in  laboratory  settings  has  shown  Hessian  flies  are  attracted  to 
green  light  emitting  diodes  (LEDs)  (-525  nm)  at  high  intensities  (16  W/m2).  This  study  tests  the 
laboratory  results  under  field  conditions  by  examining  Hessian  fly  attraction  to  LEDs  (-525  nm, 
16  W/m2)  in  wheat  fields. 


Methods:  Hessian  fly  attraction  to  LEDs  was  tested  in  wheat  plots  (30  m  x  30  m) 

(n  =  5  reps/plot)  containing  a  centrally  located  Hessian  fly  LED  trap,  with  protein  marked  areas 
radiating  in  each  cardinal  direction  at  specific  distances  from  the  LED  trap.  ELISAs  were 
performed  on  Hessian  flies  captured  in  LED  trap  to  determine  the  shortest  distance  travelled  by 
each  fly  from  the  trap. 

Results/Conclusion:  Results  demonstrated  Hessian  fly  attraction  to  LEDs  under  field  conditions. 
The  results  suggest  the  potential  for  incorporation  of  LEDs  into  existing  Hessian  fly  female  sex 
pheromone  traps  to  increase  trap  capture,  and  ultimately  improve  monitoring  effectiveness. 
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Abstract  text: 

Introduction:  Corn  rootworms  (Diabrotica  spp.)  have  been  pests  of  economic  importance  on 
corn  for  over  a  century  in  the  United  States.  Damage  to  the  plant  occurs  as  a  result  of  root  injury 
due  to  larval  feeding.  For  the  past  ten  years,  growers  have  been  relying  primarily  upon  highly 
effective  corn  rootworm-active  Bacillus  thuringiensis  Berliner  (Bt)  transgenic  hybrids  to  control 
these  pests,  and  thereby  disregarding  classic  IPM  practices.  With  resistance  to  Bt- RW  traits,  the 
re-adoption  of  IPM  is  occurring  in  some  locations.  However,  growers  are  using  outdated 
scouting  thresholds  to  make  management  decisions  to  control  corn  rootworms.  This  study  aims 
to  establish  adult  corn  rootworm  thresholds  on  transgenic  hybrids  with  the  use  of  a  new  sticky 
trap. 


Methods:  Sticky  traps  were  placed  throughout  a  field  in  the  growing  season  prior  to  a  corn 
rootworm-active  transgenic  hybrid  comparison.  The  hybrid  comparison  consisted  of  a  factorial 
treatment  arrangement  of  10  different  hybrids  (differing  in  their  number  of  corn  rootworm 
resistant  Bt  hybrids)  laid  out  in  a  randomized  complete  block  design.  Beetle  emergence  was  used 
as  an  indicator  of  population  levels  and  root  injury  was  evaluated  to  determine  the  level  of 
damage  to  the  corn  plant. 

Results/Conclusion:  The  previous  standard  for  sticky  trap  scouting  for  corn  rootworms,  Pherocon 
AM,  no  longer  provides  the  most  accurate  prediction  of  population  levels  for  use  in  threshold 
determination. 
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Introduction:  Induced  host  plant  resistance  research  is  currently  drawing  a  great  deal  of  attention. 
While  biotic  factors  are  most  well  studied,  abiotic  inducing  agents  are  gaining  attention  as  well. 
There  is  evidence  that  an  herbicide,  2,  4-dichlorophenoxyacetic  acid,  may  induce  plant  defense 
to  insects.  We  have  expanded  upon  this  area  by  looking  at  an  array  of  herbicides,  and  how  they 
affect  a  major  Louisiana  rice  pest,  the  rice  water  weevil  ( Lissorhoptrus  oryzophilus).  It  is  the 
most  economically  important  pest  of  rice  in  the  U.S.  This  insect  has  spread  from  its  native  region 
in  North  America  and  has  become  a  global  pest.  We  hypothesize  that  herbicides  affect  the 
biology  of  the  weevil  as  evidenced  by  lower  larval  numbers  in  herbicide  treated  rice. 

Methods:  We  have  tested  our  hypothesis  over  two  field  seasons.  In  order  to  investigate,  we  used 
Clearfield  rice  variety  CL1 1 1.  The  chosen  herbicides  included  2,  4-dichlorophenoxyacetic  acid, 
Command,  Newpath,  and  Ricebeaux.  In  the  second  season  we  added  treatments  of  Propanil  and 


Thiobencarb.  We  applied  each  at  the  highest  label  rate  during  the  four  leaf  stage.  Two  days  after 
application  the  field  was  flooded,  and  rice  water  weevils  allowed  to  naturally  infest.  We 
hypothesized  that  the  herbicides  would  induce  hormonal  defenses  in  the  rice,  potentially 
reducing  insect  oviposition  or  increasing  larval  mortality.  In  order  to  measure  this  we  sampled 
for  rice  water  weevil  eggs,  counted  larval  emergence  from  roots,  and  did  core  soil  samples  for 
each  plot. 

Results/Conclusion:  Results  indicate  that  there  were  differential  effects  on  weevils,  depending 
upon  the  herbicide. 
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Introduction:  Simulium  damnosum  sensu  lato  is  a  complex  of  many  sibling  species  of  blackflies 
which  transmit  onchocerciasis  in  varying  capacities  based  on  their  ecological  distribution.  The 
current  status  of  disease  transmission  is  not  well  established  in  many  endemic  states  in  Nigeria. 
This  study,  therefore,  examined  S.  damnosum  populations  and  transmission  dynamics  at  Iwo, 

Ede  and  Obokun,  which  represent  Guinea- Savanna  (GS),  Derived-Savanna  (DS)  and  Rainforest 
(RF)  zones  respectively  in  Osun  State  of  southwestern  Nigeria. 

Methods:  Adult  biting  flies  were  collected  for  two  consecutive  days  fortnightly  from  October 
2014  to  August  2015  in  each  location.  The  flies  were  separated  based  on  the  colours  of  wing  tuft, 
forecoxa,  antennae  and  other  morphotaxonomic  features  into  savanna  and  forest  dwellers,  and 
then  dissected  for  parity  and  infectivity  following  standard  protocol. 


Results/Conclusion:  A  total  of  5 13  flies  were  caught  with  DS  having  the  highest  number  of  the 
flies  (68.03%)  while  RF  had  the  lowest  (1.75%).  Savanna  and  forest  dwelling  flies  constituted 
34.31%  and  65.69%  of  total  flies  in  the  three  zones  and  there  was  no  significant  difference 
(p>0.05)  in  fly  populations.  There  was  significant  variation  (p<0.05)  in  wing  tuft  colours  among 
forest  flies  whereas  savanna  flies  had  pale  wing  tufts.  The  overall  parous  rate  was  38.39%  but 
none  dissected  was  infected  with  the  Onchocerca  parasite.  Molecular  studies  to  validate  sibling 
composition  and  fly  infectivity  are  ongoing.  The  presence  of  high  numbesr  of  savanna  flies  calls 
for  continued  surveillance  to  monitor  potential  transmission  of  the  blinding  strain  of  the  parasite 
and  guide  in  making  decisions  concerning  vector  and  disease  control. 
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Introduction:  Simulium  jenningsi  (Diptera:  Simuliidae)  is  a  nuisance  black  fly  found  throughout 
the  mid- Atlantic  U.S.  In  western  Maryland  these  flies,  colloquially  known  as  gnats,  are  reported 
to  form  bothersome  swarms  in  some  communities  but  are  nearly  absent  from  others.  Locally 
variable  swarming  patterns  provided  us  with  an  opportunity  to  examine  the  spatial, 
environmental,  and  societal  factors  associated  with  nuisance  black  flies  with  the  goal  to  better 
inform  future  area-wide  management  efforts.  Our  objectives  were  to:  1.  determine  the 
relationship  between  land  cover,  elevation,  and  meteorological  variables  on  the  number  of  adult 
flies,  2.  describe  the  spatial  relationship  between  the  adult  nuisance  swarms  and  larval  habitats, 

3.  assess  the  perception  of  black  flies  and  quality  of  life  concerns  of  residents. 

Methods:  To  determine  the  spatial  patterns  of  the  nuisance  swarms,  adult  flies  were  collected  at 
250  sites  over  two  summers.  The  relationship  between  black  fly  swarms  and 
spatial/meteorological  variables  were  analyzed  using  a  generalized  linear  model  approach. 


Larval  collections  determined  the  location  and  relative  productivity  of  sites  within  the  Potomac 
River. 

Results/Conclusion:  Productive  larval  habitats  were  spatially  associated  with  sites  containing 
large  numbers  of  adult  flies.  Resident  perception  of  the  nuisance  problem  and  avoided  outdoor 
activities  were  assessed  using  surveys.  Residents  reported  many  negative  impacts  of  the  black 
flies  on  their  quality  of  life  during  the  summer,  particularly  within  communities  in  the  Pleasant 
Valley  region.  The  spatial  variation  in  fly  abundance  and  resident  perception  of  the  nuisance  in 
this  region  will  be  important  factors  to  address  in  future  management  and  outreach  programs. 
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Introduction:  Phlebotomine  sand  flies  are  of  considerable  public  health  importance  because  of 
their  ability  to  transmit  several  viral,  bacterial,  and  protozoal  diseases  of  humans  and  animals 
such  as  Leishmaniasis.  The  identification  of  circulating  sand  fly  species  in  endemic  and 
surrounding  areas  with  Leishmaniasis  is  important  for  risk  and  disease  expansion  predictions.  In 
the  Sudan,  Leishmaniasis  (and  in  particular  the  visceral  form)  has  been  one  of  the  most  important 
health  problems.  Environmental  changes  and  factors  such  as  poverty  and  malnutrition 
complicates  control  of  the  disease.  In  addition,  its  distribution  has  expanded  to  non-endemic 
areas. 

Methods:  Several  field  trips  were  conducted  during  2012  and  2015  at  different  sites  around 
Sudan  to  collect  sandflies.  Specimens  were  identified  morphologically  using  the  characteristics 
as  described  in  identification  keys.  Using  two  species,  Phlebotomus  orientalis  and  Phlebotomus 
papatasi ,  a  land  mark-geometric  morphometric  analysis  was  applied  on  the  right  wing  for  each 


specimen  using  Image  J  software  to  study  the  intraspecific  differences.  The  analysis  of  ITS2 
region  and  sequencing  were  applied  and  species-specific  primers  were  designed  for  each  species 
for  the  diagnostic  multiplex  PCR.  A  restriction  fragment  length  polymorphism  (RFLP)  assay 
using  two  restriction  enzymes,  Alul  and  MS  II. 

Results/Conclusion:  The  results  revealed  diagnostic  fragments  able  to  differentiate  between 
species.  This  study  is  the  first  report  of  application  of  multiplex-RFLP  to  identify  some  Sudanese 
phlebotomine  sandflies  and  for  studying  the  ITS2  region  of  Phlebotomus  orientalis  from  Sudan. 
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Introduction:  In  Tonga,  both  dengue  and  chikungunya  fevers  cause  numerous  deaths  each  year. 
An  outbreak  of  chikungunya  virus  in  April  2014  infected  10,000  Tongan  residents,  resulting  in 
numerous  fatalities.  Surprisingly  few  mosquito  studies  have  been  conducted  in  Tonga,  leading  to 
a  paucity  of  information  on  Tongan  mosquito  species. 

Methods:  We  sampled  mosquito  larvae  at  84  sites  throughout  the  Tongatapu  Island  Group  in 
December  2013.  Water  chemistry  measurements  (temperature,  pH,  dissolved  oxygen, 
conductivity),  habitat  type,  and  GPS  points  were  also  recorded. 

Results/Conclusion:  Nine  species  of  mosquitoes  were  collected,  including  the  invasive  Asian 
tiger  mosquito  ( Aedes  albopictus ).  This  is  only  the  second  known  collection  of  this  mosquito  in 
Tonga  since  it  was  first  recorded  in  2012.  Ae.  albopictus,  Ae.  aegypti ,  and  Culex 
quinquefasciatus  were  the  most  commonly  occurring  species.  Ae.  albopictus  co-occurred  with 


the  introduced  species  Cx.  quinquefasciatus,  Ae.  aegypti,  and  the  endemic  Stegomyia,  Ae. 
tongae.  Larvae  of  the  collected  species  favoured  artificial  habitats,  with  abandoned  car  tires 
being  the  most  common  container  habitat  in  which  they  were  found.  From  this  research,  an 
identification  key  for  Tongan  mosquito  larvae  is  being  produced  to  aid  correct  identifications. 
Increasing  public  awareness  and  the  reduction  of  known  mosquito  habitats  may  aid  in  decreasing 
dengue  and  chikungunya  incidence  within  the  Kingdom  of  Tonga. 
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Introduction:  Despite  the  improvement  in  health  conditions  across  the  world  during  the  last 
decades,  communicable  diseases  remain  among  the  leading  mortality  causes  in  many  countries. 
Combating  communicable  diseases  depends  upon  surveillance,  preventive  measures,  outbreak 
investigation  and  the  establishment  of  control  measures.  Major  uncertainties  over  the  burden  of 
dengue  are  present  worldwide.  New,  improved  methods  for  assessing  the  burden  of  dengue  are 
greatly  needed.  Delays  in  obtaining  country  level  data  of  confirmed  dengue  cases  are  prompting 
new  efforts  for  short-  to  medium-term  data.  News  article  content  can  reveal  how  uncertainties, 
public  health  messages,  and  expert  findings  are  communicated  to  the  public. 

Methods:  We  analyzed  dengue  news  articles  in  Asian  countries  for  each  month  of  2014  using 
text  mining  cluster  analysis.  We  investigated  how  the  reports  cluster  together  by  month,  and 
uncover  how  dengue  cases,  public  health  messages  and  research  findings  are  communicated  in 
the  press. 

Results/Conclusion:  We  (1)  uncover  underlying  topics  from  news  articles  that  discuss  dengue  in 
Asian  countries  for  2014;  (2)  construct  an  evolution  graph  of  the  topics  through  the  year;  and  (3) 
analyze  the  life  cycle  of  the  dengue  news  articles  in  Asia,  then  relate  them  to  rainfall,  monthly 


reported  dengue  cases,  and  the  Breteau  Index.  We  show  that  the  five  main  topics  discussed  in 
2014  in  Asian  newspapers  correspond  to:  (1)  prevention;  (2)  reported  dengue  cases;  (3)  politics; 
(4)  research;  and  (5)  prevention  of  other  diseases.  Based  in  our  findings,  we  conclude  that  the 
proposed  method  facilitates  the  effective  discovery  of  interesting  evolutionary  dengue  themes 
and  patterns. 
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Introduction:  Malaria  is  a  disease  caused  by  Plasmodium  microorganisms  that  kill  half  a  million 
children  per  year.  While  a  multiple  approach  attack  on  malaria  has  been  in  effect  for  some  time, 
hundreds  of  thousands  of  people  still  die  each  year  due  to  infection  by  this  preventable  and 
treatable  disease  carried  by  a  prolific  vector  -  AnophelesmosqmXoQS.  In  rural  or  agricultural  areas 
of  malaria- stricken  countries,  cattle  may  be  kept  near  homes  and  may  provide  an  additional 
blood  meal  for  these  mosquitoes,  in  some  cases  even  drawing  mosquitoes  away  via 
zooprophylaxis  (the  use  of  animals  to  attract  insects  away  from  human  hosts).  This  study  tested 
the  ability  of  the  new  LongRange  eprinomectin  injectable  cattle  drug  to  kill  or  sublethally  affect 
mosquitoes.  LongRange  claims  to  protect  beef  cattle  against  endoparasites  and  lice  for  up  to  five 
months  with  little  residual  presence  of  the  drug  after  this  time,  but  it  has  not  been  tested  for 
control  of  mosquitoes  or  other  Dipterans. 

Methods:  Mosquitoes  in  this  study  were  first  fed  in  the  lab  on  cattle  blood  treated  with 
LongRange.  Next,  at  monthly  intervals  mosquitoes  were  fed  directly  on  single-  and  double-  dose 
treated  Angus  cattle  and  were  observed  after  feeding  to  determine  lethality  or  any  sublethal 
effects. 


Results/Conclusion:  All  mosquitoes  fed  in  the  lab  on  cattle  blood  treated  with  LongRange  died 
within  24  hours  at  the  recommended  dose.  If  successful,  this  LongRange  drug  could  provide 
assistance  in  long-term  control  for  zoophilic  mosquitoes,  especially  when  coupled  with  other 
protection  such  as  insecticide-treated  bed  nets. 
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Introduciton:  Vector  saliva  has  been  associated  with  disease  severity,  and  the  antibodies  elicited 
by  the  saliva  have  been  used  as  an  indicator  for  exposure.  In  Taiwan,  there  is  a  subtle  difference 
between  the  distribution  of  the  two  dengue  vectors.  Aedes  albopictus  is  widely  spread  throughout 
the  island  while  Ae.  aegypti  is  found  in  the  southern  part  of  Taiwan  where  major  outbreaks 
occurred.  In  the  study,  serum  samples  from  dengue  patients  dwelling  in  north  and  south  Taiwan 
were  examined  for  antibodies  against  mosquito  salivary  proteins. 

Methods:  Fourteen  and  12  immunogens  were  detected  in  the  salivary  gland  extract  of  Ae. 
albopictus  and  Ae.  aegypti ,  respectively.  The  290-kDa  salivary  proteins  were  the  most  frequent 
immunogens  in  both  Aedes  mosquitoes,  followed  by  the  68/69-,  30-,  and  37-kDa  proteins.  A 
cross-adsorbed  western  blot  was  applied  to  remove  homologous  antibodies. 

Results/Conclusion:  Four  (50%)  and  2  (25%)  samples  from  Taipei  appeared  not  to  be  affected  by 
the  pre-adsorption  of  salivary  gland  extract  of  Ae.  albopictus  and  still  reacted  to  the  290-  and  69- 
kDa  proteins  of  Ae.  aegypti.  Three  (75%)  and  2  (50%)  samples  from  southern  Taiwan  remained 
to  bind  to  the  290-  and  69-kDa  proteins,  too.  However,  six  (75%)  and  5  (62.5%)  samples  from 
Taipei  interacted  with  the  290-  and  68-kDa  salivary  proteins  of  Ae.  albopictus  after  pre¬ 
adsorption,  but  only  one  (25%)  sample  from  southern  Taiwan  was  intact  and  reacted  to  the  68- 


kDa  protein.  Further  identification  of  species-specific  fragments  would  be  helpful  to  clarify  the 
roles  Ae.  aegypti  and  Ae.  albopictus  play  in  dengue  epidemics  in  Taiwan. 
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Introduction:  Aedes  aegypti  mosquitoes  transmit  several  human  disease  viruses.  Yellow  fever 
virus,  Dengue  fever  virus,  Chikungunya  virus,  and  the  now  quickly  emerging  Zika  virus. 
Understanding  how  these  mosquitoes  find  their  hosts  is  therefore  important  to  human  health. 

Methods:  This  study  used  a  wind  tunnel  to  elucidate  how  Aedes  aegypti  mosquitoes  host  seek 
when  visual  cues  are  masked  from  them.  The  wind  tunnel  contained  a  carbon  dioxide  plume  and 
a  patch  of  human  odor  on  a  visually  homogenous  background. 
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Mosquitoes  are  the  vectors  of  numerous  human  pathogens  that  kill  or  debilitate  millions  of 
humans  each  year.  Aedes  aegypti  is  a  vector  of  four  important  human  disease  viruses:  dengue, 
yellow  fever,  chikungunya,  and  Zika.  Because  A.  aegypti  has  a  wide  global  distribution  and 
thrives  in  urban  environments,  it  poses  a  serious  risk  to  human  health.  Pyrethroid  insecticides, 
such  as  permethrin,  are  widely  used  for  mosquito  control,  including  A.  aegypti.  The  extensive 
use  of  pyrethroids  to  control  Ae.  aegypti  in  the  past  decades  has  resulted  in  resistance  that  is  now 
found  worldwide.  Insecticide  resistance  is  a  major  obstacle  to  the  control  of  medically  significant 
arthropod  pests  and  will  directly  impact  the  re-emergence  of  vector-borne  diseases.  To 
effectively  manage  the  evolution  of  resistance  it  is  important  to  know  the  levels  of  resistance 
conferred  by  specific  mutations.  I  have  created  a  strain  of  Ae.  aegypti  that  contains  two  Vssc 
mutations,  S989P+V1016G  (IsoKDR),  but  has  the  same  genetic  background  as  the  susceptible 
ROCK  strain.  Although  this  combination  of  mutations  was  shown  to  make  VSSC  less  sensitive 
to  pyrethroids  in  in  vitro  Xenopus  oocyte  expression  studies,  the  in  vivo  levels  of  resistance 
conferred  to  pyrethroids  is  unknown.  I  will  report  on  the  patterns  of  cross-resistance  conferred  by 
the  S989P+V1016G  mutations  to  structurally  diverse  pyrethroids.  The  implications  of  these 
results  to  the  control  of  Ae.  aegypti  will  be  discussed. 
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Abstract  text: 


Introduction:  Mosquito-borne  viruses,  namely  chikungunya,  dengue  and  zika  are  quickly 
becoming  a  problem  in  the  western  hemisphere.  A.  aegypti  mosquitoes,  the  principle  vectors  of 
these  viruses,  are  vigorously  breeding  in  water  containers  around  people’s  homes.  Juvenile 
hormone  analogues  affect  the  metmorphoshis  of  insects,  effectively  preventing  them  from 
reaching  adulthood. 

Methods:  A.  aegypti  mosquitoes  were  exposed  to  one  of  two  environments.  The  first  habitat  was 
water  where  pyriproxyfen  was  directly  pipeted  at  varying  doses.  The  other  habitat  was  water 
containing  chips  treated  with  10r|g  of  pyriproxyfen  in  a  polymer.  Both  experiments  used  clean, 
unchlorinated  water. 

Results/Conclusion:  Results  of  this  study  showed  that,  when  pyriproxyfen  was  directly  added  to 
water  at  1  PPB,  it  is  not  as  effective  as  when  larvae  are  exposed  at  10  PPB.  Experiments  also 
showed  that  pyriproxyfen  is  effective  at  all  larval  stages  of  the  mosquito.  When  applied  in  a 
polymer  onto  chips,  pyriproxyfen  killed  100%  of  mosquitoes,  showing  that  it  can  be  applied  onto 
small  objects  that  are  added  to  containers  where  Ae.  aegypti  are  likely  to  breed.  Pyriproxyfen 
hindered  the  mosquito’s  ability  to  completely  form  new  cuticle  in  the  larval  and  pupal  stages, 
preventing  normal  development  and  causing  death  before  adult  mosquito  development. 
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Introduction:  Human  driven  land  use  change  has  many  negative  repercussions,  one  of  the  most 
concerning  being  the  spread  of  vector-borne  diseases.  However,  little  research  has  addressed 


how  land  use  change,  specifically  suburban  development,  affects  mosquito  species  assemblages 
and  subsequent  pathogen  transmission. 

Methods:  Between  June  and  October  of  2015,  host-seeking  mosquitoes  were  sampled  biweekly 
in  neighborhoods  of  different  ages  in  Wake  County,  North  Carolina.  As  mosquito  assemblages 
are  dramatically  different  between  woodlots  and  fields,  suburban  areas  that  were  previously  each 
of  these  land-use  types  before  development  were  sampled  in  every  age  category.  All  mosquitoes 
were  identified  to  species  and  their  parity  assessed. 

Results/Conclusion:  Nearly  half  of  the  sampled  mosquitoes  were  Aedes  albopictus ,  an  invasive 
container  breeding  species  that  is  known  to  be  peridomestic.  Overall  mosquito  diversity 
decreased  with  increasing  neighborhood  age,  with  wild  sites  and  recently  developed  suburban 
sites  having  the  most  mosquito  species  present.  Suburban  developments  also  had  different 
mosquito  assemblages  when  compared  to  their  undeveloped  counterparts.  Land  use  changes  due 
to  suburban  development,  along  with  the  resultant  alterations  in  mosquito  assemblages,  could 
potentially  change  vector-borne  disease  risk  for  humans  and  their  companion  animals. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Midgut  basal  lamina  remodeling  during  arbovirus  dissemination  in  Aedes 
aegypti 

Author  Name:  Asher  Kantor 

Author  Institution:  University  of  Missouri 

Session  Title:  Graduate  Student  Oral  Competition:  Medical  and  Veterinary  Entomology:  Biting 
Diptera 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  2107 
DOI:  10.1603/ICE.2016.1 13005 
Abstract  text: 

During  systemic  infection  of  the  arthropod  vector,  arboviruses  must  cross  several  tissue  barriers 
associated  with  midgut,  fat  body,  and  salivary  glands  and  infect  these  organs  before  being 
transmitted  to  a  new  vertebrate  host.  The  organs  are  lined  with  a  basal  lamina  (BL)  whose  size 
exclusion  limit  does  not  allow  the  passage  of  virus  particles.  This  leads  to  the  hypothesis  that  the 
BL  consisting  of  collagen  (IV),  laminin,  and  peptidoglycans  needs  to  be  modified  to  enable  virus 
particles  to  pass  through.  Our  current  research  examines  how  arboviruses,  such  as  chikungunya 


virus  (CHIKV,  Togaviridae,  Alphavirus ),  disseminate  through  the  midgut-associated  BL  of 
Aedes  aegypti.  We  show  that  during  bloodmeal  digestion,  collagen  in  the  midgut  is  degraded  and 
later  on  restored  again  coinciding  with  the  time  window  during  which  CHIKV  is  disseminating 
from  the  midgut.  Matrix  metalloproteinases  (MMPs)  are  a  group  of  extra-cellular  proteases 
known  to  play  a  major  role  in  developmental  tissue  remodeling  and  wound  healing  processes. 
MMPs  are  known  to  have  collagenase  activity,  which  could  play  a  role  in  BL  remodeling.  The 
Ae.  aegypti  genome  encodes  nine  putative  MMPs  (Ae-MMPs),  which  do  not  share  any 
homology  with  mammalian  MMPs.  Here  we  characterize  the  basic  structures  and  expression 
patterns  of  Ae-MMPs  in  the  presence  of  a  CHIKV  infection,  and  assess  whether  any  Ae-MMPs 
are  capable  of  degrading  collagen  IV  in  the  mosquito.  These  findings  pave  the  road  for  further 
studies  aimed  at  assessing  whether  Ae-MMP  activity  is  a  critical  factor  affecting  arbovirus 
dissemination  in  mosquitoes. 
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Introduction:  With  outbreaks  of  mosquito-borne  diseases  resurging  in  recent  years,  particularly 
in  urban  areas,  there  is  a  need  for  improved  mosquito  suppression  that  is  efficient  and  cost- 
effective.  Because  the  primary  vectors  of  diseases  such  as  Yellow  Fever,  Chikungunya,  and  Zika 
are  the  anthropophilic  Aedes  aegypti  and  Aedes  albopictus ,  such  control  measures  must  be  able 
to  reach  their  cryptic  breeding  sites,  something  that  traditional  applications  of  insecticides  have 
not  been  particularly  successful  at  accomplishing.  Recent  work  has  shown  that  the  use  of  the 
insect  growth  regulator,  pyriproxyfen,  can  result  in  the  auto-dissemination  of  the  chemical  by 
mosquitoes  to  their  breeding  sites,  where  it  can  act  to  kill  mosquitoes  in  their  pupal  stage.  In 
addition  to  auto-dissemination,  exposure  of  female  mosquitoes  to  pyriproxyfen  has  been  shown 


to  reduce  fecundity.  Our  study  works  to  add  these  benefits  of  pyriproxyfen  to  traditional 
suburban  mosquito  control  measures. 

Methods:  Aiming  to  increase  the  duration  and  effect  of  backyard  residual  spray  treatments  to  8 
weeks,  pyriproxyfen  was  combined  with  lambda-cyhalothrin  at  the  mid-label  rate  and  sprayed 
around  the  perimeter  of  suburban  backyards.  Adult  mosquito  surveillance  with  both  CDC  light 
traps  and  gravid  traps  was  conducted.  Larval  cups  were  set  out  to  measure  reduction  in  breeding 
capacity  in  each  yard.  We  also  performed  adult  mosquito  bioassays  with  leaves  collected  in  the 
yards,  as  well  as  human  landing  rate  counts. 

Results/Conclusion:  After  8  weeks,  the  difference  between  treatments  had  subsided  when 
measured  with  human  landing  rate  counts  and  leaf  bioassays,  however  both  were  still  more 
effective  than  our  control  treatment. 
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Curculio  longinasus  Chittenden,  1927  (Coleoptera:  Curculionidae),  is  a  weevil  species  common 
throughout  the  southwestern  United  States.  It  uses  its  rostrum  -  a  very  slender,  curved,  beak-like 
projection  of  the  head  -  to  excavate  tunnels  in  plant  organs  (such  as  acorns)  for  oviposition. 
Once  the  apical  portion  of  the  rostrum  has  been  inserted  into  the  preferred  substrate  for 
oviposition,  the  female  begins  rotating  around  the  perimeter  of  the  hole,  elevating  her  head  by 
extending  the  fore-legs,  and  rotating  the  head  in  place  in  a  drilling  motion.  This  action  causes 
significant  elastic  deformation  of  the  rostrum,  which  will  bend  until  it  becomes  completely 
straight.  To  better  understand  the  mechanical  behavior  of  the  cuticle  as  it  undergoes  deformation 
during  the  preparation  of  oviposition  sites,  we  develop  a  comprehensive  micro/macro  model  of 


the  micromechanical  structure  and  properties  of  the  cuticle,  spanning  across  all  cuticular  regions, 
and  reliably  mirroring  the  resultant  macroscale  properties  of  the  cuticle.  Our  modeling  approach 
relies  on  the  use  of  multi-scale,  hierarchical  biomaterial  representation,  and  employs  various 
micromechanical  schemata  -  e.g.,  Mori-Tanaka,  Effective  Field,  and  Maxwell  -  to  calculate  the 
homogenized  properties  of  representative  volume  elements  at  each  level  in  the  hierarchy.  We 
describe  the  configuration  and  behavior  of  this  model  in  detail,  and  discuss  the  theoretical 
implications  and  limitations  of  this  approach  with  emphasis  on  future  biomechanical  and 
comparative  evolutionary  research. 
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Sexual  dimorphisms  arise  from  asymmetrical  selection  pressures  such  as  mate  choice,  predation 
risk,  or  intrasexual  conflict.  The  scaling  relationship  between  trait  size  and  body  size  can  hint  at 
the  type  of  selection  shaping  traits,  as  the  balance  between  selection  on  body  size  and  trait  size, 
whether  directional,  stabilizing,  or  disruptive,  shapes  allometric  relationships.  Burying  beetles  of 
the  genus  Nicrophorus  express  orange-on-black  clypeal  markings,  but  the  function  of  these 
markings  remains  unclear.  We  investigated  the  sexual  size  and  shape  dimorphism  of  these 
markings,  as  well  as  the  allometric  scaling  relationship  between  marking  area  and  pronotum 
width  in  Nicrophorus  orbicollis ,  N.  pustulatus,  and  N.  tomentosus.  Though  body  size  between 
sexes  was  monomorphic,  mean  marking  size  in  males  was  invariably  larger  than  in  females. 
Nonetheless,  marking  size  allometry  scaled  positively  (SMA  slope  >  1)  for  both  sexes  in  all  three 
species,  suggesting  directional  selection  on  both  male  and  female  marking  area  without  direct 
viability  costs,  or  strong  genetic  and  epigenetic  correlation  between  the  sexes’  marking  size. 
Slopes  were  significantly  different  for  males  and  females  only  in  N  pustulatus ,  where  males 
displayed  more  positive  scaling.  Mean  male  and  female  marking  shapes  were  significantly 
different  for  all  species  and  all  sexes.  The  trajectory  of  shape  change  across  body  size  were 


significantly  different  between  N.  pustulatus  sexes.  Clypeal  markings  in  Nicrophorus  beetles  are 
both  sexually  size  and  shape  dimorphic,  and  vary  among  species.  We  hypothesize  that  clypeal 
markings  in  Nicrophorus  beetles  provide  information  about  sex,  species,  and  body  size, 
promoting  their  use  as  class-level  recognition  signals. 
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Introduction:  The  genus  Carpophilus  Stephens  (Coleoptera:  Nitidulidae),  and  relatives,  comprise 
a  large  lineage  of  diverse  and  economically  important  “sap”  beetles  with  over  250  described 
species.  These  beetles  are  well  known  for  the  diverse  life  history  strategies  they  employ.  Certain 
members  of  this  group  are  considered  secondary  pests  on  corn,  pests  in  stored  grain,  or 
pollinators  of  cycads.  This  combination  of  beneficial  and  economically  injurious  species  within 
the  lineage  illustrates  the  need  for  rapid  species  identification  and  a  robust  taxonomic 
framework.  Despite  their  significant  ecological  and  economic  significance,  their  classification 
remains  unstable  and  no  modern  investigations  of  carpophiline  phylogeny  exist. 

Methods:  We  sampled  exemplar  species  representing  genera  in  the  Carpophilinae  in  order  to 
reconstruct  a  molecular  phylogenetic  hypothesis  for  the  subfamily  and  determine  relationships 
among  genera  and  subgenera  therein.  Specimens  representing  45  species  and  3  genera  were 
sampled  from  all  major  ecoregions  worldwide. 

Results/Conclusion:  We  generated  a  phylogeny  of  Carpophilinae  based  on  DNA  sequence  data 
from  10  genes  for  approximately  50  taxa  using  the  “WideSeq”  pipeline  and  Illumina  MiSeq 
platform  at  Purdue  University.  We  used  the  resulting  topology  to  elucidate  origins  of  ecological 
traits  and  provide  an  updated  classification  for  the  group  including  taxonomic  recommendations 
regarding  subgeneric  limits. 
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Introduction:  The  evolutionary  success  of  insects  is  due  in  part  to  the  diversification  and 
differential  function  of  their  mouthparts.  Work  in  the  flour  beetle,  Tribolium  castaneum 
(Tenebrionidae)  and,  to  a  lesser  extent,  the  dung  beetle  Onthophagus  taurus  (Scarabaeidae)  have 
investigated  mouthpart  patterning  in  broad  strokes;  however,  little  attention  has  been  yet  given  as 
to  whether  the  same  genes  that  specify  mouthpart  type  ( e.g .  labrum,  mandible,  maxilla,  labium) 
are  likewise  involved  in  the  creation  of  apomorphic  traits.  Extra-mandibular  processes  have 
arisen  independently  in  at  least  four  weevil  clades  (Attelabidae:  Rhynchitinae;  Curculionidae: 
Brachycerinae,  Entiminae  and  Baridinae)  and  are  believed  to  be  essential  in  pupal  eclosion. 

Here,  the  development  of  mandibular  cusps  in  the  citrus  root  weevil,  Diaprepes  abbreviatus 
(Curculionidae:  Entiminae),  an  agricultural  pest  of  citrus  and  avocado,  were  investigated  using 
RNA-interference. 

Methods:  Injections  with  dsRNA  were  carried  out  in  the  pre-pupal  stage  for  eight  genes:  distal- 
less  (dll),  dachshund  (dac),  homothorax  (hth),  keren  (i krn ),  deformed  ( dfd ),  cap-n- 
collar  ( cnc ),  paired  (prd ),  and  Notch  (A). 

Results/Conclusion:  Overall,  pupal  phenotypes  were  found  to  be  relatively  unaffected,  yet 
suggest:  cnc  may  aid  in  the  specification  of  mandibles;  dac  is  incorporated  in  development  of  all 
mouthparts;  and  dfd  is  involved  in  the  formation  of  palpi.  Interestingly,  N  knockdowns  produce 
severe  malformations  in  the  body,  but  mouthparts  appear  relatively  unaffected.  Mandibular  cusps 
were  found  to  vary  with  respect  to  their  width,  length,  curvature,  and  edge-pointedness,  but  were 
never  completely  absent.  Studies  such  as  this  open  the  floor  for  expansion  into  other  species  to 
inform  phylogenetic  reconstruction  and  establishment  of  primary  homology. 
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Bark  beetles  (Coleoptera:  Curculionidae:  Scolytinae)  are  often  overlooked  because  of  their 
minute  size  and  cryptic  life  histories.  However  their  association  with  dead  and  dying  host  trees 
make  them  important  decomposers  in  forest  ecosystems  worldwide.  Ambrosia  beetles  are  bark 
beetles  that  live  in  association  with  fungi  and  thus  provide  additional  recycling  services. 
Occasionally  these  fungi  are  highly  pathogenic  to  live  trees,  making  a  handful  of  ambrosia 
beetles  destructive  pests  and  potentially  devastating  invaders  to  novel  regions.  The  Xyleborini 
fauna  of  South  America  is  relatively  unknown  and  could  harbor  potential  threats  to  the  health  of 
American  agricultural,  nursery  and  forest  trees.  Indeed,  Coptoborus  ochromactonus  Smith  and 
Cognato  was  recently  discovered  as  a  pest  to  balsa  tees  in  Ecuador.  To  gain  a  greater 
understanding  of  this  potential  threat,  we  focused  on  the  diversity  of  Coptoborus/Theoborus 
species.  We  reconstructed  a  phylogeny  of  40  species  using  DNA  from  mitochondrial  and  nuclear 
loci,  showing  that  Coptoborus  is  polyphyletic  and  identified  a  potential  new  genus  and  several 
new  species. 
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Since  the  description  of  the  genus  Trichodocerus  Chevrolat  in  1879,  its  phylogenetic  position 
within  Curculionidae  (Coleoptera)  has  remained  enigmatic  due  to  several  peculiar  morphological 
features.  Although  current  classification  places  the  genus  in  its  own  tribe  within  the 
Conoderinae,  there  is  a  lack  of  cladistic  evidence  supporting  its  relationship  with  the  conoderines 
or  any  of  the  other  three  subfamilies  it  was  previously  place  in.  The  genus  is  revised  and  new 
insights  from  cladistic  analysis  regarding  its  relationship  to  other  weevils  are  discussed  along 
with  its  natural  history  and  behavior. 
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The  Omaliine  rove  beetle  genus  Phlaeopterus  Motschulsky,  1853  exhibits  an  interesting 
association  with  alpine  snowfields  and  streams  in  northwestern  North  America  and  Siberia, 
making  these  beetles  particularly  sensitive  to  the  impacts  of  a  warming  climate.  Prior  to  our 


work,  no  formal  revision  of  Phlaeopterus  had  been  published  and  the  genus  contained  15 
species.  We  present  the  first  Bayesian  and  maximum  likelihood  phylogeny  of  Phlaeopterus 
using  morphological  and  molecular  data.  A  summary  of  the  resulting  taxonomic  revision  is 
provided,  including  the  description  of  8  new  species  originally  proposed  in  the  unpublished  work 
of  J.M.  Campbell. 
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Introduction:  Psyllids  (Hemiptera:  Psylloidea)  are  of  increasing  concern  worldwide  for  their 
capacity  to  vector  disease-causing  bacteria  of  plants;  for  example,  the  Candidatus  Liberibacter 
spp.  vectored  by  Bactericera  cockerelli  causing  zebra  chip  disease,  and  by  Diaphorina 
citri  causing  Huanglongbing  disease.  However,  they  are  amongst  hundreds  of  psyllid  species, 
many  of  which  are  poorly  studied  and  difficult  to  distinguish  or  are  completely  undescribed. 
Therefore  diagnosis  and  host  plant  ranges  relative  to  those  of  pest  species  are  confounded,  and 
any  possible  role  in  maintaining  disease-causing  bacteria  in  the  environment  is  almost  impossible 
to  assess.  This  study  aims  to  understand  which  psyllid  species  are  present  in  New  Zealand  and 
what  their  natural  microflora  community  consists  of.  Then,  by  comparison  with  those  psyllid 
species  also  present  in  Australia,  any  insight  into  the  relationships  between  psyllids,  their 
microflora  and  host  plants  in  terms  of  new  invasions  will  be  considered. 

Methods:  Field-collected  specimens  from  >400  locations  around  New  Zealand  and  Australia 
were  used  to  generate  (a)  a  multi-marker  phylogenetic  analysis  of  the  psyllids  using  Cytochrome 
Oxidase  Subunit  1,  18S  and  ATP8/ATP6  and  (b)  a  microflora  16S  amplicon  metabarcoding 
(MiSeq,  Illumina)  analysis. 


Results/Conclusion:  Morphological  and  phylogenetic  analysis  resulted  in  the  identification  of 
more  than  70  different  taxa  of  psyllids  in  New  Zealand,  including  newly  introduced  and 
undescribed  species.  The  Next  Generation  Sequencing  data  showed  for  the  first  time  the 
considerable  biodiversity  of  psyllid  microflora.  Interestingly,  similarities  in  the  microfloral 
patterns  appear  to  follow  both  psyllid  phylogenetic  relationships  as  well  as  geographical 
distribution. 
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Nannocoris  Reuter,  a  diverse  genus  of  minute  litter  bugs  within  the  family  Schizopteridae 
(Hemiptera:  Dipsocoromorpha).  This  genus  is  currently  known  from  12  described  species  from 
the  New  World,  with  greatest  diversity  in  the  Neotropics.  Assessing  the  diversity,  let  alone 
natural  history,  of  these  obscure  insects  is  difficult  as  they  are  tiny  (1mm)  and  rarely  collected. 
Our  ongoing  survey  of  Nannocoris  has  revealed  at  least  four  times  as  many  undescribed  species 
that  exhibit  drastic  species-specific  differences  with  respect  to  head  shape  and  male  genitalia 
morphology.  Compared  to  other  genera  of  Schizopteridae,  Nannocoris  displays  dramatic 
variation  in  length  of  the  male  intromittent  organ,  the  so-called  vesica,  ranging  from  one  quarter 
of  the  total  body  length  to  about  10  times  the  body  length  in  different  species  -  a  trait  that  has 
potentially  driven  the  diversification  in  this  genus.  Our  molecular  hypothesis  is  the  first 
phylogenetic  analysis  of  the  group,  testing  the  monophyly  of  the  genus  and  investigating  species 
level  relationships  across  Nannocoris.  Using  ancestral  state  reconstruction,  this  phylogeny  is 
used  to  investigate  the  origin  of  the  pointed,  elongate  head  that  is  found  in  some  but  not  all 
species  of  Nannocoris  and  to  trace  the  evolution  of  the  exaggerated  male  vesica. 
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The  Orthotylinae  (Hemiptera:  Heteroptera)  are  the  third  largest  subfamily  of  the  plant  bug  family 
Miridae.  A  recent  reclassification  of  the  subfamily  recognised  six  tribes:  Nichomachini, 
Ceratocapsini,  Austromirini,  Halticini,  Coridromiini  and  Orthotylini.  This  study  reports  on  novel 
relationships  of  the  Orthotylinae  with  an  emphasis  on  Australian  taxa.  The  reclassification  of  the 
Orthotylinae  is  based  on  a  molecular  phylogenetic  analysis  using  parsimony  and  model  based 
analyses.  These  analyses  were  based  on  four  markers  (16s,  18s,  28s  and  COI)  for  223  ingroup 
and  79  outgroup  taxa.  This  study  resulted  in  the  recognition  of  a  monophyletic  Orthotylinae, 
status  of  the  Austromirini,  and  the  recognition  of  new  genus-groups  within  the  Orthotylini. 
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Abstract  text: 

Taxonomic  diversity  of  the  Heteropteran  family  Schizopteridae  is  largely  understudied  as 
demonstrated  by  recent  revisionary  work  (e.g.,  Hill  2004,  2013,  2014,  2015;  Redei  2008;  Redei 
et  al.  2012).  This  is  particularly  true  for  the  Corixidea  genus  group,  which  is  one  of  the  most 
abundant  Neotropical  groups  of  Schizopteridae.  In  addition  to  its  undescribed  diversity,  the 
Corixidea  group  also  suffers  from  confusing  generic  diagnoses  of  incorporated  genera.  The  main 
difficulties  result  from  strong  sexual  dimorphism,  limited  distributional  data,  little  effort  of 
previous  authors  to  study  type  material  of  the  described  species,  not  to  mention  the  minute  size 
(1-1.5  mm)  and  cryptic  habitat  (leaf  litter)  of  the  Corixidea  group  representatives.  The  group  was 
never  given  a  formal  taxonomic  rank,  and  its  monophyly  has  never  been  tested.  In  the  present 
study  we  attempt  to  deal  with  the  above  outlined  difficulties  with  the  help  of  the  largest 
collection  of  the  Corixidea  group  specimens,  assembled  at  UCR  as  a  part  of  an  NSF  ARTS  grant. 
Implementing  both  morphological  and  molecular  approaches,  we  test  monophyly  of  the 
Corixidea  genus  group  and  recover  its  phylogenetic  position  within  the  family.  With  the  help  of 
the  available  type  material  we  revise  the  limits  of  existing  genera  and  describe  new  species.  We 
also  devote  attention  to  the  sexual  dimorphism  of  group  representatives,  implement  molecular 
barcoding  methods  to  match  conspecific  males  and  females,  and  finally  investigate  unusual 
morphological  features  of  male  specimens  of  the  Corixidea  genus  group. 
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Introduction:  Male  supra-anal  plate  and  cecrci  are  considered  as  external  part  of  male  genitalia  of 
Acrididae,  Pamphagidae  and  Pyrgomorphidae.  Taxonomic  significance  of  internal  genitalia  such 


as  epiphallus  and  aedeagus  was  already  known  for  identification  and  classification  in  various 
families  and  subfamilies  of  Acridoidea  and  Pyrgomorphoidea  .  However  the  taxonomic 
significance  of  male  supra-anal  plate  and  cerci  has  not  been  shown.  The  aim  of  this  study  was  an 
attempt  to  discover  their  significance  for  the  identification  of  grasshopper  genera  and  species.  In 
the  study,  a  comparative  investigation  of  male  supra-anal  plate  and  cerci  was  undertaken  in 
eighty  two  species  of  grasshoppers  representing  fifty -two  genera  belonging  to  the  family 
Acrididae,  Pamphagidae  and  Pyrgomorphidae. 

Methods:  A  comparative  study  of  male  supra-anal  plate  and  cerci  was  carried  out  in  eighty -two 
species  of  grasshoppers  representing  fifty-two  genera  of  Superfamily  Acridoidea  and 
Pyrgomorphoidea. 

Results/Conclusion:  The  study  revealed  that  the  shape  and  size  of  male  supra-anal  plate  and  cerci 
have  significant  value  in  separating  various  genera  and  species  of  Acridoidea  and 
Pyrgomorphoidea.  Shape  of  male  supra-anal  plate  and  cerci  is  considered  as  generic  character 
while  the  shape  of  their  apices  is  suggested  to  be  a  specific  character  in  genera  i.e.  Oxya, 
Dibolocatantops ,  Xenocatantops ,  Anacridium,  Heteracris,  Eucoptacra ,  Truxalis ,  Aulacobothrus , 
Acrotylus ,  Aiolopus,  Oedaleus,  Sphingonotus  Orchilidia,  Anacridium,  Orthacris,  Poekilocerus 
and  Atractomorpha. 
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Introduction:  Crickets  have  a  remarkable  ability  to  communicate  with  conspecific  individuals  by 
means  of  songs.  Mating  songs  are  divided  into  two  types:  calling  and  courtship.  In  mating,  male 
size  is  an  important  parameter,  as  it  reflects  the  extent  of  an  individual’s  adaptation  to  a  given 
environment.  How  body  size  information  is  transferred  from  males  to  females,  however,  is 
unclear.  We  analyzed  the  effect  of  body  size  on  frequency  spectra  of  mating  songs  in  Gryllus 
bimaculatus.  We  also  established  a  method  to  artificially  enlarge  the  crickets  to  further 
investigate  the  effect  of  body  size. 

Methods:  Crickets  were  purchased  from  local  suppliers  in  Japan.  We  recorded  calling  and 
courtship  songs  from  different  individuals  and  performed  bioacoustic  analyses.  We  conducted 
bioacoustic  analyses  using  R.  To  enlarge  the  crickets,  we  fed  them  a  diet  containing  honeybee 
royal  jelly. 

Results/ConclusiomThe  major  frequency  component(s)  of  the  calling  or  courtship  song  remained 
constant  regardless  of  body  size.  In  contrast,  the  acoustic  sources  of  the  songs,  the  harp  and  the 
mirror  in  the  forewings,  correlated  positively  with  body  size.  These  findings  suggest  that  the 
frequency  contents  of  mating  songs  are  unaffected  by  whole  body,  harp,  or  mirror  size  in  G. 
bimaculatus. This  property  may  reflect  the  importance  of  song  frequency  as  an  identity  marker 
during  communication  with  conspecifics.  Crickets  fed  the  royal  jelly-containing  diet  had  larger 
bodies  compared  to  those  fed  the  basal  diet.  We  plan  to  further  evaluate  the  relationship  between 
body  size  and  song  parameters  using  the  larger  crickets. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Towards  a  comprehensive  knowledge  of  Pyrgomorphidae  (Orthoptera: 
Caelifera)  systematics 

Author  Name:  Ricardo  Marino-Perez 

Author  Institution:  Texas  A&M  University 

Session  Title:  Graduate  Student  Oral  Competition:  Morphology,  Systematics,  and  Phylogeny: 
Beetles,  Bugs,  and  Others 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  2122 
DOI:  10. 1603/ICE.2016.1 14926 
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The  systematics  of  gaudy  grasshoppers  (Orthoptera:  Pyrgomorphidae)  has  been  tested  in  a 
phylogenetic  framework  for  the  very  first  time.  We  built  a  phylogeny  based  on  93  morphological 
characters  from  41  genera  (out  of  150).  We  recovered  the  family  as  a  monophyletic  group  and 
we  did  not  recover  the  monophyly  of  the  two  subfamilies  (Orthacridinae  and  Pyrgomorphinae). 
We  recovered  some  tribes  as  monophyletic  groups  but  others  as  paraphyletic  groups.  In  our 
opinion,  for  certain  groups  of  Pyrgomorphidae,  it  was  an  over- splitting  at  tribal  level.  We  found 
relationships  between  certain  groups  of  tribes  and  subtribes  and  we  proposed  a  preliminary 
classification  without  assigning  any  taxonomical  category.  In  another  study,  we  reconstructed  a 
phylogeny  of  the  New  World  Pyrgomorphidae  based  on  a  complete  mitochondrial  genome 
(around  15000  bp).  We  found  conflict  with  the  previous  proposed  classification  and  we 
suggested  a  new  one.  Also,  based  on  the  topology  we  were  able  to  determine  the  origin  of  the 
group  and  the  different  processes  involved  that  explain  its  actual  distribution  in  the  Americas. 
Finally,  we  have  been  working  in  a  digital  synoptic  collection  which  includes  a  dichotomous  key 
to  genus  level. 
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Introduction:  Males  of  some  bushcricket  species  posses  sclerotized  genital  structures.  These 
titillators  vary  greatly  in  shape  and  number  depending  on  the  species.  Previous  studies  have 
shown  that  the  paired  titillators  in  Metrioptera  roeselii  may  stimulate  the  females  and  assist  in 
transferring  the  spermatophore.  We  compared  the  titillator  function  during  mating  for  three 
different  species,  to  test  for  the  following  hypotheses:  titillators  may  stimulate  the  females  and/or 
ensure  the  correct  attachment  of  the  spermatophore  or  support  the  mating  position. 

Methods:  In  vivo  synchrotron-based  X-ray  cineradiography  of  mating  couples  was  employed  to 
verify  the  role  of  the  paired  titillators  in  Metrioptera  roeselii.  Furthermore,  we  used  manipulation 


experiments  to  study  the  impact  of  the  titillators  on  mating:  The  paired  titillators  of  Pholidoptera 
littoralis  were  shortened  and  the  single,  unpaired  titillator  of  Letana  inflatawas  covered  with 
glue,  to  disable  its  proper  movement  and  cover  its  tips. 

Results/Conclusion:  Our  cineradiographic  movies  support  the  hypothesis,  that  titillators  in  M. 
roeselii  act  as  stimulators  and  ensure  accurate  attachment  of  the  spermatophore.  P.  littoralis 
males  with  shortened  titillators  slipped  out  of  the  correct  mating  position,  suggesting  that  the 
titillators  may  additionally  function  as  anchors.  L.  inflata  females  that  mated  with  manipulated 
males  showed  a  resistance  behavior,  which  led  to  a  great  number  of  failed  matings.  The  titillator 
of  L.  inflata  seems  to  be  crucial  for  stimulating  the  females  and  to  suppress  the  females’ 
resistance.  We  conclude  that  bushcricket  titillators  stimulate  females,  ensure  spermatophore 
attachment  and  suppress  female  resistance,  in  one  species  it  also  serves  as  anchor. 
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Abstract  text: 

The  hemlock  woolly  adelgid  (HWA;  Adelges  tsugae)  is  one  of  the  most  ecologically  and 
economically  important  exotic  invasive  insects  present  in  eastern  North  American  forests.  HWA 
is  a  small,  sessile,  sap-sucking  insect  that  is  causing  widespread  mortality  of  eastern  hemlock 
( Tsuga  canadensis )  in  its  native  range.  At  the  southernmost  portion  of  their  contiguous  range  in 
Georgia,  summer  temperatures  have  been  found  to  negatively  influence  HWA’s  survivability, 
but  the  physiological  explanation  is  unknown.  A  controlled  experiment  was  designed  to 
determine  whether  or  not  any  of  the  bacterial  symbionts  in  HWA  are  sensitive  to  heat  stress  and 
may  potentially  be  causing  the  decrease  in  HWA  fitness.  HWA  collected  from  Georgia  and  New 
York  were  tested  at  32.5°C  for  up  to  96  hours  and  then  qPCR  was  used  to  evaluate  the  densities 
of  the  symbionts  ( Annandia  adelgestsuga,  Serratia  symbiotica ,  and  Pseudomonas 
adelgestsugas).  Both  Annandia  and  Serratia  densities  significantly  decreased  with  cumulative 


heat  for  both  Georgia  and  New  York  samples.  Pseudomonas  levels  remained  constant  over  time 
and  none  of  the  symbionts  significantly  decreased  when  left  at  room  temperature  (control).  In 
addition,  the  proportion  of  HWA  with  Serratia  was  significantly  higher  in  Georgia  samples 
compared  to  New  York,  suggesting  a  facultative  relationship.  Similar  to  aphids,  Serratia  may 
play  a  role  in  heat  tolerance,  making  it  more  advantageous  to  have  in  Georgia  adelgids. 
Determining  how  these  symbionts  function  in  regards  to  heat  tolerance  will  broaden  our 
understanding  of  symbiotic  systems  and  will  provide  information  that  could  contribute  to  the 
management  of  a  damaging  forest  pest. 
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Abstract  text: 


The  Asian  larch  bark  beetle,  Ips  subelongatus,  is  considered  to  be  one  of  the  major  larch  pest 
insects  within  its  natural  range,  which  uses  S-(-)-ipsenol  and  S-(+)-ipsdienol  as  its  aggregation 
pheromone.  Ceratocystis  fujiensis  are  the  main  associated  fungi  with  I.  subelongatus  in  China, 
which  were  inoculated  onto  mature  Larix  principis-rupprechtii  trees  in  our  experiment. 
Monoterpene  compositions  from  these  trees  were  analyzed  by  gas  chromatography  and  at  94 
days  post  inoculation  (dpi)  high  levels  of  nine  monoterpenes  were  produced  in  response  to  C. 
fujiensis.  The  major  effects  of  host  and  nonhost  volatiles  on  trap  catches  of  I.  subelongatus  adults 
to  its  synthetic  pheromone  were  evaluated.  Among  the  host  volatiles  tested,  S-p-pinene,  myrcene, 
(+)-limonene,  (-)-limonene,  3-carene,  and  a-phellandrene  significantly  increased  the  beetle 
attraction  to  the  pheromone-baited  traps,  R- a-pinene  showed  a  significantly  inhibitory  effect  on 
the  pheromone  attraction,  whereas  S-a-pinene  and  terpinolene  had  no  significant  effects.  ( Z)-3 - 
Hexen-l-ol  was  the  only  nonhost  volatile  that  showed  significantly  inhibitory  effects  on  the 
attraction  of  I.  subelongatus  beetles  to  its  pheromone-baited  traps.  Growths  of  C.  fujiensis  were 
enhanced  by  four  pheromone  enantiomeric  isomers  and  reduced  significantly  by  the  resin 
constituents  S-p-pinene,  S-a-pinene,  ^-a-pinene,  and  terpinolene.  Our  results  suggest  that  high 
level  of  host  tree  monoterpenes  might  be  inhibitory  on  growth  of  the  symbiotic  fungi  of  the  bark 
beetles,  whereas  the  bark  beetle  aggregation  pheromone  components  increased  growth  of  its 
symbiotic  fungi.  The  complex  semiochemical  relationships  at  different  trophic  or  even 
nontrophic  levels  may  provide  some  new  insight  into  the  evolutionary  history  of 
beetle/associated  fungus/host  tree  systems. 


Paper  (Oral)  Presentations 

Presentation  Title:  Incidence  of  Monochamus  species  and  pinewood  nematode  in  Nova  Scotia 
Christmas  tree  plantations 

Author  Name:  Suzanne  Blatt 

Author  Institution:  Agriculture  and  Agri-Food  Canada 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Forest  Insects 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  2127 

DOI:  10. 1603/ICE.2016.1 12524 

Abstract  text: 

The  abundance  of  pine  sawyer  beetles,  Monochamus  spp.,  in  Nova  Scotia  Christmas  tree 
plantations  was  evaluated  in  2014  and  2015  using  panel  traps  baited  with  pheromones  and 


kairomones.  We  tested  the  effects  of  trap  design,  lure  combination,  and  trap  placement  (in 
plantations  vs.  the  surrounding  mature  forest  stands)  on  mean  catch  per  trap.  Monochamus  spp. 
were  identified  to  species  and  sexed.  A  subsample  of  beetles  was  evaluated  for  presence  of  the 
pinewood  nematode  (PWN),  Bursaphelenchus  xylophilus ,  in  2014  using  PCR  methods.  Three 
Monochamus  species  were  present  in  Christmas  tree  plantations:  M.  scutellatus ,  M.  notatus  and 
M.  marmorator ,  and  M.  scutellatus  was  the  most  abundant.  Traps  placed  in  the  plantations 
captured  significantly  greater  numbers  of  M.  scutellatus  and  Monochamus  spp.  than  traps  placed 
within  the  surrounding  forest.  The  IPM  intercept  panel  trap,  captured  greater  numbers  of  M. 
scutellatus  than  the  European  Crosstrap;  lure  type  had  no  effect.  The  PWN  was  found  in  all 
three  species  of  Monochamus.  M.  scutellatus  had  the  highest  infection  rate:  83%  of  females  and 
79%  of  males,  followed  by  M.  notatus :  33%  of  females  and  67%  of  males.  Wood  samples  from 
the  balsam  fir  trees  in  the  surrounding  forest  and  plantation  had  similar  levels  of  PWN  infection 
(10%).  These  results  confirm  the  presence  of  Monochamus  species  and  PWN  in  Christmas  tree 
plantations. 
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Abstract  text: 

Introduction:  The  genus  Gonipterus  (Coleoptera:  Curculionidae),  native  to  Australia,  includes 
eight  cryptic  species  which  until  recently  were  treated  as  the  single  species  G.  scutellatus.  The 
species  introduced  into  Africa  (and  southern  Europe)  is  presently  known  as  Gonipterus  sp.  n.  2 
(herein  referred  to  as  Gonipterus).  The  success  of  its  biological  control  agent,  Anaphes  nitens 
(Hymenoptera:  Mymaridae),  has  become  highly  variable  spatiotemporally  within  South  Africa  in 
recent  decades,  despite  over  a  century  of  apparently  acceptable  levels  of  control.  To  investigate 
the  hypothesis  that  climate  and  phenological  mismatches  drive  variable  parasitism  rate,  we 
determined  critical  thermal  limits  for  Gonipterus  and  A.  nitens ,  and  examined  evidence  for  local 
adaption  to  abiotic  and  biotic  conditions  across  elevations. 


Methods:  The  upper  lethal  temperature,  supercooling  point,  and  development  time  across  a  range 
of  temperatures  was  determined  for  Gonipterus  and  A.  nitens  populations  across  elevations.  The 
minimum  development  time  was  determined  with  linear  regression  analysis.  Local  adaptation 
was  determined  by  comparing  thermal  limits,  development  time  and  oviposition  preference  of 
Gonipterus  populations. 

Results  /  Discussion:  Differences  in  temperature  thresholds  indicate  that  Gonipterus  does  tolerate 
a  greater  range  of  temperatures  than  A.  nitens.  However,  Gonipterus  and  A.  nitens  populations 
are  not  locally  adapted  to  divergent  abiotic  and  biotic  conditions  across  a  strong  elevational 
gradient  within  the  country.  Abiotic  conditions,  principally  high  maximum  summer 
temperatures,  may  favour  Gonipterus  and  limit  biocontrol  efficacy.  Biological  control  agents 
with  greater  tolerance  to  prevailing  conditions  could  enhance  control. 
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Abstract  text: 

The  Eucalyptus  gall  wasp,  Leptocybe  invasa  (Hymenoptera:  Eulophidae),  has  spread  rapidly  to 
all  continents  where  Eucalyptus  spp.  are  planted  and  is  now  one  of  the  most  important  insect 
pests  threatening  global  plantation  forestry.  In  order  to  study  the  routes  and  extent  of  L.  invasa 
introductions  globally,  we  characterised  the  genetic  diversity  of  populations  from  the  purported 
origin  and  invaded  regions  of  the  wasp.  From  the  5 1 1  L.  invasa  specimens,  26  cytochrome 
oxidase  I  (COI)  haplotypes  were  identified,  of  which  three  were  found  in  the  invaded  range.  Two 
of  the  three  distinct  lineages,  which  could  represent  cryptic  species,  appear  to  have  been 
independently  introduced  into  different  parts  of  the  world.  One  lineage  (A)  occurs  throughout  the 
invaded  range,  and  is  found  exclusively  in  Europe,  the  Middle  East,  South  America  and  most  of 
Africa.  The  second  lineage  (B)  co-occurs  with  lineage  A  in  Laos,  South  Africa,  Thailand  and 
Vietnam.  The  third  lineage  (C)  occurs  only  in  Australia.  Analyses  using  13  newly  developed 


simple  sequence  repeat  (SSR)  markers  in  sub-populations  of  L.  invasa  supported  the  distinction 
of  the  three  lineages.  These  findings  underpin  the  weakness  of  currently  applied  quarantine 
measures  to  halt  the  movement  of  plantation  pests  and  question  the  suitability  of  measures  being 
used  to  control  L.  invasa .  Ongoing  research  using  the  SSR  marker  data  should  confirm  the 
possible  existence  of  cryptic  species  in  the  L.  invasa  populations,  hybridization  or  admixture 
between  the  two  lineages,  and  the  reproductive  mode  of  the  pest  in  its  invasive  range. 
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Abstract  text: 


The  mountain  pine  beetle,  Dendroctonus  ponderosae  Hopkins,  is  an  aggressive  bark  beetle 
native  to  western  North  America.  This  insect  is  a  generalist  feeder  on  most  pines  throughout  its 
native  range.  Because  it  can  kill  millions  of  mature  pines  during  outbreak  phases,  range 
expansion  or  accidental  introductions  pose  significant  threats  to  eastern  pine  forests.  There  are 
two  routes  by  which  the  insect  could  arrive  to  the  Great  Lakes  region:  transport  of  logs  from 
proximate  western  states,  and  through  a  pine  corridor  of  the  Canadian  boreal  forest.  We  exposed 
harvested  logs  of  common  native  pine  species  present  in  midwestern  forests  to  mountain  pine 
beetles  in  the  insect’s  native  range  to  gauge  potential  susceptibility  and  suitability  to  this 
herbivore.  Work  to  date  suggests  that  all  native  pines  are  suitable  for  development  of  mountain 
pine  beetles  should  they  arrive  and  establish.  However,  some  species  may  be  more  at  risk  than 
others. 
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Abstract  text: 

The  pine  shoot  beetle  Tomicus  piniperda  is  a  species  that  may  cause  considerable  growth  losses 
to  pine  trees.  The  timberman  beetle  Acanthocinus  aedilis  has  similar  habitat  requirements  as  the 
pine  shoot  beetle.  Both  species  breed  under  thick  bark  of  newly  dead  Scots  pine  stems. 
Timberman  larvae  have  been  shown  decrease  pine  shoot  beetle  reproduction  and  probably  even 
prefer  stems  colonized  by  this  species.  The  attack  frequency  of  these  two  species  were 
inventoried  in  a  boreal  forest  landcape  in  Sweden  on  1-ha  plots  in  each  of  in  15  stands  with 
different  amounts  of  newly  dead  pine  stems  left  after  cutting.  The  pine  shoot  beetle  colonized  a 
similar  proportion  (ca  70%)  of  stems  independent  of  the  number  of  stems  retained.  In  contrast 
the  timberman  beetle  colonized  a  decreasing  proportion  of  stems  with  increasing  retention.  The 
incidence  of  timberman  colonization  was  enhanced  by  pine  shoot  beetle  colonization.  Less  than 
1%  of  the  stems  without  pine  shoot  beetle  galleries  were  colonized  by  the  timberman  beetle. 
These  results  indicate  that  pine  shoot  beetles  may  escape  timberman  encounters  by  spreading  out 
over  many  stems.  Timberman  beetles  had  higher  incidence  of  colonization  in  standing  high-cut 


stems  than  in  felled  stems.  We  anticipate  that  the  reproduction  of  pine  shoot  beetles  will  be  lower 
in  high-cut  stems  compared  to  felled  trees  and  increase  steeply  with  the  amount  of  newly  dead 
pine  stems  retained. 
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Applications  of  MCH  (3-methylcyclohex-2-en-l-one),  the  antiaggregation  pheromone  of  the 
Douglas-fir  beetle,  have  been  used  operationally  throughout  the  western  US  to  protect  high¬ 
valued  trees  and  stands  for  over  fifteen  years.  The  treatment  is  both  economical  and  consistently 
effective.  More  recent  research  has  tested  using  higher  release  rates  at  wider  spacings  to  reduce 
application  costs.  When  testing  higher  release  rates,  spacing  between  release  points  was 
increased  to  keep  the  amount  of  pheromone  released  per  unit  area  the  same.  Release  rates  as 
high  as  seven  times  the  current  standard  used  in  operational  treatments  were  effective.  We 
recommend  using  up  to  five  times  the  standard  rate  in  operational  treatments.  By  increasing  the 
distance  between  release  points,  application  time  and  costs  can  be  significantly  reduced 
compared  to  current  practices. 
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Impact  of  ongoing  climate  change  and  elevated  temperatures  on  range  shifts  of  forest  insects  is 
still  unclear.  Biotic  organisms  are  directly  connected  with  abiotic  factors,  launching  subsequent 
outbreaks  and  affecting  distributions  of  insects.  At  outbreak  densities  pest  species  can  alter 
landscapes  and  disturb  ecosystem  stability. 

A  predictive  approach  is  a  key  to  estimate  the  effect  on  forest  ecosystems.  One  option  to  address 
these  questions  is  through  ecological  niche  modeling  (ENM).  ENM  is  a  technique  for  analyzing 
range  shifts  of  organisms,  such  as  spread  of  insect  species.  So  far,  minor  effort  has  been  devoted 
on  modeling  disastrous  pests.  We  present  an  analysis  of  distribution  shifts  of  five  European 
forest  moths  (Lepidoptera),  and  an  introduced  hemlock  woolly  adelgid  ( Adelges  tsugae  Annand, 
HWA)  in  North  America.  This  involves  modelling  their  historical  and  future  distribution  under 
climate  change  scenarios.  As  data  sources  we  used  both  GBIF  occurrences  and  published 
occurrences  of  HWA.  We  adopted  the  workflow  tools  of  the  BioVeL  project  (see 
www.biovel.eu). 

The  projections  showed  that  the  distributions,  as  well  as  damage  by  forest  pests  will  shift  about 
500-700  km  towards  northeast  in  Europe  with  extended  occupation  of  suitable  habitats  by  year 
2050.  Expanded  distribution  of  HWA  in  North  America  may  reach  further  north  and  south  along 
the  Appalachians  by  year  2050,  limited  by  high  summer  and  low  winter  temperatures.  Insect 
induced  tree  mortality  will  intensify  the  impacts  on  forest  landscapes  and  ecosystems.  However, 
much  uncertainly  lies  in  how  different  drivers  affecting  forest  insects  may  alter  pest  population 
dynamics  and  distribution  capacity. 
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During  the  past  several  decades,  at  least  five  exotic  Euwallacea  ambrosia  beetle  species  have 
been  introduced  from  Asia  into  at  least  seven  different  locations  within  the  U.S.  Euwallacea 
ambrosia  beetles  harbor  symbiotic  Fusarium  and  include  several  destructive  tree  pests.  Globally, 
a  total  of  twelve  species  of  Fusarium  have  been  identified  from  among  at  least  seven  Euwallacea 
spp.  Despite  the  genealogical  exclusivity  of  these  Fusarium  symbionts  and  previously  successful 
delimitation  of  several  AFC  members,  rapid  detection  and  discrimination  remains  challenging. 
The  present  study  was  initiated  to  provide  a  diagnostically  robust  tool  to  discriminate  Fusarium 
symbionts  of  exotic  Euwallacea  ambrosia  beetles  currently  present  in  United  States.  Using  a 
comparative  genomics  approach,  we  developed  three  species  specific  PCR  multiplexes  that 
successfully  discriminated  all  Fusarium  symbionts  of  exotic  Euwallacea  ambrosia  beetles 
present  in  the  U.S.,  which  were  validated  across  representative  fungal  isolates  of  all  twelve 
known  species,  confirmed  hybrid  isolates  within  the  AFC,  and  other  members  of  the  larger  FSSC 
Clade  3.  Conservation  of  targeted  sites  for  AF-3  and  AF-4  from  isolates  obtained  from  multiple 
states  and  locations  were  also  confirmed  as  was  in  situ  amplification  from  mycangia  of  E. 
validus  and  E.  interjectus.  In  addition  to  providing  a  rapid  tool  to  discriminate  Fusarium 
symbionts,  these  multiplexes  will  permit  testing  of  the  following  interactions:  symbiont  fidelity, 
co-cultivation,  switching,  and/or  hybridization  within  the  AFC. 
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Abstract  text: 


Introduction: 


Techniques  under  deveopment  for  the  study  of  natural  enemies  of  the  mountain  pine  beetle 
(MPB,  Dendroctonus  ponderosae)  will  be  applicable  to  most  all  subcortical  insects  and  will  be 
of  interest  to  forest  entomologist  worldwide.  Arguably,  the  MPB  is  the  most  economically 
important  forest  pest  in  Western  North  America.  Although  natural  enemies  are  significant 
population  controls  for  other  insects,  including  bark  beetles,  past  research  has  not  made  it  clear 
that  they  play  a  major  role  in  MPB  epidemic  cycles.  In  large  part,  this  is  due  to  the  fact  that  bark 
beetles  and  their  natural  enemies  spend  most  of  their  life  cycles  under  the  bark  of  standing  trees, 
making  this  an  extremely  difficult  system  to  study.  The  goal  of  our  research  has  been  to  adopt 
simpler,  and  more  direct  methods  that  can  be  widely  used  for  a  fresh  look  at  the  roles  of 
predation/parasitism  in  the  mountain  pine  beetle  system. 

Methods: 

For  the  past  two  years,  we  have  been  investigating  the  application  of  predator  exclusion  and 
emergence  traps  specifically  designed  to  sample  natural  enemies. 

Results/Conclusion: 

We  will  share  our  experiences  to  date  with  these  techniques,  and  discuss  how  the  widespread 
development  and  application  of  this  type  methodology  can  help  to  resolve  the  question  of  the 
role  of  natural  enemies  in  MPB  population  dynamics.  Also  of  great  interest  has  been  the 
discovery  of  parasitoids  not  previously  known  to  be  associated  with  the  MPB,  some  of  which  are 
previously  undescribed  species. 
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Introduction: Conopomorpha  sinensis  Bradley  is  one  of  the  major  fruit  borer  pests  of  litchi  in 
Southern  China.  It  is  difficult  to  control  because  of  its  better  concealment.  The  molecular 
mechanism  research  of  C.  sinensis  olfactory  receptors  in  host-plant  conservative  choice  will 
reveal  the  signal  transduction  pathways  between  host  plant  volatiles  and  C.  sinensis  olfactory 
receptors.  However,  research  of  the  connection  between  them,  which  restrict  the  development  of 
this  technology  is  still  lacked.  The  genomic  platform  of  C.  sinensis  remains  relatively 
unavailable. 

Methods  developmental  transcriptomes  of  C.  sinensis  were  built  by  RNA-sequencing  to 
establish  sequence  background  of  C.  sinensisw ith  special  lights  on  olfactory  proteins. 

Results/Conclusiomln  this  study,  clean  reads  in  female  adults  and  male  adults  were  annotated 
into  106020  transcripts.  Totally  15585  unigenes  were  annotated  into  47  sub-categories  belonging 
to  three  main  GO  categories;  9889  unigenes  were  classified  functionally  into  26  categories  to 
KOG  classifications;  11866  unigenes  were  functionally  classified  into  5  KEGG  categories,  and 
the  differentially  expressed  genes  were  2674.  Among  them,  41  odorant-binding  proteins  (OBPs), 
1 1  chemosensory  proteins  (CSPs)  and  the  other  45  genes  involved  in  olfactory  receptor  activity. 
Furthermore,  OBP  c39029_gl  and  c46937_gl  were  higher  expressed  in  the  female  adults,  they 
might  play  a  crucial  role  in  the  interactions  between  olfactory  system  and  host  selection 
behavior.  A  comprehensive  sequence  resource  enriched  the  genomic  platform  of  C.  sinensis.  The 
identified  differentially  expressed  genes  would  facilitate  the  understanding  of  C.  sinensis 
development.  This  research  established  foundation  to  reveal  the  gene  regulation  network 
mechanism  of  C.  sinensis  olfactory  receptors  in  host-plant. 
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In  order  to  determine  global  transcriptome  changes  in  whiteflies  resulting  from  feeding  on  plants 
infected  with  a  semipersistent  virus,  RNA-Seq  was  performed  on  whiteflies  ( Bemisia  tabaci 
MEAM1)  after  24,  48,  and  72  hours  of  feeding  on  Tomato  chlorosis  virus  (ToCV)-infected  and 
healthy  tomato.  Differentially  expressed  genes  were  identified  in  whiteflies  fed  on  ToCV- 
infected  tomato  compared  with  healthy  tomato.  Within  the  first  24  h  of  feeding,  447  and  542 
genes  were  up-  and  downregulated,  respectively;  and  with  fewer  and  different  genes  activated  or 
repressed  after  72  h  of  feeding  (50  upregulated,  160  downregulated).  The  analysis  revealed  the 
differential  regulation  of  cathepsins,  alpha-glucosidase  inhibitors,  glucose  transporters  genes  and 
large  number  of  tandem  duplicated  genes  with  unknown  functions  in  whitefly  due  to  feeding  on 
ToCV -infected  tomato.  These  studies  demonstrate  that  a  semipersistent,  whitefly -transmitted 
virus  that  transiently  associates  with  factors  in  the  mouthparts  of  its  insect  vector  can  alter  gene 
expression  in  the  insect.  Therefore,  like  persistent  viruses,  semi-persistent  viruses  and  their 
vectors  appear  to  have  co-evolved  into  a  dynamic  relationship  that  facilitates  transmission. 
Furthermore,  gene  expression  analysis  provides  knowledge  of  how  the  whitefly  responds  to  the 
presence  of  a  virus  in  a  host  plant,  a  common  occurrence  in  many  regions,  including  Africa  and 
the  US.  Information  generated  through  comparative  transcriptomics  is  being  used  in 
development  of  RNAi  strategies  for  control  of  B.  tabaci. 
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Introduction:  The  Insect  taste  system  plays  a  central  role  in  feeding  behaviours  and  co-evolution 
of  insect-host  interactions.  Gustatory  receptors  form  the  interface  between  the  insect  taste  system 
and  the  environment. 

Methods:  From  genome  and  transcriptome  sequencing  we  identified  197  novel  gustatory 
receptor  (GR)  genes  from  the  polyphagous  pest  Helicoverpa  armigera.  These  GRs  include  a 
significantly  expanded  bitter  receptor  family  (180  GRs)  that  could  be  further  divided  into  three 
categories  based  on  polypeptide  lengths,  gene  structure  and  amino  acid  sequence.  Type  1 
includes  29  bitter  Gr  genes  that  possess  introns.  Type  2  includes  13  long  intronless  bitter  Gr 
genes,  while  Type  3  comprises  131  short  intronless  bitter  Gr  genes.  Calcium  imaging  analysis 
demonstrated  that  three  Type  3  GRs  (HarmGR35,  HarmGR50  and  HarmGR195)  can  be 
activated  by  a  crude  extract  of  cotton  leaves.  HarmGR195,  a  GR  specifically  and  selectively 
expressed  in  adult  tarsi,  showed  a  specific  response  to  proline,  an  amino  acid  widely  present  in 
plant  tissues. 

Results/Conclusion:  We  hypothesise  that  the  expansion  in  the  H.  armigera  GR  family  may  be 
functionally  tied  to  its  polyphagous  behavior.  Understanding  the  molecular  basis  of  polyphagy 
may  provide  opportunities  for  the  development  of  new  environmentally  friendly  pest  control 
strategies. 
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Chemical  cues  are  ubiquitous  and  are  fundamental  to  the  understanding  of  a  diverse  range  of 
biological  processes.  Honey  bees  have  a  complex,  nuanced  pheromonal  language  for 
coordinating  changes  in  physiology  and  behavior.  In  the  context  of  cooperative  brood  care, 
honey  bee  larvae  produce  two  sets  of  pheromones — brood  pheromone  and  (E)-beta-ocimene — 
that  elicit  an  increase  in  brood  care  and  foraging  activity.  Since  brood  care  and  foraging 
behaviors  are  performed  by  mutually  exclusive  groups  of  workers,  we  tested  how  these  two 
pheromones  are  transmitted  throughout  the  colony  and  processed  in  the  worker  brain. 

In  pheromone  transmission  experiments,  we  measured  foraging  activity  of  small 
“nucleus”  colonies  assigned  to  larval  pheromone  or  control  treatments.  Wire  screens  were 
introduced  into  colonies  to  test  whether  direct  contact  was  necessary  for  changes  in  foraging 
activity. 

Then,  we  conducted  electrophysiological  experiments  on  workers  performing  caretaking 
and  foraging  behaviors  to  determine  whether  sensitivity  to  larval  pheromones  is  caste-specific. 

Finally,  age-matched  honey  bees  were  allowed  to  transition  to  foraging  tasks  and  were 
subsequently  exposed  to  either  pheromone  or  control  treatments.  RNA  was  extracted  from  whole 
brains  of  bees  consistently  visiting  nectar  or  pollen  feeders  and  sequenced  via  Illumina. 
Differential  gene  expression  analysis  was  performed  for  pollen  versus  nectar  foraging  and  for 
larval  pheromones  versus  control  treatments. 

Combining  neurobiology  and  behavior,  this  study  provides  evidence  for  the  transmission 
mode  of  two  distinct  sets  of  pheromones  in  honey  bee  colonies.  Our  data  support  the  hypothesis 
that  larval  signals  target  multiple  worker  classes  and  reveal  molecular  mechanisms  involved  in 
pheromone-influenced  food  preference. 
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Introduction:  Wing  polyphenism  is  an  evolutionarily  successful  feature  found  in  a  wide  range  of 
insects,  most  notably  the  Hemiptera  (waterstriders,  planthoppers  and  aphids),  Coleoptera 
(beetles)  and  Orthoptera  (crickets  and  grasshoppers).  In  these  species,  long- winged  morphs  have 
flight  abilities  that  allow  them  to  escape  adverse  habitats  and  track  changing  resources,  whereas 
short-winged  morphs  are  flightless,  but  usually  possesses  higher  fecundity  than  the  winged 
morphs.  Despite  decades  of  interest,  the  molecular  mechanism  underlying  the  developmental 
switch  remains  unclear. 

Methods:  The  Nilaparvata  lugens  (BPH),  Sogatella  furcifera  and  Laodelphax 
striatellus  planthopper  populations  were  originally  collected  in  Hangzhou,  China,  in  2008.  A 
BPH  colony  that  was  generated  by  inbreeding  siblings  for  13  generations  was  used  for  genomic 
DNA  sequencing.  RNA  interference  (RNAi)  was  mainly  used  to  investigate  gene  functions. 

Results/Conclusion:  We  showed  that  the  two  insulin  receptors,  InRl  and  InR2,  play  opposing 
roles  in  controlling  long  wing  versus  short  wing  development  by  regulating  the  activity  of  the 
forkhead  transcription  factor  FOXO.  InRl,  via  the  phospho inositol  3-kinase  (PI3K)- 
serine/threonine  kinase  (Akt)  signaling  cascade,  leads  to  the  short-winged  morph  if  inactivated. 
InR2,  by  contrast,  functions  as  a  negative  regulator  of  the  InRl -PI3K- Akt  pathway.  Thus, 
suppression  of  InR2  results  in  the  long- winged  morph.  The  early  5th-instar  stage  was  determined 
to  be  the  critical  window  for  the  wing  morph  switch.  The  regulatory  pathway  is  likely  a  common 
mechanism  adopted  by  the  planthopper  family. 
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Aphids  feed  on  nutritionally  unbalanced  plant  phloem  sap.  Most  aphids  depend  on  their 
symbiotic  bacteria,  Buchnera  aphidicola,  to  meet  their  demand  for  essential  amino  acids 
(EAAs),  but  some  aphid  genotypes  have  a  dietary  requirement  for  EAAs.  This  among-genotype 
variation  is  determined  principally  by  genetic  variation  in  the  aphid  (not  Buchnera ).  To  identify 
the  genetic  determinants  underlying  intraspecific  variation  in  EAA  nutrition,  we  quantified  the 
dietary  EAA  requirement  (phenotypic  trait)  and  single-nucleotide  polymorphism  (SNP)  profile 
of  >200  pea  aphid  (Acyrthosiphon  pisum)  genotypes  and,  using  genome-wide  associate  study,  we 
identified  several  candidate  genes  that  could  determine  nutritional  phenotypes.  Potential 
functions  of  those  genes  were  discussed. 
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Introduction:  Insect  chitinases  (CHTs)  belong  to  family  18  glycosylhydrolases  that  digest  chitin 
by  an  endo-type  of  cleavage  mechanism.  One  of  the  main  functions  of  CHTs  is  in  the  turnover  of 
chitin-containing  extracellular  matrices  such  as  the  cuticle  and  peritrophic  matrix  of  the  midgut. 
There  are  a  large  number  of  genes  encoding  CHT-like  proteins  in  insects,  and  they  have  been 
classified  into  eleven  groups  based  on  phylogenetic  analysis.  In  this  study,  we  investigated 


functions  of  a  group  III  chitinase,  TcCHT7,  in  Tribolium  castaneum.  Unlike  most  insect  CHTs, 
TcCHT7  contains  a  predicted  transmembrane  segment  in  the  N-terminal  region. 

Methods:  Recombinant  TcCHT7  protein  was  expressed  by  using  a  baculo virus-insect  cell 
expression  system.  RNAi  was  used  to  study  its  functions  and  ultrastructural  defects  of  cuticle 
were  observed  by  TEM.  Protein  localization  was  analyzed  by  immunohistochemistry  and 
immunogold  labeling  TEM. 

Results/conclusions:  Recombinant  TcCHT7  is  a  membrane-bound  protein  that  exhibits 
chitinolytic  activity  when  using  CM-Chitin-RBV  as  the  substrate.  Immunohistochemical  analysis 
shows  that  TcCHT7  protein  is  localized  in  newly  synthesized  adult  procuticle,  suggesting  that 
TcCHT7  is  released  from  the  plasma  membrane  of  underlying  epidermal  cells.  TcCHT7- 
deficient  pupae  and  adults  fail  to  undergo  wing-expansion  and  abdominal  contraction.  In 
addition,  cuticular  chitin  accumulates  in  the  inner  region  of  the  procuticle  in  both  rigid  (e.g. 
elytron)  and  soft  (e.g.  hindwing)  cuticles  where  disorganized  horizontal  laminae  and  pore  canals 
are  evident.  These  results  demonstrate  that  TcCHT7  plays  a  critical  role  in  the  formation  of  the 
rigid  and  soft  cuticles  of  the  beetle.  This  work  was  supported  by  NRFs  (NRF- 
2015R1A2A2A01006614  and  NRF-2015R1A6A3A04060323). 
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Abstract  text: 

Introduction  : 

Lepidoptera  suffer  critical  lack  of  genetic  tools.  RNA  interference  approaches  are  usually 
difficult  to  perform  in  these  species  and  heritable  genome  edition  has  been  achieved  only  in  a 
very  limited  number  of  model  species. 

Methods: 

Using  a  non-model  crop  pest  Lepidoptera,  the  moth  Spodoptera  litt oralis  (Lepidoptera, 
Noctuidae),  we  demonstrated  that  the  Clustered  Regularly  Interspaced  Short  Palindromic 
Repeats  (CRISPR)/Cas9  System  is  highly  efficient  for  genome  editing.  This  innovative 
technique  is  in  full  expansion  and  represents  a  groundbreaking  milestone  for  non-model  species 
such  as  S.  litt  oralis.  We  targeted  the  homologue  of  the  co-receptor  ORco  gene  from 
Drosophilathat  is  known  to  be  obligatory  for  olfactory  receptor  functioning. 

Results/Conclusion: 

We  find  that  89.6%  of  injected  individuals  carried  ORco  mutations,  70%  of  which  transmitted 
them  to  the  next  generation.  Using  electroantennography,  we  showed  that  CRISPR/Cas9- 
mediated  ORco  knockout  caused  defects  in  plant  odor  and  sex  pheromone  olfactory  detection  in 
homozygous  individuals.  Our  work  genetically  defines  ORco  as  an  essential  OR  partner  for  both 
host  and  mate  detection  in  Lepidoptera,  and  demonstrates  that  CRISPR/Cas9  is  a  simple  and 
highly  efficient  genome  editing  technique  in  noctuid  pests  opening  new  routes  for  gene  function 
analysis  and  the  development  of  novel  pest  control  strategies. 
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A  novel  and  effective  control  technique  of  the  dengue  mosquito  vectors  ( Aedes  aegypti  and 
Aedes  albopictus)  is  a  genetic  variant  of  the  sterile  insect  technique  (SIT).  Male  mosquitoes  are 
genetically  engineered  to  be  homozygous  for  a  self-limiting  gene  under  control  of  the  on/off 
tetracycline  switch.  When  released  into  the  wild  any  offspring  sired  by  the  transgenic  males  will 
inherit  one  copy  of  the  transgene.  In  the  absence  of  tetracycline  the  transgene  will  prevent  the 
mosquito  from  developing  to  adulthood,  thus  supressing  the  population. 

The  work  to  be  presented  represents  advancement  of  this  technology,  introducing  an  early-bisex 
(EB)  effect  strain.  A  male-specific  transgene  that  results  in  normal  adult  males,  with  fully  formed 
sperm  that  are  not  capable  of  fertilization.  An  EB  construct  requires  sperm  specific  promoters  to 
limit  expression  of  the  transgene  to  the  spermatocytes  during  spermatogenesis.  A  suitable 
effector  is  placed  under  control  of  the  promoter  sequence  through  the  on/off  tetracycline  switch. 

An  effective  method  for  testing  transgenic  constructs  is  to  perform  a  mating  cross  of  mosquitoes 
carrying  a  promoter  transgene  to  mosquitoes  carrying  an  effector  transgene;  those  offspring  that 
inherit  both  transgenes  should  exhibit  the  desired  phenotype.  Interruption  of  very  early  embryo 
development  is  demonstrated  through  crosses  of  mosquitoes  carrying  a  transgene  with  sperm 
specific  promoter  sequences  to  those  carrying  an  effector  that  is  appropriately  expressed  and 
targeted  to  the  nucleus.  A  complete  “all-in-one”  transgenic  line  is  subsequently  demonstrated 
that  provides  near  total  sterility  but  that  can  be  rescued  through  the  addition  of  tetracycline  in  the 
larval  diet. 
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Mechanisms  of  sex  determination  are  astonishingly  variable  and,  at  the  molecular  level, 
identified  in  only  a  few  insect  species.  Despite  variation,  an  emerging  pattern  common  to  all 
mechanisms  involves  a  short  cascade  of  sex-specifically  spliced  genes  activated  in  early 
embryos,  which  leads  to  differentiation  of  an  individual  into  a  male  or  a  female,  depending  on 
the  system.  In  the  absence  of  the  primary  signal  that  triggers  the  cascade,  a  default  pattern  of 
gene  splicing  leads  to  the  development  of  the  opposite  sex.  A  remarkable  feature  of  the  sex 
determination  pathways  is  the  evolutionary  conservation  of  the  final  element  of  the  pathway, 
which  in  all  studied  species  is  invariably  the  doublesex  gene,  and  an  extremely  rapid  evolution  of 
genes  residing  upstream.  In  Anopheles  mosquitoes  only  doublesex  has  been  described.  In  order 
to  identify  other  interacting  genes  in  the  African  malaria  mosquito,  Anopheles  gambiae,  we 
conducted  RNA-seq  experiments  using  sexed  embryo  samples  of  precisely  defined  age  as 
template.  Analysis  of  the  transcriptomes  revealed  several  candidate  sex  determination  pathway 
genes,  including  a  primary  sex  determination  signal  gene.  Function  of  selected  genes  has  been 
tested  by  ectopic  transcription  or  transient  knock-down  experiments  in  a  cell  line  and  in  unsexed 
embryos,  with  the  latter  leading  to  a  significant  sex  bias  in  the  surviving  individuals.  Additional 
candidates  are  currently  being  investigated. 
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Abstract  text: 


Aedes  aegypti  is  an  important  vector  of  tropical  diseases  with  the  capacity  to  transmit  dengue, 
yellow  fever,  chikungunya  and  Zika  viruses.  Advances  in  biotechnology,  including  the 
utilization  of  CRISPR/Cas9,  promise  to  enhance  both  basic  and  applied  research  in  disease 
vectors.  To  fully  utilize  CRISPR/Cas9  for  novel  vector  control  strategies,  a  comprehensive 
understanding  of  the  DNA  damage  response  is  required.  CRISPR/Cas9  was  utilized  to  target 
classical  non-homologous  end  joining  (C-NHEJ)  proteins,  Ku70  and  Lig4,  to  generate  stable 
knockout  lines.  Ku70  mutant  groups  were  crossed  to  assess  population  stability,  lifespan,  and 
fertility.  The  heterozygous  removal  of  Ku70  is  sustainable  within  a  population,  but 
transheterozygote  mutants  appear  unstable  with  >10%  of  the  population  retaining  a 
transheterozygous  genotype  after  a  heterozygous  self-cross.  Similarly,  Lig4  mutants  were 
generated  with  one  of  the  Lig4  genes  being  sex-linked  and  the  other  being  autosomal.  The  Lig4 
autosomal  mutant  group  was  unstable  with  5  of  5  mutant  groups  losing  the  mutant  allele  by  the 
4th  generation.  Conversely,  the  sex-linked  Lig4  mutant  is  stable  within  a  population.  These  data 
suggest  that  C-NHEJ  genes  play  an  important  role  in  the  fitness  of  Ae.  aegypti  mosquitoes,  and 
that  certain  C-NHEJ  genes  are  more  advantageous  targets  for  the  generation  of  C-NHEJ  deficient 
lines. 
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Introduction: 

Non-protein  coding  regions  of  the  Y-chromosome  have  been  shown  to  influence  the  expression 
of  hundreds  of  autosomal  and  X-linked  genes  in  multiple  species.  This  Y-linked  regulatory 
variation  (YRV)  may  provide  the  sex-specific  variation  in  gene  expression  required  for  the 
adaptive  evolution  of  sexually  dimorphic  traits.  This  requires  that  YRV  exist  within  natural 


populations,  influence  fitness  related  traits,  and  be  at  least  in  part  comprised  of  additive  genetic 
variation  (i.e.  selection  must  be  able  to  shape  it).  In  this  study  we  investigated  the  ability  for 
selection  to  shape  YRV  in  insects. 

Methods: 

We  collected  wild  Drosophila  melanogaster  from  a  single  locality  to  investigate  the  potential  for 
selection  to  shape  YRV.  To  determine  if  YRV  exists  within  a  population,  we  introgressed  30  Y- 
chromosomes  into  a  single  genetic  background  and  assayed  for  variation  in  immune  gene 
expression.  To  determine  if  YRV  has  any  fitness  consequences,  we  then  tested  these  same  Y- 
chromosome  lines  for  differential  responses  to  a  real  immune  challenge.  Lastly,  we  crossed  4  Y- 
chromosomes  into  4  different  genetic  backgrounds  to  determine  if  intra-population  YRV  was 
comprised  of  additive  genetic  variation. 

Results/Conclusions : 

Our  data  suggest  that  intra-population  YRV  does  exist  and  that  this  variation  is  correlated  with 
survival  to  a  bacterial  pathogen.  Furthermore,  the  magnitude  of  the  YRV  effect  was  quite 
large.  However,  to  our  surprise,  this  variation  was  comprised  entirely  of  non-additive  genetic 
variation,  suggesting  that  selection  may  not  be  able  to  act  on  immune-related  YRV  and  may 
instead  act  as  a  significant  constraint  to  the  adaptive  evolution  of  insect  immune  function. 
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Introduction 


Seasonal  and  daily  thermal  variation  can  limit  species  distributions  due  to  physiological 
tolerances.  Low  temperatures  are  challenging  for  ectotherms,  which  use  basal  thermotolerance 
and  acclimation,  an  adaptive  plastic  response,  to  mitigate  thermal  stress.  Both  basal 
thermotolerance  and  acclimation  are  thought  important  for  local  adaptation  and  persistence  in  the 
face  of  climate  change.  Yet,  the  evolutionary  independence  of  basal  and  plastic  tolerances 
remains  unclear.  Acclimation  can  occur  over  longer  (seasonal)  or  shorter  (hours  to  days)  time 
scales  and  the  mechanisms  are  unresolved. 

Methods 

Using  a  mid-latitude  population  of  Drosophila  melanogaster,  we  show  substantial  heritable 
variation  in  both  short-  and  long-term  acclimation.  We  further  identify  several  candidate  genes 
and  processes  using  GWASS  and  confirmed  some  with  mutant  analysis  and  physiological 
assays. 

Results/Conclusion 

Using  a  mid-latitude  population,  we  show  substantial  heritable  variation  in  both  short-  and  long¬ 
term  acclimation.  Rapid  cold  hardening  (short-term  plasticity)  and  developmental  acclimation 
(long-term  plasticity)  are  positively  correlated  suggesting  shared  mechanisms.  However,  there 
are  independent  components  of  these  traits.  A  strong  negative  correlation  between  basal  cold 
tolerance  and  developmental  acclimation  suggests  basal  tolerance  may  constrain  developmental 
acclimation,  but  weaker  correlation  between  basal  cold  tolerance  and  short-term  acclimation 
suggests  less  constraint.  Rapid  cold  hardening  and  developmental  acclimation  responses  are  non¬ 
overlapping  at  the  SNP  level.  However,  SNPs  associated  with  each  trait  share  functional 
similarities  including  apoptosis  and  autophagy,  cytoskeletal  and  membrane  structural 
components,  and  ion  binding  and  transport.  There  is  opportunity  for  short-term  and  long-term 
acclimation  responses  to  evolve  separately  and  for  short-term  acclimation  to  evolve  separately 
from  basal  thermotolerance. 
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Competition  among  organisms  can  be  driven  by  indirect  species  interactions.  Searching 
parasitoids  may  encounter  competitors  exploiting  the  same  herbivore  for  development  of  their 
offspring.  When  only  one  parasitoid  species  can  successfully  develop  in  a  single  host,  this  leads 
to  competitive  exclusion  of  inferior  competitors.  Because  presence  of  non-host  herbivores  can 
influence  host  location  of  parasitoids,  this  can  indirectly  affect  exploitative  competition  for  hosts 
among  parasitoids. 

Here,  we  show  with  a  simulation  study  based  on  data  from  the  parasitoids  Cotesia  glomerata 
and  C.  rubecula  that  the  inferior  intrinsic  competitor  (C.  glomerata)  is  better  adapted  than  its 
superior  intrinsic  competitor  (C.  rubecula)  to  host  location  in  environments  that  contain  non-host 
herbivore  species. 

Non-hosts  affected  host  location  efficiency  of  parasitoids  on  the  plant  more  strongly  than 
infochemical  use  by  parasitoids  to  locate  host  containing  plants.  The  presence  of  non-host 
herbivores  not  only  dampened  the  frequency  of  multiparasitism  events,  and  thus  occurrence  of 
intrinsic  competition,  it  also  switched  the  ranking  of  superiority  in  host  location  by  the  two 
parasitoid  species.  Presence  of  trophically  neutral  species  in  communities  may  thereby  indirectly 
stabilize  competitive  interactions  in  parasitoid  food  webs  and  maintain  higher  diversity  within 
trophic  levels. 
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Introduction:  Antheraea  assamensis  Heifer.,  producer  of  the  golden  muga  silk  recognized  for  its 
durability,  glossy  nature  and  properties  having  suitability  for  tissue  engineering  is  endemic  and 
restricted  to  North  Eastern  India.  A.  assmensis  feeds  primarily  on  Persea  bombycina  (King  ex 
Hook  f.)  Kosterm.  and  Litsea  polyantha  Juss.  in  outdoor  conditions.  It  is  still  unknown,  how  this 
herbivory  can  induce  host  plant  defenses,  and  thereby  bringing  a  redundancy  in  muga  silk 
production.  Our  study  focuses  on  the  chemical  and  sensory  basis  of  the  insect's  restricted  host 
preference,  induction  of  defense  protein  in  P.  bombycina  and  protein  profile  in  the  fed  insect’s 
gut. 

Methods:  For  assessing  the  chemical  basis  of  food  preference,  larvae  with  a  whole  complement 
of  sensory  organs  were  selected  and  subjected  to  a  choice  test  using  solvent  extracted  chemical 
groups.  The  silkworm’s  regurgitant  induced  volatile  organic  compounds  (VOC)  released  from  P. 
bombycina  were  trapped  using  porapak  Q  and  analyzed  by  using  Gas  chromatography-mass 
spectrometry  (GC/GC-MS).  Trypsin  inhibitor  production  induced  by  feeding  was  assessed  and 
assayed  against  silkworms  gut  proteases.  We  obtained  the  protein  profile  of  the  gut  of  defense 
induced  fed  silkworm  using  a  gel  electrophoresis  and  mass  spectrometry  (MS). 

Results/Conclusion:  Non-polar/medially  polar  lipid  compounds  detected  by  gustatory  sensilla 
played  a  major  role  in  preference  of  host  over  non-host.  Both,  feeding  and  insect 
regurgitant/fractionated  regurgitant  induced  VOC  and  trypsin  inhibitor  production  in  P. 
bombycina.  The  defense  induced  trypsin  inhibitor  obtained  in  the  food  altered  the  protein  profile 
in  the  silkworm’s  gut  suggesting  a  possible  adaptive  expression  in  A.  assamensis. 
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Introduction:  Cocoa  is  a  major  global  commodity  and  production  depends  upon  insect 
pollination.  In  spite  of  this,  there  are  significant  gaps  in  our  understanding  of  plant-pollinator 
interactions  in  this  crop.  Significantly,  the  dynamics  of  cocoa  pollinator  populations  in 
plantations,  and  the  means  by  which  the  pollinators  locate  cocoa  flowers  are  not  well  understood. 

Methods:  We  sampled  cocoa  pollinators  (Diptera:  Ceratopogonidae,  Forcipomyia  Meigen.  and 
Dasyhelea  Lenz.  sp.)  and  cocoa  flower  volatiles  from  Caribbean  cocoa  plantations  to  investigate 
seasonal  pollinator  population  trends  and  floral  odour  composition.  We  then  tested  whether 
Ceratopogonid  cocoa  midges  are  attracted  to  natural  and  synthetic  cocoa  odour  blends  using 
adults  emerged  in  the  laboratory  from  cocoa  detritus. 

Results/Conclusions:  Ceratopogonid  midges  constituted  1.9%  of  overall  insect  catches  across 
field  sites,  and  were  present  year-round.  Cocoa  flower  volatiles  consisted  of  a  blend  of  13-17 
carbon  alkenes;  Ceratopogonid  midges  were  significantly  attracted  to  these  in  the  natural  blend 
(P  =0.019).  However,  they  did  not  exhibit  the  same  attractive  behaviours  when  presented  with 
synthetic  cocoa  flower  odours  consisting  of  the  three  major  alkene  components  identified, 
showing  no  preference  for  this  blend  over  the  control.  Even  though  cocoa  flowers  do  not  have  a 
detectable  odour  to  humans,  the  volatiles  from  cocoa  flowers  can  mediate  attraction  of  their 
pollinators.  However,  the  important  components  must  include  minor  constituents  of  the  bouquet, 
rather  than  the  primary  components  used  to  make  the  synthetic  blend.  The  importance  of  cocoa 
floral  odours  should  be  considered  in  future  breeding  programmes  and  further  work  investigating 
applications  for  these  cues  is  required. 
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Introduction:  A  wide  variety  of  exocrine  secretions  are  produced  by  ants  which  can  have 
profound  influence  on  behavior  and  physiology  and  the  red  imported  fire  ants  ( Solenopsis  invicta 


Buren.)  is  no  exception.  Herein  we  report  volatile  compounds  emitted  by  queens,  workers, 
female  and  male  alates,  worker,  male  and  queen  pupae,  larvae,  and  eggs  which  have  never  been 
identified  previously. 

Methods:  Solid-phase  microextraction  (SPME)  and  gas  chromatography-mass  spectroscopy 
(GC-MS)  was  used  to  analyze  volatiles. 

Results/Conclusions:  Identified  compounds  include  1  dihydroisocoumarin,  1  monoterpene,  1 
sesquiterpene,  1  diterpene,  1  ester,  3  aldelhydes,  and  4  hydrocarbons.  Three  compounds  are 
specific  to  queen  and  female  alates.  The  identification  of  these  volatiles  is  an  important  first  step 
in  determining  their  functional  roles  in  ant  society.  The  determination  of  gland  source  of  queen- 
specific  compounds  and  associated  functions  is  ongoing. 
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Introduction:  Field-collected  male  goldeneyed  lacewings,  Chrysopa  oculata  Say,  release 
(lR,2S,5R,8R)-iridodial  (1)  plus  nonanal,  nonanol  and  nonanoic;  1-baited  traps  attract  males  into 
traps,  and  females  to  the  vicinity.  Laboratory-reared  C.  oculata  males  do  not  produce  1,  despite 
their  healthy  appearance,  normal  fertility,  and  usual  amounts  of  C9  compounds.  Observation  that 
males  caught  in  1-baited  live-traps  tried  to  eat  the  lure,  combined  with  previous  reports  of 
Chrysopa  spp.  eating  Actinidia  polygama  (Actinidiaceae),  prompted  us  to  further  investigate  this 
phenomenon. 

Methods:  Males  fed  synthetic  aphid  pheromone  component,  (4aS,7S,7aR)-nepetalactone  (2), 
converted  ~75%  to  dihydronepetalactone  (3),  but  did  not  produce  1.  Only  males  fed  the  second 
common  aphid  pheromone  component,  (!R,4aS,7S,7aR)-nepetalactol  (4),  converted  this  to  1.  In 


California  late-season  attraction  of  green  lacewings  to  4  (2  is  unattractive)  occurs  at  least  a 
month  earlier  than  the  peak  in  aphid  oviparae,  consistent  with  the  hypothesis  that  Chrysopa 
males  feed  on  oviparae  to  obtain  4  as  a  precursor  to  1. 

Results/Conclusion:  Adult  males  from  laboratory-reared  C.  oculata  larvae  fed  4  failed  to  produce 
1,  and  wild  C.  oculata  males  collected  early  in  the  spring  produce  less  1  than  males  collected 
later  in  the  season.  Therefore,  we  further  hypothesize  that  Asian  Chrysopa  eat  A.  polygama  to 
obtain  iridoid  precursors  in  order  to  make  their  pheromone,  and  that  other  iridoid-producing 
plants  elsewhere  in  the  world  are  similarly  usurped  by  male  Chrysopa  species  to  sequester  iridoid 
pheromone  precursors,  analogous  to  pharmacophagous  feeding  of  male  Bactrocera  fruit  flies 
(Tephritidae). 
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Selection  of  oviposition  sites  by  gravid  females  is  a  critical  behavioural  step  in  the  reproductive 
cycle  of  Anopheles  gambiae  Giles,  the  principal  Afrotropical  malaria  vector  mosquito.  Several 
studies  suggest  this  decision  is  mediated  by  semiochemicals  associated  with  potential  oviposition 
sites.  To  better  understand  the  chemosensory  basis  of  this  behaviour  and  identify  compounds  that 
can  modulate  oviposition,  we  examined  the  generally  held  hypothesis  that  suboptimal  larval 
habitats  give  rise  to  semiochemicals  that  negatively  influence  the  oviposition  preference  of 
gravid  females. 

Dual-choice  bioassays  indicated  that  oviposition  sites  conditioned  in  this  manner  do  indeed 
foster  significant  and  concentration  dependent  aversive  effects  on  the  oviposition  site  selection  of 
gravid  females.  Headspace  analyses  derived  from  aversive  habitats  consistently  noted  the 
presence  of  dimethyl  disulphide  (DMDS),  dimethyl  trisulphide  (DMTS)  and  6-methyl-5-hepten- 


2-one  (sulcatone)  each  of  which  unitarily  affected  An.  gambiae  oviposition  preference. 
Electrophysiological  assays  across  the  antennae,  maxillary  palp,  and  labellum  of  gravid  An. 
gambiae  revealed  differential  responses  to  these  semiochemicals. 

Taken  together,  these  findings  validate  the  hypothesis  in  question  and  suggest  that  suboptimal 
environments  for  An.  gambiae  larval  development  results  in  the  release  of  DMDS,  DMTS  and 
sulcatone  that  impact  the  response  valence  of  gravid  females. 
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Female  mosquitoes  not  only  feed  on  blood  to  produce  eggs  but  they  also  use  carbohydrates  to 
sustain  their  metabolism.  In  nature,  flowers  provide  a  good  source  of  carbohydrates  and  some 
plants  such  as  Platanthera  Rich,  orchids  take  advantage  of  these  visitors  to  get  pollinated  by  the 
mosquitoes  during  their  nectar  intake.  Although  several  observations  have  been  made  of 
mosquitoes  pollinating  these  bog  orchids,  the  signals  used  by  the  plant  to  attract  both  male  and 
female  mosquitoes  remain  unknown. 

We  first  performed  non-destructive  headspace  volatile  collections  in  the  field  to  study  the  scent 
of  several  Plathantera  species,  and  analyzed  these  scent  samples  using  Gas-Chromatography 
coupled  with  Mass- Spectrometry  (GC-MS).  Adult  mosquitoes  of  different  species  and  some  of 
them  carrying  pollinia  were  also  caught  and  identified  in  field  sites  where  orchids  were  present. 
Then,  using  Electro-Antennograms  coupled  with  Gas-Chromatography  (GC-EAGs),  we 
evaluated  to  which  specific  compounds  from  the  orchid  scents  the  mosquitoes  are  responding  to. 
Delivering  pulses  of  specific  chemicals  (EAGs)  to  the  mosquitoes  also  provided  a  better 
understanding  of  the  way  orchids  attract  and  use  the  mosquitoes  to  get  pollinated.  Interspecific 
differences  among  orchid  species  and  mosquito  species  will  be  discussed. 
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Introduction:  Although  workers  in  many  ant  species  are  capable  of  producing  their  own 
offspring,  they  generally  rear  the  queen’s  offspring  instead.  There  are  various  mechanisms  that 
regulate  worker  reproduction  including  inhibitory  effects  of  ant  brood.  Colonies  of  the  ant 
Novomessor  cockerelli  Andre,  are  monogynous  and  polydomous  resulting  in  a  large  portion  of 
nest  workers  being  physically  isolated  from  the  queen  for  extended  periods  of  time.  Some 


workers  experimentally  isolated  from  the  queen  in  laboratory  nests  lay  viable  eggs,  which 
develop  into  males.  However,  in  natural  colonies,  all  males  produced  in  colony  subnests  are 
queen-produced. 

Methods:  We  investigated  the  mechanism  that  regulates  worker  fertility  in  subnests  separated 
from  the  queen  by  giving  queenless  worker  groups  queen-produced  larvae,  queen-produced  eggs, 
or  no  brood. 

Results/Conclusions:  Our  findings  show  that  larvae  delay  the  time  to  worker  egg-laying,  but  eggs 
have  no  effect.  We  investigated  the  distribution  of  larvae  between  all  nests  of  a  colony  through 
the  movement  of  workers  between  nests  and  the  rate  of  transfer  of  larvae  between  nests  in  the 
field.  Because  larvae  are  easily  transported  to  subnests  that  do  not  contain  a  queen  and  delay 
worker  reproduction,  larval  inhibition  is  a  likely  mechanism  that  contributes  to  the  regulation  of 
worker  reproduction  in  N.  cockerellli. 
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For  terrestrial  and  freshwater  arthropods,  chemical  defense  is  arguably  the  most  ecologically  and 
taxonomically  prevalent  means  of  predator  avoidance.  Preeminent  among  chemically  defended 
arthropods  are  geadephagan  beetles,  principally  composed  of  the  dominant  family  Carabidae, 
one  of  the  largest  families  of  animals  with  more  than  35,000  described  species.  Carabid  beetles  - 
the  largest  clade  of  organisms  that  use  a  single  homologous  gland  system  to  produce  such  a  wide 
array  of  defensive  chemical  compounds  -  includes  beetles  that  produce  a  strikingly  diverse  array 
of  defensive  chemicals  using  a  pair  of  glands  that  are  homologous  throughout  the  family. 


We  present  extensive  new  data  expanding  the  number  of  chemical  classes  known  for  Carabid 
pygidial  gland  products  to  19  distinct  classes  (representing  >250  individual  compounds).  While 
species  in  many  carabid  lineages  produce  as  a  primary  compound  a  single  class  of  chemicals, 
distantly  related  lineages  of  carabids  also  often  produce  the  same  defensive  compounds 
presumably  due  to  either  parallel  or  convergent  evolution.  Within  a  single  gland  reservoir, 
compounds  are  often  of  two  distinct  phases.  Using  the  new  chemical  data  and  latest  phylogenies 
for  the  family,  we  review  our  understanding  of  the  evolution  of  defensive  chemistry  with  an 
emphasis  on  the  origins  of  formic  acid  and  quinones,  and  discus  the  mechanics  of  storing  and 
spraying  a  mix  of  hydrophilic  and  hydrophobic  compounds. 
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Introduction:  In  social  insects  the  ability  to  discriminate  nestmate  from  non-nestmates  is  an 
important  mechanism  of  defense  against  enemies.  This  mechanisms  is  mediated  mainly  by 
chemical  cues,  including  cuticular  hydrocarbons  as  a  prime  compound  involved  in  the 
recognition  process.  Many  animals  defend  their  territories  expressing  aggressive  behaviors, 
however,  some  species  respond  defensively  (or  do  not  demonstrate  responses)  to  the  presence  of 
neighbors  than  do  when  facing  a  non-neighbor.  This  difference  of  response  is  known  as  “Dear 
Enemy  Effect”. 

Methods:  In  this  study  we  tested  whether  guard  bees  of  Melipona  scutellaris  Latreille.  from 
closer  neighbor  colonies  accept  more  alien  foragers  than  foragers  from  non-neighbor  colonies 
due  to  the  convergence  of  the  cuticular  hydrocarbon  profiles  between  adjacent  neighbor  colonies. 
We  also  tested  whether  experimental  supplementation  with  synthetic  compounds  (alkanes, 
alkenes  and  methyl  branched  alkanes)  affects  the  recognition  process  of  guard  bees  toward 
nestmate/non-nestmates. 


Results/Conclusion:  Our  results  support  recognition  of  individuals  from  neighbor  colonies  in 
stingless  bees.  We  also  demonstrated  that  the  quantitative  variation  on  the  relative  proportion  of 
hydrocarbons  (Octacosane,  (Z)  w-Hexadecene  or  3-Methyl-heptacosane)  on  the  cuticle  of  M. 
scutellaris  foragers  was  sufficient  to  change  the  chemical  profile  and,  consequently,  increasing 
the  aggressive  acts  toward  both  nestmates  and  non-nestmates. 
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Introduction:  The  grape  berry  moth  ( Paralobesia  viteana  Clemens.)  is  a  specialist  pest  insect  of 
wild  and  cultivated  grape  ( Vitis  spp .)  in  the  Northeastern  United  States.  An  active  blend  of 
volatile  compounds  has  been  isolated  from  plant  material  that  attracts  the  insect  in  flight  tunnel 
assays.  However,  the  plant  odor  space  is  complicated  by  the  presence  of  microbial  organisms 
(bacteria  and  fungi)  living  on  the  surface  of  the  plant.  Microbial  volatile  organic  compounds 
have  been  shown  to  affect  insect  behavior,  and  therefore  must  be  considered  to  fully  understand 
the  olfactory  mediated  behaviors  of  female  grape  berry  moths.  The  origin  (plant  or  microbial)  of 
the  behaviorally  active  volatiles  remains  unknown  in  this  system. 

Methods:  We  report  here  the  efficacy  of  a  surface  sterilization  technique  used  to  treat  plant 
material,  as  well  as  the  chemical  and  behavioral  analysis  of  the  volatile  profiles  produced  in  both 
conditions. 

Results/ConclusiomThe  surface  microbes  did  not  significantly  contribute  to  the  volatile  profile 
of  the  grape  shoots,  nor  did  they  affect  the  behavior  of  the  grape  berry  moth  in  the  flight  tunnel. 
Therefore,  the  blend  of  attractive  compounds  is  likely  produced  by  the  plant. 
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Philornis  downsi  Dodge  &  Aitken.  (Diptera:  Muscidae)  is  an  invasive  avian  parasite  in  the 
Galapagos  Islands.  Its  hematophagous  larvae  threaten  endangered  species  of  Darwin’s  finches  by 
feeding  on  hatchlings.  As  part  of  a  broadly  based  effort  to  develop  management  tools  and 
strategies  for  this  pest  fly,  we  are  developing  chemical  attractants  to  be  used  in  population 
monitoring  and  suppression. 

As  a  first  step,  we  compared  the  attractiveness  of  blackberry  juice,  blackberry  juice  +  yeast,  and 
yeast-sugar  solution.  Then,  we  collected  headspace  volatiles  from  the  attractive  and  chemically 
simpler  bait,  yeast-sugar  solution,  and  identified  14  consistently  antennally  active  yeast 
fermentation  volatiles  using  Gas  chromatography-electroantennographic  (GC-EAD)  and  Gas 
chromatography-Mass  spectrometry  (GC-MS).  In  field  trapping  experiments,  the  14-component 
blend  was  as  attractive  as  the  original  yeast-sugar  solution.  Seven  of  those  components  were  then 
eliminated  and  subsequent  experiments  are  underway  to  identify  the  essential  components  and 
optimize  release  devices. 
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Introduction:  Bacteria  can  sense  bacterial  population  abundance  in  their  immediate  surroundings 
and  release  proteins,  such  as  autoinducer  molecules  or  volatiles,  to  further  stimulate  gene 
expression,  interaction,  and  behavior  in  other  bacterial  cells.  These  molecules  also  facilitate 
crosssignaling  communication  between  prokaryotes  and  eukaryotes,  affecting  many  behaviors, 
like  foraging  and  mating,  in  mammals  and  insects  alike.  Previous  bacterial  studies  involving  the 
red  imported  fire  ant  ( Solenopsis  invicta  Buren)  have  focused  on  isolating  and  identifying 
concomitant  bacteria  and  searching  for  bacteria  ant  mutualisms  or  infections. 

Methods:  In  this  laboratory  study,  fire  ants  were  exposed  to  food  coupled  with  swarming  bacteria 
Proteus  mirabilis  to  observe  colonoid  foraging  responsiveness.  Increasing  bacterial 
concentrations  were  used  to  monitor  their  effect  on  ant  feeding,  aggregation,  and  foraging  rate. 

Results/Conclusions:  Ant  feeding  and  foraging  efforts  differed  amongst  colonies,  while  food 
without  bacteria  was  preferred.  However,  aggregation  of  ants  within  the  foraging  chamber  told  a 
more  clear  story  of  foraging  rate  associated  with  bacterial  presence.  These  experiments  begin  to 
explore  the  dynamics  of  interkingdom  associations  and  the  role  bacteria  play  in  shifting  ant 
foraging,  knowledge  that  could  translate  to  our  understanding  of  animal  behavior  and  novel 
methods  for  biological  control. 
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Closely  related  species  often  produce  similar  but  distinct  signals  by  varying  the  ratios  or  minor 
components  in  pheromone  blends  to  avoid  interference  in  their  communication  channels,  and 
cross-attraction  among  congeners.  Predators  and  parasites  may  exploit  reproductive  signals,  such 
as  bolas  spiders  that  mimic  the  pheromones  of  several  moth  species  to  attract  their  prey,  and 
phoretic  blister  beetle  larvae  that  mimic  the  pheromone  of  their  female  host  bees  to  attract  male 
bees,  as  the  first  step  in  their  being  transported  to  the  nests  of  their  hosts,  which  they  parasitize. 
In  both  cases,  there  is  strong  selection  pressure  on  the  host  to  discriminate  real  mates  from 
aggressive  mimics,  and  conversely,  on  the  predator  or  parasite  to  track  and  locally  adapt  to  the 
evolving  signals  of  their  hosts. 

Here  we  show  local  adaptation  of  the  parasite  Meloe  franciscanus  Van  Dyke  (Coleoptera: 
Meloidae)  to  the  pheromone  chemistry  and  mate  location  behavior  of  its  hosts,  different  species 
of  solitary  bees  in  the  genus  Habropoda  F.  The  larvae  of  M.  franciscanus  hatch  synchronously 
and  aggregate  to  collectively  produce  an  olfactory  signal,  which  mimics  the  host  female’s  sex 
pheromone  to  attract  male  bees  to  pseudocopulate.  We  report  that  M.  franciscanus’  deceptive 
signal  is  locally  host-adapted  in  its  chemical  composition  and  ratio  of  components,  with  host 
bees  from  each  allopatric  population  preferring  the  deceptive  signals  of  their  sympatric  parasite 
population.  Further,  in  different  locales,  the  parasite  has  adapted  its  aggregation  height  to  the 
height  at  which  male  bees  typically  patrol  while  searching  for  females. 
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Introduction:  The  integument  plays  a  crucial  role  in  the  fitness,  general  metabolism, 
communication  and  survival  of  insects.  Recent  evidence  also  suggests  that  this  tissue  participates 
in  several  aspects  of  insecticide  resistance.  Higher  cuticle  hydrocarbon  content  and  a  significant 
cuticle  thickening  were  detected  in  pyrethroid-resistant  compared  to  pyrethroid-susceptible 
Triatoma  infestans  specimens.  Among  key  enzymes  involved  in  insect  cuticle  lipid  biosynthesis, 
fatty  acid  synthases  (FAS)  and  elongases  (ELOVL)  provide  the  fatty  acyl  precursors  to  the 
formation  of  hydrocarbons  and  other  major  cuticle  lipid  components.  The  bulk  of  cuticle  is 
formed  by  structural  proteins  representing  several  families  of  chitin-binding  proteins;  the  most 
relevant  belong  to  the  CPR  and  CPAP  families. 

Methods:  After  a  transcriptome  analysis  of  the  T.  infestans  integument,  the  sequences  of  genes 
related  both  to  cuticle  lipid  biosynthesis  and  cuticle  structure,  as  well  as  to  insecticide 
detoxification,  were  obtained.  The  expression  pattern  was  analyzed  by  real-time  PCR  (qPCR). 

Results/Conclusion:  Several  genes  showed  a  differential  expression  pattern  in  pyrethroid- 
resistant  compared  to  pyrethroid-susceptible  insects.  These  results  support  previous  evidences  in 
T.  infestans  and  suggest  that  cuticle  insecticide  resistance  is  related  not  only  to  mechanisms 
involved  in  a  delayed  penetration  through  the  cuticle,  but  also  to  enhanced  detoxification  as  the 
insecticide  is  transported  through  the  epidermis. 
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We  used  baculovirus  expression  to  characterize  recombinant  acetylcholinesterases  (AChEs)  of 
Haematobia  irritans  (horn  fly),  Stomoxys  calcitrans  (stable  fly),  Rhipicephalus  (Boophilus) 
microplus  (southern  cattle  tick),  and  Phlebotomus  papatasi  (old  world  sand  fly).  Flies  have  a 
single  AChE  gene,  mosquitoes  may  express  two  AChE  genes,  and  R.  microplus  expresses  at 
least  three  AChE  genes.  Sand  flies  impacted  U.S.  military  operations  in  Iraq  and  Afghanistan 
and  control  relies  largely  on  chemical  pesticides.  Reports  of  sand  fly  pesticide  resistance  exist, 
but  few  biochemically  demonstrated  resistance.  We  expressed  P.  papatasi  AChE  (rPpAChEl) 
similar  to  AChE  1  of  Anopheles,  Aedes,  Culex ,  and  other  mosquitoes.  Expression  of  rPpAChEl 
containing  a  mutation  (G1 19S,  F290V,  or  F33 1 W)  producing  OP-resistant  AChE  in  mosquitoes 
resulted  in  OP-resistant  rPpAChEl.  Novel  carbamates  exhibited  effective  inhibition  of  OP- 
resistant  enzyme  constructs.  In  silico  molecular  docking  models  mimicked  biochemical 
inhibition.  PCR  assays  demonstrated  the  GGC  codon,  but  not  the  G1 19S  mutation,  in  laboratory 
flies  and  wild  flies  from  Africa,  indicating  that  sand  flies  could  develop  OP-resistance  under 
selection  pressure.  African  Anopheles  mosquitoes  exhibit  G1 19S-based  OP-resistance  and  some 
have  duplicated  the  ace-1  gene  and  express  G1 19S  &  F290V  mutations.  PpAChEl  constructs 
containing  multiple  OP-R  mutations  were  biochemically  inactive.  Carbamates  that  inhibit  OP- 
resistant  rPpAChEl  constructs  might  prevent  or  remediate  OP  resistance  in  sand  flies  or 
mosquitoes.  Cholinesterase  in  R.  microplus  saliva  may  1)  detoxify  the  blood  meal,  2)  modify  host 
immune  response,  and  3)  participate  in  saliva  assisted  pathogen  transmission  to  the  host. 
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Abstract  text: 


Incidence  of  vector  borne  disease  viz.  dengue  has  been  increasing  globally  almost  every 
successive  year.  Even  in  India,  cases  of  dengue  have  been  registered  alarmingly  from  hypo 
endemic  states  like  Assam,  Manipur  etc.  So,  research  to  prevent  the  dengue  epidemic  is  the  need 
of  the  hour.  As  no  vaccination  is  available,  the  best  way  of  dengue  prevention  is  to  control  the 
vectors  Aedes  aegypti  and  Aedes  albopictus.  Though  a  handful  of  data  are  available  in  literature 
on  this  area  of  research,  still  prevention  of  vector  borne  diseases  is  a  challenge  for  us  and  billions 
of  people  are  at  risk  of  infection.  Natural  products  are  potential  candidates  for  control  of 
organisms  of  public  health  importance  and  important  component  of  vector  management 
strategies.  Our  study  focused  on  essential  oil  of  plants  for  being  used  as  vector  control.  Essential 
oil  extracted  from  aromatic  plants  were  bioassayed  against  larval  and  adult  stages  of  A.  aegypti 
by  following  WHO  protocol.  LC50  values  of  effective  essential  oil  were  determined  and  their 
major  constituent  compounds  were  identified  after  GC-MS  analysis.  Different  combinations  of 
essential  oil  belonging  to  order  Rutaceae  ( Citrus  grandis  etc.),  Lamiaceae  ( Ocimum  sp.), 
Myrtaceae  (eg.  Eucalyptus  sp.)  etc.  and  some  of  their  constituent  compounds  (eg.  Pinene)  were 
prepared  and  applied  against  A. aegypti.  The  best  three  combinations  were  recorded  and  their 
toxicity  on  enzyme  activity  like  GST  was  studied  which  will  be  highlighted  during  presentation. 
We  believe  that  the  findings  of  the  study  will  further  be  possible  to  be  used  by  industries  for 
commercialization. 
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The  blood-sucking  bug  Triatoma  infestans  (Hemiptera:  Reduviidae)  is  the  most  widespread  and 
relevant  vector  of  Chagas  disease  in  the  southern  region  of  South  America.  Residual  spray  with 
chemical  insecticides  has  been  a  successful  vector  control  strategy.  However,  after  about  30 
years  of  pyrethroid  application,  resistance  foci  are  increasingly  being  documented  in  Argentina 
and  Bolivia.  Among  genes  involved  in  detoxification  processes  in  insects,  cytochrome  P450 
monooxigenases  (CYP)  are  often  associated  with  relevant  roles  in  metabolic  resistance.  Using 
the  Rhodnius  prolixus  genome  information  available,  we  characterized  33  CYP  genes  in  the 
integument  of  T.  infestans.  Two  of  them,  classified  as  members  of  CYP4EM  and  CYP3093A 
subfamilies,  were  highly  expressed  (18-  and  67-fold  induction,  respectively)  in  deltamethrin- 


resistant  fifth-instar  nymphs  compared  with  deltamethrin-susceptible  specimens,  as  measured  by 
qPCR.  After  modeling  the  molecular  docking  of  deltamethrin  to  the  predicted  active  sites,  the 
pyrethroid  binding  was  energetically  favored  for  some  members  of  CYP4  but  not  for  CYP3093 
genes.  These  results  suggest  that  a  combination  of  at  least  two  mechanisms,  i.e.  induction  of 
gene  expression  and  modification  of  binding  affinity  to  the  active  site,  might  be  responsible  for 
the  high  levels  of  deltamethrin  resistance  detected  in  T.  infestans.  Further  studies  including  the 
silencing  of  candidate  genes  will  help  to  understand  the  mechanisms  involved  in  such  resistance. 
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Mosquitoes  are  vectors  for  many  pathogens  resulting  in  many  deaths  of  humans.  Repellents  play 
an  important  role  in  reducing  mosquito  bites  and  the  spread  of  mosquito-borne  diseases. 
Researchers  used  human-arm-based  bioassay  systems  to  identify  repellent  properties  of 
compounds,  extracts,  and  essential  oils  in  majority  of  the  publications  from  developing  countries. 
Risks  involved  with  human-arm-based  systems  are  allergic  reactions,  spread  of  disease  and 
limited  replicates.  We  are  reporting  an  in-vitro  bioassay  method  "NCNPR  repellent  bioassay 
(NCNPR-RB)"  that  can  closely  simulate  the  results  of  the  cloth  patch  bioassay  system  used  to 
determine  repellency  against  mosquitoes.  The  NCNPR-RB  method  uses  heat  to  attract  mosquito 
and  edible  collagen  sheets  as  an  alternate  to  human  skin.  It  can  be  made  with  little  effort  in  the 
laboratory.  Multiple  plant  compounds  with  documented  repellency  were  tested.  Treatments  were 
prepared  in  EtOH  and  applied  in  dosages  ranging  from  0.01 1-1.5  mg/cm2  to  a  20-cm2  collagen 
sheet.  The  minimum  effective  dosage  (mg/cm2)  of  compounds:  DEET  (0.021),  carvacrol  (0.011), 
thymol  (0.013),  undecanoic  acid  (0.023),  thymol  methyl  ether  (0.269),  and  2-nonanone 
(>0.375  mg/cm2)  determined  in  NCNPR-RB  were  similar  to  those  reported  in  literature  using  a 
cloth  patch  bioassay  system.  The  NCNPR-RB  can  be  used  to  screen  compounds  with  reasonable 


reproducibility  of  the  data  at  a  faster  rate  than  the  cloth  patch  bioassay,  which  involves  the  use  of 
human  subjects. 
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Introduction:  With  the  epidemics  of  dengue  and  chikungunya  and  the  explosive  pandemic  of 
Zika  virus  in  Brazil  the  population  at  large  is  becoming  more  conscientious  about  the  use  of 
mosquito  repellents  to  reduce  mosquito  bites  and,  consequently,  reduce  transmission  of  diseases. 
Authorities  have  recommended  the  use  of  insect  repellents,  particularly  DEET  (the  gold  standard 
of  insect  repellents),  picaridin,  and  IR3535.  There  is,  however,  an  aversion  to  synthetic 
compounds  and  an  interest  in  natural  recipes,  including  one  on  the  basis  of  “Cravo  da  India” 

( Syzygium  aromaticum).  Here,  we  report  on  repellency  activity  of  this  recipe  and  its  main 
constituent  in  comparison  to  DEET. 

Method:  We  replicated  the  Cravo  da  India  repellent  recipe  and  performed  surface  landing  and 
feeding  behavior  assay  using  four-day-old  and  non-blood-fed  female  Culex  quinquefasciatus ,  the 
Southern  house  mosquitoes.  After  analyzing  the  sample  by  gas  chromatography-mass 
spectrometry  (GC-MS),  we  tested  the  major  constituent  of  this  popular  formulation. 

Results/Conclusion:  In  our  behavioral  assays,  the  popular  recipe  on  the  basis  of  Syzygium 
aromaticum  showed  lower  repellency  activity  than  DEET.  Likewise,  the  main  constituent  of  the 
natural  repellent,  eugenol,  elicited  lower  spatial  repellency  than  DEET  despite  having  a  lower 
boiling  point  (and,  consequently  higher  vapor  pressure).  DEET  was  10  times  more  effective  than 
eugenol.  Therefore,  we  concluded  that  the  advertisement  for  this  homemade  repellent  to  protect 
against  the  vector  of  Zika  virus  is  misleading,  particularly  considering  that  complete  protection 
time  might  be  even  lower  due  to  rapid  evaporation. 
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Indoor  Residual  Spraying  (IRS)  is  one  of  the  core  vector  control  interventions  for  reducing  and 
interrupting  malaria  and  other  mosquito  borne  diseases  transmission.  The  type  of  sprayable 
surface  to  certain  level  impacts  on  residual  efficacy  of  insecticide  used  in  IRS  programs.  This 
study  investigated  the  bio  efficacy  and  residual  activity  of  an  organophosphate  insecticide 
pirimiphos  methyl  (Actellic  300CS)  and  pyrethroid  deltamethrin  (K-othrine  WG  250)  on 
different  three  common  surfaces  of  human  dwellings  in  south  west  Nigeria,  against  laboratory 
reared  Culex  quinquefasciatus  Say  under  laboratory  conditions.  The  surfaces  were  made 
artificially  with  different  building  materials  such  as  plywood,  cement  and  mud,  and  sprayed  with 
Actellic  300CS  @  1  gm/m2  and  K-othrine  WG  250  @  20mg/m2  using  standard  Hudson  pump 
sprayer.  Bioassay  test  were  carried  out  bi-weekly  on  sprayed  surfaces  to  evaluate  the  residual 
activity,  using  World  Health  Organization  (WHO)  standard  protocols.  Result  of  bioassays  test 
showed  that  the  persistence  of  Actellic  300  CS  (>80%  mortality)  was  ~  4  months  each  (120 
days)  on  plywood  and  cement  surfaces  with  83.6%  and  86.7%  mortalities  respectively.  Mud 
surfaces  showed  lower  residual  efficacy  of  3.5  months  (75days).  With  K-othrine  WG  250  the 
residual  activity  (>  80%  mortality)  was  120  days  (~  4  months)  on  both  plywood  and  cement 
surfaces,  but  <  2months  (45  days)  on  mud  surfaces.  This  study  shows  that  the  residual  efficacy  of 
both  insecticides  varied  on  different  type  of  wall  surfaces,  emphasizing  the  need  for  testing 
candidate  products  in  local  context  for  proper  management  of  IRS. 
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Introduction:  Insect  repellents  are  important  for  people  and  animals  with  respect  to  providing 
safety  and  comfort  from  outdoor  biting  insects  that  carry  a  variety  of  diseases.  DEET  was 
developed  and  patented  by  the  US  Army  in  1946  for  use  by  military  personnel  in  insect- infested 
locations.  While  DEET  is  the  established  gold  standard  for  repellents,  it  has  health-related  issues 
and  consumer  concerns.  For  these  reasons,  a  non-DEET  insect  repellent  (IR3535)  with 
comparable  efficacy  was  developed  and  tested  against  various  species  of  mosquitoes  ( Aedes 
aegypti,  albopictus,  Culex  sp.  and  other  mosquito  species),  flies  ( Simulium  sp .,  Phlebotomus  sp., 
Tabanidae  sp .,  Musca  domestica)  and  ticks  ( Ixodes  sp .,  Amblyomma  americanum) 

Methods:  Cage  and  field  test  studies  were  conducted  in  Europe,  Asia,  North  and  South  America 
to  demonstrate  the  efficacy  against  mosquitos,  flies  and  ticks.  IR3535  at  concentrations  10%- 
30%  was  compared  to  a  positive  control  DEET.  Ethanol  solution,  cream  and  pump  spray 
vehicles  were  evaluated. 

Results/Conclusion:  IR3535  is  based  on  a  naturally  occurring  amino  acid,  B-alanine  and  is 
proven  to  be  safe  and  effective  for  use  on  humans  including  young  children.  The  studies  show 
that  the  efficacy  of  repellent  actives  in  general  varies  with  the  vehicle,  species  of  insect  tested, 
cage  vs.  field  testing,  and  the  ratio  of  males  to  females  in  cage  testing.  IR3535  was  also  shown  to 
be  safe  and  effective  for  use  on  family  pets  and  farm  animals.  In  most  cases  IR3535  and  DEET 
protection  times  were  comparable. 


Paper  (Oral)  Presentations 

Presentation  Title:  Quantitative  analysis  of  vector  movement  behavior  following  subacute 
exposure  to  behavior  modifiers 


Author  Name:  Kyndall  Dye 

Author  Institution:  University  of  Kentucky 

Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Repellents,  Toxicants, 
and  Resistance 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  2177 
DOI:  10. 1603/ICE.2016. 116064 
Abstract  text: 

Title  Change:  Monitoring  for  Insecticide  Resistance:  2015  Field  Cage  Testing  in  Harris  County, 
TX 

Introduction:  Insecticide  resistance  research  and  testing  have  been  crucial  elements  to  Harris 
County  Public  Health  (HCPH)  Mosquito  Control  Division,  resulting  in  the  rotational  strategy  of 
operational  mosquito  control  activities  throughout  Harris  County.  Field  cage  tests  are  labor 
intensive  and  typically  performed  under  somewhat  harsh  conditions,  however  the  need  for  field- 
based  insecticide  effectiveness  studies  is  very  important.  Two  mosquito  adulticides  were  tested 
in  2015  against  feral  Culex  quinquefasciatus  mosquitoes  from  nine  Operational  Areas  in  Harris 
County. 

Methods:  The  process  of  field  cage  testing  for  insecticide  effectiveness  includes  egg  collections, 
rearing  of  feral  mosquito  colonies,  field  set-up,  conducting  the  field  cage  test,  and  analyzing  the 
test  data.  The  two  chemicals  compared  in  2015  were  malathion  and  permethrin.  Control 
mosquitoes  consisted  of  a  colony  of  susceptible  Sebring  Cx.  quinquefasciatus  mosquitoes. 

Results/Conclusion:  Permethrin  remained  consistent  relative  to  the  past  ten  years  with  over  90% 
corrected  mortality.  This  will  continue  to  be  examined  closely.  Malathion  produced  a  corrected 
mortality  of  over  96%.  With  the  potential  for  Zika  virus  and  other  emerging  arboviral  diseases, 
insecticide  resistance  research  will  continue  to  be  an  integral  part  of  integrated  mosquito  control 
operations. 
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Mosquitoes,  such  as  Anopheles  gambiae  and  Aedes  aegypti ,  are  important  vectors  of  mosquito- 
borne  diseases.  Fluralaner  was  toxic  to  Aedes  aegypti  mosquitoes  in  24  hour  exposures,  with  an 
LCso  in  4th  instar  larvae  of  1.2  ppb  and  LD50  in  adult  topical  assays  of  1.3  ng/mg.  This  LD50  value 
of  fluralaner  was  4-fold  higher  than  fipronil,  and  26-fold  higher  than  permethrin.  In  time  course 
studies,  the  insecticidal  activity  of  fluralaner  to  adults  increased  by  a  factor  of  approximately  two 
for  each  day  of  exposure,  suggesting  a  slowly  developing  toxicity.  The  endpoint  for  fluralaner 
toxicity  following  topical  application  was  about  5  days.  The  data  suggest  that  fluralaner  does  not 
have  exceptional  toxicity  to  mosquitoes  in  typical  exposure  paradigms.  In  electrophysiological 
recordings  on  Drosophila  melanogaster  larval  CNS,  1  mM  GABA  was  used  to  block  nerve 
activity  and  the  EC50  of  fluralaner  for  restoring  nerve  firing  (a  measure  of  GABA  antagonism)  is 
0.34  (0.06-1.8)  pM.  The  time  to  response  of  fluralaner  was  longer  compared  to  dieldrin  (6.3  ± 

5.8  minutes  at  10  pM),  and  in  several  preparations  responses  to  fluralaner  required  30  minutes  or 
more  to  appear,  suggesting  a  slow  action  even  when  the  blood-brain  barrier  is  disrupted. 
Although  dieldrin  (logP  =  5.4)  and  fluralaner  (logP  =  5.0)  have  similar  lipophilicities,  the  large 
size  (mw  =  556)  of  fluralaner  compared  to  dieldrin  (mw  =  381)  might  influence  its  penetration 
through  the  mosquito  cuticle  and  into  the  CNS. 
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Aedes  aegypti  is  one  of  the  mosquito  species  responsible  for  the  transmission  of  Dengue  fever, 
chikungunya,  yellow  fever  and  the  worst,  dengue  hemorrhagic  fever  while  Culex 
quinquefasciatus  vectors  Japanese  encephalitis  (JE)  Wuchereria  bancrofti  and  is  responsible  for 
several  human  and  animal  diseases.  The  World  Health  Organization  stated  that  about  2/5  of  the 
global  human  population  are  currently  under  the  threat  of  dengue  and  the  best  way  to  control  the 
transmission  of  dengue  virus  is  to  fight  the  mosquitoes  that  cause  the  disease.  Indiscriminate  use 
of  several  conventional  mosquitocidal  agents  though  effectively  cause  several  problems  to  non¬ 
target  organism  including  humans  and  affect  the  ecological  balance  as  well.  Thus  there  is  a  need 
to  develop  an  alternative  strategy  to  manage  mosquito  populations.  Biological  products  like  plant 
extracts  are  one  of  the  ways  to  deal  with  mosquito  control.  The  secondary  metabolites  of  several 
plants  are  known  to  have  novel  mosquitocidal  molecues  due  to  their  co-evolution  with  insects. 
The  objective  of  the  present  study  is  to  evaluate  the  bioactive  potential  of  Lantena  camera, 
Mentha  piperita  L.  and  Eucalyptis  grandis  against  Culex  quinquefasciatus  and  Aedes  aegypti. 
The  leaf  extracts  were  assessed  for  larvicidal  and  repellency  activity  by  standard  methods.  The 
highest  larvicidal  activity  was  obtained  at  LC5o=96  ppm  and  103  ppm  against  C.  quinquifas dates 
and  Aedes  aegypti  respectively  with  Mentha  piperita  extract  while  100%  repellency  was 
exhibited  by  Eucalyptis  grandis  extract  for  up  to  240  minutes  for  both  the  mosquito  species. 
These  results  reveal  that  the  selected  plants  have  potential  to  be  considered  in  mosquito  control 
program. 
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Abstract  text: 

Introduction:  The  Integrated  Management  Strategy  for  the  prevention  and  control  of  dengue  in 
the  Americas  (IMS-dengue)  has  been  implemented  in  several  countries  in  order  to  reduce 
mobility,  mortality  and  economical  and  social  impact  caused  by  the  incidence  of  dengue  in  the 
region.  However,  an  increase  of  dengue  incidence,  the  circulation  of  4  serotypes  of  its  virus,  the 
significant  increase  of  Aedes  aegypti  infestation  and  the  recent  introduction  of  Chikungunya  and 
Zika  in  the  region  poses  new  challenges  in  the  Aedes  aegypti  control.  The  history  of  transmission 
of  dengue  in  Cuba  is  considerably  different  from  elsewhere  in  the  Americas.  The  sporadic  and 
epidemic  nature  of  transmission  in  Cuba  vis-a-vis  other  countries  can  be  attributed  to  factors 
affecting  both  host  and  vector  dynamics.  The  National  Campaign  against  Aedes  aegypti ,  initiated 
following  the  1981  epidemic,  employs  regular  surveillance  and  destruction  of  breeding  sites,  the 
use  of  insecticides,  and  educational  campaigns  to  prevent  the  formation  of  new  breeding  sites. 
The  A.  aegypti  control  program  is  characterized  by  decentralization  and  verticality.  This  program 
has  been  modified  and  strengthened  in  terms  of  the  epidemiological  moments  of  the  region  and 
the  country.  The  monitoring  of  control  strategies  and  surveillance  of  insecticides  resistance  has 
provided  evidence  of  the  progress  and  challenges  in  this  field.  The  A.  aegypti  control  program 
strategies  should  be  focused  on  vector  control,  not  principally  on  the  detection  of  disease 
cases.  Cost-effective,  efficient  and  sustainable  management  strategies  are  necessary  to  A.  aegypti 
control  for  prevention  of  Dengue,  Chikungunya  and  Zika  all  over  the  world. 
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Introduction:  Russian  Zoologist  E.  Metchnikoff  discovered  phagocytosis  and  postulated  that  it 
plays  a  prominent  role  in  antimicrobial  defenses;  he  died  100  years  ago.  His  cellular  “innate 
immune  defense”  hypothesis  was  challenged  by  P.  Ehrlich  who  favored  a  role  of  soluble 
inducibles,  e.g.,  antitoxins  and  antibodies.  Ehrlich’s  “humoral  immunity”  was  referred  to  as 
“adaptive  immunity.”  Metchnikoff  and  Ehrlich  shared  the  Nobel  Prize  in  1908  with  their  dispute 
unresolved.  Over  the  following  decades,  humoral  immunity  became  central  to  immunological 
research,  especially  after  the  discovery  of  the  roles  of  lymphocytes.  Phagocytosis  is  key  to 
insect’s  resistance  to  infections.  The  1980s  discovery  that  insects  produce  antimicrobial  peptides 
as  defense,  a  finding  that  rapidly  extended  to  mammals,  triggered  the  interest  of  several 
laboratories  in  Europe,  USA,  and  Japan,  and  led  to  the  follow  findings:  (1)  transcription  of  these 
novel  immune  genes  in  insects  is  controlled  by  a  factor  homologous  to  the  mammalian 
transactivator  NF-kB;  (2)  this  regulator  is  activated  upon  binding  of  microbial  molecules  to 
several  families  of  immune  receptors  largely  conserved  between  insects  and  humans,  (3)  the 
intracellular  signaling  cascades  leading  to  the  NF-kB  dependent  transcription  of  the  immune 
genes  are  essentially  similar  between  mammals  and  insects;  (4)  in  mammals,  the  adaptive 
immune  response  in  lymphocytes  requires  activation  by  innate  immune  cells  following  their 
recognition  of  microbial  molecules  (insects  lack  adaptive  immunity).  Together,  these  results 
reconcile  the  views  of  Metchnikoff  and  Ehrlich,  and  illustrate  that  both  arms  of  immunity  work 
efficiently  hand-in-hand  in  mammals,  whereas  invertebrates  (90%  of  all  species)  rely  solely  on 
innate  immunity. 
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Seed  treatments,  whether  they  are  fungicides  alone  or  fungicide  +  insecticide  combinations,  have 
been  part  of  production  agriculture  for  many  decades.  Why?  Growers  have  determined  that  they 
need  some  sense  of  protection  against  pests  (soil  pathogens  or  underground  soil  insect  pests)  that 
they  otherwise  cannot  manage  with  curative  responses  (i.e.,  applications  of  fungicides  or 
insecticides).  One  of  the  basic  tenets  of  modern  IPM  principles  is  prevention,  which  does  not 
preclude  the  use  of  pest  control  products,  including  pesticidal  seed  treatments,  when  pests  are 
otherwise  not  controllable.  Consequently,  the  suggestion  that  the  use  of  pest-preventive  seed 
treatments  breaches  IPM  principles  is  not  compelling.  Rationale  for  the  use  of  pesticidal  seed 
treatments  will  be  presented  to  illustrate  how  they  fit  comfortably  into  the  paradigm  of  IPM. 


Symposium 

Presentation  Title:  History  of  seed  treatments  and  their  advantage 

Author  Name:  Ray  Knake 

Author  Institution:  Ray  Knake  Consulting 

Session  Title:  Symposium:  Agronomic  and  Economic  Benefits  of  Seed  Treatments:  The  IPM 
Perspective 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2187 
DOI:  10.1 603/ICE.20 1 6.94463 


Abstract  text: 


Food  producers,  during  the  last  4000  years,  have  been  looking  for  ways  to  improve  their  crop 
production  and  quality  by  applying  materials  to  their  seed  prior  to  planting.  The  earliest 
application  of  insecticides  on  seed  were  used  to  control  soil  insects  that  could  attack  a  number  of 
crops  and  the  control  of  foliar  insects  on  cotton.  Insecticides  registered  with  the  EPA  for  use  as 
seed  treatments  in  the  last  20  years  help  to  manage  many  insects  known  to  attack  crops  grown  in 
the  U.S.  Several  seed  treatments  developed  in  the  last  40  years  offer  the  only  option  for 
controlling  certain  diseases  or  the  spread  of  certain  diseases.  These  include  dwarf  bunt  of  wheat 
( Tilletia  controversa ),  late  blight  on  potatoes  ( Phytophthora  infestans )  and  sudden  death 
syndrome  in  soybeans  ( Fusarium  virguliforme).  Researchers  have  long  been  aware  of  the 
damage  to  crops  caused  by  nematodes.  Soil  applied  products  previously  used  to  reduce  nematode 
injury  to  the  crop  are  no  longer  available  for  use.  Several  seed  applied  materials  have  been 
introduced  in  the  last  decade  that  can  reduce  yield  loss  caused  by  nematodes. 
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Agronomic  crops  grown  in  the  Mid-South  are  challenged  by  numerous  insect  pests  annually. 
Effective  and  economical  tools  are  critical  for  sustainable  crop  production  in  this  region. 
Neonicotinoid  seed  treatments  are  the  most  economical  and  effective  tool  for  managing  early 
season  pests  of  agronomic  crops  in  the  Mid-South.  Their  use  has  significantly  reduced  the  total 
amount  of  insecticide  active  ingredient  applied  on  a  per  acre  basis,  decreased  the  use  of  broad 
spectrum  insecticides  that  are  more  toxic  to  non-target  organisms,  and  provided  excellent  yield 
protection.  Over  10  years  of  research  results  will  be  presented  with  an  emphasis  on  yield 
protection  in  soybean,  cotton  and  corn. 
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Soybean  [Glycine  max  (L.)  Merr.]  yield  is  best  understood  physiologically  as  a  componentized 
equation.  Yield  (kg/ha)  =  [plants/ha  X  nodes/plant  X  pods/node  X  seeds/pod]  /  [seeds/kg)  X 
27.216  kg].  Insect  infestation  during  a  seasonal  time-frame  coinciding  with  a  specific  yield 
component  would  be  expected  to  diminish  yield  in  accordance  with  the  severity  of  insect-feeding 
injury  on  the  component,  and  must  be  considered  in  research  aimed  at  developing  yield-based 
economic  thresholds  of  insect  injury  requiring  insecticide  intervention.  Bean  leaf  beetle  (BLB) 
[Circoma  trifur cata  (Forster)]  is  a  major  insect  pest  in  most  USA  soybean  growing  areas.  BLB 
feeding  injury  occurs  at  emergence  (overwintering  BLBs),  flowering  (1st  generation  BLBs),  and 
late  pod-fill  (2nd  generation).  A  neonicotinoid-based  insecticide  seed  treatment  is  superior  to 


insecticide  spray  applications  for  BLB  control  at  emergence,  not  so  much  because  BLB  adults  & 
larva  feeding  injury  on  emergent  seedlings  and  root  nodules  leads  to  per  se  yield  loss  (it  rarely 
does),  but  overwhelming  because  over-wintering  BLBs  vector  the  Bean  Pod  Mottle  Virus 
(BPMV)  [Genus:  Comovirus ]  to  seedlings,  and  that  “reservoir’  of  BPMV  in planta  is  later 
vectored  to  other  soybean  plants  by  BLBs  at  the  flowering  and  pod-filling  stages.  BPMV 
infection  substantially  reduces  yield,  leads  to  green  stems  at  harvest,  and  lessens  seed  quality 
(mottled  seed  coats).  No  natural  genic  resistance  to  BPMV  infection  exists,  so  insecticide  seed 
treatment  is  the  only  means  to  mitigate  the  deleterious  effects  of  this  virus.  This  soybean  Yield  - 
BLB  -  BPMV  complex  will  be  reviewed. 
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Use  of  seed  treatment  pesticide  products  in  the  United  States  is  regulated  by  the  U.S. 
Environmental  Protection  Agency  (EPA)  implementing  the  requirements  of  the  Federal 
Insecticide,  Fungicide,  and  Rodenticide  Act  (FIFRA).  The  benefits  of  these  products  and  their 
role  in  an  integrated  pest  management  system  is  an  important  consideration  used  as  part  of 
EPA’s  regulatory  evaluation  as  the  law  requires  both  benefits  and  risks  of  a  pesticide  product  to 
be  considered  as  part  of  the  approval  process  (or  to  allow  continued  or  expanded  use  after  initial 
introduction). 

In  recent  years  controversies  regarding  the  possible  role  neonicotinoid  seed  treatment  pesticides 
play  in  any  decline  in  honeybee  populations  or  honeybee  health  generally  has  been  a  particular 
focus  of  EPA  regulatory  activity. 

This  presentation  will  describe  the  requirements  a  pesticide  must  meet  to  gain  EPA  approval,  the 
process  EPA  uses  to  evaluate  the  risks  and  benefits  of  these  products,  and  current  regulatory 
evaluations  of  seed  treatment  products. 


Of  particular  focus  will  be  any  regulatory  actions  EPA  has  implemented  or  is  considering 
regarding  regulation  of  seed  treatment  pesticide  products  as  part  of  its  emphasis  on  reducing 
potential  impacts  of  neonicotinoid  seed  treatments  and  other  pesticides  on  honeybee  and  other 
pollinator  populations. 
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Seed  treatments  have  become  an  important  tool  for  farmers  so  the  seed  industry  is  evolving  to 
meet  demand  for  innovative  products  that  address  a  wide  range  of  production  issues.  Seed 
applied  insecticides  are  especially  advantageous  with  insects  that  feed  below  ground  and/or 
immediately  after  planting.  These  pests  can  be  especially  difficult  to  control  using  traditional 
pest  scouting  followed  by  rescue  insecticide  applications. 

In  addition  to  developing  new  combinations  of  chemistries,  biologic  seed  treatments,  and 
functional  coatings,  the  industry  is  focused  on  improved  application  technologies  and  coatings 
that  enhance  adhesion  of  active  ingredients  and  improve  flowability  at  planting.  These  include 
investments  in  new  seed  treatment  equipment,  new  coating  technologies  and  fluency  agents  to  be 
used  in  planters. 

Product  stewardship  from  application  to  planting  and  disposal  is  a  high  priority  for  the  industry. 
The  American  Seed  Trade  Association  and  CropLife  America  jointly  developed  the  Guide  to 
Seed  Treatment  Stewardship  and  companion  outreach  materials  to  educate  all  those  involved 
with  applying  and  using  treated  seed  with  proper  handling  techniques  to  minimize  negative 
impacts  on  non-target  organisms. 

Education  and  outreach  around  product  stewardship  for  downstream  seed  treatment  applicators  is 
an  important  aspect  of  individual  company  and  industrywide  efforts.  Downstream  seed  treatment 
application  allows  the  marketplace  to  be  flexible  in  responding  to  farmers’  seed  treatment  needs 
and  provides  additional  opportunities  along  the  value  chain. 

Continuous  improvement  in  seed  treatment  development,  application  and  product  stewardship 
will  allow  the  seed  industry  to  fully  realize  the  opportunities  that  seed  applied  technologies  offer. 
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The  Center  for  Arthropod  Management  Technologies  (CAMTech)  is  a  partnership  between  the 
National  Science  Foundation  (NSF),  industry,  and  affiliated  universities,  Iowa  State  University 
and  University  of  Kentucky,  forming  a  NSF  Industry  /  University  Cooperative  Research  Center 
(I/UCRC).  The  goals  of  CAMTech  are  to  conduct  pre-competitive  research  and  transfer 
knowledge  to  industrial  partners  for  in-house  use  or  extension,  optimize  and  expand  the 
versatility  of  current  technologies  and  train  undergraduate,  graduate  students  and  postdoctoral 
scholars  for  potential  future  employment  within  industry.  The  research  efforts  of  CAMTech 
provide  a  foundation  that  links  the  goals  of  industry  with  basic  academic  research  toward 
effective  management  of  arthropod  and  nematode  pests.  CAMTech  membership  enables 
industry  members  to  prioritize  and  leverage  nominal  research  investment  across  multiple 
strategic  initiatives  that  serve  as  an  incubator  for  novel  technologies  towards  controlling 
arthropod  and  nematode  pests.  Additionally,  there  are  other  advantages  to  membership, 
including  1)  advanced  access  to  data  and/or  inventions  stemming  from  funded  research,  2) 
enhanced  relationships  with  key  academic  labs  in  the  field,  3)  evaluation  and  recruitment  of 
trained  personnel  and  4)  relationship  development  between  industry  members. 

CAMTech  continues  efforts  toward  expanded  industry  and  academic  participation  which  will 
further  expand  the  successful  research  partnership  created  between  the  public  and  private  sector 
over  the  initial  three  years  since  establishment  of  the  center. 
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Abstract  text: 


Establishing,  maintaining  and  curating  insect  cell  lines  is  a  long-standing  thrust  in  our  laboratory. 
We  established  cell  lines  to  produce  specific  baculoviruses  as  biocontrol  agents  and  to 
investigate  insect- virus  interactions,  such  as  viral  host  ranges.  Moving  beyond  viral  work,  our 
laboratory  now  focuses  on  establishing  and  using  cell  lines  as  research  tools  for  understanding 
basic  and  applied  insect  biology,  including  insecticide  mode  of  action  and  screening  programs. 
We  have  a  lengthy  history  of  working  closely  with  industrial  partners  to  produce  needed  lines 
and  a  substantial  background  as  a  recognized  training  center,  educating  and  assisting  numerous 
insect  cell  culturists,  at  the  national  and  international  levels.  Our  presentation  focuses  on 
challenges  in  establishing  cell  lines  from  selected  species  and  tissues,  and  outlines  some  of  our 
approaches  to  these  challenges.  We  describe  selection  and  use  of  tissue  processing/dissociation 
techniques,  cell  culture  media,  and  culture  vessels  with  different  surfaces/configurations.  This 
discussion  also  includes  issues  such  as  sterile  technique,  media-tissue  ratio,  insect  age/stage, 
culture  maintenance  and  curating  established  cell  lines.  Our  presentation  will  provide  a 
framework  for  planning,  launching  and  sustaining  successful  research  programs  based  on  insect 
cell  line  platforms. 
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Abstract  text: 

A  wide  range  of  proteins  move  via  vesicular  transport  across  insect  gut  epithelial  cells  for  release 
into  the  hemocoel.  The  utility  of  such  transcytosed  proteins  for  delivery  of  insect-specific 
neurotoxins  from  the  gut  into  the  hemocoel  of  aphids  has  recently  been  demonstrated  for  the 
plant  lectin,  Galanthus  nivalis  agglutinin  (GNA)  and  for  an  aphid-transmitted,  plant  virus  coat 
protein.  Proteins  that  transcytose  across  the  insect  gut  epithelium  allow  for  appropriate  delivery 
of  toxins  that  are  active  within  the  hemocoel,  providing  a  new  approach  toward  development  of 
pest  resistant  crops.  We  used  an  Ussing  chamber  to  examine  the  efficiencies  and  transport 
mechanisms  involved  with  the  movement  of  various  proteins  across  the  gut  of  Spodoptera 
frugiperda.  Test  proteins,  which  included  GNA,  bovine  serum  albumin  and  virus-derived  coat 


proteins,  were  labeled  with  fluorescein  isothiocyanate  or  eGFP  for  ease  of  detection.  There  was 
wide  variation  in  the  efficacy  of  transport  of  different  proteins  across  the  epithelial  layer.  The 
mechanisms  involved  with  transport  were  investigated  by  addition  of  inhibitors  into  the  Ussing 
chamber.  Results  will  be  discussed  in  relation  to  the  potential  exploitation  of  these  proteins  and 
pathways  for  insect  pest  management. 
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Abstract  text: 

Insect  resistant  (IR)  transgenic  corn  was  deregulated  in  1995  with  rapid  adoption  reflected  in  the 
fact  that  in  2014,  IR  transgenic  crops  were  cultivated  on  ~79  million  hectares 
globally.  Enhancing  product  durability,  emergence  of  new  pests,  new  crop  opportunities  and  the 
finite  lifespan  of  commercialized  traits  all  drive  the  search  for  novel  IR  traits.  Collaborations 
between  industry  and  public  institutions  play  an  important  role  in  the  discovery  and  development 
of  novel  IR  traits  bringing  benefits  to  both  partners.  Collaborations  are  built  on  a  foundation  of 
matched  interests  and  expertise,  but  this  alone  is  insufficient  in  creating  a  truly  successful 
partnership.  Building  trust  enables  an  open  dialog  and  sharing  of  expertise  and  insights  that  is 
essential  to  maximizing  the  benefits  of  a  collaboration.  It  is  also  critical  to  have  realistic 
expectations  on  the  outcomes  of  the  collaboration,  particularly  in  early  stage  research  where 
most  ideas  fail  to  produce  a  commercially-viable  candidate.  The  most  successful  collaborations 
are  aligned  with  each  organization’s  strategy  where  each  partner  contributes  something 
distinctive  which  adds  value.  Collaborations  support  the  public  institution’s  mission  to  add  to 
scientific  knowledge  and  train  research  scientists  while  providing  the  industrial  partner  with 
knowledge  that  is  useful  in  creating  products  or  services  as  well  as  providing  access  to  talented 
future  employees.  Public-private  collaborations  play  an  important  role  in  addressing  the 
challenge  of  sustaining  innovation  in  the  discovery  and  development  of  novel  IR  traits  that  is 
needed  to  meet  the  demands  placed  on  modern  agriculture  to  feed  a  growing  world. 


Symposium 


Presentation  Title:  Identification  of  factors  responsible  for  differential  efficiency  of  RNAi 
between  coleopteran  and  lepidopteran  insects 

Author  Name:  Megha  Kalsi 

Author  Institution:  University  of  Kentucky 

Session  Title:  Symposium:  Public-Private  Partnerships  for  Development  of  Next-Generation 
Pest  Management  Methods 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2198 
DOI:  10. 1603/ICE.2016. 93853 

Abstract  text: 

RNA  interference  (RNAi)-based  methods  are  being  developed  for  insect  pest  management. 
RNAi  works  efficiently  in  coleopteran  insects,  in  contrast,  RNAi  works  poorly  in  lepidopteran 
insects.  The  main  goal  of  these  studies  was  to  identify  factors  responsible  for  the  differences  in 
the  efficiency  of  RNAi  between  coleopteran  and  lepidopteran  insects.  Cell  lines  developed  from 
coleopteran  and  lepidopteran  insects,  the  Colorado  potato  beetle,  Leptinotarsa  decemlineata  and 
the  tobacco  budworm,  Heliothis  virescens,  respectively,  were  used  in  these  studies.  dsRNA 
either  injected  or  fed  was  degraded  faster  in  H.  virescens  than  in  L.  decemlineata.  Both 
lepidopteran  and  coleopteran  cell  lines  and  tissues  efficiently  took  up  the  dsRNA.  Interestingly, 
the  dsRNA  administered  to  coleopteran  cell  lines  and  tissues  was  taken  up  and  processed  to 
siRNA,  whereas  the  dsRNA  was  taken  up  by  lepidopteran  cell  lines  and  tissues  but  was  not 
processed  to  siRNA.  Taken  together,  our  results  suggest  that  the  degradation  and  transport  of 
dsRNA  are  the  major  factors  responsible  for  reduced  RNAi  efficiency  in  lepidopteran  insects. 
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Abstract  text: 

Introduction:  The  potential  for  inhibitory,  silencing,  double-stranded  RNAs  (dsRNAs)  to 
specifically  inhibit  expression  of  essential  genes  in  pest  insects  and  thereby  provide  a  targeted, 
specific  and  safe  new  class  of  pesticides  is  widely  known.  The  limitations  for  this  technical 
approach  are  similarly  evident  in  that  inhibitory  RNAs  are  less  effective  in  several  orders  of  pest 
insects,  notably  dipterans  and  lepidopterans,  and  do  not  exhibit  systemic  effects.  Fundamental  to 
actually  using  and  delivering  dsRNAs  for  insect  control  will  be  methods  to  stably  formulate 
dsRNAs  such  that  they  are  efficiently  taken  up  by  insect  cells  using  Heiothis  virescens  as  a 
model  insect. 

Methods:  This  project  investigates  the  potential  for  porous  silica  nanaoparticles  (pSNPs)  to  serve 
as  a  platform  delivery  system  for  nucleic  acids  to  insect  cells.  pSNPs  are  synthesized  from  a 
silica  precursor  solution  in  the  presence  of  surfactants,  which  are  then  removed  to  produce  pores 
between  3  and  12  nm  in  size.  pSNPs  were  then  functionalized  with  aminosilanes  to  provide 
positive  surfaces  to  interact  with  nucleic  acids. 

Results/Conclusion:  Uptake  of  the  pSNPs  into  insect  cells  was  observed  and  assessed  under 
varied  conditions  both  in  vitro  and  in  vivo  and  was  affected  by  changes  in  surface  charge.  pSNPs 
bound  DNA  and  RNA  in  a  similar  manner  and  the  effect  of  modifying  the  length  of  the  dsRNA 
on  particle  uptake  and  function  was  assessed. 


Symposium 

Presentation  Title:  Use  of  RNAi  for  agricultural  pest  control 
Author  Name:  Renata  Bolognesi 
Author  Institution:  Monsanto  Company 

Session  Title:  Symposium:  Public-Private  Partnerships  for  Development  of  Next-Generation 
Pest  Management  Methods 

Date  of  Presentation:  Wednesday,  September  28,  2016 


Abstract  Number:  2200 


DOI:  10. 1603/ICE.2016. 93845 
Abstract  text: 

Double-stranded  RNA  (dsRNA)  is  known  to  be  effective  in  Western  corn  rootworm  (WCR) 
larvae  via  oral  delivery.  After  ingestion,  the  dsRNA  is  taken  up  by  the  insect  midgut  cell  and 
processed  by  the  native  RNAi  machinery,  which  leads  to  specific  knockdown  of  the  target 
mRNA.  We  will  present  data  on  how  RNAi  can  be  applied  in  agriculture  to  control  this  insect 
Results  will  include  data  on  larval  mortality,  beetle  emergence  and  overall  performance  of  an 
RNAi  trait  in  the  field  under  extreme  insect  pressure. 


Symposium 

Presentation  Title:  RNA-based  biocontrol  for  Colorado  potato  beetle  and  corn  rootworm 
control 

Author  Name:  Kevin  Donohue 

Author  Institution:  Syngenta  Crop  Protection 

Session  Title:  Symposium:  Public-Private  Partnerships  for  Development  of  Next-Generation 
Pest  Management  Methods 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2201 
DOI:  10. 1603/ICE.2016. 93847 
Abstract  text: 

RNA-based  biocontrols  provide  a  new  mode  of  action  based  on  the  naturally-occurring  process 
of  RNA  interference  (RNAi)  and  can  offer  advantages  in  flexibility  for  pest  control  over 
traditional  technologies.  Because  nucleotide  sequence  complementarity  is  a  determining  factor, 
RNA-based  biocontrols  can  be  designed  to  be  selective  for  target  pests  whilst  minimizing  the 
potential  for  effects  in  non-target  organisms.  RNA-based  biocontrols  selective  for  Colorado 
potato  beetle  (CPB)  ( Leptinotarsa  decemlineata)  have  been  tested  over  several  seasons  in  field 
trials  at  multiple  locations.  The  results  demonstrate  that  the  RNA-based  biocontrol  is  as  effective 
at  protecting  potato  crops  as  a  class-leading  chemical  pesticide.  The  potential  for  RNA-based 
biocontrol  solutions  to  overcome  resistance  to  conventional  pesticides,  provide  low 
environmental  impact  and  good  crop  tolerance  has  also  been  evaluated.  These  results  clearly 
validate  RNA-based  biocontrols  as  effective  solutions  for  crop  protection.  Corn  rootworms 


(CRW)  are  devastating  corn  pests  and  are  responsible  for  significant  crop  loss  each  year.  Soil- 
applied  RNA-based  biocontrols  are  being  developed  for  effective  control  of  and  the  potential  for 
high  selectivity  for  CRW.  Applying  RNA-based  biocontrols  directly  to  soil  leads  to  mortality  of 
emerging  CRW  larvae  and  protects  corn  plantlets  from  root  damage.  This  finding  opens  new 
possibilities  to  control  CRW  more  broadly  than  current  control  methods.  A  particular  challenge 
for  the  CRW  project  is  to  have  sustained  activity  of  the  active  ingredient  (double-stranded  RNA) 
in  the  soil  environment.  Syngenta  is  developing  these  RNA-based  biocontrols  into  commercially 
viable  products,  with  new  modes  of  action  to  support  growers  in  their  integrated  pest 
management  programs. 
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Abstract  text: 

Introduction:  Many  factors  contribute  to  honey  bee  declines;  however,  varroa  mites  ( Varroa 
destructor ),  and  the  viruses  associated  with  them,  are  arguably  the  primary  driving  force  behind 
much  of  the  high  rates  of  loss  suffered  by  beekeepers  in  the  United.  This  problem  is  confounded 
by  the  fact  that  many  chemical  treatment  options  fail  to  work,  as  mite  populations  have  become 
tolerant  to  them  (i.e.  Amitraz,  Coumaphos,  Apistan).  Additionally,  some  treatments  require 
specific  temperature  ranges  for  effective  mite  control  to  be  obtained  (i.e.  formic  acid)  while 
others  cannot  be  applied  until  after  honey  flows,  resulting  in  treatment  delays,  often  well  after 
varroa  mite  levels  surpass  economic  thresholds  (i.e.  Apiguard).  Therefore  an  effective  chemical- 
free  alternative  treatment  for  varroa  mites  is  imperative. 

Methods:  The  primary  objective  of  this  study  is  to  determine  if  nightly  mechanical  disturbance 
(knocking)  of  hives  reduces  varroa  mite  population  growth. 

Results/Conclusion:  Preliminary  testing  demonstrated  that  while  colonies  are  being  mechanically 
disturbed,  there  is  a  significant  difference  in  mite  drops  (ANOVA,  F=4.626,  df=5,  p=0.075), 


however  after  the  disturbance  ceases,  the  significant  difference  in  mite  drops  is  lost  (ANOVA, 
F=0.7729,  df=6,  p=0.4131).  What  remains  unknown  is  if  repeated,  regular,  long-term 
disturbance  will  have  a  measurable  impact  on  varroa  mite  populations  over  the  course  of  a 
production  season.  Here  we  present  the  results  of  season  long  studies  which  monitored  mite 
population  growth  over  the  production  season.  In  addition  to  mite  quantification,  treatment  effect 
on  colony  health  as  measured  by  colony  size,  queen  condition,  viruses  loads  and  defensiveness 
will  be  presented. 
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Abstract  text: 

Introduction:  The  #1  identified  major  health  challenge  to  Apis  mellifera ,  the  primary  managed 
honey  bee  in  many  parts  of  the  world,  is  the  parasitic  Varroa  destructor  mite.  The  original  host 
of  the  parasite  Varroa  mite  is  the  Asian  honey  bee  Apis  cerana.  The  biological  jump  from  Apis 
cerana  to  Apis  mellifera  impacted  the  managed  beekeeping  industry  acutely  and  chronically.  If 
Varroa  destructor  mite  populations  are  not  controlled  in  managed  honey  bee  colonies  the  colony 
will  weaken  predictably  and  die  in  a  matter  of  months.  The  only  tools  provided  to  beekeepers  to 
control  Varroa  destructor  mite  populations  have  been  chemical  pesticides,  organic  acids,  soaps 
and  mechanical  removal.  Varroa  pesticidal  chemicals  were  the  most  efficacious  initially.  Acute 
and  chronic  collateral  damage  to  the  honey  bee  colony  resulted  from  pesticide  use  for  Varroa 
control  along  with  resistance  of  Varroa  to  these  chemicals.  The  yearly  U.S.  National  Honey  Bee 
Survey  documents  average  colony  losses  around  30%-35%  since  2006  when  the  survey  was 
initiated.  To  stabilize  and  help  the  beekeeping  industry  become  more  sustainable  Varr oacontrol 
must  change.  That  change  may  be  the  use  of  RNAi. 

Methods:  Currently  gene  targets  are  being  evaluated,  delivery  methods  are  being  tested  and  field 
trials  have  been  initiated  in  various  locations  in  the  U.S.. 


Results/Conclusion:  Duplicating  the  normal  natural  process  of  cell  communication  using  RNAi 
and  introducing  transient  RNAi  instructions  through  the  honey  bee  as  Varroa  destructor  feeds  to 
target  in  a  focused  and  direct  manner  Varroa  has  resulted  in  suppression  of  Varroa  population 
growth  in  treated  honey  bee  colonies. 
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Abstract  text: 

Introduction:  Managed  honey  bee  (Apis  mellifera)  colony  losses  are  attributed  in  great  part  to 
problems  associated  with  the  ectoparasitic  mite  Varroa  destructor ,  which,  if  left  untreated,  often 
leads  to  colony  collapse  and  death.  Varroa  has  been  controlled  in  the  U.S.  primarily  with 
chemicals  such  as  pyrethroids  and  organophosphates.  Despite  their  initial  efficacy,  mites  are  now 
resistant  to  most  of  these  products.  To  gain  long-term  Varroa  control,  beekeepers  are  encouraged 
to  use  Integrated  Pest  Management  (IPM)  involving  combinations  of  physical,  cultural,  and 
biological  control  techniques  before  opting  for  chemical  treatments.  However,  biological  control 
is  completely  lacking  in  IPM  of  Varroa.  We  aim  to  determine  whether  the  predatory  mite, 
Stratiolaelaps  scimitus,  a  cosmopolitan  mite  used  in  control  of  greenhouse  insect  pests,  can  be 
successfully  used  for  biocontrol  of  Varroa  without  harming  bees. 

Methods:  S.  scimitus  will  be  tested  in  vitro  using  vial  bioassays  and  in  vivo  using  behavioral 
arenas  and  microcolonies  of  Varroa-parasitized  honey  bees  to  quantitatively  evaluate  its 
predatory  efficacy  on  Varroa  and  its  potential  interactions  with  honey  bees  of  different  life 
stages. 

Results/Conclusion:  Preliminary  in  vitro  results  demonstrate  that  S.  scimitus  preys  upon  Varroa 
mites  when  confined  together  over  24-h  in  vitro.  Initial  in-hive  testing  using  established  colonies 


have  shown  inconclusive  results,  however.  Whether  S.  scimitus  preys  on  honey  bee  eggs  or 
larvae  is  unknown.  Should  S.  scimitus  prove  effective  in  controlling  Varroa,  it  could  become  a 
biological  control  agent  that  can  minimize  pesticide  use,  improve  colony  health  and  productivity, 
and  mitigate  the  potential  for  chemical  contamination  of  hive  products. 
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Abstract  text: 

Introduction:  European  honey  bees  (Apis  mellifera  L.)  face  numerous  health  challenges  including 
bacterial,  microsporidian,  acarine,  and  other  pathogens.  Concern  surrounds  the  use  of  many 
chemical  treatment  options,  including  antibiotics  and  pesticides,  because  they  leave  residues  in 
honey  or  wax,  may  be  damaging  to  the  bees  themselves,  and  resistance  has  developed  in 
pathogen  populations.  As  part  of  an  integrated  pest  management  strategy,  honey  bee  breeders 
wish  to  select  for  mite-  and  disease-resistant  stock.  Breeding  such  stock  can  be  very  effective, 
however  identifying  and  quantifying  disease-resistance  traits  can  be  time-consuming,  expensive, 
and  require  specialised  techniques  and  equipment.  We  discuss  our  research  using  marker-assisted 
selection  to  produce  disease-resistant  stock,  and  its  role  in  the  integrated  pest  management  of 
honey  bees. 

Methods:  Three  successive  generations  of  honey  bees  were  bred  using  either  a  traditional 
disease-resistance  assay  (hygienic  behaviour),  or  proteomic-based  marker  assisted  selection.  The 
final  generation  was  then  evaluated  in  three  separate  experiments  and  in  commercial  beekeeping 
operations  across  Western  Canada.  The  results  of  the  experiments  and  beekeeper  data  were 
subsequently  used  to  model  the  economic  impact  of  integrating  the  use  of  marker-selected  stock 
into  a  beekeeping  management  paradigm. 


Results/Conclusion:  Marker-assisted  selection  is  a  promising  tool  for  bee  breeders  to  select  for 
desirable  traits  in  honey  bees.  Disease-challenge  experiments  with  American  foulbrood  disease 
and  Varroa  destructor  demonstrated  that  the  selected  stocks  had  lower  disease  symptoms  and 
increased  winter  survival  than  unselected  stocks.  Disease-resistance  traits  bred  into  bee 
populations  using  this  technique  can  be  an  effective  part  of  an  integrated  pest  management 
strategy. 
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Abstract  text: 

Inherent  to  the  sustainability  of  beekeeping  is  relying  on  the  natural  mechanisms  of  immunity, 
and  particularly  ‘social  immunity’,  to  mitigate  ill-health  as  a  consequence  of  a  litany  of  parasites 
and  pathogens.  Increased  genetic  diversity,  both  within  colonies  and  among  colonies  within 
populations,  has  been  shown  to  be  a  positive  factor  in  social  immunity.  The  evidence  for 
increased  genetic  diversity,  and  potential  areas  where  diversity  can  be  lost,  is  reviewed  in  an 
effort  to  better  understand  priority  areas  for  research  and  genetic  conservation.  Determining  how 
diversity  at  different  scales  can  interact  with  other  mechanisms  of  colony  health  will  also  provide 
insights  into  how  to  address  the  sustainability  of  the  honey  bee  population  and  the  success  of 
other  IPM  approaches  to  bee  health. 
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Introduction:  Organic  beekeeping  methods  have  become  more  popular  among  hobbyist 
beekeepers  as  increased  colony  losses  continue.  Organic  management  relies  on  keeping  toxic, 
synthetic  chemicals  outside  of  the  colony  by  using  less  harsh,  natural  treatments  for  parasites  and 
pathogens,  when  necessary.  Colonies  are  started  without  foundation  in  the  frames  and 
supplemental  feeding  is  minimized  using  only  organic  sugar  and/or  honey  when  feeding  is 
required.  Organic  beekeepers  often  claim  that  their  bees  are  healthier  and  less  stressed  when 
following  organic  practices.  In  this  study,  we  sought  to  determine  whether  pathogen  levels  are 
significantly  different  between  colonies  managed  organically  versus  colonies  managed 
conventionally. 

Methods:  2  sets  of  colonies  were  established  in  April  2015  and  managed  in  either  a  conventional 
manner  or  an  organic  manner.  Colonies  were  sampled  during  each  season  to  determine 
whether  Nosema  ceranae  and  Nosema  apis  levels  are  different  depending  on  the  management 
practice.  Real-time  PCR  was  used  to  analyze  bee  abdomens  simultaneously  in  a  multiplex  assay 
for  N.  ceranae  and  N.  apis. 

Results/Conclusion:  Here  we  report  levels  of  both  species  and  prevalence  from  initial  package 
sampling  (prior  to  establishment  of  a  colony  being  managed  in  either  of  the  two  ways)  and 
sampling  from  May,  July,  and  October  of  2015  for  the  first  year  of  our  study. 
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Honey  bees  across  the  world  face  a  host  of  challenges  from  pests  and  pathogens,  which 
combined  have  resulted  in  population  declines  and  considerable  economic  impacts  on  the 
beekeeping  industry.  Much  of  the  detailed  research  into  these  declines  has  focused  on  European 
and  North  American  bee  populations.  The  recently  documented  presence  of  the  mite,  Varroa 
destructor ,  viruses,  fungus,  and  bacteria  in  Africa  suggests  that  African  subspecies  should  show 
similar  declines  and  will  require  similar  management  inputs.  But  African  populations,  including 
Africanized  bees  in  the  Americas,  exhibit  resistance  thus  reducing  the  need  for  disease  and  pest 
management.  A  number  of  tolerance  mechanisms  have  been  suggested  but  are,  as  yet, 
understudied.  The  implications  for  the  future  of  honey  bees  in  Africa  and  the  rest  of  the  world 
will  be  discussed. 
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Introduction:  Evidence  for  global  warming  includes  observed  increases  in  global  average  air  and 
ocean  temperatures  that  are  being  accelerated  by  human  activities,  especially  those  rising  from 
greenhouse  gas  emissions,  such  as  carbon  dioxide  (CO2).  Increases  in  temperatures, 
concentration  of  CO2  and  UV  radiation  among  other  biotic  factors  have  a  strong  impact  not  only 
in  plant  viruses  themselves  (replication,  cell  to  cell  movement,  symptom  expression,  etc...)  but 
also  in  their  host  plants,  insect  vectors  and  virus-vector  interactions. 

Methods:  Aphididae,  Aleyrodidae  and  other  Hemiptera  react  very  fast  to  any  changes  in 
temperature  and  other  biotic  factors,  which  may  have  clear  implications  under  climate  change 
scenarios.  Changes  in  the  abundance,  phenology  and  distribution  of  insect  vectors  will  have  a 
clear  impact  in  disease  epidemics. 

Results/Conclusion:  For  example,  a  slight  increase  in  winter  temperature  will  alter 
Aphididae  peak  densities  and  more  importantly,  Aphididae  flights  will  occur  earlier  in  the  season 
increasing  the  risk  of  virus  outbreaks.  An  increase  in  temperature  will  also  increase  the 
proportion  of  alate  morphs,  which  may  expand  virus  disease  epidemics  over  long  distances.  The 
impact  that  climate  change  may  have  on  the  incidence  and  spread  of  Hemipteran-borne  plant 
pathogens  and  its  potential  effects  on  pathogen- vector-plant  interactions  will  be  identified  and 
discussed. 
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Introduction:  In  the  context  of  a  vector-borne  pathogen  system,  the  spread  of  disease  depends  on 
movement  of  vectors  across  a  landscape.  Diaphorina  citri  Kuwayama,  (Hemiptera:  Liviidae)  is 
the  vector  of  the  bacterial  pathogen  Candidatus  Liberibacter  asiaticus  (CLas)  potentially  causing 
citrus  greening  disease. 

Methods:  We  examined  the  flight  capability  and  dispersal  activity  of  D.  citri  in  the  laboratory 
using  a  flight  mill,  a  pressure  chamber,  and  a  wind  tunnel.  Also,  we  measured  movement  of  D. 
citri  in  the  field  with  a  mark-capture  immunomarking  technique.  Citrus  trees  were  sprayed  with 
milk  protein  and  psyllids  were  subsequently  captured  on  sticky  traps  at  various  distances  from 
the  marking  location  and  identified  by  ELISA  to  detect  the  protein  marker. 

Results:  Our  combination  of  field  and  laboratory  experiments  allowed  us  to  determine  changes  in 
long-range  dispersal  of  D.  citri  depending  on  environmental  factors  including  temperature, 
humidity,  barometric  pressure,  wind  direction  or  the  production  of  young  shoots  in  citrus.  We 
also  tested  if  psyllids  infected  with  the  plant  pathogen,  CLas,  were  more  prone  to  flight  than 
uninfected  psyllids.  We  demonstrated  that  D.  citri  dispersed  and  flew  more  often  when  infected 
with  the  plant-pathogen  responsible  for  citrus  greening.  Using  quantitative  PCR  and  plasmid 
generated  standard  curves,  we  showed  that  the  increase  of  mobility  of  the  vector  was  related  to 
the  pathogen  titer  within  the  vector:  the  more  D.  citri  are  infected  with  the  pathogen  the  more 
they  tend  to  fly.  This  increased  mobility  may  increase  pathogen  transmission. 
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Introduction:  Parasites  often  alter  the  phenotypes  of  their  hosts  in  ways  that  enhance  their  own 
fitness.  Such  manipulative  effects  can  also  influence  host  interactions  with  other  organisms,  with 
potentially  important  implications  for  ecology.  For  vector-borne  plant  pathogens,  host-plant  traits 
that  influence  interactions  with  vectors  are  likely  targets  for  manipulation,  including  plant 
nutritional  and  defense  chemistry,  as  well  as  visual  and  olfactory  cues  that  mediate  vector 
recruitment  to  infected  plants. 

Methods:  Through  laboratory  and  field  work  in  a  number  of  systems,  we  are  exploring  how  plant 
viruses  and  other  pathogens  alter  host  plant  quality  for  vector  and  non-vector  herbivores,  as  well 
as  patterns  host-plant  interaction  with  herbivores  and  their  natural  enemies. 

Results/Conclusion:  Our  findings  suggest  that  pathogen  effects  on  host- vector  interactions  are 
often  conducive  to  transmission  and  reveal  evidence  of  local  adaptation  to  particular  hosts. 
Furthermore,  we  have  documented  pathogen  effects  on  non- vector  herbivores  and  herbivore 
natural  enemies  that  have  implications  for  disease  transmission  (e.g.  via  effects  on  vector 
population  growth  and  dispersal),  as  well  as  community  ecology.  These  results  are  discussed  in 
the  broader  context  of  parasite  manipulation  and  biological  communication. 
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Introduction:  Emerging  plant  diseases  have  become  a  major  threat  to  agricultural  production. 
Vector-borne  pathogens  represent  some  of  the  most  important  and  most  challenging  to  control 
novel  diseases,  due  to  their  ecological  complexity  as  well  as  other  factors.  One  pathogen 
threatening  new  regions  of  the  world  is  Xylella  fastidiosa ,  a  xylem-limited  insect-transmitted 
bacterium.  Originally  limited  to  the  Americas,  reports  now  include  regions  in  Taiwan,  Italy,  and 
Iran. 

Methods:  I  will  discuss  three  processes  shown  to  drive  newl  fastidiosa  epidemics,  namely  the 
introduction  of  the  pathogen  to  new  regions  where  vectors  are  already  established,  the 
introduction  of  invasive  vectors  where  the  pathogen  is  established,  and  evidence  indicating  that 
homologous  recombination  leads  to  novel  X.  fastidiosa  genotypes  associated  with  new  diseases. 

Results/Conclusion:  These  drivers  are  similar  to  other  emerging  plant  diseases,  suggesting  that 
the  implementation  of  strategies  to  reduce  the  likelihood  of  pathogen/vector  introductions  could 
be  successful  in  limiting  the  economic,  social,  and  cultural  impacts  of  these  organisms 


Symposium 

Presentation  Title:  Epidemiological  significance  of  vector  behavior:  Interactions  with  plant 
resistance  traits  and  climate 

Author  Name:  Matt  Daugherty 

Author  Institution:  University  of  California 

Session  Title:  Symposium:  Insect  Vectors  as  Drivers  of  Emerging  Plant  Diseases 
Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2214 
DOI:  10. 1603/ICE.2016. 92953 
Abstract  text: 

Introduction:  Vectors  often  exhibit  orientation  or  feeding  preference  based  on  host  infection  or 
symptom  status.  Theory  predicts  that  such  behavior  may  be  an  important  driver  of  disease 
dynamics.  Here  we  extend  prior  epidemiological  models  to  explore  interactive  effects  between 
vector  behavior  and  either  plant  resistance  traits  or  climatic  conditions. 

Methods:  Transient  and  equilibrium  dynamics  (i.e.  Ro)  were  analyzed  for  two  related  continuous¬ 
time  vector-borne  compartment  models  with  latently-exposed  and  asymptomatic-infectious 


categories.  A  vector  preference  parameter,  p,  was  used  to  capture  differences  in  vector  contact 
rates  with  symptomatic  versus  healthy  or  asymptomatic  hosts. 

Results/Conclusion:  Different  categories  of  host  resistance  traits  resulted  in  different  dynamics. 
Although  true  resistance  to  infection  (i.e.  lower  infection  levels)  consistently  reduced  the 
potential  for  disease  outbreaks,  host  tolerance  of  infection  (i.e.  lower  frequency  of  symptoms) 
either  slightly  decreased  outbreaks  or  greatly  increased  it  depending  on  whether  vectors  preferred 
or  avoided  symptoms,  respectively.  A  similar  interactive  effect  was  seen  between  vector 
preference  and  presumed  climatic  effects  on  infection  development  and  disease  onset.  Whereas 
higher  incubation  rates  under  warmer  conditions  consistently  favored  disease  outbreaks,  the 
consequence  of  more  rapid  symptom  onset  depended  strongly  on  vector  response  to  host 
symptoms  -  constraining  the  potential  for  outbreaks  if  vectors  avoided  symptomatic  hosts  and 
exacerbating  it  if  vectors  preferred  symptoms.  These  results  suggest  that  characterizing  vector 
response  to  host  infection  and  symptoms  is  important  for  mitigating  disease  risk,  including 
avoiding  unintended  consequences  of  implementing  plant  resistance  or  adequately  predicting 
effects  of  climate  change. 
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Introduction:  Insects  play  an  important  key  role  in  the  regulation  and  dynamics  of  many 
ecosystem  services  (ES).  However,  this  role  is  often  assumed  and  there  is  no  experimental 
quantification  of  its  real  value. 

Methods:  Based  on  a  literature  review  of  different  online  platforms  (Web  of  Science,  Scopus  and 
Google  Scholar)  we  made  an  exhaustive  search  of  published  articles  (N=925)  with  the  keywords: 
ES+insects  and  Ecosystem  function+insects  (in  the  title,  abstract,  and  key  words).  In  addition, 
we  reviewed  articles  in  3  different  ACADEMIA  groups  related  with  ES  (N=  1,322)  and  articles 
in  ResearchGate  related  with  ES+insects  (N=370). 

Results/Conclusion:  Our  preliminary  results  show  an  increase  in  the  number  of  scientific  studies 
on  ES  provided  by  insects  across  the  last  3  decades  (1989-2015).  Crop  pollination,  pest 
regulation,  and  nutrient  cycling  are  the  most  studied  ES  topics.  Hymenoptera  (Apidae, 
Formicidae,  and  Braconidae),  Coleoptera  (Carabidae,  Coccinelidae,  and  Scarabaeidae),  and  other 
orders  like  Hemiptera,  Diptera,  and  Orthoptera  are  the  most  commonly  studied  groups.  In 
contrast,  there  is  little  experimental  evidence  and  field  quantifications  of  the  role  that  these 
groups  play  in  ES,  meaning  that  most  of  the  information  that  we  have  is  assumed.  Experimental 
studies  in  the  field  and  especially  quantification  analysis  of  ES  provided  by  insects  are 
insufficient  and  imprecise.  We  conclude  that  although  ES  provided  by  insects  are  fundamental 
for  many  ecosystems,  many  unresolved  issues  remain.  An  ambitious  research  agenda  to  improve 
the  empirical  evidence  of  the  role  that  insects  play  in  ES  is  essential  to  move  forward  and  fully 
assess  synergies  between  functional  ecology  and  biodiversity  conservation. 
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Many  ecosystem  functions  rely  on  the  interactions  among  primary  producers  and  other  trophic 
levels.  However,  the  mechanisms  through  which  these  interactions  influence  the  functioning  of 
ecosystems  are  poorly  understood.  The  relative  importance  of  the  different  functional 
components  of  biodiversity  (i.e.,  the  mean  (CWM)  and  the  variations  (FD)  of  trait  values  within 
communities)  mediating  the  impact  of  environmental  change  on  ecosystem  processes  in  multiple 
trophic  systems  remains  little  understood.  These  two  functional  components  are  not  exclusive  in 
natural  communities  though,  making  any  predictions  very  difficult.  In  this  talk,  I  will  present  a)  a 
novel  framework  to  disentangle  the  relative  effects  of  CWM  and  FD  in  leaf  litter  macro- 
detritivores,  and  b)  an  application  of  the  “response-effect  trait”  framework  using  a  plant- 
grasshopper  model  system  to  explain  variations  in  fodder  production  under  different 
management  regimes.  I  will  then  conclude  by  discussing  some  possible  drawbacks  when 
replacing  measured  physiological  and  biomechanical  traits  by  trait  values  derived  from  databases 
and  literature  or  by  trait  proxies  that  are  either  not  directly  related  to  the  process  under  study  or 
were  not  validated  beforehand. 
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Introduction:  Generalist  predatory  insects  have  potential  to  control  populations  of  herbivorous 
crop  pests,  but  the  conditions  for  such  top-down  control  to  prevail  remain  poorly  understood.  It 
has  been  suggested  that  top-down  regulation  of  herbivore  populations  is  strengthened  if  the 
predators  have  access  to  alternative  prey  from  the  decomposer  community.  But  this  idea  has  not 
been  thoroughly  tested  for  the  control  of  crop  pests.  Organic  matter  and  mineral  fertilizers  are 
added  in  agriculture  to  enhance  crop  production  and  improve  soil  fertility.  These  practices  have 
potential  to  subsidize  decomposer  communities.  It  remains  unclear  how  contrasting  long-term 
fertilization  regimes  affect  the  soil  community,  and  whether  an  enriched  soil  fauna  affects  top- 
down  control  by  generalist  predators  of  the  herbivores  above  ground.  I  investigated  the  impact  of 
long-term  fertilization  on  agricultural  soil  communities  and  tested  subsidy  hypothesis  originally 
posed  by  Raymond  Lindeman  in  1942,  that  subsidy  will  increase  top-down  trophic  cascade. 

Results/Conclusion:  The  decomposer  community  composition  and  outcome  of  decomposers 
effect  on  above-ground  food  webs  and  the  strength  of  trophic  cascades  depended  on  the  amount 
and  nature  of  amendment.  By  linking  food  web  dynamics  and  organic  matter  budgets  we  aim  to 
gain  more  insight  in  how  subsidies  can  promote  biological  pest  control  in  agriculture. 
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Introduction:  Heavy  metals  are  released  into  the  environment  by  both  anthropogenic  and  natural 
sources.  Highly  reactive  and  often  toxic  at  low  concentrations,  they  may  enter  soils  and 
groundwater,  bioaccumulate  in  food  webs,  and  adversely  affect  biota.  Insect  herbivores  and 
pollinators  may  come  in  contact  with  environmental  contaminants  in  the  leaves  and  flowers  they 


forage  upon  in  these  areas.  Many  factors  contribute  to  heavy  metal  accumulation  in  animals 
including  behavior,  physiology,  and  diet.  Biotic  effects  of  heavy  metals  are  often  quite  different 
for  essential  and  non-essential  heavy  metals,  and  vary  depending  on  the  specific  metal  involved. 
They  also  differ  for  adapted  organisms,  including  metallophyte  plants  and  heavy  metal-tolerant 
insects,  which  occur  in  naturally  high  metal  habitats  (such  as  iron  outcrops  of  the  Iron 
Quadrangle)  and  have  adaptations  that  allow  them  to  tolerate  exposure  to  relatively  high 
concentrations  of  some  heavy  metals. 

Methods:  We  sampled  pollen  from  hives  of  2  stingless  bee  species  ( Tetragonisca  angustula  and 
Scaptotrigona  postica ).  Plant  performance,  floral  traits,  and  metal  accumulation  were  measured 
in  various  vegetative  and  reproductive  plant  organs  of  5  metallophyte  plant  species.  We  also 
quantified  which  of  these  metals  are  accumulated  in  the  pollen  samples. 

Results/Conclusion:  We  found  higher  concentrations  of  arsenic,  cadmium,  copper  and  lead  on 
pollen  samples.  So  far,  we  know  that  floral  traits  were  unaffected  but  the  results  on  flower 
number  are  still  unclear.  In  particular,  accumulation  of  metals  in  leaves  and  pollen  suggests  that 
pollinators  visiting  and  foraging  on  these  tissues  may  be  exposed  to  these  potentially  toxic 
compounds. 
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Introduction:  Insect  pollination  is  an  often  overlooked  ecosystem  service  and  production  factor  in 
agriculture  even  though  pollination-dependent  crops  are  increasingly  cultivated  globally.  One 
reason  is  that  reliable  estimates  of  their  benefit  are  often  lacking,  even  for  major  crops.  Honey 
bees  can  be  added  to  enhance  crop  pollination,  but  potential  impacts  on  wild  flower- visiting 
insects  deserve  more  attention.  In  oilseed  rape,  the  third  largest  oil  crop  in  the  world,  there  is  a 


lack  of  studies  where  insect  densities  are  experimentally  manipulated  at  a  landscape  level  along 
with  evaluations  of  the  pollination  effect  on  agronomic  yield.  Managed  honey  bees  are  often 
used  as  pollinators  when  wild  pollinator  abundances  are  scarce  or  insufficient.  However,  we 
know  little  about  the  effects  of  honey  bee  replacement  on  the  community  of  wild  oilseed  rape 
pollinators  or  if  this  differs  between  landscape  types.  I  present  a  field  study  in  12  replicated 
landscapes  assessing  the  benefit  of  insect  pollination  in  entire  fields  of  oilseed  rape. 

Methods:  We  used  more  than  600  honey  bee  hives  to  manipulate  honey  bee  densities  at  the 
landscape  level  in  2  contrasting  landscapes. 

Results/Conclusion:  I  show  that  honey  bees  increase  the  yield  of  oilseed  rape  and  that  the 
addition  of  honey  bees  affects  the  wild  pollinators  in  oilseed  rape  and  adjacent  habitats. 
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Introduction:  Insects  are  important  consumers  of  biomass  in  grassland  ecosystems.  However,  we 
still  know  little  about  the  role  that  insects  play  in  driving  plant  community  composition  and 
central  ecosystem  processes  such  as  primary  production,  plant  reproduction,  litter  decomposition 
and  nutrient  cycling.  It's  possible  that  the  impact  of  herbivory  on  these  processes  depends  on 
whether  herbivores  are  feeding  predominantly  above  or  below  ground,  or  both,  since  root  and 
shoot  herbivores  exert  different  pressures  on  a  plant  community.  Additionally,  soil  nitrogen 
availability  is  likely  to  be  important,  as  changes  in  nitrogen  levels  alter  not  only  interactions 
between  plants,  but  also  herbivore  feeding  rates.  Therefore,  insects  might  play  an  important  role 
in  determining  or  modifying  the  impact  of  atmospheric  nitrogen  deposition  on  grassland 
ecosystems. 


Methods:  We  established  experimental  grassland  ecosystems  with  caged  plant  communities  to 
which  we  added  aboveground  herbivores,  belowground  herbivores,  and  nitrogen,  in  a  full 
factorial  design.  For  3  years,  we  recorded  the  separate  and  combined  impacts  of  the  3  treatments 
on  the  plant  community  and  on  3  central  ecosystem  functions:  biomass  production,  litter 
decomposition,  and  nutrient  cycling. 

Results/Conclusion:  We  found  that  aboveground  herbivory  induced  shifts  in  plant  community 
composition.  It  reduced  biomass  production,  but  only  at  high  soil  nitrogen,  whereas  belowground 
herbivory  appeared  to  mitigate  this  effect.  I  will  present  these  findings  along  with  results  on  litter 
decomposition,  nutrient  cycling,  and  plant  reproduction.  In  conclusion,  to  better  understand  the 
impact  of  insect  herbivory  on  a  grassland  ecosystem,  both  above  and  belowground  herbivory 
needs  to  be  considered. 
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Introduction:  Landscape-scale  ecological  networks  (ENs)  are  interconnected  conservation 
corridors  of  high-quality  habitat  used  to  mitigate  the  adverse  effects  of  landscape  fragmentation 
and  to  connect  with  protected  areas.  The  effectiveness  of  ENs  for  biodiversity  conservation  and 
ecosystem  function  has  been  challenged.  Arthropods  are  effective  bioindicators  for  measuring 
these  pressures,  as  many  are  habitat  sensitive. 

Methods:  Here  we  show  how  an  extensive  system  of  ENs  of  remnant  historic  land  was  put  in 
place  at  a  large  spatial  scale  (>0.5  million  ha)  in  a  plantation  forestry  context  in  a  global 
biodiversity  hotspot  in  southern  Africa.  Arthropods  were  sampled  across  ENs  within  the  forestry 
plantations  areas  of  KwaZulu-Natal,  South  Africa.  Arthropods  from  multiple  different  orders 


were  collected  as  this  enabled  me  to  work  at  a  much  finer  scale  across  more  taxa  than  would  be 
normally  be  used  in  conservation  planning. 

Results/Conclusion:  ENs  can  maintain  indigenous  and  historic  compositional  and  functional 
biodiversity,  provided  natural  heterogeneity  is  conserved  and  edge  effects  are  overcome. 
Furthermore,  ENs  increased  the  effective  size  of  local  protected  areas  by  providing  additional 
space  and  resources.  ENs,  biodiversity  is  maintained  while  also  having  productive  forestry, 
making  this  a  powerful  agroecological  approach  on  a  large  conservation-significant  scale.  The 
use  of  multiple  taxa  provided  insight  above  that  of  normal  single  taxon  studies,  and  as  such  is 
greatly  encouraged  in  future  landscape  ecology  studies. 
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Introduction:  The  Coleoptera,  Araneae  and  Diplopoda  form  functionally  important  components 
of  ground-dwelling  faunas  in  ecosystems  world- wide.  Various  factors  drive  richness  and 
community  composition  and  over  time  these  factors  coupled  with  biogeographic  history  create 
distinct  regional  assemblages.  The  influence  of  key  factors  remains  a  central  theme  in  the  study 
of  invertebrate  communities  and  helps  to  identify  those  elements  necessary  to  fine  filter 
conservation  strategies.  Much  however  needs  to  be  done  to  assess  the  predictability  of  vegetation 
units  for  insect  diversity,  viz.  are  these  useful  as  conservation  units? 

Methods:  We  sampled  ground-dwelling  invertebrates  in  7  vegetation  units  throughout  the 
Vhembe  Biosphere  Reserve,  Limpopo  Province,  South  Africa.  Twenty  sites  were  selected  within 
these  vegetation  units;  each  site  was  sampled  using  8  sets  of  5  pitfalls.  There  were  thus  160 


sampling  units  for  data  analysis.  We  analysed  the  data  using  multiple  linear  regression  and 
ordination  to  determine  the  importance  of  the  measured  environmental  variables. 

Results:  There  was  a  strong  relationship  between  diversity  and  aridity  for  all  taxa;  most 
Tenebrionidae  and  Carabidae  were  found  to  be  sun-loving  and  displayed  greater  diversity  on 
sandy  soils  -  a  situation  similar  to  the  hyper-diverse  beetle  communities  of  the  arid  Kalahari  and 
Namib.  The  measured  environmental  variables  explained  much  of  the  variation  found  among 
Coleoptera,  but  this  was  not  the  case  for  Araneae.  Forward  selection  on  CCA  showed  a  high 
predictive  value  for  certain  vegetation  units  for  Coleoptera;  but  not  always  for  Araneae.  This 
may  however  be  the  result  of  poorer  sample  coverage  obtained  for  Araneae  in  the  study. 
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Introduction:  Spatially  heterogeneous  agricultural  landscapes  can  support  high  levels  of 
biodiversity  and  often  have  enhanced  landscape  connectivity.  Understanding  the  value  of 
different  landscape  elements  is  an  important  step  towards  a  landscape-scale  approach  to  farmland 
conservation.  We  aimed  to:  1)  Evaluate  the  potential  of  old  fields  for  maintaining  arthropod 
natural  enemy  (NE)  diversity  in  Cape  Floristic  Region  farmland  2)  Assess  how  permeable  they 
are  to  NEs  occurring  in  remnant  natural  vegetation  and  3)  Compare  dispersion  patterns  of 
specialist  parasitoids  with  those  of  generalist  predatory  arthropods. 

Methods:  We  vacuum  sampled  NEs  at  56  sampling  locations  in  vineyards,  remnant  fynbos  and 
old  fields  on  farms  in  the  Western  Cape  Province,  South  Africa.  NE  data  were  analysed  using 
generalized  linear  mixed  modelling  and  ordination  in  relation  to  habitat  type  and  a  variety  of 
environmental  and  landscape  variables. 


Results/conclusions:  NE  abundance  and  richness  was  as  high  in  old  fields  as  in  fynbos,  and  was 
significantly  higher  than  in  vineyards.  Ten  out  of  1 1  species  of  conservation  significance 
assessed  here  occurred  in  old  fields,  including  Western  Cape  and  South  African  endemics.  Old 
field  assemblages  complemented  fynbos  and  vineyard  assemblages,  but  also  contained  many 
fynbos  and  vineyards  species.  Old  fields  may  therefore  contribute  to  landscape  connectivity  by 
acting  as  a  semi-permeable  feature,  although  specialists  are  likely  to  benefit  more  from  this 
effect  than  generalists.  Our  results  show  that  small-scale  non-natural  landscape  features  can 
provide  additional  resources,  increase  compositional  heterogeneity  and  may  help  soften  the 
agricultural  mosaic  for  arthropod  NEs  in  the  CFR. 
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Introduction:  Conventional  agricultural  land  is  highly  modified  with  low  invertebrate  diversity 
and  is  often  dominated  by  exotic  species.  This  is  a  consequence  of  management  strategies  such 
as  intensive  pesticide  use  and  monocultures,  which  limit  the  contribution  made  by  beneficial 
insects  to  the  provision  of  ecosystem  services  such  as  pest  management.  These  issues  can  be 
mitigated  by  providing  additional  plant  biodiversity  that  enhances  insect  diversity  and 
conservation  biological  control  such  as  using  endemic  plants.  However,  for  farmers  and  growers 
to  incorporate  additional  plant  species  which  increase  invertebrate  diversity,  the  organisms 
involved  need  to  deliver  multiple  benefits  without  ecosystem  dis-services. 

Methods:  These  aspects  were  investigated  by  comparing  1  native  and  13  endemic  low  growing 
plants  below  vines  in  New  Zealand  vineyards.  The  plants  were  ranked  according  to  their  survival 
and  the  benefits  they  provided  which  included  insect  diversity,  spider  density,  on-plant  pest 
survival  and  weed  suppression. 


Results/Conclusion:  In  order  from  the  highest  ranking  downwards;  Acaena  inermis  ‘purpurea’ 
(Rosaceae),  Geranium  sessiliforum  (Geraniaceae),  Hebe  chathamica  (Plantaginaceae)  were  the 
highest  ranking  plant  species  to  be  used  below  vines  in  New  Zealand  vineyards.  Similar 
examples  from  other  recent  work  will  also  be  used  to  show  how  providing  additional  plant 
species  can  be  used  to  increase  insect  diversity  in  highly  modified  landscapes  while  providing 
multiple  benefits  to  the  land  user. 
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Introduction:  South  African  grassland  has  been  replaced  by  exotic  plantations,  which  negatively 
influence  sensitive  epigaeic  arthropods.  This  grassland  replacement  also  influences  the  patch- 
matrix  dynamics  in  neighbouring  forest  patches.  Here  we  determine  how  each  arthropod 
functional  guild/taxon  (detritivores,  predators  and  ants)  responds  to  pines,  natural  forests  and 
grassland.  We  also  ascertain  whether  pines  act  as  habitat  extensions  for  natural  forest  species 
than  grassland  by  assessing  how  species  that  commonly  occur  in  the  interiors  of  natural  forests, 
pines  and  grassland  use  the  adjacent  habitat. 

Methods:  Arthropods  were  sampled  using  pitfall  traps  and  active  searches  in  20  transects:  10  ran 
from  natural  forest  interiors  into  grassland  interiors,  and  another  10  from  natural  forest  interiors 
into  pine  interiors. 

Results/Conclusion:  Natural  forests  had  higher  predator  and  detritivore  richness,  while  grassland 
had  greater  ant  richness.  This  highlights  the  complementarity  of  natural  forests  and  grassland  for 
arthropod  conservation.  Pines  and  natural  forests  supported  similar  predatory  assemblages. 
Additionally,  pine  species  and  natural  forest  adjacent  to  pine  species  spilled  over  into  adjacent 
habitats.  This  indicates  that  even  though  pines  had  relatively  low  species  richness  of  some 
groups,  they  are  used  by  certain  natural  forest  species.  Thus,  these  pines  are  not  true  extensions 
of  natural  forests,  although  they  may  be  connecting  some  naturally  isolated  arthropod 
populations,  which  could  have  important  evolutionary  consequences.  This  study  illustrates  the 
role  of  natural  forests  as  biodiversity  refuges,  particularly  for  detritivores  and  predators  within 


this  landscape.  These  species  often  use  pines  as  alternative  habitat  and  may  contribute 
significantly  towards  ecological  processes  within  these  altered  habitats. 
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Landscape  modification  has  led  to  significant  loss  and  degradation  of  natural  habitats  worldwide, 
with  associated  declines  in  biodiversity.  Despite  this,  there  remains  limited  knowledge  on  the 
diversity  patterns  of  many  taxonomic  groups  across  different  landscapes  and  at  different 
spatiotemporal  scales,  especially  for  speciose  taxa  like  insects.  Discrepancies  in  the  effort  and 
resources  needed  to  collect  data  on  different  taxonomic  groups  further  accentuate  this  problem, 
thereby  hampering  the  effective  conservation  of  insect  communities.  Additionally,  the  difficulty 
in  identifying  invertebrates  necessitates  the  use  of  robust  surrogate  measures  that  can  account  for 
insect  diversity  in  conservation  assessments.  In  our  study,  we  aimed  to  identify  such  surrogates 
for  insect  diversity  across  a  human-modified  landscape  in  southeastern  Australia.  We  asked  if 
birds,  mammals,  or  habitat  structural  surrogates  could  act  as  reliable  indicators  of  bee  diversity  in 
a  complex  and  highly  fragmented  landscape.  Using  vane  traps,  our  surveys  yielded  35  species  of 
native  bees  of  more  than  1,700  individuals,  notably  halictid  (e.g.  Lasioglossum ,  Sphecodoides 
spp.),  megachilid  (e.g.  Megachile  spp.)  and  apid  bees  (e.g.  Amegilla ,  Exoneura  spp.).  Bee 
communities  were  most  diverse  in  remnant  Eucalypt  woodland  surrounded  by  agriculture,  and 
least  so  in  pine  monoculture.  Our  preliminary  analyses,  which  adopted  a  multivariate  approach, 
found  that  bird  and  mammal  diversity  were  poorly  concordant  with  native  bee  diversity. 
However,  we  found  that  a  number  of  habitat  structural  variables  significantly  explained  bee 
richness  and  composition.  We  suggest  these  habitat  structure  can  be  better  developed  as 
surrogates  for  native  bee  communities  to  facilitate  the  conservation  of  this  ecologically  important 
insect  group. 
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Introduction:  CBSUA  investigated  biological  control  of  insect  pests  in  Bicol  Region.  Biological 
control  initiatives  focused  on  corn,  rice,  taro,  eggplant,  peanut,  and  basil. 

Methods:  Surveys  of  the  endemic  natural  enemies  of  crop  pests  and  validation  of  their  efficiency 
were  conducted  in  the  province  of  Camarines  Sur  from  2006-2015. 

Results/Conclusion:  A  highly-diverse  natural  enemy  complex  was  collected  and  identified  from 
the  different  agroecosystems  in  the  survey.  In  corn,  the  dominant  predators  were  coccinellids 
( Micraspis )  and  earwigs  ( Euborellia ),  found  in  both  conventional  and  GMO  corn,  with  no 
significant  difference  in  abundance.  In  hybrid  rice  varieties,  the  natural  enemy  complex  was 
dominated  by  several  species  of  spiders  that  feed  on  leafhoppers  ( Nephotettix ),  leaf  folders 
( Cnaphalocrosis  medinalis)  and  stem  borers  ( Tryporyza ).  Rice  black  bug  ( Scotinophora  sp.) 
predators  were  also  identified,  such  as  earwigs  ( Proreus  sp.),  carabid  beetles  ( Ophionea 
ngrofasciata ),  reduviid  bugs  (Reduviidae),  and  eight  species  of  spiders  in  three  families 
(Lycosidae,  Oxyopidae  and  Thomisidae).  For  taro,  the  natural  enemy  complex  included: 
odonatans,  ants  (, Solenopsis  geminata),  earwigs  ( Euborellia ),  evaniids  (Evaniidae),  coccinellids 
( Cheilomenes  sexmaculatus  and  Microaspis ),  mirid  bugs  ( Cyrtorhinus  sp.),  braconids 
( Macrocentrus philippinensis ),  and  trichogrammatids  ( Trichogramma  sp.)  that  feed  on  taro 
planthoppers  ( Tarophagus  sp.),  hornworms  (Hippotion  celerio ),  aphids  ( Aphis  sp.)  and  mites. 
Naturally  occurring  predators  and  parasitoids  were  determined  in  other  crops  such  as  eggplant 
with  1 1  species,  peanut  with  10  species,  and  basil  with  8  species.  More  research  on  biological 
control  is  needed  as  our  entomologists  at  CBSUA  try  to  establish  a  biocontrol  laboratory  as  a 
tool  for  effective  community  engagement. 
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Abstract  text: 

Introduction:  Members  of  the  genus  Wolbachia  are  maternally  inherited  endosymbionts  that 
infect  a  diverse  range  of  invertebrates,  including  mosquitoes.  This  unique  mechanism  involves 
the  ability  of  the  bacteria  to  promote  crossing  sterility  patterns  within  or  between  populations  and 
modify  the  male  sperm  rendering  it  unable  to  successfully  fertilize  uninfected  eggs.  Thus,  this 


mechanism  may  have  diverse  and  specific  effects  on  mosquito  vectors  that  transmit  diseases  to 
humans. 

Methods:  Mosquitoes  caught  in  the  urban  city,  Metropolitan  Manila  were  subjected  to  gene 
amplification  assays  for  detecting  Wolbachia  using  wsp  (Wolbachia  surface  protein)  and  gene 
primers. 

Results/Conclusion:  Wolbachia  infections  were  found  in  nearly  all  mosquito  samples  with  wide 
distribution  in  Metro  Manila.  This  suggests  the  potential  of  using  Wolbachia  as  biological 
control  agent  to  reduce  or  disrupt  the  transmission  of  vector-borne  disease  in  the  Philippines. 
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Abstract  text: 

Introduction:  The  infestation  of  the  invasive  coconut  scale  insect,  Aspidiotus  rigidus  Reyne 
(Hemiptera:  Diaspididae),  in  the  southwestern  part  of  the  island  of  Luzon,  Philippines,  reached 
outbreak  levels  from  2010  to  2014,  and  severely  threatened  the  coconut  industry.  Early  attempts 
to  control  A.  rigidus  were  ineffective,  and  the  infestation  status  was  elevated  to  epidemic  in  early 
2013. 

Methods:  Field  surveys  were  conducted  in  different  coconut  growing  areas  in  southwestern 
Luzon  provinces  to  search  for  natural  enemies  of  A.  rigidus ,  covering  coconut  and  other  palm 
hosts.  Counts  of  scales  with  marks  of  effects  of  the  identified  natural  enemy  were  done  on  scale- 
infested  leaflet  samples  to  estimate  biological  control  potential. 

Results/Conclusion:  Surveys  revealed  a  chalcidoid  wasp  directly  associated  with  A.  rigidus  in  the 
province  of  Laguna,  which  was  subsequently  identified  and  described  as  a  new 


species,  Compendia  calauanica  Barrion,  Almarinez  &  Amalin  (Hymenoptera:  Encyrtidae). 
Percent  parasitization  values  recorded  from  field-collected  samples  ranged  from  45  to  92%  in  the 
third  quarter  of  2014,  and  from  57  to  93%  from  late  fourth  quarter  of  2014  to  early  first  quarter 
of  2015,  when  visually  observable  recovery  of  coconut  trees  was  concurrently  taking  place. 
Results  of  correlation  and  linear  regression  analyses  point  to  host  density-dependent  parasitism 
by  C.  calauanica.  By  the  third  quarter  of  2015,  the  coconut  trees  in  all  previously  surveyed 
points  were  already  free  from  A.  rigidus.  These  findings  and  observations  suggest  not  only  the 
potential  of  C.  calauanica  as  an  effective  biological  control  agent  against  A.  rigidus  but  also  its 
important  role  in  the  natural  recovery  of  coconut  trees  in  the  island  of  Luzon. 
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Abstract  text: 

Introduction:  A  pioneering  attempt  was  made  in  Jinhua,  Zhejiang  province,  eastern  China  to 
control  insect  pest  problems  through  ecological  engineering  through  habitat  manipulation.  Due  to 
its  benefits  and  utility,  ecological  engineering  was  recommended  as  the  national  rice  pest 
management  strategy  in  China  by  the  National  Agriculture  Technology  Extension  and  Service 
Centre  (NATESC)  of  the  Ministry  of  Agriculture. 

Methods:  Five  years  of  habitat  manipulation  were  conducted  based  on  growing  nectar-producing 
flowering  plants  combined  with  trap  plants  on  rice  bunds,  reducing  the  intensity  of  pesticide  use 
and  nitrogenous  fertilizers  and  managing  the  vegetation  in  non-rice  habitats  including  during  the 
rice-free  season. 

Results/Conclusion:  Habitat  manipulation  significantly  increased  biological  control  of  rice  pests 
and  provided  biological  stability  in  the  ecosystem.  Experimentation  with  ecological  engineering 
in  China  offered  immense  opportunities  to  rice  pest  management  using  non-chemical  methods 


leading  to  economic  and  environmental  benefits.  Ecological  engineering  is  a  simple  4 low-tech 
approach’  and  practically  doable  for  rice  farmers  to  implement  based  on  Chinese  experience. 
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Abstract  text: 

Introduction:  The  ‘push-pull’  system  (www.push-pull.net)  effectively  controls  serious  biotic 
constraints  to  cereal  production  in  Africa,  insect  pests  (stemborers)  and  striga  weed  ( Striga 
sp.),  while  improving  soil  health  and  biodiversity. 

Methods:  The  companion  cropping  system,  developed  by  the  International  Centre  of  Insect 
Physiology  and  Ecology  (ICIPE),  Rothamsted  Research  and  other  partners,  makes  smallholder 
farms  more  resilient,  often  with  a  tripling  of  yields.  It  involves  attracting  stemborers  with  trap 
plants  (pull)  whilst  driving  them  away  from  the  main  crop  using  a  repellent  intercrop  (push). 

Results/Conclusion:  Chemicals  released  by  intercrop  roots  induce  abortive  germination  of  the 
noxious  parasitic  striga  weed.  The  companion  plants  provide  high  value  animal  fodder, 
facilitating  milk  production.  Furthermore,  soil  fertility  is  improved  due  to  the  nitrogen  fixing 
intercrop  and  soil  degradation  is  prevented.  Recently,  the  push-pull  system  has  been  adapted  to 
drier  and  hotter  conditions  linked  to  climate  change  by  identification  and  incorporation  of 
drought  tolerant  companion  crops  (http://www.push-pull.net/Climate-smart_Push-Pull.pdf).  This 
climate-smart  push-pull  directly  responds  to  rising  uncertainties  in  Africa’s  rain-fed  agriculture 
due  to  the  continent’s  vulnerability  to  climate  change.  The  new  companion  crops,  Desmodium 
intortum  and  Brachiaria  Mulato  II  hybrid,  can  withstand  extended  periods  of  drought  stress  with 
no  water.  To  date  push-pull  has  been  adopted  by  over  1 10,000  smallholder  farmers  in  eastern 
Africa  whose  maize  yields  have  increased  from  about  1  t/ha  to  3.5  t/ha.  Low-input  ecologically- 
sound  technologies  that  address  several  production  constraints  and  deliver  multiple  benefits  are 


more  relevant  for  African  smallholder  farmers  but  also  have  useful  lessons  for  agricultural 
systems  in  other  developing  and  developed  regions. 
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Abstract  text: 

Introduction:  LEGATO  stands  for:  “Land-use  intensity  and  Ecological  enGineering — 
Assessment  Tools  for  risks  and  Opportunities  in  irrigated  rice  based  production  systems” 
(http://www.legato-project.net/).  It  aims  to  advance  long-term  sustainable  development  of 
irrigated  rice  landscapes  against  risks  arising  from  multiple  aspects  of  global  change.  LEGATO 
quantifies  the  dependence  of  the  rice-dominated  landscapes  on  ecosystem  services  (ESS)  and  the 
ecosystem  functions  (ESF)  they  are  generated  from.  Its  focal  issues  are:  (i)  the  socio-cultural  and 
economic  contexts,  (ii)  local  as  well  as  regional  land  use  intensity  and  biodiversity,  and  (iii)  the 
potential  impacts  of  future  climate  and  land  use  change. 

Methods:  LEGATO  followed  the  framework  of  the  Millennium  Ecosystem  Assessment  (MA, 
2005)  by  selecting  characteristic  elements  of  three  MA  strands  of  ecosystem  services  (ESS)  for 
analysis:  (a)  Provisioning  Services;  (b)  Regulating  Services;  and  (c)  Cultural  Services.  For 
detailed  field  work,  seven  regions  (15  x  15  km2  each)  were  chosen,  three  in  Luzon/Philippines, 
three  in  North  Vietnam  and  one  in  the  Mekong  delta  in  South  Vietnam. 

Results/Conclusion:  The  presentation  tries  to  summarize  the  main  findings  but  also  wants  to  look 
into  issues  of  inter-  and  transdisciplinary  research  and  possibilities  of  co-design  and  co¬ 
production  of  research  and  knowledge.  As  a  core  output,  LEGATO  develops  generally 
applicable  principles  of  Ecological  Engineering  (EE).  EE  is  an  emerging  discipline,  concerned 
with  designing,  constructing  and  monitoring  ecosystems,  and  aims  at  developing  strategies  to 


optimise  ecosystem  services  through  exploiting  natural  regulation  mechanisms  instead  of 
suppressing  them. 
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Abstract  text: 

Introduction:  Arthropod  biodiversity  exploration  has  two  sides:  the  bright  and  dark  sides.  On  the 
bright  side,  is  the  collection  of  multiple  arrays  of  arthropods  in  a  given  environment  showing 
immense  diversity  and  the  discovery  of  new  species.  On  the  dark  side,  identification  of 
thousands  of  specimens  of  arthropods  from  family  to  species  level,  is  a  long  and  very 
complicated  process  that  requires  (1)  good  knowledge  and  mastery  of  what  lives  in  nature 
including  those  in  the  agricultural  landscape,  (2)  strong  taxonomic  foundation  coupled  with  solid 
review  of  literature,  (3)  rich  literature  at  hand  for  inventory  of  described  species,  (4)  established 
international  linkages  to  world  experts,  museum  curators  for  specimen  loans  and  advice,  and  (5) 
long  time  frames  to  reliably  identify  the  species. 

Methods:  The  Kadoorie  Charitable  Foundation-funded  arthropod  biodiversity  exploration  (ABE) 
in  Hainan  Island  occured  from  August  2010  to  April  2012.  All  arthropods  were  collected  using 
different  sampling  techniques,  namely,  sweep  net,  rice-vac  suction  machine,  pitfall  trap,  malaise 
trap,  yellow  pan,  vial  tapping  and  sieving  method. 

Results/Conclusion:  Biodiversity  exploration  yielded  a  total  of  16,947  arthropod  specimens 
(6,531  of  parasitic  and  predatory  Hymenoptera  and  10,426  spiders).  The  parasitic  and  predatory 
Hymenoptera  represented  816  species  in  260  genera  and  36  families,  of  which,  123  species 
(15.07%)  were  found  new  to  science.  The  arthropod  biodiversity  collection  of  parasitic  and 
predatory  Hymenoptera  and  spiders  in  Hainan  Island  produced  146  new  species  out  983  taxa 


collected  and  identified  as  of  April  2012.  This  exploration  effort  yielded  a  book  as  a  main 
reference  for  succeeding  studies. 


Symposium 

Presentation  Title:  Biodiversity  of  natural  biological  control  agents  in  the  agricultural  landscape 
of  irrigated  low-land  rice  in  Brunei  Darussalam 

Author  Name:  Alberto  Barrion 

Author  Institution:  De  La  Salle  University 

Session  Title:  Symposium:  Biological  Control  Perspective  in  South  and  Southeast  Asia 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2238 

DOI:  10. 1603/ICE.2016. 94668 

Abstract  text: 

Introduction:  The  rice  agricultural  landscape  of  Brunei  Darussalam  has  diverse  taxonomic  array 
of  natural  biological  control  agents  that  regulate  insect  pest  population  below  damaging  levels  in 
different  agricultural  landscapes.  The  natural  enemy  complex  consists  of  hundreds  of  species 
belonging  to  several  families  as  revealed  by  collaborative  survey  efforts. 

Methods:  Surveys  were  done  using  the  following  sampling  techniques:  sweep  net,  vacuum 
suction  machine,  pitfall  trap,  malaise  trap,  yellow  pan,  vial  tapping  and  sieving  method. 

Results/Conclusion:  The  natural  enemy  complex  consists  of  250  species  belonging  to  65  families 
under  9  orders.  The  order  of  preponderance  is  Hymenoptera  (42.8%  ),  followed  by  Araneae 
(28%),  Hemiptera  (8% ),  Diptera  and  Coleoptera  (7.6%),  Orthoptera  (2.4%),  Odonata  (2%), 
Strepsiptera  (1.2%)  and  Dermaptera  (0.4%).  The  parasitic  Hymenoptera  were  represented  by 
trichogrammatids — Paracentrobia  andoi ,  Oligosita  aesopi  and  Oligosita  naias  and  two  species 
of  mymarids — Gonatocerus  cf.  munarus  and  Gonatocerus  longicrus,  which  attacked  the  eggs  of 
green  leafhoppers.  Predatory  spiders  preyed  on  nymphs  and  adults  of  green  leafhoppers.  The 
predators  were  dominantly  represented  by  the  orb-web  spider,  Tetragnatha  spp.  and  the 
coccinellid  beetle,  Micraspis  discolor.  Overall  diversity  of  natural  biological  control  agents  is 
high  in  the  rice  landscape  of  Brunei  Darussalam  in  pesticide-free  areas  like  Temburong.  Natural 
enemy  diversity  is  relatively  low  in  insecticide -treated  fields  in  Wasan,  Tutong,  Bukit  Udal  and 
Pulot  Ikan.  Both  parasitoids  and  predators  provided  an  effective  ecological  service  against  the 
major  rice  pests  in  Brunei  Darussalam. 
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Abstract  text: 

Introduction:  Investigators  have  used  transmission  models  and  geospatial  analyses  to  predict 
distributional  effects  on  vector-borne  diseases  from  climate  change.  Some  predict  range 
expansions,  while  others  have  reported  conflicting  results.  Three  major  vector-borne  diseases 
were  examined  to  assess  factors  that  might  influence  the  effects  of  climate  change  on  disease 
distributions. 

Methods:  Changes  in  the  distributions  of  malaria,  dengue,  and  Lyme  borreliosis  over  the  past 
century  were  reviewed,  and  their  causes  documented.  Interactions  of  these  factors  with  predicted 
effects  of  climate  change  were  evaluated.  A  geographically  broad-scale  sampling  program  of 
ticks  and  hosts,  along  with  experiments  on  tick  behavior  and  survival,  were  used  to  assess 
potential  climate  change  effects  on  the  distribution  of  Lyme  borreliosis. 

Results/Conclusion:  Plasmodium  vivax  malaria  was  eliminated  from  North  America  by 
managing  larval  habitat,  applying  pesticides,  and  treating  patients  to  lower  pathogen  prevalence. 
Effectiveness  of  these  interventions  would  not  likely  be  affected  by  climate  change.  Dengue 
fever  was  eliminated  from  South  America  by  control  of  Aedes  aegypti ,  but  has  returned  because 
of  human  demographic  changes  associated  with  urbanization.  Climate  change  might  affect 
spread  of  mosquito  vectors  and  shorten  extrinsic  incubation  periods,  possibly  resulting  in 
northward  expansion.  Human  living  conditions  and  vector  management  will  likely  mitigate 
transmission  to  some  extent.  Climate  change  will  likely  result  in  northward  expansion  of  Lyme 
borreliosis,  but  might  result  in  decreased  Lyme  incidence  in  some  areas  resulting  from  effects  on 
host  populations  and  climate-related  changes  in  tick  questing  behavior  and  survival. 
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Abstract  text: 

Introduction:  In  the  Eastern  United  States,  the  major  vector  of  Lyme  borreliosis  is  Ixodes 
scapularis  Say  (blacklegged  tick)  infected  with  Borrelia  burgdorferi  (causative  agent  of  Lyme 
borreliosis).  Although  U.S.  tick  populations  are  expanding,  Lyme  disease  incidence  is  currently 
approximately  two  orders  of  magnitude  lower  in  the  South  than  in  the  Northeast  and  upper 
Midwest.  One  explanation  for  this  discrepancy  is  that  pathogen  maintenance  and  transmission 
may  be  affected  by  regionally  specific,  abiotically  driven  responses  in  developmental  timing  of 
various  life  stages  within  the  vector  tick  life  cycle. 

Methods:  Using  sites  representing  different  regions  of  the  Eastern  U.S.  (i.e.  Wisconsin,  Rhode 
Island,  Tennessee,  and  Florida),  we  investigated  the  effect  of  temperature  on  the  timing  of 
development.  We  compared  predicted  development  (based  on  site-specific  temperatures  and 
temperature-development  relationships  from  previous  studies)  to  observed  development  of 
cohorts  monitored  in  field  enclosures.  Experimental  cohorts  were  generated  by  field  collection 
and  laboratory  feedings,  then  redistributed  among  sites;  this  process  was  repeated  at  all  sites  2-3 
times,  per  life  stage,  per  season.  Ticks  were  housed  in  polypropylene  tubes  and  enclosures  that 
allowed  for  airflow,  precipitation,  and  exposure  to  ambient  light.  Enclosures  were  monitored 
monthly  over  a  three-year  period. 

Results/Conclusion:  Results  indicate  that  there  exists  variation  in  developmental  timing  within 
groups  of  ticks  placed  at  the  same  site  and  exposed  to  similar  abiotic  conditions.  While 
temperature  alone  can  be  an  accurate  predictor  of  tick  development,  in  certain  cases  additional 
factors,  such  as  photoperiod  and  tick  genetics,  likely  play  a  role  in  the  timing  of  development. 
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Abstract  text: 

Introduction:  Vector-borne  disease  systems  are  ecologically  complex,  often  involving 
interactions  between  diverse  communities  of  host  and  vector  species.  Species  richness, 
abundance,  and  competence  of  host  communities  have  been  shown  to  alter  disease  risk  and 
transmission  in  vector-borne  disease  systems,  but  the  effects  of  vector  community  composition 
remains  largely  unexplored.  Additionally,  climate  change  is  expected  to  increase  or  shift  the 
geographic  ranges  of  host  and  vector  species,  thus  altering  transmission  dynamics  and  disease 
burden.  We  aimed  to  answer  the  following  question:  can  vector  community  composition  alter  the 
thermal  niche  of  mosquito  species  through  interspecific  larval  competition? 

Methods:  We  performed  laboratory  microcosm  experiments  to  explore  the  effects  of  interspecific 
larval  competition  on  the  thermal  niche  (i.e.,  the  temperature  range  in  which  population  growth 
rate  is  non-negative)  of  three  vector  mosquito  species  ( Culex  quinquefasciatus ,  Aedes  albopictus, 
and  Ae.  aegypti).  Using  measurements  of  survival,  development  time,  and  body  size  from  mono-, 
bi-,  and  tri-specific  treatments,  we  estimated  population  growth  rates  for  each  species.  We  then 
fit  curves  to  these  data  to  estimate  the  thermal  niche  of  each  species  under  each  competition 
scenario. 

Results/Conclusion:  We  found  Ae.  aegypti  to  be  the  most  robust  to  interspecific  competition,  as 
its  thermal  niche  was  not  altered  in  any  treatment.  Cx  quinquefasciatus  exhibited  a  shift  in  its 
thermal  response  curve  due  to  interspecific  competition  with  Ae.  aegypti ,  where  the  population 
growth  rate  peaked  at  a  lower  temperature  than  in  other  treatments.  Competition  WAhAe.  aegypti 
resulted  in  a  narrowing  of  the  thermal  niche  of  Ae.  albopictus  at  low  temperatures. 
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Introduction:  The  risk  of  virus  transmission  by  a  vector  species  depends  on  the  balance  between 
the  virus's  extrinsic  incubation  period  (EIP)  and  the  longevity  of  the  vector:  the  more  the 
longevity  exceeds  the  EIP,  the  greater  the  opportunity  for  transmission.  The  EIP  is  related  to  the 
thermal  needs  of  the  virus,  while  longevity  depends  on  the  vector  species.  This  leads  to  a  novel 
hypothesis:  for  a  given  virus  and  location,  we  hypothesize  that  competent  species  adapted  to  the 
local  climate  will  be  good  vectors,  as  their  longevity  most  likely  exceeds  the  EIP.  In  temperate 
regions,  this  points  to  a  particular  threat  from  native,  cool-adapted  vector  species. 

Methods:  We  tested  this  hypothesis  using  data  in  the  EID2  database,  which  records  locations  for 
species  of  pathogen,  vector,  and  host.  We  identified  temperature  and  rainfall  ranges  in  which 
mosquito  vectors  co-occur  with  West  Nile  virus,  dengue  virus  or  chikungunya  virus.  We 
investigated  whether  the  optimal  climate  for  co-occurrence  of  vector  and  virus  varies  between 
“warmer”  and  “cooler”  adapted  vectors  for  the  same  virus. 

Results/Conclusion:  Different  mosquito  vectors  co-occurred  with  the  same  virus  at  different 
temperatures,  despite  significant  overlap  in  vector  temperature  ranges.  Specifically,  co¬ 
occurrence  correlated  with  the  optimal  climatic  conditions  for  the  respective  vector;  cooler- 
adapted  mosquitoes  co-occurred  with  the  same  virus  in  cooler  conditions  than  their  warmer- 
adapted  counterparts.  We  conclude  that  mosquitoes  appear  to  be  most  able  to  transmit  virus  in 
the  mosquitoes’  optimal  climate  range,  and  suggest  that  the  threat  posed  by  vector-competent 
species  indigenous  to  temperate  regions  may  have  been  underestimated. 
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Abstract  text: 

Introduction:  Vector-borne  diseases  (VBDs)  by  definition,  are  strongly  tied  to  environmental 
conditions,  and  specifically  to  weather  and  climate.  A  big  gap  in  our  understanding  of  the 
transmission  of  vector-borne  diseases  is  the  direct  and  indirect  role  of  both  weather  and  climate 
in  the  life  history  and  interactions  of  the  key  players  in  a  VBD  transmission  system:  the  vector, 
the  human  (or  domestic  animal)  host,  the  reservoir  host  (in  the  case  of  vector-borne  zoonoses), 
and  the  pathogen.  For  example,  the  impact  of  the  different  aspects  of  rainfall  and  temperature 
(average,  range,  minimum,  maximum)  may  have  different,  and  even  antagonistic,  impacts  on  the 
different  components  of  the  transmission  systems  of  VBDs,  not  to  mention  the  interactions 
between  them. 

Methods:  Examples  from  studies  of  West  Nile  virus  and  Lyme  disease  in  the  U.S.,  Chagas 
disease  in  Argentina,  dengue  in  Peru,  Brazil,  and  Kenya,  and  Zika  in  Brazil  will  be  discussed  in 
light  of  issues  of  scale  from  the  local  to  the  regional  and  global. 

Results/Conclusion:  There  is  an  urgent  need  for  further  entomological,  ecological,  and 
physiological  research  on  these  interactions,  before  we  can  make  better  assessments  and 
predictions  with  regard  to  the  impact  of  climate  change  on  VBDs,  both  in  temperate  zones  and  in 
the  tropics.  Furthermore,  microclimatic  conditions  are  the  key  determinants  of  local  transmission 
patterns,  especially  given  the  limited  active  movement  of  many  disease  vectors.  Better 
understanding  of  how  local  mechanisms  and  patterns  come  together  to  generate  city  wide, 
regional  or  even  global  transmission  dynamics  is  a  major  challenge. 
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Abstract  text: 

Malaria,  typhus,  plague,  typhoid,  dysentery,  and  other  diseases  have  caused  human  suffering  and 
death  over  the  ages  and  also  contributed  to  the  defeat  of  militaries  through  morbidity  and 
mortality  to  their  forces.  The  contributions  of  military  physicians  and  scientists  to  medical 
entomology  have  been  immense  over  the  last  100+  years.  From  the  early  work  of  military 
physicians  Laveran  (France),  Reed  (US),  Gorgas  (US),  and  Ross  (UK)  that  elucidated  the  role  of 
mosquitoes  in  disease  transmission,  military  entomologists  have  contributed  to  the  development 
of  insecticides,  control  equipment,  repellents,  bed  nets,  training  for  pesticide  applicators,  and 
more  over  the  years.  Today,  active  and  retired  military  entomologists  work  closely  with  NATO, 
USAID,  PMI,  WHO  and  other  organizations  that  are  working  to  control  and  eradicate  vector- 
borne  disease  around  the  world. 
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Abstract  text: 

Introduction:  Water-based  mosquito  adulticide  formulations  are  now  available  for  use  in  thermal 
foggers.  So  we  posed  the  question,  “Could  currently  available  aqueous  larvicide  formulations  be 
applied  by  the  same  means  and  remain  efficacious?” 

Methods:  Methoprene  (Altosid  ALL,  AI  20%)  and  Bacillus  thuringiensis  var  israelensis  (Bti) 
(Vectobac  WDG,  AI  37.5%)  were  applied  at  maximum  label  rates  with  a  hand  held  IGEBA  TF 
34  thermal  fogger  to  empty  0.5-L  clear  plastic  containers  at  7,  14,  21,  28m  from  application 
source  in  open  and  canopy  habitats  at  Camp  Blanding,  FL.  Controls  were  treated  as  above  with 
water  only.  After  treatment,  250ml  dechlorinated  tap  water  was  added  with  20  late  second  to 
early  third  instar  Aedes  aegypti.  Larval  mortality  or  adult  inhibition  was  recorded  daily  for  12 
days  post  treatment.  The  most  efficacious  product  from  the  Camp  Blanding  study  was  applied  to 
ten  similar  containers  randomly  placed  in  cryptic  areas  of  a  0.2  ha  urban  tropical  environment 
(Key  West,  FL).  Application  and  evaluation  methods  were  those  mentioned  above.  All 
experiments  were  repeated  three  times  over  3 -month  periods. 

Results/Conclusion:  Mortality  decreased  with  increase  of  distance  from  application  source 
regardless  of  habitat  in  the  Camp  Blanding  study.  Bti  larval  mortality  was  91-100%  at  7m  then 
decreased  incrementally  to  about  <66%  at  28  m.  Adult  inhibition  in  cups  treated  with 
methoprene  initially  started  out  at  40-58%  for  containers  7m  from  application  source  then 
steadily  decreased  to  <25%  at  28m.  Bti  applied  operationally,  in  the  urban  tropical  study, 
provided  99.9%  larval  mortality  at  24h  and  100%  at  48h. 


Symposium 


Presentation  Title:  Phytochemical  synergists  for  insecticides:  Replacements  for  piperonyl 
butoxide 

Author  Name:  Joel  R.  Coats 

Author  Institution:  Iowa  State  University 

Session  Title:  Symposium:  Department  of  Defense  Entomology  and  Global  Public  Health: 
Working  Together  to  Combat  Vector  Borne  Disease  and  Protect  the  Environment 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2249 

DOI:  10. 1603/ICE.20 16. 107398 

Abstract  text: 

Introduction:  Use  of  natural  products  for  insecticide  and  repellents  has  increasingly  gained 
traction  in  insect  control.  Some  phytochemicals  have  now  been  identified  in  our  lab  that  may 
serve  well  as  natural  replacements  for  the  commercial  synergist  piperonyl  butoxide  (PBO). 

Methods:  Many  plant  essential  oils  were  screened  for  their  capacity  to  enhance  the  efficacy  of 
synthetic  pyrethroids  against  two  important  vector  species:  Anopheles  gambiae  and  Aedes 
aegypti. 

Results/Conclusion:  Our  research  has  identified  numerous  plant  essential  oils  that  were  better 
than  or  comparable  to  piperonyl  butoxide  when  female  mosquitoes  were  dosed  via  topical 
application  with  solutions  containing  a  combination  of  permethrin  and  5%  of  an  essential  oil. 
Deltamethrin  and  lambda-cyhalothrin  potencies  were  also  enhanced  by  some  of  those  oils  better 
than  or  as  well  as  they  were  by  PBO.  Costs  of  some  of  the  most  effective  oils  were  also 
comparable  to  that  of  PBO.  Enhancement  was  also  investigated  on  wild  pyrethroid-resistant 
strains  of  Aedes  aegypti.  The  use  of  natural  synergists  could  allow  for  replacement  of  the 
synergist  PBO  and  may  re-establish  the  effectiveness  of  synthetic  pyrethroids  against  pyrethroid- 
resistant  strains  of  mosquitoes. 
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Abstract  text: 

Research  into  the  use  of  fipronil  to  control  disease  vectors  by  dosing  rodents  with  a  palatable 
formulation  has  been  researched  by  Genesis  Labs  over  the  past  20  years.  In  numerous  studies, 
the  compound  was  efficacious  against  biting  insects.  Laboratory  studies  consisted  of  fipronil- 
treated  bait  presented  to  rodents,  then  exposing  fleas,  sand  flies,  and  ticks  to  the  treated  animals. 
Results  showed  good  efficacy  against  target  vector  species.  In  the  U.S.,  Oriental  rat  flea  control 
was  >95%  after  24  hours  using  a  0.005%  fipronil  bait.  A  recent  field  study  utilizing  the  same  bait 
resulted  in  95%  efficacy  against  fleas  ( Oropsylla  spp.)  in  prairie  dog  towns  by  providing  a  grain 
bait  to  the  rodent.  Laboratory  studies  in  Tunisia  against  adult  Phlebotomus  papatasi 
demonstrated  a  quick  knockdown  of  adult  sand  flies  in  excess  of  95%  within  48  hours.  Lield 
studies  yielded  similar  results  in  control  of  adult  P  papatasi.  Laboratory  research  with  larval  P. 
argentipes  in  India  showed  100%  mortality  at  concentrations  of  0.025,  0.01,  and  0.005%  fipronil 
within  8  days.  Additional  field  studies  are  planned  in  Spain  and  Kazakhstan  for  2016  to  assess 
efficacy  against  sand  flies.  Studies  are  underway  to  commercialize  the  product  after  obtaining  a 
Section  3  Registration  from  the  EPA.  The  goal  is  to  have  the  product  for  use  against  fleas  and 
sand  flies.  It  is  anticipated  that  EPA  approval  will  be  obtained  in  2017. 


Symposium 

Presentation  Title:  Biosurveillance  efforts  and  the  public  health  significance  of  mass  migration 
in  the  Syria  refugee  crisis 

Author  Name:  Yvonne  Linton 

Author  Institution:  Walter  Reed  Biosystematics  Unit 

Session  Title:  Symposium:  Department  of  Defense  Entomology  and  Global  Public  Health: 
Working  Together  to  Combat  Vector  Borne  Disease  and  Protect  the  Environment 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2251 


DOI:  10. 1603/ICE.2016. 107388 


Abstract  text: 


Prolonged  civil  unrest  in  Syria  has  resulted  in  the  translocation  of  a  large  number  of  Syrian 
nationals  seeking  refuge  in  neighboring  countries,  including  Turkey  and  Jordan.  Along  these 
border  zones,  several  large  refugee  camps  exist,  and  the  immediate  welfare  and  health  of  those 
displaced  persons  are  of  international  concern.  Escalation  of  the  situation  in  summer  2015 
initiated  a  mass  migration  of  asylum  seekers  into  Europe,  not  only  from  Syria  but  also  from  other 
troubled  regions  nearby,  prompting  public  health  concern  for  the  refugees,  and  for  host  nations. 
This  talk  focuses  on  the  unique  bio-  and  xeno-surveillance  activities  established  in  the  region 
since  2015  which  aim  to  address  the  issue  of  vector-borne  disease  transmission  both  along  the 
Turkish  and  Jordanian  borders  with  Syria,  and  along  the  refugee  migration  route  through  Turkey 
into  Europe.  Here  we  will  present  the  project  results  from  2015,  where  positive  pools  were 
determined  for  novel  alpha-  and  flaviviruses  in  mosquitoes  along  the  migration  routes  through 
Turkey,  and  will  discuss  the  latest  developments  in  this  project.  For  updated  information  see: 
www.svriaproject.info.  This  project  is  funded  by  AFHSC-GEIS. 
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The  VectorMap  project  is  an  online  database  of  georeferenced  arthropod  vector  collection  data, 
species  level  habitat  suitability  models,  vector-borne  disease  (VBD)  risk  maps,  and  remote 
sensing  data  designed  specifically  to  inform  VBD  risk  in  geographic  areas  of  interest  to  the  DoD. 
Through  a  collaboration  with  the  Smithsonian  Institution  and  the  Walter  Reed  Army  Institute  of 
Research,  VectorMap  has  amassed  the  world’s  largest  database  of  geo-referenced  vector 
occurrence  records.  This  database  is  composed  of  museum  specimen  records,  DoD 
biosurveillance  data,  and  collection  results  published  in  peer-reviewed  scientific  literature. 
Recent  efforts  conducted  by  the  VectorMap  team  include  the  digitization  of  the  Smithsonian 


Institution’s  Phlebotomine  and  Siphonaptera  collections  and  the  establishment  of  the  DoD 
voucher  specimen  service.  These  efforts  have  resulted  in  the  enhancement  of  both  Smithsonian 
arthropod  collections  and  VBD  risk  assessment  capability  for  the  DoD.  In  addition  to  displaying 
vector  distributions  and  informing  statistical  models,  this  data  is  also  used  to  monitor  bionomics 
trends  to  guide  vector  control  strategies.  VectorMap’s  GIS  environment  provides  a  universal 
platform  for  multiple  data  sources  to  be  observed  simultaneously.  This  capability  empowers  data 
contributors  to  view  their  own  collection  results  within  the  context  of  historical  collections  and 
ongoing  biosurveillance  efforts,  inform  the  construction  of  new  habitat  suitability  models,  and 
use  remote  sensing  data  to  predict  future  vector  hazards. 
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Introduction:  Navy  entomology  is  increasingly  involved  in  soft/smart  power  missions  providing 
an  operational  platform  to  advance  global  public  health  and  strengthen  international  partnerships 
with  agencies  and  various  stakeholders  tasked  with  reducing  the  burden  of  vector-borne  disease. 
Information  exchange  and  collaboration  across  borders  greatly  enhanced  our  knowledge  of 
vector  surveillance  and  control  during  Continuing  Promise  2015,  and  helped  build  stronger 
professional  relationships  between  countries  in  the  field  of  medical  entomology. 

Methods:  The  Directorate  for  Public  Health  vector  team  aboard  USNS  COMFORT  (TAH-20) 
designed  and  deployed  a  vector  surveillance  and  control  training  curriculum  in  1 1  countries 
located  throughout  the  SOUTHCOM  AOR.  Subject  matter  expert  exchanges  consisted  of 
didactic,  hands-on,  and  field  training  on  various  surveillance  and  control  methodologies.  Host 
nation  entomologists,  vector  control  specialists,  epidemiologists,  and  other  Ministry  of  Health 
personnel  participated  in  these  training  engagements. 


Results/Conclusion:  Several  on-going  and  potentially  long-term  collaborations  were  formed 
during  the  mission,  to  include:  establishment  of  a  national  Aedes  mosquito  surveillance  plan  in 
Guatemala  and  future  expansion  of  this  surveillance  methodology  in  Haiti,  Dominican  Republic, 
and  Trinidad  and  Tobago;  submission  of  Aedes  surveillance  data  from  Colon,  Panama  for 
archival  into  VectorMap,  and  development  of  a  medical  entomology  course  for  the  Caribbean. 
The  overall  mission  also  allowed  for  identification  of  potential  gaps  in  force  health  protection 
and  risk  communication  via  a  better  understanding  on  how  host  nation  specialists  address  vectors 
and  associated  diseases  in  endemic  and  often  epidemic  regions.  These  methodologies  can  be 
further  adapted  for  use  at  U.S.  and  allied  military  installations  across  the  globe. 
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Abstract  text: 

The  United  States  Department  of  Defense  (DoD)  has  a  long  and  extensive  history  of  providing 
aid  to  foreign  nations.  The  DoD  has  aided  foreign  governments  by  improving  their  ability  to 
respond  to  humanitarian  emergencies  and  promoting  global  health.  With  extensive  manpower 
and  material  assets,  the  DoD  contributes  unique  capabilities  toward  the  promotion  of  global 
public  health  during  humanitarian  missions,  such  as  Pacific  Partnership.  Since  the  first  Pacific 
Partnership  evolution  in  2006,  the  mission  has  evolved  in  to  a  multi-cultural  approach  to  include 
partner  nation  militaries  and  non-government  organizations.  Now  in  its  tenth  iteration,  Pacific 
Partnership  is  the  largest  annual  multilateral  humanitarian  assistance  and  disaster  relief 
preparedness  mission  conducted  in  the  Indo-Asia-Pacific  Region.  The  end  goal  of  Pacific 
Partnership  is  to  provide  assistance  to  host  nations  that  will  empower  them  to  make  sustainable 
improvements  to  existing  programs  and  practices.  Deployed  with  a  diverse  team  of  assets  from 
Australia  and  New  Zealand,  the  entomology  component  of  Pacific  Partnership  2015  (PP15)  was 
able  to  provide  assistance  in  mitigating  vector  borne  disease  threats  in  Kiribati,  Solomon  Islands, 
Micronesia,  and  the  Philippines,  which  each  have  several  endemic  vector  borne  diseases, 


including  Dengue  and  Chikungunya.  During  a  two  week  collaboration  with  each  country’s 
vector  control  assets,  PP15  aided  the  host  nations  in  identifying  disease  threats,  recommending 
control  and  surveillance  solutions,  and  most  importantly,  providing  education.  Training  and 
education  were  identified  as  the  most  influential  tools  for  reducing  vector  borne  disease  risk 
against  the  challenges  of  limited  supplies,  funding,  and  personnel. 
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Abstract  text: 

The  introduction  of  the  mosquito  Culex  quiquefasciatus  to  the  Hawaiian  Islands,  and  then 
subsequently  Plasmodium  relictum  (the  disease  causing  plasmodium  definitive  of  avian  malaria) 
has  had  a  tremendous  impact  on  the  native  bird  fauna  in  Hawaii.  Future  climate  change 
projections  suggest  that  current  conservation  efforts  will  fail  to  protect  the  already  endangered 
Hawaiian  forest  birds  from  extinction.  Thus,  addressing  the  increasing  threat  of  avian  malaria  is 
a  necessity.  In  recent  years,  progress  has  been  made  with  the  development  of  (novel 
technologies)  such  as  genetically  modified  mosquitoes  for  disease  control.  Several  of  these 
techniques  have  been  commercialized  and/or  have  achieved  proof-of-principle  in  laboratory 
studies  to  achieve  long-term  transmission  control  and  are  anticipated  to  advance  to  field  testing 
in  the  near  future.  The  majority  of  focus  and  funding  on  these  forms  of  biocontrol  have  been  in 
the  human  health  sector.  However,  an  application  in  conservation  towards  the  avian  disease 
problem  is  highly  feasible  due  to  the  many  similarities  between  the  two  issues.  Complexities  in 
advancing  novel  technologies  through  the  regulatory  and  community  engagement  phases 
necessitate  collaborations  among  all  sectors.  Through  innovative  invasive  species  partnerships, 
the  DoD  and  Fish  and  Wildlife  Service  can  pool  their  individual  resources  and  expertise  to 
achieve  transformative  results. 
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Abstract  text: 

The  U.S.  Department  of  Agriculture  has  a  long  history  of  collaborating  with  the  U.S.  military  to 
conduct  research  in  support  of  war  efforts.  The  predecessor  laboratory  of  the  current  USDA- ARS 
Center  for  Medical,  Agricultural  and  Veterinary  Entomology  (CMAVE)  located  in  Gainesville, 
Florida  has  a  history  that  starts  in  1932  in  Orlando,  Florida  specifically  to  support  the 
Department  of  Defense.  In  Orlando  methods  were  developed  to  protect  deployed  military  troops 
by  controlling  mosquitoes,  including  malaria  vectors  under  conditions  simulating  those  of  the 
South  Pacific  jungles,  and  other  insects  affecting  man  and  animals.  Currently  the  staff  of  the 
Mosquito  and  Fly  Research  Unit  of  CMAVE  works  closely  with  the  Armed  Forces  to  enhance 
our  ability  to  protect  troops  who  are,  by  the  nature  of  deployments,  particularly  susceptible  to 
bite  from  vector  arthropod  species  and  the  diseases  that  they  transmit.  We  describe  results  from 
one  program  at  CMAVE  to  protect  deployed  military  troops  from  the  threat  of  vector-borne 
diseases  by  developing  new  application  strategies  to  control  vectors  of  disease  under  harsh 
(tropical  and  desert)  environmental  conditions.  We  describe  adaptation  of  currently  used  civilian 
ground  and  aerial  ULV  and  Thermal  fog  techniques  to  kill  adult  mosquitoes,  filth  flies,  and  sand 
flies.  Also  described  are  novel  residual  treatments  of  materials  organic  to  military  deployed  units 
such  as  camouflage  nettings  and  HESCO  barriers,  and  residual  treatments  of  naturally  occurring 
vegetation.  The  field  studies  described  here  are  being  assessed  and  integrated  into  new  military 
strategies  to  protect  U.S.  troops  at  elevated  risk  from  numerous  vector-borne  disease  threats. 
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Abstract  text: 

This  presentation  will  showcase  highlights  of  the  research  funded  through  the  Deployed 
Warfighter  Protection  Research  Program  (DWFP).  Coordinated  through  the  Armed  Forces  Pest 
Management  Board,  the  DWFP  is  funding  partners  to  develop  tools  that  enable  deployed  forces 
to  better  protect  themselves  and  control  biting  insects,  primarily  mosquitoes  and  sand  flies, 
which  transmit  force-degrading  diseases.  The  focus  of  this  program  is  to  develop  new  or 
improved  systems  for  controlling  and  protecting  personnel  from  vectors  of  malaria,  dengue, 
chikungunya,  and  other  emerging  infectious  diseases  under  austere  and  remote  conditions; 
understand  the  physiology  of  insecticidal  activity  to  develop  new  compounds  with  greater 
specific  activity  and/or  higher  user  acceptability;  examine  existing  area  repellents  for  efficacy 
and  develop  new  spatially  effective  repellent  systems  useful  in  military  situations;  develop  new 
methods  or  formulations  for  treating  cloth  to  prevent  vector  biting;  and  expand  the  number  of 
active  ingredients  and  formulations  of  public  health  pest  pesticides,  products  and  application 
technologies  available  for  safe,  and  effective  applications. 
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Abstract  text: 


Introduction:  Adults  of  Limnoporus  esakii  exhibit  seasonal  color  forms  consisting  of  black  and 
white  types  in  their  ventral  plates. 

Methods:  Photoperiodic  response  for  the  determination  of  body  coloration  and  the  induction  of 
reproductive  diapause  were  compared  in  a  population  in  Japan  by  rearing  trials  at  20°C.  In 
addition,  seasonal  periods  associated  with  body  coloration,  the  appearance  of  diapausing  adults, 
and  the  proportion  of  adults  with  well-developed  flight  muscles  were  investigated  in  field 
populations  in  2008-2012. 

Results/Conclusion:  Short  day-lengths  induced  reproductive  diapause  in  females,  and  the  critical 
day  length  for  the  induction  of  diapause  was  about  13.75  hours.  All  individuals  developing  under 
a  short-day  photoperiod  with  less  than  14  hours  of  light  molted  into  the  black  type,  whereas 
almost  all  individuals  developing  under  a  long-day  photoperiod  with  more  than  14.5  hours  of 
light  molted  into  the  white  type.  Both  diapausing  and  non-diapausing  females  occurred  in  the 
black  type,  while  no  diapausing  females  occurred  in  the  white  one.  Photoperiods  during  4th  and 
5th  instar  nymphal  stages  were  critical  for  diapause  induction  and  coloration.  In  fields, 
diapausing  females  with  black  ventral  plates  emerged  from  early  September  onward. 

Adults  in  the  first  generation  seem  to  appear  from  mid  May,  and  they  all  are  white  type  and 
initiate  oviposition  soon.  The  proportion  of  adults  with  well-developed  flight  muscles  was  higher 
in  March  and  September  than  in  other  periods.  The  present  study  indicates  that  black 
pigmentation  relates  to  overwintering,  although  diapause  induction  may  not  coincide  exactly 
with  the  production  of  the  black  type,  and  black  types  tend  to  be  flyers. 
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Abstract  text: 


Introduction:  Water  striders  use  ripple  signals  in  aggressive  interactions  between  individuals  for 
access  to  food. 

Methods:  I  asked  whether  water  striders  produce  ripple  signals  more  frequently  when  they  are 
hungrier  and  when  the  value  of  food  resources  is  higher.  I  also  asked  if  and  how  the  use  of 
signals  depends  on  the  size  difference  between  interacting  individuals. 

Results/Conclusion:  I  found  that  females  used  ripple  signals  more  often  than  males  did.  The 
experiment  suggested  that  use  of  aggressive  ripple  signals  is  affected  by  hunger  in  females  -  the 
sex  with  high  demands  for  food  resources.  Among  females,  but  not  males,  I  found  out  that  the 
probability  of  using  signals  in  response  to  the  approaching  intruder  depended  both  on  the  degree 
of  hunger  and  on  the  size  of  the  focal  animal  relative  to  the  size  of  the  intruder.  Before 
starvation,  the  probability  of  a  female  using  a  signal  in  an  interaction  with  an  intruder  was  higher 
when  the  individual’s  size  was  larger  relative  to  the  intruder.  After  starvation,  the  focal 
individuals  were  more  likely  to  signal  when  their  size  was  smaller  relative  to  the  intruder.  The 
results  are  consistent  with  the  idea  that  these  signals  may  reveal  information  about  the  signaler's 
weight  or  hunger  level. 
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Abstract  text: 


Introduction:  Although  their  distribution  and  ecology  has  been  studied  to  some  extent, 
physiological  information  on  the  oceanic  sea  skaters,  Halobates,  has  been  relatively  poor.  We 
studied  the  relationship  between  the  cool  coma  temperature  of  sea  skaters,  Halobates  micans ,  H. 
germanus  and  H.  sericius ,  and  oceanographic  properties  (distance  from  the  Kuroshio  current  and 
precipitation). 

Methods:  We  participated  in  three  science  cruises  by  R/V  MIRAI  (MR  13 -03,  MR  14-06)  and 
R/V  HAKUHOMARU  (KH- 14-02).  Samplings  were  performed  using  a  neuston  net  in  tropical 
and  subtropical  areas  of  the  Pacific  Ocean.  The  temperature  was  decreased  stepwise  by  1  °C 
every  1 5  min  using  an  automatic  cooling  system  in  the  water  bath  until  cool  coma  occurred  in  all 
experimental  specimens  collected  by  the  samplings. 

Results/Conclusion:  In  this  study,  we  tested  two  hypotheses:  first,  populations  of  H. 
sericeus  near  the  Kuroshio  current  show  a  high  resistance  to  low  temperatures;  second,  the 
populations  of  H.  germanus  and  H.  sericeus  inhabiting  the  area  with  the  highest  annual 
precipitation  around  the  equator  in  the  Pacific  Ocean  have  great  hardiness  to  lower  temperatures. 
The  COC  occurred  at  17.50°C  on  average  for  animals  collected  at  25°N,  138°E  near  the  Kuroshio 
current,  which  was  lower  than  the  values  (19.01°C)  for  those  collected  at  24°N,  160°E  far  from 
the  current  (p=0.005).  The  COC  temperature  (12.8°C)  of  specimens  collected  in  the  high 
precipitation  area  (8°N-5°S,  136°E-156°E)  around  the  equator  were  significantly  lower  (p<0.001) 
than  the  values  (17.9°C)  for  those  collected  from  the  lower  precipitation  area  (12°N,  135°E). 
These  results  support  both  hypotheses. 
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Abstract  text: 


Introduction:  Although  the  effects  of  global  warming  on  insect  biology  have  been  investigated  in 
many  studies,  the  studies  on  physiological  issues  such  as  dispersal  ability  have  been  relatively 
poor.  We  studied  the  effects  of  global  warming  on  the  life  history  traits,  including  physiological 
issues,  in  a  water  strider,  Aquarius  paludum ,  by  surveying  sampling  data  from  1995-2015  from 
two  sampling  sites. 

Methods:  We  performed  the  samplings  every  2  weeks  from  2007  to  2015  in  two  sites  (Shimanto- 
site  [SS]:  32°59'N,  132°55'E,  Kochi-Nankoku  site  [KNS]:  33°36'N,  133°39')  and  examined  the 
number  of  each  stage  of  larvae,  the  number  of  adults,  and  wing  length,  then  the  samples  were 
released.  Data  from  KNS  were  compared  to  those  in  1995. 

Results/Conclusion:  Populations  of  new  generations  of  adults  occurred  five  times  during  the 
year,  from  May  to  December  in  201 1,  2013  and  2014,  whereas  new  generations  of  adults 
occurred  three  times  in  1987-1995  in  KNS.  The  number  of  generations  per  year  in  SS  was  three 
in  2007-2012,  whereas  it  become  four  in  2013-2014.  In  1995,  all  overwintering  adults  were  long¬ 
winged  with  well  developed  FM,  whereas  only  60-70%  of  them  were  long- winged  adults,  of 
which  only  20-30%  had  well-developed  FM,  in  KNS  in  2013-2014.  However,  more  than  95%  of 
overwintering  adults  were  long-winged  and  more  than  60-70%  of  them  had  well-developed  FM 
in  SS  in  2007-2014.  The  change  in  accordance  with  global  warming  was  quicker  in  the 
population  at  KNS  than  that  at  SS  because  of  the  “heat  islands  effects”  at  KNS. 
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Introduction:  Temperate  semiaquatic  bugs  (Heteroptera:  Gerromorpha)  have  been  repeatedly 
used  as  model  organisms  for  demonstration  of  general  life-history  theorems.  Wing  dimorphism 


has  received  special  attention,  but  the  exact  extent  of  migration  and  dispersal  has  been  studied 
sparsely,  with  the  exception  of  a  long-term  survey  of  seasonal  aspects  of  flight  in  five  Canadian 
water  striders  by  Spence  (2000).  He  identified  four  distinguished  categories  of  seasonal  flight 
activity,  connected  with  overwintering  sites  and  inter-site  movement.  Here  I  present  the  results 
of  a  long-term  study  of  nine  gerromorphan  species,  focused  on  individual  migration  and 
dispersal  patterns  of  both  inter-  and  intra-site  movement. 

Methods:  The  survey  was  conducted  in  Central  Europe  in  2007  -  2014.  The  main  part  of  the 
research  was  based  on  mark-recapture  of  individually  marked  bugs.  The  sampling  sites  included 
solitary  fishponds,  connected  fishpond-systems,  forest  streams,  temporary  pools  and  ditches  and 
the  systems  of  small  (-10-30  m2)  artificial  pools. 

Results/Conclusion:  Almost  13,000  specimens  of  Aquarius  paludum,  Limnoporus 
rufoscutellatus,  Gerris  argentatus,  G.  gibbifer,  G.  lacustris,  G.  lateralis,  G.  odontogaster,  G. 
thoracicus  (Gerridae)  and  Velia  caprai  (Veliidae)  were  individually  marked  during  the  survey. 
Analyses  of  the  results  revealed  many  findings,  including  that  (i)  most  populations  consist  of  a 
small  part  (3-12  %)  of  highly  actively  dispersing  bugs  capable  of  movement  by  several  km;  (ii) 
reproductive  brachypterous  females  tend  to  move  more  within  sites  than  males,  non-reproductive 
and  macropterous  females;  (iii)  Velia  caprai  compensate  for  downstream  drift  by  terrestrial 
upstream  dispersal. 

The  study  was  supported  by  The  Grant  Agency  of  the  Czech  Republic  no.  GA14-29857S. 
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Introduction:  The  biology  and  natural  history  of  the  giant  waterstrider,  Gigantometra  gigas,  is 
poorly  known,  although  it  is  the  largest  gerrid  known  and  a  monobasic  genus  at  the  very  root  of 
the  Gerridae.  We  studied  variation  in  body  size,  wing  dimorphism,  and  population  dynamics  in 
populations  on  the  Wufenqu  River  of  Hainan  Island,  China  from  201 1  to  2015  and  collected  data 
about  prey  use  and  interpool  movement. 

Methods:  We  visited  a  total  of  13  pools  along  the  river  periodically  during  our  study  and 
collected  and  counted  all  adult  individuals  present.  Each  individual  was  assessed  for  wing  length, 
measured  for  7  morphometric  traits  and  marked  individually  before  being  released  back  into  the 
pool  of  capture. 

Results/Conclusion:  Gigantometra  gigas  on  Hainan  are  sexually  dimorphic  for  body  size  with 
males  generally,  but  not  invariably,  larger  than  females.  Both  sexes  are  dimorphic  for 
winglength,  but  long-winged  individuals  are  more  common  in  females.  We  found  no  consistent 
pool-to-pool  variation  in  body  size,  perhaps  because  interpool  movement  is  common  and  can  be 
extensive,  with  individuals  of  both  sexes  and  winglengths  travelling  considerable  distances  both 
up-  and  downstream.  Movement  was  quantified  and  compared  among  wingless  and  fully-winged 
bugs  of  both  sexes.  There  is  nothing  apparently  special  about  prey  use  to  explain  the  remarkably 
large  body  size  in  this  species,  as  they  eat  a  normal  range  of  prey  observed  for  other  gerrids, 
although  prey  size  varies  with  gerrid  body  size.  Mating  is  rarely  observed  and,  in  the  few  events 
that  have  been  observed,  involved  no  special  behaviours. 
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Abstract  text: 


Introduction:  Patterns  of  life-history  and  wing  dimorphism  drive  the  evolution  of  seasonal 
adaptation  in  waterstriders.  Local  population  dynamics  is  an  outcome  of  this  adaptation. 

Methods:  Total  census  and  cohort-specific  marking  was  used  weekly  over  a  25-yr  period  (1984- 
2008)  to  determine  population  sizes  and  dynamics  of  adults  of  five  pondskater  species  on  a  small 
boreal  pond  in  central  Alberta. 

Results/Conclusion:  One  species  ( Limnoporus  dissortis )  was  monomorphic  for  long  wings,  two 
species  ( Gerris  buenoi,  G.  comatus )  were  seasonally  polyphenic  for  wing-length  and  the 
remaining  two  (G.  pingreensis,  Aquarius  remigis )  were  dimorphic  for  wing-length  but 
dominated  by  wingless  individuals.  Even  when  massively  introduced,  these  mainly  wingless 
species  were  unable  to  establish  and  maintain  populations.  Limnoporus  dissortis ,  G.  buenoi  and 
G.  comatus  dominated  the  numbers  consistently  over  the  25-yr  period  but  yearly  population  sizes 
were  unpredictable,  with  much  of  the  variation  apparently  driven  by  regional  effects.  Few  long¬ 
winged  adults  that  eclosed  on  the  pond,  bred  there  either  in  the  year  of  development  or  after 
overwintering.  Egg  parasitism  hugely  suppressed  recruitment  in  L.  dissortis ,  but  was  relatively 
insignificant  for  the  Gerris  species.  For  the  two  species  present  in  numbers  sufficient  to  estimate 
relative  impacts  of  predation  and  emigration,  both  processes  contributed  significantly  to  weekly 
losses  to  cohorts.  In  G.  buenoi ,  the  processes  were  about  equally  important,  whereas  for  L. 
dissortis ,  emigration  accounted  for  about  3  times  as  much  loss  as  predation.  The  overall 
contribution  of  differences  in  life-history  traits  to  patterns  of  local  population  dynamics  will  be 
discussed. 
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How  do  you  transition  from  full  time  scientist  to  full  time  science  communicator?  What  are  some 
of  the  different  paths  to  science  communication  as  a  full-  time  career?  How  do  you  make  it  as  a 
freelancer,  with  no  permanent  employer?  I  don't  have  those  answers.  No  one  does,  since 
traditional  publishing  is  changing  shape  daily.  But  I  can  share  some  of  what's  worked  for  me, 
and  some  of  the  many  different  job  niches  of  people  I  work  with  as  a  science  writer.  If  you  are 
interested  in  science  communication,  don't  delay.  Start  now! 
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It's  one  of  the  best  times  to  be  a  scientist.  Not  only  because  research  tools  and  technology  are 
advancing,  but  because  we  have  the  ability  to  share  our  work  on  a  global  scale  through  the 
internet.  Social  media  can  be  a  powerful  tool  for  scientists  to  communicate  what  they  are  doing 
and  why  it's  important  to  both  professional  colleagues  and  a  broad  audience.  We  discuss  our 
evolution  from  graduate  students  in  the  lab  to  becoming  heavily  involved  in  science 
communication  and  how  it  has  made  positive  impacts  in  our  research  as  well  as  our  careers. 
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As  outreach  education  spreads  onto  digital  platforms,  entomologists  are  seeking  new  ways  to 
share  their  research,  citizen  science  initiatives,  and  the  importance  of  insects  to  a  quickly 
growing  population.  Over  the  past  5  years,  I  have  explored  how  web  comics  can  be  utilized  for 
universities,  museums,  and  personal  research  websites.  In  this  talk,  I  will  go  through  specific 
examples  of  comics  that  I  have  utilized  in  my  outreach  initiatives  and  explain  the  process  that 
goes  into  each  comic.  This  presentation  will  serve  as  an  introduction  to  planning  a  comic, 
choosing  your  tools  (digital  or  analog  drawing),  tips  for  appealing  to  your  audience,  and 
publication.  However,  creating  a  successful  outreach  comic  includes  not  only  writing  and 
drawing  the  comic  well,  but  dealing  with  the  on-going  conversation  between  the  institutions  and 
researchers  that  commission  these  works.  Finally,  I’ll  show  how  these  comics  can  be  utilized 
both  in  classrooms  and  museums,  and  as  a  tool  of  social  media  to  generate  conversations  about 
major  issues  in  science,  such  as  increasing  the  diversity  of  underrepresented  minorities  in  STEM 
fields,  harassment,  and  surviving  as  a  new  member  to  academia. 
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The  Training  Centre  in  Communication  (TCC),  is  the  first  African-based  training  centre  to  teach 
effective  communication  skills  to  scientists.  TCC  is  a  Trust,  established  as  a  non-profit  entity  in 
2006  and  is  registered  in  Kenya.  TCC  held  its  first  course  in  October  2006  at  Makerere 
University,  Kampala,  Uganda  and  in  late  2007,  signed  a  Memorandum  of  Understanding  with 
the  University  of  Nairobi,  School  of  Biological  Sciences,  and  has  its  headquarters  on  the 
Chiromo  Campus,  Nairobi,  Kenya.  TCCs’  mission  is  to  contribute  to  the  increase  in  profile, 
locally,  and  internationally,  of  African  science,  and  its  impact  on  the  life  of  Africans,  by 
improving  skills  in  technical  communication  in  all  forms,  at  academia  and  other  relevant  forums, 
in  Africa.  TCC  is  supported  by  an  Advisory  Committee,  composed  of  respected  academics  in 
East  Africa  and  Europe.  The  role  of  the  Advisory  Committee  is  to  support,  guide  and 
periodically  evaluate  the  activity  of  the  Centre.  The  aim  of  TCC  is  to  train  a  group  of  local 
trainers  who  will  take  an  increasingly  active  role  in  the  training  program.  Currently  TCC 
has  local  trainers  in  Sub  Sahara  Africa  who  have  taken  up  the  training  programme  and 
continuous  training  of  trainers  takes  place  to  make  TCC  self  sustainable.  Since  TCC  started  its 
activity,  more  than  1700  participants  from  20  different  countries  representing  more  than  70 
institutions  have  taken  part  in  the  long  and  short  courses  offered. 
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Policy  makers  are  typically  not  scientists,  but  they  can  be  in  a  position  to  make  decisions  about 
funding  and  regulations  that  affect  science.  In  2015,  total  U.S.  spending  on  food  and  agriculture, 
science,  and  energy  and  the  environment  was  only  6%  of  the  federal  budget.  Scientists  can  play  a 
role  in  affecting  how  that  funding  is  spent  and  even  in  increasing  overall  funding. 

Communication  with  policy  makers  is  different  than  other  audiences,  such  as  scientific 
colleagues,  or  even  the  public.  This  presentation  will  discuss  understanding  policy  makers  as  an 
audience  for  entomological  information,  how  to  formulate  a  strategy  to  advocate  for  policy,  and 


specific  tactics  to  use  to  be  an  effective  science  policy  advocate.  This  presentation  will  focus  on 
examples  and  experiences  from  interactions  between  scientists  and  policy  makers. 
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Introduction:  Natural  selection  typically  eliminates  organisms  with  engineered  traits.  The  advent 
of  CRISPR/Cas9  genome  editing  offers  a  way  to  circumvent  this  restriction.  By  inserting 


Cas9  and  guide  RNAs  adjacent  to  an  edited  gene,  editing  re-occurs  in  the  heterozygotes  of  each 
generation. 

Methods:  We  investigated  gene  drive  efficiency,  confinement,  reversibility,  and  evolutionary 
stability  both  computationally  and  in  model  systems. 

Results/Conclusion:  RNA-guided  CRISPR  gene  drives  are  efficient  and  reversible  at  the 
genomic  level.  Proper  safeguards  are  readily  available  and  must  be  utilized  to  avoid  the 
accidental  alteration  of  wild  populations  before  release  is  approved.  Because  gene  drive  elements 
will  alter  the  shared  environment  without  requiring  mass  public  adoption,  early  public 
notification  and  transparency  are  essential  to  enable  discussion  and  community  guidance  of 
development. 
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Introduction:  The  rise  in  dengue  over  the  past  50  years  has  highlighted  the  lack  of  sustainable 
and  efficient  control  of  its  primary  vector  Aedes  aegypti.  The  development  of  genetic  control  has 
enabled  the  creation  of  possible  alternative  tools  to  traditional  methods  against  mosquitoes  either 
through  population  replacement  or  population  suppression. 

Methods:  We  have  developed  synthetic  genetic  circuits  conferring  conditional  lethal  traits  to 
produce  “genetically  sterile”  males  of  the  target  pest  species.  These  sterile  male  mosquitoes 
(male  mosquitoes  do  not  bite  or  transmit  disease)  are  released  continually  over  a  wide  area  to 
mate  with  the  target  pest  population;  death  of  progeny  due  to  inheritance  of  the  transgene  leads 
to  decline  of  the  target  population.  A  key  advantage  is  that  the  method  is  ‘self-limiting’;  making 


it  controllable,  reliable  and  reversible,  in  contrast  to  methods  where  the  genetic  change  needs  to 
persist  in  the  wild  population. 

Results/Conclusion:  Genetic  control  strains  based  on  this  principle  have  now  been  developed  for 
at  least  8  major  insect  pest  species.  Field  trials  for  the  lead  Aedes  aegypti  strain,  0X5 13 A,  have 
been  successfully  conducted  in  the  Cayman  Islands,  Malaysia,  Brazil  and  Panama.  Target 
populations  of  this  mosquito  species  were  suppressed  by  over  90%  relative  to  control 
populations,  despite  ongoing  immigration  from  adjacent  areas  and  differences  in  ecological  and 
social  settings.  Public  acceptance  of  the  technology  at  the  field  sites  has  been  good.  Applications 
in  agriculture  and  in  conservation  biology  are  also  being  actively  considered. 
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Introduction:  The  sterile  insect  technique  (SIT)  is  a  biologically-based  strategy  that  provides  the 
most  ecologically  sound  means  for  suppression  of  insect  pest  populations.  Yet  many  current 
programs  are  inefficient  due  to  the  inability  to  eliminate  females  previous  to  male  release,  and 
the  debilitating  effects  of  radiation  used  to  sterilize  males.  Genetic  engineering  using  germline 
transformation  and  gene-editing  methods  now  provides  new  strategies  to  overcome  both 
limitations  in  fruit  fly  pests,  including  the  caribfly,  Anastrepha  suspensa ,  and  the  mexfly,  A. 
ludens.  Tetracycline-suppressible  (Tet-off)  female-specific  embryonic  lethality  strains  for  sexing 
have  been  created  for  both  species,  and  development  of  Tet-off  spermatocyte-specific  lethality 
strains  for  male  gonadal  sterility  has  been  initiated.  Sex-determination  gene  editing  may  also 
provide  a  means  of  manipulating  sexual  differentiation  and  fertility  for  use  in  SIT. 

Methods:  Tet-off  embryonic  serendipity-a  promoter-tTA  driver  constructs  and  hid  cell  death 
gene  lethal  effector  constructs,  having  a  sex-specific  intron  splicing  cassette,  were  tested  for 


female-specific  lethality  in  transgenic  A.  suspensa  and  A.  ludens.  Transgenic  lines  having  driver 
constructs  using  a  sperm-specific  promoter  for  male  sterility  are  in  development,  as  well  as  gene- 
edited  sex-determination  genes. 

Results/Conclusion:  Tet-off  strains  yielding  total  female  lethality  in  the  absence  of  tetracycline 
have  been  created  for  both  A  suspensa  and  A.  ludens ,  however,  for  mexfly,  Tet-free  diet  also 
results  in  female  sterility  requiring  short-term  Tet-diet  after  adult  eclosion  to  restore  fertility.  A 
maternal  pre-zygotic,  as  well  as  zygotic  function  for  serendipity-a  is  assumed  for  mexfly.  Results 
from  male  sterility  and  sex-determination  mutant  strain  development  will  be  discussed. 
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Introduction:  Protein  tracking,  through  protein  tagging,  allows  for  the  visualization  of  protein 
dynamics  through  space  and  time.  Tagging  can  be  performed  ectopically  or  endogenously. 
Ectopic  expression  through  binary  activation  systems  induces  the  expression  of  a  transgenic 
tagged  fusion  protein  in  a  spatially  restricted  fashion,  but  disadvantages  include  non- 
physiological  protein  levels,  only  single  protein  isoforms  can  be  assayed,  and  misexpression  does 
not  always  recapitulate  endogenous  expression  patterns.  Protein  tags  can  also  be  introduced 
through  site-specific  recombineering,  but  such  transgenes  may  be  lacking  regulatory  elements. 
Finally,  through  homologous  recombination  or  transposon  protein  trapping,  genes  can  be  tagged 
at  the  endogenous  locus,  but  this  does  not  allow  restricting  expression  to  a  limited  amount  of 
cells. 

Methods:  To  accommodate  the  disadvantages  with  the  different  approaches,  a  novel  method  is 
proposed.  The  foundation  of  it  relies  on  a  switchable  artificial  exon  encoding  a  protein  tag  that 


can  be  deactivated  and  activated  on  demand.  Hence,  systemic  protein  expression  patterns  can  be 
restricted  towards  small  cell  populations,  opening  up  opportunities  to  document  detailed 
subcellular  expression  patterns  in  an  otherwise  noisy  background,  or  isolate  protein  complexes 
that  are  only  physiologically  relevant  in  a  subset  of  cells. 

Results/Conclusion:  Although  the  current  method  relies  on  the  repurposing  of  MiMIC 
transposon  insertion  sites  that  are  broadly  distributed  all  over  the  genome  of  Drosophila 
melanogaster  with  the  switchable  artificial  exon,  it  should  be  able  to  be  easily  extrapolated 
towards  other  model  organisms  using  insertion  strategies  that  do  not  rely  on  existing  transposon 
insertions. 
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Introduction:  The  Western  corn  rootworm  (WCR)  is  a  major  pest  of  maize  and  is  notorious  for 
rapidly  adapting  biochemically,  behaviorally,  and  developmentally  to  a  variety  of  control 
methods.  Transformation-based  applications  such  as  transposon  tagging,  enhancer  trapping,  and 
genome-wide  mutagenesis  have  facilitated  the  genetic  dissection  of  model  species  such  as 
Drosophila  melanogaster.  Following  this  paradigm,  we  are  developing  a  germline 
transformation  system  for  WCR. 

Methods:  We  are  currently  using  a  piggy Bac- based  transformation  system  known  to  work  in 
another  coleopteran,  the  red  flour  beetle,  Tribolium  castaneum.  However,  unlike  Tribolium, 
WCR  lacks  eye-color  mutants  conventionally  used  to  observe  transgene  expression.  To 
overcome  this  obstacle  we  are  using  the  CRISPR/Cas9  system  to  produce  site-specific  mutations 
(insertions/deletions)  in  a  gene  required  for  proper  pigmentation  of  the  eye.  Moreover,  in  an 
effort  to  create  a  highly  efficient  transposon-based  mutagenesis  system  we  are  introducing  site- 
specific  insertions  of  marked  transposons.  In  both  cases,  RNA-Seq  data  was  coupled  with 
available  genome  sequence  to  facilitate  identification  of  target  genes  and  their  promoters. 

Results/Conclusion:  Our  progress  towards  developing  tools,  techniques  and  protocols  for  WCR 
functional  genomics  will  be  presented,  along  with  some  of  the  challenges  we  had  to  overcome 
along  the  way.  Taken  together,  this  combination  of  transposon-  and  CRISPR-based  technologies 
is  expected  to  bring  a  wide-range  of  transformation-based  tools  to  bear  on  understanding  WCR 
biology. 
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Abstract  text: 

Introduction:  Aphids  are  excellent  models  for  studying  a  diverse  array  of  topics,  including 
symbiosis,  phenotypic  plasticity,  and  plant-insect  interactions.  The  release  of  the  pea  aphid 
genome  in  2010  brought  a  whole  new  world  of  opportunities  to  aphid  biologists.  Yet  basic  and 
applied  studies  of  aphid  biology  are  stymied  by  the  limited  ability  to  perform  functional  studies. 

Methods:  Recombination  and  association  mapping  was  used  to  identify  a  genomic  region 
responsible  for  producing  winged  or  wingless  males  of  the  pea  aphid.  We  are  currently  pursuing 
using  the  CRISPR/Cas9  system  to  produce  deletions  in  genes  in  that  region. 

Results/Conclusion:  We  will  outline  a  protocol  implementing  the  CRISPR/Cas9  in  the  pea  aphid, 
focusing  on  the  more  finicky  aspects  of  its  biology.  We  will  highlight  successes  and  challenges. 
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Abstract  text: 

Introduction:  The  Drosophila  RNAi  Screening  Center  (DRSC)  and  Transgenic  RNAi  Project 
(TRiP)  are  community  resources  for  functional  genomics  in  D.  melanogaster.  We  have 
established  methods  for  cell-based  and  in  vzvoRNAi  and  CRISPR-based  modulation  of  gene 
activity.  Availability  of  the  Gal4-UAS  system  allows  us  to  perform  stage-  or  tissue-specific 
assays  in  addition  to  cell-based  and  whole-organism  studies. 

Methods:  RNAi  and  CRISPR  technologies  depend  on  good  reagent  design.  We  apply  up-to-date 
rules  for  limiting  off  targets  to  design  of  double-stranded  RNAs  (dsRNAs),  short  hairpin  RNA 
(shRNAs)  and  guide  RNAs  (gRNAs),  and  make  the  algorithms  available  online,  e.g. 

SnapDragon  and  CRISPR2  at  www.flvrnai.org.  We  use  liquid  handling  automation,  quality 
analysis  and  database  tracking  to  make  high-quality  genome-scale  reagent  libraries.  We  then 
introduce  dsRNAs,  shRNAs  or  CRISPR  components  into  cells  or  in  vivo,  followed  by  functional 
screening  using  a  wide  variety  of  phenotypic,  transcriptomic  and  proteomic  assays. 

Results/Conclusion:  Using  RNAi  and  CRISPR  technologies,  we  are  able  to  effectively  ‘dial 
down’  or  ‘dial  up’  activity  of  one  or  more  genes  in  D.  melanogaster  cells  or  in  vivo  to  interrogate 
gene  function  and  genetic  interactions  at  genome  scale.  The  new  availability  of  genomic  and 
transcriptomic  data  for  an  increasing  number  of  insects  opens  the  door  to  application  of  these 
techniques  in  more  species.  In  combination  with  new  methods  for  generation  of  cell  lines  or 
transgenesis,  the  functional  genomics  approaches  currently  in  use  in  Drosophila  suggest  routes 
to  similar  studies  in  cultured  cells  or  in  vivo  in  many  other  insect  species. 
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Introduction:  Honeybees  (Apis  mellifera)  live  in  sophisticated  societies  consisting  of  thousands 
of  sterile  female  workers,  a  female  queen  and  hundreds  of  males  (drones).  The 
honeybee  displays  a  rich  behavioral  repertoire,  social  organization,  caste  differentiation  and  has 
an  interesting  mode  of  sex  determination.  Honeybees  are  also  economically  important  due  to 
their  pollination  services.  The  systematic  studies  of  the  processes  underpinning  those  interesting 
phenotypes  were  in  the  past  limited  due  to  the  lack  of  genetic  tools.  Because  the  search  of 
genetically  modified  individuals  involve  screening  of  single  colonies  (i.e.  the  reproductive  unit 
headed  by  a  single  queen)  the  success  of  any  method  rely  on  a  very  high  efficiency  of 
manipulation 

Methods:  We  apply  transgene  methods  using  the  PiggyBac  transposon  and  honeybee  derived 
promoter  sequences.  We  employ  the  CRISPR/Cas9  derived  method  to  produce  loss-of  function 
alleles  in  targeted  genes. 

Results/Conclusion:  I  will  report  on  our  progress  in  increasing  the  transformation  rates  in 
honeybees  and  our  routes  taken  to  stage-specifically  induce  the  expression  of  transgenes. 
Furthermore,  we  have  established  a  method  that  efficiently  generate  loss-of  function  alleles  and 
phenotypes  using  the  CRISPR/Cas9  technique.  The  further  extension  of  the  genetic  tool  box  for 
honeybees  provide  some  promise  to  systematically  study  biological  processes  in  an  organism 
that  is  building  a  complex  society. 
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Introduction:  The  mosquito  Aedes  aegypti  is  a  potent  vector  of  chikungunya,  yellow  fever,  and 
dengue  viruses,  motivating  studies  of  the  genetics  of  behavior,  physiology,  and  vector 
competence.  The  CRISPR/Cas9  system  relies  on  RNA-DNA  basepairing  between  a  short  guide 
RNA  (sgRNA)  and  a  17-20bp  genomic  sequence  to  target  a  non-specific  nuclease  (Cas9)  to  a 
specific  genomic  target.  sgRNAs  are  easily  generated  and  recognition  sites  are  abundant  (once 
every  17bp  in  the  Ae.  aegyptzgenome),  making  CRISPR/Cas9  an  effective,  flexible,  and  cost- 
effective  alternative  to  methods  that  rely  on  re-engineering  DNA-binding  protein  domains  for 
targeting  specificity. 

Methods:  We  adapted  and  optimized  the  CRISPR/Cas9  system  for  targeted  mutagenesis  in  Ae. 
aegypti  by  testing  Cas9  delivery  methods  (mRNA,  recombinant  protein,  or  plasmid  DNA), 
modulating  reagent  concentrations,  and  developing  sensitive  analysis  tools  to  evaluate  the 
efficacy  of  individual  sgRNAs  and  reagent  mixtures. 

Results/Conclusion:  We  present  an  optimized  method  for  targeted  mutagenesis  in  Ae.  aegypti 
using  sgRNAs  produced  by  in  vitro  transcription  and  recombinant  Cas9  protein.  We  describe  the 
recovery  of  stable  germ-line  mutations  using  three  distinct  strategies:  1)  frame-shifts  generated 
by  small  insertions  or  deletions  at  a  sgRNA  recognition  site,  2)  large  deletions  generated 
between  2  distinct  sgRNA  recognition  sites,  and  3)  the  insertion  of  arbitrary  sequences,  including 
restriction  sites  and  fluorescent  markers,  using  homology-directed  repair.  The  protocol  presented 
here  is  a  robust  tool  for  generating  targeted  and  precise  mutations  in  mosquitoes  and  has  also 
proven  effective  in  other  insects  with  minimal  modification,  expanding  the  number  of  species 
and  genera  amenable  to  genetic  manipulation. 


Symposium 

Presentation  Title:  Lateral  gene  transfer  from  bacteria  to  animals,  including  humans 
Author  Name:  Julie  Dunning-Hotopp 
Author  Institution:  University  of  Maryland 

Session  Title:  Symposium:  Jumping  Genes:  Horizontal  Gene  Transfer  in  Insects  and  Beyond 
Date  of  Presentation:  Wednesday,  September  28,  2016 


Abstract  Number:  2282 


DOI:  10. 1603/ICE.2016. 93235 

Abstract  text: 

Introduction:  Lateral  gene  transfer  (LGT)  is  the  transfer  of  DNA  between  divergent  species 
leading  to  mutations  in  the  recipient  genome.  In  2007,  we  demonstrated  that  there  are  extensive 
amounts  of  Wolbachia  endosymbiont  DNA  in  the  genomes  of  diverse  arthropods  and  filarial 
nematodes.  Since  then,  LGT  is  increasingly  described  as  occurring  from  bacteria  to  animals. 

Results/Conclusion:  We  have  found  that  multiple  copies  of  the  Wolbachia  genome  are 
transferred  into  the  Drosophila  nuclear  genome  in  three  Drosophila  ananas sae  lines.  In  one  line, 
2%  of  the  nuclear  genome  is  of  bacterial  origin,  including  20%  of  the  known  material  on  a 
Drosophila  autosome.  Likewise,  at  least  10.6%  of  the  Wolbachia  genome  in  the  nematode 
Brugia  malayi  has  been  transferred  to  its  nematode  host,  including  227  Wolbachia  genes  and 
gene  fragments.  Complete  open  reading  frames  may  have  been  transferred  for  32  of  these  genes, 
with  four  transfers  having  evidence  of  life  stage-specific  regulation  of  transcription  at  levels 
similar  to  other  nematode  transcripts,  raising  the  possibility  that  they  might  be  functional.  Based 
on  these  findings,  we  hypothesized  that  there  could  even  be  integration  of  bacterial  DNA  in 
human  somatic  cells.  Using  available  sequence  data  from  the  human  genome  project,  the  1000 
Genomes  Project,  and  The  Cancer  Genome  Atlas  (TCGA),  we  have  presented  evidence  that 
bacterial  DNA  integrates  into  the  human  somatic  genome  through  an  RNA  intermediate  and  that 
such  integrations  are  detected  more  frequently  in  (a)  tumors  than  normal  samples,  (b)  RNA  than 
DNA  samples,  and  (c)  the  mitochondrial  genome  than  the  nuclear  genome. 


Symposium 

Presentation  Title:  Horizontal  gene  transfers  and  evolution  of  plant  parasitism  by  invertebrates 

Author  Name:  Etienne  Danchin 

Author  Institution:  Institut  Sophia  Agrobiotech 

Session  Title:  Symposium:  Jumping  Genes:  Horizontal  Gene  Transfer  in  Insects  and  Beyond 
Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2283 
DOI:  10. 1603/ICE.2016. 93228 


Abstract  text: 


Introduction:  Horizontal  gene  transfers  (HGT)  have  long  been  recognized  as  an  important 
evolutionary  mechanism  in  prokaryotes.  Horizontal  acquisitions  contribute  to  a  substantial  part 
of  bacterial  gene  sets  and  are  involved  in  key  ecological  functions  such  as  antibiotic  resistance  or 
pathogenicity.  In  eukaryotes,  particularly  in  animals,  the  impact  of  HGT  on  the  biology  and 
genomes  of  the  recipient  species  has  long  been  overlooked  or  considered  minor.  Recently, 
accumulating  evidence  has  shown  that  HGT  have  contributed  non-negligible  proportions  of 
animal  gene  sets.  However,  cases  where  acquisition  of  genes  of  foreign  origin  in  animals  clearly 
correlate  with  a  biological  trait  remain  rare. 

Results/Conclusion:  Researchers  in  our  group  and  others  have  shown  that  plant-parasitic 
nematodes  have  acquired  a  whole  set  of  genes  from  bacteria  and  fungi  with  a  clear  role  in  their 
ecology.  Indeed,  enzymes  of  bacterial  and  fungal  origins  are  involved  in  degradation  of  the  plant 
cell  wall,  processing  of  nutrients  from  the  plant  and  manipulation  of  plant  defense.  These 
enzymes  and  other  associated  proteins  are  usually  absent  from  other  animals.  Interestingly,  plant- 
parasitic  arthropods  have  also  acquired  enzymes  from  bacteria  and  fungi  to  perform  similar 
functions.  Surprisingly,  arthropods  have  acquired  these  protein-coding  genes  from  different 
sources  than  nematodes  did.  Thus,  HGT  have  apparently  played  an  important  role  in  the 
emergence  of  plant  parasitism  in  at  least  two  different  invertebrate  lineages,  independently  and  in 
a  convergent  manner:  in  nematodes  and  arthropods. 


Symposium 

Presentation  Title:  How  important  are  bacteria-eukaryote  lateral  gene  transfers  to  arthropod 
evolution? 

Author  Name:  Jack  Werren 

Author  Institution:  University  of  Rochester 

Session  Title:  Symposium:  Jumping  Genes:  Horizontal  Gene  Transfer  in  Insects  and  Beyond 
Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2284 
DOI:  10. 1603/ICE.2016. 93233 
Abstract  text: 

Introduction:  We  are  now  finding  that  lateral  gene  transfers  (LGTs)  from  bacteria  into  arthropod 
genomes  are  common.  Once  transferred,  these  sequences  can  either  deteriorate  through  normal 
mutational  processes  or  become  “captured”  by  natural  selection  and  evolve  new  functions  in 


arthropods.  The  frequency  and  importance  of  LGT  in  evolving  genetic  and  biochemical  novelty 
in  arthopods  is  the  subject  of  this  presentation. 

Methods:  Arthropod  genomes  are  screened  using  a  pipeline  designed  to  find  LGTs  from  bacteria 
to  eukaryotes.  Follow-up  manual  curation  is  used  to  confirm  candidate  LGTs.  These  are  then 
examined  for  patterns  of  gene  expression  using  existing  data  or  by  RT-PCR  methods.  The 
evolution  of  LGTs  are  then  examined  by  molecular  evolutionary  techniques  to  detect  signals  of 
stabilizing  and  directional  selection,  and  the  evolutionary  history  of  “deep”  LGTs  that  have 
undergone  family  expansions  following  transfer  is  determined.  Finally,  in  a  subset  of  candidates, 
gene  knockdown  methods  are  used  to  examine  functional  significance  of  the  LGT. 

Results/Conclusion:  LGTs  are  found  throughout  arthropods  and  range  from  recent  non¬ 
functional  insertions  to  “ancient”  LGTs  that  have  evolved  significant  functions  in  the  biology  of 
specific  arthropod  species.  Wolbachia  LGTs  are  among  the  most  common  and  appear  to  be 
recruited  frequently  into  functional  genes.  Other  common  transfers  involve  glycoside  hydrolases 
and  related  genes  that  may  be  involved  in  cellulose  utilization  and/or  immunity.  Taken  together, 
these  results  indicate  that  LGTs  are  important  in  the  evolution  of  arthropods,  particularly  by 
providing  novel  gene  functions. 
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Abstract  text: 

Introduction:  In  a  world  dominated  by  green  plants  whose  cell  walls  represent  the  primary  source 
of  cellulose,  hemicellulose  and  pectin  (the  most  abundant  biopolymers  on  the  planet),  the  paucity 
of  animals  possessing  the  ability  to  degrade  these  polymers  is  striking.  For  a  long  time  it  has 
been  accepted  that  plant  cell  wall  degrading  enzymes  (PCWDEs)  were  limited  to  saprophytic  or 
phytopathogenic  microorganisms.  So  far,  all  model  insects  whose  complete  genomes  have  been 


sequenced  lack  genes  encoding  such  enzymes,  including  one  of  the  largest  groups  of  herbivorous 
insects,  the  Lepidoptera.  In  contrast,  the  ability  of  herbivorous  beetles  from  the  Chrysomeloidea 
and  Curculionoidea  to  degrade  these  polysaccharides  has  recently  begun  to  be  appreciated.  The 
presence  of  PCWDEs  in  the  beetle’s  digestive  tract  makes  this  degradation  possible. 

Methods:  We  combine  transcriptome/genome  mining  with  phylogenetic  analyses  of  beetle  genes 
encoding  PCWDEs,  associated  with  the  functional  characterization  of  the  corresponding 
proteins. 

Results/Conclusion:  Our  data  indicate  that  most  of  these  genes  have  been  originally  acquired  in 
beetles  through  several  horizontal  gene  transfer  events.  We  demonstrate  that  these  gene  families 
evolved  by  subfunctionalization/neofunctionalization  in  beetles.  Our  goal  is  to  draw  a  close  to 
the  exhaustive  picture  of  the  origins  and  evolutionary  history  of  these  gene  families  in 
phytophagous  beetles. 
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Introduction:  Pectin  is  a  complex  and  highly  abundant  polysaccharide  in  plant  cell  walls.  Its 
degradation  by  mainly  glycoside  hydrolases  and  esterases  enables  plant  pathogenic  microbes  to 
utilize  this  carbon  source  and  to  get  access  to  intracellular  nutrients.  Like  the  speciose  plant 
associated  bacteria  and  fungi,  a  huge  diversity  of  insects  also  relies  on  plants  as  food  source.  But 
although  recent  sequencing  projects  uncovered  putative  insect  endogenous  pectinases,  little  is 
known  about  their  specific  activity  and  evolutionary  origin. 

Results/Conclusion:  Multi  gene  families  encoding  pectolytic  enzymes  were  found  in  the 
megadiverse,  herbivorous  ‘Phytophaga’  clade  of  beetles.  By  using  phylogenetic  analyses,  we 
found  that  pectinase  genes  originated  from  different  microbes  and  were  horizontally  transferred 


to  a  ‘Phytophaga’  ancestor  ~  200  million  years  ago  and  have  been  lost  in  certain  lineages  and  re¬ 
gained  from  other  microbial  sources  throughout  beetle  evolution.  Functional  characterizations 
revealed  a  pectin  breakdown  in  a  synergistic  manner  down  to  in  principle  utilizable  entities.  In 
addition  inactive  enzymes  were  identified,  which  might  play  a  role  as  a  counter-adaptation  to 
plant  derived  pectinase  inhibitors.  Active  as  well  as  catalytically  inactive  pectinases  are  under 
strong  purifying  selection.  The  horizontal  transfer  of  pectinases  followed  by  gene  duplications 
gave  rise  to  functional  diversification  of  the  corresponding  proteins  and  thus  was  a  key  event  in 
the  evolution  of  herbivory  in  ‘Phytophaga’  beetles. 
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Abstract  text: 

Introduction:  Cyanogenesis  is  an  ancient  and  widespread  anti-herbivore  defense  system  in  plants 
that  releases  toxic  cyanide  upon  herbivore  attack.  Many  arthropod  species  developed  counter¬ 
adaptations  to  overcome  cyanide  toxicity  enabling  them  to  thrive  on  and  even  specialize  to 
highly  cyanogenic  plants.  Although  the  detoxification  of  cyanide  to  the  amino  acid  derivative  p- 
cyanoalanine  is  a  common  arthropod  strategy,  the  enzyme  that  catalyzes  this  reaction  remained 
unidentified. 

Methods:  In  our  study,  transcriptome  analysis  of  the  polyphagous  spider  mite  Tetranychus 
urticae  living  on  plants  with  different  cyanogenic  profiles  and  subsequent  functional  expression 
successfully  uncovered  the  enigmatic  enzyme. 

Results/Conclusion:  Further  genomic  and  phylogenetic  analysis  strongly  suggests  that  the  gene 
belongs  to  a  bacterial  enzyme  family  of  cysteine  synthases  and  was  introduced  in  phytophagous 
mite  and  lepidopteran  lineages  by  horizontal  gene  transfer.  Kinetic  studies  revealed  that  the 
horizontally  acquired  mite  enzyme  still  catalyzes  the  cysteine  synthase  activity  but  favors  the 


cyanide  detoxifying  p-cyanoalanine  synthase  reaction.  This  study  shows  that  a  horizontally 
transferred  gene  was  co-opted  by  arthropods  to  serve  in  cyanide  detoxification. 
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Introduction:  Horizontal  transfer  (HT)  of  transposable  elements  is  an  important  factor  shaping 
animal  genome  evolution.  However,  the  vectors  and  mechanisms  underlying  these  transfers 
remain  poorly  understood. 

Methods:  Using  a  population  genomics  approach,  we  show  that  when  a  caterpillar  is  infected  by 
the  baculovirus  AcMNPV,  a  large  diversity  of  caterpillar  sequences  can  become  integrated  in 
viral  genomes. 

Results/Conclusion:  We  uncover  61  caterpillar  sequences  integrated  in  AcMNPV  genomes, 
comprising  at  least  30  different  TEs  which  belong  to  6  superfamilies,  as  well  as  14  non-TE 
sequences.  Several  junctions  between  caterpillar  and  viral  genomes  correspond  to  target  site 
duplications,  a  hallmark  of  DNA  transposition.  The  other  junctions  are  characterized  by  the 
presence  of  microhomologies  (1  to  23  bp)  between  caterpillar  and  viral  sequences,  suggesting 
that  caterpillar  sequences  can  be  integrated  in  the  viral  genome  by  a  form  of  end-joining  repair 
mechanism.  We  also  show  that  12  of  the  61  sequences  integrated  in  viral  genomes  have 
undergone  one  or  more  HT  events  during  the  evolution  of  Lepidoptera,  and  that  the  frequency  of 
caterpillar  sequences  in  baculovirus  populations  can  reach  more  than  4%.  Together,  these  results 
support  viruses  as  vectors  of  HT  between  animals  and  suggest  integration  of  host  TEs  into  viral 
genomes  may  have  a  measurable  impact  on  viral  replication. 


Symposium 


Presentation  Title:  Disruption  of  neuropeptidergic  system  in  arthropod  pest  control:  Are  we 
there  yet? 

Author  Name:  Yoonseong  Park 
Author  Institution:  Kansas  State  University 

Session  Title:  Symposium:  Endocrine  and  Neural  Network  in  Control  of  Physiology 
Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2289 
DOI:  10.1603/ICE.2016. 10511 1 
Abstract  text: 

Introduction:  Neuropeptides  are  controllers  of  vital  biological  processes  in  development, 
physiology,  and  behavior  of  multicellular  organisms.  The  neuropeptidergic  signaling  systems  are 
considered  potential  targets  for  the  development  of  novel  pesticides  due  to  their  essential 
functions  in  various  life  stages.  Practical  application  of  the  concept  in  arthropod  pest  control  has 
been  advanced  by  understanding  the  basic  biology  including  deorphanization  of  G  protein- 
coupled  receptors  (GPCR),  the  major  class  of  neuropeptide  receptors. 

Methods:  To  enhance  the  capacity  in  biorational  approaches  to  implement  this  strategy,  we  have 
characterized  pharmacological  properties  of  several  groups  of  GPCRs.  Ligand  activity  analyses 
in  a  heterologous  expression  system  have  been  performed  for  two  groups  of  neuropeptide 
receptors,  five  GPCRs  for  PRXamide  peptides  in  the  red  flour  beetle  and  three  GPCRs  for 
tachykinin/natalisin  peptides  in  the  honey  bee  ( Apis  mellifera)  and  the  varroa  mite  ( Varroa 
destructor). 

Results/Conclusion:  The  results  of  this  study  offer  general  guidelines.  1)  Taxon  specific 
presence/absence  of  the  neuropeptidergic  system  likely  offer  an  approach  to  enhance  the 
selectivity  of  toxic  compounds  targeting  neuropeptide  receptors  in  pest  arthropods.  2)  There 
appears  to  be  a  GPCR  that  can  be  categorized  as  having  a  more  promiscuous  ligand  binding 
pocket  for  either  agonist  or  antagonist.  3)  Pleiotropic  actions  of  a  ligand  on  closely  related 
multiple  receptors  are  common  phenomena.  The  development  of  efficient  toxic  compounds 
acting  on  neuropeptide  receptors  with  optimal  levels  of  target  spectra  against  arthropod  pests 
may  be  possible  in  the  near  future. 
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Introduction:  GPA2/GPB5  is  an  evolutionarily  ancient  glycoprotein  hormone  found  in  all 
bilateral  metazoans.  In  insects,  transcript  expression  profiles  of  GPA2/GPB5  subunits  and  its 
receptor,  the  leucine-rich  repeat-containing  G  protein  coupled  receptor  1  (LGR1),  suggest  a 
developmental  role  and  involvement  in  hydromineral  balance.  To  more  directly  reveal  specific 
cellular  targets  within  tissues,  we  have  examined  LGR1  at  the  protein  level  to  reveal  cellular 
targets  of  physiological  relevance  for  GPA2/GPB5. 

Methods:  The  distribution  of  LGRl-like  immunoreactivity  was  assessed  using  a  custom 
synthesized  antibody  to  characterize  the  LGR1  distribution  at  the  protein-level  in  adult  stage 
insects.  Using  a  heterologous  expression  system,  we  verified  antibody  specificity  and 
effectiveness  in  immunocytochemistry  and  western  blot  analysis.  Finally,  Scanning  Ion-selective 
Electrode  Technique  was  used  to  examine  activity  of  GPA2/GPB5  and  its  second  messenger, 
cyclic  AMP,  in  modulating  ion  transport  across  LGR1 -expressing  gut  epithelia. 

Results/Conclusion:  LGRl-like  immunoreactivity  is  widespread  in  association  with  the  adult 
alimentary  canal.  Staining  localized  specifically  within  the  epithelium,  localizing  to  the 
basolateral  membrane,  or  appears  as  punctate  staining  dispersed  intracellularly.  Interestingly, 
LGRl-like  immunoreactivity  was  also  identified  in  reproductive  tissues  of  adult  mosquitoes 
including  the  testes  and  ovaries,  which  suggests  a  role  related  to  spermatogenesis  and  oogenesis 
in  males  and  females,  respectively.  Heterologous  expression  of  LGR1  verified  the  specificity  of 
our  custom  antibody,  with  membrane  fractions  revealing  the  predicted-size  band  at  ~105kDa 
along  with  high  molecular  weight  multimers.  This  study  sets  the  stage  for  discovery  of  the 
physiological  role  of  the  GPA2/GPB5  hormone  in  mosquitoes  through  mapping  of  target  tissues 
expressing  LGR1. 
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Introduction:  We  are  systematically  investigating  the  role  of  candidate  neuropeptides  and  their 
receptors  in  the  endocrine  control  of  nutrition  and  reproduction  in  the  red  imported  fire  ant 
(Solenopsis  invicta).  It  is  expected  that  knowledge  of  the  gene  networks  regulated  by  these 
neuropeptides  will  help  identify  novel  targets  for  intervention  in  the  management  of  these 
invasive  ants. 

Methods:  A  multiprong  approached  is  applied  involving  cloning  of  receptors  and  neuropeptide 
cDNAs  aided  by  transcriptomic  and  genomic  resources,  receptor  functional  expression  in  CHO- 
K1  cells,  development  of  specific  antibodies  for  immunohistochemistry,  and  RNAi  and  qRT- 
PCR. 

Results/Conclusion:  We  determined  that  the  sNPF  receptor  in  fire  ants  is  activated  by  a  non- 
canonical  ligand  we  designated  sNPY.  The  receptor  is  expressed  in  queen  brain  and  oocytes, 
suggesting  the  sNPY  is  a  brain-ovary  neurohormone.  Receptor  immunolocalization  in  the  brain 
of  queens  and  all  worker  subcastes  (majors,  media  and  minors)  revealed  specific  cell  clusters  that 
are  either  queen  or  worker  specific,  and  also  within  workers,  clusters  were  found  that  are 
subcaste  specific  and/or  related  to  worker  tasked  being  performed.  In  colonies  in  which  queens 
had  stopped  laying  eggs  we  observed  a  substantial  reduction  in  the  number  of  receptor 
immunoreactive  cells  in  the  brain  of  all  worker  subcastes,  and  in  specific  cell  clusters,  suggesting 
specific  neurons  express  the  sNPF  receptor  differentially  depending  on  the  presence  or  abscence 
of  brood.  Alltogether  the  sNPF  receptor/sNPY  signaling  system  in  the  worker  brain  appears  as  a 
candidate  indicator  of  the  colony  nutritional  status  and  is  involved  in  mechanisms  of  worker 
division  of  labor. 
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Abstract  text: 

Introduction:  A  static  nervous  system  will  produce  the  same  output  pattern  whenever  a  given 
input  is  processed.  However,  different  environmental  and  internal  conditions  require  different 
outputs,  and  a  separate  nervous  apparatus  for  each  mode  would  be  wasteful.  Peptide 
neuromodulators  acting  locally  or  hormonally  add  flexibility  to  circuits,  allowing  real-time 
adjustments  of  membrane  and  synaptic  properties  and  thus  to  information  propagation.  The 
peptidergic  systems  that  underlie  ecdysis  provide  a  prominent  example:  a  cascade  of  peptides 
govern  each  other's  release,  organizing  the  phases  of  the  molting  behavior  as  well  as  configuring 
downstream  neurons  to  drive  the  behavioral  performance.  We  wished  to  identify  1)  previously 
unknown  components  of  the  ecdysis  system  and  2)  any  other  "modules"  of  interacting  peptides 
that  might  be  relevant  to  particular  behaviors;  however,  the  cells  that  are  receptive  to  each 
peptide  modulator  are  largely  unidentified. 

Methods:  To  identify  targets  of  peptidergic  signaling,  we  used  a  B AC-based  recomb ineering 
technique  to  generate  GAL4  reporter  lines  for  almost  every  known  or  potential  peptide-receptive 
GPCR  and  RGC.  Using  these,  together  with  anti-peptide  staining,  we  have  mapped  each 
receptor's  expression  in  the  nervous  system,  particularly  in  peptidergic  cells,  as  well  as  in  other 
tissues. 

Results/Conclusion:  The  peptidergic  signaling  system  in  the  third-instar  larva  is  a  somewhat 
dense  mesh,  with  many  points  of  convergence  of  multiple  signals  into  one  output.  Potential 
subnetworks  that  might  govern  particular  behaviors  are  not  well  defined  (e.g.,  the  known 
ecdysis-regulatory  subnetwork  is  buried  within  and  connected  with  the  overall  network).  These 
interactions  may  be  important  regulators  of  behavioral  processing. 
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Abstract  text: 

Introduction:  The  insect  gut  is  at  the  epicentre  of  homeostatic  regulation  under  differing 
metabolic  challenges.  No  longer  regarded  as  a  passive  absorber  of  foodstuffs,  it  is  clear  that 
insect  guts  are  highly  regulated  organs  receiving  complex  input  from  hormonal  and  neuronal 
signalling  pathways.  In  turn,  information  on  energy  status  and  satiety  is  relayed  back  to  neuronal 
and  somatic  tissues.  We  have  characterized  how  the  metabolic  demands  of  reproduction  are 


conveyed  to  the  Drosophila  melanogaster  gut  and  how  the  gut  responds  to  these  signals  to 
optimize  fecundity. 

Methods:  By  feeding  female  flies  food  containing  a  pH-sensitive  dye  we  have  characterized  how 
food  transit  time,  intestinal  pH  and  defecation  behavior  change  following  mating.  Using  a 
specific  neuronal  driver  we  identified  a  subset  of  neurons  in  the  hindgut  epithelium  that  affected 
some  of  this  adaptation.  We  also  used  QRTPCR  and  RNAseq  to  characterize  lipid  mobilization 
pathways  in  the  guts  of  mated  females. 

Results/Conclusions:  We  found  that  midguts  of  mated  females  increased  in  size  and  that  this 
plasticity  is  downstream  of  juvenile  hormone  signalling  affecting  increased  stem  cell  division. 
QRTPCR  and  RNAseq  revealed  upregulation  of  lipid  mobilization  pathways  in  the  guts  of  mated 
females.  RNA  interference  of  the  juvenile  hormone  pathway,  specifically  in  the  midgut,  impairs 
gut  plasticity,  lipid  storage  and  fecundity  following  mating.  An  interplay  of  neuronal  and 
hormonal  regulation  of  the  female  Drosophila  gut  underlies  adaption  to  the  metabolic  challenge 
of  producing  large  numbers  of  lipid-rich  eggs.  The  fly  gut  is  a  plastic  organ  that  integrates  these 
signals  to  adapt  anatomically  and  physiologically  and  thereby  optimize  fecundity. 
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Abstract  text: 

Introduction:  Despite  their  huge  biodiversity,  some  fundamental  characteristics  are  shared  by  all 
animals.  Insects,  like  other  metazoans,  are  heterotrophs;  with  a  basic  need  to  intake  and  digest 
food,  as  well  as  absorb  the  nutrients.  Therefore,  it  is  crucial  that  they  can  rely  on  physiological 
mechanisms  controlling  these  essential  processes.  Nutrient-sensing,  hormonal,  and  neuronal 
signaling  systems  are  playing  an  important  role  in  the  complex  regulation  of  digestion. 


Methods:  We  considered  a  few  neuropeptide-mediated  pathways  that  are  implicated  in  the 
physiological  regulation  of  feeding  and  digestion  in  insects.  In  particular,  we  will  discuss  recent 
data  obtained  in  the  locusts,  Schistocerca  gregaria  and  Locusta  migratoria ,  which  are  swarm¬ 
forming  pest  species  that  irregularly  devastate  the  agricultural  production  in  large  areas  of  the 
world.  In  a  physiological  and  neurobiological  research  context,  they  have  proven  to  be 
interesting  experimental  model  organisms.  Moreover,  RNA  interference  constitutes  a  highly 
efficient  and  robust  method  to  silence  the  expression  of  peptide  precursors  and/or  receptors  in 
several  insect  species,  including  locusts. 

Results/Conclusion:  We  have  identified  several  insect  neuropeptide  precursors  and  receptors  and 
report  on  our  recent  physiological  and  molecular  biological  studies  that  further  illustrate  the  role 
of  neuropeptides,  such  as  CRF/DH,  NPF,  sNPF  and  SK,  in  the  regulation  of  food  intake, 
digestive  enzyme  secretion,  and  gut  motility  in  locusts.  The  general  aim  of  our  work  is  to 
contribute  to  a  better  understanding  of  the  regulation  of  these  complex  processes,  as  well  as  of 
the  possible  functional  interactions  between  different  regulatory  pathways  in  an  integrative 
organismal/physiological  context. 
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Introduction:  The  oriental  fruit  fly,  Bactrocera  dorsalis ,  is  one  of  the  most  destructive  pests  in 
the  fruit  industry.  It  is  critical  to  find  a  target  for  novel  control  agent  development,  since  B. 
dorsalis  has  developed  high  levels  of  resistance  to  commonly  applied  chemical  insecticides.  The 
neuropeptidergic  systems  show  great  target  potential  due  to  their  vital  roles  in  control  of  insect 
physiology.  Therefore,  we  concentrate  our  efforts  to  reveal  the  physiological  functions  of 
neuropeptide  signaling  systems  in  the  central  nervous  system  (CNS)  of  this  fly,  providing  a 
reference  for  the  development  of  novel  control  methods. 


Methods:  The  transcriptome  was  sequenced  by  RNAseq,  and  peptidome  was  obtained  by  label 
free  orbitrap.  RT-PCR  was  utilized  to  clone  the  cDNAs  of  several  neuropeptides  and  their 
receptors  including  natalisin,  tachykinin,  NPF  as  well  as  sNPF.  The  ligand  binding  specificity 
was  assessed  on  the  heterologously  expressed  receptors.  Furthermore,  RT-qPCR  was  employed 
to  investigate  their  temporal  and  spatial  expression  patterns.  Immunohistochemistry  was  used  to 
determine  the  localizations  of  the  neuropeptides  in  the  CNS  and  other  tissues.  Oral  RNA 
interference  was  employed  to  explore  the  functions  of  these  neuropeptide  signaling  systems. 

Results/Conclusion:  Based  on  the  transcriptomic  and  peptidomic  data,  we  identified 
neuropeptides  and  completed  their  annotation  in  the  B.  dorsalis  genome.  Functional  studies 
indicated  that  natalisin  is  likely  involved  in  the  response  to  heat  shock,  in  addition  to  its  known 
function  in  reproduction.  NPF  and  sNPF  are  likely  involved  in  regulation  of  feeding  behavior, 
and  are  also  associated  with  the  response  to  starvation. 
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Introduction:  The  GCSI  program  includes  a  perimeter  approach  to  prevent  the  introduction  and 
spread  of  high  risk  plant  pests  into  the  Greater  Caribbean  Region  (GCR),  including  the  United 
States,  through  collaborative  efforts  to  harmonize  quarantines,  exclusion  strategies  and  other 
safeguarding  initiatives  among  partners  in  the  GCR. 


Methods:  A  number  of  high  risk  pathways  exist  and  provide  a  safeguarding  challenge  within  the 
GCR: 


•  Passenger  movement  between  the  U.S  and  GCR,  as  well  as  inter-island  movement  - 
visitors  to  the  GCR  is  the  most  heavily-visited  regions  in  the  world. 

•  International  mail  -  historically  more  packages  sent  to  the  United  States  from  worldwide 
origins,  arrive  by  public,  rather  than  private  mail  services,  but  the  GCR  exhibits  the 
opposite  phenomena  and  high-risk  items,  including  propagative  materials,  live  insects, 
fresh  fruits,  vegetables,  soil,  and  wood  items  make  international  mail  the  pathway  of 
choice  for  intentional  smuggling  of  high-risk  items. 

•  The  plant  propagative  material  (PM)  pathway  in  the  GCR  presents  a  phytosanitary  risk  in 
two  ways:  1)  by  introducing  exotic  plant  pests,  and  2)  by  becoming  an  invasive  plant  in 
the  introduced  range,  where  they  cause  considerable  economic  and  environmental 
damage. 

Results/Conclusion:  APHIS  is  actively  working  with  GCR  countries  and  partner  organizations, 
through  the  GCSI  and  other  APHIS  units,  to  safeguard  the  U.S.  from  destructive  plant  pests  and 
provide  assistance,  oversight  and  advice  regarding  response  activities  to  mitigate  the  pest  risk. 
Through  these  efforts,  advances  are  being  made  and  on  June  29th  eradication  was  declared  for  the 
Medfly  outbreak  in  Cabo  Rojo,  Puerto  Rico. 
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Introduction:  The  Jamaica  Preclearance  Program  was  developed  as  a  cooperative  agreement 
between  the  United  States  Department  of  Agriculture  Animal  and  Plant  Health  Inspection 
Service  (USD A- APHIS)  and  the  Jamaican  Ministry  of  Agriculture.  The  programme  was 
launched  in  1984  and  over  the  past  30  years  has  grown  significantly.  The  Programme  serves  to 


promote  trade  by  expediting  the  entry  of  many  Jamaican  fruits,  vegetables,  root  crops  and 
ornamentals  exported  to  the  United  States  market. 

Methods:  The  concept  of  the  program  is  to  provide  a  fast  track  of  produce  into  the  United  States. 
The  Jamaican  exporter  benefits  in  that  inspection  at  the  US  ports  of  entry  is  not  necessary  thus 
reducing  the  waiting  time  at  the  ports  which  means  the  produce  reaches  the  marketplace  quicker. 
Also,  since  inspection  and  treatments  such  as  fumigation  are  done  in  Jamaica  the  exporter  will 
not  incur  the  costs  associated  with  having  shipments  rejected  in  the  US. 

Results/Conclusion:  The  advantages  of  the  program  are  not  limited  to  the  facilitation  of  trade  for 
the  Jamaican  exporters  and  extend  to  the  safeguarding  of  US  borders.  Through  the  Preclearance 
Program,  pests  of  quarantine  importance  are  intercepted  at  the  point  of  export,  at  packing  houses 
or  at  the  farm  in  Jamaica  thus  mitigating  the  risk  of  the  entry  of  these  pests  into  the  US. 

Inspections  and  related  activities  (such  as  fumigation)  are  conducted  using  USDA- APHIS 
approved  guidelines  and  procedures  and  are  carried  out  by  specially  trained  local  professionals 
and  USDA  Foreign  Service  Nationals.  The  program  is  jointly  managed  by  the  Ministry  of 
Agriculture  and  the  USDA- APHIS. 
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Introduction:  In  2005  over  30%  of  the  ornamental  plants  shipments  from  Costa  Rica  were 
intercepted  with  quarantine  pests  at  US  ports  of  entry.  Costa  Rica,  during  the  negotiation  of  the 
US-Central  America,  CAFTA  Free  Trade  Agreement,  had  requested  market  access  for  Dracaena 


spp.  plants  over  18  inches  tall.  Dracaena  spp.  was  in  the  top  tier  of  ornamental  plants  with  pest 
problems;  with  a  high  interception  rate,  market  access  was  not  going  to  be  granted. 

Methods:  A  task  team  to  develop  a  Systems  Approach  Protocol,  with  the  objective  of  reducing 
pest  interceptions  was  formed;  the  team  included  research  institutions  (Purdue  University, 
CATIE),  APHIS,  Miami  Inspection  Station  and  the  Ministry  of  Agriculture  of  Costa  Rica.  The 
team  worked  on  the  most  common  intercepted  pests  ( Cicadellidae  spp.  accounted  for  over  60% 
of  the  interceptions)  and  developed  a  mitigation  protocol  for  field  and  postharvest  management. 

Results/Conclusion:  The  Systems  Approach  Protocol  was  successfully  implemented  in  eight 
pilot  farms  that  volunteered  for  the  project.  Pest  interceptions  were  significantly  reduced  and  the 
protocol  became  mandatory  for  all  exporters  of  Dracaena  spp.  plants  to  the  US.  Presently  pest 
interceptions  of  Dracaena  spp.  shipments  to  the  US  are  less  than  0.5%. 
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Abstract  text: 

Introduction:  New  exotic  invasive  pests  have  the  potential  to  cause  millions  of  dollars  in  losses 
to  agriculture  and  the  environment  per  year. 

Methods:  Cooperative  efforts  by  USDA  APHIS  PPQ,  APHIS  IS,  Universities,  regional  research 
institutions  and  local  governments  to  evaluate  and  develop  mitigation  strategies  early  in  a  pest’s 
invasion  have  proven  to  be  an  effective  way  to  slow  the  movement  of  pests  and  reduce  their 
impact  in  the  region.  This  talk  focuses  on  regional  detection  and  response  programs  to  three 
groups  of  pests;  Teprhid  fruit  flies,  Rhynchophorus  palm  weevils  and  Pseudococcid  mealybugs. 
A  multifaceted  approach  was  taken  to  establish  regional  detection  programs  that  included 


identification  workshops  taught  by  international  experts  followed  by  distribution  of  tools  to 
survey  and  to  summarize  data.  With  the  detection  of  a  new  pest  in  the  region,  technical  experts 
and  graduate  students  conducted  field  studies  to  determine  the  host  range,  impact  and  potential 
use  of  known  management  practices  would  have  on  mitigating  the  damage  of  the  pest. 

Results/Conclusion:  The  results  of  these  efforts  have  led  to  development  of  regional  biological 
control  programs,  decreasing  trade  barriers  though  the  deregulation  of  pests  and  innovative 
approaches  to  build  local  capacity  in  the  region. 
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Abstract  text: 

Introduction:  The  Project  on  Sanitary  and  Phytosanitary  Measures  (SPS)  is  one  component  of  the 
10thEDF  Programme  titled  “Support  to  the  Forum  of  Caribbean  States  in  the  implementation  of 
the  commitments  undertaken  under  the  Economic  Partnership  Agreement  (EPA)”. 

Methods:  The  overall  objective  of  the  10thEDF  Programme  is  to  support  the  beneficial 
integration  of  the  CARIFORUM  states  into  the  world  economy  and  the  overall  objective  of  the 
SPS  program  is  to  facilitate  CARIFORUM  States  to  gain  and  improve  market  access  by 
complying  with  Europe’s  Sanitary  and  Phytosanitary  (SPS)  measures  and  to  help  CARIFORUM 
states  to  better  develop  their  own  regionally  harmonized  SPS  measures. 

Results/Conclusion:  The  SPS  Project  is  increasing  production  and  trade  in  agriculture  and 
fisheries  which  meet  international  standards  while  protecting  plant,  animal  and  human  health  and 
the  environment.  The  actions  of  the  project  have  improved  the  following: 


•  Legislation,  protocols,  standards,  measures  and  guidelines  in  the  area  of  AHFS  and 
fisheries  for  national  and  regional  SPS  regimes.  Specifically,  enhance  CARIFORUM 
Agricultural  Health  and  Food  Safety  (AHFS)  efforts  and  strengthen  enforcement  for 
increased  production  and  marketing  in  agriculture  and  fisheries. 

•  National  and  regional  coordination  mechanisms  in  the  support  of  the  SPS  regime. 

•  National  and  regional  regulatory  and  industry  capacity  to  meet  the  SPS  requirements  of 
international  trade.  In  particular,  support  and  enhance  the  institutional  capacity  of 
national  and/or  regional  regulatory  bodies  and  industry  in  the  agriculture  sector  to  meet 
the  SPS  requirements  of  international  trade. 
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Abstract  text: 

Introduction:  Our  symposium  covers  the  most  advanced  concepts  with  regard  to  insect  and 
insecticide  resistance  managements  along  with  novel  and  creative  ideas  for  environmentally- 
friendly  insect  pest  control. 

Methods:  Regarding  biorational  insecticides,  efforts  have  been  made  during  the  past  three 
decades  to  develop  insecticides  with  selective  properties  that  act  specifically  on  biochemical  sites 
present  in  a  particular  insect  group,  but  whose  properties  differ  from  those  present  in  the 
mammalian  systems.  This  approach  has  led  to  the  discovery  of  compounds  that  affect  the 
hormonal  regulative  of  molting  and  developmental  processes  in  insects  such  as  ecdysone 
agonists,  juvenile  hormone  mimics  and  chitin  synthesis  inhibitors. 

Results/Conclusion:  Our  symposium  deals  with  various  principles  of  IPM  in  different  crop 
systems  and  biorational  control  of  insect  pests,  advances  in  organic  farming,  alternative 
strategies  for  controlling  orchard  and  field  crop  pests;  and  novel  approaches  for  managing  insect 
resistance  in  agriculture  and  in  public  health. 
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Abstract  text: 

Introduction:  The  potential  of  plant  natural  products  for  pest  management  has  long  been  touted, 
particularly  among  the  academic  community,  and  is  reflected  by  the  fast-growing  and 
voluminous  scientific  literature  documenting  various  bioactivities  of  such  substances  derived 
from  a  myriad  of  plant  species  against  a  wide  range  of  pest  insects  and  mites.  However, 
commercial  exploitation  of  this  expanding  body  of  knowledge  has  been  slow,  although  the  past 
decade  has  seen  several  new  botanicals  insecticides  introduced,  especially  in  the  United 
States.  Among  new  botanical  insecticides,  products  based  on  plant  essential  oils  have  attracted 
considerable  attention  and  are  establishing  a  market  presence. 

Methods:  In  this  paper  I  will  present  a  global  view  of  the  development  of  botanical 
insecticides,  highlighting  newer  products  and  opportunities  for  their  application.  Information 
will  be  based  on  surveys  of  pesticide  registrations  from  different  jurisdictions,  data  from  annual 
pesticide  use  reports  from  California,  and  personal  experience  in  developing  products  for  U.S.- 
based  companies. 

Results/Conclusion:  Pesticides  based  on  plant  essential  oils  have  been  developed  to  serve  many 
sectors  of  pest  management  including  conventional  and  organic  crop  systems,  professional  pest 
control,  animal  health,  and  vector  control. 

Other  botanical  insecticides  based  on  semi-refmed  extracts  are  also  gaining  acceptance  outside  of 
North  America  and  Europe,  although  regulatory  regimes  in  other  jurisdictions  tend  to  follow 
standards  set  by  the  USA  and  EU. 
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Abstract  text: 

Introduction:  Organic  farming  is  a  method  of  food  production  encompassing  holistic  production 
systems  that  promote  and  enhance  ecosystem  health.  Organic  farms  rely  on  communities  of 
beneficial  insects  to  provide  ecosystem  functions  such  as  decomposition,  biological  control,  and 
pollination.  However,  the  conservation  of  ecosystem  services  in  agricultural  ecosystems  is  a 
complex  challenge,  in  part  due  to  factors  such  as  climate  change  and  habitat  loss.  Organic 
farmers  have  begun  to  meet  this  challenge  by  adopting  on-farm  and  landscape-level  measures  to 
preserve  and  restore  ecosystem  services,  although  more  work  is  needed  to  stem  the  loss  of  global 
biodiversity. 

Methods:  The  methods  organic  farmers  use  to  conserve  beneficial  species  and  their  services  are 
the  emphasis  of  this  presentation.  We  detail  the  impacts  of  organic  farming  on  communities  of 
natural  enemies  and  pollinators,  and  the  services  they  provide.  We  also  describe  strategies 
currently  used  and  future  research  opportunities  that  could  further  promote  the  conservation  of 
these  beneficial  groups  and  their  services  in  organic  systems. 

Results/Conclusion:  Many  organic  practices  that  affect  pest  control  also  impact  pollinators. 

Thus,  pollinators  should  be  considered  whenever  strategies  for  insect  control  are  being 
implemented.  Both  biological  control  agents  and  pollinators  are  also  indicators  of  ecosystem 
health.  Thus,  they  are  model  organisms  to  evaluate  organic  methods.  Organic  growers  and 
regulators  must  work  together  to  reduce  the  intensity  of  their  practices  both  on  farms  and  across 
landscapes.  This  would  create  temporal  and  spatial  stability  of  resources  for  beneficial  insects, 
and  the  critical  services  these  species  provide  for  pest  management  and  pollination. 
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Abstract  text: 

Introduction:  Insect  pests,  like  all  other  organisms,  must  reproduce  in  order  to  exist.  In  sexual 
organisms  sperm  and  ova  need  to  synchronically  meet  in  a  certain  environment  and  with  precise 
conditions.  Mating  events  can  therefore  be  predicted  and  as  such  open  to  manipulations.  Here  we 
discuss  several  options  for  mating  manipulations  in  order  to  reduce  population  of  insect  pests. 

Methods:  Search  of  published  papers  in  Google  Scholars  using  the  following  keywords:  pest, 
control,  pheromone,  mating,  sex,  vector,  virus,  pathogens,  trap  plants 

Results/Conclusion:  Most  insect  use  species  specific  sex  pheromone  that  are  released  by  one 
gender  and  attract  the  other.  These  pheromones  can  be  used  as  bates  in  traps  for  monitoring 
purposes,  providing  information  on  population  characteristics.  Sex  pheromones  can  also  be  used 
for  mass  trapping  and  as  mating  disruption  methods,  preventing  males  of  locating  the  females. 
In-vitro  pathogen-  and  parasite-infected  males  may  be  released  in  infested  plots  to  release 
aggregation  pheromone  that  attracts  both  males  and  females,  which  further  spread  the  pathogens 
and  parasites  in  an  epizootic  manner.  Endosymbiont-infected  pests  may  be  used  to  manipulate 
local  sex  ratio,  mating  incompatibility,  and  deteriorate  the  pest’s  overall  fitness.  Mass  released 
sterile  males  or  inherited  sterile  adults  will  mate  with  wild  adults  to  reduce  the  pest  population 
size.  These  sex-manipulated  control  tools  are  available  to  use. 
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Abstract  text: 

Introduction:  Twentieth  century  delivery  systems  co-evolved  with  insecticide  discovery  to  meet 
the  demands  of  pest  management  in  an  increasingly  mechanized  agriculture  production 
system.  The  attributes  of  ground  air-assisted  sprays  met  the  practical  demands  of  farmers  to 
deliver  broad  spectrum  insecticides  into  large  fields  of  crops  in  an  economical  and  timely 
basis.  The  twenty  first  century  has  witnessed  a  new  array  of  biorational  insecticide  chemistries, 
with  performance  attributes  distinct  from  those  introduced  in  the  twentieth  century.  Most 
biorational  insecticides  (spinosyns,  IGRs,  diamides,  neonicotinoids)  tend  to  be  ingestion-active 
and  hold  various  degrees  of  plant- systemic  capabilities.  None-the-less,  farmers  have  continued 
to  rely  upon  twentieth  century  delivery  systems  to  apply  both  new  and  old  materials,  with  little 
consideration  of  what  changes  might  improve  their  performance. 

Methods:  Trunk  injection  represents  an  alternative  delivery  system  for  biorational  insecticides  of 
tree  crops,  which  has  the  potential  of  maximizing  the  ingestive  exposure  of  the  compound  to  the 
target  pest.  Field  studies,  laboratory  bioassays,  and  residue  profile  analysis  were  used  to  test  the 
seasonal  effectiveness  of  trunk  injected  insecticides  against  key  apple  insect  pests. 

Results/Conclusion:  Residue  profile  analysis  of  trunk  injected  insecticides  shows  that  vascular 
delivery  is  predominantly  to  foliage,  with  fruit  residues  below  USEPA  (United  States 
Environmental  Protection  Agency)  maximum  residue  limits.  Field  and  laboratory  studies 
demonstrate  seasonal  effectiveness  of  trunk  injected  insecticides  against  key  apple  insect  pests, 
suggesting  that  this  is  a  promising  delivering  system  for  tree  fruit  IPM  and  resistance 
management. 


Symposium 

Presentation  Title:  The  evolution  of  alternative  control  strategies  in  a  traditional  crop:  Economy 
and  policy  as  drivers  of  olive  fly  control 

Author  Name:  David  Nestel 

Author  Institution:  Agricultural  Research  Organisation 

Session  Title:  Symposium:  Advances  in  Insect  Control  and  in  Resistance  Management 


Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2307 

DOI:  10. 1603/ICE.2016. 93060 

CANCELLED 

Symposium 

Presentation  Title:  Role  of  mixtures  in  bed  bug  management 
Author  Name:  Yasmin  Akhtar 

Author  Institution:  The  University  of  British  Columbia 

Session  Title:  Symposium:  Advances  in  Insect  Control  and  in  Resistance  Management 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2308 

DOI:  10. 1603/ICE.2016. 106351 

CANCELLED 

Symposium 

Presentation  Title:  Pyrethroid  resistance  in  Helicoverpa  armigera  conferred  by  the  chimeric 
P450  CYP337B3 

Author  Name:  David  Heckel 

Author  Institution:  Max  Planck  Institute  for  Chemical  Ecology 

Session  Title:  Symposium:  Advances  in  Insect  Control  and  in  Resistance  Management 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2309 

DOI:  10. 1603/ICE.2016. 93064 


Abstract  text: 


Introduction:  The  noctuid  moth  Helicoverpa  armigera  is  one  of  the  most  significant  agricultural 
insect  pests.  Due  to  its  high  migratory  ability,  its  polyphagous  nature  and  its  ability  to  quickly 
evolve  resistance  to  many  different  insecticides,  H.  armigera  has  colonized  most  of  Africa,  Asia, 
Oceania,  and  Europe,  and  recently  several  countries  of  South  America.  We  have  previously 
demonstrated  that  the  resistance  of  Australian  H.  armigera  to  the  pyrethroid  insecticide 
fen  valerate  is  conferred  by  the  cytochrome  P450  monooxygenase  CYP337B3.  Its  gene  has  an 
unusual  chimeric  origin  as  it  arose  by  unequal  crossing-over  between  the  parent  genes 
CYP337B1  and  CYP337B2. 

Methods:  We  used  this  unique  system  to  study  the  structure-function  relationship  of  CYP337B3 
and  its  parent  CYP337B1  by  site-directed  mutagenesis  to  investigate  why  only  CYP337B3  is 
capable  of  metabolizing  fenvalerate.  In  in  vitro  metabolism  studies  with  heterologous  expressed 
P450  enzymes  and  toxicity  bioassays  with  two  selected  lines  of  H.  armigera  possessing  either 
CYP337B1  and  CYP337B2  or  only  CYP337B3,  we  identified  structural  moieties  of  pyrethroids 
that  favor  or  prevent  the  metabolism  by  CYP337B3  leading  to  cross-resistance  or  to  breaking 
resistance,  respectively.  Furthermore,  we  studied  the  geographical  distribution  of  CYP337B3  by 
PCR  screening  and  sequencing.  The  results  suggest  that  different  alleles  of  CYP337B3  occurring 
in  different  geographical  regions  evolved  independently. 

Results/Conclusion:  The  metabolic  versatility  of  CYP337B3  and  its  broad  distribution  is 
responsible  for  much  of  the  pyrethroid  resistance  occurring  in  populations  of  H.  armigera 
worldwide. 
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Introduction:  The  whitefly  Bemisia  tabaci  is  a  pest  of  many  agricultural  systems.  This 
cosmopolitan  insect  gained  its  importance  as  one  of  the  most  destructive  agricultural  pests 


worldwide  owing  to  its  ability  to  feed  on  hundreds  of  plant  species,  many  of  which  are  important 
agricultural  crops. 

Methods:  A  long  term  study  for  identifying  Bemisia  tabaci  species  (formerly  biotypes),  along 
with  its  secondary  symbionts  and  insecticide  resistance  was  conducted  from  2000  to  2015  in 
cotton  fields  and  other  crops  from  various  locations  in  Israel. 

Results/Conclusion:  Two  species  of  B.  tabaci ,  namely  the  Mediterranean  (MED)  and  the  Middle 
East-Asia  Minor  1  (MEAM1)  (or  Q  and  B)  were  identified;  and  some  differences  in  their 
dynamics  were  recorded  from  different  areas.  From  2003  to  2008,  a  higher  proportion  of  the 
MEAM1  was  consistently  found  in  the  early  season.  However,  by  the  end  of  the  season  a  definite 
rise  of  the  MED  biotype  was  recorded,  ranging  from  60  to  100%,  along  with  high  resistance  to 
the  IGR  pyriproxyfen  and  neonicotinoids.  Since  2009,  a  significant  shift  in  the  species  ratios  has 
been  observed:  the  MEAM1  biotype  took  over  MED  in  most  crops  ranging  up  to  90%  or  more. 
At  the  same  time,  resistance  to  pyriproxyfen  and  neonicotinoids  has  been  reduced  considerably. 
However,  in  greenhouse  vegetables  where  the  whitefly  management  is  based  on  insecticides,  the 
MED  species  is  still  the  predominant.  The  possible  reasons  for  the  change  in  the  dynamics  of  B. 
tabaci  species,  and  its  implications  on  resistance  managements  are  discussed. 
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Introduction:  In  insect  pests,  there  are  often  resistant  genotypes  present  in  a  low  frequency  within 
the  population.  Incorrect  pest  management  strategies  facilitate  the  selection  for  multiple 
resistances,  which  result  in  a  complete  failure  to  control  the  pest.  Diamondback  moth  (DBM, 
Plutella  xylostella),  a  cosmopolitan  pest  species  of  Brassicaceae,  has  shown  resistance  against  91 
insecticides  in  over  ten  modes  of  action.  Therefore,  it  is  increasingly  becoming  a  major  threat  for 


agriculture  and  crop  protection.  The  dramatic  extent  of  the  vast  development  of  resistance  is  best 
shown  in  diamide  insecticide  resistance.  Despite  their  novel  mode  of  action,  field  failures  were 
reported  only  two  years  after  their  introduction  to  the  market  and  the  resistance  has  been 
spreading  on  an  extensive  scale. 

Methods:  The  resistant  status  of  a  field  collected  diamide  resistant  DBM  strain  was  evaluated 
using  leaf  dip  bioassay.  In  order  to  study  the  resistance  mechanism,  we  selected  this  strain  for 
different  insecticide  resistances  which  are  apparent  in  low  frequencies.  We  used  molecular  and 
biochemical  methods  as  well  as  next  generation  sequencing  to  characterize  the  individual 
mechanisms  for  the  selected  resistance. 

Results/Conclusion:  The  field  collected  diamide  resistant  DBM  strain  was  successfully  selected 
for  other  insecticide  resistances.  By  investigating  the  mechanisms  responsible  for  the  resistances, 
we  show  that  target-site  alterations  are  a  major  factor  causing  the  inefficacy  of  the  insecticides. 
However,  in  some  cases,  metabolic  resistance  was  involved,  as  cytochrome  P450s 
monooxygenases  were  overexpressed  in  the  resistant  strain.  Furthermore,  the  implications  of  a 
multiple  resistant  strain  in  connection  with  pest  management  strategies  are  discussed. 
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Introduction:  For  Integrated  Pest  Management  (IPM)  to  be  effective,  people  must  be  aware  pest 
presence  and  the  likelihood  that  it  will  cause  losses.  If  possible  to  coordinate  this  information  on 
a  area-wide  basis,  total  control  costs  for  the  entire  community  may  be  reduced  relative  to  the 
entire  community  treating  their  own  lands  independently.  Pest  occurrence  data  is  created  by 
many  different  sources  including  plant  diagnostic  labs,  land-grant  research  and  extension 
programs,  crop  consultants,  national  pest  surveys,  newly  published  literature,  and  citizen 
scientist  programs.  Even  though  these  sources  may  deal  with  the  same  pest  organism,  there  are 
often  many  barriers  to  the  data  being  shared,  including  data  quality  and  standards, 
confidentiality,  protection  of  competitive  advantage  among  programs,  ego,  and  concerns  of  trade 
restrictions  in  reaction  to  maps  displaying  the  pest  distribution.  While  many  of  these  concerns 
can  be  valid,  total  isolation  and  sequestering  of  data  has  significant  impacts  on  direction  of  pest 
management  activities  on  an  area-wide,  regional,  national,  or  even  international  basis. 

Methods:  This  symposium  looks  at  one  data  sharing  ecosystem  that  is  breaking  down  the  borders 
between  programs  and  allowing  data  to  be  shared  in  real-time  within  the  growing  season.  The 
set  of  stakeholders  represented  has  been  selected  to  gather  perspectives  from  the  primary 
partners  of  that  ecosystem  and  allow  them  to  expound  on  thier  perspectives  of  data  sharing. 

Results/Conclusion:  This  provides  a  common  foundation  to  continue  sharing  of  data  and 
provides  other  interested  parties  information  they  need  to  participate  or  better  inform  their  own 
data  sharing  policies. 
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Interpretation  and  communication  of  diagnostic  data  present  unique  challenges  and 
opportunities.  Among  the  challenges  are  issues  regarding  confidentiality  of  client  information, 
trade  implications,  epidemiological  significance  of  point  data,  and  how  to  describe  the  level  of 
confidence  in  the  accuracy  and  specificity  of  the  diagnosis  to  those  outside  the  client- 
diagnostician  conversation.  However,  if  we  can  address  the  challenges  to  use  of  the  data,  there 
are  significant  opportunities  to  improve  disease  management,  and  plant  health  in  general.  At  the 
very  least,  communications  about  early  detections  can  stem  the  tide  of  a  developing  epidemic, 
allowing  for  the  use  of  a  wider  range  of  therapies  and  activities  to  manage  the 
disease.  Increasingly,  we  have  the  tools  at  our  disposal  to  explore  the  epidemiological 
significance  diagnostic  data,  such  as  predicting  where  a  pathogen  might  find  suitable 
environment  and  host  plants  to  prepare  for  the  arrival  of  new  diseases.  This  potential  for 
prevention  of  disease  is  perhaps  among  the  most  interesting  and  valuable  uses  for  diagnostic 
data,  and  could  be  more  significant  in  the  long  run  than  the  system  of  the  past,  where  the  data  are 
all  considered  single  points  and  only  communicated  to  the  plant  manager.  We  will  discuss 
examples  of  data  sharing  that  indicate  the  potential  of  these  data  for  the  benefit  of  users  beyond 
the  grower. 
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The  University  of  Georgia’s  Center  for  Invasive  Species  and  Ecosystem  Health  developed 
EDDMapS  and  regional  smartphone  apps  that  feed  data  into  it  with  the  goal  of  crowd  sourcing 
invasive  species  reporting.  EDDMapS  has  grown  from  approximately  9,000  individual  reports 
in  2012  to  approximately  14,000  individual  reports  in  2015.  Smartphone  apps  reports  have 
increased  from  21%  to  59%  during  the  same  period.  These  reports  are  made  by  both 
professionals  and  citizen  scientists.  Smartphones  also  allow  for  easy  inclusion  of  images  with 
reports  to  speed  up  and  improve  the  verification  process  and  remove  human  error  from 
location/GPS  recording.  This  presentation  will  focus  on  lessons  learned  from  10  years  of  web 
based  invasive  species  reporting  and  5  years  of  smartphone  reporting.  Future  EDDMapS 
development  will  better  market  and  engage  citizen  scientists  to  see  value  in  continued 
engagement  in  the  system  and  process  and  to  make  the  first  reports. 


Symposium 

Presentation  Title:  Aggregating  pest-sampling  records  and  the  advantages  of  using  multiple 
data  platforms 

Author  Name:  Wendy  Johnson 

Author  Institution:  Kansas  State  University 

Session  Title:  Symposium:  What  Happens  When  Pest  Occurrence  Data  is  Shared:  End  of  the 
World  or  New  Horizons? 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2316 
DOI:  10. 1603/ICE.20 16.95 132 
Abstract  text: 

Introduction:  The  my  Fields  program  (mvfields.info)  is  developing  an  API  (application  program 
interface)  that  facilitates  data  collection  but  shares  it  with  an  accessible  data  repository  (e.g., 
bugwood.org).  This  API  will  allow  for  data  sharing  across  platforms  and  does  not  force  a  “one 
solutions  fits  all”  strategy.  Instead,  platforms  can  deliver  specific  content  while  accessing 
common  information  among  data  providers. 

Methods:  Using  the  myFields  program  as  an  example,  its  Pest  Sampler  module  allows  the  user  to 
report  pest  sampling  data  through  the  API  that  is  accessible  to  other  pest  monitoring  networks, 


while  also  tailoring  Extension  recommendations  back  to  individual  users  based  on  geographic 
location.  The  myFields  system  allows  for  integration  of  any  sampling  plan  but  also  triggers 
notifications  to  users  when  authenticated  pest  records  are  available  in  their  region.  The 
myFieldssystzm  is  designed  to  further  encourage  scouting  practices  prioritizing  production  fields 
based  on  risk  indices  as  defined  by  the  surrounding  landscape  of  a  given  field.  Prioritizing  fields 
acts  as  a  reminder  to  scout,  and  saves  the  user  time  by  concentrating  efforts  on  high-risk  fields. 

Results/Conclusion:  Through  grower-focused  workshops,  we  have  shown  that  a  digital  sampling 
form,  compared  to  the  more  traditional  paper  form,  can  reduce  computational  errors,  resulting  in 
the  correct  treatment  decision  more  often.  Consequently,  this  translates  into  time-savings  for 
those  managing  large  acres.  Ultimately,  the  myFields  program  hopes  to  positively  impact  the 
adoption  of  field  scouting  through  aggregated  pest  sampling  data,  by  resolving  issues  of 
convenience  and  access  to  customized  management  recommendations. 
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The  Integrated  Pest  Information  Platform  for  Extension  and  Education  (iPiPE)  provides  an 
infrastructure  with  cyberage  tools,  information  products  and  expert  commentary  for  detection 
and  management  of  pests  that  threaten  U.S.  crops.  By  categorizing  pests,  data,  and  users,  it 
enables  sharing  observations  while  protecting  privacy  of  individuals,  companies,  and 
government  agencies. 

iPiPE  Crop-Pest  Programs  (CPPs)  incentivize  growers  and  consultants  to  submit  observations  on 
target  and  endemic  pests  by  providing  tools  and  information  for  timely  management  decisions. 
Coordinated  by  extension  professionals  from  across  the  nation,  programs  address  a  variety  of 
crops  and  pests  and  provide  undergraduate  students  with  hands-on  extension  and  diagnostic 


experiences.  Risk-based  research  prioritizes  detection  efforts  for  target  pests  and  direct  in-field 
scouting  for  endemic  pests.  Observations  housed  in  a  national  pest  observation  depository  will 
enable  future  research  using  geographically  extensive,  multi-year  databases. 

Seven  CPPs  were  initiated  in  2015,  the  first  year  of  this  5-yr  $7  million  USDA  AFRI-funded 
Cooperative  Agricultural  Project,  with  seven  more  joining  for  2016.  Fourteen  additional  CPPs 
will  be  added  in  2017  and  2018  as  well.  Outputs  and  knowledge  outcomes  indicate  that  the  CAP 
was  successful,  although  limited  in  its  first  year  of  operation  by  the  on-going  development  of  IT 
tools  and  pest  risk  models  for  engaging  stakeholders.  The  expansion  of  CPPs  with  CAP  support 
has  begun  to  attract  industry  funding,  hopefully  ensuring  long-term  sustainability.  At  project 
completion,  the  iPiPE,  through  its  expansion  of  CPPs,  will  increase  IPM  adoption  and  enhance 
U.S.  food  security. 
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The  increased  number  and  spread  of  invasive  species  has  made  data  sharing  increasingly 
complex  yet  more  important.  High  quality  verified  data  that  are  shared  across  agencies, 
municipalities  and  the  public  ultimately  enables  better  coordination  and  invasive  species 
management.  Federal  data  sources  are  not  sufficient  in  this  regard  as  they  do  not  display  the 
scale  of  detail  needed  at  the  state  and  local  levels.  The  Minnesota  Department  of  Agriculture 
(MDA)  uses  EDDMapS  for  data  sharing.  This  system  allows  the  input  and  output  of  multi¬ 
agency  data  that  are  also  easily  accessible  by  the  public.  MDA  created  customized  interfaces 
(webpages)  that  display  Minnesota  data  in  specialized  ways  such  as  displaying  quarantine 
information  with  species  occurrences.  This  talk  will  focus  on  how  the  Minnesota  Department  of 
Agriculture  uses  EDDMapS  to  track  and  share  data  on  the  presence  of  Emerald  Ash  Borer  within 
the  state  and  how  we  are  benefiting  from  this  type  of  system. 
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Agribusiness  intelligence  is  the  collection  and  processing  of  environmental  and  agricultural  data 
as  input  into  models  and  analyses  for  the  creation  of  products  that  can  be  integrated  and 
interpreted  to  make  informed  decision-making  in  integrated  pest  management  (IPM)  and  national 
food  security.  In  the  context  of  this  definition,  perspectives  will  be  given  on  the  use  of  (1)  an 
information  technology  (IT)  platform  for  collection  and  processing  of  crop  and  pest 
observations;  (2)  generic  model  structures  and  standard  analytic  procedures  to  create  products 
from  grid  weather  data  and  collected  field  observations;  (3)  a  farming  framework  for  integrating 
and  interpreting  products;  (4)  an  ontology  to  organize  production  decisions  within  the  farming 
framework,  and  (5)  knowledge  and  experience  to  make  informed  decisions.  The  presentation  will 
begin  with  the  perspectives  of  agribusiness  intelligence  and  end  with  some  specific  examples  of 
how  it  can  be  employed  in  agriculture. 
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Being  a  network  hub  for  sharing  data  can  come  with  its  own  challenges  and 
rewards.  Aggregating  data  in  a  central  database  allows  for  the  information  to  live  beyond  the 
lifespan  of  a  project  or  the  current  interest  of  employ ees/public/government.  It  also  allows  for 
more  people  to  view  and  use  the  data  for  their  own  needs  and  research,  and  serves  to  provide  a 
larger  pool  of  data  verifiers.  However,  it  can  be  a  challenge  to  make  all  data  widely  available 
when  it  concerns  regulated  species,  threatened  or  endangered  species,  or  privately  owned 
land.  The  EDDMapS  database  is  setup  so  that  submitted  data  is  formatted  to  a  set  of  standards 
developed  by  various  societies  and  programs  for  monitoring  and  treating  invasive  species,  crop 
pests,  and  biological  control  agents.  Every  effort  is  made  to  preserve  the  original  intent  of  the 
data  and  where  unusual  data  is  collected,  accommodations  are  made  to  preserve  that  accessory 
information.  This  allows  the  data  from  disparate  sources  to  be  available  and  to  be  presented  on 
maps,  while  minimizing  data  loss.  By  conforming  to  standards,  contributors  and  future  data  users 
can  predict  how  their  data  will  best  convert  to  any  field.  This  means  that,  once  the  connections 
are  made,  an  Application  Program  Interface  can  be  written  which  will  allow  the  contributor’s 
database  to  send  and  request  data  to/from  the  EDDMapS  database  without  any  lag  period  or 
human  errors  in  formatting  or  conversion. 
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In  several  regions  of  the  Southern  Hemisphere,  the  non-native  woodwasp  Sirex  noctilio  is 
allegedly  the  most  important  pest  of  pines  (also  non-native).  This  species  is  presently  attacking 
many  planted  pine  species  across  climatically  different  regions,  with  serious  harm  to  plantations 
occurring  during  population  outbreaks.  Because  of  this,  much  work  has  focused  on  the  biology 
of  S.  noctilio ,  with  the  goal  to  achieve  pest  suppression  through  the  introduction  of  parasitoids 
and  an  entomophagous  nematode.  However,  as  population  growth  is  central  to  S.  noctilio  damage 
and  also  strongly  influences  geographical  spread  of  this  invasive  forest  insect,  knowledge  on  the 
ecological  drivers  of  local  and  regional  population  dynamics  is  essential  for  successful  pest 
management.  By  reviewing  certain  elements  of  individual  and  population  behavior  of  S.  noctilio 
obtained  in  NW  Patagonia  (Argentina),  we  will  outline  why  this  woodwasp  is  triving  and 
harmful  in  a  large  part  of  the  invaded  range  and  how  this  has  affected  successful  bio-control 
practices.  We  focus  on  female  dispersal,  aggregation,  reproduction  and  development  patterns  and 
how  these  may  be  affected  by  the  local  environment  (i.e.:  host  abundance,  location  and 
distribution;  short  term  extreme  climatic  events)  and  suggest  why  outbreaks  may  occur.  Finally 
we  analyze  the  role  of  natural  enemies  in  this  equation.  Together,  our  results  reinforce  the 
importance  of  research  on  the  population  dynamics  of  invasive  insects  to  help  improve  our 
abilities  to  manage  outbreaks  in  forest  systems. 


Symposium 

Presentation  Title:  Patterns  in  Sirex  woctz'/zo-associated  tree  mortality  across  four  continents 
Author  Name:  Flora  Krivak-Tetley 
Author  Institution:  Dartmouth  College 

Session  Title:  Symposium:  Sirex  noctilio :  A  Global  Forest  Insect 
Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2322 
DOI:  10. 1603/ICE.20 16.9 1882 
Abstract  text: 

Introduction:  The  European  woodwasp  Sirex  noctilio  is  considered  a  secondary  pest  in  its  native 
range  but  has  become  a  serious  pest  of  pine  forests  in  the  southern  hemisphere  and  presents 
management  challenges  in  Australia,  South  Africa  and  South  America.  In  2004,  S.  noctilio  was 
detected  in  North  America  for  the  first  time,  and  has  spread  steadily  throughout  pines  in  the 
northeast  during  the  past  ten  years. 


Methods:  In  an  effort  to  identify  drivers  of  global  differences  in  population  behavior  and 
impacts  on  forests,  we  surveyed  forest  stands  in  Spain,  South  Africa,  Argentina  and  the  United 
States  for  evidence  of  tree  mortality  associated  with  S.  noctilio. 

Results/Conclusion:  In  most  cases,  our  findings  suggest  that  S.  noctilio  acts  predominantly  as  a 
scavenger,  as  has  been  reported  in  studies  within  the  native  range.  Across  all  locations,  tree 
mortality  was  greater  in  high  basal  area  stands,  and  mortality  was  concentrated  in  smaller, 
suppressed  trees.  However,  S.  noctilio  populations  occasionally  experience  outbreaks,  with 
concomitant  spikes  in  tree  mortality  at  the  stand  and  landscape  levels  and  the  death  of  larger, 
healthier  trees.  A  new  measure  of  S.  noctilio  aggressiveness,  or  the  ability  to  cause  mortality  in 
vigorous  trees,  has  allowed  us  to  directly  compare  impacts  across  continents  and  identify 
variation  in  species-specific  tree  susceptibility  and  differences  in  stocking  levels  and  thinning 
regimes  as  important  contributors  to  observed  differences  in  occurrence  of  S.  noctilio  outbreaks. 
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Introduction:  The  European  woodwasp,  Sirex  noctilio  F.,  is  a  key  pest  of  pine  in  many  regions 
where  it  has  been  introduced.  Since  its  discovery  in  2004,  S.  noctilio  has  not  been  considered  a 
major  pest  in  North  America.  Similarities  between  pine  forests  in  North  America  and  in  the 
native  range  of  S.  noctilio&rQ  are  thought  to  explain  this.  Similarities  include  heterogeneous 
forests  and  a  rich  community  of  pine  insects. 

Methods:  We  used  experimental  and  observational  approaches  to  identify  important  factors  that 
cause  S.  noctilio  mortality,  and  to  examine  their  relative  importance  in  limiting  the  S.  noctilio 
population  in  Ontario.  Life  tables  revealed  that  44-100%  of  generation  mortality  occurred  in  the 
egg  and  early  larval  stages,  when  tree  resistance  played  a  critical  role  in  killing  young  S.  noctilio 
and  preventing  colonization  of  the  fungal  symbiont,  Amylostereum  spp. 


Results/Conclusion:  Consistent  with  this,  we  observed  that  S.  noctilio  killed  more  pine  when 
more  pine  was  available.  This  relationship  was  strongest  with  pines  in  inferior  canopy  positions 
that  presumably  possessed  less  resistance  to  S.  noctilio  than  healthy  pines.  Native  Ibalia  spp.  and 
Rhyssa  spp.,  are  both  capable  of  parasitizing  S.  noctilio.  There  was  very  little  indication  that 
either  parasitoid  limited  the  S.  noctilio  population  in  Ontario.  This  correlative  evidence  indicates 
that  availability  of  susceptible  pine  primarily  limits  S.  noctilio  in  North  America. 
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Abstract  text: 

Introduction:  The  woodwasp  Sirex  noctilio  is  an  alien  invasive  pest  throughout  the  southern 
hemisphere.  In  2004  it  was  discovered  in  the  USA  and  subsequently  in  2005  in  Canada.  Because 
many  North  American  pine  forest  ecosystems  are  more  similar  to  Eurasian  forests  than  southern 
hemisphere  pine  plantations  there  was  considerable  uncertainty  regarding  what  ecological  and 
economic  impact,  if  any,  establishment  of  S.  noctiliovtowld  have  in  North  America. 

Methods:  This  presentation  presents  the  results  of  impact  assessment  plots  in  Ontario,  Canada 
and  factorial  exclusion  studies  designed  to  explore  the  role  of  biotic  factors  in  the  population 
dynamics  of  S.  noctiliom  North  American  and  South  African  pine  forests. 

Results/Conclusion:  To  date,  S.  noctilio  has  not  been  a  significant  mortality  agent  of  pines  and 
significant  reductions  of  S.  noctilio  brood  production  have  been  observed  in  log  exposed  to  the 
native  biotic  community  in  North  America.  Similar  reductions  in  S.  noctilio  brood  production  in 
logs  exposed  to  the  native  biotic  community  have  not  been  observed  in  South  Africa. 
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Abstract  text: 

Introduction:  The  native  Eurasian  woodwasp,  Sirex  noctilio  (Hymenoptera:  Siricidae)  (Sirex) 
along  with  its  symbiotic  fungus,  Amylostereum  areolatum ,  was  detected  in  Tasmania,  Australia, 
in  1952.  Over  the  next  sixty  years  Sirex  gradually  spread  throughout  temperate  softwood  estates 
(mostly  Pinus  radiata ),  killing  millions  of  trees.  Despite  the  introduction  of  several  effective 
biocontrol  agents  including  parasitoid  wasps  and  the  parasitic  nematode  Deladenus  siricidicola, 
outbreaks  continue  to  occur. 

Methods:  We  present  a  short  history  of  the  nematode  biocontrol  program,  and  results  of  recent 
research  into  factors  affecting  nematode  efficacy  in  Australia.  As  Sirex  moved  north  it 
established  in  mixed-species  softwood  stands  comprising  P.  radiata  and  P.  taeda.  We  compare 
the  performance  of  both  Sirex  and  nematodes  on  these  hosts,  and  on  the  thus-far  unencountered 
pine  hybrid  taxa  that  are  planted  extensively  in  subtropical  regions  close  to  its  current  range. 

Results/Conclusion:  Preliminary  results  suggest  that  Sirex  performance  and  nematode  parasitism 
are  negatively  impacted  by  the  presence  of  bark  beetles  and  bluestain  fungus,  and  that  all  three 
organisms  in  the  tripartite  system  (Sirex,  fungus,  nematode)  as  well  as  the  interactions  between 
them  are  influenced  by  the  host  taxa  on  which  they  occur. 
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Introduction:  Deladenus  siricidicola  is  the  primary  biological  control  agent  of  the  invasive 
woodwasp  Sirex  noctilio  in  the  Southern  Hemisphere.  Populations  of  this  wood- wasp  are  known 
to  have  high  genetic  diversity  in  its  invaded  range,  influenced  by  multiple  sources  of  origin, 
multiple  introductions  and  admixture.  Little  is  known,  however,  regarding  the  global  genetic 
diversity  of  D.  siricidicolaox  variation  in  key  phenotypic  traits  such  as  virulence  and 
reproductive  fitness. 

Methods:  We  have  characterized  the  diversity  amongst  57  strains  of  D.  siricidicola  from  eight 
countries  across  it  native,  natural  introduced  and  biological  control  populations  using  12  simple 
sequence  repeat  (SSR)  markers  and  COI  sequence  data.  Variation  in  the  conversion  of  these 
strains  to  the  parasitic  form  have  also  been  studied  as  part  of  a  biocontrol  population  in  South 
Africa.  Furthermore,  the  reproductive  fitness  of  these  nematodes  on  four  different  strains  of 
Amylostereum  areolatum  has  been  investigated. 

Results/Conclusion:  The  molecular  markers  revealed  three  main  groups,  corresponding  to 
European,  North  American  and  the  Southern  Hemisphere  populations,  with  an  apparently 
admixed  population  in  Chile.  There  was  a  high  level  of  variation  in  the  frequency  of  conversion 
of  D.  siricidicola  to  the  parasitic  form,  as  well  as  in  the  in  the  reproductive  fitness  of  the 
nematodes  on  different  fungal  strains.  These  data  and  the  extensive  collection  of  strains  can  now 
be  used  to  increase  diversity  in  biological  control  programs  using  the  nematode.  They  will  also 
make  it  possible  to  improve  the  selection  of  more  effective  strains  that  can  be  deployed  across 
different  environments. 
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Introduction:  Biological  control  programmes  provide  opportunities  to  understand  interactions 
between  natural  enemies  and  their  hosts  across  time  and  space.  The  European  woodwasp  Sirex 
noctilio  is  an  important  pest  of  Pinus  spp.  in  plantations  in  its  introduced  range  in  the  Southern 
Hemisphere. 

Methods:  In  the  summer  rainfall  area  of  South  Africa,  S.  noctilio- infested  trees  have  been 
inoculated  with  the  parasitic  nematode  Deladenus  siricidicola  since  2004.  To  evaluate  the 
success  of  these  inoculations,  S.  zzoctz’/z'o-infested  billets  were  collected  from  inoculated  and  non- 
inoculated  areas  after  every  inoculation  season.  Emerged  wasps  were  dissected  to  determine 
levels  of  parasitism.  For  a  subset  of  the  data  spanning  an  eight-year  period  from  2007-2014,  over 
30,000  wasps  were  dissected  from  top,  middle  and  bottom  tree  sections.  Log  sections  differ  in 
wood  moisture  content,  diameter,  bark  thickness,  and  other  potentially  important  factors  that 
could  influence  parasitism  success,  either  directly  or  via  indirect  effects  on  wasp  size,  density,  or 
sex  ratio. 

Results/Conclusion:  We  found  that  log  section  strongly  correlates  with  wasp  size  and  parasitism 
rate,  which  was  lower  in  the  top  sections  of  the  trees.  However,  this  positional  effect  on 
parasitism  was  found  to  decline  with  time.  We  suggest  that  this  is  due  to  the  natural  spread  of  the 
nematodes,  which  is  less  affected  by  low  moisture  levels  as  compared  to  the  spread  of  the 
nematodes  in  inoculated  trees.  Analyses  of  the  extensive  dataset  are  ongoing  and  provide  an 
opportunity  to  understand  some  of  the  factors  that  drive  spatial  and  temporal  variation  in 
parasitism  success  in  this  biocontrol  system. 
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Introduction:  Sirex  noctilio  was  first  collected  near  the  southeastern  shore  of  Lake  Ontario  in 
2004.  It  has  now  spread  into  7  US  states  and  2  Canadian  provinces.  This  is  the  first  time  that  S. 
noctilio  has  been  introduced  where  native  Sirex  species  and  associated  communities  occur.  A 
non-native  strain  of  the  parasitic/mycophagous  nematode  Deladenus  siricidicola  is  thought  to 
have  accompanied  S.  noctilio.  This  non- sterilizing  nematode  commonly  occurs  in  S.  noctilio  and 
also  in  native  Sirex  nigricornis.  Sirex  nigricornis  oviposits  later  in  the  field  season  and  fully  half 
of  each  generation  has  a  2-year  life  cycle.  Few  S.  nigricornis  occur  in  the  same  trees  as  S. 
noctilio ,  although  S.  nigricornis  females  of  equivalent  size  to  S.  noctilio  carry  more  eggs. 

Besides  parasitization  of  siricids,  nontarget  effects  of  D.  siricidicola  are  almost  absent. 

Methods:  Microsatellite  analysis  was  used  to  characterize  the  genetic  variability  in  S.  noctilio 
from  NY,  PA  and  Ontario.  Strains  of  the  symbiotic  fungus,  Amylostereum  areolatum,  from 
North  America  and  Europe  were  compared  using  multi-locus  genotyping  (MLG). 

Results/Conclusion:  Microsatellite  analysis  show  genetic  variability  in  S.  noctilio  from  NY,  PA 
and  Ontario,  suggesting  that  multiple  introductions  probably  occurred.  Similarly  the  MLG 
analyses  of  strains  of  the  symbiotic  fungus,  also  indicates  multiple  introductions.  MLGs  and 
experiments  support  previous  findings  of  lack  of  fidelity  in  fungal  associations  of  many  siricids. 
During  experiments,  Deladenus  siricidicola  Kamona  has  consistently  yielded  low  levels  of 
parasitism/sterilization  and  we  assume  that  this  is  because  strains  of  S.  noctilio  present  in  North 
America  are  resistant  to  this  nematode  strain. 
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The  evolution  of  wood-feeding  in  the  Siricidae  opened  a  ubiquitous,  but  nutritionally  refractory 
food  resource  for  the  basal  hymenoptera.  Adaptations  for  overcoming  the  physical  and 
nutritional  properties  of  wood  are  energetically  taxing.  Here  we  show  a  microbial  ‘division  of 
labor’,  including  bacterial  nitrogen  fixation  and  external  fungal  digestion,  combine  to  overcome 
physical  and  nutritional  barriers  to  wood-feeding  and  enable  sawfly  persistence  in  wood  using 
the  globally  invasive  sawfly,  Sir  ex  noctilio  Fabricus.  The  association  with  N-fixing  bacteria  has 
energetic  costs.  We  used  metagenomic  analysis  to  show  that  bacterial  nitrogen  fixation  is 
supported  by  external  fungal  digestion,  which  liberates  high  energy  molecules  for  direct 
consumption.  The  tri-partite  symbiosis  found  in  Sirex  noctilio  is  the  first  record  of  nitrogen 
fixation  in  the  basal  hymenoptera.  These  findings  show  an  adaptive  environment  prime  for 
alternative  adaptations  around  the  energy  intensive  tri-partite  symbiosis  and  are  evidenced  by 
cheating,  canabalism  and  eventually  the  evolution  of  parasitism  in  the  hymenoptera. 
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The  woodwasp,  Sirex  noctilio.  together  with  its  fungal  symbiont,  Amylostereum  areolatum ,  is  an 
important  global  invasive  pest  of  Pinus.  The  parasitic  nematode  Deladenus  siricidicola  is  the 
most  important  biological  control  agent  for  the  wasp.  These  organisms  provide  an  ideal  system 
to  study  the  micro-  and  macro-evolutionary  processes  linked  to  symbiosis  and  invasion  biology, 
and  the  evolution  of  life  history  traits  in  their  respective  taxonomic  orders.  In  this  study,  we 
describe  the  development  of  genomic  resources  for  these  purposes.  The  genomes  are  similar  in 
size  to  related  wasps,  fungi  and  nematodes;  ~  178Mb  and  13,000  genes  for  S.  noctilio ,  -100  Mb 
and  13,361  genes  for  D.  siricidicola  and  ~45Mb  and  11,573  genes  for  A.  areolatum.  These  data 
are  now  being  used  to  explore  the  impact  of  co-evulotion  on  mating  systems,  and  also  how  these 
systems  might  be  impacted  during  invasion.  Preliminary  analyses  indicate  regulation  of  the 


haplodiploid  mating  systems  in  S.  noctilio  (through  csd ,  fern  and  dsx  genes)  similar  to  systems  in 
Apis  species,  as  well  as  a  typical  tetrapolar  mating  system  in  A.  areolatum.  Other  ongoing 
analyses  include  the  characterization  of  chemo-sensation  genes,  secreted  proteins,  immune 
response  genes,  horizontally  acquired  genes,  and  complimentary  pathways  of  carbohydrate 
metabolism  linked  to  shared  resource  use.  Furthermore,  the  genomes  also  provide  rich  sources  of 
microsatellite  and  SNP  markers  to  characterise  global  invasions  of  these  organisms.  These 
genomes  will  serve  to  inform  future  studies  on  the  biology  and  evolution  of  S.  noctilio ,  its  fungal 
symbiont  and  the  parasitic  D.  siricidcola. 
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Introduction:  Mate-finding,  courtship,  and  copulation  of  Sirex  noctilio  F.  (Hymenoptera: 
Siricidae)  are  challenging  to  observe  in  the  wild  because  the  males  of  this  species  dwell  at  great 
heights,  below  the  canopy,  and  only  for  a  short  time  after  emergence.  Mating  is  reported  to  occur 
high  up  in  the  canopy.  An  early  report  from  New  Zealand  provided  some  evidence  for  the 
existence  of  a  female-produced  contact  pheromone  which  was  later  identified  via  bioassay- 
guided  fractionation  as  a  blend  of  C27  and  C29  monoalkenes.  Subsequently,  a  blend  of  two 
volatile  alcohols,  (Z)-3-decen-l-ol  and  (Z)-4-decen-l-ol,  and  the  aldehyde  (£,£)-2,4-decadienal 
identified  from  males  was  suggested  to  function  as  an  aggregation  pheromone,  based  on 
behavioral  assays  conducted  in  the  laboratory. 

Methods:  Recently,  using  gas  chromatography  coupled  with  electroantennogram  detection  (GC- 
EAD)  we  have  found  a  volatile  compound  produced  only  by  females  that  elicits  strong 
electrophysiological  responses  in  male  antennae,  but  not  female  antennae. 

Results/Conclusion:  This  compound  occurs  in  such  small  amounts  in  the  crude  extracts  that  it 
was  not  possible  to  easily  obtain  a  mass  spectrum  for  its  identification  using  gas  chromatography 
mass  spectrometry  (GC-MS)  analysis.  Flash  chromatography  and  micro-derivatization 


experiments  lead  us  to  hypothesize  that  this  compound  is  highly  polar.  Here  we  present  the  latest 
results  on  the  chemical  characterization  of  the  putative  female-produced  volatile  pheromone  in 
Sir  ex  noctilio. 
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Introduction:  Sirex  noctilio  (F.)  produces  a  venom  that  has  evolved  to  repress  defense  responses 
in  host  pines  and  facilitate  infection  of  the  host  by  the  fungal  phytopathogen,  Amylostereum 
areolatum  (Chaillet  ex  Fr.)  Boidin.  We  have  previously  shown  that  an  abundant  1 1 -amino  acid 
glycopeptide  is  the  heat-stable  factor  in  venom  that  can  migrate  through  xylem  from  the  site  of 
oviposition  to  the  tree  crown  where  it  causes  needle  wilt  (flagging).  O-Glycosylation  of  Ser  and 
Thr  residues  with  identical  a-linked  N-acetylgalactosamine  residues  places  this  molecule  in  the 
mucin-class  of  glycopeptides.  The  GalNAc  residues  are  further  modified  by  the  unusual  addition 
of  phosphoethanolamine  groups  at  the  C6  position.  Synthetic  peptides  lacking  the  glycosyl  side 
chains  show  no  activity  when  applied  to  pine  tissues.  The  native  glycopeptide  ( noctilisin )  shows 
distant  sequence  homology  to  the  O-glycosylated  short-chain  proline-rich  antimicrobial  peptides 
known  as  drosocins. 

Methods:  RNA-Seq  analysis  was  used  to  assess  the  differential  gene  expression  responses  in 
Pinus  radiata  D.  Don  shoot  tips  from  trees  classified  as  either  noctilisin-sensitive  or  -insensitive 
after  treatment  with  water,  noctilisin,  or  raw  venom. 

Results/Conclusion:  Differences  in  gene  expression  patterns  between  the  shoot  tips  treated  with 
either  noctilisin  or  raw  venom  suggest  the  presence  of  additional  effector  molecules  in  venom. 
This  research  was  supported  by  a  U.S.  Department  of  Agriculture  -  National  Institute  of  Food 
and  Agriculture  (USDA-NIFA)  Graduate  Fellowship  (2012-67011-19694)  awarded  to  J.M.B., 
and  Mclntire-Stennis  project  GEOZ-01 54-MS. 
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Introduction:  The  USD  A- ARS  Center  for  Medical,  Agricultural  and  Veterinary  Entomology 
(CMAVE)  has  a  history  that  starts  in  1932  in  Orlando  to  develop  methods  to  control  mosquitoes, 
including  malaria  vectors  under  conditions  simulating  those  of  the  south  Pacific  jungles,  and 
other  insects  affecting  man  and  animals. 

Methods:  Currently,  CMAVE  research  is  conducted  at  federal  laboratories  located  adjacent  to 
the  University  of  Florida  in  4  research  units  by  60  scientists  and  150  support  personnel. 

Results/Conclusion:  Its  mission  is  to  achieve  control  of  pest  and  vector  species  through  the 
development  of  environmentally  acceptable  approaches,  and  protection  of  humans  and  animals 
from  diseases  caused  by  arthropods  of  medical  importance  is  a  high  priority.  Specialists  in 
molecular  biology,  chemistry,  toxicology,  microbiology,  virology,  insect  behavior,  biology, 
entomology,  vector  ecology,  botany,  geographic  information  systems  an  engineering  conduct 
research  at  the  basic  level  and  later  evaluate  their  results  in  laboratory  bioassays  and  under  semi¬ 
field  conditions.  Final  studies  are  conducted  at  field  sites  in  the  U.S.  and  a  number  of 
international  locations.  Novel  efforts  targeting  medical  and  veterinary  vectors  will  be  discussed 
that  focus  on  (1)  discovery  of  molecular  pesticides,  including  development  of  a  new  class  of 
pesticide  based  upon  RNAi  technology;  (2)  discovery  of  novel  repellents  and  pesticides;  (3) 
development  and  field  testing  of  new  application  strategy  techniques  that  include  personal 
protection  methods,  barrier  treatments,  and  ground  and  aerial  adult  vector  applications;  and  (4) 
enhanced  control  of  vectors  through  disease  forecasting  based  upon  ecological  understanding  of 
disease  transmission  and  utilization  of  global/regional  and  local  climate. 
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Introduction:  A  Brief  History  of  Florida’s  War  Against  Mosquitoes 

Methods:  The  history  of  mosquito  control  in  Florida  is  a  complex  story  that  began  in  the 
19thcentury  and  continues  in  the  present. 

Results/Conclusion:  This  paper  traces  the  development  of  the  state -wide  effort  to  control  both 
disease-bearing  and  nuisance  mosquitoes  from  the  1888  yellow  fever  epidemic  in  Jacksonville 
through  the  formation  of  Florida  Mosquito  Control  Association  and  the  arrival  of  new  mosquito- 
borne  diseases  and  control  measures  in  the  first  decades  of  the  21st  century. 
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Introduction:  Florida  is  a  big  agricultural  state,  but  in  terms  of  revenue  generated,  livestock  and 
poultry  are  behind  industires  like  greenhouse  and  nursery  products,  oranges,  sugarcane,  and 
tomatoes.  In  terms  of  animal  agriculture,  there  is  no  sheep,  swine  or  turkey  production  in 
Florida. 

Methods:  Nationally,  Florida  ranks  9th  in  egg  production  and  17th  in  broiler  production.  Both  of 
these  industries  maintain  a  high  level  of  bio-security  and  pest  control  is  usually  handled 
internally.  Florida  ranks  16th  nationally  in  cow-calf  production  with  1,700,000  animals. 

Results/Conclusion:  The  major  fly  pest  of  these  cattle  is  usually  the  horn  fly,  Haematobia 
irritans,  which  can  be  managed  with  ear  tags  and  other  chemical  and  non-chemical  techniques. 
Florida  is  largest  dairy  production  state  in  the  Southeastern  US  with  123,000  milking  animals. 
No  two  dairies  are  of  the  same  design  and  these  systems  can  produce  large  numbers  of  house 
flies,  Musca  domestica.  Much  fly  control  is  performed  internally  but  producers  frequently 
consult  with  USDA  or  University  of  Florida  entomologists.  Florida  has  13,755  horse  farms  with 
121,034  horses  on  those  farms.  More  research  has  been  performed  on  horse  farms  recently 
because  of  their  tendency  to  produce  flies  and  their  proximity  to  neighborhoods.  Recent  research 
performed  on  dairies  and  equine  facilities  will  be  discussed  briefly  along  with  suggestions  for 
management. 
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Abstract  text: 


Introduction:  Following  its  arrival  on  ships  from  the  Old  World  and  its  subsequent  establishment 
in  the  Americas,  Aedes  aegypti  became  broadly  distributed  in  Florida,  where  it  vectored 
occasional  outbreaks  of  dengue  and  yellow  fever  into  the  early  1900s.  Subsequently,  this  species 
received  relatively  little  local  attention  until  its  distribution  and  abundance  in  the  southeastern 
USA  were  rapidly  reduced  by  invasions  and  range  expansions  of  Aedes  albopictus. 

Methods:  Asymmetric  reproductive  interference  (aka  satyrization)  by  male  A.  albopictus ,  which 
sterilizes  A.  aegypti  females,  is  believed  to  be  the  proximate  cause  of  these  rapid  reductions,  with 
subsequent  or  concomitant  reinforcement  by  the  superiority  of  A.  albopictus  in  larval  (resource) 
competition. 

Results/Conclusion:  Urban  centers  and  the  Florida  Keys  remained  redoubts  of  A.  aegypti 
persistence  following  competitive  displacements  by  A.  albopictus.  Sympatry  of  the  two  species 
in  realized  niches  is  facilitated  by  the  rapid  evolution  of  satyrization-resistance  in  A.  aegypti, 
which  reduces  the  frequency  of  deleterious  interspecific  matings.  Within  regions  of  co-existence, 
spatial  segregation  of  the  two  species  can  be  predicted  by  habitat  classifications  based  on  freely 
available  aerial  imagery.  Inland,  A.  aegypti  is  not  common  north  of  Orlando  but  extends  further 
north  on  Florida’s  east  and  west  coasts.  Anthropophily  of  these  species,  critical  for  the 
transmission  of  arboviruses  such  as  dengue,  Zika  and  chikungunya,  varies  locally  within  Florida 
and  warrants  measurement  to  identify  health  risk  factors. 
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Introduction:  The  Florida  Department  of  Agriculture  and  Consumer  Services  (FDACS)  operates 
under  the  authority  of  Chapter  388  of  the  Florida  Statutes  to  govern  the  control  of  arthropods  of 
public  health  concern  in  the  state.  There  are  currently  61  state-approved  mosquito  control 
programs  in  Florida.  The  criteria  for  establishing  a  state-approved  mosquito  control  program  can 


be  found  in  section  5E-13.030  of  the  Florida  Administrative  Code  (F.A.C.).  FDACS  administers 
approximately  $2  million  in  pass-through  funding  and  grants  and  provides  science-based 
technical  assistance,  certification,  and  training  to  mosquito  control  programs  throughout  the 
state. 

Methods:  As  part  of  the  technical  assistance  provided,  entomologists  at  the  Department  provide 
training  in  mosquito  surveillance,  identification,  insecticide  use  and  registration,  and  mosquito 
control  techniques,  loan  out  equipment  such  as  microscopes  and  adult  collection  traps,  and 
respond  to  emergency  situations  by  activating  the  Mosquito  Control  Incident  Response  Team 
(MCIRT)  following  hurricanes,  tropical  storms,  or  intense  flooding. 

Results/Conclusion:  The  manner  in  which  mosquito  control  programs  operate  throughout  the 
state  varies  widely,  from  small  programs  performing  strictly  mosquito  adulticiding  using  ultra 
low  volume  (UFV)  truck  spraying,  to  larger  programs  with  a  fully  comprehensive  program 
performing  sound  integrated  mosquito  management.  Integrated  mosquito  management  uses  a 
variety  of  methods  to  combat  mosquitoes,  including  physical  control  through  habitat 
manipulation  in  land  and  water  management  (such  as  mosquito  ditches  and  impoundments), 
chemical  control  (both  larviciding  and  adulticiding),  biological  control,  surveillance,  and  public 
education. 
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Abstract  text: 

Introduction:  The  dog  heartworm,  Dirofilaria  immitis,  is  a  filarial  nematode  of  canines  that  is 
vectored  by  mosquitoes  from  several  genera.  The  nematode  is  prevalent  in  canines  across  the 
southeastern  United  States,  where  the  parasite  is  thought  to  be  transmitted  between  hosts  and 
vectors  nearly  year  round. 


Methods:  This  presentation  will  focus  on  recent  research  conducted  in  north  Florida,  U.S.A., 
where  mosquito  surveillance  occurred  for  greater  than  two  years.  Prior  to  this  research,  little 
information  was  available  specific  to  Florida  in  regards  to  the  mosquito  vectors  responsible  for 
nematode  transmission. 

Results/Conclusion:  Our  study  utilized  both  passive  host-seeking  and  active  aspiration  methods, 
wherein  we  captured  70,000  mosquito  specimens.  Cohorts  of  these  collections  were  assessed  for 
heartworm  infectivity  using  a  PCR  technique  targeting  the  infective  L3  stage.  Impacts  of 
mosquito  seasonality  and  associated  infectivity  along  with  collection  method  will  be  presented. 
Additionally,  a  survey  of  the  perceptions  within  two  nearby  Florida  communities  toward  dog 
heartworm  risk  will  be  explored  within  our  findings. 
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Abstract  text: 

Introduction:  Since  2003,  the  Anastasia  Mosquito  Control  District  (AMCD)  in  St.  Augustine, 
Florida,  formally  began  collaborating  with  universities,  institutes,  private  agencies,  and 
international  organizations  to  develop  applied  research  programs  with  the  goal  of  using  outside 
expertise  and  resources  to  improve  operation  efficiency. 

Method:  Develop  cooperation  project  through  network  in  the  field  of  mosquito  control. 

Results/Conclusion:  After  more  than  10  years  of  collaborations,  the  accomplishments  and 
benefits  include  training  3  post  doctoral  researchers  and  2  Ph.D.  students  through  the  University 
of  Florida.  AMCD  has  cooperated  with  USDA/CMAVE  to  organize  12  annual  arbovirus 
surveillance  and  mosquito  control  workshops,  several  symposia,  and  provide  more  than  240 
continuing  education  credits.  AMCD  also  organized  the  annual  American  Mosquito  Control 
Association's  symposium  and  co-  organized  7  international  symposia  and  conferences  about 
mosquito  surveillance  and  control.  AMCD  staff  have  received  4  national  awards  and  8  state 
awards  and  edited/published  4  volumes  of  the  Technical  Bulletin  of  the  Florida  Mosquito 
Control  Association,  more  than  70  peer  reviewed  publications,  and  6  book  chapters.  The  District 
received  more  than  $500,000  in  grant  funds,  free  tools/equipment,  pesticides,  and  technical 
samples.  The  District  has  significantly  reduced  full-time  employees  from  37  to  25  due  to  hiring 
seasonal  employees  and  vehicles  from  57  to  40  due  to  changing  from  single  duty  to  dual 
duty.  The  St.  Johns  County  has  been  free  of  any  locally-acquired  mosquito-borne  diseases  from 
2003  to  2013.  The  District  still  keeps  a  high  quality  of  service  even  if  there  is  a  great  increases  in 
population  and  service  requests.  Collaboration  definitely  benefited  our  local  mosquito  control 
operation. 
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Introduction:  Tsetse  flies  ( Glossina  sp.)  vector  pathogenic  African  trypanosomes 
( Trypanosomas p.),  which  cause  sleeping  sickness  in  humans  and  nagana  in  domesticated 
animals.  Additionally,  tsetse  harbors  maternally  transmitted  enteric  symbionts  that  modulate 
homeostasis  of  the  fly’s  immune  system.  Little  is  known  about  the  physiological  mechanisms 
that  enable  these  bacteria  to  induce  tsetse  immune -related  phenotypes  during  larval  development 
and  into  adulthood. 

Methods:  To  learn  more  about  the  functional  relationship  between  symbiosis  and  immunity  in 
tsetse,  we  developed  a  line  of  flies  that  undergo  larval  development  in  the  absence  of  their 
endogenous  microbiota.  We  then  used  comparative  genomic  analyses  and  functional  assays  to 
identify,  and  explore  the  function  of,  symbiont-regulated  tsetse  molecules  that  stimulate 
development  of  the  fly’s  immune  system  during  larvagenesis. 

Results/Conclusion:  Adult 4 apo symbiotic’  tsetse  present  a  severely  compromised  immune 
system  that  is  characterized  by  the  absence  of  phagocytic  hemocytes.  We  found  that  tsetse’s 
symbionts  significantly  up-regulate  the  expression  of  several  genes  in  the  gut  of  developing 
larvae.  These  genes  encode  proteins  that  are  homologous  with  characterized  immuno-stimulatory 
molecules  in  other  arthropods.  Trans-generational  RNAi-based  functional  studies  revealed  that 
one  of  these  genes  encodes  an  odorant  biding  protein  that  induces  blood  cell  development  in 
larval  tsetse.  Our  findings  provide  valuable  insight  into  basic  biology  underlying  host-symbiont 
interactions.  Additionally,  knowledge  acquired  from  these  studies  may  be  applicable  to  the 
development  of  novel  disease  control  strategies. 
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Abstract  text: 

Introduction:  It  has  long  been  known  that  mosquitoes  host  gut  microbial  communities  but  the 
role  these  microbes  play  in  growth  and  development  is  largely  unclear.  The  goal  of  this  talk  is  to 
summarize  recent  findings  from  our  lab  on  the  function  of  the  gut  microbiome  in  growth  and 
development  of  larval  stage  Aedes  aegypti. 

Methods:  The  gut  microbiota  of  laboratory  and  field  collected  mosquitoes  were  analyzed  by  high 
throughput  sequencing  methods.  Functional  experiments  were  conducted  using  axenic  and 
gnotobiotic  larvae  colonized  with  specific  bacteria.  Effects  on  midgut  physiology  and  associated 
growth  of  larval  stage  mosquitoes  were  examined  by  a  combination  of  experimental  approaches 
and  confocal  microscopy. 

Results/Conclusion:  Key  results  indicate  the  gut  microbiota  affect  digestion  and  nutrient  uptake 
by  the  larval  gut.  The  role  of  specific  bacterial  and  mosquito  gene  products  in  these  interactions 
will  be  discussed. 
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Abstract  text: 

Introduction: 

Several  tens  of  mosquito  species  are  vectors  of  pathogens  of  remarkable  interest  in  public  health 
among  which  Malaria  and  several  arboviruses  represents  some  of  the  most  devastating  infectious 


disease;  Understanding  the  mosquito-microbiota  relationships  are  having  an  apparent  impact  on 
the  development  of  innovative  mosquito-borne  disease  control  strategies. 

In  this  frame,  we  are  investigating: 

1)  The  relationships  between  several  mosquito  vectors  and  symbiotic  microorganisms  with 
particular  regard  to  different  host-tissues. 

2)  The  effect(s)  that  the  bacteria  symbiont  Asaia  may  exert  on  the  mosquito  adults. 

Methods: 

1)  Microbiological  and  bio-molecular  techniques  have  been  adopted  to  identify  bacteria 
symbionts  in  nine  mosquito  species  belonging  to  the  genera  Anopheles ,  Aedes  and  Culex,  to 
identify  symbionts  associated  to  different  epithelia  of  mosquito  hosts. 

2)  To  determine  whether  Asaia  is  involved  in  mosquito  physiology  in  terms  of  longevity,  a 
highly  specific  anti -Asaia  monoclonal  antibody  was  injected  in  An.  Stephens i  males  and  females. 
Mosquitoes  survival  rate  was  recorded.  Alongside,  in  order  to  investigate  differential  gene 
profile  in  Asaia- inhibited  mosquitoes,  treated  samples  were  analysed  with  microarray  with 
respect  to  controls. 

Results/Conclusion: 

1)  A  detailed  map  of  bacterial  microbiota  composition  has  been  determined  in  9  different  species 
of  mosquitoes  belonging  to  three  genera.  Different  distributions  among  these  species  and  in 
different  organs  within  the  same  species  have  been  detected. 

2)  A  reduction  in  mosquito  life  span  was  observed  in  individuals  injected  with  anti-Asaia  mAb, 
especially  in  males.  Microarray  analysis  revealed  a  sex-specific  regulation  of  several  genes, 
some  of  which  related  to  the  host  immune  system. 
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Introduction:  Insect-bacteria  associations  have  been  shown  to  influence  vector  competence  for 
human  pathogens  through  multi-faceted  actions  that  include  the  elicitation  of  the  insect  immune 
system,  pathogen  sequestration  by  microbes,  and  bacteria-produced  anti-pathogenic  factors. 

Methods:  We  have  used  standard  infection  assays  and  biochemical  approaches  to  identify 
chromobacterium-produced  metabolites. 

Results/Conclusion:  Chromobacterium  exerts  in  vitro  anti-Plasmodium  and  anti-dengue 
activities,  and  insecticidal  activities,  which  appear  to  be  mediated  through  Csp_P  -produced 
bioactive  factors  with  transmission-blocking  and  therapeutic  potential.  The  anti-pathogen  and 
entomopathogenic  properties  of  Csp_P  render  it  a  potential  candidate  for  the  development  of 
malaria  and  dengue  control  strategies. 
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Introduction:  Arthopods  such  as  Ixodes  scapular  is  ticks  serve  as  vectors  for  many  human 
pathogens,  including  the  agents  of  Lyme  disease,  human  granulocytic  anaplasmosis  and 
babesiosis.  The  arthropod  gut  presents  a  pivotal  microbial  entry  point  and  determines  pathogen 
colonization  and  survival. 


Methods:  We  show  that  the  gut  microbiota  of  I.  scapular  is,  a  major  vector  of  the  Lyme  disease 
spirochete  Borrelia  burgdorferi,  influence  spirochete  colonization  of  ticks. 

Results/Conclusion:  Perturbing  the  gut  microbiota  of  larval  ticks  reduced  Borrelia  colonization, 
and  dysbiosed  larvae  displayed  decreased  expression  of  the  transcription  factor  signal  transducer 
and  activator  of  transcription  (STAT).  Diminished  STAT  expression  corresponded  to  lower 
expression  of  peritrophin,  a  key  glycoprotein  scaffold  of  the  glycan-rich  mucus-like  peritrophic 
matrix  (PM)  that  separates  the  gut  lumen  from  the  epithelium.  The  integrity  of  the  I.  scapularis 
PM  was  essential  for  B.  burgdorferi  to  efficiently  colonize  the  gut  epithelium.  The  importance  of 
this  pathway  in  Borrelia  colonization  of  ticks  and  transmission  for  the  arthropod  vector  to  the 
mammalian  host  will  be  discussed. 
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Introduction:  The  presence  of  the  live  midgut  bacterial  microbiome  is  required  for  full 
susceptibility  of  Anopheles  mosquitoes  to  arbovirus  infection,  while  in  contrast  presence  of  the 
flora  is  required  for  full  protection  against  malaria  parasite  infection. 

Methods:  Standard  infection  assays  were  used  for  this  study. 

Results/Conclusion:  The  enteric  flora  is  at  the  center  of  a  reciprocal  immune  trade-off  in  the 
vector  underlying  the  efficiency  of  development  and  transmission  of  different  human  pathogens. 

The  dynamics  of  this  trade-off  were  examined  and  will  be  reported.  A  novel  mosquito  virus  was 
transformed  into  a  new  low-biosecurity  model  system  for  dissection  of  Anopheles-\\ms 
interactions,  including  influence  of  the  midgut  microbiome.  A  key  immune  signaling  pathway  in 


Anopheles  appears  to  act  as  a  specific  antibiotic,  controlling  the  levels  of  highly  lethal  bacterial 
clades  in  the  gut  flora  and  also  influencing  development  of  human  pathogens  within  the  vector. 
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Abstract  text: 

Introduction:  Tsetse  flies  (Diptera:  Glossinidae)  have  high  medical  and  economic  significance  as 
the  obligate  vectors  of  African  trypanosomes,  the  causative  agent  of  fatal  sleeping  sickness  in 
humans  and  Nagana  in  cattle.  In  addition  to  potentially  harboring  trypanosomes,  tsetse  contain  a 
simple  gut  microbiota  that  differ  in  co-evolutionary  history  and  biochemical  and  physiological 
impacts.  One  member,  the  Gammaproteobacterium  Wigglesworthia  spp .,  an  obligate  mutualist, 
is  involved  in  various  nutrient  provisioning  and  immunological  priming  roles.  Little  research  has 
been  performed  on  validating  these  microbiota  roles  within  field  flies.  The  goal  of  this  study  was 
the  characterization  of  the  Wigglesworthia  transcriptome  from  field  captured  Glossina  pallidipes. 

Methods:  Tsetse  flies  were  collected  in  Nguruman  Escarpment,  Kenya,  in  March  2015.  Flies 
were  dissected  and  bacteriomes  (tsetse  organs  that  exclusively  harbor  Wigglesworthia )  isolated. 
RNA-seq  libraries  were  created  from  bacteriomes  and  sequenced  using  the  Illumina  HiSeq 
platform. 

Results/Conclusion:  The  Wigglesworthia  transcriptional  profiles  will  be  discussed  and  placed  in 
context  with  tsetse  biology  and  ecology.  In  particular,  the  enrichment  of  Wigglesworthia 
transporter  and  motility  expression  within  females  will  be  highlighted.  Detailed  knowledge  of 
vector-pathogen-microbiota  interactions  can  ultimately  lead  to  novel  target  and  control 
mechanisms  for  impeding  trypanosome  transmission. 
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Abstract  text: 

Introduction:  Endosymbionts  influence  multiple  aspects  of  host  physiology,  including  nutrition, 
fecundity  and  immunity.  Unlike  many  other  insects,  tsetse  has  a  highly  streamlined  microbiota. 
The  maternally-transmitted  obligate  bacterium  Wiggle sw or thia  glossinidia  provides  metabolites 
that  have  low  titers  in  vertebrate  blood.  Sodalis  glossinidius  is  widely  distributed  in  host  tissues, 
including  testes,  and  can  also  be  paternally  transmitted  through  the  ejaculate  assembled  in  a 
spermatophore  in  female  uterus.  Tsetse  gonads  also  harbor  the  transovarially-transmitted 
Wolbachia  that  manipulate  host  reproductive  biology  through  multiple  mechanisms.  The  role  of 
tsetse  microbiota  in  contributing  to  ejaculate  composition  and  function  is  an  open  question  we 
aim  to  address. 

Methods:  We  applied  high-throughput  approaches  to  uncover  the  composition  of  the 
spermatophore  in  a  Glossina  m.  morsitans  laboratory  strain,  with  its  full  endosymbiotc  fauna. 
Spermatophores  were  isolated  and  analyzed  using  mass  spectrometric  proteomic  analyses.  To 
determine  the  tissue  of  origin  of  these  proteins,  we  developed  testes-  and  MAG-specific  RNAseq 
datasets  covering  multiple  male  physiological  states. 

Results/Conclusion:  We  identified  287  proteins  and  found  that  both  male  accessory  glands  and 
testes  contribute  to  spermatophore  formation.  Male  accessory  glands  produce  a  small  number  of 
abundant  proteins  with  yet  unknown  functions,  enzyme  inhibitors  and  peptidase  regulators. 
Testes  contribute  spermatozoa  in  addition  to  multiple  less  abundant  proteins  with  binding, 
cytoskeletal  and  lipid/carbohydrate  transporter  functions.  These  data  provide  the  foundation  for 
further  studies  aimed  at  clarifying  the  potential  role  of  microbiota  in  shaping  ejaculate 
composition/function.  These  studies  are  possible  due  to  the  availability  of  fertile  lines  that  lack 
endosymbionts  (aposymbiotic),  generated  using  selective  antibiotics  and  nutritional  supplements. 
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Abstract  text: 

Introduction:  Vector-borne  diseases  exact  a  huge  toll  on  human  health;  eradication  of  insect 
vectors  with  pesticides  remains  a  mainstay  of  disease  control.  Alternative  strategies  involve 
modulation  of  pathogen  transmission  by  arthropods.  Paratransgenesis,  a  “Trojan  Horse” 
approach,  aims  to  reduce  vector  competence  through  genetic  manipulation  of  symbionts  of 
insects. 

Methods:  Modified  symbionts  are  reintroduced  to  the  vector,  where  expression  of  effector 
molecules  disrupts  pathogen  transmission.  The  first  paratransgenic  model  involved  the 
triatomine  bug  vector  of  Chagas  disease,  Rhodnius  prolixus.  The  symbiotic  bacterium, 
Rhodococcus  rhodnii ,  has  been  engineered  to  produce  anti-try panosomal  molecules. 

Results/Conclusion:  Recently,  an  arthrobacter-derived  endoglucanase  and  a  suite  of 
antimicrobial  peptides  lytic  to  T.  cruzi  have  been  expressed  via  R.  rhodnii.  These  studies  along 
with  a  field-applicable  strategy  to  target  the  vector,  Triatoma  infestans ,  will  be  presented.  A 
second  paratransgenic  platform  aims  to  reduce  transmission  of  Leishmania  parasites  by  the  sand 
fly,  Phlebotomus  papatasi.  We  are  evaluating  three  bacteria  for  expression  of  molecules  in  the 
sand  fly:  Pantoe  a  agglomerans ,  Bacillus  subtilis  and  Enter  obacter  cloacae  subspecies 
dissolvens.  Paratransgenic  adult  sand  flies  have  been  developed  using  genes  encoding  GFP 
markers  delivered  to  soil-stage  larvae  of  P.  papatasi.  Intrinsically  fluorescent  antibodies  have 
been  engineered  to  target  L.  donovani ,  L.  mexicana  and  L.  major.  A  biotic  locus  for  leishmania 
transmission  has  been  characterized  in  Iran  with  isolation  of  E.  cloacae  for  gene  delivery.  In 
ongoing  studies,  the  peptides,  melittin  and  human  histone  2B,  have  been  developed  as  effector 
molecules  for  paratransgenic  control  of  leishmania  transmission.  These  studies  will  be  presented. 
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Abstract  text: 

Introduction:  Recent  studies  have  suggested  that  land  use  changes,  such  as  deforestation, 
strongly  enhance  the  productivity  of  malaria  vectors,  and  thus  malaria  transmission.  However, 
the  mechanism  for  habitat  productivity  enhancement  by  deforestation  is  not  clear. 

Methods:  The  present  study  conducted  a  metagenomics  analysis  of  the  larval  habitats  and 
Anopheles  gambiae  mosquitoes  to  determine  the  impacts  of  deforestation  on  bacterial  and  algal 
diversity  and  subsequently  habitat  productivity.  The  metagenomics  analysis  was  based  on  the 
high-throughput  next-generation  pyrosequencing  of  microbial  16s  DNA  directly  extracted  from 
field-collected  water  and  mosquito  specimens,  to  provide  a  comprehensive  view  of  microbial 
community  diversity. 

Results/Conclusion:  Results  of  habitat  productivity  in  different  land  use  scenarios  demonstrated 
a  significant  effect  of  land  cover  on  larval  development  and  adult  mosquito  productivity. 
Metagenomics  analysis  of  algal  communities  by  pyrosequencing  of  16s  RDNA  revealed  a 
selective  feeding  on  green  algae  species  (Chlorophyta),  which  were  far  more  abundant  in  the 
larval  gut  when  compared  to  the  available  potential  resources.  Quantitative  PCR  demonstrated 
that  although  shaded  habitats  had  higher  bacterial  abundance,  larval  development  was  poor  in 
these  habitats,  whereas  in  sunlit  habitats,  bacterial  abundance  was  lower,  but  larval  survivorship 
was  higher  and  development  time  was  faster,  suggesting  algae  is  a  more  important  food  resource 
for  A.  gambiae  larvae  relative  to  bacteria.  This  study  provided  strong  evidence  that  algal 
microbial  community  shift  resulting  deforestation  enhanced  habitat  productivity  for  A.  gambiae 
mosquitoes.  The  implications  of  microbial  community  dynamics  in  the  scope  of  larval  control 
and  malaria  control  are  discussed. 
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Introduction:  Mosquito  microRNAs  are  involved  in  host- virus  interaction,  and  have  been 
reported  to  be  altered  by  dengue  virus  infection  in  Aedes  albopictus  (Diptera:  Culicidae). 
However,  little  is  known  about  the  molecular  mechanisms  of  A.  albopictus  midgut — the  first 
organ  to  interact  with  dengue  virus — involved  in  its  resistance  to  dengue  virus. 

Methods:  Here  we  used  high  throughput  sequencing  to  characterize  miRNA  and  mRNA 
expression  patterns  in  A.  albopictus  midgut  in  response  to  dengue  virus  serotype  2. 

Results/Conclusions:  A  total  of  3  miRNAs  and  1,948  mRNAs  were  identified  to  be  differentially 
expressed  upon  DENV  infection.  For  the  mRNAs,  we  identified  441  immune  related  genes  and 
42  of  them  were  differentially  expressed.  GO  and  KEGG  enrichment  analyses  also  showed  that 
the  differentially  expressed  immune  related  genes  involved  in  immune  response.  Then  the 
differential  expression  patterns  of  seven  immune  related  genes  and  3  miRNAs  were  confirmed 
by  real-time  RT-PCR.  Furthermore,  9  known  miRNA-mRNA  interaction  pairs  were  identified  by 
aligning  our  two  datasets.  These  analyses  of  miRNA  and  mRNA  transcriptomes  provide  valuable 
information  for  uncovering  the  dengue  virus  response  genes  and  provide  a  basis  for  future  study 
of  the  resistance  mechanisms  in  A.  albopictus  midgut. 
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Abstract  text: 

Introduction:  Non-retro  viral  RNA  viruses  (NIRVs)  should  not  integrate  into  the  genome  of  their 
eukaryotic  hosts  because  they  do  not  code  for  reverse  transcriptase  and  integrase.  However, 
sequences  from  these  viruses  are  being  found  integrated  into  the  genome  of  many  organisms 
across  different  taxa.  Variability  of  integrations  across  natural  host  populations,  mechanisms  of 
integrations  and  whether  viral  integrations  affect  host  biology  are  currently  unknown. 

The  Asian  tiger  mosquito  Aedes  albopictus  is  an  invasive  mosquito,  vector  for 

several  NIRVs  including  species  of  the  Flavivirus,  Alphavirus ,  Bunyavirus ,  Phlebovirus  and 

Or  bivirus  genera. 

Methods:  The  presence  of  NIRVs  was  investigated  bionformatically  in  the  genome  of  two  A. 
albopictus  strains:  Foshan,  a  strain  from  the  native  home  range  in  China,  and  Fellini,  an  invasive 
and  derived  strain  from  Italy.  Follow-up  analysis  was  conducted  across  natural  mosquito 
populations. 

Results/Conclusion:  NIRVs  presence  and  distributions  will  be  discussed  in  the  context  of  A. 
albopictus  invasion  history  and  its  role  as  arboviral  vector. 
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Introduction:  Attractive  Toxic  Sugar  Baits  (ATSB)  is  a  new  environmentally  friendly  control 
method  based  on  the  need  of  biting  flies  to  feed  daily  on  sugar.  The  new  method  is  based  on 
“attract  and  kill”  in  contrast  to  most  existing  control  methods  applying  area  wide  pesticides. 

Methods:  A  complete  review  on  ATSB  including:  sugar  feeding  ecology  of  mosquitoes  and  sand 
flies,  the  scientific  background  of  underlying  principles,  early  laboratory  and  field  trials,  bait  and 
bait  station  technology,  presently  existing  commercial  products  for  nuisance  mosquitoes,  and 
experimental  bait  station  technology  for  control  of  anophelines  in  Africa  is  given. 

Results/Conclusion:  Additionally  new  results  from  ongoing  outdoor  trials  focusing  on  Aedes 
control  will  be  presented  and  discussed. 
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Abstract  text: 

Introduction:  The  plants  collectively  known  as  Bromeliads  (Family:  Bromeliaceae)  are 
commonly  featured  in  residential  landscaping  throughout  Florida.  It  is  generally  known  that 
many  Bromeliad  species  hold  water,  potentially  providing  larval  habitat  for  an  assortment  of 
mosquito  species  and  possible  disease  vectors. 


Methods:  Mosquito  species  were  monitored  at  several  residential  sites  throughout  St.  John's 
County,  FL. 

Results/Conclusion:  Larvae  of  three  mosquito  species,  Aedes  albopictus,  Culex  quinquefasciatus 
and  Toxorhynchites  rutilus  were  found  in  impounded  Bromeliad  water  at  80%  of  surveyed 
residential  sites.  Many  diverse  organisms  survive  in  Bromeliads  which  generate  an  elaborate 
ecosystem  for  mosquito  larvae.  Although  mosquitoes  may  be  using  Bromeliads  for  habitat, 
laboratory  experiments  with  Ae.  albopictus  demonstrated  that  intact  Bromeliad  leaves  are  not  a 
significant  source  of  dietary  sugar  for  adult  mosquitoes. 
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Introduction:  Aedes  albopictus  (Skuse)  is  an  invasive  species  that  is  a  container-breeder, 
commonly  found  in  residential  areas  of  its  current  range  within  the  United  States.  These 
residential  areas  are  often  landscaped  with  a  variety  of  flowering  plants  and  backyards  often  have 
numerous  containers  of  various  sizes  which  retain  water.  This  study  was  undertaken  to  determine 
the  oviposition  patterns  of  this  invasive  species. 

Methods:  Through  laboratory  olfactometer,  semi-field  screened  enclosure  and  field  studies,  the 
oviposition  preference  of  Ae.  albopictus  for  containers  of  three  selected  sizes  (473,  946  and 
1,892  mL)  and  the  influence  of  flowering  butterfly  bushes  ( Buddleja  davidii  Franchett  cultivar 
‘Guinevere’)  were  examined. 

Results/Conclusion:  Our  results  document  that  significantly  more  eggs  were  oviposited  in  the 
largest  containers.  Additionally,  significantly  more  eggs  were  oviposited  in  containers  adjacent 
to  flowering  bushes  than  in  those  without  a  flowering  butterfly  bush.  Finally,  our  results 
document  that  flowering  butterfly  bushes  exerted  greater  influence  over  Ae.  albopictus  decisions 


than  did  container  size.  These  findings  have  practical  applications  for  the  development  of 
innovative  surveillance  and/or  management  strategies. 
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Introduction:  Use  of  natural  repellents  is  a  part  of  personal  protection  from  bites  by  biting  flies. 

Methods:  Extensive  reseraech  of  plant  repellent  period  in  China  is  1960-1970,  about  3,000  plants 
were  reported  as  repellents  by  local  people  and  100  botanical  repellents  were  discovered. 

Results/Conclusion:  The  results  indicated  that  the  repellent  effective  time  of  some  botanical 
repellents  were  more  than  13  hours  based  on  animal  testing  and  7-10  hours  based  on  human 
testing  in  laboratory.  The  most  effective  repellent  is  Quwenling,  oil  of  lemon  eucalyptus  PMD 
(para-menthane-3,  8-diol) 
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Abstract  text: 

Introduction:  Three  species  of  common  desert  plants  Atriplex  lentiformis,  Tamarix  ramosissima, 
and  Pluchea  sericea  found  in  Southern  California  were  selected  to  determine  if  plant  type 
influences  the  efficacy  of  attractive  toxic  sugar  bait  (ATSB)  application. 

Methods:  Plant  clippings  of  each  of  the  three  plants  were  removed  from  the  field  and  brought 
back  to  the  laboratory.  The  clippings  were  treated  with  a  known  amount  of  either  an  attractive 
sugar  bait  (ASB;  control)  solution  or  2  different  ATSB  solutions.  Both  ATSB  solutions 
contained  the  active  ingredient  microencapsulated  garlic  oil  (0.4%;  Terminix  AllClear  ATSB® 
Mosquito  Bait)  and  1  of  the  solutions  had  the  addition  of  1%  boric  acid. 

Results/Conclusion:  Field  and  laboratory  populations  of  both  Culex  tarsalis  and  Culex 
quinquefasciatus  were  then  exposed  to  the  clippings  and  mortality  was  recorded  at  72  hours.  The 
addition  of  a  colored  food  dye  made  it  possible  to  visually  determine  if  feeding  on  the  solutions 
had  occurred.  Significant  differences  were  observed  in  the  efficacy  of  the  ATSB  application 
based  on  plant  type  and  mosquito  species.  The  findings  of  this  study  suggest  that  plant 
characteristics  have  a  direct  impact  on  the  ATSB  application  and  mosquito  mortality. 
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Abstract  text: 

Introduction:  Sand  flies  are  notoriously  difficult  to  control  with  traditional  methods  based  on 
contact  pesticides. 

Methods:  Attractive  Toxic  Sugar  Bait  (ATSB)  solutions  containing  a  gut  toxin  can  be  either 
sprayed  on  plants  or  used  in  simple  bait  stations  to  attract  and  kill  sugar-feeding  female  and  male 
sand  flies.  Field  studies  in  Israel,  Morocco  and  Mali  proofed  to  be  highly  efficient  for  sand  fly 
control  in  both  desert  and  Mediterranean  habitats.  By  applying  bait  with  food  dye  markers  in 
natural  habitats  daily  feeding  rates  of  sand  flies  and  non-target  insects  could  be  determined  by 
visual  inspection  for  the  dye  marker  in  the  insect  gut.  Daily  feeding  rates  of  sand  flies  and  non¬ 
target  insects  (especially  pollinators),  verified  by  stained  guts,  ranged  from  20  to  50%  and  from  1 
to  0.1%  respectively. 

Results/Conclusion:  In  several  long-term  field  trials  sand  fly  populations  were  exposed  to  ATSB 
while  the  populations  were  monitored  with  light  and  sticky  traps  before  and  after  the  ATSB 
application.  One  week  after  ATSB  application  significant  reductions  of  up  to  80%  in  female  and 
up  to  85%  in  male  sand  fly  populations  were  observed,  2  to  3  weeks  after  the  sand  fly 
populations  virtually  collapsed  at  the  experimental  sites.  At  the  same  time  the  populations  at  the 
untreated  control  sites  were  stable  or  increased.  The  field  trials  demonstrate  that  ATSB  is  an 
effective  control  method  for  sand  flies  with  little  impact  on  non-target  insects. 
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Abstract  text: 

Introduction:  Beach  Mosquito  Control  District,  located  in  Panama  City  Beach,  FI.  has  been 
utilizing  barrier  spraying  for  mosquitoes  for  the  past  15  plus  years.  Many  studies  have  been 
conducted,  both  in  the  lab  and  in  the  field,  utilizing  a  low  volume  adulticide  spray  that  is  applied 
on  vegetation  to  act  as  a  “barrier”  against  mosquitoes  moving  from  one  location  to  another. 

Methods:  Beach  Mosquito  Control  District  uses  a  trapping/surveillance  system  to  monitor  adult 
mosquito  populations  within  the  district.  To  determine  the  efficacy  of  the  barrier  spray,  BMCD 
sets  out  mosquito  light  traps  baited  with  C02  and  octenol.  Traps  are  placed  inside  the  “barrier” 
and  outside  the  barrier  and  are  monitored  weekly. 

Results/Conclusion:  The  district  targets  mosquitoes  around  our  schools  and  public  ball 
parks.  We  have  15  years  of  trap  data  that  shows  conclusively  that  barrier  spraying  does  work 
controlling  host  seeking  mosquitoes. 
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Abstract  text: 

Introduction:  Lee  County  Mosquito  Control  District  (LCMCD)  was  established  in  1958  and  Lee 
County  Hyacinth  Control  District  (LCHCD)  was  established  in  1961.  These  Districts  are 
responsible  for  controlling  mosquitoes  and  aquatic  weeds  in  one  of  the  flattest,  wettest  and 
warmest  counties  in  south  west  Florida. 

Methods:  Lee  County  covers  over  1,000  square  miles  and  includes  many  habitats  including  salt 
marshes,  mangrove  swamps,  oak  hammocks,  pastures,  urban  sprawl,  agriculture,  and  natural  and 
man-made  water  bodies.  There  are  over  27,000  acres  managed  for  aquatic  weeds  including  over 
400  miles  of  man-made  canals  in  Cape  Coral  and  70  miles  of  the  Caloosahatchee  River.  Aquatic 
weeds  are  managed  using  physical  control  (aquatic  harvester),  biological  control  (grass  carp, 
Ctenopharyngodon  idella)  and  chemical  control  (aquatic  herbicides).  Mosquitoes  are  controlled 
using  an  integrated  approach  of  monitoring  for  larvae  and  adult  mosquitoes  and  giving  priority  to 
larval  control  as  much  as  practical. 

Results/Conclusion:  Water  lettuce,  water  hyacinth  and  cattails  are  common  in  Lee  County  and 
can  create  significant  problems  clogging  waterways  and  producing  mosquitoes  in  the  genera 
Mansonia  and  Coquillettidia.  Onsite  laboratories  provide  same  day  results  of  mosquito  borne 
viruses  in  sentinel  chickens  and  water  quality  analysis  for  nutrients  to  aid  in  aquatic  weed 
management.  The  Districts  operate  from  a  250  acre  facility  which  once  served  as  the 
Buckingham  Army  Airbase  during  World  War  II.  The  districts  have  a  large  fleet  of  vehicles, 
boats  and  aircraft  including  3  air  boats,  1 1  helicopters  and  4  airplanes. 
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Abstract  text: 

Introduction:  Anautogenous  mosquitoes  depend  on  vertebrate  blood  as  nutrient  source  for  their 
eggs.  A  highly  efficient  set  of  membrane  transporters  mediates  the  massive  movement  of  nutrient 
amino  acids  between  mosquito  tissues  after  a  blood  meal. 

Methods:  We  have  functionally  characterized  two  cationic  amino-acid  transporters  from  the 
yellow-fever  mosquito  Aedes  aegypti  using  codon-optimized  heterologous  expression  in  oocytes 
and  studied  their  expression  patterns  using  qRT-PCR.  We  used  RNAi-mediated  knockdown  to 
study  their  role  in  mosquito  reproduction. 

Results/Conclusion:  Substrate  specificity  and  transport  mechanism  of  AaCATl  and  AaSlif  were 
determined.  We  found  that  AaCATl  is  a  Na(+)-independent  cationic  amino  acid  transporter, 
with  unique  selectivity  to  L-histidine.  In  contrast,  AaSlif  transports  essential  cationic  and  neutral 
amino  acids  with  preference  for  arginine.  It  has  an  unusual  dual-affinity  mechanism  with  only 
the  high  affinity  being  Na(+)  dependent.  Tissue-specific  expression  and  blood  meal-dependent 
regulation  of  cationic  amino  acid  transporters  are  consistent  with  the  conveyance  of  essential 
amino  acids  from  gut  to  fat  body.  RNAi-mediated  knockdown  of  cationic  amino  acid 
transporters  proved  their  importance  for  fat  body  signaling  and  reproduction.  Cationic  amino 
acid  transporters  regulate  mosquito  reproduction.  We  identified  a  novel  transport  system  and 
type  of  transceptor  for  sensing  and  transporting  essential  amino  acids  in  mosquitoes. 
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Abstract  text: 

Introduction:  Female  mosquitoes  of  nearly  all  species  require  blood  meals  to  complete 
oogenesis.  Maintaining  mosquito  colonies  relies  on  the  use  of  animals  or  whole  blood  to  feed 
females.  Blood  feeding  protocols  require  special  handling  techniques,  involve  significant  costs 
and  pose  health  hazards  to  laboratory  workers.  Moreover,  wide  variability  in  terms  of  blood 
sources  and  blood  quality  can  negatively  impact  egg  production  rates.  Efforts  to  develop  non¬ 
blood  substitutes  for  mosquito  rearing  have  been  met  with  some  success  and  have  been  the 
subject  of  a  series  of  recent  studies. 

Methods:  A  simple  protein  formulation  was  presented  to  the  Asian  Tiger  Mosquito,  Aedes 
albopictus  in  a  membrane  feeding  apparatus.  Under  the  experimental  conditions  tested,  Ae. 
albopictus  females  readily  accepted  the  formulation  and  fed  to  engorgement.  Similar 
formulations  and  conditions  were  used  to  survey  the  feeding  responses  of  other  mosquito 
species. 

Results/Conclusion:  Under  the  experimental  conditions  tested,  Ae.  albopictus  females  readily 
accepted  the  blood-free  meal  offered  in  a  membrane  feeding  system  and  produced  eggs  in  greater 
numbers  than  cohort  females  that  were  fed  with  whole  human  blood,  while  survivorship  of 
hatched  larvae  was  equal  among  feedings.  These  results  suggest  that  blood-free  meals  could  be 
generally  useful  for  mosquito  rearing.  Indeed,  preliminary  results  will  be  presented  that 
demonstrate  the  utility  of  non-blood  formulations  for  other  species  and  their  advantages  will  be 
discussed. 
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Introduction:  The  complement  system  is  a  host  defense  mechanism  that  could  impose  danger  to 
disease  vectors  upon  blood  feeding.  Here,  we  tested  whether  complement  maintained  activity  in 
the  mosquito  midgut,  how  mosquito  cells  survived  its  cytotoxic  activity  and  what  were  the 
consequences  of  complement  activation  on  the  midgut  microbiome  and  the  basal  level  of 
mosquito  immunity  controlling  the  midgut  microbiome. 

Methods:  Feeding  Anopheles  stephensi  mosquitoes  on  normal  human  serum  (NHS)  containing 
functional  complement  or  heat  inactivated  serum  (HIS)  containing  non-functional  complement. 
ELISA.  Viable  (Standard)  plate  count.  Immunofluorescence  microscopy.  454  pyrosequencing. 
RT-qPCR. 

Results/Conclusion:  Complement  activation  was  detected  in  the  mosquito  midgut  and  was  found 
to  reduce  the  number  of  viable  bacteria  only  within  2  hours  post  blood-feeding.  Mosquito  midgut 
epithelial  cells  were  unaffected  by  complement  cytotoxic  activity.  Midgut  cells  captured  the 
complement  regulator  FH  from  blood  to  inactivate  complement  activity  on  their  surface. 
Interfering  with  FH  activity  using  antibodies  reduced  mosquito  survival.  Surveying  the  midgut 
microbiome  of  mosquitoes  fed  on  sugar,  NHS  or  HIS  revealed  that  complement  shaped  the 
midgut  microbiome.  Mosquito  feeding  on  NHS  increased  the  populations  of  Elizabethkingia  sp., 
Enterobacter  sp.  and  Pseudomonas  sp.  compared  to  feeding  on  sugar.  However,  feeding  on  HIS 
increased  Enterobacter  population  by  10-folds  and  reduced  Elizabethkingia  population  by  half 
compared  to  feeding  on  sugar  or  NHS.  Transcription  levels  of  AMPs  were  not  affected  by 
feeding  on  NHS.  However,  1.3-2-folds  increase  in  AMPs  transcription  levels  was  observed  when 
mosquitoes  were  fed  on  HIS  indicating  that  complement  activation  contributed  to  midgut 
Microbiome  Homeostasis. 
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Introduction:  The  Anopheles  mosquito  represents  a  challenging  environment  for  the  malaria 
parasite  Plasmodium.  Following  ingestion  by  a  mosquito  a  specialized  parasite  stage,  the 
ookinete,  moves  through  the  digesting  blood  meal  and  across  the  insects’  midgut  epithelium  to 
escape  the  hazardous  conditions.  While  developing  in  the  blood  meal  the  ookinete  upregulates 
key  antioxidant  genes  in  response  to  an  increasing  concentration  of  exogenous  cytotoxic  reactive 
oxygen  species  (ROS).  The  identity  and  regulation  of  these  defense  genes  are  of  interest  to  us,  as 
they  increase  our  understanding  of  Plasmodium  adaptation  and  also  provide  potential  targets  for 
transmission  blocking  strategies. 

Methods:  Using  the  mouse  parasite  Plasmodium  berghei  we  employed  quantitative  real-time 
PCR  to  determine  and  compare  the  expression  of  2  key  peroxiredoxin  (Prx)  genes  in  developing 
ookinetes.  Our  findings  were  evaluated  on  the  protein  level  using  immunofluorescence. 
Currently,  we  are  generating  transgenic  P.  berghei  parasite  lines  that  express  luciferase  under  the 
control  of  an  inducible  prx-promotQY  in  order  to  locate  and  identify  a  specific  regulatory  site, 
called  an  antioxidant  response  element  (ARE). 

Results/Conclusion:  We  show  for  the  first  time  that  the  Plasmodium  ookinete  actively  responds 
to  conditions  in  the  mosquito  blood  meal  by  upregulating  the  antioxidant  gene  leys 
peroxiredoxin  ( leys  prx).  This  translates  into  the  subsequent  upregulation  of  the  ICys  Prx 
protein  in  the  cytoplasm  of  the  parasite.  Significantly,  this  upregulation  can  be  induced  in 
ookinete  cultures  via  challenge  with  ROS.  This  implies  the  existence  of  a  regulatory  site  in  the 
promoter  region  of  the  leys  prx  gene,  which  we  currently  investigate. 
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Introduction:  Blood  feeding  is  essential  for  malaria  vector  mosquitoes  and  malaria  spread,  but  it 
also  offers  a  unique  and  advantageous  route  to  attack  the  vector  and  control  malaria  parasite 
transmission.  Specifically,  mosquitocidal  drugs  can  be  given  to  hosts  or  vaccines  administered  to 
induced  mosquitocidal  antibodies,  both  of  which  can  be  ingested  by  the  vector  in  their  blood 
meals  and  act  to  kill  the  vector. 

Methods:  We  have  been  researching  and  developing  the  endectocide  ivermectin  as  a  novel 
malaria  transmission  control  drug  for  years.  Our  studies  have  documented  the  lethal  and  sub- 
lethal  physiological  effects  of  ivermectin  ingestion  on  colonized  and  wild  Anopheles  spp.,  as 
well  as  how  the  drug  affects  it  molecular  target  and  influences  transcriptional  responses  in 
Anopheles  gambiae.  We  have  also  recently  completed  a  pilot  clinical  trial  in  Burkina  Faso  to 
evaluate  ivermectin’s  ability  to  reduce  malaria  transmission  and  clinical  disease  in  treated 
villages.  To  advance  mosquitocidal  vaccines,  we  recently  have  shown  that  extracellular  protein 
domains  of  ion  channel-pesticide  targets  from  An.  gambiae  can  be  used  at  antigens  for 
mosquitocidal  antibody  production. 

Results/Conclusion:  Mosquitocidal  drugs  and  antibodies  can  kill  Anopheles  vectors  that  ingest 
these  agents  in  their  blood  meals.  These  actions  can  significantly  affect  the  daily  probability  of 
mosquito  survival  when  they  blood  feed  on  treated  hosts,  which  shifts  the  vector  population  age 
structure  and  significantly  reduces  malaria  parasite  transmission  and  disease  in  communities. 
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Introduction:  Plasmodium  metabolite  hemozoin  has  emerged  as  a  potent  immuno stimulator, 
targeting  the  host  immune  system  and  activating  the  production  of  cytokines  and  chemokines  in 
mammalian  tissues.  In  this  study,  we  disclosed  the  role  of  this  parasite’s  by-product  as  stimulator 
of  Anopheles  gambiae  immunity  to  Plasmodium  berghei. 

Methods:  Female  mosquitoes  were  inoculated  with  hemozoin  and  the  Plasmodium  infection  rate 
and  intensity  were  measured.  Microarray  transcription  analysis  was  performed  to  assess  gene 
expression  response  to  hemozoin.  Genome-wide  analysis  results  were  confirmed  by  stimulation 
of  An.  gambiae  tissues  and  cells  with  hemozoin  and  silencing  of  REL2-F  and  its  negative 
regulator  Caspar. 

Results/Conclusion:  Gene  expression  profiles  revealed  that  hemozoin  activates  several  immunity 
genes,  including  pattern  recognition  receptors  (PRRs)  and  antimicrobial  peptides  (AMPs). 
Importantly,  we  found  that  the  Immune  deficiency  (Imd)  pathway  Nuclear  Factor-kappaB  (NF- 
kB)  transcription  factor  REL2,  in  its  full-length  form  REL2-F,  was  induced  upon  hemozoin 
treatment.  In  this  study,  we  have  for  the  first  time  shown  the  impact  of  hemozoin  treatment  in 
Plasmodium  infection,  reducing  both  rate  and  intensity  of  the  infection.  We  propose  that 
hemozoin  boosts  the  innate  immunity  in  Anopheles ,  activating  key  effector  genes  involved  in 
mosquito  resistance  to  Plasmodium ,  and  this  activation  is  REL2 -mediated. 
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Abstract  text: 

Introduction:  Changes  in  the  feeding  behavior  of  malaria  infected  mosquitoes  are  considered  a 
classic  example  of  parasitic  manipulation.  These  changes  in  behavior  are  predicted  to  cause 
dramatic  changes  in  vectorial  capacity  and  transmission  potential.  However,  the  changes  in 
behavior  are  not  specific  to  infection  with  the  malaria  parasite  and  similar  behavioral  alteration 
can  be  elicited  using  a  general  immune  challenge. 

Methods:  We  manipulated  the  time  and  dose  of  immune  challenge  of  general  immune  challenges 
to  investigate  the  role  of  the  mosquito  immune  response  in  generating  the  changes  in  mosquito 
host-seeking  behavior  associated  with  malaria  infection.  We  additionally  measured 
neurophysiological  sensitivity  and  midgut  signalling  processes  in  mosquitoes  challenged  with 
malaria  parasites  and  heat-killed  Escherichia  coli  bacteria. 

Results/Conclusion:  We  found  that  behavioral  phenotypes  are  sensitive  to  the  timing  and  dose  of 
immune  challenge.  Changes  in  host-seeking  propensity  were  correlated  with  changes  in 
sensitivity  to  host  odors.  We  also  observed  these  immune  activated  behavioral  changes  are 
mediated  via  sequential  expression  of  insulin-like  peptides  in  the  midgut,  with  expression 
patterns  consistent  between  mosquitoes  receiving  a  general  immune  challenge  and  those 
challenged  with  the  human  malaria  parasite,  Plasmodium  falciparum.  Our  results  indicate  that 
changes  in  behavior  of  mosquitoes  following  malaria  parasite  infection  are  likely  a  host-driven 
response  to  immune  challenge  mediated  via  insulin  signaling.  While  weakening  the  case  for 
active  parasitic  manipulation,  our  results  provide  a  mechanistic  basis  to  support  the  assertion  that 
malaria  infected  mosquito  behave  differently. 
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Introduction:  The  genome  of  Rhodnius  prolixus ,  the  second  most  important  vector  of  Chagas 
disease,  was  recently  published.  Neuropeptides  (NPs)  and  biogenic  amines  (BAs)  act  in  cell-cell 
communication  and  are  involved  in  controlling  different  physiological  processes.  Nevertheless, 
information  about  their  role  in  the  periphery  of  the  nervous  system  (i.e.,  the  sensory  system)  is 
limited.  The  analysis  of  an  antennal  transcriptome  of  5th  instar  larvae  and  male  and  female  adults 
of  R.  prolixus  will  be  presented.  Data  on  the  relative  abundance  of  NPs,  the  enzymes  involved  in 
the  biosynthesis  of  BAs  and  their  receptors  will  be  shown  as  well. 

Methods:  Libraries  made  from  mRNA  of  antennae  of  5th  instar  larvae  and  male  and  female  adults 
were  sequenced  (Illumina  HiSeq).  Trinity  and  SOAP-denovo  were  used  to  generate  two  de 
novo  transcriptome  assemblies.  Gene  expression  levels  were  estimated  using  TopHat-Cufflinks 
and  compared  using  Cuffdiff. 

Results/Conclusion:  Transcript  abundances  were  analyzed  for  43  neuropeptide  precursors  and  57 
putative  NP  receptors  (GPCRs).  Furthermore,  expression  levels  were  also  obtained  for  18 
putative  BA  receptors  (GPCRs)  and  8  enzymes  involved  in  BA  synthesis.  Most  of  the  target 
genes  presented  consistent  expression  in  all  libraries.  The  expression  levels  observed  for  several 
neuropeptide  precursors  suggests  that  they  may  regulate  sensory  process  at  the  peripheral  level. 

In  addition,  antennal  expression  of  several  neuropeptides  obtained  by  qPCR  in  different 
physiological  conditions  will  be  presented.  The  relevance  of  these  results  will  be  discussed  in  the 
light  of  the  modulation  of  sensory  function. 
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Introduction.  Salts  are  vital  for  physiological  processes  to  occur.  Deficient  or  excessive  salt 
levels  can  result  in  adverse  effects.  Salt  homeostasis  is  controlled  by  food  ingestion,  for  which 
taste  plays  a  main  role.  Rhodnius  prolixus  uses  its  taste  system  to  examine  a  potential  biting  site 
first,  and  then,  to  assess  the  quality  of  ingested  food.  Here,  we  studied  the  role  of  salts  on  the 
whole  feeding  process  of  Rhodnius ,  from  site  recognition  to  ingestion. 

Methods.  Salts  solutions  were  added  over  bitten  substrates  or  in  the  diet,  and  registered  the 
ingested  volume,  electromiograms  of  the  cibarial  pump  and  electrophysiological  recordings  of 
taste  sensilla.  The  effect  of  amiloride  (a  specific  sodium  channel  blocker)  in  salt  perception  was 
studied.  Lastly,  by  using  bioinformatic  tools,  ppk  genes  (coding  for  ENaC  receptors  in  other 
animals)  were  characterized  and  their  expression  evaluated  in  antennae. 

Results/Conclusion.  Rhodnius  avoided  feeding  on  an  appetitive  diet  when  substrates  were 
impregnated  with  high-salt  levels.  When  treated  with  amiloride,  this  inhibition  disappeared. 
Antiappetitive  responses  also  occurred  when  diets  contained  no-salt  or  high-salt  levels. 
Electromiograms  revealed  different  inhibitory  mechanisms  for  both  feeding  conditions. 
Electrophysiological  recordings  evinced  that  the  targets  of  amiloride  are  antennal  taste  receptors, 
and  probably  epipharyngeal  receptors.  Additionally,  three  R.  prolixus  ppks  showed  a 
characteristic  amiloride-binding-site  domain.  Our  results  show  the  crucial  role  that  salt  detection 
plays  in  the  feeding  decisions  of  Rhodnius.  Moreover,  we  described  the  existence  of  amiloride- 
sensitive  salt  receptors  involved  in  salt  recognition  in  Rhodnius ,  likely  ENaC  receptors. 
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The  behavior  and  physiology  of  insects  (and  other  organisms)  are  subjected  to  a  daily 
rhythmicity  controlled  by  an  endogenous  clock.  Under  normal  conditions,  this  clock  keeps  a 
rhythm  with  a  period  of  about  24  hours,  being  so  called  circadian.  The  molecular  bases  of  this 
clock  are  controlled  by  a  pacemaker  consistent  of  regulatory  loops  in  which  many  genes  are 
involved.  Despite  the  great  advance  in  the  knowledge  of  the  triatomine  adult  behavior  in  recent 
years,  little  is  known  about  the  molecular  circadian  rhythms  of  this  group  of  insects.  We  thus  aim 
to  describe  the  expression  pattern  of  genes  controlled  by  the  circadian  clock  in  the  brains  of 
Rhodnius  prolixus  submitted  to  a  LD12:12  regime  (12h  of  light  followed  by  12h  of  dark)  at 
constant  temperature  (25°C).  In  order  to  link  the  role  of  the  endogenous  clock  to  these  patterns, 
we  also  analyzed  these  genes’  expression  in  bugs  submitted  to  constant  darkness  (DD).  We 
collected  brains  from  500  females  and  split  into  six  time  points  every  four  hours.  We  extracted 
total  RNA,  transcribed  it  reversely  and  quantified  the  gene  expression  using  a  nanofluidic  PCR 
assay.  The  clustered  results  suggest  that  most  genes  related  to  memory,  thermorreception, 
detoxification  and  host  seeking  present  the  peak  expression  at  night.  Altogether,  our  findings 
may  shed  light  into  important  aspects  of  the  control  of  the  different  behaviors  of  triatomine  bugs, 
contributing  to  a  greater  understanding  of  the  biology  of  this  important  vector  species. 
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Introduction:  Antennal  sensory  events  commonly  represent  an  initial  stage  for  the  physiological 
processes  mediating  insect  behavior.  Knowing  their  molecular  bases  seems  relevant  to 
understand  how  they  may  be  interfered  with  to  avoid  pest  insects  approaching  humans  (or  their 
resources).  NGS  techniques  facilitate  understanding  the  molecular  bases  of  behavior.  The 
genome  of  Rhodnius  prolixus,  a  relevant  vector  of  Chagas  disease,  has  been  made  available.  I 
will  present  the  mass  sequencing  of  transcripts  produced  in  the  antennae  of  5th  instar  larvae,  male 
and  female  adults  of  Rhodnius  prolixus ,  as  well  as  data  on  changes  in  relative  abundance  of 
selected  target  genes. 

Methods:  We  obtained  RNAseq  libraries  from  antennae  of  5th  instar  larvae,  males  and  females 
using  Illumina  technology.  Transcriptome  assemblies  (Trinity  and  SoapDenovo)  were  used  to 
correct  sequences  of  sensory  genes  partially  assembled  in  the  Rhodnius  genome.  Finally,  gene 
expression  levels  were  quantified  by  means  of  TopHat-Cuffhnks-Cuffdiff  and  compared  between 
libraries. 

Results/Conclusions:  A  total  of  17,190  genes  were  predicted  by  Cuffhnks-Cuffmerge.  ORs 
(1 1 1),  as  well  as  IRs  (33)  showed  a  trend  to  increased  expression  in  the  antennae  of  adult  bugs. 
As  chemoreception  seems  to  be  enriched  for  triatomine  adult  life,  ORs  and  IRs  showing 
increased  expression  in  adults  deserve  functional  studies.  We  hypothesize  that  they  relate  to  the 
detection  of  sexual  signals  recently  reported  for  these  vector  insects. 
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Chagas  disease,  also  known  as  American  trypanosomiasis,  is  a  severe  infection  that  affects  ca.  8 
million  people  in  Latin  America.  The  disease  is  caused  by  the  protozoan  parasite  Trypanosoma 
cruzi ,  which  is  transmitted  to  humans  by  insect  vectors  belonging  to  the  subfamily  Triatominae. 
Since  the  control  of  Chagas  disease  is  mostly  based  on  vector  control  activities,  understanding 
how  these  insects  interact  with  their  environment,  hosts  and  pathogens  is  crucial  to  improve 
control  strategies.  Rhodnius  prolixus  is  considered  the  most  important  vector  of  Chagas  disease 
in  Venezuela  and  Colombia  but  has  also  been  responsible  for  disease  transmission  in  much  of 
Central  America.  Beyond  transmitting  T.  cruzi ,  this  triatomine  can  also  be  infected  by 
Trypanosoma  ranged,  a  protozoan  that  does  not  cause  disease  to  humans.  The  behavior  of 
triatomines  has  been  largely  studied  and  the  first  works  that  evaluate  the  molecular  bases  of 
behavioral  expression  have  been  recently  developed.  Yet  few  reports  have  focused  on  the 
behavioral  effects  of  the  interaction  that  these  insects  endure  with  their  natural  parasites. 
Understanding  how  infections  modify  host  behavior  and  gene  expression,  particularly  in  respect 
to  those  genes  related  with  behavioral  traits,  will  contribute  to  our  understanding  of  pathogen 
transmission  dynamics.  Using  different  experimental  devices  we  show  that  the  infection  by  both 
species  of  trypanosomes  modifies  bug  behavior,  increasing  the  chances  of  being  transmitted  to 
the  vertebrate  host.  In  parallel  with  the  behavioral  alterations  we  also  show  changes  in  the 
expression  of  genes  related  to  the  modulation  of  behavior. 
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In  Latin  America,  some  bloodsucking  bug  species  have  the  capacity  to  adapt  to  anthroposystems 
(domiciliation  process)  and  are  vectors  of  the  parasite  Trypanosoma  cruzi ,  which  causes  Chagas 
disease.  The  capacity  to  adapt  to  a  new  habitat  could  be  linked  to  changes  in  the  repertoire  of 
chemosensory  system  genes,  particularly  for  odorant  binding  proteins  (OBP)  and  chemosensory 
proteins  (CSP),  which  are  important  proteins  to  detect  various  odor  stimuli.  The  species  T. 
brasiliensis ,  which  is  in  the  process  of  domiciliation  in  Brazil  with  sylvatic,  peridomiciliary  and 
domiciliary  populations,  and  the  two  sibling  species,  R.  robustus,  sylvatic  in  the  Amazonia  and 
R.  prolixus,  adapted  to  domiciles,  were  studied.  Transcriptomic  data,  obtained  by  high- 
throughput  sequencing,  were  used  to  annotate  the  chemosensory  genes  and  also  to  compare  their 
expression  in  bloodsucking  bugs  from  different  habitats.  A  prerequisite  was  to  obtain  reference 
transcriptomes.  The  chemosensory  gene  repertoire  of  the  Triatominae  showed  genic  expansions 
compared  to  that  of  others  Paraneoptera,  which  could  reflect  adaptive  process.  The  differential 
expression  analyses  showed  that  some  transcripts  are  differentially  expressed  according  to  the 
environment  in  which  the  bugs  have  evolved,  especially  transcripts  of  chemosensory  genes 
(OBP,  CSP)  and  also  of  detoxification  genes  (P450,  glutathione  S -transferase)  or  of  genes 
involved  in  the  protection  from  the  external  environment  ( cuticular  proteins).  Understanding  the 
molecular  basis  of  vector  adaptation  to  human  dwellings  opens  the  potential  to  develop  new  tools 
to  control  the  disease  vectors,  for  example  by  disrupting  chemical  communication. 
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The  Galerucinae  s.  1.  is  a  huge  radiation  of  leaf  beetles  (Chrysomelidae)  whose  internal 
relationships  remain  poorly  known.  With  the  development  of  next  generation  sequencing  (NGS), 
mitochondrial  genomes  (mt  genomes)  have  been  widely  used  for  taxonomic  identification, 
tracking  population  trajectories,  systematic  questions  of  entomology  at  various  taxonomic  levels, 
and  so  on.  In  this  study,  mitochondrial  genome  data  (111,  104  new  ones)  sequenced  by  NGS  and 
multiple  analysis  strategy  was  used  to  resolve  the  relationship  of  Galerucini  and  Alticini,  and  to 
revise  the  subtribe  arrangement  of  Galericini.  All  phylogenetic  trees  showed  that  galerucines  and 
alticines  are  sister  groups  that  should  be  treated  in  equal  taxonomic  rank  except  for  some 
problematic  genera,  which  should  be  given  the  right  rank.  Galerucina,  Halyspina  and  Oidina 
were  found  to  be  monophyletic  with  very  high  support,  respectively.  Luperina  was  paraphyly. 
However,  the  Aulacophorina,  Dibrotica,  and  Monoleptites  groups  were  monophyletic, 
respectively.  Based  on  current  molecular  results,  we  suggest  a  new  subtribe  system  of  Galerucini 
(including  eight  tribes:  Oidina,  Galerucina,  Hylaspina,  Metacyclina,  Luperina,  Aulacophorina, 
Diabroticina  and  Monoleptina).  Among  them,  Aulacophorini,  Diabroticini  and  Monoleptini  were 
the  new  ones,  which  were  upgraded  from  a  section  or  a  group  of  Luperini. 
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The  evolutionary  success  of  Coleoptera  is  mainly  attributed  to  the  formation  of  hardened 
forewings  -  the  elytra.  Many  species  do  not  fly  well  or  not  at  all.  However,  generally  the 
membranous  hind  wings  still  play  an  extremely  important  role  as  dispersal  organs  and  in  other 
contexts  such  as  finding  a  mating  partner  or  food  resources.  In  this  study  we  analyze  the  shape 
variation  of  beetle  hind  wings  using  geometric  morphometries,  based  on  36  landmarks  of  96 
specimens  of  leaf  beetles.  The  Principal  Component  Analysis  analyses  indicate  that  shape 
changes  of  the  apical  folding  area  of  beetle  hind  wings  is  relatively  independent  and  has  a  very 


important  influence  on  the  entire  hind  wing  shape  variance.  Both  Principal  Component  Analysis 
and  Partial  Least  Squares  analysis  results  show  neither  altitude  nor  latitude  of  the  habitat  has  a 
distinct  influence  on  the  shape  variance  of  leaf  beetle  hind  wings.  The  Partial  Least  Squares 
analysis  also  shows  the  proximal  and  distal  parts  of  beetle  hind  wings  have  weak  between- 
module  integration.  We  hypothesize  that  the  two  parts  are  relatively  independent.  The  modularity 
test  results  confirmed  our  hypothesis:  the  proximal  and  distal  compartments  of  beetle  hind  wings 
are  separate  functional  modules.  This  could  provide  a  theoretical  basis  and  a  new  perspective  for 
research  on  the  evolution  of  wing  morphology  and  folding  mechanisms.  Our  discovery  could 
also  be  relevant  for  biomimetic  and  mechanical  engineering,  especially  for  the  design  of  micro 
air  vehicles,  solar  array  paddles,  antenna  reflectors  of  satellites  and  some  other  space-deployable 
structures. 
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The  Neotropical  genus  Delocrania  Guerin,  1844  comprises  three  species  and  is  a  significant 
node  in  the  phylogeny  of  Cassidinae  as  it  falls  in  the  transition  zone  from  leaf-mining  or  cryptic- 
feeding  ‘hispine’  forms  and  open-feeding  tortoise  beetles.  The  genus  is  revised  and  illustrated 
descriptions  are  provided  for  a  new  species,  including  the  larva,  from  Peru.  An  illustrated  key  to 
the  four  species  of  Delocrania  is  provided.  The  monophyly,  phylogenetic  position  and 
evolutionary  implications  of  Delocrania  are  discussed. 
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Certain  taxonomic  problems  can  only  be  solved  by  studying  the  name-bearing  type  specimen(s). 
As  characters  of  the  male  copulatory  organ  are  frequently  used  to  separate  species  of  Coleoptera, 
dissecting  the  type  specimen  is  often  necessary.  We  used  X-ray  micro-computet  tomography  to 
investigate  non-invasively  the  type  specimens  of  Oulema  erichsonii  Suffrian  1841  and  Oulema 
septentrionis  Weise,  1880.  According  to  our  results,  it  is  justified  to  treat  these  two  taxa  as 
separate  species.  It  is  also  certain  that  neither  taxon  is  just  a  melanistic  variant  of  O.melanopus 
(Linnaeus,  1758). 
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While  the  Bruchinae  are  only  a  modestly  diverse  group  of  Chrysomelidae,  they  represent  the 
largest  radiation  of  a  seed-feeding  lineage.  Because  of  their  ability  to  convert  the  material  that  is 
meant  to  become  the  offspring  of  a  plant  into  their  own  offspring,  there  are 
numerous  economically  important  species  and  their  role  as  a  selective  force  on 


plant  reproductive  adaptations  may  be  profound.  While  there  have  been  numerous 
recent  advances  in  our  understanding  of  seed  beetle  phylogenetics,  the  most  recent  attempt  at  a 
synthesis  of  their  global  diversity  was  by  Lech  Borowiec  in  1987  (The  genera  of  seed-beetles 
(Coleoptera:  Bruchidae).  Polski  Pismo  Entomologizcne  57:  3-207).  Indeed,  there  has  been 
no  modern  comprehensive  treatment  of  their  diversification  within  a  phylogenetic  context.  We 
present  a  synthesis  of  our  research  that  combines  molecular  datasets  from  programs  focused  on 
Old  World  bruchine  diversification  and  New  World  bruchine  diversification. 

Notable  results  include  considerably  less  distinction  in  New  World/Old  World  lineages  than  was 
previously  proposed.  This  result  is  in  agreement  with  recent  advances  in  the  systematics  of  the 
primary  host  plant  group  of  the  Bruchinae,  the  legumes  (family  Fabaceae).  Further  adjustments 
to  the  higher  classification  of  the  Bruchinae  are  clearly  needed  as  is  a  re-evaluation  of  the 
morphological  character  system  that  has  traditionally  been  used  to  delineate  higher  taxa  in  the 
seed  beetles 
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This  project  is  a  continuation  of  research  about  the  faunistics,  distribution,  and  biogeography  of 
the  Alticinae  (Flea  Beetles)  of  Mexico.  The  author  has  conducted  extensive  field  work  in  the 
majority  of  the  32  Mexican  states  as  well  as  examination  and  determination  of  thousands  of 
Mexican  specimens  from  many  museums  in  North  America.  Two  previous  published  surveys  by 
the  author  were  of  restricted  states,  one  from  Chihuahua  and  Sonora  and  another  from 
Oaxaca.  The  last  comprehensive  list  of  the  entire  Mexican  Alticinae  fauna  was  over  10  years 
ago  and  a  lot  of  new  specimen  data  has  become  accessible.  In  the  current  study  another  ca. 
10,000  specimens  have  been  determined  from  over  10  museum  collections.  The  material 
examined  for  this  study  includes  the  genera  of  the  putative  “tribe/subtribe”  Oediony china,  as 
well  as  the  genera  Disonycha  and  Systenaand  possibly  a  few  others. 


This  research  has  uncovered  over  100  new  Mexican  state  records  as  well  as  a  few  new  country 
records,  e.g.,  Disonycha  nigrita  Jacoby.  This  new  data  enables  predictions  about  the  extent  of 
Nearctic  and  Neotropical  influences  on  the  Mexican  fauna  and  provides  more  comprehensive 
distribution  for  many  species.  As  additional  collections  are  examined  this  research  will  be 
updated 
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The  subfamily  Eumolpinae  (Coleoptera:  Chrysomelidae)  remains  poorly  known  in  spite  of  some 
excellent  recent  studies,  principally  on  the  African  and  Asian  faunas.  However,  the  South 
American  fauna  has  not  received  any  comprehensive  study  since  the  time  of  Bechyne,  and  in 
digital  taxonomic  products  such  as  the  Catalog  of  Life  (CoL)  some  of  the  most  common  and 
diverse  genera  do  not  appear. 

Both  morphological  and  molecular  studies  agree  that  of  the  three  largest  tribes,  the  Eumolpini 
and  Typophorini  represent  monophyletic  groups  while  the  "Adoxini"  is  an  artificial  grouping  of 
genera.  Eumolpini  are  predominately  New  World  with  their  center  of  generic  diversity  in  the 
Brazilian  Atlantic  Forest,  whereas  the  other  two  groups  are  more  diverse  in  the  Old  World. 

Recent  studies  have  resolved  some  of  the  important  phylogenetic  characters;  Eumolpini  are 
characterized  by  male  genitalia  with  a  very  long  endophallus,  with  membranous  or  sclerotized 
lobes,  and  a  flexible  notch  in  the  junction  of  the  basal  hood  and  the  median  lobe  of  the  aedeagus. 
An  elytral  locking  groove  on  the  pygidium  is  characteristic  of  many,  but  not  all,  Eumolpini. 
Typophorini  are  characterized  by  comb-bearing  subapical  notches  on  the  middle  and  hind  tibiae. 
However,  these  and  other  characters,  such  as  wing  venation,  are  not  used  consistently  by  workers 
in  every  continent. 


Further  progress  in  understanding  the  Eumolpinae  will  depend  on  out-of-favor  research 
programs  to  redescribe  inadequately  published  genera,  particularly  of  the  South  American 
Eumolpini,  a  group  still  largely  invisible  to  the  CoL  and  other  emanations  of  the  New 
Taxonomy. 


Symposium 

Presentation  Title:  Fitness  effects  of  polyandry  in  Acromis  sparsa  (Chrysomelidae:  Cassidinae) 

Author  Name:  Paula  Trillo 

Author  Institution:  Gettysburg  College 

Session  Title:  Symposium:  9th  International  Symposium  on  the  Chrysomelidae 
Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2386 
DOI:  10. 1603/ICE.2016. 92790 
Abstract  text: 

Variation  in  the  level  of  polyandry  has  the  potential  to  drive  the  reproductive  success  of  males 
across  a  variety  of  mating  systems.  Thus,  understanding  the  costs  and  benefits  of  multiple  mating 
for  females  can  give  us  insights  into  the  factors  that  promote  polyandry  in  different 
environments.  The  goal  of  this  project  was  to  test  whether  polyandry  reduces  the  opportunity  for 
sperm  limitation  and/or  increases  offspring  viability  in  multiply-mating  females  of  the 
neotropical  leaf  beetle  Acromis  sparsa.  Following  Gowaty  et  al.  201 1,  we  exposed  females  in  a 
monogamy-one  copulation  treatment  (MOC)  to  one  randomly  drawn  male  for  two  days  or  until 
they  copulated.  We  scanned  the  pairs  every  hour  to  confirm  they  copulated.  We  exposed  females 
in  a  monogamy-many  copulations  treatment  (MMC)  to  a  single  male  for  many  days,  until  she 
laid  eggs.  We  exposed  females  in  a  polyandry-many  copulations  treatment  (PMC)  to  a  different 
male  every  two  days  until  she  laid  eggs.  When  eggs  hatched,  we  counted  the  number  of  eggs 
with  dead  larvae,  number  of  unfertile  eggs,  and  number  of  larvae  for  that  female.  We  then  raised 
larvae  in  the  lab  under  similar  conditions  and  noted  larval  mortality  at  every  stage  until  adult 
beetles  emerged.  We  measured  adult  offspring  body  size.  Finally,  all  females  used  in  the 
experiment  were  brought  back  to  the  lab  to  compare  life  span  across  treatments.  Although  no 
large  differences  arose  in  life  span  across  treatments,  multiple  matings  may  reduce  opportunity 
for  sperm  limitation  in  Acromis  sparsa  females. 
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We  summarize  our  results  on  10  years  of  research  on  the  ecology  of  Chrysomelidae  (leaf  beetles) 
at  Serra  dos  Orgaos  National  Park,  State  of  Rio  de  Janeiro,  southeast  Brazil.  Our  emphasis  was 
on  natural  history  and  spatio-temporal  distribution.  Sampling  methods  included  active  search, 
malaise  traps,  adhesive  panels  and  sweep-nets.  We  collected  nearly  400  species  identified  to  nine 
subfamilies,  mostly  Galerucinae,  Eumolpinae,  Cassidinae  and  Chrysomelinae.  More  than  50  host 
plant  associations  were  documented,  mainly  for  Cassidinae  and  Chrysomelinae,  with  many  new 
records.  We  recorded  several  polymorphic  species  and  new  cases  of  known  behaviors,  such  as 
maternal  care,  viviparity,  and  group  defense.  The  chrysomelid  fauna  exhibits  a  clear  seasonal 
distribution  pattern  over  the  year,  with  the  majority  of  species  reproducing  during  the  warmer 
and  wetter  months,  from  September  to  March,  and  many  species  completely  disappearing  during 
the  winter  when  frosting  temperatures  are  recorded  at  the  highest  altitudes.  Thus  climate  seems 
to  play  an  important  role  in  Chrysomelidae  phenology.  Species  richness  and  abundance  vary 
with  altitude  and  between  subfamilies,  probably  because  the  relative  importance  of 
environmental  factors  and  the  requirements  vary  among  groups  and  species.  Our  Malaise  trap 
data  reveal  that  Chrysomelidae  represents  approximately  one  third  of  the  coleopteran  assemblage 
at  the  study  area.  Many  species  exhibit  very  narrow  altitudinal  distributions,  particularly  those  at 
higher  altitudes,  what  makes  them  particularly  threatened  under  the  global  warming  temperature 
scenarios. 
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Galerucinae  (without  Alticini)  is  one  of  most  species-rich  leaf  beetle  groups  with  highest 
diversity  in  tropical  forests.  1680  nominal  species  of  Afrotropical  Galerucinae  were  described. 
Considering  estimations  on  global  diversity,  many  unknown  species  can  be  presumed.  Several 
taxa  traditionally  placed  in  the  “Monoleptites”,  have  been  revised  in  the  last  twenty  years.  Up  to 
now  293  species  have  been  re-examined,  resulting  in  145  valid  species  and  149,  mainly  newly 
recognized,  synonyms.  This  high  number  of  synonyms  was  mainly  caused  by  high  variability  in 
colour  pattern,  a  typical  character  for  many  chrysomelid  species,  while  genitalic  structures  and 
molecular  work  allow  a  more  precise  species  assignment.  Within  the  studied  material  of  about 
72,000  specimens  from  35  collections,  only  108  species  were  newly  described.  After  revising 
one  fifth  of  the  Afrotropical  galerucine  fauna,  the  species  richness  decreased  from  293  to  253 
species,  and  this  pattern  seems  to  be  the  similar  in  other  African  galerucine  groups.  Since  the 
estimation  of  the  extent  of  global  diversity  is  based  mainly  on  insect  species  richness  in  tropical 
forests,  our  case  study  with  hard  data  implied  a  much  lower  diversity  than  “believed”  before. 
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When  the  first  leaf  litter  flea  beetle  was  described  in  North  America  by  Konstantinov  and 
Tishechkin  in  2004,  a  new  unknown  world  was  revealed.  Leaf  litter  and  moss  inhabiting  flea 
beetles  are  considered  rare  in  collections  due  to  their  sampling  difficulty  and  endemic 
distribution;  although  they  have  been  discovered  since  1970s  no  biological  data  is  available. 
Currently  there  are  15  genera  and  3 1  species  of  moss  inhabiting  flea  beetles  and  at  least  other 
five  genera  with  species  occurring  in  leaf  litter.  They  are  generally  restricted  to  highlands  and 
characterized  by  their  small  size  and  reduced  or  absent  hind  wings.  Some  efforts  carried  out  by 
Robert  Anderson  of  the  Canadian  Museum  of  Nature  in  Central  and  South  America  and  as  well 
as  other  studies  that  now  know  where  to  find  these  beetles  have  revealed  new  genera  and  species 
of  leaf  litter  flea  beetles  to  Neotropical  Region  like  Anders onaltica  Linzmeier  &  Konstantinov  (5 
species),  Nicaltica  Konstantinov,  Chamorro-Lacayo  &  Savini  (1  species),  Kiskeya  Kosntantinov 
&  Chamorro-Lacayo  (2  species),  Deciplatus  Linzmeier  &  Konstantinov  (2  species)  and  a  new 
genus  with  15  species  that  are  being  described.  My  objective  is  to  call  attention  to  the  flea 
beetles’  researchers  that  the  inclusion  of  the  associated  substrates  in  their  surveys  certainly  will 
assist  in  revealing  new  species  and  will  help  us  to  understand  the  biological,  ecological  and 
evolutionary  aspects  of  these  species. 
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Introduction:  RNA  interference  is  a  natural  cellular  process  by  which  mRNA  is  targeted  for 
degradation  by  a  small  interfering  RNA  that  contains  a  strand  complementary  to  a  fragment  of 
the  target  mRNA.  This  results  in  a  sequence-specific  inhibition  of  gene  expression.  The 
discovery  of  RNAi  enabled  the  use  of  loss-of-function  analyses  in  many  non-model  insects  with 
still  unknown  genome.  Ecdysteroids  and  juvenile  hormones  (JH)  are  known  as  key  hormonal 
regulators  in  insect  larval  development,  metamorphosis  and  reproduction.  Besides  the  classical 
developmental  hormones,  numerous  neuropeptides  are  integrated  in  these  processes,  showing 
highly  species-specific  functions. 


Methods:  The  present  review  deals  with  recent  contributions  from  our  laboratory  describing  the 
role  of  juvenile  hormone  and  neuropeptides  in  insect  life  phase  transition  and  egg  production, 
using  the  RNA-interference  technique  for  a  specific  knockdown  of  enzymes  from  the  JH 
pathway  and  of  neuropeptide  preprohormones  controlling  JH  biosynthesis.The  dsRNA 
application  was  performed  by  either  injection  or  feeding. 

Results/Conclusion:  The  following  gene  functions  were  studied: 

(1)  Enzymes  involved  in  the  JH  pathway  of  medflies  ( Ceratitis  capitata\  Diptera)  during 
reproduction 

(2)  The  role  of  allatotropin  on  the  titer  of  juvenile  hormones  during  larval  development  in 
Spodoptera  frugiperda{  Lepidoptera) 

(3)  The  role  of  allatotropin  and  allatostatin  type  C  on  the  transfer  of  juvenile  hormones  from 
males  to  females  during  mating  in  S.  frugiperda(LQpidoptQY3) 

(4)  The  role  of  allatotropin  and  allatostatins  type  B  and  C  in  the  pupal  stage  of  Tribolium 
castaneum  (Coleoptera) 

(5)  The  role  of  allatostatin  type  A  on  the  synthesis  of  juvenile  hormone  III  in  termites 
( Mastotermes  darwiniensis ;  Isoptera). 
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Introduction:  Rhodnius  prolixus  is  an  obligatory  blood-feeding  insect  found  in  Central/South 
America.  Rhodnius  is  one  of  the  vectors  for  Trypanosoma  cruzi  that  causes  Chagas  disease  in 
humans.  As  such,  Rhodnius  has  considerable  medical  importance.  Interest  in  Rhodnius  as  a 
model  insect  has  been  reinvigorated  by  the  sequencing  of  its  genome.  Rhodniustakes  huge  blood 
meals,  which  is  followed  by  a  rapid  post-feeding  diuresis.  Here  we  examine  the 
neuroendocrinological  mechanisms  controlling  this  diuresis. 

Methods:  We  have  cloned  the  transcripts  for  a  variety  of  neuropeptides  and  their  G-  protein 
coupled  receptors  (GPCRs)  using  standard  molecular  biology  techniques.  We  have  used 
functional  receptor  assays  to  characterise  the  receptors,  qPCR  to  examine  transcript  distribution, 
and  endocrinological  techniques  to  monitor  physiological  relevance. 

Results/Conclusion:  Serotonin  is  a  diuretic  hormone  (DH)  in  Rhodniusand  works  in  concert  with 
a  member  of  the  CRF-related  family  of  insect  neuropeptides.  Serotonin  and  Rhopr-CRF/DH 
have  potent  biological  activity  on  anterior  midgut  and  Malpighian  tubules,  and  work 
synergistically  during  rapid  post-feeding  diuresis. 

An  anti-diuretic  peptide  (Rhopr-CAPA-2)  and  its  cognate  receptor  are  important  for  the  cessation 
of  rapid  post-feeding  diuresis  in  Rhodnius ,  inhibiting  serotonin- stimulated  secretion  by 
Malpighian  tubules,  but  not  Rhopr-CRF/DH-stimulated  secretion.  Rhopr-CAPA-2  appears  to 
prevent  the  synergism  between  the  diuretic  hormones  serotonin  and  Rhopr-CRF/DH. 

The  interplay  between  diuretic  and  antidiuretic  hormones  in  Rhodnius  results  in  a  remarkable 
diuresis;  a  diuresis  that  has  evolved  to  eliminate  excess  water  and  salts  from  a  massive  blood 
meal.  The  parasite,  T.  cruzi ,  is  transmitted  during  this  diuresis,  and  therefore  these  hormones 
control  the  transmission  of  Chagas  disease. 
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Introduction:  Peptide  hormones  that  are  insect-specific  are  synthesized  by  pest  insects,  as  well 
as,  by  mosquitoes  that  are  important  vectors  of  detrimental  human  infectious  diseases  such  as 
malaria,  dengue,  encephalitis  and  yellow  fever.  While  tropical  diseases  spread  by  mosquitoes 
cause  misery  and  death,  agricultural  pest  insects  cause  major  economic  problems  in  growing  and 
cultivating  plants.  Traditional  controls  using  chemical  insecticides  often  cause  the  development 
of  resistance.  Thus,  new  approaches  are  urgently  needed. 

Methods:  One  approach  is  to  utilize  insect-specific  peptide  hormones  to  selectively  control 
diverse  functions  in  insects  such  as:  digestion,  reproduction,  water  balance,  feeding  behavior, 
metamorphosis  and  sex  attraction. The  advantage  is  that  these  peptide  hormones  are  insect- 
specific  and  they  control  vital  functions  in  the  life  cycle  of  insects.  Disruption  of  these  processes 
causes  irreversible  damage  and,  eventually,  death.  Because  these  hormones  are  peptides,  and  are 
found  naturally  in  insects,  they  are  not  xenobiotic  and  would  not  cause  harm  to  the  environment. 

Results/Conclusion: One  of  these  peptide  hormones  Trypsin  Modulating  Oostatic  factor  (TMOF), 
an  unblocked  mosquito  decapeptide,  that  was  isolated  from  female  Aedes  aegypti  ovaries  has 
been  extensively  characterized  showing  that  it  regulated  trypsin  biosynthesis  in  the  gut  of 
mosquito  and  other  insects  and  thus,  was  genetically  engineered  and  expressed  in  yeast  cells 
(Saccharomyces  cerevisiae  and  Pichia  pastoris)  and  Chlorella  desiccata  cells  to  control 
mosquito  larvae.  In  citrus  TMOF  was  expressed  using  Citrus  Tristeza  Virus  (CTV)  to  control  the 
Asian  citrus  psyllids,  and  in  alfalfa  and  Tobacco  plants  using  Agrobacterium  transformation  and 
Tobacco  mosaic  virus  (TMV)  to  control  Heliothis  virescens. 
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Introduction:  Studies  of  the  molecular  mechanisms  of  insect  cold  hardiness  have  mainly  centered 
to  date  on  the  roles  of  cryoprotectants  and  proteins  that  interact  with  ice  but  it  is  increasingly 
clear  that  subzero  survival  requires  more  than  just  these  factors.  Survival  of  severe 
environmental  stress  is  aided  by  a  reprioritization  of  metabolic  energy  demands  and  entry  into  a 
hypometabolic  state. 

Methods:  Techniques  including  PCR,  immunoblotting,  and  analysis  of  post-translational 
modifications  contribute  to  defining  the  molecular  mechanisms  of  cold  hardiness. 

Results/Conclusion:  Global  biochemical  controls  are  invoked  to  suppress  and  reorganize 
metabolism  involving  a  number  of  newly  recognized  mechanisms.  For  example,  global  controls 
over  gene  expression  include  mechanisms  previously  associated  mainly  with  stable  epigenetic 
control  of  DNA  but  are  now  known  to  provide  reversible  suppression  of  gene  expression  in 
hypometabolic  states.  Coordinated  changes  in  histone  posttranslational  modifications 
(phosphorylation,  acetylation),  activities  of  histone  deacetylases,  and  DNA  methylation 
contribute  to  suppressing  gene  expression.  MicroRNAs  provide  post-transcriptional  regulation  of 
the  fate  of  mRNA  transcripts  and  aid  the  formation  of  ribonuclear  protein  bodies  in  nucleus  and 
cytoplasm  to  allow  storage  of  crucial  mRNA  transcripts.  Long  term  viability  during 
hypometabolism  is  also  aided  by  macromolecular  chaperones,  antioxidant  defenses,  and 
antiapoptotic  mechanisms.  For  more  information,  visit  www.carleton.ca/~kbstorey. 
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Introduction:  Photoperiodism  is  a  seasonal  timing  mechanism  that  enables  insects  to  coordinate 
their  development  and  physiology  to  annual  environmental  changes  in  response  to  day  length 
(photoperiod)  as  an  upcoming  seasonal  cue.  Several  physiological  systems  underlie 
photoperiodism,  and  one  of  the  systems  is  the  photoperiodic  time  measurement,  which  assesses 
the  length  of  day  or  night.  A  circadian  clock  has  been  considered  to  play  an  important  role  in  this 
system,  but  there  has  been  little  conclusive  evidence  in  insects.  In  the  present  study,  we 
approached  this  issue  with  RNAi  of  circadian  clock  genes  in  the  bean  bug  Riptortus 
pedestris(HQmiptGYa,  Alydidae). 

Methods:  We  constructed  double- stranded  RNAs  of  several  clock  genes,  injected  them  into  bugs, 
and  observed  their  photoperiodic  responses. 

Results/Conclusion:  We  found  that  RNAi  of  clock  genes  disrupts  (1)  the  circadian  rhythm,  (2) 
photoperiodic  regulation  of  ovarian  development  in  females,  (3)  photoperiodic  regulation  of 
secretory  fluid  accumulation  in  the  ectodermal  accessory  gland  in  males,  and  also  (4) 
photoperiodic  regulation  of  lipid  accumulation  which  is  regulated  by  a  distinct  cascade  from  the 
reproductive  organ  development.  These  results  indicate  that  the  circadian  clock  resides  as  a  core 
system  in  photoperiodism,  possibly  in  the  photoperiodic  time  measurement. 
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Introduction:  Leaf  beetles  occur  worldwide;  some  of  them  are  even  economically  important  pests 
of  agriculture.  They  raise  broad  ecological  interest  because  of  their  host  plant  preferences  and 
varying  modes  of  life.  Their  larvae  have  developed  an  impressive  repertoire  of  toxins  and 
repellents  to  defend  themselves  against  predators.  Upon  attack,  the  larvae  discharge  small 
droplets  from  specialized  glandular  reservoirs  on  their  back  (e.g.  Chrysomela  populi).  The 
reservoirs  represent  “bioreactors”  performing  all  late  reactions  of  the  toxin-production,  starting 


from  plant-derived  or  de  wovosynthesized  glucosides  of  non-toxic,  early  precursors  of  the 
compounds  in  the  defensive  droplets.  The  import  of  the  plant-derived  glucosides  relies  on  a 
sophisticated  transport  system.  A  functional  network  of  (ABC)  transporters  guide  the  plant 
derived  glucosides  through  the  larval  body  into  the  defensive  system.  Excess  of  the  compounds 
is  excreted  via  other  transporters  in  the  Malpighian  tubules. 

Methods:  The  biosynthetic  enzymes  and  transport  proteins  have  been  identified  by  sequencing, 
mass  spectrometric  analysis  of  the  proteins  from  the  defensive  secretion  and  silencing  of 
individual  proteins  by  RNAi  of  juvenile  larvae. 

Results/Conclusion:  RNAi  allowed  a  rapid  functional  screening  and  identification  of  the  putative 
enzymes  and  the  relevant  transporters,  followed  by  cloning  and  functional  expression  of  the 
positively  identified  candidates.  Due  to  the  high  efficiency  and  high  throughput,  even  large 
protein  families  can  be  analyzed  for  relevant  candidates  (e.g.  65  ABC  transporter  and  68  GLUTs 
were  identified  in  C.  populi  and  P.  cochleariae). 
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Abstract  text: 

Introduction:  Studies  on  the  gut  transcriptomes  of  the  coleopteran  storage  pests  Tribolium 
castaneum  and  Tenebrio  molitorhave  revealed  specific  strategies  that  these  insects  have  evolved 
for  efficient  digestion.  We  compared  the  gut  transcriptomes  to  find  genes  that  may  be  targeted  by 
new  insect  control  products. 

Methods:  Transcripts  from  the  gut  of  T.  castaneum  and  T.  molitor  were  obtained  via  paired-end 
sequencing  (Illumina,  2x75  bp  reads).  Transcripts  from  T.  castaneum  were  mapped  to  the  Tcas3 
genome  from  NCBI,  while  those  from  T.  molitor  were  compared  to  a  custom  transcriptome 


assembly.  We  used  SeqManNGen  and  Array  Star  (DNAStar)  to  obtain  relative  transcript 
expression  for  T.  castaneum  and  T.  molitor ,  respectively. 

Results/Conclusion:  The  most  highly-expressed  genes  in  the  T.  castaneum  dataset  encoded 
proteases,  carbohydrases,  chitin-related,  and  structural  genes  commonly  associated  with  gut 
function  and  integrity.  For  T.  molitor,  proteases  and  carbohydrases  also  were  highly  expressed, 
as  well  as  storage  proteins,  mucin,  and  immune-related  genes.  There  were  448  putative  orthologs 
in  the  datasets;  many  were  mitochondrial,  carbohydrase  and  protease  genes.  Cysteine  protease 
sequences  from  both  insects  have  a  high  degree  of  variability  in  the  substrate  binding  regions, 
consistent  with  the  ability  of  these  enzymes  to  degrade  a  variety  of  cereal  seed  storage  proteins 
and  inhibitors.  A  number  of  hypothetical  proteins  in  both  datasets  indicated  that  more  work  is 
needed  to  fully  characterize  the  gut  transcriptome  in  these  insects.  Additionally,  a  sequenced 
genome  for  T.  molitor  will  improve  the  comparison  of  gene  expression  and  delineate  genes  that 
contribute  to  distinct  life  history  traits  in  these  tenebrionids. 
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Introduction:  Many  papers  have  discussed  the  potential  of  protease  inhibitors  to  engineer  insect 
resistance  in  transgenic  plants,  but  the  general  usefulness  of  this  approach  in  crop  protection  still 
remains  to  be  established.  Herbivorous  insects  have  evolved  various  strategies  to  cope  with 
dietary  protease  inhibitors,  such  as  the  use  of  digestive  proteases  recalcitrant  to  inhibition,  that 
often  make  the  selection  of  effective  inhibitors  very  challenging. 

Methods:  Here,  we  describe  the  use  of  an  activity-based  functional  proteomics  approach  for  the 
‘capture’  of  inhibitor-susceptible  proteases  in  crude  biological  extracts  as  a  decision  tool  to 
identify  promising  inhibitors  for  plant  genetic  improvement. 


Results/Conclusion:  We  show  that  2  single  variants  of  a  tomato  inhibitor  differing  in  their  ability 
to  capture  Cys  proteases  in  midgut  protein  extracts  of  the  coleopteran  herbivore  Leptinotarsa 
decemlineata  also  differ  in  their  usefulness  to  engineer  transgenic  potato  lines  resistant  to  this 
insect.  Plants  expressing  the  most  potent  inhibitor  show  strong  repressing  effects  on  larval 
growth  and  leaf  intake,  unlike  plants  with  the  less  potent  inhibitor  showing  no  effect  on  both  2 
parameters  compared  to  the  untransformed  parental  line  used  for  genetic  transformation.  Our 
data  underline  the  relevance  of  assessing  the  whole  range  of  possible  protease  targets  when 
selecting  an  inhibitor  for  herbivore  insect  control.  They  also  confirm  the  feasibility  of  developing 
protease  inhibitor-expressing  transgenics  resistant  to  a  major  pest  of  potato  famous  for  its  natural 
ability  to  counteract  the  antidigestive  effects  of  protease  inhibitors. 
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Introduction:  The  alary  muscles  consist  of  wing-shaped,  syncytial  muscle  fibers  that  attach  to  the 
insect  heart  tube  in  a  segmental  fashion  and  connect  it  to  the  body  wall.  A  completely  different 
set  of  heart-associated  muscles,  only  present  in  the  adult,  are  the  ventral  longitudinal  muscles 
that  extend  all  along  the  ventral  surface  of  the  adult  heart  and  form  a  major  constituent  of  the 
dorsal  diaphragm.  Until  recently,  very  little  has  been  known  about  the  development, 
metamorphosis,  and  function  of  these  muscles. 

Methods:  We  have  been  using  genetic  approaches  and  imaging  analyses  in  Drosophila  to  dissect 
the  development  of  these  heart-associated  muscles  and  the  regulatory  mechanisms  involved. 

Results/Conclusion:  We  have  shown  that  each  alary  muscles  develops  from  one  muscle  founder 
cell  per  hemisegment  in  the  early  embryo,  which  becomes  specified  as  an  alary  muscle  founder 
by  the  combined  actions  of  the  T-box  transcription  factor  Org-1  ( Drosophila  Tbxl)  and  the  LIM 


homeodomain  factor  Tup  ( Drosophila  Islet- 1).  Strikingly,  during  metamorphosis  the  anterior 
three  pairs  of  larval  alary  muscles  transdifferentiate  into  the  ventral  longitudinal  muscles  of  the 
adult  heart.  During  this  event,  these  particular  alary  muscles  undergo  the  unusual  process  of 
dedifferentiating  and  fragmenting  into  mononucleate  cells,  which  then  fuse  with  fusion- 
competent  myoblasts  to  form  the  syncytial  ventral  longitudinal  muscles  of  the  adult  heart.  We 
have  defined  several  regulators  of  this  transdifferentiation  event  and  will  report  on  the  progress 
of  our  current  genomic  and  genetic  screens  to  identify  additional  components  of  the  regulatory 
pathways  that  control  the  morphogenesis,  dedifferentiation  and  transdifferentiation  of  alary 
muscles. 
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Introduction:  Peptidergic  signaling  impacts  crucial  physiological  parameters  including  cardiac 
contractility.  The  discovery  of  FMRF amide  as  cardioexcitatory  opened  a  new  field  of  study: 

RF amides,  which  contain  an  identical  C-terminal  amidated  dipeptide.  Numerous  findings  were 
and  continue  to  be  made  as  a  result  of  this  seminal  work. 

Methods:  Nucleotide  sequence  analysis  and  peptide  isolation,  as  well  as  immunolocalization  and 
tissue  extraction  and  bioassays  were  used  to  identify  RF amide  precursors  and  peptide  structure, 
as  well  as  structure-activity  relationship. 

Results/Conclusion:  Animals  studied  to  date  contain  multiple  RF amides  often  encoded  in 
polyprotein  precursors  that  undergo  post-translational  processing  to  yield  multiple  peptides  with 
an  RFamide  C  terminus,  yet  a  distinct  N-terminal  extension.  Immunolocalization  and  tissue 
extraction  show  these  structurally-related  peptides  are  expressed  in  the  central  nervous  system 
and  gastrointestinal  tract,  acting  locally  and  peripherally.  Bioassays  indicate  RF amides  are 


pleotropic.  Drosophila  melanogaster  contains  five  different  genes  that  encode  RFamide- 
containing  cardioactive  peptides:  FMRF amide,  neuropeptide  F  (NPF),  myosuppressin,  short 
NPF,  and  sulfakinin.  D.  melanogaster  RF amides  impact  heart  rate;  some  increase,  whereas 
others  decrease  the  frequency  of  contractility  via  signaling  through  G  protein-coupled 
receptors.  Structure-activity  relationship  and  ligand-receptor  contact  sites  demonstrate  that,  in 
general,  the  amidated  C-terminal  dipeptide  and  distinct  N-terminal  extension  are  important  in 
binding  and  conferring  activity.  These  data  provide  insight  into  which  amino  acids  are  required 
for  binding  to  the  receptor  or  activation  of  the  transduction  pathway  in  order  to  design  functional 
agonists  and  antagonists.  The  ability  to  design  RFamide  peptidomimetics  that  influence 
signaling  is  a  strategy  to  impact  physiology  and  ultimately  health. 
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Introduction:  To  exchange  hemolymph  in  long  body  appendages  insects  have  a  number  of 
autonomous  accessory  pulsatile  organs.  We  describe  ovipositor  pulsatile  organs  for  the  first  time 
in  an  insect. 

Methods:  Electrophysiology  and  3D  reconstruction  of  histological  sections  and  pCT  data  were 
used  to  analyse  the  ovipositor  pulsatile  organs  in  the  cricket  Acheta  domesticus. 

Results  /  Conclusion:  The  lumen  of  the  four  long  shafts  (valves)  of  the  ovipositor  is  subdivided 
by  longitudinal  septa  of  connective  tissue  into  efferent  and  afferent  hemolymph  sinuses  which 
are  confluent  distally.  The  countercurrent  flow  is  effected  by  pulsatile  organs  which  are  located 
at  the  bases  of  the  ovipositor  valves.  Each  of  the  four  organs  consists  of  a  pumping  chamber 
which  is  compressed  like  a  bellow  by  rhythmically  contracting  muscles  which  drives  hemolymph 
distally.  The  bilateral  pair  of  dorsal  valves  pumps  in  alternation  with  the  ventral  pair.  The 
rhythms  of  all  four  pumps  are  coupled  functionally  by  neural  control  from  a  central  pattern 


generator  in  the  terminal  ganglion.  We  identified  a  median  efferent  flow  of  hemolymph  towards 
the  tip  of  each  valve  where  gaps  in  the  dividing  septum  allow  a  flow  into  the  lateral 
compartments  and  further  back  towards  the  ovipositor  base.  A  single  pump  stroke  can  drive 
hemolymph  from  the  base  to  the  tip.  The  pumping  rhythm  is  regular  at  about  0.2-0. 5  Hz  and 
accelerates  mainly  when  the  surrounding  hemolymph  becomes  more  acid.  The  rhythmic  output 
persists  even  in  the  completely  isolated  terminal  ganglion  where  a  network  of  rhythm- 
modulating  and  rhythm-resetting  intemeurons  exists. 
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Introduction:  In  the  present  study  we  described  the  detailed  morphology  of  the  (mid-)dorsal  tube 
or  heart  and  associated  tissues  in  adults  of  different  species  of  mosquitoes. 

Methods:  The  dorsal  tube  of  the  hematophagous  mosquitoes,  including  Aedes  aegypti ,  Anopheles 
aquasalis  and  Culex  quinquefasciatus ,  and  of  the  autogenous/non-hematophagous  mosquito 
Toxorhynchites  theobaldi  were  studied  by  means  a  combination  of  different  microscopies  (light, 
confocal  and  transmission  electron  microscopies). 

Results/Conclusion:  For  all  species,  the  hearts  are  laterally  associated  with  alary  muscles  (AM) 
and  pericardial  cells  (PC).  PC  tissue  are  more  prominent  and  seems  to  form  a  syncytium  in  An. 
aquasalis  and  in  T.  theobaldi.  AM  are  directly  connected  to  the  heart  tube  by  myofibrils.  The 
cardiac  musculature  aspects  are  similar  in  the  four  species,  consisting  of  a  single  layer  of  striated 
cardiomyocytes  and  their  circular  orientation.  The  cell  membrane  of  the  cardiomyocytes  has 
invaginations  forming  the  T-tubules  and  their  cytoplasm  is  almost  entirely  filled  by  sarcomeres 
delimited  by  discontinuous  Z-lines,  while  mitochondria  are  located  mainly  in  the  cell  outpockets. 
The  ostia  appear  as  invaginations  of  the  heart  wall  and  formed  by  a  pair  of  cells  in  a  very  delicate 
channel-like  arrangement.  The  number  of  nuclei  of  PC  varies,  depending  on  the  species,  being 


two  in  A.  aegypti  and  C.  quinquefasciatus  and  two  or  three  in  An.  aquasalis.  Rounded  PC  have 
many  cell  membrane  invaginations  and  cytoplasmic  electron-dense  structures  resembling 
lysosomes,  which  tested  positive  for  Lysotracker  in  A.  aegypti.  The  ultrastructure  of  the  heart  are 
conserved  in  adult  mosquitoes  of  different  species  with  different  feeding  habits. 
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Introduction:  The  circulatory  system  of  mosquitoes  is  composed  of  an  open  body  cavity  called 
the  hemocoel,  a  fluid  called  the  hemolymph,  and  a  series  of  autonomous  pumps. 

Methods:  Using  bright  field  and  fluorescence  microscopy,  as  well  as  intravital  video  imaging, 
the  Hillyer  lab  characterized  the  structure  and  contraction  dynamics  of  the  circulatory  pumps  of 
the  mosquito,  Anopheles  gambiae. 

Results/Conclusion:  The  primary  pump  that  drives  hemolymph  propulsion  is  the  dorsal  vessel, 
which  is  a  muscular  tube  that  extends  the  length  of  the  insect  and  is  divided  into  a  thoracic  aorta 
and  an  abdominal  heart.  The  heart  of  adult  mosquitoes  contracts  in  a  wave-like  manner  and 
periodically  alternates  between  propelling  intracardiac  hemolymph  to  the  head  (anterograde)  and 
to  the  posterior  of  the  abdomen  (retrograde).  When  the  heart  contracts  anterograde,  hemolymph 
enters  the  vessel  through  valves,  called  ostia,  located  in  the  anterior  portion  of  each  abdominal 
segment,  and  exits  through  an  excurrent  opening  located  in  the  head.  When  contracting 
retrograde,  hemolymph  enters  the  vessel  through  ostia  located  at  the  thoraco-abdominal  junction 
and  exits  through  excurrent  openings  located  in  the  last  abdominal  segment.  Once  in  the 
hemocoel,  hemolymph  flows  toward  the  ostia  and  reenters  the  heart.  Mosquitoes  also  contain  a 
series  of  auxiliary  hearts,  also  known  as  accessory  pulsatile  organs.  For  example,  the  contraction 
of  muscles  in  the  ventral  abdomen  propels  extracardiac  hemolymph  in  retrograde  and  dorsal 


directions  during  periods  of  anterograde  heart  flow.  Additional  pumps  located  at  the  base  of  the 
antennae  and  the  wings  potentiate  hemolymph  flow  into  these  appendages. 
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Introduction:  When  pathogens  invade  the  hemocoel  of  Anopheles  gambiae,  hemocytes  leave 
circulation  and  attach  to  the  surface  of  the  heart,  where  they  then  migrate  to  the  regions 
surrounding  the  ostia  (valves)  and  remain  sessile.  At  the  ostia,  which  are  the  locations  where 
hemolymph  enters  the  lumen  of  the  heart,  these  large  aggregates  of  sessile  hemocytes 
phagocytose  and  kill  pathogens  and  are  referred  to  as  periostial  hemocytes.  This  specific 
relocation  of  immune  resources  suggests  that  periostial  hemocytes  have  an  essential  role  in 
cellular-mediated  immunity  that  is  facilitated  through  interactions  with  the  circulatory  system. 

Methods:  Using  in  vivo  hemocyte-specific  staining  and  intravital  imaging,  among  other 
techniques,  we  characterized  the  distribution  of  hemocytes,  phagocytosis,  melanization,  and 
hemolymph  flow  in  the  periostial  regions  of  the  heart. 

Results/Conclusion:  Our  studies  show  that  periostial  hemocytes  aggregate  in  response  to  diverse 
immune  stimuli  and  that  aggregation  occurs  in  an  asymmetric  pattern  on  the  surface  of  the  heart. 
This  spatial  pattern  of  aggregation  correlates  with  patterns  of  immune  activity,  and  furthermore, 
with  patterns  of  hemolymph  flow  through  the  ostia  of  the  heart.  Additionally,  hemocytes  are  also 
present  in  low  numbers  on  other  circulatory  structures,  but  infection  does  not  elicit  aggregation 
at  these  sites.  Thus,  the  circulatory  and  immune  systems  interact  to  rapidly  and  efficiently  clear 
pathogens  from  the  hemolymph  in  regions  of  high  hemolymph  flow. 
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Introduction:  From  a  mechanical  perspective,  the  dorsal  vessel  is  a  puzzling  structure:  it  is  the 
largest  organ  in  the  insect  circulatory  system,  but  it  is  small  relative  to  the  body,  it  is  only  half- 
muscularized,  and  it  pumps  into  a  much  larger  body  cavity,  with  flow  direction  sometimes 
reversed.  Helical  muscles  in  the  heart  shorten  to  produce  wave-like  contractions  that  travel  along 
its  length,  purportedly  producing  peristaltic  transport  of  hemolymph.  Despite  a  relatively  mature 
body  of  literature  describing  the  morphology  of  the  heart,  and  its  near  ubiquity  among  insects, 
almost  nothing  is  known  about  the  mechanism  by  which  it  produces  flow,  its  pumping  capacity, 
or  the  dynamics  of  the  intra-cardiac  flows  themselves. 

Methods:  Here,  we  describe  our  recent  efforts  to  understand  the  functional  relationship  between 
morphology,  actuation,  and  flow  in  the  insect  heart  using  multiple  experimental  and 
computational  techniques.  In  particular,  we  have  employed  synchrotron  X-ray  imaging,  dye 
injection,  digital  particle  image  velocimetry,  high-frequency  ultrasound,  and  immersed  boundary 
method  modeling  to  probe  patterns  of  flow  with  high  temporal  and  spatial  resolution. 

Results/Conclusion:  Our  preliminary  results  from  grasshoppers,  cockroaches,  and  beetles  suggest 
that  the  heart  is  not  as  efficient  a  pump  as  commonly  understood,  and  that  the  pulsatile  flow 
produced  by  the  dorsal  vessel  may  serve  multiple  roles  in  circulation.  Partially  supported  by  NSF 
0938047,  1301037,  and  1151478,  and  AHA  14SDG18220010. 
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Introduction:  Quantitative  analysis  of  the  hemolymph  flow  through  circulatory  system  of 
butterflies  is  hindered  by  the  absence  of  data  on  viscous  properties  of  hemolymph.  The  cross- 
sectional  shapes  of  the  transport  channels  add  to  the  flow  complexity.  To  fill  the  gap  in  this 
important  area  of  insect  physiology,  we  conducted  a  systematic  study  on  hemolymph  viscosity 
and  investigated  its  effect  on  the  hemolymph  flow  through  the  butterfly  galea. 

Methods:  Viscosity  of  butterfly  hemolymph  has  been  studied  using  Magnetic  Rotational 
Spectroscopy  (MRS).  Small  droplets  of  hemolymph  were  extracted  from  the  butterfly  wing  and 
immediately  MRS  probed.  A  detailed  numerical  investigation  of  the  flow  pattern  of  hemolymph 
through  the  crescent-shaped  tube  of  the  galea  has  been  conducted. 

Results/Conclusion:  Butterfly  hemolymph  depends  on  the  environmental  conditions;  for 
example,  hemolymph  viscosity  of  the  Painted  Lady  ( Vanessa  cardui)  may  become  tenfold 
greater  than  that  of  water.  This  finding  and  the  analysis  of  cross-sectional  shapes  of  the  animal 
conduits,  especially  butterfly  galeae,  pose  challenging  questions  about  the  mechanism  of 
hemolymph  circulation.  To  circulate  hemolymph  through  its  body,  the  butterfly  has  to  overcome 
huge  stresses  built  up  at  the  conduit  walls,  leading  to  the  energy  dissipation.  The  flow  analysis 
reveals  that  viscous  stresses  at  the  edges  can  be  made  zero  if  the  corner  angle  is  less  than  90°. 
Therefore,  the  conduit  morphology  is  self-selected  to  provide  minimum  energy  dissipation.  We 
will  discuss  the  physical  principles  of  hemolymph  flow  through  butterfly  galeae  to  emphasize  the 
structural  features  of  the  proboscis  and  interaction  of  proboscis  elasticity  and  hemolymph  flow. 
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Abstract  text: 

Introduction:  Psocids  have  been  considered  as  global  pests  of  stored  products  for  the  last  two 
decades.  Psocid  problems  were  reported  from  Africa  and  Asia  in  the  late  1980’s,  from  Australia 
and  China  in  the  1990’s,  and  from  the  U.S.  in  the  2000 ’s. 

Methods:  Starting  in  the  1990’s,  much  research  was  conducted  on  controlling  psocids  with 
insecticides,  followed  by  renewed  emphasis  on  research  on  the  biology  and  ecology  of  psocids  in 
the  2000“ s. 

Results/Conclusion:  Psocids  were  once  considered  minor  pests  of  stored  products  that  were 
unable  to  damage  the  product,  but  were  just  considered  a  nuisance  because  of  their  presence. 
Recent  studies  have  shown  that  psocids  can  damage  stored  products,  including  intact  grain 
kernels.  They  also  were  once  considered  only  a  problem  in  wet  or  moldy  stored  products,  but 
recent  studies  have  shown  that  psocid  species  vary  greatly  in  their  requirements  for  temperature 
and  relative  humidity.  Some  species  develop  well  at  moderate  relative  humidities.  Psocids  are 
tolerant  to  many  of  the  insecticides  used  to  control  beetle  and  moth  pests  of  stored  products. 
Changes  in  insecticides  used  for  control  of  stored-product  insect  pests  and  demand  for  stored 
products  that  are  free  of  insect  infestation  probably  have  contributed  to  the  rise  of  psocids  as 
global  pests  of  stored-product. 
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Abstract  text: 

Introduction:  The  present  study  provides  information  on  the  interspecific  competition  among 
stored-product  Psocoptera  by  examining  their  long-term  population  growth  when  placed  singly 
or  in  pairs  of  species  in  the  same  food  source.  In  addition,  the  effect  of  grain  commodity, 
percentage  of  cracked  kernels,  and  wheat  class  on  population  growth  of  certain  stored-product 
Psocoptera  was  examined. 

Methods:  Six  series  of  experiments  were  conducted.  In  the  first  series,  adult  females  of 
Liposcelis  bostrychophila,  Liposcelis  decolor ,  and  Liposcelis  paeta  were  placed  in  vials 
containing  wheat,  either  alone  or  in  all  possible  combinations  of  two  species.  In  the  second  series 
of  tests,  L.  bostrychophila  adult  females  were  placed  in  vials  of  wheat  either  alone  or  with  adult 
females  of  Lepinotus  reticulatus.  In  the  third,  fourth,  and  fifth  series  of  experiments,  differences 
in  L.  bostrychophila ,  L.  decolor ,  Liposcelis  entomophila ,  and  L.  paetaprogeny  production  as  a 
function  of  commodity  type,  percentage  of  cracked  kernels,  and  wheat  class  were  examined. 

Results/Conclusion:  L.  bostrychophila  outcompetes  the  other  Psocoptera.  Under  limited  food,  the 
simultaneous  presence  of  L.  bostrychophila  will  lead  L.  decolor  and  L.  reticulatus  to  extinction. 
Population  growth  of  L.  bostrychophila ,  L.  decolor ,  L.  paeta ,  and  L.  entomophila  was  affected  by 
the  type  of  commodity.  Progeny  production  did  not  increase  as  cracked  kernel  content  increased 
and  differed  among  wheat  classes.  Grain  type  and  amount  of  cracked  kernels  could  serve  as 
indicators  for  the  prediction  of  whether  a  certain  commodity  is  susceptible  to  infestation  by 
stored-product  Psocoptera. 
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Abstract  text: 


Introduction:  Psocids  have  become  important  pests  of  food  facilities,  and  there  is  a  need  for  more 
effective  Integrated  Pest  Management  programs.  Monitoring  is  a  fundamental  part  of  an  IPM 
program  since  it  provides  information  on  the  effectiveness  of  prevention  programs  and  helps 
target  and  evaluate  the  effectiveness  of  suppressive  tactics.  Tools  and  tactics  for  monitoring 
psocids  are  limited,  but  some  recent  advances  in  the  identification  of  new  attractants  could 
increase  the  effectiveness  of  trapping  programs. 

Methods:  We  used  two-choice  bioassays  and  wind-tunnel  tests  to  evaluate  the  response  of 
psocids  to  volatile  chemicals  from  different  food  materials.  The  following  species  were 
evaluated  for  their  response  to  different  volatile  cues:  Liposcelis  bostrychophila ,  L.  entomophila, 
L.  paeta,  L.  brunnea,  L.  decolor,  L.  corrodens,  and  Lepinotus  reticulatus.  In  addition  to  response 
to  volatile  cues,  we  also  evaluated  response  to  different  wavelengths  of  light  alone  and  in 
combination  with  food  volatile  cues. 

Results/Conclusion:  For  most  of  the  tested  species,  brewer’s  yeast  elicited  the  strongest  response, 
with  wheat  germ  and  wheat  germ  oil  also  triggering  a  strong  response.  Behavioral  observations 
with  and  without  airflow  confirmed  that  L.  bostrychophila  was  actively  attracted  to  brewer’s 
yeast.  Certain  wavelengths  of  light  were  also  found  to  be  highly  attractive  to  L.  bostrychophila 
both  alone  and  in  combination  with  brewer’s  yeast.  These  results  indicate  that  there  are  some 
useful  attractants  that  could  be  incorporated  with  traps  to  increase  the  ability  to  monitor  psocid 
activity  in  food  facilities. 
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Abstract  text: 

Introduction:  Psocids  are  emerging  pests  of  stored  products,  particularly  in  cereals  and  cereal 
products.  Several  insecticides  have  been  used  for  their  control  with  variable  efficacy  levels. 
Psocids  are  known  to  have  a  considerable  level  of  resistance  to  several  of  the  commonly  used 


insecticides,  so  chemical  control  is  often  not  effective  for  their  control.  During  the  last  eight 
years,  a  series  of  experiments  were  carried  out  to  assess  the  efficacy  of  selected  insecticides  for 
control  of  several  major  stored-product  psocid  species  belonging  to  the  genera  Liposcelis  and 
Lepinotus. 

Methods:  Two  types  of  insecticides  were  tested:  fumigants  and  contact  insecticides.  For  the 
contact  insecticides,  there  were  two  types  of  applications:  insecticides  that  were  applied  directly 
on  grains  and  insecticides  there  were  applied  on  concrete. 

Results/Conclusion:  Regarding  fumigants,  all  tested  psocid  species  were  susceptible  to  sulfuryl 
fluoride  and  methyl  bromide  as  adults  and  nymphs,  but  the  eggs  were  found  tolerant,  especially 
to  sulfuryl  fluoride.  Among  the  contact  insecticides  tested  on  grains,  diatomaceous  earths, 
spinosad,  natural  pyrethrum,  S-methoprene,  and  a  mixture  of  S-methoprene  with  spinosad  could 
not  control  most  species.  All  tested  species  were  found  very  susceptible  to  pirimiphos-methyl 
and  chlorpyriphos-methyl  +  deltamethrin.  On  concrete,  psocids  were  found  susceptible  to 
chlorfenapyr  and  beta-cyfluthrin  +  imidacloprid,  but  not  to  S-methoprene.  This  screening 
indicated  that  when  a  chemical  control  strategy  is  planned  for  stored-product  psocids, 
insecticides  should  be  carefully  selected  as  it  is  likely  for  some  species  to  be  tolerant  to  many  of 
the  commonly  used  ingredients. 
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Abstract  text: 

Psocids  belonging  to  the  genus  Liposcelis  are  now  considered  important  stored-product  pests 
worldwide.  Psocids  are  unique  insects  and  often  respond  to  chemical  control  differently  than 
stored-product  beetle  pests,  and  different  psocid  species  respond  differently  to  chemical  control 
measures.  The  fact  that  psocids  are  difficult  to  control  with  fumigants  and  contact  insecticides 
requires  nonchemical  tactics  are  available  to  be  used  as  alternatives  or  used  to  support  chemical 


application.  Nonchemical  tactics  that  have  been  researched  have  focused  on  four  of  the  most 
economically  significant  psocid  species  infesting  stored  products  worldwide,  namely,  Liposcelis 
bostrychophila  Badonnel,  L.  decolor  (Pearman),  L.  entomophila  (Enderlein),  and  L.  paeta 
Pearman.  Nonchemical  tactics  that  have  been  researched  include  elevated  temperatures,  cold 
temperatures,  dehumidification,  diatomaceous  earths  (DEs),  and  controlled  and  modified 
atmospheres.  Exposure  of  L.  bostrychophila ,  L.  decolor ,  and  L.  paeta  to  46°C  for  35  h  controls 
eggs,  the  most  tolerant  stage.  Exposure  of  all  developmental  stages  of  L.  decolor  to  43%  RH  for 
8-14  d  results  in  100%  mortality.  The  egg  stage  of  L.  bostrychophila is  the  most  tolerant  to  cold 
temperature  treatment  but  exposure  to  -18°C  (0°F)  for  80  h  causes  100%  mortality.  DEs  are 
neither  effective  in  killing  adult  psocids  nor  reducing  progeny  production.  DEs  alone  are  not 
suitable  for  psocid  control.  Controlled  and  modified  atmospheres  are  effective  against  psocids 
but  require  long  exposure  periods  for  complete  control.  The  potential  of  using  heat  disinfestation, 
dehumidification,  cold  temperatures,  DEs,  and  controlled  and  modified  atmospheres  for  stored- 
product  psocid  management  will  be  discussed. 
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Introduction:  Psocids  in  the  genus  Liposcelis  (Psocoptera:  Troctomorpha),  are  major  pests  of 
stored  grain  and  commonly  occur  on  a  wide  range  of  stored  products.  Normally,  the 
mitochondrial  (mt)  genome  of  bilateral  animals  has  a  typical  single  mt  chromosome.  Recently, 
fragmented  insect  mt  genomes  were  found  in  parasitic  lice. 

Methods:  In  our  previous  studies,  adopting  the  Long-PCR  strategies,  four  Liposcelis  species 
were  sequenced  for  complete  mt  genomes. 

Results/Conclusion:  We  found  that  Liposcelis  species  have  the  most  dramatic  variation  of  mt 
genomes  oberved  in  insects,  including  genome  architecture,  gene  order,  gene  content,  and  gene 


strand  asymmetry.  Liposcelis  decolor  has  its  mt  genes  on  a  single  chromosome,  like  most  other 
insects;  however,  L.  bostrychophila,  L.  entomophila ,  and  L.  paeta  have  a  multipartite  mt  genome 
with  genes  on  two  chromosomes.  In  L.  bostrychophila ,  the  mt  genes  are  distributed 
approximately  equally  between  the  two  chromosomes.  However,  in  L.  entomophila  and  L.  paeta , 
one  mt  chromosome  has  most  of  the  genes  we  identified  whereas  the  other  chromosome  has 
numerous  pseudogenes  and  non-coding  regions.  Furthermore,  the  arrangement  of  mt  genes 
varies  extensively  among  the  four  Liposcelis  species;  indeed,  no  gene  boundary  is  shared  by 
these  four  psocid  species.  L.  paeta  and  L.  bostrychophila ,  share  three  gene  boundaries,  atp8- 
atp6,  cox3- cox,l  and  nad4-nadl.  Our  results  indicate  unusually  fast  evolution  in  mt  genome 
organization  in  the  genus  Liposcelis ,  and  reveal  different  patterns  of  mt  genome  fragmentation 
among  Liposcelis  species. 
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Abstract  text: 

More  attention  has  been  paid  to  stored-product  psocid  pests  as  the  new  issue  in  the  field  of  stored 
products  protection.  The  rapid  and  correct  identification  of  species  is  significant  for  the 
monitoring  and  control  of  this  kind  of  insect  pest.  However,  stored-product  psocid  pests  are 
extremely  difficult  to  identify  by  the  traditional  methods  of  morphological  characteristics.  In  this 
study,  the  molecular  methods  and  techniques  (such  as  DNA  barcoding,  species-specific  primer 
PCR,  real-time  PCR,  and  gene  chip)  for  identification  of  stored-product  psocid  pests  were 
developed  and  applied  systematically  based  on  DNA  sequences  of  ITS2  rDNA.  The  pure 
cultured  samples  of  psocids  including  10  species  of  Liposcelis  were  used  in  this  research  which 
was  based  on  the  international  collaboration  of  entomologists  from  China,  Czech  Republic,  the 
United  States,  and  other  countries.  The  above  molecular  methods  and  techniques  can  be  applied 
independently  to  identify  the  species  of  stored-product  psocid  pests  rapidly  and  correctly.  As  an 
example  in  China,  the  stored  psocid  samples  of  national  investigation  during  2014-2015  have 
been  tested  by  DNA  barcoding,  species-specific  primer  PCR,  real-time  PCR,  and  gene  chip,  and 


the  identified  species  include  Liposcelis  bostrychophila  Badonnel,  L.  entomophila  (Enderlein),  L. 
£>aeta(Pearman),  L.  <ieco/or(Pearman)  etc. 

Key  words:  stored-product  psocid  pests,  DNA  barcoding,  species-specific  primer  PCR,  real-time 
PCR,  gene  chip 
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Abstract  text: 


Introduction:  Coptotermes  gestroi  forages  on  wooden  structures  and  causes  substantial  damage 
in  urban  areas.  Survival  of  foragers  may  be  influenced  by  either  group  size  (portions  of  foraging 
populations)  and  caste  composition  (worker/soldier  ratio).  It  was  hypothesized  that  workers 
survive  at  highest  rates  in  larger  groups  and  in  the  presence  of  food,  and  that  soldiers  represent  a 
nutritional  resource  for  foragers  during  starvation  periods. 

Methods:  To  test  the  first  hypothesis,  groups  of  100,  200,  and  400  workers  were  placed  in 
experimental  arenas  containing  wood  as  food.  After  28  days,  the  units  were  evaluated:  the 
number  of  live  termites  and  the  wood  consumption  were  estimated.  To  test  the  second 
hypothesis,  groups  of  100  workers  +10  soldiers  were  placed  in  experimental  arenas  either  in  the 
presence  or  absence  of  food,  and  the  survival  for  each  caste  was  evaluated  after  seven  days.  In 
addition,  groups  with  0%  and  10%  of  soldiers  were  followed  in  intervals  of  three  days  during  9 
days. 

Results/Conclusion:  Data  analysis  showed  that  there  were  no  significant  differences  within  the 
group  sizes  on  termite  survival  (F  =  0.533;  d.f.  =  2,  9  ;P  =  0.593),  but  the  wood  consumption  was 
significantly  higher  in  the  smaller  groups  (F  =  5.100;  d.f.  =  2,  9;  P  =  0.013).  In  addition,  workers 
were  significantly  cannibalized  (P  =  0.0452)  and  soldiers  were  not  (P  =  0.9097).  Cannibalism 
significantly  occurred  after  6  days  of  starvation  (P  =  0.016).  Colony  partitioning  and  starvation 
are  stressful  conditions  that  lead  C.  gestroi  foragers  to  adaptive  behaviors  to  enhance  survival. 

Acknowledgments:  The  authors  thank  FAPEMIG  and  CNPq  for  financial  support. 
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Abstract  text: 


Introduction:  Hurricane  Katrina  made  landfall  on  August  29,  2005.  City  Park  was  inundated  with 
flood  water  for  2-3  weeks  at  depths  ranging  from  0.5  to  2.5  meters.  The  current  study 
investigated  the  effects  of  long-term  flooding  on  populations  of  Coptotermes  formosanus  in  City 
Park. 

Methods:  Over  100  underground  monitoring  stations  had  been  checked  for  termite  activity  in 
August  2005.  Mark-release-recapture  techniques  had  been  used  to  delineate  colony  distribution. 
These  monitoring  stations  were  checked  in  October  2005  for  termite  activity  and  mark-release- 
recapture  techniques  were  used  to  delineate  post  flooding  colony  distribution  at  monitoring 
stations. 

Results/Conclusion:  In  one  study  site,  59%  of  monitoring  stations  were  occupied  by  C. 
formosanus  before  Hurricane  Katrina,  while  54%  of  stations  were  occupied  by  C. 
formosanus  only  2-3  weeks  after  the  water  receded.  At  another  study  site,  average  numbers  of 
termites  collected  in  monitoring  stations  were  significantly  lower  after  the  flood.  These  results 
suggest  that  sufficient  numbers  of  termites  survived  the  flood  to  rapidly  re-infest  monitoring 
stations,  but  that  overall  population  numbers  were  suppressed.  Because  underground  monitoring 
stations  were  located  at  the  base  of  termite-infested  trees,  termites  most  likely  survived  in  carton 
nests  and  gallery  systems  within  the  tree  trunks.  There  were  changes  in  the  distribution  of  C. 
formosanus  colonies  after  the  flooding.  In  some  cases,  new  colonies  were  detected  within  the 
range  of  pre-Katrina  colonies.  The  temporary  vacancy  of  gallery  systems  due  to  flooding  may 
have  provided  the  opportunity  for  a  new  colony  to  move  into  a  gallery  system  previously 
occupied  by  another  colony. 
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Introduction:  In  natural  environments,  termites  are  exposed  to  a  large  number  of  parasites  that 
may  affect  their  behavior,  reproduction,  and  survival.  Twenty  species  from  9  genera  of 
ectoparasitic  fungi  on  termite  bodies  such  as  Laboulbeniopsis  termitarius  have  been  reported. 
Laboulbeniopsis  termitarius  Thaxt  grows  on  the  cuticle  of  adult  insects.  In  this  study,  the 
prevalence  of  L.  termitarius  infection  in  Reticulitermes  spp.  colonies  from  Japan  was 
determined.  In  the  meantime,  the  infection  rate  and  abundance  of  L.  termitarius  on 
Reticulitermes  spp.  were  compared  among  castes  and  environmental  factors  (such  as  altitude 
level  and  temperatures)  where  they  were  collected. 

Methods:  Two  to  five  colonies  of  Reticulitermes  spp.  were  collected  from  17  locations  (from 
Okinawa  Prefecture  to  Hokkaido  Prefecture)  in  Japan.  Termites,  including  their  nesting  tree 
branches,  were  brought  back  to  the  laboratory.  A  subsample  of  500  workers  and  20  soldiers  were 
separated  from  the  nests  and  debris  and  were  frozen  for  two  hours  prior  to  examination.  The 
termites  were  individually  examined  under  a  dissecting  microscope,  and  the  number  of  thallus  on 
termite  body  was  recorded. 

Results/Conclusion:  Surveillance  showed  that  the  infection  of  L.  termitarius  on  Reticulitermes 
spp.  is  prevalent.  The  results  indicated  that  the  infection  rate  of  the  ectoparasitic  fungus  and  the 
number  of  thallus  found  on  worker  and  soldier  termites  had  no  significant  difference  regardless 
of  different  altitude  level  and  temperatures  where  their  nests  were  found.  The  high  prevalence  of 
L.  termitarius  on  Reticulitermes  spp.  suggested  an  evolutionary  adaption  might  have  occurred 
between  the  two  organisms. 
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Abstract  text: 


Introduction:  Coptotermes  formosanus  and  Reticulitermes  flaviceps  are  destructive  termite 
species  to  household  structures  in  China.  These  two  termites  show  different  foraging  activities. 
The  associated  mechanism  of  the  difference  between  these  two  species  is  in  need  of  further 
investigation. 

Methods:  The  foraging  activities  including  foraging  range  and  seasonal  fluctuation  were 
investigated  in  subtropical  areas  in  China  based  on  the  Mark-release-recapture  method. 
Transcriptome  analyses  between  workers  of  the  two  species  were  performed. 

Results/Conclusion:  The  Formosan  termites  foraged  1 1  -  57m  and  covered  98  -  671m2  area, 
while  R.  flaviceps  foraged  in  a  much  shorter  distance.  The  seasonal  fluctuation  in  termite  colony 
activity  showed  an  “M  shape”  pattern  to  both  termite  species,  which  indicated  that  the  typical 
subtropical  weather  was  a  main  factor  determining  the  seasonal  fluctuation.  Different  gene 
expression  patterns  may  contribute  to  the  different  foraging  activities  between  these  two  species. 
This  study  provides  basic  information  for  the  foraging  activities  of  C.  formosanus  and  R. 
flaviceps  as  well  as  contributing  to  the  knowledge  surrounding  baiting  applications  for  termite 
control. 
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Abstract  text: 

Introduction:  The  sympatric  higher  termites,  Macrotermes  gilvus  (Hagen)  and  M.  carbonarius 
(Hagen)  can  form  populous  colonies  in  one  given  habitat.  As  a  rule,  competition  between 
termites  from  neighbouring  colonies  would  be  intense.  This  phenomenon  may  pose  adverse 
effects  to  their  foraging  efficiency  and  interspecific  hybridization  that  could  result  in  sexual  caste 
infertility. 


Methods:  The  ecological  aspects  of  these  two  termites  ranging  from  dispersal  activity, 
intraspecific  aggression,  desiccation  tolerance,  and  reproductive  replacement  mechanisms  and 
constraints  were  studied  from  2006  to  2010. 

Results/Conclusion:  The  results  showed  that  despite  the  similarity  of  their  nesting  ecologies, 
several  mutual  adaptive  strategies  were  identified  such  as  chronological  reproductive  isolation  by 
having  disparate  flight  periods,  low  intraspecific  aggression,  and  a  physiological  advantage  in  M. 
carbonarius  permits  M.  carbonarius  to  forage  above  ground  and  thus  avoid  direct  competition 
for  food  with  M.  gilvus  (which  forages  underground).  In  addition,  accompanied  by  the  potential 
of  producing  adultoids  as  replacement  reproductives  once  colony  decease  occurs,  and  the 
valuable  food  source  (fungus  comb)  in  the  deceased  nest  that  promotes  intra-/inter  specific  re¬ 
colonization,  the  population  dynamics  of  M.  gilvus  and  M.  carbonarius  in  one  given  area  could 
be  considerably  maintained. 


Symposium 

Presentation  Title:  Semiochemical-based  trapping  technologies  for  consumer  markets 

Author  Name:  Qing-He  Zhang 

Author  Institution:  Sterling  International,  Inc 

Session  Title:  Symposium:  Novel  Techniques  in  Urban  IPM 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2419 

DOI:  10. 1603/ICE.2016.9473 1 

Abstract  text: 

Introduction:  Sterling  International,  Inc.,  is  a  semiochemical-based  company  manufacturing 
Rescue®brand  traps  and  attractants  for  pestiferous  social  wasps,  filth  flies,  Japanese/Oriental 
beetles,  stink  bugs,  vinegar  fruit  flies,  and  spiders  for  the  consumer  retail  market. 

Methods:  Unlike  agricultural,  commercial  and  professional  pest  control  operator  (PCO)  markets, 
the  consumer  market  consists  primarily  of  household  consumers  who  buy  semiochemical-based 
pest  control  products  as  a  “Do  It  Yourself’  (DIY)  trapping  technology  for  individual  or  family 
consumption.  The  retail  stores  for  our  trapping  products  include  Wal-Mart,  Home  Depot,  Lowes, 
ACE  Hardware,  and  Costco,  among  many  others.  The  massive  scale  of  these  retailers  provides 
tremendous  opportunities  for  sale  revenues  and  profits;  but  this  marketplace  is  also  extremely 
competitive  for  companies  such  as  ours  competing  for  limited  shelf  space.  For  any  product, 


especially  consumer  products,  performance  (efficacy;  R&D  core)  is  most  crucial  for  end  users. 
However,  other  factors  such  as  pricing,  packaging,  design  (appearance/look),  TV  commercials, 
floor  display,  instructions,  child  resistant  features,  and  customer  service  are  also  keys  to  success 

Results/Conclusion:  In  this  presentation,  I  will  share  my  experience  as  an  entomologist  and 
director  of  research  in  an  industry  that  develops  semiochemical-based  trapping  technologies  for 
the  gigantic  consumer  market. 
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Abstract  text: 

Introduction:  While  native  to  the  western  United  States  the  Western  yellowjacket,  Vespula 
pensylvanica ,  is  often  considered  an  urban  pest  especially  in  areas  where  its  natural  habitat 
interfaces  with  parks  and  recreational  areas.  Our  study  looked  at  the  use  of  two  attractants:  one  to 
increase  monitoring  efficiency  and  another  to  increase  the  incidence  of  pesticide  uptake. 

Methods:  A  large,  regional  park  in  suburban  southern  California  that  abuts  undeveloped 
wilderness  with  a  history  of  yellowjacket  complaints  was  used  as  a  study  site.  Monitoring  traps 
equipped  with  heptyl  butyrate  lures  were  hung  around  the  perimeter  of  the  area.  Once  a 
predetermined  tolerance  threshold  was  reached  within  an  area,  bait  stations  with  chicken  meat 
treated  with  fipronil  were  set  out  to  knock  down  the  wasp  population  to  tolerable  levels. 

Results/Conclusion:  Using  this  two-part  strategy  for  two  consecutive  summers  we  were  able  to 
target  specific  areas  within  and  along  the  perimeter  of  the  park  where  yellowjacket  numbers  had 
become  too  high.  We  were  able  to  demonstrate  not  only  significant  decreases  in  trap  captures  at 
the  target  areas  but  also  within  a  larger  area  than  anticipated.  By  using  attractants  we  monitored  a 
large  area,  selectively  removed  only  the  pest  organisms  when  necessary,  and  minimized 
introduction  of  insecticide  into  the  environment. 
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Introduction:  Attractants  for  insect  traps  are  typically  located  inside  the  trap  so  that  target  insects 
can  be  lured  into  and  captured  by  the  trap. 

Methods:  Yellowjacket  traps  are  frequently  used  around  residential  areas  as  well  as  public  areas 
such  as  parks,  campgrounds,  and  picnic  areas  to  reduce  population  density  of  the  stinging 
insects.  Heptyl  butyrate  is  a  strong  long-distance  attractant  for  western  yellowjacket,  Vespula 
pensylvanica. 

Results/Conclusion:  However,  we  found  that  this  attractant  was  repellent  to  yellowjackets  when 
placed  inside  the  trap.  Placement  of  the  attractant  outside  of  the  trap  in  a  novel  trap  design 
significantly  improves  the  trapping  efficiency  to  yellowjackets. 
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Introduction:  Synthetic  hydrogel  made  of  polyacrylamide  has  been  demonstrated  as  an 
alternative  delivery  system  for  liquid  bait  targeting  Linepithema  humile.  However,  it  poses 
disadvantage  owing  to  its  monomer’s  potential  toxic  effects  on  humans.  This  study  evaluated  the 
potential  of  nontoxic  /  biodegradable  hydrogel  made  from  a  natural  compound,  in  delivering 
liquid  bait  to  L.  humile. 

Methods:  The  hydrogel  beads  were  prepared  by  ionotropic  cross-linking  ions,  and  subsequently 
saturated  in  25%  sucrose  solution  containing  low  rates  of  the  toxicant.  Characteristics  of  the 
resulting  polymer  beads,  such  as  bead  diameter,  polydispersity,  and  equilibrium  swelling  degree 
were  determined.  The  surface  morphology  such  as  size  of  pores,  their  distribution  and 
connectivity  was  also  characterized  with  SEM.  The  amount  of  toxicant  was  determined  using 
ELISA.  Water  loss  rates  of  natural  hydrogel  baits  associated  with  different  soil  moistures  were 
assessed. 

Results/Conclusion:  Hydrogel  beads  containing  a  low  rate  of  toxicant  were  attractive  to  L. 
humile ,  and  workers,  queens  and  brood  mortality  were  recorded  starting  at  Day  3,  indicating  the 
hydrogels  were  effective  in  delivering  the  liquid  bait  to  all  castes  and  life  stages.  Even  though  the 
bait  palatability  was  reduced  as  a  result  of  moisture  loss,  the  hydrogel  beads  could  be  rehydrated 
upon  irrigation  of  the  soil.  Thus,  the  hydrogel  baits  maintained  their  attractiveness  to  the  ants 
throughout  the  experiment.  The  addition  of  an  attractive  pheromone  on  the  surface  of  the 
hydrogel  could  even  further  enhance  the  efficacy  of  bait.  This  study  demonstrates  the  potential  of 
natural  hydrogel  as  an  effective  tool  for  delivering  liquid  baits  to  L.  humile. 
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Introduction:  Control  options  for  pest  ants,  including  the  Argentine  ants,  are  often  limited 
because  of  the  concerns  about  potential  exposures  of  humans  or  nontarget  organisms  to 
insecticides,  or  contamination  of  sensitive  ecosystems.  Furthermore,  residual  insecticide  sprays 
are  the  common  method  of  ant  control  in  urban  areas  have  been  found  to  contribute  to  surface 
water  contamination.  As  the  negative  environmental  effects  associated  with  pesticide  spray  come 
to  light  and  new  regulations  have  been  developed  in  response,  new  or  alternative  control 
methods  need  to  be  developed  so  that  the  control  effort  would  not  rely  on  application  of  the 
conventional  pesticides  alone.  We  propose  a  novel  control  option  using  an  RNA  interference 
baiting  technique  that  has  shown  success  in  controlling  Argentine  ants  in  the  laboratory  setting. 

Methods:  Target  genes  were  selected  for  their  ability  to  cause  mortality  and  reduced  fitness  cost 
when  silenced.  Double  stranded  RNA  is  combined  in  sugar  solution  bait  and  fed  to  small 
colonies  of  ants.  After  seven  days,  the  RNA  interference  baiting  technique  showed  significant 
increase  in  mortality  compared  to  control  sugar  bait. 

Results/Conclusion:  RNA  interference  has  the  potential  to  become  an  effective  alternative  to 
conventional  pest  control  techniques  in  the  urban  setting. 
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Introduction:  The  red  imported  fire  ant,  Solenopsis  invicta,  is  among  the  world’s  100  worst 
invasive  species.  In  the  United  States  this  ant  species  infests  more  than  130  million  hectares  in 
southern  tier  states  and  Puerto  Rico  and  are  spreading  northward.  The  affected  economic  sectors 
are  broad  ranging  and  include  households,  electric  service  and  communications,  agriculture, 
schools  and  recreation  areas.  It  is  estimated  to  be  responsible  for  almost  $7  billion  annually  in 
damage  repair,  medical  care,  and  control  costs.  Thus,  novel  control  methods  are  required  for  the 
management  of  the  fire  ants. 

Methods:  We  explored  the  trail  pheromone  biosynthesis  and  hormonal  control  in  the  dufour’s 
gland  (DG)  in  the  fire  ant.  In  addition,  RNAi  knock  down  of  the  PBAN  (in  the  subesophageal 
ganglia)  or  PBAN  receptor  gene  (in  the  DG)  expression  inhibited  trail  pheromone  biosynthesis. 

Results/Conclusion:  The  regulation  of  the  trail  pheromones  and  the  application  of  RNAi  tool  are 
expanding  our  knowledge  to  understand  sophisticated  chemical  communication  and  biological 
behavior  in  this  social  insect,  the  fire  ant.  In  particular,  disruption  of  the  trail  pheromone 
production  by  RNAi  in  the  fire  ant  that  inhibits  the  foraging  activity  of  ant  workers,  could 
potentially  be  used  to  develop  a  novel  fire  ant  management. 
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Introduction:  Various  microbes  have  been  tested  as  biocontrol  agents  for  termites.  However, 
their  use  remains  largely  unsuccessful  due  to  the  termites’  social  behavior  and  immune  response. 
To  overcome  this  issue,  a  biocontrol  method  using  microbes  naturally  associated  with  termites 
could  be  developed.  Termites  harbor  a  complex  microbial  community  in  their  guts.  Depending 
on  the  termite  species  the  community  is  composed  of  bacteria  alone  or  protozoa  and  bacteria 
together.  Termites  depend  on  the  gut  microbial  community  for  aiding  in  digestion  and  providing 


essential  nutrients.  This  dependency  of  the  termites  on  microbes  makes  them  a  tool  and  a  target 
for  termite  control. 

Methods:  Our  previous  studies  have  shown  that  Formosan  subterranean  termites  could  be  killed 
by  removing  the  gut  protozoa  using  a  targeted  anti-protozoal  peptide  (ligand-Hecate).  We 
provided  proof  of  concept  that  Trabulsiella  odontotermitis ,  a  termite  specific  bacterium  can 
serve  as  a  bacterial  ‘Trojan  Horse’  by  engineering  it  to  express  marker  genes  for  successful 
tracking  of  uptake  in  termite  feeding  assays,  long  term  survival  and  transfer  to  colony  mates. 

Results/Conclusion:  We  are  planning  to  engineer  T.  odontotermitis  to  express  ligand-Hecate  in 
the  termite  gut  for  termite  control.  Furthermore,  we  used  next-generation  sequencing  to  describe 
the  diverse  bacteriophage  community  in  the  gut  of  Formosan  subterranean  termites.  We  are 
currently  studying  the  effect  of  bacteriophages  on  the  termite  gut  bacterial  community  and 
ultimately  on  the  termite  host.  Manipulation  of  the  phage  community  is  expected  to  disrupt  the 
bacterial  community  in  the  gut.  Ultimately,  such  ‘phage  therapy’  might  provide  a  novel  approach 
for  termite  control. 
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Abstract  text: 

Introduction:  Among  social  insects,  termites  constitute  one  of  the  main  pests  that  adversely  affect 
human  activities.  Because  of  their  eusociality  based  on  reproductive  division  of  labor, 
extermination  of  social  insect  colonies  requires  killing  reproductives.  Therefore,  introduction  of 
pesticides  into  reproductive  center  of  the  colony  is  the  key  to  develop  effective  control  strategies. 
In  some  termite  genera,  especially  multiple-site  nesting  termites  including  Reticulitermes ,  it  is 
very  difficult  to  identify  the  location  of  royal  chamber.  Egg  protection  has  been  known  as  one  of 
the  most  fundamental  social  behaviors  in  social  insects.  Termite  workers  recognize  the  eggs  laid 


by  queens  and  pile  these  eggs  in  nursery  cells  to  care  for  them.  Workers  groom  eggs  frequently 
and  smear  their  saliva  on  the  egg  surfaces  to  protect  them  from  desiccation  and  pathogenic 
infection. 

Methods:  Interestingly,  a  termite-egg  mimicking  fungus  ‘termite-ball’  was  found  in 
Reticulitermes,  Coptotermes  and  Nasutitermes  termites.  The  discovery  of  termite-ball  and 
subsequent  studies  on  termite  egg  protection  behavior  have  shown  that  termites  can  be 
manipulated  by  using  the  termite  egg  recognition  pheromone,  which  strongly  evokes  the  egg¬ 
carrying  and  -grooming  behaviors  of  workers. 

Results/Conclusion:  Egg  mimicry,  by  which  the  fungus  can  easily  gain  access  to  the  centre  of  the 
nest,  seems  to  be  an  evolutionary  loophole  around  anti-parasite  defense  in  termites.  By  using  the 
mechanism  of  egg  mimicry,  we  developed  a  novel  technology  to  introduce  pesticide  into  the 
centre  of  termite  nests  and  destroy  the  colonies  very  efficiently. 
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The  soybean  looper,  Chrysodeixis  includens ,  is  considered  a  major  pest  of  soybean  in  Brazil; 
however,  knowledge  on  its  oviposition  preference  and  natural  parasitism  is  largely  lacking.  Thus, 
the  objectives  of  this  study  were  to  evaluate  the  population  dynamics  and  vertical  distribution  of 
eggs  of  C.  includens  as  well  as  the  natural  parasitism  of  eggs  by  Trichogramma  spp.  throughout 
two  growing  seasons.  The  study  was  conducted  in  soybean  fields  located  in  Jaboticabal  (Sao 
Paulo  State,  Brazil)  in  the  summers  of  2012  and  2013.  Sixty  plants  were  randomly  selected 
weekly  during  two  vegetative  (V5  and  V6)  and  seven  reproductive  growth  stages  (R1  to  R7),  and 
checked  for  parasitized  and  non-parasitized  eggs  at  three  plant  regions:  upper,  middle  and  lower. 


All  eggs  found  were  collected  and  taken  to  the  lab  for  insect  emergence,  and  the  following 
parameters  quantified:  mean  number  of  C.  includens  parasitized  and  non-paras itized  eggs  per 
plant;  parasitism  rate  at  each  growth  stage;  and  mean  number  and  sex  ratio  of  Trichogramma 
spp.  emerging  from  eggs  located  at  each  plant  region.  C.  includens  laid  more  eggs  during  the 
reproductive  stages  (R2  and  R4),  preferentially  in  the  middle  and  lower  thirds  of  soybean  plants. 
More  parasitized  eggs  and  greater  parasitoid  emergence  were  also  found  at  these  locations. 
Trichogramma  pretiosum  was  the  predominant  parasitoid  species.  In  conclusion,  I  found  a 
positive  correlation  between  C.  includens  egg  distribution  and  parasitism  by  T.  pretiosum  within 
plants.  The  implications  for  C.  includens  management  in  soybean  in  the  context  of  conservation 
biological  control  will  be  discussed. 
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In  India  Corcyra  cephalonica  (Stainton)  (Lepidoptera:  Pyralidae)  is  widely  used  as  a 
factitious  host  for  the  mass  rearing  several  bio-control  agents.  The  age  dependent  storage 
amenability  of  C.  cephalonica  eggs  was  evaluated  to  identify  the  optimum  temperature  and 
duration  which  could  result  in  maximum  hatching.  At  5±1°C  with  a  scotophase  of 24h,  0  to 
22h  old  eggs  of  C.  cephalonica  could  be  stored  for  upto  5  days  resulting  in  83  to  94% 
hatching.  The  storage  duration  could  be  further  extended  through  vacuum  packing.  The 
incubation  period  of  the  host  eggs  could  be  extended  by  7  days  in  comparison  to  the  un¬ 
stored  eggs.  For  mass  production  of  Trichogramma  chilonis  (Ishii),  a  potential  egg 
parasitoid  of  sugarcane  and  paddy  borers  generally  UV  irradiated  C.  cephalonica  eggs  are 
used.  Four,  eight,  sixteen  and  twenty  four-hour-old  C.  cephalonica  eggs  were  stored  at 
5±1°C  for  different  durations  prior  to  and  post  UV  irradiation  and  tested  for  their 
amenability  to  parasitism  by  T.  chilonis .  Eggs  stored  for  upto  10  days  either  prior  to  or  post 
UV  treatment  recorded  66-80%  parasitism.  A  total  storage  of  20  days  (10  days  of  pre  UV 


and  10  days  of  post  UV)  resulted  in  83.8-88.4%  parasitism  irrespective  of  the  age  of  host 
eggs.  However,  eight-hour-old  old  host  eggs  could  be  stored  for  30  days  (15  days  of  pre  UV 
and  15  days  of  post  UV)  providing  70-80%  parasitism.  Improved  host  egg  storage 
technique  is  beneficial  for  low  cost  production  of  J.  chilonis  and  uninterrupted  supply 
during  seasonal  high  demand. 
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In  2012,  the  citrus  tree  disease  Huanglongbing  (HLB)  was  detected  in  Los  Angeles  County, 
California.  Currently,  there  is  no  cure  for  HLB  and  infected  trees  must  be  removed  to  prevent 
further  spread.  The  Asian  Citrus  Psyllid  (ACP)  vectors  HLB  as  it  feeds  on  trees.  ACP  was 
detected  in  California  in  2008.  Since,  biocontrol  efforts  with  the  parasitic  wasp  Tamarixia 
radiata  has  been  used  in  California  to  control  the  spread  of  ACP  and  HLB.  The  wasp  kills  ACP 
by  direct  feeding  and  by  oviposition  onto  ACP  nymphs.  Over  two  million  wasps  have  been 
released  in  southern  California;  however,  little  is  understood  about  the  reproductive  biology  of 
the  wasp.  T.  radiata  is  a  synovigenic  species  meaning  she  continues  to  produce  eggs  throughout 
her  lifetime.  During  her  adulthood,  she  must  obtain  maximum  nutrients  for  continued  egg 
formation.  She  is  known  to  reabsorb  eggs  in  the  absence  of  suitable  hosts,  and  as  she  ages  this 
tendency  increases.  This  information  is  relevant  to  consider  in  laboratory  situations  where  the 
wasp  may  be  confined  for  long  periods  without  access  to  hosts.  This  holding  period  could  be 
advantageous  if  egg  load  can  be  rejuvenated  through  diet.  Wasps  of  different  ages  received 
various  diets  for  24  hours  before  dissection  to  record  egg  load.  Lurther  trials  will  field  test  the  fed 
wasps  to  quantify  the  appropriate  ACP  host  densities  for  maximum  parasitization  per  female 
wasp.  This  information  will  aid  in  optimizing  T.  radiata  field  releases  throughout  California. 
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Cutworms  cause  economic  damage  to  several  Canadian  agricultural  crops.  Previous  studies 
suggest  that  parasitoids  are  potentially  effective  biological  control  agents  for  controlling 
cutworms.  Currently,  parasitoids  aren’t  incorporated  into  control  strategies  of  cutworms  as 
research  on  the  parasitoids  of  cutworms  has  been  extremely  limited  in  Canada.  This  study 
examined  the  hymenopteran  parasitoids  community  attacking  economically  important  cutworms 
in  Canadian  prairies.  We  collected  larval  cutworms  from  infested  crop  fields,  and  reared  them  in 
the  laboratory.  According  to  our  results,  Copidosoma  bakeri  is  likely  to  be  the  most  effective 
parasitoid  for  controlling  cutworms,  but  parasitism  rate  is  often  too  low  to  reduce  cutworms 
below  economic  levels.  Providing  additional  resources  for  parasitoids  through  habitat 
management  has  been  shown  as  an  effective  method  to  increase  parasitism  rates  in  biocontrol 
agents.  Based  on  flowering  period  and  flower  colour,  we  chose  nine  flowering  plants  including: 
flax,  oriental  mustard,  phacelia,  chickling  vetch,  camelina,  buckwheat,  tillage  radish,  field 
penny  cress  and  canola  for  this  experiment.  We  found  food-inexperienced  wasps  were 
preferentially  attracted  to  canola,  camelina,  mustard  and  buck  wheat  plants  and  they  were 
significantly  attracted  to  yellow  and  demonstrated  a  significant  preference  for  brassicaceae 
flowers  over  camelina  and  buckwheat.  Additionally,  survival  time  of  parasitoids  on  canola, 
camelina,  mustard  and  buck  wheat  were  similar  to  each  other,  however,  camelina  was  preferred 
when  the  entire  plant  was  offered  in  the  multiple  choice  experiment.  Thus,  camelina  is  a  suitable 
cover  crop  for  cutworm  control,  and  future  research  will  examine  how  camelina  enhances 
parasitism  rates  of  C.  bakeri  on  cutworms  in  the  field. 
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Within  the  next  50  years  the  world  population  is  estimated  to  reach  10  billion  people.  To  support 
this,  agriculture  will  need  to  be  sustainably  intensified.  Current  practices  rely  mainly  on 
prophylaxis  methods  that  lead  to  high  inputs  into  the  agroecosystem,  which  have  high  external 
costs  (human  health  and  the  environment).  To  alleviate  these  problems  alternative  forms  of  pest 
management  have  been  developed.  One  such  method  is  conservation  biological  control  (CBC). 
This  involves  manipulating  the  environment  to  enhance  natural  enemies’  ability  to  control  pest 
organisms.  This  approach  has  been  applied  in  vineyards  in  New  Zealand  and  has  been  successful 
in  reducing  pesticide  reliance.  The  current  study  is  using  salad  crops,  mainly  Brassica  spp., 
grown  for  pre-packaged  salads.  This  system’s  primary  pest,  a  leaf-mining  fly,  causes  cosmetic 
damage,  which  does  not  decrease  yield  but  causes  rejection  by  the  consumers.  Another  challenge 
is  that  the  pest,  when  found  as  adults  in  the  crop,  indicates  that  the  leaf-mining  damage  has 
already  been  done.  This  project  is  in  cooperation  with  a  New  Zealand  company,  Vida  Farms,  to 
employ  CBC  methods  (specifically  flowering  plants)  to  enhance  biological  control  and  reduce 
pesticide  applications.  This  includes  bioassays  for  selecting  beneficial  plants  and  marking 
methods  to  track  beneficial  insects  in  the  crop. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Evaluation  of  cool-season  and  warm-season  intercrops  for  aphid  biological 
control  in  organic  pecan  orchards 

Author  Name:  Tzu-Chin  Liu 

Author  Institution:  University  of  Georgia 

Session  Title:  Graduate  Student  Oral  Competition:  Biological  Control  and  Insect  Pathology: 
Biological  Control 

Date  of  Presentation:  Wednesday,  September  28,  2016 


Abstract  Number:  2432 


DOI:  10. 1603/ICE.2016. 114624 
Abstract  text: 

The  blackmargined  aphid  ( Monellia  caryella  (Fitch)),  yellow  pecan  aphid  ( Monelliopsis 
pecanis  (Bissell)),  and  black  pecan  aphid  ( Melanocallis  caryaefoliae  (Davis))  are  considered  key 
pests  of  pecan.  Pecan  aphids  have  a  short  life  cycle  and  high  reproductive  potential,  thus  aphid 
populations  are  able  to  increase  rapidly  in  favorable  conditions  in  pecan.  Biological  control  of 
the  aphid  complex  in  organic  pecan  orchard  relies  on  the  ladybeetle,  Harmonia  axyridis  (Pallas). 
Planting  intercrops  in  between  the  pecan  tree  rows  enhances  ladybeetle  populations  by  providing 
ladybeetles  with  habitats  and  alternate  prey  aphids.  Different  cool-season  and  warm-season 
intercrops  were  evaluated  for  the  pecan  aphid  management.  The  abundance  of  the  ladybeetles 
and  the  prey  aphids  in  the  intercrops  was  recorded,  and  also  the  abundance  of  the  pecan  aphids 
was  monitored  in  the  trees  in  intercropped  plots  to  determine  the  effects  of  the  understory 
intercrops  on  pecan  aphid  biological  control.  The  results  showed  that  the  cool-season  intercrops 
of  clover,  vetch,  joint  vetch  and  clover/vetch,  all  had  lower  pecan  aphid  abundance  than  the 
mowed  sod  (control  treatment).  Among  the  warm-season  intercrops,  hairy  indigo  and  hairy 
indigo/alyce  clover/buckwheat,  the  combination  of  hairy  indigo,  alyce  clover  and  buckwheat  had 
lower  abundance  of  pecan  aphids  than  the  mowed  sod  on  early  sample  date.  However,  there  was 
no  significant  difference  found  between  those  two  treatments  and  mowed  sod  on  later  sample 
dates. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Testing  the  intermediate  landscape  complexity  hypothesis  for  augmentative 
biological  control 

Author  Name:  Ricardo  Perez-Alvarez 
Author  Institution:  Cornell  University 

Session  Title:  Graduate  Student  Oral  Competition:  Biological  Control  and  Insect  Pathology: 
Biological  Control 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2433 
DOI:  10.1603/ICE.2016.1 15101 


Abstract  text: 


Biological  control  of  pests  by  natural  enemies  is  dependent  not  only  on  local  conditions,  but  also 
on  the  composition  of  the  surrounding  landscape.  The  ‘intermediate  landscape  complexity 
hypothesis’  predicts  that  on-farm  scale  management,  such  as  the  creation  of  habitat  for  natural 
enemies,  will  increase  biocontrol  services  at  landscapes  of  intermediate  complexity.  However,  it 
is  still  unclear  how  augmentative  biocontrol  as  a  local  practice  will  affect  pest  densities  in 
landscapes  of  varying  complexity.  We  experimentally  tested  how  landscape  composition 
influenced  the  effectiveness  of  augmentative  biocontrol  of  lepidopteran  pests,  using  two  native 
predators,  the  spined  soldier  bug,  Podisus  maculiventris  and  the  convergent  lady  beetle 
Hippodamia  convergens.  We  selected  1 1  pairs  of  cabbage  fields  (one  with  augmentative 
biological  control  and  the  other  unmanaged)  along  a  gradient  of  landscape  complexity  to 
determine  the  effects  of  augmentative  releases  on  biocontrol  levels  and  consequent  pest 
densities,  plant  damage,  and  yield.  Contrary  to  our  predictions,  results  indicated  that  control  of 
lepidopteran  pest  by  the  augmented  predators  was  consistent  across  all  sites,  and  landscape 
composition  had  no  influence  on  this  effect.  Furthermore,  we  found  no  evidence  of  an  interaction 
between  landscape  complexity  and  augmentative  biocontrol.  In  contrast,  landscapes  with  a  high 
proportion  of  agricultural  land  resulted  in  more  natural  enemies  and  fewer  lepidopteran  pests. 
Predators,  principally  carabids  and  spiders  dominated  the  natural  enemy  community,  and  their 
abundance  was  negatively  associated  with  pest  densities  and  plant  damage.  Our  results  indicated 
that  local  and  landscape-scale  management  practices  may  be  important  for  increasing  biocontrol 
services  of  lepidopteran  pests. 
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Banker  plants  (a.k.a.,  open-rearing  systems)  offer  an  innovative  way  to  provide  sustained 
management  of  common  arthropod  pests  in  the  field  and  greenhouse.  Banker  plant  systems 
consist  of  an  arthropod  natural  enemy  (i.e.,  predators  or  parasitoids),  alternative  prey  or  hosts  for 


the  natural  enemies,  and  banker  plants  that  support  the  alternative  prey  or  hosts.  In  enclosed 
environments,  banker  plants  provide  long-term  reproduction  and  dispersal  of  the  natural  enemy 
species  aimed  at  control  of  a  target  pest.  The  A.  colemani/R.  padi  banker  plant  system  will  be 
compared  with  stand-alone  augmentative  releases  of  A.  colemani,  to  access  the  advantages  and 
disadvantages  of  augmentative  versus  banker  plant  systems  to  target  Myzus  persicae.  Three 
greenhouse  cooperator  sites  will  be  used  to  evaluate  banker  plant  systems  and  each  replication 
will  consist  of  3  treatments:  banker  plants,  augmentative  releases,  and  an  imidacloprid  drenched 
control.  Each  treatment  will  consist  of  32  ornamental  pepper  plants  ( Capsicum  annuum  ‘Black 
Pearl’)  infested  with  M.  persicae.  Banker  plant  treatments  will  consist  of  a  wheat  banker  plant 
infested  with  unparasitized  R.  padi  aphids,  followed  by  an  augmentative  release  of  A.  colemani. 
Ornamental  peppers  will  be  checked  weekly  and  evaluated  for  aphid  and  mummy  densities. 
Winter  wheat  banker  plants  will  be  observed  for  presence  of  A.  colemani  mummies,  and  replaced 
as  needed  based  on  plant  health.  All  treatments  will  be  replicated  over  time. 
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Uruguay  has  increased  its  total  land  area  under  cultivation  in  the  past  ten  years;  the  majority  is 
under  continuous  cultivation.  Mixed  livestock/agriculture  rotations  are  an  alternative  system  with 
a  long  history  in  Uruguay.  This  type  of  land  use  is  less  intensive  and  more  sustainable; 
understanding  the  effect  on  insect  community  structure  and  functional  diversity  is  important  but 
unknown.  Agricultural  land  use  also  has  implications  for  mobile  aphid  natural  enemies  in 
adjacent  natural  areas.  The  spillover  from  natural  areas  to  agriculture  has  been  studied,  but  there 
is  far  less  research  on  spillover  effects  from  agriculture  to  natural  systems.  Aphids  and  their 
natural  enemies  in  sorghum  were  used  as  a  model  system.  The  first  year  of  field  trapping  data 
was  collected  from  36  paired  sites  in  2016  in  sorghum  and  paired  adjacent  natural  areas.  Land 
use  and  habitat  are  being  categorized  to  include  their  effects.  Every  three  weeks  yellow  sticky 
traps  and  pitfall  traps  were  collected  over  the  summer  2015-16  season  (December-May).  This 


research  can  help  delineate  the  effects  of  land-use  intensity  at  local  and  landscape  scales  on 
aphid  food  web  structure  and  diversity  which  has  broad  implications  for  biodiversity  and 
biological  control  as  an  ecosystem  service. 
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Transient  generalist  predators  have  been  shown  to  strongly  suppress  soybean  aphid  ( Aphis 
glycines)  populations  in  North  America.  The  movement  of  generalist  predators  between 
neighbouring  fields  has  rarely  been  quantified  however.  We  assessed  how  agricultural  landscape 
complexity  and  the  patterns  of  predator  movement  affected  soybean  aphid  suppression  in  27 
soybean  fields  in  Manitoba  over  a  two  year  period.  We  quantified  soybean  aphid  suppression 
using  predator  exclusion  cages,  predator  movement  by  using  bidirectional  malaise  trapping  and 
landscape  complexity  by  digitally  mapping  land  cover  in  a  2  km  radius  from  focal  fields.  We 
observed  strong  to  moderate  suppression  of  soybean  aphids  across  the  province  during  both 
years.  Soybeans,  cereals,  and  canola  were  the  major  land-cover  types  found  across  landscapes. 
The  proportion  of  cereal  crops  and  between-field  movement  of  Coccinellids  and  aphidophagous 
green  lacewings  had  a  negative  relationship  with  aphids  exposed  to  predation,  suggesting  that 
incipient  aphid  colonies  in  soybeans  may  be  subject  to  high  levels  of  predation  in  landscapes 
dominated  by  cereal  crops.  Alternately,  field  border  grass  and  natural  vegetation  showed  a 
positive  association  with  soybean  aphids  suggesting  that  predators  move  back  to  non-crop 
habitats  when  aphid  populations  are  negligible  in  soybean  fields. 


Student  Paper  (Oral)  Presentation  Competition 


Presentation  Title:  Multitrophic  interactions:  The  influence  of  Arsenophonus  on  Toxoptera 
citricida  (Hemiptera:  Aphididae) 

Author  Name:  Bianca  Soares 

Author  Institution:  Universidade  de  Sao  Paulo 

Session  Title:  Graduate  Student  Oral  Competition:  Ecology  and  Population  Dynamics: 

Ecology  and  Evolution 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2437 
DOI:  10.1 603/ICE.20 16.11 497 1 
Abstract  text: 

Symbiotic  relationships  are  widely  found  in  nature  and  are  common  among  Insecta.  Such 
relationships  directly  influence  the  host  in  regard  to  nutrition,  detoxification  of  xenobiotics,  and 
resistance  to  natural  enemies.  This  work  aimed  to  evaluate  the  role  of  the  aphid  secondary 
endosymbiont  Arsenophonus  (Ars)  in  the  use  of  the  host  plants  Citrus  sinensis  and  Murraya 
paniculata  by  the  aphid  Toxoptera  citricida  (Hemiptera:  Aphididae)  and  in  the  defense  response 
to  the  paras itoid  Aphelinus  asychis  (Hymenoptera:  Aphelinidae).  Studies  on  the  aphid  biology 
were  carried  out  on  both  host  plants  seeking  to  analyze  the  immature  state  as  well  as  the  survival, 
longevity,  fertility  and  life  table  parameters.  The  development  of  the  parasitoid,  the  percentage 
and  success  of  parasitism  were  also  evaluated.  Our  data  demonstrated  M.  paniculata  as  less 
suitable  host  for  T.  citricida  and  immature  development  was  the  only  affected  trait  between  dis¬ 
infected  and  Ars- free  aphids,  indicating  Arsenophonus  influence  host  plant  use  by  shortening 
aphid  immature  development  in  M.  paniculata.  Life  table  data  indicated  drs-infected  aphids  are 
more  fit  on  both  host  plants  thandrs-free  aphids.  We  also  demonstrated  that  drs-infected  aphids 
are  unsuitable  for  parasitoid  development,  as  no  wasp  emergence  was  detected  in  the  presence  of 
this  secondary  symbiont,  indicating  Arsenophonus  interferes  with  the  metamorphosis  of  this 
parasitoid. 
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Aphids  and  their  parasitoids  typically  enter  diapause  before  the  onset  of  unfavorable  winter 
conditions,  using  mainly  photoperiod  and  temperature  as  diapause-inducing  cues.  At  the  end  of 
the  growing  season,  aphids  produce  sexual  individuals  that  reproduce  and  lay  diapausing  eggs, 
while  aphid  parasitoids  enter  diapause  as  prepupae  inside  their  mummified  aphid  host.  In 
addition  to  relying  on  environmental  cues,  parasitoids  may  use  host  phenotype  as  another 
indirect  signal  of  upcoming  winter  conditions.  We  thus  predicted  that  diapause  incidence  would 
be  higher  for  parasitoids  developing  in  sexual  aphid  individuals  than  in  parthenogenetic 
individuals  under  a  given  climatic  condition. 

To  test  this  prediction,  we  used  a  clone  of  the  pea  aphid  ( Acyrthosiphon  pisum)  producing  both 
parthenogenetic  and  oviparous  females.  These  two  aphid  morphs  were  parasitized  by  females  of 
the  parasitoid  Aphidius  ervi  (Quebec  population)  and  next  assigned  to  one  of  two 
temperature/photoperiod  regimes:  (a)  fall-like  conditions  [17°C;  L10:D14]  known  to  induce 
parasitoid  diapause,  and  (b)  summer-like  conditions  [20°C;  L16:D08]  in  which  low  levels  of 
diapause  induction  were  expected  on  parthenogenetic  aphids. 

In  line  with  our  prediction,  diapause  incidence  was  five  times  higher  for  parasitoids  that 
parasitized  sexual  (20%)  rather  than  parthenogenetic  aphids  (4%)  under  summer-like  conditions. 
However,  under  fall-like  conditions,  80%  of  the  parasitoids  entered  diapause  regardless  of  the 
aphid  morph,  suggesting  that  the  effect  of  the  host  phenotype  cue  is  overridden  by  abiotic  cues. 

Our  results  could  have  implications  for  the  impacts  of  climate  change  on  the  evolution  of  host- 
parasitoid  interactions  and  parasitoids  seasonal  phenology. 
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Relative  abundance  of  natural  enemies  in  host-associated  populations  (HAPs)  of  phytophagous 
insects  is  often  considered  to  be  a  factor  contributing  towards  speciation  of  herbivores.  If  levels 
of  natural  enemy  attack  are  lower  on  a  newly  acquired  host  plant,  the  population  of  herbivores  on 
that  plant  may  enjoy  an  enemy-free  space  (EFS)  on  it.  However,  diverging  populations  of 
herbivores  are  often  attacked  by  several  types  of  natural  enemies,  which  can  exhibit  different  and 
even  conflicting  distribution  patterns,  making  it  difficult  to  determine  whether  EFS  exists  and  on 
which  of  the  host  plants.  We  studied  host-associated  populations  of  the  cecidomyiid 
Dasyneuriola  sp.  on  the  desert  plants  Suaeda  fruticosa  and  S.  asphaltica  in  Israel  in  order  to 
determine  the  possible  role  of  parasitoid  wasps  in  the  differentiation  of  the  cecidomyiid 
populations,  and  whether  the  wasps  themselves  differentiate  into  HAPs  following  divergence  of 
their  host.  We  documented  levels  of  attack  by  endo-  and  ectoparasitoids  in  8  populations  of  the 
gall  midges  throughout  the  insects’  activity  season  and  the  effect  of  each  type  of  parasitism  on 
the  galls.  We  found  that  ectoparasitoids  were  more  abundant  on  S.  asphaltica ,  but 


endoparasitoids  were  more  abundant  on  S.  fruticosa.  Because  each  ectoparasitoid  kills  several 
cecidomyiid  larvae  whereas  each  endoparasitoid  kills  a  single  larva,  the  overall  impact  of 
parasitoids  is  smaller  on  S.  fruticosa ,  suggesting  that  it  is  the  derived  host  plant  in  this  system. 
We  currently  employ  molecular  and  behavioral  methods  to  investigate  whether  either  of  the 
natural  enemies  has  differentiated  into  HAPs  following  differentiation  of  the  cecidomyiids. 
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Introduction:  Interactions  between  consumer  and  resource  organisms  are  fundamental 
components  of  ecological  communities.  Quite  frequently  neighboring  organisms  are  able  to 
influence  consumer-resource  interactions  through  associational  effects.  For  example,  the 
presence  of  a  specific  plant  neighbor  can  decrease  or  increase  insect  attraction  to  a  host  plant. 
Especially  within  plant-insect  studies  it  is  well  recognized  that  neighboring  plants  often  affect 
the  interactions  between  host  plants  and  their  herbivores. 

Methods:  However,  how  processes  at  between-  and  within-patch  scales  interact,  and  how  they 
determine  attack  rates  on  alternative  host  plant  species  is  not  fully  understood.  To  obtain  more 
insight  in  these  processes  we  performed  laboratory  experiments  in  which  we  could  separate  pre¬ 
alighting  and  post- alighting  components  of  insect  search  behavior.  Using  Drosophila 
melanogaster  as  a  model  organism,  we  found  strong  evidence  for  the  consequences  of  resource 
frequency  in  patch  search  behavior. 

Results/Conclusion:  Our  results  showed  that  when  insects  are  able  to  discriminate  between 
individual  resources  within  a  patch  they  show  a  strong  preference  towards  the  more  apparent 
resource.  This  leads  to  associational  susceptibility  for  the  more  apparent  resources  and 
associational  resistance  for  the  less  apparent  resource.  Furthermore,  the  interaction  was  found  to 


strongly  depend  on  the  frequency  of  the  less  apparent  resource  in  the  patch.  We  conclude  that  by 
determining  the  response  of  an  insect  to  resource  frequencies  and  densities  in  heterogeneous 
patches  we  can  predict  the  outcome  of  associational  effects  between  resources.  Currently,  we  are 
determining  the  consequences  of  pre-alighting  behavior  for  post-alighting  behavior  like 
movement  between  resources  within  patch. 
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Activity  levels  have  been  shown  to  impact  longevity  in  insects,  but  there  are  no  studies  analyzing 
the  relationship  between  lifetime  activity  patterns  and  longevity.  Furthermore,  existing  studies  of 
activity  and  longevity  in  insects  obtain  measures  of  activity  by  periodically  prompting  study 
organisms  to  move,  rather  than  observing  natural  activity  patterns.  We  will  present  data  on  the 
post-capture  longevity  and  natural  daily  activity  patterns  of  -1000  wild-caught  Drosophila 
simulans  flies.  These  data  were  obtained  using  an  innovative  application  of  the  Drosophila 
Activity  Monitor  (DAM)  system:  flies  were  housed  in  the  monitor  for  the  entire  post-capture 
lifespan,  with  a  periodic  supply  of  food  and  water.  Over  a  five  month  field  season,  flies  were 
captured  daily  in  the  wild,  and  then  transferred  to  individual  cages  where  total  activity  was 
electronically  recorded  each  minute.  Using  these  fine-grained,  season-long  data,  we  will  present 
a  unique  “activity  life  table,”  calculating  life-table  parameters  according  to  average  daily 
activity,  and  identify  distinct  activity  profiles  present  within  the  cohort.  The  results  of  our  study 
provide  a  baseline  activity  life  table  for  D.  simulans  (a  model  organisms  closely  related  to  D. 
melanogaster).  This  study  shows  the  potential  that  studies  of  live,  wild-caught  insects  have  to 
extract  new  information  about  wild  populations  in  basic  and  applied  contexts. 
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Dung  is  a  nutrient-rich  resource  in  every  cattle  pasture;  a  diverse  arthropod  community  takes 
advantage  of  these  ephemeral  resources,  providing  key  ecological  services  to  cattle  producers. 
The  dung-inhabiting  organisms  not  only  recycle  the  nutrients,  but  reduce  pathogens,  pests,  and 
parasites  that  inhabit  the  dung  pats,  making  them  a  beneficial  component  to  any  operation.  These 
ecological  services  are  well  documented,  especially  the  services  provided  by  dung  beetles, 
Scarabaeidae;  this  dung-beetle  focus  often  ignores  other  ecologically  important  dung  residents. 
Our  goal  was  to  explore  how  herd  management  affects  dung  entomofauna  in  eastern  South 
Dakota,  with  a  particular  emphasis  on  ivermectin  use.  Pitfall  traps  and  soil/dung  cores  were  used 
to  collect  arthropods  from  the  pats  over  the  season.  Dung  from  each  sampled  pat  was  tested  for 
ivermectin  residues,  and  various  herd  management  practices  were  collected  from  the  different 
ranches.  Arthropod  collections  yielded  tens  of  thousands  of  specimens  across  hundreds  of 
morphospecies,  but  communities  varied  greatly  across  different  ranches.  Ivermectin  in  pats  was 
found  to  have  a  negative  effect  on  some  groups  of  arthropods,  but  was  positively  correlated  with 
dung  beetles.  We  hypothesize  that  the  ivermectin  may  act  as  an  attractant  to  the  dung  beetles, 
which  could  exacerbate  their  exposure  to  this  insecticide.  This  information  will  inform  farmers 
about  how  their  choices  about  cattle  management  will  affect  ecosystem  services  to  their  pastures 
provided  by  dung  arthropods. 
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The  pea  aphid,  Acyrthosiphon  pisum ,  is  host  to  many  bacterial  symbionts  including  Hamiltonella 
defensa.  H.  defensa  is  often  infected  by  a  phage  named  APSE  and  phage-infected  H.  defensa 
benefit  aphids  by  providing  resistance  to  the  parasitoid  wasp,  Aphidius  ervi.  Previous  work 
established  that  variation  in  this  protection  is  associated  with  different  bacteriophage  strains  that 
harbor  varying  putative  toxin  cassettes.  However,  the  underlying  mechanism(s)  of  resistance 
remains  unclear.  Using  functional  bioassays  we  outline  the  activity  of  two  strains  of  APSE  on  the 
mortality  of  A.  ervi.  Our  results  indicate  that  toxins  encoded  by  APSE  are  likely  not  directly 
causing  harm  to  A.  ervi  tissue  as  previously  hypothesized. 
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Host-associated  differentiation  (HAD)  is  a  form  of  ecologically  mediated  speciation  by  which 
two  or  more  parasite  populations  (e.g.,  insect  herbivores)  from  the  same  species  become 
genetically  distinct  due  to  their  associations  with  different  host  species  (e.g.,  host-plants).  HAD 
has  been  proposed  as  a  potential  explanation  for  the  vast  species  diversity  observed  throughout 
parasitic  insect  lineages.  However,  it  is  unclear  which  components  of  parasite-host  interactions 
best  explain  the  occurrence  of  HAD.  One  such  explanation  involves  host-plant  species 
generating  or  maintaining  divergent  selection  pressures  on  insect  morphology.  To  test  the 
relationship  between  morphological  differentiation  and  HAD,  several  morphological  traits  were 
compared  between  pecan-  and  water-hickory  associated  populations  of  the  yellow  pecan 
aphid,  Monelliopsis  pecanis  (Hemiptera:  Aphididae).  Both  geometric  morphometric  and  meristic 
characteristics  were  integrated  into  a  robust  statistical  framework  to  assess  which  of  the 
measured  traits  best  explain  morphological  variation  between  host-associated  populations  of 
yellow  pecan  aphids. 
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Abstract  text: 


Collaborative  research  conducted  through  The  Integrated  Crop  Pollination  (ICP)  Project  studies 
pollinator  communities  and  their  contribution  to  crop  pollination  in  several  specialty  cropping 
systems  throughout  the  U.S. 

As  part  of  Project  ICP  in  Pennsylvania,  we  measured  pollinator  visitation  rates  to  pumpkin 
flowers  in  21  commercial  pumpkin  fields  across  3  years  in  2  counties.  These  measures  confirmed 
that  the  Common  Eastern  Bumble  Bee,  Bombus  impatiens ,  contributed  significantly  to 
pollination  services.  Given  this  significance,  we  assessed  the  population  dynamics  of  these 
native,  wild  pollinators  throughout  Pennsylvania  using  a  molecular  tool  called  microsatellite 
analysis. 

For  this  analysis,  we  collected  200  B.  impatiens  specimens  from  29  pumpkin  fields  and 
examined  10  microsatellite  loci  of  each  specimen  to  establish  sisterhoods.  These  sisterhoods 
allowed  us  to  estimated  the  number  of  unique  B.  impatiens  colonies  that  send  foragers  into  a 
given  commercial  pumpkin  field.  Comparing  these  colony  numbers  across  3  years  has  provided 
population  trends  of  agriculturally  significant  B.  impatiens  in  3  counties  in  Pennsylvania. 
Furthermore,  for  18  pumpkin  fields,  we  looked  for  correlations  between  colony  numbers  and 
visitation  rates. 

Understanding  trends  in  B.  impatiens  population  levels  and  the  impact  on  pollination  activity 
provides  a  clearer  understanding  of  the  potential  for  future  pollination  contribution  of  B. 
impatiens  in  our  pumpkin  cropping  system.  Future  work  can  examine  the  factors  that  may  be 
influencing  B.  impatiens  population  levels  and  determine  methods  to  boost  and  conserve  these 
populations. 
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Introduction:  Native  pollinators  such  as  bumble  bees  ( Bombus  spp.)  provide  valuable  ecosystem 
services,  including  those  that  support  our  food  supply.  However,  declines  in  some  bumble  bee 
species  have  been  reported  and  may  be  due  in  part  to  habitat  fragmentation.  One  method  of 
restoring  pollinator  populations  in  agroecosystems  is  by  enhancing  field  margins  with  wildflower 
plantings  to  provide  food  resources  throughout  the  summer.  In  a  two-year  study,  we  investigate 
effects  of  habitat  enhancement  on  the  number  of  bumble  bee  hives  foraging  in  field  margins 
when  commercial  blueberry  fields  are  no  longer  in  bloom.  We  also  identify  which  plants  act  as 
key  resources  for  bumble  bees  under  each  habitat  management  scheme. 

Methods:  In  both  years,  Bombus  impatiens  populations  were  quantified  using  10  microsatellite 
loci  in  14  Michigan  blueberry  fields  with  no  wildflower  planting,  a  newly  seeded  wildflower 
planting,  or  a  mature  wildflower  planting  along  the  field  margin.  Furthermore,  bumble  bee- 
flower  visitation  networks  were  constructed  in  the  second  year  by  performing  a  30-minute 
collection  along  the  field  margin  at  each  site  once  every  three  weeks  from  July-September. 

Results:  Results  from  the  first  year  of  sampling  suggest  that  sites  with  mature  wildflower 
plantings  have  a  significantly  greater  number  of  B.  impatiens  colonies  (86.8  ±  3 1.2)  visiting  them 
than  sites  with  newly  established  plantings  (36.2  ±  8.9)  or  no  plantings  (35.8  ±  4.1).  Increased 
plant  species  richness  in  mature  plantings  also  led  to  more  plant-pollinator  interactions.  Our 
findings  indicate  that,  over  time,  wildflower  plantings  can  improve  and  help  sustain  bumble  bee 
populations  in  fragmented  agroecosystems. 
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Abstract  text: 


Bees  are  central  place  foragers,  and  as  such,  they  have  evolved  foraging  strategies  to  locate, 
collect,  and  return  to  the  nest  with  enough  nectar  and  pollen  to  maximize  their  net  energy  gain. 
This  strategy  requires  that  the  habitat  surrounding  the  hive  provide  an  array  of  pollen  and  nectar 
resources  throughout  the  foraging  season.  Human  dominated  habitats,  including  sub-urban 
development  and  intensive  agriculture  can  result  in  decreased  forage  availability  for  bees.  As 
such,  it  is  important  to  understand  the  patterns  of  resource  collection  among  bee  species  in  such 
habitats,  and  how  this  changes  through  time.  In  this  experiment  we  explore  the  relationship 
between  foraging  effort,  as  indicated  by  the  number  and  duration  of  foraging  bouts,  and  pollen 
collection  for  two  common  bee  pollinators,  honey  bees  {Apis  mellifera  L .)  and  the  common 
eastern  bumble  bee  {Bombus  impatiens )  through  time.  Data  were  collected  from  hives  of  both 
bee  species  across  multiple  time  periods  beginning  in  late  spring,  and  running  into  early  fall,  in 
each  of  2  years.  To  assay  the  foraging  effort  of  honey  bees  and  bumble  bees  we  used  Radio 
Frequency  Identification  (RFID)  to  collect  data  from  hives  over  72  hours  during  each  time 
period.  In  addition,  to  assay  pollen  collection  patterns,  we  collected  pollen  pellets  from 
individual  foragers  as  they  returned  from  a  foraging  bout,  concurrently  with  RFID  data 
collection.  This  study  provides  valuable  insight  into  how  social  bees  allocate  foragers  in  relation 
to  pollen  collection,  and  how  these  patterns  change  through  time  in  a  suburban-agricultural 
habitat. 
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Introduction:  The  extensive  network  of  U.S.  roadsides  covering  more  than  10  million  acres  can 
alleviate  bee  declines  by  serving  as  refuges  and  pollinator  corridors.  Yet  along  with  obvious  risks 
associated  with  traffic  mortality,  exposure  to  roadside  pollutants  can  pose  a  threat.  Recent 
findings  suggest  that  some  road  contaminants  might  affect  floral  resources  of  adjacent 


wildflowers  impacting  foraging  insects.  My  preliminary  field  work  begins  to  explore  these  novel 
3 -way  interactions  by  quantifying  sodium  and  appropriate  heavy  metal  concentrations  in  nectar 
and  pollen  from  roadside  meadows  in  Maryland. 

Methods:  Working  with  Maryland  State  Highway  Administration  and  non-profit  organization 
IVM  Partners,  two  cost  effective  meadow  management  strategies  Integrated  Vegetation 
Management  and  biennial  mowing  were  implemented  spring  2016  in  16  roadside  plots 
throughout  eastern  and  central  Maryland.  Surveys  of  the  flora  and  pollinator  fauna  began  late 
spring  2016  and  will  continue  for  the  entirety  of  three  field  seasons.  Mineral  plant  interactions 
were  examined  by  1)  collecting  leaves,  pollen  and  nectar  samples  from  wildflower  species  in  the 
newly  established  meadows  and  2)  quantifying  sodium  concentrations  and  select  heavy  metals 
from  the  samples  using  Inductively  Coupled  Plasma  -  Mass  Spectrometry. 

Results/Conclusion:  Based  on  recent  pollination  research,  I  hypothesize  that  sodium  and  heavy 
metal  bioaccumulation  in  floral  resources  of  roadside  wildflowers  will  vary  significantly  among 
plant  families  and  likely  even  between  species  of  the  same  family.  Data  obtained  from  this  study 
will  increase  our  understanding  of  roadside  ecology  and  aid  land  managers  in  development  of 
mitigation  strategies  that  further  efforts  to  promote  pollinator  health. 
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Pollinator  conservation  efforts  often  suggest  increasing  floral  or  nesting  resource  availability  to 
support  bee  diversity.  In  urban  landscapes,  the  point  at  which  additional  floral  resources  cease  to 
impact  bee  biodiversity  is  unknown.  This  study  manipulated  floral  resource  quantities  of  Sweet 
Alyssum  ( Lobularia  maritima )  across  a  suburban  area  of  Michigan,  U.S.  to  assess  impacts  on  the 


abundance,  richness  and  diversity  of  small  pollinators  (mostly  Syrphidae  flies 
and  Lasioglossum  bees).  Floral  resource  quantity  had  a  positive  but  saturating  effect  on 
pollinator  richness  and  diversity,  suggesting  a  potential  threshold  in  the  impact  of  floral  additions 
to  an  urban  landscape.  This  research  suggests  urban  pollinator  conservation  efforts  may  be 
optimized  by  considering  floral  maximas  for  pollinators  within  spatial  boundaries. 
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Honey  bee  {Apis  mellifera)  colony  maintenance  depends  on  foraging  workers  obtaining  pollen 
and  nectar  resources  from  surrounding  flowering  plants.  Floral  nectar  provides  the  carbohydrates 
needed  for  the  colony’s  energetic  needs,  while  pollen  is  the  main  source  of  protein,  providing  the 
colony  with  essential  amino  acids,  vitamins  and  minerals  critical  for  brood  rearing.  Previous 
studies  demonstrated  that  a  polyfloral  diet  is  better  for  maintaining  colony  health  compared  to  a 
monofloral  diet.  Understanding  the  floral  resources  collected  by  colonies  in  urbanized  areas  is 
critical  to  assess  the  variety  and  type  of  resources  that  are  being  consumed  by  colonies  in 
developed  areas. 

The  goal  of  this  project  is  to  identify  the  principal  floral  sources  for  honey  bees  in  urban  settings 
at  different  times  of  the  year  in  different  regions  of  the  United  States.  Pollen  samples  were 
collected  monthly  using  pollen  traps  set  at  the  hive  entrances  from  15  hives  each  located  in  urban 
areas  of  Florida,  Michigan,  California,  and  Texas.  Pollen  was  acetolyzed  and  identified  to  the 
family,  genus,  or  species  level.  The  relative  abundance  of  each  type  of  pollen  grains  was 
recorded.  Pollen  types  varied  temporally  and  over  40  taxonomic  families  of  plants  have  been 
identified  so  far,  with  important  pollen  types  belonging  to  the  families  Aceraceae,  Arecaceae, 
Fabaceae,  Rosaceae,  Saliaceae,  Rutaceae,  Lythraceae,  Anacardiaceae,  Fagaceae,  Apiaceae, 
Myrtaceae,  and  Asteraceae.  Our  results  demonstrate  the  spatial  and  temporal  floral  variation  in 


different  regions  of  the  U.S.  and  that  urban  and  suburban  honey  bees  rely  heavily  on  trees  as  a 
pollen  source  throughout  the  year. 
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Thirty-five  per  cent  of  global  crop  production  relies  on  animal  pollination,  most  of  which  is 
carried  out  by  insects.  However,  detailed  studies  of  many  crop  pollination  systems  are  lacking  or 
outmoded.  For  example,  the  popular  assumption  that  bees  are  the  most  important  pollinators  was 
recently  challenged  by  a  study  that  found  that  more  than  a  third  of  visits  to  crop  flowers  are 
provided  by  non-bee  insects. 

Saskatchewan  has  become  the  second  largest  producer  of  dwarf  sour  cherries  ( Prunus  cerasus ) 
in  Canada  due  to  the  development  of  the  “Romance  Series”  cultivars  by  the  University  of 
Saskatchewan.  Understanding  the  pollination  biology  of  sour  cherry  is  a  vital  step  in  production, 
including  identifying  its  wild  pollinators  in  the  province.  Yet  little  is  currently  known  about  the 
wild  insects  that  pollinate  this  important  fruit  crop,  including  the  impacts  of  management 
practices  on  their  diversity  and  abundance. 

Preliminary  observations  indicate  that  flies  (Diptera:  particularly  members  of  the  Syrphidae  and 
Stratiomyidae)  are  the  most  abundant  flower  visitors  of  dwarf  sour  cherry  in  Saskatchewan, 
transporting  considerable  amounts  of  sour  cherry  pollen.  The  aims  of  my  research  are  to  identify 
the  wild  pollinators  of  sour  cherry  and  evaluate  their  pollination  efficiency,  especially  compared 
to  managed  honey  bees  (Apis  melifera).  I  will  also  assess  how  orchard  characteristics  and 
properties  of  the  surrounding  habitat(s)  affect  insect  assemblages  in  sour  cherry  orchards 


throughout  the  province.  This  project  will  be  the  first  study  investigating  wild  pollinators  of 
“Romance  Series”  cultivars. 
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South  Florida  is  home  to  a  number  of  native  species  of  orchids.  The  Florida  Panther  National 
Wildlife  Refuge  (FPNWR)  has  27  known  species,  including  Prosthechea  cochleata ,  the 
clamshell  orchid,  and  Encyclia  tampensis ,  the  Florida  butterfly  orchid.  These  orchids  are  listed  as 
endangered  and  commercially  exploited  (respectively)  on  Florida's  Regulated  Plant  Index.  Little 
is  known  about  the  pollination  biology  of  these  species,  or  if  they  are  autogamous  (self- 
pollinating).  Exclusion  studies  were  conducted  on  greenhouse  grown  specimens  at  the  University 
of  Florida  in  Alachua  Co.,  Florida  and  on  plants  growing  in  the  wild  at  the  Florida  Panther 
National  Wildlife  Refuge  in  Collier  Co.,  Florida  by  either  exposing  or  covering  flowers  using 
exclusion  netting  to  prevent  any  insect  interaction.  The  covered  flowers  at  FPNWR  of  E. 
tampensis  had  no  capsule  formation,  while  the  flowers  of  P.  cochleata  had  almost  55% 
formation,  suggesting  that  this  species  may  be  autogamous.  Potential  pollinators  were  collected 
from  areas  near  flowering  orchids  at  FPNWR  using  several  different  methods  during  the  peak 
flowering  time. 
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How  and  why  bees  specialize  on  pollen  remains  an  open  question 
of  the  bees  in  the  families  Andrenidae  and  Melittidae  suggest  that 
physical  matchup  between  pollen-manipulating  structures  and  the 
characteristics  of  pollen.  Specialization  can  occur  at  two  distinct  points:  when  bees  gather  pollen 
and  when  bees  transport  pollen  back  to  the  nest.  Evidence  suggests  that  pollen  comes  in  distinct 
classes  that  require  different  tools  to  be  efficiently  manipulated.  A  survey  of  the  subfamily 
Panurginae  showed  that  the  bees  have  specialized  pollen-gathering  hairs  that  are  modified  in 
ways  that  reflect  the  fine-scale  differences  in  their  preferred  pollen  source.  At  the  pollen- 
transport  stage,  bees  in  the  genera  Perdita  (Andrenidae)  and  Hesperapis  (Melittidae)  have 
undergone  convergent  evolutionary  changes  in  both  the  mode  of  pollen  transport  and  the 
structure  of  pollen  transporting  hairs  based  on  the  pollen  properties  of  the  plants  on  which  they 
specialize.  Overall,  this  research  suggests  that  many  of  the  evolutionary  and  ecological  patterns 
of  pollen  specialization  can  be  explained  by  the  relationship  between  pollen  properties  and  the 
tools  needed  to  gather  and  carry  different  types  of  pollen  grains. 
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Introduction:  Invasion  biology  focuses  on  the  process  by  which  non-native  species  integrate  into 
new  habitats.  This  includes  dispersal  events,  the  creation  of  secondary  contact  zones,  and 
possible  hybridization  with  resident  organisms.  Three  species  of  buckeye  butterflies  (genus 
Junonia)  currently  reside  in  Florida,  USA,  including  Junonia  coenia  (polyphagous  and  widely 
distributed),  J.  evarete  (monophagous  mangrove-feeding  species  restricted  to  coastal  areas)  and 
J.  genoveva  (polyphagous  tropical  species  that  is  restricted  to  frost-free  south  Florida  where  its 
larval  hosts  occur).  Two  species  have  long  been  resident  in  Florida,  while  J.  genoveva  colonized 
Florida  from  the  Caribbean  in  the  mid-20th  century,  but  was  undetected  until  1981.  Hybridization 
between  Junonia  species  occurs  readily  in  the  laboratory,  and  occurs  naturally  at  some  frequency 
in  the  wild. 

Methods:  Diagnostic  morphological  and  molecular  markers  exist  for  determining  Junonia  with 
Caribbean  ancestry,  allowing  us  to  observe  the  invasion  and  creation  of  a  secondary  contact  zone 
over  space  and  time.  We  developed  techniques  to  quickly,  inexpensively,  and  unambiguously 
determine  mitochondrial  genotypes  from  legs  removed  from  Junonia  museum  specimens 
collected  in  Florida  and  the  Caribbean  over  the  last  150  years. 

Results/Conclusion:  Using  biogeography  and  population  genetics,  we  reconstructed  the  invasion 
of  J.  genoveva  as  it  colonized  Florida  using  more  than  800  museum  specimens  from  1865  to 
2015.  The  data  are  consistent  with  a  single  invasion  event  prior  to  the  1960s,  followed  by 
hybridization  with  resident  species.  Although  Junonia  is  not  an  agricultural  pest,  our  time  series 
can  be  used  as  a  model  for  understanding  the  behavior  of  other  insect  invasion  events. 
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Diapause  is  a  pre-programmed  state  of  arrested  development  in  insects  that  is  a  crucial  part  of 
life  cycle  regulation,  allowing  for  either  continuous  development  during  optimal  conditions 
(summer)  or  diapause  when  the  growing  season  ends  (overwintering).  The  propensity  of 
populations  to  enter  diapause  in  response  to  a  given  light/dark  regime  shows  strong  adaptive 
clines  along  environmental  gradients.  Here  we  scan  the  genome  of  divergent  populations  of  the 
Speckled  Wood  butterfly  Pararge  aegeria ,  and  genotype  FI  and  F2  crosses  that  have  been 
scored  for  induction,  to  investigate  the  genetic  mechanisms  underlying  diapause.  Our  analysis 
identifies  a  range  of  high  quality  candidate  loci  known  to  be  involved  in  diapause  in  other 
species  [e.g.  clock  genes,  metabolic  genes].  Furthermore,  prime  candidates,  such  as  the  genes 
timeless  &  period,  show  nonsynonymous  substitutions  fixed  between  the  divergent  populations. 
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Although  alternative  life  history  strategies  exist  within  many  populations,  very  little  is  known 
about  their  genetic  basis  and  mechanistic  insight  to  these  traits  could  greatly  advance  the 
understanding  of  eco-evolutionary  dynamics.  Many  species  of  butterfly  within  the  genus  Colias 
exhibit  a  sex-limited  wing  color  polymorphism,  called  Alba,  which  is  correlated  with  an 
alternative  life  history  strategy.  We  mapped  the  genetic  basis  of  Alba  using  a  Pool-Seq  approach 
and,  in  a  species  with  no  genomic  resources,  were  able  to  quickly  and  economically  infer  the 
genomic  region  carrying  the  Alba  gene.  We  then  use  RNASeq  data  to  quantify  gene  expression 


differences  between  the  morphs  in  the  abdomen  and  imaginal  wing  disc  tissues  of  pupa.  Finally, 
we  identify  genes  that  are  differentially  expressed  between  morphs  and  are  within  the  Alba  locus 
as  high  quality  candidates  for  the  genetic  basis  of  Alba. 
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A  long-standing  hypothesis  asserts  that  trade-offs  between  performance  on  distinct  hosts 
promote  host  specialization  in  plant-feeding  insects,  yet  empirical  evidence  for  such  trade-offs  is 
scarce.  However,  previous  studies  have  only  looked  for  trade-offs  within  insect  species,  despite 
the  fact  that  host-use  trade-offs  may  be  more  apparent  over  macroevolutionary  timescales.  We 
analyzed  digitized  lepidopteran  and  hemipteran  host-use  records  in  a  phylogenetic  context  to 
assess  the  evidence  for  long-term,  historically  contingent  trade-offs  and  short-term, 
evolutionarily  labile  constraints  on  host-use.  Across  1604  caterpillar  species,  we  found  both 
positive  and  negative  associations  between  presence  on  diverse  host  taxa.  The  patterns  of  these 
associations  suggest  that  different  trade-offs  constrain  host-use  over  short  and  long  evolutionary 
timescales.  In  contrast,  host-use  patterns  of  955  true  bug  species  reveal  uniformly  positive 
associations  between  adaptations  to  the  same  host  taxa  over  both  timescales.  The  lack  of 
consistent  patterns  across  timescales  and  insect  orders  indicates  that  host-use  trade-offs  are 
historically  contingent  rather  than  universal  constraints.  Moreover,  we  observe  only  broad  trade¬ 
offs,  suggesting  that  alternative  evolutionary  processes  drive  the  high  degree  of  ecological 
specialization  observed  in  most  plant-feeding  insects. 
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Developmental  changes  in  coloration  that  signal  the  onset  of  sexual  maturity  are  widespread  in 
damselflies.  In  the  genus  Ischnura ,  female  coloration  typically  varies  between  discrete  genetic 
morphs  as  well  as  across  development.  In  polymorphic  species,  one  of  the  female  morphs,  an 
androchrome,  has  a  male-like  color  pattern  during  all  or  part  of  its  post-emergence  life.  Long¬ 
term  population  studies  in  a  focal  species,  Ischnura  elegans,  have  shown  that  in  this  case  the 
polymorphism  is  maintained  by  frequency  dependent  male-mating  harassment,  which  takes  a  toll 
on  female  fecundity.  Although  coloration  likely  is  an  important  signal  in  intersexual 
communication,  the  significance  of  morph-specific  developmental  changes  is  poorly  understood. 
To  address  this  we  combined  behavioral  experiments  on  I.  elegans  with  a  phylogenetic  analysis 
of  ontogenetic  color  variation  in  the  genus.  The  experiments  assessed  the  role  of  a  male-like 
color  signal  which  is  retained  throughout  development  in  the  androchrome  but  is  lost  during 
sexual  maturation  in  the  other  two,  sexually  dimorphic  gynochromes.  Our  results  indicated  that 
at  least  under  high  male-male  competition,  the  loss  of  this  color  signal  increases  pre-mating 
harassment.  Ancestral  state  reconstruction  in  Ischnura  and  their  close  relatives  reveals  that  the 
retention  of  this  color  signal  throughout  development  is  ancestral  in  androchromes.  On  the  other 
hand,  the  ontogenetic  color  change  has  evolved  independently  in  the  juvenile  gynochromes  of 
two  Ischnura  lineages.  Taken  together,  our  results  highlight  the  importance  of  intersexual 
interactions  prior  to  full  sexual  maturation  on  the  evolution  of  damselfly  color  patterns. 
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How  do  plant-feeding  insects  adapt  to  different  host  plants?  One  possibility  is  that  selection  acts 
to  change  the  frequency  of  alleles  at  genes  that  affect  performance  across  plant  species  -  that  is, 
increased  performance  on  a  novel  plant  species  results  from  changes  in  amino  acid  sequences.  A 
second  possibility  is  that  increasing  performance  on  a  novel  plant  species  is  a  matter  of 
optimizing  gene  expression.  In  this  study,  we  assess  the  importance  of  changes  in  gene 
expression  to  host  use  evolution  of  plant-feeding  insects  with  quasi-natural  selection  experiments 
on  a  polyphagous  scale  insect  (Hemiptera:  Sternorrhyncha:  Coccoidea)  species:  the  citrus 
mealybug,  Planococcus  citri  (Pseudococcidae).  In  the  greenhouse,  we  will  transfer  first-instar 
nymphs  of  each  scale  insect  species  to  'novel  hosts,'  that  is,  hosts  that  have  been  documented  as 
suitable  for  each  species,  but  which  have  not  been  encountered  by  local  populations.  Then,  over 
several  generations,  we  will  track  changes  in  gene  expression  (with  RNAseq)  and  performance 
(development  time,  fecundity)  on  these  novel  hosts.  If  these  changes  are  correlated,  it  will  lend 
support  to  the  idea  that  changes  in  gene  expression  are  crucial  in  host  use  adaptation  in  plant 
feeding  insects. 
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The  rice  planthoppers,  Laodelphax  striatellus  (Fallen)  and  Sogatella  furcifera  (Horvath) 
(Hemiptera:  Delphacidae)  are  among  the  most  serious  rice  pests  in  Asia  and  transmit  vims  to  the 
rice.  The  population  genetic  structure  of  L.  striatellus  has  not  been  revealed  in  Korea.  Moreover, 
the  origin  and  migration  route  of  S.  furcifera  in  Korea  remains  unclear.  We  used  nine 
microsatellite  (SSR)  markers  for  L.  striatellus  and  twelve  microsatellite  markers  for  S.  furcifera 
to  estimate  their  genetic  structures.  Samples  of  L.  striatellus  were  collected  in  Vietnam  (3  sites) 
in  2012,  in  April  and  September  in  2013  (14  sites)  and  in  April  and  July  in  2014  (16  sites)  in 
Korea,  and  in  China  (3  sites)  in  2014.  Also,  S.  furcifera  was  sampled  from  various  countries  in 
2012  (Laos,  Korea,  Nepal,  Thailand,  Vietnam,  and  three  sites  in  Bangladesh),  2013  (China, 
Nepal,  Thailand,  two  sites  in  Bangladesh,  and  fifteen  sites  in  Korea),  and  2014  (four  sites  in 
China  and  ten  sites  in  Korea).  From  genetic  diversity  analysis,  a  two  genetic  cluster  (AK=2)  was 
revealed  in  L.  striatellus  and  three  genetic  cluster  (AK=3)  was  indicated  in  S.  furcifera.  The  lack 
of  genetic  differentiation  indicated  the  possibility  of  high  dispersal  of  L.  striatellus  across  the 
geographic  areas  in  Korea.  Moreover,  samples  from  China  and  Vietnam  showed  similar  genetic 
cluster  to  those  in  Korea.  This  study  provides  useful  data  to  forecast  the  dispersal  pathway  and 
may  develop  sustainable  management  of  planthopper  outbreaks  in  Asia. 
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The  coconut  rhinoceros  beetle  ( Oryctes  rhinoceros ),  native  to  the  region  between  Southern  India 
and  the  Philippines,  is  an  aggressive  pest  of  palm  trees.  A  single  adult  can  bore  into  the  crown  of 
a  mature  palm,  causing  fatal  damage.  Since  its  introduction  to  Samoa  around  1909,  the  beetle  has 
invaded  island  nations  such  as  Papua  New  Guinea,  Micronesia,  American  Samoa,  Fiji  and  Tonga 
in  the  south  Pacific,  Guam  and  in  2013  was  discovered  on  the  Hawaiian  island  of  Oahu.  We 


identify  invasion  pathways  of  the  beetle  as  is  spread  throughout  its  introduced  range,  including 
the  Hawaiian  archipelago.  We  compare  DDRad  and  Sanger  sequencing  methods  for  both  cost 
and  efficacy  using  data  sets  compiled  for  specimens  gathered  from  the  native  and  invasive  range 
of  O.  rhinoceros.  Phylogenies  were  generated  for  a  series  of  datasets  using  both  Bayesian  and 
Maximum  Likelihood  analytical  methods.  In  addition  to  comparing  the  datasets,  we  also  propose 
likely  invasion  pathways  and  their  implications  for  both  control  and  future  invasions.  The 
importance  of  cryptic  genetic  diversity  as  it  pertains  to  invasion  success  is  also  discussed. 
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Fruit  flies  in  the  genus  Bactrocera  (Diptera:  Tephritidae)  are  among  the  most  economically 
damaging  crop  pests  in  the  world.  One  group  of  closely  related  species,  the  B.  dorsalis  complex, 
is  especially  destructive.  Two  species  ( B .  dorsalis  and  B.  carambolae)  within  this  group  are 
morphologically  similar  and  together  infest  +200  different  species  of  tropical  fruits  and  fleshy 
vegetables.  These  pests  have  invaded  many  countries  throughout  the  world  and  cause  harm  to 
agriculture  not  only  through  direct  crop  damage  but  also  trade  restrictions.  It  is  therefore  of  great 
importance  that  reliable  identification  tools  be  available  for  growers  and  inspectors  to  maximize 
control  efforts.  Recent  studies  suggest  that  these  species  may  not  be  distinct,  due  to  high 
morphological  and  genetic  similarity.  However  these  studies  only  focused  on  a  small  number  of 
genes,  mostly  within  the  mitochondrial  genome.  To  explore  the  species  limits  further,  we  are 
conducting  a  population  genomic  analysis  using  restriction  site  associated  DNA  sequencing  on 
individuals  across  their  native  (Bangladesh,  Nepal,  Cambodia,  China,  Taiwan,  Laos,  Malaysia, 
Philippines,  Vietnam  and  Thailand)  and  invasive  (Burkina  Faso,  Hawaii,  Kenya  and  Tanzania) 
ranges.  We  used  restriction  enzymes  to  reduce  the  size  of  the  genome  into  smaller  fragments  and 
selected  for  fragments  that  are  shared  among  individuals  for  Illumina  sequencing.  Using  this 
approach,  we  examined  thousands  SNPs  across  the  genome  to  infer  genetic  diversity  and 


population  structure  among  and  within  introduced  and  native  populations.  We  also  use  these  data 
to  test  species  boundaries  by  comparing  intra-  and  interspecific  genetic  diversity  and  structure. 
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The  red  important  fire  ant,  Solenopsis  invicta ,  is  a  widespread  invasive  social  insect.  Though  it  is 
considered  a  pest  species,  it  is  increasingly  being  used  as  a  model  for  the  evolution  of  social 
behavior.  S.  invicta  has  two  social  forms,  monogyne  and  polygyne.  The  basis  for  this  social 
polymorphism  is  under  genetic  control  of  a  single  Mendelian  element,  which  comprises  a  large 
portion  of  a  chromosome.  This  “social  chromosome”  bears  a  large  inversion  in  the  ‘Sb’,  versus 
‘SB’,  variant.  The  SB  SB  genotype  results  in  monogyne  colony  structure,  SBSb  results  in 
polygyne  colony  structure,  and  SbSb  is  effectively  lethal.  There  are  many  differences  between 
the  two  social  forms.  Monogyne  colonies  have  a  single  reproductive  queen  with  high  fat 
reserves,  display  high  aggression  levels,  and  occur  at  relatively  low  densities.  In  contrast, 
polygyne  colonies  contain  multiple  queens,  are  less  aggressive,  and  occur  in  close  proximity  to 
neighboring  colonies.  We  aim  to  quantify  the  gene  regulatory  basis  of  gyne  social  form.  Using 
RNA-seq  analysis,  we  are  profiling  gene  and  transcript  differences  in  specific  tissues  of  gynes  of 
all  three  genotypes,  sampled  immediately  prior  to  mating  flights.  This  will  help  us  improve  our 
knowledge  on  the  evolution  and  function  of  eusocial  colonies  of  different  social  types. 
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Introduction:  Social  insects  often  communicate  reproductive  roles  through  pheromones.  In  honey 
bee  colonies  both  drone  and  worker  castes  cue  their  reproductive  behaviour  from  queen 
mandibular  pheromone  (QMP).  Drones  are  sexually  attracted  to  pheromone-emitting  virgin 
queens,  while  workers  respond  to  this  same  pheromone  with  selfless  reproductive  help.  Studies 
in  the  Social  Biology  Group  at  Western  University  suggest  that  this  multi-purpose  reproductive 
signal  is  inadvertently  effective  on  nonspecific  recipients,  and  may  elicit  comparable  responses 
from  both  male  and  female  non-social  insects.  Remarkably,  QMP  de-activates  Drosophila 
ovaries,  much  as  it  does  in  workers.  QMP  may  also  accelerate  mating  effort  by  males,  as  it 
normally  does  with  drones. 

Methods:  In  the  present  study,  we  build  on  these  bee-fly  comparisons  to  test  if  male  or  female 
flies  are  positively  attracted  to  volatile  QMP,  and  further  use  the  fly  model  to  map  the  neural 
receptors  that  mediate  this  behavioural  response. 

Conclusion:  Results  from  a  T-maze  assay  indicate  that  male  and  female  Drosophila  are  attracted 
to  QMP,  suggesting  that  the  physiological  effects  of  bee  pheromone  on  flies  is  not  strictly 
pharmacological  but  are  potentially  functional.  Moreover,  we  have  utilized  a  nuclear  factor  of 
activated  T-cell  (NFAT)  fly  line  that  causes  fluorescence  in  specific  neurons  activated  by  the 
social  pheromone.  Our  goal  is  to  exploit  a  Drosophila  model  to  help  map  the  olfactory  circuits 
that  coordinate  social  communication  in  honey  bees  and  potentially  other  social  insects. 
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Genome  size  has  been  found  to  vary  extensively  across  organisms,  having  no  correlation  to 
complexity.  While  there  have  been  attempts  to  understand  this  extreme  variation,  the  variation 
has  rarely  been  quantified  taking  evolutionary  history  and  relationships  into  account.  In  previous 
work,  we  have  found  phylogenetic  signal  in  the  Sophophora  subgenus  of  Drosophila.  The 
presence  of  signal  indicates  that  genome  size  is  related  to  evolutionary  time  and  species 
relationships  within  Sophophora.  Historically,  Sophophora  has  been  the  more  studied  of  the  two 
Drosophila  subgenera;  therefore,  it  is  important  to  examine  a  comparable  dataset  for  the 
Drosophila  subgenus.  Here,  we  have  generated  new  genome  size  estimates  for  a  large  number  of 
species  within  the  Drosophila  subgenus.  PageTs  parameters  of  evolution  has  been  run  to 
compare  genome  size  evolution  within  and  between  the  subgenera.  We  also  look  at  the  whole  of 
the  Drosophila  genus,  an  analysis  totaling  150  taxa,  the  largest  to  date.  We  discuss  the  results  in 
light  of  current  ideas  regarding  the  evolution  of  genome  size. 
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There  are  23  recorded  species  of  Lissorhoptrus  LeConte  (Coleoptera:  Curculionidae)  in  22 
countries  in  the  world.  Main  host  plants  of  this  genus  are  Gramineae  and  Cyperaceae.  The  rice 
water  weevil,  Lissorhoptrus  oryzophilus  Kuschel,  is  native  to  North  America  and  is  a  serious 
insect  pest  of  rice.  Currently,  it  has  invaded  10  countries.  It  causes  severe  economic  damage  in 
rice  producing  regions  of  the  world.  This  rice  water  weevil  has  spread  to  23  provinces  and  has 
become  the  major  pest  of  rice  in  China.  Based  on  CLIMEX  analyses  of  all  species  of 
Lissorhoptrus ,  some  species  showed  potential  distribution  to  areas  where  they  would  be 
considered  high  risk  to  rice  production  regions  of  the  world.  In  China,  L.  oryzophilus  is 
widespread.  Although  native  to  South  America,  L.  bosqi ,  L.  gracilipes  L.  isthmicus,  L.  kuscheli 
and  L.  persimilis  are  known  to  feed  on  rice  and  may  pose  serious  threats  to  rice  production. 

These  speciea  are  adaptable  to  large  climatic  areas  in  southern  China.  Lissorhoptrus  buchanani  is 
native  to  North  America  and  feeds  on  Zizania  aquatica  L.  as  does  L.  oryzophilus.  These  weevils' 
potential  distribution  areas  probably  including  Jiangsu,  Zhejiang,  Fujian,  Taiwan,  Guangdong, 
Guangxi,  Guizhou,  Hunan,  Hubei,  Chongqing,  Jiangxi,  Anhui  and  Henan  provinces  in  China 
where  their  potential  host,  Zizania  latifolia  (Griseb.)  is  being  cultivated  extensively.  Further 
invasion  of  the  genus  Lissorhoptrus  may  be  prevented  in  new  regions  and  countries  through 
strict  legislative  and  quarantine  measures  at  ports  of  entry. 
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Introduction:  Invasive  arthropod  taxa  are  a  major  biological  concern  for  conservation  efforts 
worldwide,  and  on  the  4,205m  summit  of  Maunakea  in  Hawaii  this  concern  is  even  more  evident 
due  to  the  unique  alpine  ecosystem  present.  Knowledge  gaps  exist  regarding  invasive  arthropod 
threats  encountered  on  the  summit  of  Maunakea  that  may  change  with  different  land  use 
pressures  relating  to  building  construction,  tourism,  and  extant  land  management  regimes. 


Methods:  To  address  this  issue,  I  am  compiling  data  from  previous  arthropod  diversity  studies 
from  the  summit  region  to  create  a  comprehensive  species  list  of  all  invasive  threats  encountered 
through  time,  and  comparing  these  historically  encountered  taxa  to  recent  invasive  species  pre¬ 
construction  monitoring  associated  with  new  proposed  telescope  facilities.  Assessments  of 
correlations  between  changes  in  invasive  taxa  species  composition  will  be  compared  to  records 
of  single-point  or  continuous  anthropogenic  activities  on  Maunakea. 

Results/Conclusion:  Initial  findings  indicate  that  an  increased  abundance  and  diversity  changes 
of  novel  taxa  encountered  through  time.  The  apparent  increase  in  taxa  encountered  has  been  due 
to  taxonomic  revision  of  several  species  and  greater  specimen  level  identification  of  focal  taxa. 
Non- arthropod  expert  land  managers  often  only  have  historic  and  ever-expanding  lists  of  new 
non-native  species  associated  with  research  and  inventory  monitoring  environmental 
management  activities,  but  the  results  from  this  project  provide  insight  into  associations  between 
anthropogenic  activities  and  movement  of  invasive  arthropod  taxa  to  the  summit  region  through 
time.  The  data  collected  will  be  immediately  useful  for  assessments  of  the  relative  risk  of  taxa 
being  transported  to  the  alpine  areas  of  Maunakea. 
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Introduction:  The  Asian  citrus  psyllid  (ACP),  Diaphorina  citri  Kuwayama  (Hemiptera: 
Psyllidae),  is  an  important  pest  in  the  citrus  industry  due  to  the  bacterial  disease  that  it  vectors 
called  Huanglongbing  (HLB),  also  known  as  citrus  greening  disease.  This  study  was  aimed  at 
evaluating  the  public’s  general  knowledge  of  the  psyllid  and  HLB  in  Southern  California. 

Methods:  Questions  asked  include:  knowledge  of  ACP  (have  participants  heard  of  this  insect), 
knowledge  of  citrus  greening  disease/HLB  (have  participants  heard  of  this  disease),  and  how 


knowledge  was  acquired  about  the  issue,  varieties  of  citrus  trees  owned,  owning  a  citrus  tree 
(and  variety),  gender,  race,  and  education  level  of  participants. 

Results/Conclusion:  Preliminary  data  estimates  less  than  10%  of  the  surveyed  population  had 
existing  knowledge  of  HLB,  while  15.3%  had  existing  knowledge  of  ACP.  The  majority 
respondents  with  knowledge  of  HLB  learned  from  family  or  friends,  and  the  majority  of 
respondents  who  had  knowledge  of  ACP  learned  from  the  internet.  This  data  will  be  utilized  to 
evaluate  the  effectiveness  of  certain  outreach  methods  in  Southern  California  in  an  effort  to 
control  the  movement  of  the  ACP,  and  prevent  further  spread  of  HLB. 
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Abstract  text: 

Introduction:  The  notorious  Asian  longhorned  beetle,  Anoplophora  glabripennis ,  is  endemic  to 
Korea  and  China.  It  is  a  major  invasive  pest  of  street  tree.  In  South  Korea,  the  distributional 
range  of  this  species  is  restricted  to  central  to  northeastern  forests.  We  found  previously 
unreported  A.  glabripennis  populations  in  4  different  port  and  adjacent  cities.  These  new 
populations  were  all  from  urban  settings:  Incheon,  western  Seoul,  Busan  and  Ulsan.  These 
populations  can  be  distinctly  differentiated  from  previously  reported  populations  due  to 
increased  damage  to  trees,  unusual  usage  of  host  plants  and  their  spotted  elytral  pattern. 

Methods:  To  test  their  identity,  we  analysed  the  genetic  patterns  of  the  A.  glabripennis 
populations  sampled  across  South  Korea  based  on  three  mitochondrial  genes,  Cytochrome 
Oxidase  I  -  leucin  tRNA  -  Cytochrome  Oxidase  II  (COI-tRNALeu-COII).  Additionally,  we  used 
available  sequences  of  COI  -  tRNALeu  -  COII  of  104  Chinese  and  15  Korean  individuals  from 
NCBI. 


Results/Conclusion:  Here  we  show  that  the  Korean  population  of  A.  glabripennis  is  distinctly 
divided  into  two  major  clades,  namely  native  populations  and  non-native  ones,  with  0.7  to  1.2% 
genetic  divergence.  The  non-native  population  can  be  divided  into  two  subgroups:  Incheon- Seoul 
complex  and  Busan-Ulsan  complex.  We  observed  that  the  Incheon-Seoul  complex  and  the 
Busan-Ulsan  complex  share  perfectly  identical  COI  haplotype  within  each  group.  This  study 
strongly  suggests  that  newly  found  populations  were  introduced  and  these  populations  might  be 
derived  from  a  very  small  number  of  introduced  founders. 
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Introduction:  Emerald  ash  borer  (EAB),  Agrilus  planipennis ,  is  an  invasive  pest  of  ash  trees 
( Fraxinus  spp.)  in  North  America  and  was  recently  found  infesting  white  fringetree 
(Chionanthus  virginicus).  First  reported  in  Dayton,  Ohio,  EAB  has  now  been  reported  in  white 
fringetrees  in  Illinois  and  Ohio. 

Methods:  With  these  reports,  we  monitored  white  fringetrees  in  other  sites  in  Illinois,  Indiana, 
Ohio,  and  Pennsylvania  during  the  Fall  and  Winter  of  2015-2016  for  EAB  infestation.  We 
wanted  to  determine  to  what  extent  basal  stem  diameter,  crown  rating,  epicormic  sprouts,  sex, 
ash  adjacency,  and  white  fringetree  adjacency  predicted  host  infestation  by  EAB. 

Results/Conclusion:  Fringetrees  with  epicormic  sprouts  were  more  likely  to  be  infested  with 
EAB.  Furthermore,  the  proportion  of  trees  infested  with  EAB  increased  as  basal  stem  diameter 
increased.  Our  white  fringetree  sites  will  continue  to  be  monitored  to  determine  if  these  factors 
may  be  used  to  predict  infestation.  Signs  or  symptoms  consistent  with  EAB  infestation  were 


found  in  28%  of  157  white  fringetrees  with  at  least  one  host  infested  at  each  site  in  all  states. 
Infestation  of  white  fringetrees  varied  across  sites.  Our  Chicago  Botanical  Garden  site  had 
significantly  lower  infestation  (3.7%)  than  other  sites.  This  site  likely  had  low  infestation  due  to 
proactive  management  when  EAB  was  first  found  there  in  2012.  Overall,  these  data  suggest  that 
EAB’s  host  range  expansion  to  white  fringetree  has  occurred  throughout  their  overlapping  ranges 
in  the  United  States  in  ornamental  plants. 
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Introduction:  In  forests  severely  impacted  by  emerald  ash  borer  (EAB),  reproduction  and 
recruitment  of  ash  has  ceased,  creating  the  need  for  conservation  strategies.  Emamectin  benzoate 
effectively  protects  ash  from  EAB,  and  clusters  of  treated  trees  may  provide  associational 
protection  to  untreated  trees  by  reducing  surrounding  EAB  densities.  The  Five  Rivers 
MetroParks  (FRMP)  in  Dayton,  Ohio  began  an  ongoing  program  in  201 1  to  treat  600  large  ash 
trees  with  emamectin  benzoate  every  two  years.  Our  objectives  are  to  1)  quantify  the  relationship 
between  untreated  ash  survival  and  the  density  of  neighboring  treated  ash  trees  and  2)  test  the 
effect  of  density  of  treated  ash  on  seedling  densities  (recruitment). 

Methods:  We  established  96  plots  (0.1  ha)  at  FRMP.  For  each  plot,  we  counted  the  number  of 
treated  ash  trees  (per  1  ha,  12.5  ha,  and  50  ha)  and  calculated  a  treatment  index  (total  for  all 
treated  ash  per  plot:  surface  area  of  treated  ash  divided  by  distance  to  plot).  We  quantified 
untreated  ash  survival  and  counted  first  year  seedlings. 

Results/Conclusion:  Our  results  indicate  untreated  ash  survival  is  increasing  with  density  of 
treated  ash.  Treatment  index  had  no  effect  on  untreated  ash  survival.  First  year  ash  seedlings 
increased  with  treatment  index,  but  were  not  affected  by  density  of  treated  ash  trees.  Overall,  our 


results  suggest  that  larger  densities  of  treated  ash  trees  have  the  potential  to  increase  survival  of 
neighboring  untreated  ash  trees.  However,  size  and  distance  of  treated  ash  trees  may  be  more 
important  for  maintaining  ash  reproduction  and  regeneration. 
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Introduction:  The  Asian  longhorned  beetle,  Anoplophora  glabripennis 
(Motschulsky)(Coleoptera:  Cerambycidae),  is  an  important  invasive  pest  of  Acer  spp. 

(Aceraceae)  in  the  United  States.  Current  control  strategies  rely  on  quarantine  and  eradication 
measures,  including  removal  of  infested  trees  and  application  of  systemic  insecticides  to  nearby 
trees.  Given  that  beetle  larvae  develop  cryptically  within  host  trees,  infestations  can  go  unnoticed 
for  more  than  a  year,  complicating  these  methods.  Recently,  five  North  American  parasitoid 
species  were  found  to  be  capable  of  parasitizing  and  developing  on  this  invasive  pest  in 
laboratory  studies  conducted  by  USDA-ARS.  Ontsira  mellipes  Ashmead  (Hymenoptera: 
Braconidae)  has  since  been  the  focus  of  a  new-host  association  biocontrol  program. 

Methods:  To  improve  upon  current  rearing  procedures  for  potential  mass  release  of  this 
parasitoid,  and  to  gain  a  better  understanding  of  its  reproductive  and  developmental  biology,  we 
examined  the  effects  of  temperature  (15,  20,  25,  and  30°C)  on  immature  development  time,  sex 
ratio,  pre-ovipositional  time,  fecundity,  and  survival  of  adults. 

Results/Conclusion:  Adults  failed  to  emerge  at  10°C,  and  the  development  times  of  the  egg, 
larval,  and  immature  stages  were  reduced  at  higher  temperatures.  Sex  ratios  were  unaffected  at 
lower  temperatures  (15  -  25°C),  at  about  2  F  :  1M;  however,  nearly  4  times  as  many  females 
emerged  than  males  at  30°C.  The  percent  of  adults  emerged  was  highest  at  25  and  30°C 
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The  Asian  longhorned  beetle  ( Anoplophora  glabripennis )  has  spread  to  many  parts  of  the  world 
from  its  native  range  in  China.  It  is  a  pest  of  several  hardwoods,  but  has  a  particular  affinity  in 
North  America  for  maple.  In  the  USA,  there  are  very  limited  infestations  of  a  few  hundred 
square  miles.  The  beetle  is  slow  to  spread  and  there  is  some  hope  that  the  insect  may  be 
contained  and  eradicated  once  the  boundaries  of  these  infestations  are  established.  A 
determiniation  of  the  entire  pheromone  blend  has  yet  to  be  agreed  upon.  Our  research  utilizes 
single  sensillum  recording  to  measure  the  ability  to  detect  various  suspected  pheromone 
components  and  general  odorants  by  different  sensilla  type. 
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Introduction:  Mate  location  is  mediated  by  long-range  pheromones  for  many  species  of 
cerambycid  beetles.  Unfortunately  for  the  beetles,  pheromones  are  used  by  many  species  of 
parasitoids  as  kairomones  to  discover  hosts.  In  a  previous  study,  we  identified  parasitic  wasps  in 
ten  different  hymenopteran  families  that  were  attracted  to  sticky  traps  baited  with  pheromones  of 
cerambycid  beetles.  Our  objective  in  this  study  was  to  confirm  the  relationship  between  these 
parasitoids  and  their  potential  host  beetles.  We  test  the  hypothesis  that  the  presence  of 
pheromones  of  cerambycid  beetles  will  affect  the  amount  of  parasitism  that  sentinel  eggs 
experience. 

Methods:  We  captured  Xylotrechus  colonus  (Cerambycinae)  and  allowed  females  to  oviposit 
onto  small  pieces  of  bark  from  of  oak  trees  ( Quercus  imbricaria).  Bark  pieces  with  eggs  then 
were  attached  to  trees  of  the  same  species  in  the  field.  We  tested  the  hypothesis  by  attaching 
pheromone  emitters  in  proximity  to  the  bark  pieces,  with  solvent  controls.  An  additional  negative 
control  used  emitters  that  released  pheromone  of  a  different  cerambycid  species,  Astyleiopus 
variegatus.  After  48  hours,  bark  pieces  were  returned  to  the  lab  and  stored  in  plastic  containers  in 
a  growth  chamber  to  rear  out  adult  egg  parasitoids. 

Results/Conclusion:  We  will  present  data  on  parasitism  rates  per  species  of  parasitoid,  and 
summarize  what  is  known  of  their  natural  history. 
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Introduction:  Vacant  land,  a  product  of  decades  of  population  and  economic  decline  resulting  in 
the  abandonment  of  infrastructure,  has  increased  substantially  in  shrinking  cities  worldwide.  In 
Cleveland,  Ohio,  vacant  lots  are  minimally  managed,  concentrated  within  low-income 
neighborhoods,  and  support  a  significant  proportion  of  the  city’s  urban  forest.  This  forest  is 
comprised  primarily  of  weedy,  exotic  species  that  are  thought  to  provide  little  value,  and  whose 
contributions  to  ecosystem  services  remain  poorly  understood. 

Methods:  We  sought  to  compare  the  economic  value  of  the  regulating  ecosystem  services 
provided  by  native  and  exotic  tree  species  on  urban  vacant  lots,  urban  residential  lots,  and 
suburban  residential  lots  by  quantifying  tree  diversity,  abundance,  and  size  class.  The  economic 
value  of  the  ecosystem  services  provided  by  the  respective  forest  community  on  each  land  cover 
type  was  then  quantified  using  i-Tree  Eco.  Vacant  lots  had  a  higher  mean  species  richness  and 
supported  three  times  as  many  trees  as  urban  and  suburban  residential  lots,  with  the  majority 
being  saplings  of  exotic  species.  Additionally,  the  exotic-dominated  vacant  lot  urban  forest 
community  provided  significantly  more  value  in  the  form  of  regulating  ecosystem  services  than 
either  of  the  other  two  forest  communities. 

Results/Conclusion:  We  conclude  that  the  abundance  of  exotic,  invasive  tree  species  on  vacant 
land  does  in  fact  provide  valuable  ecosystem  services  to  communities  that  otherwise  have 
minimal  access  to  urban  green  spaces  and  their  associated  benefits.  More  research  is  needed  on 
the  ecological  role  and  conservation  value  of  the  dominant  exotic  tree  species  to  the  larger  urban 
ecosystem. 
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Desiccation  resistance  (DR),  the  ability  of  an  organism  to  reduce  water  loss,  is  an  essential  trait 
in  arid  habitats  and  often  increases  with  body  size.  It  has  been  little  studied  in  tropical  fauna, 
despite  the  predicted  increase  in  drought  frequency  in  global  change  models.  We  tested  the 
desiccation  adaptation  hypothesis,  which  predicts  higher  DR  in  habitats  with  higher  vapor 
pressure  deficits  (VPD;  e.g.  the  canopy  compared  to  the  understory).  In  a  Panama  rainforest, 
canopy  microclimates  averaged  a  VPD  of  0.43  kPa,  compared  to  a  VPD  of  0.045  kPa  in  the 
understory.  In  82  ant  species  from  that  forest  the  DR  of  canopy  ants  averaged  2.8  times  higher 
than  litter  ants. 

We  tested  a  number  of  mechanisms  to  account  for  this  variation.  Desiccation  resistance  increased 
with  ant  mass  (R2  =  0.24,  p  <  0.001)  consistent  with  the  hypothesis  that  smaller  insects  desiccate 
faster  given  their  higher  surface  area  to  volume.  Another  way  to  increase  DR  is  to  carry  more 
water.  Water  content  was  on  average  2.5  %  higher  in  canopy  ants,  but  it  was  not  a  good  predictor 
of  ant  DR.  A  species’  critical  thermal  maximum  (CTmax),  a  measure  of  ant  thermal  tolerance, 
was  inversely  related  to  DR  in  canopy  ants,  consistent  with  a  tradeoff,  but  positively  covaried 
with  DR  in  the  understory. 

This  is  the  first  test  of  the  desiccation  adaptation  hypothesis  at  the  community  level  in  tropical 
insects.  Tropical  forests  do  contain  desiccation  resistant  species,  with  most  found  in  the 
relatively  drier  tropical  canopy. 
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Introduction:  To  combat  freezing  in  winter,  Dendroides  canadensis  (Coleoptera:  Pyrochroidae), 
Cucujus  clavipes  (Coleoptera:  Cucujidae),  and  Tipula  trivittata  (Diptera:  Tipulidae)  larvae  use  a 
suite  of  adaptations  including  antifreeze  glycolipids,  antifreeze  proteins,  and  cryoprotectants 
such  as  glycerol.  The  winter  24-hour  lower  lethal  temperatures  (LLT50)  for  D.  canadensis,  C. 
clavipes,  and  T.  trivittata  are  — 22°C,  -26°C,  -27°C  respectively  and  rise  to  ~-4°C  in  summer. 
Because  of  recent  record  high  winter  temperatures  with  local  temperatures  during  thaws  as  high 
as  20°C,  and  as  high  as  34°C  during  spring  and  autumn  transition  periods,  along  with  predictions 
for  continued  warmer  winters  and  more  freeze-thaw  cycles  due  to  climate  change,  we 
investigated  the  upper  lethal  temperatures  (ULT50)  for  the  aforementioned  with  the  hypothesis 
that  such  temperatures  during  winter  thaws  could  be  lethal. 

Methods:  Insects  were  collected  in  decaying  logs  over  a  3  year  time-span  from  the  northern 
Indiana  and  southwest  Michigan,  tested  at  various  high  temperatures,  and  survivorship  scored 
every  24,  48,  and  72  hours. 

Results/Conclusion:  Contrary  to  expectations,  larvae  were  more  heat  tolerant  in  winter  than  in 
summer.  For  example,  D.  canadensis  had  a  24-hour  ULT50  of  40.9°C  in  winter  compared  to 
36.7°C  in  summer.  During  transition  periods  of  spring  and  autumn,  larvae  exhibited  intermediate 
heat  tolerance.  The  24  hour  ULT50  in  spring  was  37.3°C  and  38.5°C  in  autumn.  Higher 
temperature  tolerance  and  extended  thermal  range  in  winter  compared  to  summer  is  a  novel 
finding  not  previously  documented  in  the  literature.  Surprisingly,  winter  cold  adaptations  may 
play  a  role  in  increasing  high  temperature  tolerance. 
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Introduction:  The  crape  myrtle  bark  scale,  Eriococcus  lagerstroemiae  Kuwana  (Hemiptera: 
Eriococcidae),  is  an  exotic  pest  on  crape  myrtle,  Lagerstroemia  spp.  L.  (Myrtales:  Lythraceae), 
in  the  United  States.  Physiological  changes  in  response  to  cold  temperatures  are  critical  for 
insects  to  successfully  overwinter.  Our  previous  studies  have  revealed  that  E.  lagerstroemiae 
nymphs  collected  in  the  winter  had  better  cold  tolerance  compared  with  nymphs  collected  from 
other  seasons.  Comparing  nymphs  collected  in  July  2015  to  those  collected  in  January  2016,  the 
lethal  exposure  time  with  50%  mortality  (Ltso)  at  different  constant  chill  temperatures  increased 
significantly,  while  the  supercooling  points  (SCPs)  decreased  significantly.  The  objective  of  this 
study  was  to  measure  the  physiological  changes  associated  with  the  seasonally  acquired  cold 
tolerance  of  this  scale  by  quantifying  four  physiological  and  biochemical  indicators  including 
water  content,  amount  of  lipids,  polyols  and  carbohydrate  reserves. 

Methods:  Water  content  was  measured  by  comparing  the  weight  of  nymphs  after  lyophilization. 
Lipids  were  extracted  from  lyophilized  nymphs  using  the  chloroform-methanol  method.  The 
supernatant  from  the  previous  step  was  used  to  measure  the  polyols  using  GC-MS.  Whole  body 
glycogen  was  extracted  with  trichloroacetic  acid  and  determined  using  the  phenol  and 
concentrated  sulfuric  acid  method. 

Results/Conclusion:  Results  of  physiological  measurements  were  used  to  explain  the 
overwintering  strategy  along  with  the  cold  tolerance  study.  The  outcomes  of  this  study  are 
discussed  in  the  context  of  understanding  the  adaptation  to  the  environment  and  developing  pest 
management  strategies  against  E.  lagerstroemiae  in  the  United  States. 
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Abstract  text: 


Insects  lose  ion  and  water  homeostasis  when  chilled,  implying  that  epithelial  transport  function  is 
lost  at  low  temperatures.  Cold-acclimated  insects  are  able  to  maintain  homeostasis  to  lower 
temperatures  than  warm-acclimated  conspecifics,  but  little  is  known  about  the  mechanisms 
underlying  loss  of  transport  function  in  the  cold,  or  how  cold  acclimation  alters  that  function. 

The  insect  hindgut  and  Malpighian  tubules  (major  sites  of  ionoregulation)  are  likely  targets  for 
modification  during  cold  acclimation.  To  generate  hypotheses  about  how  homeostasis  is  either 
lost  or  maintained  in  the  cold,  we  investigated  the  effects  of  cold  acclimation  on  hindgut 
structure,  Malpighian  tubule  secretion,  ionoregulatory  gene  expression,  and  active  transport 
activity  in  Gryllus  pennsylvanicus  crickets. 
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The  emerald  ash  borer,  Agrilus  planipennis  Fairmaire  (Coleoptera:  Buprestidae)  is  an  invasive 
beetle  from  Asia  that  was  first  detected  in  Michigan  in  2002.  A.  planipennis  larvae  overwinter  in 
the  outer  sapwood  of  ash  {Fraxinus  spp.),  where  they  experience  temperatures  below  0°C. 

Larvae  metabolize  energy  reserves  to  release  glycerol  into  their  hemolymph  to  prevent  freezing. 
Feeding  resumes  when  adults  emerge  to  feed  on  foliage  before  dispersal  and  mating.  Adult 
feeding  may  replenish  energy  reserves  lost  during  overwintering.  The  objectives  of  this  study 
were  to:  (i)  determine  if  winters  of  differing  severity  affect  energy  reserves  of  emerging  adults; 
(ii)  learn  if  adult  feeding  increases  energy  reserves  in  consistent  manners  between  adults 
previously  exposed  to  different  overwintering  cold  regimes;  and  (iii)  compare  flight  performance 
between  emerald  ash  borers  that  experience  different  winter  conditions.  In  January  2016,  logs 
collected  from  St  Paul,  MN  were  randomly  divided  and  stored  in  two  locations:  (1)  Grand 
Rapids,  MN,  considered  “harsh”  winter  conditions,  and  (2)  St  Paul,  MN,  considered  “moderate” 
winter  conditions.  Air  and  below-bark  temperatures  were  recorded.  Adults  were  reared  out  in 
spring,  individually  caged  and  fed  mature,  lab  grown  Fraxinus  uhdei  leaves  for  a  set  number  of 


days  before  being  flash  frozen  or  flown  on  a  custom  flight  mill  for  24  hours  under  constant  light, 
Leaves  were  digitally  scanned  to  quantify  surface  area  consumed  by  beetles.  After  feeding  and 
flight  tests,  lipid  extraction  using  petroleum  ether  was  performed.  Survival,  food  consumption, 
flight  capacity,  and  energy  reserves  were  compared  between  individuals  exposed  to  differing 
overwintering  thermal  regimes. 
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Many  acarine  (tick  and  mite)  species  are  ectoparasites  of  humans,  farm  animals  and  domestic 
pets,  where  they  spread  disease  and  impact  adversely  on  animal  health.  They  are  normally 
controlled  through  the  application  of  acaracides;  however,  the  prolonged  use  of  individual 
compounds  has  resulted  in  many  species  developing  resistance  to  these  compounds.  We  are 
investigating  the  molecular  properties  that  determine  the  resistance  to  and  selectivity  of 
pyrethroids,  an  important  class  of  acaracides  that  act  on  the  voltage-gated  sodium  channels 
(VGSCs)  of  acarine  neurons.  Comparison  of  insect  and  acarine  VGSC  sequences  coupled  with 
molecular  modelling  studies  have  identified  a  number  of  residues  within  the  putative  pyrethroid 
binding  pocket  that  are  likely  to  contribute  to  selectivity  of  certain  pyrethroids  at  acarine  VGSCs. 
We  describe  progress  in  the  cloning  and  expression  of  insect  and  acarine  VGSCs  to  examine  the 
functionality  of  these  residues  using  site-directed  mutagenesis  studies,  Xenopus  laevis  oocyte 
expression,  and  electrophysiology. 
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Introduction:  Animals  across  a  diversity  of  taxa  both  have  evolved  weapons  to  use  for  defense, 
prey  capture,  and  for  use  in  battle  with  rivals.  Many  animal  weapons  have  evolved  an  increased 
response  to  their  owner’s  condition.  That  is,  animals  who  have  more  access  to  nutrition  grow 
much  larger  weapons  than  those  who  are  underfed.  In  order  to  gain  a  more  complete  picture  of 
the  growth  and  development  of  condition-dependent  weaponry  in  response  to  nutrition  we 
sampled  horn,  wing  and  genital  tissue  from  developing  male  rhinoceros  beetles  ( Trypoxylus 
dichotomus)  raised  on  either  high  or  low  amounts  of  food. 

Methods:  We  performed  an  RNA-seq  analysis  on  total  RNA  isolated  from  each  tissue,  using  a  de 
novo  transcriptome. 

Results/Conclusion:  Our  analysis  demonstrated  that  differential  expression  patterns  between 
tissues  mirror  scaling  relationships  between  the  final  adult  traits.  There  are  more  genes 
differentially  expressed  in  large,  nutritionally  responsive  head  horns  than  there  are  in 
nutritionally  unresponsive  genitals,  with  gene  expression  in  moderately  responsive  wing  tissue 
resting  in  between  horn  and  genital  expression.  In  addition,  there  are  stronger  nutritional  effects 
on  gene  expression  in  nutritionally  sensitive  tissues.  Surprisingly,  however,  only  a  small  fraction 
of  total  genes  are  differentially  expressed  in  response  to  nutrition,  and  many  candidate  pathways 
were  not  differentially  expressed  in  our  experiments.  Our  results  demonstrate  that  it  is 
surprisingly  easy  to  generate  condition-dependent  scaling,  and  that  this  response  may  be 
controlled  by  a  small  suite  of  master  regulator  genes,  instead  of  being  under  the  control  of 
conserved  gene  networks. 
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Introduction:  The  western  corn  rootworm  (WCR)  is  the  most  serious  insect  pest  of  corn  in  the 
United  States.  Currently,  several  WCR  diet  formulations  are  used  by  industry  and  researchers  to 
rear  insects  for  use  in  bioassays  and  germplasm  evaluation.  A  standardized  growth  medium  for 
WCR  larvae  would  eliminate  variation  in  research  results  due  to  differences  in  food  streams  and 
would  likely  facilitate  development  of  improved  management  technologies. 

Methods:  We  used  response  surface  methodology  (RSM)  and  an  ^-dimensional  mixture  design 
to  improve  current  diet  formulations  for  WCR.  Larvae  reared  on  various  diet  formulations  were 
evaluated  for  weight,  survival,  development  and  contamination. 

Results/Conclusion:  Several  ingredients  enhanced  performance  (e.g.,  casein)  while  increases  in 
other  ingredients  decreased  performance  (e.g.,  wheat  germ).  In  some  cases,  ingredients  had  little 
or  no  effect  (e.g.,  linseed  oil).  Diet  optimization  resulted  in  a  formulation  that  provided  better 
larval  growth  than  diets  currently  in  use.  Modern  Design  of  Experiment  (DOE)  software 
combined  with  RSM  resulted  in  more  rapid  progress  in  diet  optimization  compared  with 
traditional  factorial  designs. 
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Introduction:  Differences  in  life  histories  are  commonly  reported  between  related  species, 
particularly  fast/slow  dichotomies.  Compared  to  their  slow  counterparts,  fast  species  grow 
quicker,  move  more,  die  quicker,  often  have  a  reduced  starvation  tolerance  and  actively  hunt 
prey  (slow  species  sit  and  wait  for  prey).These  variations  in  life  history  traits  lead  to  differences 
in  energy  input/output  requirements  and  are  likely  to  result  in  variation  in  energy  storage. 
Carbohydrate,  lipid  and  protein  levels  were  examined  using  two  damselfly  species  found 
throughout  New  Zealand.  Austrolestes  colens onis  is  considered  to  have  a  fast  life  history  and 
Xanthocnemis  zealandica  a  slow  life  history.  X.  zealandica  has  been  reported  to  carry  greater  fat 
stores  through  to  adulthood  than  A.  colensonis,  although,  this  has  not  been  tested.  It  is  expected 
that  metabolic  profiles  will  differ  between  species. 

Methods:  Larvae  of  each  species  were  randomly  assigned  to  one  of  5  treatment  groups,  plus  a 
control  group.  All  of  the  treatment  groups  were  starved  until  10  individuals  remained.  Remaining 
individuals,  plus  10  freshly  collected  and  10  controls  were  tested  for  lipids  present  using  thin 
layer  chromatography  coupled  to  a  flame  ionisation  detector.  Additional  larvae  were  collected 
and  fed  or  starved  for  1  to  4  weeks  and  tested  for  carbohydrate,  glycogen  and  protein  levels  using 
the  anthrone  assay  and  the  Bradford  assay  extraction  methods. 

Results/Conclusion:  Both  species  showed  different  lipid  profiles,  and  variation  in  the  lipid 
profile  patterns  as  they  starved.  Carbohydrate  and  protein  levels  also  differed  between  species. 
These  differences  are  likely  to  be  linked  to  life  history  strategies. 
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Introduction:  The  potato  psyllid,  Bactericera  cockerelli  (Hemiptera:  Triozidae),  is  a  phloem¬ 
feeding  insect  with  strong  preference  for  solanaceous  plants.  Similarly  to  other  hemipterans, 
potato  psyllids  damage  plants  through  their  feeding,  moment  in  which  they  are  able  to  transmit 
the  plant  pathogen  ‘Candidatus  Liberibacter  solanacearunf  (Lso),  the  causal  agent  of  Zebra  Chip 
in  potatoes.  The  recent  classification  of  psyllids  among  the  most  dangerous  vectors  has  promoted 
their  study,  but  still  many  biological  processes,  such  as  vitellogenesis  and  reproduction,  need  to 
be  investigated.  In  oviparous  species,  the  coordination  of  vitellogenesis  depends  of  the 
combinatorial  effects  of  neuropeptides  and  hormones.  In  insects,  the  hormones  involved  in 
vitellogenesis  are  ecdysteroids  and/or  juvenile  hormones  (JHs). 

Methods:  In  order  to  comprehend  the  control  of  vitellogenesis  in  B.  cockerelli ,  first  we  identified 
a  vitellogenin  gene  and  analyzed  its  relative  expression  and  protein  abundance  in  virgin  and 
mated  females.  Second,  we  analyzed  the  effects  of  Juvenile  hormone  III  and  Hydroprene  (JH 
analog)  in  virgin  females  to  elucidate  the  hormonal  control  of  vitellogenin  expression.  And  third, 
we  analyzed  the  involvement  of  Kriippel  in  vitellogenesis. 

Results/Conclusion:  Overall  our  results  represent  the  first  step  towards  understanding  psyllid 
vitellogenesis.  Moreover,  the  information  generated  in  this  work  can  help  identify  gene -targets 
involved  in  vitellogenesis  to  control  psyllid  populations,  and  other  phloem  feeding  hemipterans 
for  which  little  is  known. 
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Introduction:  Riptortus-Burkholderia  symbiosis  has  been  considered  a  powerful  model  system  to 
address  the  molecular  mechanism  of  host-gut  symbiont  interaction.  A  reason  is  that  the  bean  bug, 
Riptortus  pedestris  (Heteroptera:  Alydidae),  harbors  a  specific  gut  symbiont  of  the  (3- 
proteobacterial  genus  Burkholderia,  which  is  orally  acquired  by  host  nymphs  from  the 
environment  every  generation.  Here,  we  report  the  role  of  gut  symbiotic  Burkholderiaassocmted 
with  host  juvenile  hormone  (JH)-mediated  regulation  of  hexamerin  and  vitellogenin  proteins 
during  development  and  reproduction. 

Methods:  Analyses  of  these  proteins  by  SDS-PAGE  and  RT-qPCR  revealed  that  the  amounts  of 
hexamerin  and  vitellogenin  on  nymph  and  adult  stages  were  increased  by  the  presence  of  the  gut 
symbiont.  On  the  other  hand,  RNAi  of  these  proteins  resulted  in  the  decrease  of  the  Burkholderia 
symbiont-mediated  egg  production  and  growth.  In  addition,  a  heteroptera-specific  JH  (JHSB3) 
was  identified  from  hemolymph  of  R.  pedestris  by  LC-MS  analysis  and  the  mRNA  expression  of 
Kr-hl  as  a  JH-regulating  protein  also  was  examined  along  with  the  lifetime.  Levels  of  Kr-hl  in 
symbiont-infected  insects  were  higher  than  those  of  symbiont-free  insects. 

Results/Conclusion:  These  results  demonstrate  that  the  presence  of  gut  symbiotic  Burkholderia 
bacteria  regulate  the  expression  of  JH-mediated  Kr-hl  gene,  leading  to  the  expression  of 
hexamerin  and  vitellogenin  proteins  that  are  involving  in  host  development  and  reproduction. 
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Introduction:  Pathogen  infections  are  thought  to  be  a  significant  factor  contributing  to  recent 
declines  in  the  number  of  managed  honey  bee,  Apis  melliferaL .,  colonies.  Recent  studies  have 
demonstrated  an  important  role  for  inwardly-rectifying  potassium  (Kir)  channels  in  fruit  fly 
antiviral  immunity,  but  no  information  is  available  on  their  role  in  the  heart-specific  regulation  of 
bee  immunity.  Consequently,  it  is  important  to  understand  the  homeostatic  mechanisms  that 
permit  bees  to  tolerate  persistent  viral  infections. 

Methods:  This  research  has  identified  two  candidate  genes  encoding  Kir  channel  subunits  in 
bees,  and  primers  and  probes  were  designed  to  detect  their  tissue-specific  expression.  Effects  of 
direct  application  of  pharmacological  agents  on  bee  heart  rate  were  assessed  by  exposure  and 
observation  of  the  dorsal  vessel.  A  protocol  will  also  be  described  for  assessing  effects  of  Kir 
channel  agonists  and  antagonists  on  viral  infection  rates  in  bees. 

Results/Conclusion:  The  tissue-specific  expression  levels  of  these  identified  bee  Kir  channels 
will  be  reported,  as  will  results  of  the  pharmacological  characterization  of  cardiac  regulation  by 
Kir  channel  modulators.  The  Kir  channel  agonist  pinacidil  was  found  to  increase  heart  rate,  while 
the  antagonist  tolbutamide  decreases  heart  rate  in  a  dose-dependent  manner.  The  results  of  the 
ongoing  investigation  into  the  role  that  Kir  channels  play  in  the  cardiac  regulation  of  viral 
infection  in  bees  will  also  be  presented.  This  work  provides  needed  insight  into  the  biology  of  a 
valuable  model  insect  and  a  powerful  tool  to  screen  pesticide  chemistries  for  negative  effects  on 
bee  cardiac  function. 
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The  objective  of  this  talk  is  to  report  on  the  validity  of  the  first  hypothesis  of  our  project,  i.e.  that 
exclusion  nets  deployed  over  entire  rows  of  apple  trees  between  bud  break  and  harvest  can 
protect  the  fruit  from  key  pests  of  this  crop  in  northeastern  North  America.  Other  aspects  (fruit 
quality,  yield,  diseases)  will  be  covered  in  future  presentations.  Six  replicated  plots  (10m  long) 
of 'Honey crisp'  trees  were  covered  with  polyethylene  netting  (60g/m2,  mesh  size:0.95  X  1.9  mm) 
for  4  consecutive  growing  seasons,  and  no  pesticides,  growth  regulators  or  nutrients  were  applied 
while  netting  was  in  place.  The  nets  had  to  be  opened  for  a  few  days  during  bloom  to  allow  bee 
pollination.  Exclusion  nets  succesfully  prevented  attacks  by  all  key  fruit  pests  (plum  curculio, 
apple  maggot,  codling  moth  and  tarnished  plant  bug).  Presence  of  secondary  (apple  and  foliage) 
pests  was  either  reduced,  unaffected  or  increased  under  netting,  depending  on  the  species,  when 
compared  to  the  untreated  and  uncovered  plots. 
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In  the  Western  Cape  region  of  South  Africa  a  wide  variety  of  fruit  types  are  grown  including 
stone  fruit,  deciduous  fruit,  grapes  and  citrus.  These  differing  fruit  types  may  be  present  on  the 
same  farm  in  relatively  small  blocks  and  in  close  proximity.  In  2013  a  study  was  initiated  to 
monitor  Mediterranean  fruit  fly  ( Ceratitis  capitata),  Natal  fly  (C.  rosa)  (Diptera:  Tephritidae) 
and  false  codling  moth  ( Thaumatotibia  leucotreta )  (Lepidoptera:  Tortricidae)  in  different  types 
of  fruit  orchards..  As  citrus  is  the  final  commercial  fruit  crop  to  be  harvested  in  any  given 
growing  season  the  presence  of  other,  earlier,  fruiting  orchards  may  have  a  significant  effect  on 
pest  levels  experienced  on  citrus  on  such  multi-crop  farms.  Blocks  of  differing  fruit  types, 
including  table  grapes,  wine  grapes,  plums,  nectarines,  peaches,  apples  and  pears  were  monitored 
on  three  different  farms  for  the  presence  of  fruit  flies  and  false  codling  moth  on  a  weekly  basis 


during  2013-2016.  Population  peaks  of  fruit  flies  occurred  as  fruit  matured  close  to  harvest. 
Numbers  occurring  after  harvest  dropped  to  very  low  levels  where  post-harvest  sanitation  of  any 
remaining  fruit  was  carried  out  efficiently.  However,  fruit  fly  numbers  increased  significantly 
during  autumn  in  nearly  all  orchards  despite  many  of  these  fruit  types  already  having  been 
harvested,  probably  due  to  the  importance  of  alternative  host-plants.  In  contrast,  population 
peaks  of  adult  false  codling  moth  activity  tended  to  occur  independently  of  fruit  maturity 
throughout  the  growing  season  and  were  often  coincident  in  different  types  of  fruit  orchards. 
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Introduction: 

Outbreak  of  banana  skipper,  Erionota  torus  Evans,  a  folivorous  pest  was  noticed  for  the  first 
time  in  South  India  during  2014.  The  larva  caused  100  per  cent  damage  to  banana  foliage  by 
rolling  the  leaf,  leading  to  considerable  yield  loss.  Different  biorationals  were  evaluated  against 
this  pest  for  the  first  time. 

Methods: 

Field  study  was  conducted  during  2015  in  banana  orchard  (14°  02’  N  ;  and  75°35’E  ;  676  MSL) 
to  evaluate  the  bioefficacy  of  biorationals  having  different  mode  of  action  on  banana  skipper. 
The  experiment  was  laid  out  in  Randomized  Block  Design  with  three  replications  in  a  seven 
month  old  banana  (Var  :  Puttabaale).  The  treatments  comprised  of  nine  insecticides  with  control. 
The  first  spray  was  given  at  pre  flowering  stage  (7  months  old)  then  followed  by  the  second  one 
after  30  days  (flowering  period).  The  observations  on  number  of  larvae  per  plant  was  recorded. 
The  yield  and  BC  ratio  was  also  worked  out. 


Results  /  Conclusion: 


Among  the  different  biorationals,  chlorantaniliprole  18.50  SC  (550  ml  /ha),  cyantraniliprole 
10.20  OD  (550  ml  /ha)  and  Spinosad  45  SC  (550  ml  /ha)  found  significantly  superior  in  reducing 
the  larval  population  of  4.50,  6.00  5.00  larvae  per  plant  at  15  days  after  first  spray  over  the 
control  (22.16  larvae  /  plant).  These  three  chemicals  recorded  significantly  highest  yield  of  155, 
145  and  134  q/ha  over  control  (83.87  q/  ha)  with  a  BC  ratio  of  2.40,  2.24  and  2.09,  respectively. 
As  it  is  a  foliage  pest,  significance  of  biorationals  is  discussed. 
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Introduction:  The  barred  fruit-tree  tortrix,  Pandemis  cerasana  (Hiibner,  1786)  (Lep.: 
Tortricidae),  creates  economic  damage  in  cherry  orchards  by  wrapping  the  leaves  with  the 
secreted  silky  strands  and  by  gnawing  leaves  and  fruit. 

Methods:  In  this  study,  the  biology  of  the  pest  was  investigated  in  both  field  and  laboratory 
conditions.  Conditions  were:  25°C±1,  65%RH,  and  16:8  photoperiod.  Male  life  was  determined 
as  8.48±2.04  (5-13)  days,  while  the  female  life  was  10.12  ±  2.36  (5-15)  days  in  the  laboratory.  It 
was  determined  that  the  opening  period  of  eggs  was  7.08  ±  1.16  of  (6-9)  days,  larval 
development  time  was  32.58  ±  293  (30-39)  days,  and  pupa  time  was  7.21±1.34  (5-10)  days. 
Field  studies  were  conducted  in  the  province  of  Afyonkarahisar  in  Turkey,  in  which  cherry  is 
produced  wide  area. 

Results:  As  a  result  of  biological  studies,  it  was  determined  that  wintering  larvae  were 
becoming  adults  from  May  20-21,  and  flights  of  adults  were  continued  until  June  13  to  June  18. 


Adults  leave  their  eggs  in  packs  on  the  upper  surface  of  the  leaf  after  mating  in  May- June.  The 
hatched  larvae  damage  fruit  and  leaves  by  eating  in  June-July.  Adults  of  second  generation 
showed  flight  activity  between  July  and  October.  It  was  determined  that  the  larvae  of  this 
offspring  are  active  until  the  end  of  October,  then  they  overwinter  and  spend  the  winter  as  first 
and  second  stage  larvae.  It  was  also  determined  that  pest  has  two  generations  per  year. 
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True  fruit  flies  (Diptera:  Tephritidae)  are  among  the  most  economically  damaging  pests  of  fruit 
due  to  direct  damage,  control  costs,  and  trade  restrictions.  The  Oriental  fruit  fly,  Bactrocera 
dorsalis  (Hendel)  is  a  new  invasive  pest  in  Africa.  In  order  to  assess  the  impact  that  B.  dorsalis 
will  have  on  citrus  production  in  areas  in  South  Africa  where  the  pest  is  present,  we  determined 
female  oviposition  propensity  on  varieties  of  citrus  (Valencia  orange,  Navel  orange,  Star  Ruby 
grapefruit,  Eureka  lemon,  and  Mandarin)  at  different  maturity  stages,  (green,  colour  break,  ripe, 
senescence).  The  effect  of  damage  on  fruit  of  each  citrus  variety  at  each  maturity  stage  was  also 
determined  in  choice  (damage  versus  intact)  and  no  choice  trials  (either  damaged  or  intact).  Five 
females  were  placed  in  a  clear  container  with  two  fruit  of  the  same  variety  and  maturity  stage  in 
choice  or  no-choice  trials.  Fruit  were  exposed  to  females  for  8  hours  and  dissected.  The  number 
of  stings  in  each  fruit,  eggs  per  sting,  and  the  position  (flavedo,  albedo,  pulp)  of  eggs  were 
recorded,  along  with  other  fruit  physicochemical  parameters.  Life  parameters  for  B.  dorsalis  will 
be  estimated  for  each  of  the  aforementioned  citrus  varieties.  These  results  provide  knowledge 
that  is  missing  in  the  current  literature  on  utilisation  of  citrus  by  B.  dorsalis  and  contributes 
towards  the  information  needed  for  management  of  the  pest  in  citrus  orchards. 
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Introduction:  The  citrus  industry  in  California,  USA,  is  facing  major  disruption  from  the  invasion 
of  the  Asian  citrus  psyllid,  which  vectors  the  devastating  citrus  disease  Huanglongbing.  Shifts  in 
pesticide  use  to  suppress  psyllid  populations  may  cause  substantial  changes  in  arthropod  pest 
dynamics.  We  are  applying  ecoinformatics  (or  ‘big  data’)  methods  to  complement  experiment- 
based  pest  management  approaches,  by  mining  the  vast  amount  of  high  quality  agronomic  data 
generated  each  year  by  professional  consultants,  farmers,  and  public  agencies. 

Methods:  A  new,  comprehensive  database  includes  up  to  11  years  of  records  of  insect  pest  and 
natural  enemy  sampling,  pesticide  use,  plant  nutrition,  yield,  weather,  and  geographical 
descriptors,  collected  from  330  orange  and  mandarin  groves  in  the  San  Joaquin  Valley.  Present 
analyses  focus  on  factors  affecting  arthropod  pests  directly  damaging  to  the  harvested  citrus  fruit, 
including  citrus  thrips,  California  red  scales,  katydids  and  cutworms.  Data  collection  is  ongoing, 
as  is  the  input  from  farmers  and  pest  management  consultants  about  the  most  pertinent  directions 
and  questions  for  the  ecoinformatics  analyses. 

Results/Conclusion:  Ecoinformatics  affords  enhanced  statistical  power  and  the  ability  to 
scrutinize  many  variables  from  the  full  range  of  growing  conditions.  Evaluating  combined  data 
sets  with  sampling  methods,  and  spatial  and  temporal  scales  directly  relevant  to  farmers,  has  the 
potential  to  provide  tailored  information  in  a  timely  manner,  to  increase  productivity,  and 
improve  pest  management  practices,  especially  in  rapidly  changing  environments. 
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Auchenorrhyncha  considered  of  the  major  insect  taxa  both  in  terms  of  diversity  and  of 
agricultural  interest.  They  are  small  to  very  small  sized,  barely  oversized.  They  may  reproduce 
rapidly  and  many  of  them  becoming  in  this  way  harmful  for  the  crops  they  feed  on.  There  have 
been  described  more  than  26000  species,  of  which  about  9000  belong  to  the  superfamily 
Fulgoroidea  and  17000  to  the  superfamily  Cicadoidea.  Also,  lately,  much  talk  has  become  the 
European  scientific  community  on  the  auchenorrhyncha,  as  potential  vectors  of  the  bacterium 
Xylella  fastidiosa ,  which  causes,  except  others,  the  "Olive  quick  decline  syndrome". 

This  presentation  is  about  the  presence  of  auchenorrhynchan  fauna  as  potential  pests  in  some  of 
the  most  significant  crops  in  Greece,  as  citrus,  olive  and  tomato. 

For  the  reason  of  these  studies,  tactical  samplings  were  conducted  in  the  aforementioned  crops  in 
several  areas  of  Greece.  Malaise  traps  were  installed  with  the  collected  material  stored  directly  in 
70%  ethyl-  alcohol.  Furthermore,  samples  with  sweep  net  and  aspirator  were  taken  directly  from 
the  plants. 

Results  showed  high  density  of  auchenorrhyncha  in  all  the  crops  tested.  In  citrus, 
auchenorrhyncha  were  mainly  of  Issidae  and  Cicadellidae  families  (especially  in  genera 
Empoasca ,  Erythroneura  and  Eupteryx ),  in  olive  of  Cicadellidae,  Issidae  and  Aphrophoridae 
(especially  Cicadulla  quadrinotata,  Latilica  maculipes,  Philaenus  spumarius)  and  in  tomato  of 
Cicadellidae  (especially  in  genera  Alebra,  Eupteryx,  Agalia  and  Arbor idia).  Further  details  about 
the  species  and  the  population  density  are  given  in  the  presentation. 
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Biological  parameters  of  onion  thrips,  Thrips  tabaci  Lindeman  (Thysanoptera:  Thripidae)  were 
studied  on  different  onion  cultivars  i.e.,  Nasik  Red  Plus  N-53  (NR-53),  Onion  Dr-301  (Krishna) 
(ODK-301),  Onion  White  (OW),  and  Nasik  Red  (NR)  at  25±1°C  and  65±5%  RH  in  BOD 
incubator.  A  significant  difference  was  found  in  the  life  stages  on  different  cultivars  except 
pupal  stage.  Life  cycle  was  prolonged  to  12.75  days  on  NR,  while  shortened  to  9.82  days  on  NR- 
53.  The  mortality  of  immature  was  non-significant  between  different  cultivars.  Fecundity  was 
significantly  higher  on  NR  (83.81  eggs/female)  than  ODK-301  (27.11).  Longevity  of  female  adult 
lasted  5.29,  5.97,  19.22  and  22.39  days  on  ODK-301,  NR-53,  OW,  and  NR  cultivars, 
respectively.  Oviposition  period  was  extended  to  19.3 1  days  on  NR  compared  to  tested  cultivars. 
Total  life  span  was  completed  in  3 1.60  days  on  OW,  while  decreased  to  15.79  days  on  NR-53. 
The  net  reproductive  rate  (Ro=60.34females/female/generation)  was  significantly  highest  on  NR, 
while  shortest  (9.22)  on  ODK-301  cultivar.  The  highest  values  of  intrinsic  rate  of  increase 
(rm=0.22females/female/day)  and  finite  rate  of  increase  (X=  1.25female/female/day)  occurred  on 
OW  compared  to  other  cultivars.  Mean  generation  (TG)  time  was  significantly  longer  on  NR 
(20.25  days),  while  shorter  on  NR-53  (15.28  days).  Populations  of  T.  tabaci  will  become  double 
(DT)  in  3.1 1  days  on  OW,  whereas  delayed  to  5.0  days  on  ODK-301.  Therefore,  it  seems  that 
biological  parameters  of  T.  tabaci  are  significantly  affected  by  onion  cultivars  which  help  in  the 
IPM  program  of  onion  thrips  on  onion. 
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The  objective  of  this  study  was  to  determine  the  susceptibility  of  several  stages  of  rice  seedling 
development  to  injury  caused  by  tadpole  shrimp  of  different  sizes.  Seedling  stages  used  were  SO, 
when  no  structures  have  emerged  from  the  seed;  SI,  when  the  coleoptile  has  emerged;  S2,  when 
the  coleoptile  and  radicle  have  emerged;  and  S3,  when  the  prophyll  has  emerged.  The  S3  stage 
was  sub-divided  in  two  stages;  S3 -I,  when  only  the  prophyll  has  emerged;  and  S3 -II,  when  the 
first  true  leaf  is  visible  but  not  fully  unfurled.  Tadpole  shrimp  used  were  classified  as  small, 
medium  or  large.  Ten  seedlings  of  each  stage  were  introduced  in  350  ml  plastic  containers.  Each 
container  was  infested  with  2  small,  1  medium,  or  1  large  tadpole  shrimp,  or  left  uninfested. 
Tadpole  shrimp  were  allowed  to  feed  on  the  seedlings  for  24  h.  Tadpole  shrimp  fed  on  the 
coleoptile  and  radicle,  but  not  on  the  prophyll.  Once  the  prophyll  emerged  and  the  coleoptile 
wilted,  tadpole  shrimp  feed  on  the  growing  roots.  They  also  buried  SO,  S 1  and  S2  seedlings.  As 
tadpole  shrimp  size  increased,  the  number  of  injured  seedlings  increased.  On  average,  each 
small,  medium,  and  large  tadpole  shrimp  injured  0.9,  1.6  and  2.5  seedlings,  respectively.  Small, 
medium  and  large  tadpole  shrimp  infestation  reduced  percentage  seedling  establishment  by  40, 
68  and  80%,  respectively. 
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Spodoptera  frugiperda  (J.E.  Smith),  fall  armyworm,  is  the  primary  corn  ( Zea  mays  L.)  pest  in 
South  American  countries.  In  Brazil,  it  is  the  major  and  the  most  destructive  corn  pest,  mainly 
due  to  some  bioecological  aspects,  like  high  polyphagia  and  high  reproductive  capacity, 
combined  with  favorable  climatic  conditions.  To  determine  the  corn  growth  stage  most 
susceptible  to  S.  frugiperda  attack  and  define  the  critical  corn  growth  stage  for  larvae  surviving 
and  generate  data  for  resistance  management  in  Brazil.  A  non-transgenic  corn  hybrid  was 
manually  infested  with  neonate  and  second  instar  S.  frugiperda  at  discrete  intervals  throughout 
vegetative  and  reproductive  development  from  V2  to  R4  growth  stages,  enclosed  in  cages  under 
greenhouse  conditions.  The  resulting  plant  damage  to  leaves  and  ears  was  measured  and  larvae 
collected  to  estimate  which  stage  of  corn  development  was  most  vulnerable  to  S.  frugiperda. 
Both  earlier  vegetative  and  reproductive  plant  stages  were  highly  damaged.  Neonate  and  second 
instar  caterpillars  had  similar  damage  ability  on  the  leaves  at  all  evaluated  stages  and  also  had 
similar  damage  ability  on  the  ears  at  all  evaluated  reproductive  stages.  From  Ri  to  later  growth 
stages,  little  leaf  damage  and  more  ear  damage  were  observed.  There  was  a  decline  in  insect 
damage  capacity  on  the  ears,  from  R3  to  R4  growth  stages,  due  to  the  difficulty  for  establishing 
on  the  plants.  This  information  can  be  used  for  the  best  time  management  of  the  damage  caused 
by  this  caterpillar  pest. 
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Cover  crops  are  implemented  for  a  variety  of  functions  that  include  preventing  erosion,  nutrient 
management,  weed  control,  moisture  retention,  livestock  forage,  and  pest  management.  Although 
the  benefits  of  cover  crops  have  been  widely  documented  in  regards  to  improving  the 
sustainability  of  crops,  little  is  known  on  how  cover  crops  impact  biological  control  of  crop 


pests.  In  this  study,  we  investigated  how  epigeal  arthropod  communities  are  affected  by  the 
adoption  of  cover  crops  in  dryland  systems  of  south  central  Nebraska.  We  conducted  a  study 
over  two  years  in  a  maize  (2014)  and  soybean  (2015)  rotation.  A  seven  species  mixture  (Fall 
SoilBuilder  Mix  from  Arrow  Seed)  was  used  for  the  cover  crop.  Each  plot  was  18.2  m  wide  and 
664  m  long.  Six  replicates  each  of  cover  crop  and  non-cover  crop  strips  were  established  with  2 
pitfall  traps  in  each  plot.  Pitfall  sampling  was  conducted  five  times  during  2014  and  six  times 
during  2015.  Samples  were  then  sorted  and  identfied  to  species  for  ground  beetles  (Coleoptera: 
Carabidae)  and  to  the  family  level  for  all  other  arthropods.  The  most  abundant  carabid  species 
were  Poecilus  lucublandus ,  Cicindela  punctulata ,  Harpalus  pensylvanicus ,  and  H.  caliginosus. 
Total-season  parasitoid,  early-season  mite,  and  late-season  carabid  populations  were  trapped  in 
higher  numbers  in  cover  crop  plots.  Despite  the  increase  in  some  types  of  beneficial  arthropods, 
soil  moisture  and  maize  crop  yields  were  lower  in  the  cover  crop  plots,  indicating  that  additional 
agronomic  considerations  are  necessary  before  determining  the  overall  impact  of  the  adoption  of 
cover  crops  on  agroecosystems. 
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Large-scale  commercial  agriculture  can  often  lead  to  low  diversity  landscapes  with  few  resources 
for  wildlife  and  beneficial  arthropods.  However,  enhancing  plant  diversity  has  been  shown  to 
augment  important  ecosystem  services,  such  as  biological  control  of  crop  pests.  In  Nebraska,  a 
unique  conservation  program  called  Corners  for  Wildlife  (CFW)  allows  farmers  to  receive  cost- 
share  assistance  and  rental  income  by  planting  a  high  diversity  of  trees,  shrubs,  and  perennial 
plants  on  center-pivot  irrigation  corners.  Our  project  seeks  to  understand  whether  pivot  corners 
with  higher  plant  diversity  (those  enrolled  in  CFW)  compared  to  conventional  lower-diversity 
corners  (planted  to  maize  or  winter  wheat)  will  provide  greater  ecosystems  services  of:  1) 
Biological  control  of  pests  in  the  adjacent  maize  fields;  2)  Decomposition  of  dung  from  cattle 


grazing  in  the  adjacent  maize  fields;  and  3)  Enhancement  of  recreational  land  value  through 
support  of  pheasant  and  quail  populations.  Results  from  2015  field  collections  in  pitfall  traps 
indicate  that  activity-density  of  Carabidae  (predatory  ground  beetles)  and  Scarabaeidae  (dung 
beetles)  is  higher  in  high  diversity  perennial  corners  and  adjacent  irrigated  maize.  Frequency  of 
pheasant  and  northern  bobwhite  quail  calls  was  also  higher  in  high  diversity  corners.  Maize  pest 
species  (western  bean  cutworm  Striacosta  albicosta  and  western  corn  rootworm  Diabrotica 
virgifera  virgifera)  were  observed  to  utilize  pollen  and  nectar  resources  from  high  diversity 
corners,  but  pest  pressure  was  not  elevated  in  adjacent  maize  fields.  Preliminary  results  indicate 
that  this  program  has  the  potential  to  positively  impact  the  abundance  and  diversity  of  beneficial 
organisms,  leading  to  enhanced  provisioning  of  ecosystem  services. 
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Abstract  text: 

Isoclast™  active  (ISO  name:  sulfoxaflor)  is  the  first  insecticide  from  the  new  sulfoximine  class 
(IRAC  Group  4C).  Isoclast  was  discovered  by  and  is  proprietary  to  Dow  AgroSciences.  Isoclast 
exhibits  high  efficacy  against  a  broad  spectrum  of  Hemipteran  sap-feeding  insects  such  as 
aphids,  plant  bugs,  whiteflies,  planthoppers,  mealybugs,  and  scales.  Its  mode  of  action  (MO A)  is 
a  nicotinic  acetylcholine  receptor  (nAChR)  competitive  modulator  that  exhibits  complex  and 
unique  interactions  with  the  nAChR  that  are  distinct  from  those  observed  by  others  with  this 
MOA  such  as  neonicotinoids,  nicotine  and  butenolides.  Isoclast  has  robust  lack  of  cross 
resistance  with  other  IRAC  groups  and  sub-groups,  and  has  minimal  impact  on  beneficial  insects 
making  it  an  excellent  fit  in  IPM  programs.  Field  efficacy  trials  with  Isoclast  have  been 
conducted  worldwide  on  many  crops  against  a  wide  range  of  sap-feeding  insect  pests.  Results 
from  these  trials  have  shown  that  Isoclast™  provides  excellent  control  of  many  key  species  of 
sap-feeding  insect  pests,  including  Lygus  spp.,  Aphis  gossypii  Glover,  Aphis  glycines 
Matsumura,  Myzus persicae  (Sulzer),  Bemisia  spp.,  and  Trialeurodes  vaporariorum 
(Westwood).  Isoclast  is  currently  registered  in  more  than  30  countries  on  a  variety  of  crops 
including  leafy  vegetables,  fruiting  vegetables,  cole  crops,  tree  fruits,  tree  nuts,  tropical  fruits, 
and  citrus.  Isoclast  is  commercialized  in  different  geographies  as  Transform™,  Closer™, 
Toretto®,  Sequoia™,  Flash™,  Breaker™,  and  Fidelity™  insecticides.  An  overview  of  the  global 
development,  commercial  uses,  and  current  regulatory  status  of  Isoclast  will  be  presented. 
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Abstract  text: 

Isoclast™  active  (sulfoxaflor)  is  the  first  sulfoximine  insecticide,  a  new  class  of  insecticides 
active  on  a  variety  of  sap-feeding  insects  including  aphids,  whiteflies  and  planthoppers.  Isoclast 
is  a  nicotinic  acetylcholine  receptor  (nAChR)  competitive  modulator  that  exhibits  complex  and 
unique  interactions  with  the  (nAChR)  receptors  that  are  distinct  from  those  observed  by  others 
with  this  mode  of  action.  Isoclast  is  highly  effective  against  strains  of  insects  that  are  resistant  to 
a  variety  of  insecticides,  including  neonicotinoids.  The  lack  of  cross-resistance  to  Isoclast  is  due 
in  part  to  its  inherent  stability  to  degradation  by  cytochrome  P450  monooxygenases.  Based  on 
the  combination  of  novel  chemistry  and  lack  of  susceptibility  to  metabolism-based  resistance 
mechanisms,  IRAC  classified  Isoclast  in  sub-group  (4C)  separate  from  the  neonicotinoids  (4A) 
and  butenolides  (4D).  Isoclast  demonstrated  little/no  cross-resistance  in  an  imidacloprid  resistant 
strain  of  Aphis  gossypii  possessing  a  point  mutation  in  the  nAChR  (R81T)  and  only  a  modest 
level  of  cross-resistance  has  been  observed  to  Isoclast  in  a  neonicotinoid  resistant  strain  of  Myzus 
persicae  with  both  a  target-site  mutation  (R18T)  and  enhanced  metabolism.  Homology  models 
provide  a  basis  for  the  reduced  effect  of  the  R81T  mutation  in  M.  persicaeon  the  binding  of 
Isoclast  compared  to  neonicotinoids.  IRAC  Group  4  insecticides  are  widely  used  against  key  sap 
feeding  insects  around  the  world  and  resistance  management  plans  for  Isoclast  are  being 
implemented  consistent  with  IRAC  guidance. 
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Abstract  text: 


Isoclast™  active  is  the  first  insecticide  from  the  new  sulfoximine  class  (IRAC  Group 
4C).  Isoclast  is  the  commercial  active  ingredient  brand  name  for  sulfoxaflor,  which  was 
discovered  by  and  is  proprietary  to  Dow  AgroSciences.  Isoclast  exhibits  broad  spectrum  control 
of  sap-feeding  insects  and  is  active  on  aphids,  plant  bugs,  whiteflies,  planthoppers,  and  scales.  It 
is  distinctly  different  from  other  Group  4  insecticides,  has  robust  lack  of  cross  resistance  with 
other  IRAC  groups  and  sub-groups,  and  has  minimal  impact  on  beneficial  insects  making 
Isoclast  an  excellent  fit  in  IPM  programs.  Transform®  WG  insecticide  is  the  trade  name  for  a 
product  containing  Isoclast  for  U.S.  commodity  crops,  including  cotton,  soybean,  potato  and 
cereals.  Data  will  be  presented  demonstrating  the  efficacy  of  Transform  against  cotton  aphid 
( Aphis  gossypii)  and  tarnished  plant  bug  ( Lygus  lineolaris)  in  cotton;  soybean  aphid  ( Aphis 
glycines)  in  soybean;  potato  psyllid  ( Bactericera  cockrelli)  in  potato;  and  greenbug  (, Schizaphis 
graminum ),  Russian  wheat  aphid  ( Brachycolus  noxius ),  and  English  grain  aphid  ( Sitobion 
avenae)  in  wheat.  In  addition,  the  fit  of  Transform  for  western  tarnished  plant  bug  ( Lygus 
hesperus ),  blue  alfalfa  aphid  ( Acyrthosiphon  kondoi ),  spotted  alfalfa  aphid  ( Theriophis 
maculate ),  pea  aphid  (. Acyrthosiphon  pisum)  and  potato  leafhopper  ( Empoasca  fabae)  in  alfalfa 
and  sugarcane  aphid  ( Melanaphis  sacchari)  in  grain  sorghum,  will  be  discussed.  Overall, 
Transform  provides  excellent  initial  and  residual  control  of  target  pests,  selectivity,  and  yield 
protection  and  is  an  insecticide  needed  for  management  of  key  pests  of  U.S.  commodity  crops. 
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Abstract  text: 

Isoclast™  active  is  the  first  insecticide  from  the  sulfoximine  class  (IRAC  Group  4C).  Isoclast  is 
the  commercial  active  ingredient  brand  name  for  sulfoxaflor,  which  was  discovered  by  and  is 


proprietary  to  Dow  AgroSciences.  Isoclast  exhibits  broad  sap-feeding  spectrum  and  is  active  on 
whiteflies,  aphids,  plant  bugs,  planthoppers,  and  scales.  It  is  distinctly  different  from  other 
Group  4  insecticides,  has  a  robust  lack  of  cross  resistance  with  other  IRAC  groups  and  sub¬ 
groups,  and  has  minimal  impact  on  beneficial  insects.  Isoclast  is  marketed  as  Toretto®  and 
Closer®  insecticide  in  Northern  LatinAmerica  and  has  demonstrated  utility  in  the  management 
of  key  pests. 

The  sweet  potato  whitefly,  Bemisia  tabaci,  and  greenhouse  whitefly,  Trialeurodes 
vaporariorum,  are  important  agricultural  pests  in  the  region.  Whiteflies  infest  numerous  crops 
and  in  Mexico  alone,  economic  damage  caused  by  this  pest  has  been  estimated  to  be  $200MM 
USD  annually.  Insecticides  have  been  a  primary  tactic  for  managing  whitefly  infestations,  but 
the  ability  of  whiteflies  to  develop  resistance  results  in  the  need  to  continually  develop  new 
insecticide.  Efficacy  of  Isoclast  has  been  demonstrated  against  whitefly  across  Mexico,  Central 
America,  Colombia,  and  Ecuador.  Other  key  pests  in  Northern  LatinAmerica  in  which  Isoclast 
has  excellent  fits  for  management  include  sugarcane  aphid,  Melanaphis  sacchari,  in  grain 
sorghum  and  Asian  Citrus  Psyllid,  Diaphorini  citri ,  in  citrus.  Isoclast  provides  excellent  initial 
and  residual  control  of  target  pests,  selectivity,  and  ease  of  use  for  insect  pests  in  Northern 
LatinAmerica. 

™  Trademark  of  The  Dow  Chemical  Company  (“Dow”)  or  an  affiliated  company  of  Dow. 
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Harvanta™  is  a  new  diamide  insecticide  with  the  active  ingredient  Cyclapryn™  (cyclaniliprole) 
being  developed  globally  by  Ishihara  Sangyo  Kaisha,  Ltd.  When  compared  to  other  diamide 


insecticides,  Harvanta™  has  a  broader  spectrum  of  activity  which  includes  Lepidoptera, 
Coleoptera,  Diptera,  Hemiptera,  Thysanoptera,  and  Blattodea.  This  broad  spectrum  of  activity, 
combined  with  rapid  action,  long  residual  activity,  high  adulticidal  activity,  and  low  toxicity  to 
beneficial  insects  make  it  an  excellent  fit  with  Insect  Resistance  Management  (IRM)  and 
Integrated  Pest  Management  (IPM)  programs.  US  and  Canadian  registration  is  expected  in  2016 
and  will  include  the  pome  fruits,  stone  fruits,  tree  nuts,  grapes,  brassica,  leafy  vegetables, 
cucurbits,  and  fruiting  vegetables  on  the  initial  crop  label. 
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Soil  applied  insecticides  provide  valuable  root  protection  during  a  crop’s  most  vulnerable  stages, 
but  penetration  through  turf,  thatch  or  soil  presents  a  unique  problem.  Bifenthrin,  when  applied 
banded  or  in-furrow,  can  be  used  to  control  corn  rootworm,  cutworm,  white  grub,  fire  ants,  and 
other  insect  pests.  In  these  studies,  a  bifenthrin  formulation  with  targeted  soil  mobility  was 
developed  and  evaluated  by  Vive  Crop  Protection.  Laboratory  studies  were  conducted  in  2015 
and  2016,  followed  by  field  trials  in  summer  2016.  To  test  mobility  of  the  active  ingredient,  soil 
columns  were  packed  with  either  sandy  or  silty  loam.  Formulation  was  added  to  the  top  of  a 
saturated  soil  column  and  exposed  to  an  artificial  rain  event.  Samples  were  analyzed  by  HPLC  at 
lcm  increments  to  determine  mobility  within  the  column.  In  a  second  set  of  trials,  odorous  house 
ants  ( Tapinoma  sessile)  were  used  to  demonstrate  biological  efficacy  of  the  formulation. 
Insecticidal  solutions  were  applied  to  the  surface  of  a  moistened  soil  column  and  allowed  to  flow 
through.  Subsections  of  the  soil  column  were  homogenized  and  divided  into  three  petri  dishes 
with  five  ants  in  each  replicate.  Mortality  was  assessed  48h  after  treatment.  Experimental 
formulations  were  found  to  penetrate  deeper  into  the  columns,  with  no  penetration  beyond  0.25 
m.  Laboratory  trials  suggest  Vive  Crop  Protection’s  bifenthrin  formulation  has  much  more 
targeted  movement  than  the  commercial  standards. 
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Introduction: 


Botanical  products  can  offer  a  safe  and  effective  alternative  to  conventional  pesticides  for 
controlling  major  pests  in  agroecosystems.  The  objective  of  this  study  was  to  determine  the 
efficacy  of  the  Chinaberry  tree  Melia  azaderach  L.  green  fruit  aqueous  extracts  in  comparison  to 
selected  biorationals  against  the  adult  tomato  leafminer  Tuta  absoluta  under  laboratory 
conditions. 

Methods: 

Tomato  plants  were  exposed  to  release  of  adult  moths  after  application  of  the  botanical 
treatments.  The  latter  included  M.  azaderach  fruit  extracts  (1:5  &  1:2.5  w:v),  neem  oil,  summer 
oil,  micronized  sulfur  and  a  control.  The  released  moths  were  removed  from  plants  at  72  hours 
after  treatment  and  development  of  the  eggs,  larvae  and  pupae  were  followed  sequentially. 

Results/Conclusion: 

Results  of  this  experiment  indicated  that  the  micronized  sulfur  caused  the  lowest  number  of  live 
moths  to  be  present  on  plants  and  was  significantly  different  from  all  other  treatments.  Thus,  the 
micronized  sulfur  might  act  as  a  repellent  for  adult  moths  of  T.  absoluta.  Results  also  indicated 
that  all  the  tested  biorationals  and  M.  azedarach  extracts  caused  a  significant  decrease  in  number 
of  3rd  larval  instars,  pupae  and  new  emerging  adults  compared  to  the  control;  this  indicates  that 
all  the  treatments  interrupted  the  insect  life  cycle.  Thus,  the  Melia  extracts  and  the  selected 
biorationals  seem  to  have  insect  growth  regulatory  effect  on  the  tomato  leafminer. 


Paper  (Oral)  Presentations 

Presentation  Title:  Predicting  the  efficacy  of  biopesticides  against  Locust  migratoria 
manilensis  in  China 

Author  Name:  Hongmei  LI 

Author  Institution:  CABI 

Session  Title:  Contributed  Papers:  Agricultural  and  Forest  Entomology:  Pesticide  Efficacy  and 
Resistance  Management 

Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2513 
DOI:  10.1603/ICE.2016.1 13253 


Abstract  text: 


Locusts  have  been  a  recurrent  problem  in  China  for  over  1000  years,  causing  extensive 
defoliation  during  plagues  in  22  provinces,  18  million  ha  land  in  China.  The  outbreak  area  of  the 
migratory  locust  is  about  2  million  ha,  and  it  can  cause  3.5  million  tons  of  crop  yield  lost  without 
control  measures.  The  Locusta  migratoria  manilensis  is  mainly  found  in  Southern  and  Eastern 
China.  Biopesticides  are  an  effective  method  for  combating  these  pests.  Prior  research  has  shown 
that  the  thermal  environment  is  related  to  the  speed  in  which  a  fungal  biopesticide  is  effective; 
low  or  high  temperatures  will  affect  the  speed  of  growth  of  the  pathogen  leading  to  a  slow  time 
to  death.  To  investigate  the  relationship  L.  m.  manilensis  has  with  environmental  temperatures; 
field  work  was  carried  out  on  3  trial  sites  in  the  Tianjin  region  in  2015.  Data  was  collected 
relating  to  17  parameters,  such  as  locust  body  temperature,  plant  host  characters  and  ambient 
conditions.  Ambient  and  locust  body  temperatures  were  used  to  compare  these  data  to  those 
derived  from  satellite  data.  The  results  showed  that  the  majority  of  locusts  were  found  on  the 
ground  and  body  temperature  is  related  to  its  ambient  conditions,  such  as  the  position  of  the 
locust,  height  of  the  host.  The  eventual  aim  of  this  work  is  to  relate  the  locust  body  temperature 
to  data  derived  from  Earth  Observation  sources,  to  drive  a  model  predicting  the  efficacy  of  the 
mycoinsecticide  helping  locust  sustainable  management  in  China. 
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Introduction:  This  study  aimed  to  determine  the  best  time  to  apply  pesticides  to  control  Potato 
tuber  moth  (PTM),  Phthorimae  operculella  (Zeller)  (Lepidoptera:  Gelechiidae),  in  field 
conditions. 


Methods:  Experiments  were  carried  out  in  two  provinces  in  Turkey.  Four  experiments  were 
performed.  Sex  pheromone  traps  were  used  to  determine  when  adults  first  emerged  in  the  field. 
Four  plots  and  four  times  for  pesticide  application  were  selected.  In  the  first  experiment,  the  first 
application  was  performed  when  15-20  adult  PTMs  were  found  on  the  trap.  In  the  second 
experiment,  the  first  application  was  made  two  weeks  and  the  second  application  one  week 
before  harvest.  Only  the  soil  surface  was  treated,  with  as  little  spray  as  possible  reaching  the 
plants.  In  the  third  experiment,  the  first  application  was  made  34  and  the  second  application  96 
days  after  plant  emergence.  In  the  fourth  experiment,  the  first  application  was  conducted  when 
the  first  adult  was  found  in  the  trap,  and  the  second  application  was  made  one  month  later.  The 
last  application  was  15  days  before  harvest.  During  the  experiments,  all  plants  were  checked  for 
infestations.  At  harvest,  the  number  of  PTM  per  tuber  was  determined.  Two  insecticides, 
spinetoram  120  gr/F,  25  ml/ 1000  m2  and  Rynaxypyr  20  ml/ 1000  m2,  were  used. 

Results:  The  fourth  experiment  produced  the  best  results.  According  to  this,  the  first  spraying 
should  be  applied  when  adults  are  first  identified  in  the  field  in  pheromone  traps,  followed  by  a 
second  application  one  month  after  the  first  application,  with  a  third  spraying  15  days  before 
harvest. 
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Spinosad  is  a  naturally  derived  insecticide  with  formulations  for  both  organic  and  conventional 
management  of  a  wide  variety  of  pests.  Spinosad  resistance  in  Colorado  potato  beetle, 
Leptinotarsa  decemlineata  (Say),  evolved  rapidly  in  Eastern  NY,  increasing  from  10-fold 
variation  in  resistance  ratios  of  LD50  relative  to  a  laboratory  susceptible  strain  to  almost  6,000- 
fold  variation  in  four  years.  At  the  same  time  resistance  to  neonicotinoids  rose  only  slightly. 
Resistance  was  higher  in  organically  managed  farms  that  started  using  it  earlier,  and  more 
frequently,  than  in  conventional  farms  that  have  more  alternative  ingredients,  including 
neonicotinoids.  Cross  resistance  between  spinosad  and  imidacloprid  in  a  less  resistant  population 
was  asymmetric,  with  selection  for  spinosad  resistance  also  reducing  susceptibility  to 
imidacloprid,  but  selection  for  imidacloprid  leaving  spinosad  resistance  unchanged.  Spinosad 
resistance  in  moderately  resistant  populations  from  Maine,  Michigan,  and  New  York  is  mostly 
additive,  but  in  the  most  resistant  population  it  is  almost  completely  recessive. 
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Introduction:  Bt  cotton  reduced  yield  losses  from  Helicoverpa  zea ,  but  resistance  to  cry  proteins 
has  been  an  issue.  The  solution  was  to  pyramid  the  number  of  Cry  genes  in  the  plant.  The 
insecticide  resistance  models  that  were  used  for  the  first  Bt  cotton  plants  cannot  be  used  with 
current  varieties  in  production.  The  goal  of  this  project  is  to  see  if  we  can  quantify  damage 
within  a  tissue  type  beyond  the  binomial  response  of  damaged  or  undamaged  and  see  if  we  can 
use  differences  in  damage  patterns  to  monitor  resistance. 

Methods:  We  planted  a  Non-Bt  cotton,  Widestrike,  Bollgard  II,  and  Twinlink  in  Plymouth,  NC, 
Blackville,  SC  and  Stoneville,  MS.  The  experiment  was  replicated  4  times.  We  tagged  40  bolls, 
40  squares,  and  40  flowers  per  plot  and  quantified  area  of  damage  (mm2)  to  bracts,  sepals,  wall 
and  petal  feeding,  bore  holl  diameter  (mm),  and  whether  or  not  the  tissue  abscission  over  the 
course  of  5  weeks  from  August  to  September.  We  also  measured  levels  of  Bt  expression  in  plant 
tissues  using  ELISA.  We  could  not  gather  data  from  South  Carolina  and  Mississippi  this  year 
because  of  low  bollworm  pressure  and  lygus  problems. 

Results/Conclusions:  We  found  that  in  all  cases,  holes  into  the  ovary  were  a  positive  indicator  of 
abscission,  while  sepal  and  bract  feeding  were  not.  We  found  varietal  differences  in  bract  feeding 
on  bolls  and  flowers,  which  could  be  indicative  of  variable  Bt  expression  or  the  building  of 
resistance  in  pyramided  Bt  cotton. 
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A  four  year  study  is  underway  in  Ontario,  Canada  to  evaluate  the  utility  of  neonicotinoid 
insecticide  seed  treatments  in  a  corn  and  soybean  production  system.  The  objectives  of  this  study 
are  to  1)  determine  the  key  early  season  insect  pests  and  their  distribution  in  Ontario  corn  and 
soybeans,  2)  develop  early  season  insect  pest  risk  assessments  tools,  and  3)  to  measure  the 
economic  impact  of  neonicotinoid  seed  treatments  for  early  season  pest  control  in  these  crops. 
Approximately  150  replicated  strip  plots  were  conducted  in  2014  and  2015  on  cooperator’s 
farms  comparing  corn  and  soybeans  treated  with  a  fungicide  or  fungicide  +  neonicotinoid  seed 
treatment.  Early  season  foliar  and  soil  insect  pest  presence  were  assessed  using  destructive 
sampling  and  bait  trapping  methods  to  determine  species  composition  and  damage  levels.  Plant 
populations  were  measured,  plots  were  harvested  by  the  cooperators  and  yield  data  were  reported 
to  the  researchers.  The  key  wireworm  and  grub  species  found  in  Ontario  corn  and  soybeans  will 
be  reported  along  with  the  results  of  wireworm  bait  trap  method  comparisons.  Early  indications 
of  monitoring  for  soil  pests  in  the  fall  or  spring  suggest  that  applying  insecticides  based  on  the 
observed  presence  of  the  pest  will  be  challenging.  The  results  of  this  study  will  also  provide 
context  to  the  overall  discussion  of  the  value  of  neonicotinoid  seed  treatments  in  corn  and 
soybeans  in  Ontario,  Canada. 
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Introduction:  Imidacloprid,  a  neonicotinoid  insecticide,  has  been  frequently  used  to  control  insect 
pests  from  early  1990s.  The  brown  planthopper  is  the  most  important  insect  pests  of  rice  around 
Asia,  and  developed  resistance  to  imidacloprid  from  mid-2000s.  For  management  of 
imidacloprid  resistance,  the  mode  of  inheritance  has  been  determined  using  resistant  strains  in 
our  laboratory. 


Methods:  The  two  resistant  strains  were  generated  from  two  field  populations  collected  from 
Vietnam  (Res-V)  and  Philippines  (Res-P),  by  exposing  to  imidacloprid  with  approximately  50% 
selection  pressure  for  27  and  22  generations,  respectively.  A  reciprocal  crossing  experiment  was 
conducted  using  the  two  resistant  strains  and  a  susceptible  laboratory  strain  (Sus)  collected  in 
1989  in  Japan. 

Results/Conclusion:  After  the  continuous  selections,  50%  lethal  dose  (LD50)  values  of 
imidacloprid  in  Res-V  and  Res-P  strains  were  approximately  250  and  100  |ig/g,  respectively.  In 
contrast,  the  LD50  value  of  Sus  was  approximately  0. 1  pg/g.  LD50  values  in  the  Fi  hybrids  from 
reciprocal  crossings  (Res-V  SxSus  %o,  Sus  SxRes-V  %o)  were  105  and  1  10pg/g, 
respectively.  The  degree  of  dominance  estimated  from  the  response  of  reciprocal  Fi  hybrids  were 
0.82  and  0.83,  respectively.  These  results  suggest  that  the  imidacloprid  resistance  is  not  sex 
linked  and  is  an  incompletely  dominant  mode  of  inheritance.  Analysis  of  F2  hybrids  and 
backcrosses  between  Fi  and  the  parent  strains  (Fi  SxRes-V  %o,  Fi  SxSus  %o)  suggests  that 
the  imidacloprid  resistance  is  controlled  by  a  single  gene  locus.  Analysis  of  Fi,  F2,  and 
backcrossing  hybrids  using  Sus  and  Res-P  also  suggests  the  same  conclusion. 
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Castanea  ozarkensis  populations  have  been  decimated  across  much  of  its  range  due  to  chestnut 
blight,  Cryphonectria  parasitica.  Ozark  chinquapin  possesses  characteristics  of  both  wind  and 
insect  pollination  strategies  but  current  propagation  methods  have  used  hand  pollination.  An 
experiment  was  conducted  to  determine  which  natural  condition  produced  a  more  superior  seed 
set.  Three  treatment  types  were  applied  to  separate  branches  during  flowering:  one  to  allow 
insects  and  wind,  one  to  exclude  insects  and  allow  wind,  and  one  to  exclude  insects  and  wind. 
Flowers  that  were  allowed  contact  from  both  wind  and  insects  produced  a  greater  seed  set. 
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Introduction:  It  has  been  suggested  that  European  Skipper  butterflies  ( Thymelicus  lineola) 
trapped  in  the  lips  of  the  Showy  Lady’s-slipper  orchid  ( Cypripedium  reginae)  may  interfere  with 
pollination.  This  could  occur  through  blockage  of  the  pollinator  pathway,  facilitation  of 
pollinator  escape  without  pollination,  and/or  disturbance  to  the  normal  pollinators.  A  large 
population  of  the  orchids  at  a  site  near  Ottawa,  Ontario  provided  an  opportunity  to  test  the 
interference  hypothesis. 

Methods:  A  total  of  475  post-blooming  flowers  were  sampled  from  Purdon  Fen,  an  area 
protected  and  managed  by  the  Mississippi  Valley  Conservation  Authority  (MVC).  Flowers  were 
examined  and  ovaries  scored  as  being  either  developed  or  not  developed,  i.e.  having  either  more- 
or-less  expanded  and  green  developed  capsules,  or  shrivelled  and  brown  non-developed 
capsules.  The  number  of  skippers  trapped  in  each  flower  was  counted.  Skippers  in  a  subsample 
of  100  flowers  were  examined  to  determine  their  sex  and  whether  or  not  they  carried  any  Lady’s- 
slipper  pollen. 

Results/Conclusion:  Presence  of  any  skippers  within  flowers  was  associated  with  reduced 
capsule  development  (P=0.0075),  and  the  probability  of  capsule  development  was  found  to 
decrease  with  increasing  numbers  of  skippers  (P=0.0271).  A  strong  gender  bias  in  favor  of  males 
was  found  within  flowers  (P<0.0001).  Counts  of  skippers  trapped  in  flowers  were  found  to 
closely  follow  a  negative  binomial  distribution  (P=0.8656).  The  impact  of  the  negative  effect 
detected  here  on  the  colony  will  depend  on  the  abundance  of  the  butterflies  and  the  co-incidence 
of  flowering  time  and  other  factors. 
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Insects  feeding  on  imbalanced  diets  often  form  symbiotic  associations  with  microbes  that  can 
help  supplement  nutritional  deficiencies.  Most  firebugs  (Hemiptera:  Pyrrhocoridae)  maintain  a 
common,  evolutionarily  stable,  set  of  gut  microbes  typically  dominated  by  Coriobacterium, 
Gordonibacter,  Clostridium,  and  Klebsiella.  The  former  two  bacteria  have  been  demonstrated  to 
aid  in  supplementation  of  B-vitamins  lacking  in  their  diet  that  is  largely  composed  of  seeds  from 
Angiosperm  plants  in  the  order  Malvales,  but  the  contribution  of  the  latter  two  is  currently 
unknown.  One  firebug  species,  Probergrothius  angolensis,  however,  feeds  exclusively  on  the 
seed  cones  of  a  Gymnosperm  plant,  Welwitschia  mirabilis,  in  the  order  Gnetales,  found  only 
in/near  the  Namib  desert  in  Southwestern  Africa.  Recent  454-pyrosequencing  results  show  that 
P.  angolensis  ’  gut  environment  is  dominated  primarily  by  Bartonella- like  Rhizobiales  and 
Klebsiella  bacteria.  Here  we  perform  analyses  on  the  functional  roles  of  these  bacteria  through 
metagenomics,  manipulation  of  gut  bacterial  community,  and  feeding  on  defined,  vitamin- 
limited  and  -supplemented  diets.  The  results  allow  us  to  assess  the  ecological/nutritional 
pressures  that  can  influence  the  evolution  of  symbiotic  associations  in  insects. 
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Introduction:  Crab  spiders  (Thomisidae)  indirectly  affect  insect  flower- visitor  and  flowering 
plant  interactions  by  consuming  and  altering  the  behavior  of  insects.  This  study  examined  how 
crab  spider  presence  influenced  visitation  rates  of  pollinators  and  other  insects  and  plant 
reproductive  fitness.  We  hypothesized  that  flowers  with  crab  spiders  present  would  have  fewer 
insect  visitors  compared  with  flowers  where  spiders  were  excluded;  insects  would  be  able  to 
detect  and  avoid  flowers  with  spiders  to  elude  predation. 

Methods:  Here  we  conducted  a  field  experiment  to  examine  effects  of  crab  spiders  occupying 
three  prairie  plant  species  for  the  insect  flower- visitor  community.  To  test  whether  UV  signaling 
aided  flower- visitor  attraction  to  crab  spiders,  inflorescences  with  crab  spiders  of  one  plant 
species  were  observed  under  both  a  UV-blocking  plastic  and  a  clear  plastic  control. 

Results/Conclusion:  Pollinating  insects  were  significantly  attracted  to  inflorescences  with  crab 
spiders  compared  to  inflorescences  without  crab  spiders  for  two  plant  species,  and  herbivorous 
insects  were  attracted  to  inflorescences  with  crab  spiders  for  one  of  these  plant  species.  The  two 
flowering  plant  species  with  increased  pollinator  visitation  showed  increased  seed  weights  for 
plants  with  crab  spiders,  indicating  crab  spider  presence  indirectly  increased  pollination. 
Contrary  to  our  prediction,  flower-visitors  were  not  more  likely  to  land  on  inflorescences  under 
the  clear  plastic  compared  to  inflorescenes  under  UV-blocking  plastic;  the  UV  signaling 
hypothesis  was  not  supported. 
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Introduction:  Cacao  production  is  dependent  on  insect  pollinators,  midges 
(Diptera:Ceratopogonidae)  that  reproduce  in  organic  matter.  The  inadequate  pollination  of  cacao 
has  been  attributed  to  the  fastidious  removal  of  midge  breeding  habitat,  and  recent  research 
suggests  the  promotion  of  pollinator  habitats  in  cacao  farms  may  increase  natural  pollination. 
Australian  cacao  plantations  generally  follow  an  intensively  managed,  monoculture  design  with 
little  breeding  habitat  for  cocoa  pollinators,  and  the  effect  of  maintaining  pollinator  habitats  on 
pollination  levels  remains  unclear.  Further,  similarities  between  the  responses  of  some 
pollinators  and  predators  to  habitat  management,  suggest  that  efforts  to  conserve  pollinators  may 
also  encourage  native  predators. 

Methods:  We  evaluated  the  effects  of  one  habitat  management  practice,  the  introduction  of 
decomposing  cacao  fruit  husks  to  a  monoculture  cacao  farm,  on  the  provision  of  pollination 
services  and  the  density  of  native  predators.  We  also  evaluated  the  impacts  of  cacao  fruit  husk 
addition  on  pollen  limitation,  by  crossing  this  habitat  manipulation  with  hand  pollination 
treatments. 

Results/Conclusion:  The  addition  of  cacao  fruit  husks  increased  the  number  of  fruits  per  tree,  and 
along  with  hand  pollination  treatments,  increased  final  yields  indicating  a  promotion  of  the 
pollination  ecosystem  service  provided  by  midges.  We  also  found  that  cacao  fruit  husk  addition 
increased  the  densities  of  spiders  and  skinks.  Further,  the  conservation  of  these  predators  did  not 
inhibit  pollination  through  pollinator  capture  or  deterrence.  The  results  exemplify  a  win-win 
relationship  between  agricultural  production  and  biological  conservation,  whereby  agricultural 
practices  to  support  vital  pollinators  can  increase  production  as  well  as  support  species 
conservation. 
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Wild  bees,  important  pollinators  of  both  crops  and  wild  plant  species,  are  experiencing  declines 
due  to  human-driven  agricultural  intensification.  Though  we  know  bee  richness  decreases  with 
agricultural  intensification,  we  know  little  about  its  underlying  fitness  costs  to  individual  bee 
species.  Additionally,  the  mechanisms  driving  this  decrease  have  not  been  thoroughly  explored 
and  are  usually  tested  in  isolation,  despite  the  fact  that  they  often  interact  in  nature.  Here  we  test 
the  effects  of  two  mechanisms  related  to  agricultural  intensification:  l.diet  diversity,  2.  pesticide 
exposure,  and  3. their  interactions  on  the  mason  bee  Osmia  cornifrons  fitness  in  17  NY  apple 
orchards  representing  a  gradient  of  pesticide  use  and  percent  surrounding  agriculture.  O. 
cornifrons  shares  a  similar  life-history  with  many  wild  bees,  is  sensitive  to  environmental 
changes,  and  will  nest  in  cavities  lined  with  straw  trap-nests,  allowing  us  to  analyze  pollen 
provision  masses  and  reproduction.  From  May-June  2015,  we  monitored  seeded  nest-boxes  and 
collected  completed  nest-tubes  for  pollen  and  fitness  analyses.  Pollen  analysis  addressed  diet 
diversity  via  microscopy  and  pesticide  exposure  via  HPLC  techniques.  Fitness  (offspring 
number,  size,  and  sex  ratio)  was  measured  via  X-rays  and  bee  emergence.  The  effects  of  diet 
diversity,  pesticide  exposure,  and  their  interaction  on  mason  bee  fitness  will  be  described.  Our 
results  can  directly  inform  apple  growers  about  which  management  practices  are  most  important 
to  preserve  wild  bee  fitness  in  their  orchards.  As  human  disturbance  increases,  our  insights  about 
the  factors  driving  wild  bee  fitness  will  serve  to  preserve  bee  biodiversity  and  the  essential 
pollination  services  they  provide. 
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Abstract  text: 


Operation  Pollinator  is  a  program  that  promotes  research  and  education  to  encourage  wild 
pollinator  conservation  to  land  owners.  We  investigated  planted  wildflower  plots  and  their  ability 
to  harbor  and  attract  pollinators  and  other  beneficial  insects.  In  north-central  Florida,  eight  0.25 
acre  wildflower  plots  were  established  with  wildflower  seed  mixtures  (four  annuals  and  5 
perennials).  Seed  mixtures  included  the  following  wildflowers:  (1)  Partridge  Pea  ( Chamaecrista 
fasciculate ),  (2)  Blanketflower  ( Gaillardia  pulchella ),  (3)  Dyeflower  ( Coreopsis  basilis ),  (4) 
Leavenworth’s  Coreopsis  ( Coreopsis  leavenworthii),  (5)  Black-eyed  Susan  ( Rudbeckia  hirta ), 

(6)  Dotted  Horsemint  ( Monarda punctata ),  (7)  Lanceleaf  Tickseed  ( Coreopsis  lanceolate ),  (8) 
Ironweed  ( Vernonia  gigantea),  and  (9)  Narrowleaf  Sunflower  ( Helianthus  augustifolius).  A  0.25 
acre  unenhanced  plot  located  at  least  500  m  away  from  each  wildflower  plot  was  also  chosen  as 
a  control.  Bee  trap  nests  were  placed  within  the  wildflower  and  unenhanced  plots  in  August 
2014.  Beginning  May  2015  all  wildflower  and  unenhanced  plots  were  intensively  monitored  for 
bees,  other  pollinating  insects,  and  other  arthropods  using  colored  pan  traps,  pit  fall  traps, 
emergent  traps,  and  sweep  netting.  Our  preliminary  results  support  the  idea  that  small  wildflower 
plots  can  attract  large  numbers  of  bees  and  other  pollinating  insects.  Overall,  wildflower  plots 
harbor  a  much  greater  arthropod  community  compared  to  unenhanced  plots. 
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Abstract  text: 

Farming  in  urban  environments  is  a  rapidly  growing  sector,  diversifying  urban  landscapes 
nationwide  and  addressing  critical  food  insecurity  issues  in  low  income  areas.  The  sustainability 
of  urban  agriculture  demands  reliable  pollination  services,  which  are  threatened  by  the  heavy 
metal  contamination  found  in  urban  soils.  Sunflowers  ( Helianthus  annuus ),  popular  plants  in 
urban  agroecosystems  and  an  important  nectar  source  for  pollinators,  are  hyperaccumulators  of 
lead.  This  bioaccumulation  may  result  in  an  exposure  pathway  for  bees.  To  evaluate  the  impact 
of  heavy  metal  contamination  on  bee  behavior,  we  grew  sunflowers  in  the  greenhouse  in  soils 
with  varying  levels  of  lead  contamination.  Our  lead  treatment  levels  reflect  the  variation  in 
regulatory  limits  for  soil  lead  guidelines:  400  ppm  (US  Environmental  Protection  Agency),  80 


ppm  (CA  Office  of  Environmental  Health  Hazard  Assessment),  and  an  uncontaminated  control. 
On  each  of  three  days,  we  placed  mature  sunflowers  in  the  field  as  a  randomized  complete  block 
design  and  used  security  camera  systems  to  monitor  insect  activity,  identify  pollinators,  and 
quantify  their  behavior  for  an  average  of  five  hours  each  day.  We  found  that  lead  contamination 
negatively  affected  plant  growth  and  floral  traits.  There  was  a  significant  interaction  between  soil 
treatment  and  flower  head  area,  suggesting  that  while  bumblebees  ( Bombus  spp.)  and  honey  bees 
{Apis  mellifera )  spent  less  time  probing  flowers  grown  in  lead  contaminated  soils,  this  effect  was 
in  part  mediated  by  sunflower  flower  head  area.  Our  results  shed  light  on  a  potential  mechanism 
by  which  heavy  metal  contamination  threatens  pollination  sustainability. 
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Abstract  text: 

The  brown  food  web  encompasses  an  important  group  of  soil  taxa  including  microbes, 
microbivores  and  detritivores,  and  their  predators.  In  particular,  the  invertebrate  community  of 
the  brown  food  web  is  responsible  for  many  forest  floor  processes  such  as  nutrient  cycling, 
including  carbon  mineralization  (decomposition).  While  it  is  known  that  these  organisms  are 
affected  by  key  macronutrients  (nitrogen  and  phosphorus),  little  is  known  about  the  effects  of 
other  macro  and  micronutrients  (trace  elements)  on  this  soil  community  and  their  activity. 
Furthermore,  less  is  known  about  the  availability  of  these  micronutrients  as  forests  age.  We 
worked  towards  filling  in  this  gap  by  fertilizing  the  forest  floor  with  sodium,  calcium,  and 
manganese  and  placing  decomposition  bags  in  forests  at  different  transitional  stages  following 
experimental  burns.  We  predicted  increased  invertebrate  abundance,  diversity,  and 
decomposition  activity  in  nutrient- subsidized  plots.  These  increases  were  less  pronounced  in 
forest  stands  where  these  nutrients  were  more  available.  By  considering  the  effects  of  macro  and 
micronutrients  on  soil  food  web  processes,  this  work  improves  our  understanding  of  controls  on 
ecological  processes  and  their  responses  to  environmental  change.  Ultimately,  this  study  gives  us 


insight  into  the  complex  mechanisms  of  forest  floor  processes  and  how  these  processes  may  be 
changed  through  disturbance  and  subsequent  recovery. 


Paper  (Oral)  Presentations 

Presentation  Title:  Effects  of  pine  straw  removal  on  arthropods  in  longleaf  pine  communities 

Author  Name:  Samuel  Buzuleciu 

Author  Institution:  North  Carolina  State  University 

Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Community  Services 

Date  of  Presentation:  Wednesday,  September  28,  2016 

Abstract  Number:  2529 

DOI:  10. 1603/ICE.2016.1 14960 

Abstract  text: 

Introduction:  Pine  straw  raking  is  a  profitable  practice  for  owners  of  longleaf  pine  stands  because 
of  pine  straw’s  popularity  as  a  renewable  landscaping  mulch.  Despite  the  long  history  and 
widespread  practice  of  straw  raking,  little  is  known  about  effects  of  raking  on  wildlife.  Straw 
raking  removes  leaf  litter  that  would  otherwise  provide  cover  and  moisture  retention,  and  may 
negatively  affect  flora  and  fauna.  Fort  Bragg  Army  base  (NC)  holds  one  of  the  largest  remaining 
stands  of  longleaf  pine  in  the  U.S.,  and  the  base  allows  harvests  of  pine  straw  on  approximately 
15%  of  its  ca.  32000  hectares.  Fort  Bragg’s  environmental  division  commissioned  our  study  to 
determine  the  effects  of  pine  straw  raking  on  the  wildlife,  especially  epigeal  arthropods. 

Methods:  In  2015,  we  surveyed  8  sites  within  Fort  Bragg  to  compare  insect  richness  and  density 
in  raked  vs.  unraked  sites.  Four  linear  pitfall  traps  were  deployed  to  trap  insects  along  50  meter 
transects  in  the  form  of  2.4  meter  F  gutters.  We  are  identifying  captured  arthropods  to  the  family 
level  to  determine  treatment  effects  on:  1)  species  richness  of  pitfall-captured  insects;  and  2)  total 
numbers  of  pitfall-captured  insects. 

Results/Conclusion:  We  have  completed  the  first  of  three  research  seasons  evaluating  effects  of 
pine  straw  removal  on  wildlife  at  Ft.  Bragg,  NC.  Insect  identification  is  ongoing  and  results  of 
effects  on  richness  and  density  by  treatment  will  be  reported  in  the  forthcoming  paper 
presentation  at  the  2016  Entomological  Society  of  America  meeting. 
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Litter-dwelling  macroinvertebrates  (e.g.  millipedes,  isopods,  etc.)  drive  forest  floor  processes 
such  as  decomposition  and  nutrient  cycling.  Most  importantly,  macroinvertebrates  plays  an 
influential  role  in  carbon  (C)  cycling,  which  perpetuates  global  climate  changes.  Climate,  litter 
quality,  and  macronutrient  availability  (e.g.  carbon,  nitrogen,  and  phosphorus)  are  factors  that 
affect  the  community  structure  and  activity  of  these  macroinvertebrates  and  ultimately  can 
change  the  rate  of  decomposition  on  the  forest  floor.  However,  the  effect  micronutrients  (e.g. 
calcium,  sulfur,  etc.)  on  decomposition  are  not  fully  understood,  despite  their  importance  to 
invertebrate  structure  and  function.  This  study  aims  to  fill  the  gap  in  knowledge  regarding  the 
effect  of  these  micronutrients  on  the  litter-dwelling  macroinvertebrate  community  composition, 
abundance,  and  activity.  We  experimentally  enriched  plots  along  an  elevational  gradient  with 
calcium,  sulfur,  sodium,  and  zinc  to  measure  colonization  of  certain  macroinvertebrates.  Litter- 
filled  mesh  bags  were  placed  in  the  plots  to  measure  increases  in  decomposition  activity  of 
macroinvertebrates,  and  thus  increases  in  C  cycling.  We  predicted  that  addition  of  calcium  and 
sulfur  would  increase  macroinvertebrate  abundance,  most  notably  the  abundance  of  millipedes. 
With  increases  in  millipede  abundance,  there  was  a  decrease  in  overall  macro  invertebrate 
diversity,  thus  altering  the  community  composition.  We  predicted  that  addition  of  zinc  and 
sodium  would  increase  macroinvertebrate  activity;  however,  sodium-related  activity  increased 
with  elevation  due  to  its  distance  from  ocean  aerosols.  Uncovering  the  driving  forces  of  forest 
macroinvertebrates  and  complex  forest  floor  processes  creates  a  more  complete  understanding  of 
C  cycling  in  terrestrial  systems. 
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Abstract  text: 

Foraging  behavior  in  bees  has  been  studied  intensively  in  both  basic  and  applied  contexts.  In 
both  contexts,  the  majority  of  work  has  focused  on  nectar  collection,  even  though  all  bees  collect 
pollen  which  is  required  for  juvenile  development.  Especially  poorly  understood  are  the  floral 
cues  used  in  nature  by  bees  foraging  for  pollen.  A  field  study  of  pollen  collection  by  Bombus 
mixtus  bumble  bee  workers  on  mountain  bluebells,  Mertensia  ciliata ,  examined  use  of  color 
cues.  In  the  Rocky  Mountains,  we  followed  individual  bees  and  collected  flowers  that  were 
approached  but  not  alighted  on  (=  rejected  flowers)  and  flowers  that  were  alighted  on  (= 
accepted  flowers).  Pollen  availability  was  significantly  lower  in  rejected  flowers,  suggesting  that 
bees  could  assess  the  availability  of  pollen  without  landing  on  and  entering  the  flower,  even 
though  pollen  is  concealed  inside  the  bell-shaped  corolla.  Results  raised  the  possibility  that  bees 
used  floral  color  as  a  cue  to  reward  availability:  most  accepted  M.  ciliata  flowers  were  pink, 
whereas  most  rejected  flowers  were  blue.  Further  studies  using  color  decoys  verified  that  floral 
color  was  being  used  by  bees  as  an  indicator  of  pollen  presence.  To  our  knowledge,  this  is  the 
first  demonstration  of  a  floral  cue  used  by  pollen  foraging  bees  in  nature.  I  discuss  why  M. 
ciliata  would  signal  reward  presence  in  this  way,  given  that  blue  flowers  are  less  likely  to  be 
visited  and  thus  less  likely  to  receive  pollen. 
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Abstract  text: 

Introduction:  Ants  and  birds  show  complementary  patterns  of  diversity  along  an  elevational 
gradient  in  the  eastern  Himalayas.  Bird  species  diversity  peaks  at  mid-elevations  such  that  there 
are  many  more  bird  species  at  2000m  elevation  than  lower  down.  By  contrast,  ants  are  extremely 
abundant  at  moist  tropical  low  elevations  but  they  are  very  rare  at  mid-elevations.  This  study 
examines  if  competition  between  insectivorous  ants,  especially  the  dominant  weaver  ants  and 
birds  for  arthropod  prey  is  responsible  for  the  lower  species  diversity  of  birds  at  low  elevations. 

Methods:  I  carried  out  a  weaver  ant  ( Oecophylla )  exclusion  experiment  and  compared  arthropod 
abundance  between  the  experimental  tree  and  another  tree  of  the  same  species  (taken  as  control) 
before  and  30  days  after  ant  exclusion,  replicated  across  15  pairs  of  trees.  I  measured  foliage 
arthropod  abundance  using  “beating”  and  “branch-clipping”. 

Results/conclusion:  My  results  show  a  significant  increase  in  large  non-ant  arthropods  (>4mm) 
on  weaver  ant-excluded  trees  compared  to  control  trees  (paired  t-test:  ti4  =  3.7,  p  =  0.003).  The 
increase  in  large  arthropod  abundance  was  largely  constituted  of  beetles  (paired  t-test:  ti4=  2.27, 
p=  0.04).  This  is  an  important  finding,  because  these  large  insects  constitute  the  majority  of  prey 
for  bird  species  and  suggests  that  competition  from  weaver  ants  may  be  responsible  for  lower 
resource  availability  for  insectivorous  birds  leading  to  lower  bird  species  diversity. 
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Abstract  text: 

Many  plant-dwelling  insects  are  in  danger  of  being  inadvertently  ingested  (incidental  ingestion) 
during  feeding  of  mammalian  herbivores.  We  found  that  several  insect  species  (e.g.,  aphids  and 


ladybeetles)  are  able  to  sense  the  combination  of  elevated  heat  and  humidity  of  the  breath  of  an 
approaching  mammal  and  escape  in  time  by  dropping  off  the  plant  just  before  the  plant  is  eaten. 
Dropping  off  the  plant  is  risky  as  the  insects  are  losing  their  host  plant  and  may  be  exposed  to 
ground  predation  and  desiccation.  The  combination  of  heat  and  humidity  in  the  breath  serves 
therefore  as  reliable  cue  to  impending  mammalian  herbivory,  helping  the  insects  escape 
incidental  ingestion  while  reducing  the  chance  of  unnecessary  dropping.  Reliable  cues  such  as 
visual  stimuli,  vibration  and  air  movements  also  affect  the  drooping  decision.  The  post-  drooping 
behavior  was  found  to  be  complex  and  adaptive. 

The  risk  of  incidental  ingestion  should  be  common  because  mammalian  herbivores  consume 
large  amount  of  plant  material  on  which  insects  may  be  common  and  divers.  The  existence  of 
specific  adaptations  (as  described  above)  that  enable  insects  to  avoid  incidental  ingestions 
reflects  the  strength  of  such  threat.  The  practically  ignored  direct  interactions  between 
mammalian  herbivores  and  plant-dwelling  insects  should  be  taken  into  account  in  ecological 
studies,  as  it  may  shed  light  on  overlooked  trophic  connections. 
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Abstract  text: 

Introduction:  Males  can  contribute  negatively  to  population  growth  through  a  reduction  in  the 
fitness  of  females  due  to  a  variety  of  sexual  interactions.  Survival  and  oviposition  performance 
of  Euscepes  postfasciatus  females  dramatically  reduced  in  male-biased  populations.  However, 
the  behavioral  mechanism  on  how  males  negatively  affect  population  growth  remains  unknown 

Methods:  To  examine  the  negative  effect  of  males  on  the  physiological  state  of  females,  body 
weight  and  number  of  mature  oocytes  in  the  ovaries  after  the  mating  treatment  were  compared 
between  the  females  paired  with  a  male  and  isolated  females.  To  confirm  whether  females 


behaviorally  avoid  males,  we  compared  the  spatial  distributions  of  the  females  between  male- 
present  and  male-absent  conditions.  Finally,  we  compared  the  number  of  offspring  per  female 
among  the  groups  treated  with  four  different  sex  ratios. 

Results/Conclusion:  Body  weight  and  number  of  mature  oocytes  in  the  ovaries  significantly 
decreased  when  females  were  kept  with  males.  Spatial  sexual  segregation  was  observed  when  the 
sex  ratio  was  1:1;  most  males  distributed  on  the  food,  whereas  females  were  located  away  from 
foods.  However,  females  distributed  on  the  food  when  the  colonies  comprised  entirely  of 
females.  The  number  of  offspring  per  female  decreased  with  the  increasing  proportion  of  males 
in  the  experimental  colonies.  These  results  suggest  that  males  would  interfere  with  population 
growth  through  females’  counter-harassment  behavior  in  E.  postfasciatus.  This  behavior  would 
cause  spatial  sexual  segregation,  which  may  decrease  the  females’  opportunity  to  feed,  thereby 
resulting  in  the  reduction  of  body  weight  and  fecundity. 
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Abstract  text: 

Antagonistic  species  interactions  may  prevent  some  introduced  species  from  becoming  invasive 
in  novel  geographic  ranges.  Larvae  of  the  globally  invasive  European  woodwasp  Sirex  noctilio 
(Hymenoptera:  Siricidae)  complete  their  development  in  the  sapwood  of  Pinus  spp.  (Pinaceae) 
only  in  the  presence  of  a  fungal  mutualist,  Amylostereum  areolatum  (Basidiomycota).  In  the 
Southern  hemisphere  where  all  Pinus  are  introduced,  Sirex  noctilio  is  an  outbreak  invasive  pest, 
but  in  North  America  where  pines  are  indigenous  it  has  not  irrupted  to  economic  levels  10+  years 
since  introduction.  To  test  the  biotic  resistance  hypothesis  for  both  Sirex  and  its  mutualistic 
partner,  we  characterized  the  arthropod  community  attracted  to  and  co-infesting  Pinus  resinosa 
trees  at  the  geographic  frontier  of  its  introduced  North  American  range,  quantified  antagonistic 
interactions  observed  in  xylem,  and  assayed  competition  of  mutualistic  fungi  under  laboratory 
conditions.  SVrex-infested  P.  resinosa  trees  produced  a  suite  of  at  least  16  species  of  potential 


antagonists.  Trees  experimentally  exposed  to  ovipositing  Sirex  females  and  to  mechanical 
wounding  attracted  greater  numbers  of  saprophytic  beetles  and  parasitoid  wasps  compared  to 
undamaged  controls.  Within  xylem  tissue,  saprophytic  beetle  larvae  ( Xylotrechus  sagittatus) 
were  density-dependent  intraguild  predators  of  Sirex  larvae.  Emergence  of  pine  engravers  ( Ips 
pini )  was  negatively  related  to  Sirex  noctilio  density,  suggesting  competition  between  the  insects 
or  their  fungal  mutualists  (Ascomycota:  Ophiostoma  ips).  In  benchtop  experiments  using  growth 
media,  Ophiostoma  outcompeted  Amylostereum  under  most  scenarios  tested.  Altogether,  we 
provide  evidence  that  antagonistic  species  interactions  along  multiple  community  pathways 
reduce  survival  or  performance  of  the  woodwasp  larvae  and  their  fungal  mutualist. 
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Abstract  text: 

Dispersal  is  an  important  life  history  event  that  affects  fitness  of  animals.  However,  because 
rearing  animals  in  a  close  environment  inevitably  deprives  them  of  dispersal  opportunities,  we 
may  unintentionally  observe  unnatural  behaviors  of  experimental  animals,  which  would  have 
dispersed  elsewhere  in  an  open  environment.  Tetranychid  mites  construct  three-dimensional 
webs  on  leaf  surfaces  and  usually  lay  eggs  under  the  webs,  while  they  shift  oviposition  sites  onto 
webs  when  predators  intrude  into  the  webs.  Although  conventional  observations  in  close 
environments  showed  that  the  eggs  deposited  on  webs  are  less  frequently  predated  than  those  on 
leaf  surfaces,  all  eggs  are  ultimately  consumed  in  such  environments  without  predator  dispersal. 
By  using  setups  which  enable  between-patch  dispersal  of  predators,  we  examined  whether  the 
eggs  on  webs  are  left  by  dispersing  predators,  and  whether  prior  experience  of  predation  risk 
affects  oviposition  site  selection  of  females.  Adult  females  of  spider  mite  Tetranychus  kanzawai 
that  had  previously  experienced  predatory  mite  Neoseiulus  womersleyi  or  its  cue  (eggs)  laid  eggs 
on  webs  even  in  a  patch  without  predators.  Predatory  mites  left  prey  patches  earlier  where  higher 
proportion  of  prey  eggs  were  located  on  webs,  and  egg  survival  on  webs  were  much  higher  than 


on  leaf  surfaces.  From  these  results,  we  conclude  that  female  spider  mites  protect  offspring  from 
future  predation  by  learned  microhabitat  use  based  on  previous  predation  risk. 
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Dispersal  is  an  important  life  history  event  that  affects  fitness  of  animals.  However,  because 
rearing  animals  in  a  close  environment  inevitably  deprives  them  of  dispersal  opportunities,  we 
may  unintentionally  observe  unnatural  behaviors  of  experimental  animals  that  would  have 
dispersed  elsewhere  in  an  open  environment.  Spider  mites  live  together  in  defensive  webs  on  leaf 
surfaces.  Adult  females  of  Tetranychus  kanzawai  (TK)  disperse  from  these  webs  when  a 
predatory  mite  Neoseiulus  womersleyi  (NW)  intrudes  into  the  webs.  NW  adult  females  also 
disperse  from  the  webs,  leaving  prey  for  their  offspring  in  the  webs.  By  using  setups  to 
determine  within-  and  between-patch  dispersals  of  both  mites,  we  examined  prey-predator 
interactions  of  offspring  mites  left  in  the  webs.  Although  both  TK  larvae  and  deutonymphs 
recognized  NW  larvae  in  the  same  webs,  TK  larvae  never  dispersed  from  the  webs.  On  the  other 
hand,  TK  deutonymphs  dispersed  within  patches  in  response  to  high  NW  larvae  density  but  did 
not  disperse  between  patches  as  do  TK  adult  females.  TK  deutonymps  dispersed  from  the  webs 
in  response  to  punctured  conspecific  eggs,  not  in  response  to  disappearance  of  conspecifics  nor 
to  encounter  with  NW  offspring.  Developmental  time  of  TK  offspring  in  predators’  absence  did 
not  differ  with  respect  to  natal  webs,  while  most  larvae  and  deutonymphs  without  natal  webs 
were  preyed  upon  by  potential  predators  that  cannot  penetrate  the  webs.  These  results  suggest 
that  TK  larvae  and  deutonumphs  stick  to  natal  webs  to  gain  protection  by  the  webs,  not  to  save 
costs  of  building  webs. 
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Abstract  text: 

A  key  feature  of  symbioses  is  stability  and  persistence  across  ecological  and  evolutionary  scales. 
Although  the  socalled  ‘higherattini’  (the  leafcutter  ants  ( Atta  and  Acromyrmex  spp.)  and 
nonleafcutters  ( Trachymyrmex  spp.)  were  widely  considered  to  be  a  classic  case  of 
1 : 1  coevolution  because  each  of  these  two  groups  of  ants  grow  distinct  clades  of  derived  ant 
fungi,  large  scale  geographical  surveys  have  shown  that  there  are  naturally  occurring  symbiont 
switches  between  these  two  ant  and  fungal  clades.  The  mechanisms  that  promote  or  maintain 
these  associations  are  currently  unknown.  Reported  here  are  the  results  of  experimental  symbiont 
switching  (crossfostering)  from  six  North  American  fungus  gardening  ant  species.  The  six 
species  show  three  generalized  phenotypic  responses  when  growing  novel  fungi.  Some  fail 
immediately,  some  sustain  growth  for  several  weeks  before  undergoing  irrevocable  declines, 
while  others  remain  stable  for  4  years  or  more.  Because  the  unstable  combinations  become 
invaded  by  weedy,  pathogenic  species,  it  is  thought  that  ant  and  fungal  microbiomes  may  have  a 
role  in  stabilizing  ant  and  fungal  combinations  over  ecological  and  evolutionary  time  scales. 
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Introduction:  Most  studies  have  focused  on  the  importance  of  mutualistic  associations  with 
trophobionts  in  facilitating  invasion  success  of  invasive  ants,  while  fewer  studies  have 
investigated  the  importance  of  floral  nectar.  In  this  study,  utilisation  of  temporarily  available 
floral  nectar  by  the  invasive  Argentine  ant,  Linepithema  humile,  was  compared  to  that  of  the 
dominant  native  ant,  Anoplolepis  custodiens,  within  the  Cape  Floristic  Region  (CFR),  a 
biodiversity  hotspot. 

Methods:  The  abundance  and  species  composition  of  ground  foraging  ants  as  well  as  floral 
arthropod  visitors  in  inflorescences  of  Proteacea  species;  foraging  activity,  and  trophic  ecology 
inferred  from  the  abundance  of  natural  stable  isotopes  of  Carbon  (513C)  and  Nitrogen  (515N),  and 
the  ratio  of  Carbon  to  Nitrogen  (C:N)  were  compared  between  the  two  ant  species  during  three 
flowering  periods. 

Results/Conclusion:  Linepithema  humile  significantly  reduced  the  abundance  and  species 
diversity  of  both  above-ground  and  floral  arthropod  species  abundance  and  composition. 
Linepithema  humile  increased  its  foraging  activity  with  increasing  nectar  availability,  switching 
its  diet  to  a  more  herbivorous  one.  Anoplolepis  custodiens  did  not  respond  as  effectively  to 
increasing  floral  nectar  or  negatively  impact  floral  arthropod  visitors.  This  study  showed  that  L. 
humile  has  the  potential  to  expand  their  range  into  natural  communities  through  a  more  effective 
utilisation  of  temporarily  available  carbohydrate  resources  than  native  species.  Their  affinity  for 
carbohydrate  rich  resources  from  plants,  coupled  with  their  high  levels  of  aggression,  may 
exacerbate  the  community-wide  negative  impacts  they  have  in  the  CFR. 
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Abstract  text: 

Helicoverpa  armigera,  Spodoptera  frugiperda  and  Helicoverpa  zea  (Boddie)  (Lepidoptera: 
Noctuidae)  are  among  the  main  pests  of  corn  crop  in  Brazil  and  are  characterized  by  having  the 
same  feeding  guild  during  the  reproductive  stage  of  the  crop.  The  intraguild  competition  of  these 
noctuides  was  evaluated  through  the  survival  of  each  specie  under  field  conditions,  on  non-Bt 
corn.  Different  competition  scenarios,  alternating  the  larval  stadium  of  development,  were 
carried  out  in  corn  ear.  The  survival  of  H.  armigera  in  competition  with  the  other  species  was 
significantly  low  compared  to  the  control.  H.  zea  showed  high  aggressive  behavior  and  high  rate 
of  cannibalism.  Their  survival  was  reduced  when  it  was  competing  against  S.  frugiperda  in  the 
same  size.  The  survival  of  S.  frugiperda  remained  high  in  the  different  scenarios  of  competition, 
being  reduced  when  it  was  in  a  lower  development  than  H.  zea  and  H.  armigera.  In  general,  S. 
frugiperda  demonstrates  advantage  in  the  competition  against  H.  zea  and  H.  armigera  on  non-Bt 
corn. 
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Social  parasites  are  unlike  the  conventional  parasite  in  that  they  consist  of  members  of  a  social 
species  that  exploit  the  resources  of  another  social  group  or  species.  In  the  eusocial 
Hymenoptera,  types  of  social  parasitism  are  remarkably  widespread  and  diverse  in  their  life 
history  strategies.  Here,  we  present  the  first  evidence  of  and  characterize  the  nature  of  a  newly 
discovered  host-  parasite  system  that  involves  four  western  Temnothorax  ant  species.  We 
investigate  the  interactions  between  the  hosts  and  parasites  from  both  an  inter-  and  intraspecific 
perspective.  We  show  (i)  behavioral  variation  between  geographically  distinct  populations,  (ii) 
that  populations  with  evidence  of  social  parasitism  show  decreased  congeneric  colony  tolerance 


and  differential  patterns  of  interspecific  queen  tolerance,  and  that  (iii)  this  is  likely  mediated  by 
ecological  conditions,  such  as  competition  for  nest  sites  and  spatial  clustering. 

Additionally,  we  test  for  intracolonial  conflict  (i.e.,  reproductive  skew)  within  Temnothorax 
colonies,  to  assess  whether  some  queens  preferentially  produce  sterile  workers  whereas  others 
specialize  on  the  production  of  sexual  offspring.  Biased  production  of  sexual  offspring  would 
provide  evidence  for  intraspecific  cheating  behavior  and  would  allow  insights  into  the  evolution 
of  socially  parasitic  life  history  strategies. 
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Abstract  text: 

Gall-inducing  insects  are  iconic  examples  in  the  manipulation  and  reprogramming  of  plant 
development,  inducing  spectacular  morphological  and  physiological  changes  of  host-plant 
tissues  within  which  the  insect  feeds  and  grows.  Despite  decades  of  research,  effectors  involved 
in  gall  induction  and  basic  mechanisms  of  gall  formation  remain  unknown.  Recent  research 
suggests  that  some  aspects  of  the  plant  manipulation  shown  by  gall-inducers  may  be  shared  with 
other  insect  herbivorous  life  histories.  The  ability  of  leaf-mining  insects  to  manipulate  their  host 
plant  physiology  ask  whether  leaf-miners  can  also  be  considered  to  be  plant  reprogrammers. 

Our  results  on  the  Malus  domestica/Phyllonorycter  blancardella  plant-leaf  mining  system 
illustrate  similarities  and  contrasts  of  metabolic  and  morphological  effects  induced  on  plants  by 
gall-inducing  and  leaf-mining  insects.  This  leaf-mining  insect  creates  an  “optimal”  nutritional 
micro-environment  through  cytokinin  production  by  their  endosymbiotic  partners.  This 
symbiotic  association  impacts  not  only  nutrient  acquisition  but  also  the  feeding  behavior  of  leaf 
miner  insects.  The  correlation  between  the  presence  of  the  endosymbiotic  bacteria  Wolbachia 


and  the  plant  manipulation  suggests  that  insect  bacterial  symbionts  most  probably  played  a  major 
role  in  the  evolution  and/or  radiation  of  the  endophagous  feeding  mode. 
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Short-distance  flight  from  high  population  density  patches  to  uninfested  plants  may  result  in 
temporal  predator-free  space.  However,  aphids  often  display  reductions  in  fecundity  as  a 
consequence  of  wing  development.  For  our  study  organism,  Aphis  glycines ,  we  hypothesized  that 
an  investment  in  alate  morphs  would  result  beneficial  to  a  colony  under  predation,  regardless  of 
its  associated  costs  on  fecundity.  To  test  this  hypothesis,  we  conducted  a  field  cage  experiment  in 
which  A.  glycines  colonies  initiated  with  controlled  proportions  of  apterous  and  alates  were 
exposed  to  predation  in  one  half  of  a  field  cage,  while  predator-free  space  was  accessible  in  the 
other  half  of  the  cage  only  through  flight.  We  observed  a  benefit  over  time  on  overall  population 
size  and  in  aphid  prevalence  (i.e.  proportion  of  infested  plants)  with  successful  colonization  of 
predator-free  space  by  alates.  However,  differences  in  fecundity  observed  between  apterous  and 
alate  aphids  under  controlled  conditions  suggest  an  important  trade-off  between  wing 
development  and  fecundity  in  this  species.  Similarly,  control  colonies  initiated  exclusively  with 
alate  indivuduals  showed  a  much  slower  population  growth  than  colonies  initiated  exclusively 
with  apterous  individuals.  Our  results  show  that  due  to  costs  in  fecundity,  an  investment  in 
winged  individuals  followed  by  colonization  of  predator-  free  space  will  not  result  in  a  benefit  on 
population  size  in  a  system  under  strong  predation.  However,  an  important  increase  in  aphid 
prevalence  over  time  was  observed  as  a  consequence  of  this  investment.  We  suspect  that 
prevalence  might  be  an  important  trait  for  a  colony  at  risk  of  extinction. 
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The  hemlock  woolly  adelgid  ( Adelges  tsugae )  has  been  devastating  eastern  hemlock  ( Tsuga 
canadensis )  throughout  the  eastern  United  States.  The  adelgid  often  co-occurs  on  hemlock  with 
another  invasive  species,  the  elongate  hemlock  scale  ( Fiorinia  externa).  Although  interactions 
between  these  two  species  of  plant-sucking  insects  have  received  some  attention,  we  know  far 
less  about  how  they  interact  with  native  chewing  herbivores  such  as  the  spruce  spider  mite  or 
hemlock  rust  mite.  We  report  the  results  of  an  unplanned  experiment  in  which  hemlock  trees 
planted  in  a  closed-canopy  deciduous  forest  and  experimentally  inoculated  with  either  adelgid  or 
scale  became  infested  with  varying  spider  mite  densities.  Using  data  on  adelgid  and  scale 
densities  before  and  after  the  mite  infestation,  we  analyzed  (A)  the  relationship  between  current 
mite  densities  and  those  of  scale  and  adelgid;  and  (B)  how  the  difference  between  pre-  and  post¬ 
infestation  densities  of  adelgid  and  scale  varied  according  to  mite  density.  Although  severe  mite 
infestations  clearly  harmed  trees,  there  was  no  relationship  between  the  densities  of  mites  and 
those  of  adelgid  and  scale.  The  lack  of  a  relationship  between  adelgid/scale  densities  and  mite 
infestation  levels  suggests  that  these  native  folivores  do  not  compete  with  invasive  sucking 
herbivores  on  eastern  hemlock. 
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Pioneer®  brand  maize  hybrids  with  Leptra™  insect  protection  were  evaluated  against  three  key 
Lepidopteran  pests  for  plant  protection  in  Brazil  during  different  growing  seasons  of 2014- 
2016.  In  addition  to  the  three-event  pyramid  of  Leptra  insect  protection,  two-way  pyramids  and 
single  events  consisting  of  Leptra  insect  protection  were  compared  to  understand  their  role  in 
plant  protection  against  whorl-feeding  Spodoptera  frugiperda ,  stem-feeding  Diatraea 
saccharalis  and  ear-feeding  Helicoverpa  zea. 
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IntroductiomLepidoptera  including  corn  earworm  ( Helicoverpa  zea),  fall  armyworm 
(/ Spodoptera  frugiperda :),  soybean  looper  ( Chrysodeixis  include  ns),  European  corn  borer 
( Ostrinia  nubilalis)  and  velvetbean  caterpillar  ( Anticarsia  gemmatalis)  cause  significant 
economic  damage  to  agriculture  worldwide. 


Methods:  All  current  transgenic  commercial  crop  traits  for  control  of  Lepidoptera  are  based  on 
insecticidal  proteins  from  Bacillus  thuringiensis  (Bt)  strains.  Exploration  of  non-Bt  biodiversity 
for  novel  insect  actives  led  to  the  discovery  of  a  large  family  of  two-component  insecticidal 
proteins  in  various  plant  species. 

Results/Conclusion:These  show  an  activity  spectrum  against  several  major  Lepidopteran  pests. 
Our  results  suggest  sources  other  than  Bts  can  be  productive  for  the  discovery  of  new  insecticidal 
proteins. 
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Abstract  text: 

Introduction:  Rice  is  the  major  staple  crop  for  around  50%  of  the  world’s  population.  Currently, 
one  of  the  most  important  pests  of  rice  is  the  brown  planthopper  ( Nilaparvata  lugens  Stal).  This 
pest  has  few  natural  enemies,  therefore  control  has  mainly  relied  upon  the  application  of 
insecticides.  Rice  ecosystems  across  Asia  are  presently  being  put  at  severe  risk  due  to  over¬ 
reliance  on  certain  insecticides,  mainly  neonicotinoids  and  phenylpyrazoles,  which  the  pest  is 
now  showing  widespread  resistance  against.  This  is  not  sustainable  for  the  future,  and  much 
needs  to  be  done  to  control  this  destructive  pest. 

Methods:  A  range  of  molecular  and  transgenic  approaches  were  used  to  study  phenylpyrazole 
resistance.  Multiple  N.  lugens  RDL  constructs  were  synthesised  and  their  sensitivity  to  different 
phenylpyrazoles  were  measured  using  two-electrode  voltage-clamp  electrophysiology.  Candidate 
P450  genes  were  functionally  expressed  in  vivo  in  transgenic  D.  melanogaster  and  assessed 
using  bioassays. 

Results/Conclusion:  We  demonstrate  that  there  are  multiple  resistance  mechanisms  to 
phenylpyrazoles,  both  alteration  of  the  target  site,  RDL,  and  enhanced  detoxification  via 
cytochrome  P450s.  The  different  efficacy  of  ethiprole  and  fipronil  against  N.  lugens  will  be 
discussed  in  context  of  the  various  resistance  mechanisms  shown.  The  issue  of  cross-resistance 
arising  in  the  field  populations  will  also  be  evaluated,  and  how  these  results  fit  into  a  resistance 
management  strategy. 
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Introduction:  Pymetrozine  was  mainly  used  to  control  plant-sucking  insects  including  the  brown 
planthopper  (BPH),  Nilaparvata  lugens.  However,  evolution  of  resistance  in  this  pest  to 
pymetrozine  has  been  reported.  TRP  (Transient  Receptor  Potential)  channels  respond  to  diverse 
stimuli  and  thus  function  as  the  primary  integrators  of  varied  sensory  information.  Recent 
research  proved  that  the  molecular  target  of  pymetrozine  is  the  TRP  channel  (Nesterov  et  al. 
2015,  Neuron). 

Methods:We  cloned  the  genes  encoding  TRP  channels  in  the  BPH,  and  thirteen  candidate  genes 
were  found  to  encode  TRP  channels  in  the  BPH. 

Results/Conclusions  :There  were  six  subfamily  of  TRP  channel  presented  in  the  BPH.  However, 
we  did  not  find  TRPP  subfamily,  which  was  identified  in  Drosophila  melanogaster  and 
Tribolium  castaneum.  Although  four  TRPA  subfamily  members  were  identified  in  D. 
melanogaster ,  the  BPH  has  five  TRPA  subfamily  members.  Interestingly,  the  pyrexia  channel 
was  not  detected  in  the  genome  of  BPH,  and  we  cloned  the  pyrexia-like  and  TRPA5 
channels.This  was  the  first  time  it  was  reported  in  this  hemimetabolous  insect  and  agricultural 
insect.  Furthermore,  we  investigated  the  two  TRPs  Nanchung  (Nan)  and  Inactive  (lav)  genes 
involved  in  resistance  to  pymetrozine  of  the  BPH.  This  study  provides  a  foundation  for  further 
research  on  the  TRP  channel  as  insecticide  target  for  BPH  control. 
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Introduction: Increasing  resistance  to  pesticides  has  been  a  great  threat  for  pest  control  in  the 
field,  yet  there  is  still  much  to  expound  about  the  genetic  basis  of  pesticide  resistance. 
Investigation  of  the  genome-wide  genetic  variations  linked  with  insecticide  resistance  may 
contribute  to  the  understanding  of  the  mechanism  of  resistance  and  the  development  of  control 
strategies.  Here  we  focused  on  imidacloprid  resistance  of  Nilaparvata  lugens  in  the  field. 

Methods: Whole-genome  resequencing  and  sweep  mapping  analyses  identified  139  putative 
genomic  regions,  including  69  genes  that  that  arre  undergoing  positive  selection  during  the 
development  of  imidacloprid  resistance.  Differential  expression  analysis  was  then  performed  on 
the  transcriptome  sequencing  data  between  resistant  and  sensitive  populations. 

Results/Conclusions:Within  all  the  69  genes  with  signals  of  sweep,  only  two  showed  significant 
expression  differences  between  the  two  populations,  including  peroxiredoxin  (NIPrx)  and  a  gene 
with  unknown  function.  An  A->T  mutation  located  in  the  promoter  region  was  proven  to 
upregulate  the  expression  level  of  NIPrx.  Functional  studies  using  RNA  interference  (RNAi)  to 
knockdown  NIPrx  and  transgenic  expression  of  NIPrx  in  Drosophila  melanogaster  both  revealed 
that  NIPrx  conferred  imidacloprid  resistance.  This  study  identifies  multiple  genetic  variations 
that  may  be  associated  with  insecticide  resistance  in  N.  lugens ,  and  shows  that  peroxiredoxin  is  a 
novel  resistance-related  gene,  which  contributes  to  the  resistance  management  strategies  in  the 
field. 
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Introduction: Insecticides  can  have  a  range  of  unintended  effects  on  non-target  organisms.  In 
particular,  neonicotinoids,  a  widely  used  class  of  insecticides,  modify  plant  defense  gene 


regulation.  This  likely  increases  host  plant  vulnerability  to  outbreaks  of  a  non-susceptible  spider 
mites,  Tetranychus  cinnabarinus  (Acari:  Tetranychidae).  Neonicotinoid  treatments  also 
potentially  benefit  plant  development,  which  may  further  provision  spider  mite  outbreaks. 

Methods: To  determine  the  extent  of  these  neonicotinoid  mediated  endogenous  changes,  we  used 
RNA-Seq  to  develop  a  broader  picture  of  the  differential  gene  expression  cascades  that  may 
increase  plant  quality  and  susceptibility  for  spider  mite  infestations.  We  exposed  a  commercial 
variety  of  soybean,  Glycine  max  L.,  to  three  treatments,  neonicotinoid  seed  treatment 
(Thiamethoxam),  a  soil  drench  treatment  (Imidacloprid)  or  untreated  with  neonicotinoids.  We 
extracted  total  RNA  from  leaf  tissue,  four  weeks  after  germination,  for  three  replicates  from  each 
of  the  three  treatments.  These  were  sequenced  on  one  lane  of  an  Illumina  HiSeq  2500  system, 
which  produced  200  million,  100  bp  PE,  transcripts.  We  mapped  the  reads  to  the  soybean 
genome  sequence  v2  using  the  Tophat  v2.0  program,  assembled  the  transcripts  (Cufflinks  and 
Cuffmerge),  and  compared  gene  expression  amongst  our  treatments  using  EdgeR.  We  identified 
several  differentially  expressed  genes  involved  in  plant  response  to  biotic  stress.  We  selected  a 
subset  of  these,  jasmonic  acid  synthesis,  starch  synthesis,  and  pathogen  response  genes,  to  verify 
through  qRT-PCR. 

Results/Conclusions: Overall,  we  found  that  both  the  soil  drench  and  seed  neonicotinoid 
treatments  modify  the  expression  of  several  genes  involved  in  defensive  and  metabolic 
pathways. 
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Introduction:  Important  insect  pollinator  species,  including  bees,  are  endangered  because  of  the 
use  of  pesticides.  The  reason  for  these  incidents  is  the  contamination  of  flowering  bee  forage 
plants  with  dust  particles  abraded  from  seeds  treated  with  the  insecticides.  The  aim  was  to 
improve  the  seed  treatment  methodology  to  reduce  the  drift  generated  from  seeds  by  drilling. 

Methods:  The  current  study  investigated  the  amount  of  drift  generated  from  seeds  of  two 
varieties  of  cotton  treated  with  imadocloprid  through  measuring  the  fine  dust  particles  from 
various  treatments  using  the  Heubach  methods. 

Results/Conclusion:  The  increase  in  percentages  of  drift  generated  were  found  to  be  in  the  range 
of  336-378%  and  221-287%  for  the  water-dispersible  powder  formulation  (WS)  for  Hamid  and 
Barakat  cotton  varieties,  respectively.  For  the  flowable  concentrate  (FS)  formulation,  the 
percentage  increase  in  the  drift  over  the  control  ranged  from  82-95%  and  15-445%  for  Hamid 
and  Barakat  varieties  respectively.  The  Heubach  vaules  were  higher  in  the  case  of  WS 
formulations;  they  ranged  between  13.5  and  24.5  for  Hamid  variety  and  23.3  and  25.4  for 
Barakat  variety.  The  values  for  the  FS  formulation  ranged  between  7  and  8.8  and  2.64  andl4.7 
for  Hamid  and  Barakat,  respectively.  The  pesticide  residues  measured  were  found  to  be  greater 
for  the  WS  formulation  compared  to  the  FS  formulation  for  both  tested  varieties.  Thus,  the  FS 
formulation  was  better  than  the  WS  formulation  regarding  the  drift  generated  using  the  Heubach 
method. 
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Introduction: Integrated  Pest  Management  (IPM)  strives  to  reduce  risks  to  people  and  the 
environment,  as  well  as  economic  risks  to  growers.  However,  the  ability  to  quantify  and 
document  reductions  in  risk  has  often  proven  challenging. 

Methods:  In  this  project,  we  conducted  ecotoxicological  risk  analyses  on  23  years  of  Arizona 
lettuce  pesticide-use  data  using  the  ipmPRiME.org  Pesticide  Risk  Mitigation  Engine.  This  tool 
uses  the  best  available  peer-reviewed  toxicological  data,  including  registrant-generated  data 
submitted  to  EPA  and  field  studies,  to  quantify  risk  for  each  of  9  different  risk  indices 
(inhalation,  aquatic  invertebrates,  aquatic  algae,  fish  chronic,  earthworms,  small  mammals,  avian 
acute,  avian  chronic  and  pollinators)  for  each  chemistry  applied. 

Results/ConclusiomThe  results  confirm  that  dramatic  reductions  in  broad-spectrum  pesticide  use 
and  the  widespread  adoption  of  “reduced-risk”  alternatives  have  corresponded  with  significant 
reductions  in  ecotoxicological  risks  associated  with  pesticide  use  in  Arizona  lettuce.  The  results 
indicate  generally  very  low  and  declining  average  risk  levels  across  the  9  risk  indices.  Individual 
indices  were  further  examined  to  identify  the  chemistries  and  application  methods  accounting  for 
the  highest  risk  levels  still  present  under  current  management  regimes,  and  to  explore  mitigation 
options.  Further  analyses  of  risk  by  market  sector  (e.g.,  spring  versus  fall  production  of  head 
lettuces,  leaf  lettuces  and  Romaine)  support  these  conclusions.  Outreach  efforts  increased  pest 
manager’s  awareness  and  use  of  ipmPRiME.org  as  tool  for  identifying  and  mitigating  pesticide 
risk  in  lettuce  and  other  crops. 
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Abstract  text: 

Introduction:  The  American  serpentine  leafminer,  Liriomyza  trz/o/z7(Diptera:  Agromyzidae),  a 
major  pest  of  vegetable  and  ornamental  crops,  has  a  long  history  of  developing  insecticide 
resistance.  In  this  paper,  the  status  of  insecticide  resistance  in  the  USA  will  be  discussed. 

Methods:  L.  trifolii  strains  were  obtained  from  commerical  vegetable  fields  and  ornamental 
greenhouses  throughout  the  USA.  They  were  bioassayed  for  insecticide  resistance  (using  the 
method  of  Ferguson,  2004)  to  the  following  insecticides:  cyromazine,  abamectin,  spinosad, 
thiamethoxam  and  chlorantraniliprole.  These  5  active  ingredients  represent  the  standard 
insecticidal  prodcuts  used  in  the  USA  to  control  leafminers. 

Results/Conclusion:  Insecticide  resistance  has  been  found  to  these  5  IRAC  groups  (active 
ingredient  used  in  bioassays  in  parentheses):  17,  Moulting  disruptors  (cyromazine);  6,  Chloride 
channel  activators  (abamectin);  5,  Nicotinic  acetylcholine  receptor  allosteric  activators 
(spinosad);  4,  Nicotinic  acetylcholine  receptor  agonists  (thiamethoxam);  and  28,  Ryanodine 
receptor  modulators  (chlorantraniliprole).  These  5  groups  represent  the  current  standard 
insecticides  used  to  control  leafminers.  There  is  no  cross  resistance  among  these  groups.  In  all 
strains  examined,  resistance  was  unstable,  with  reversion  to  a  susceptible  condition  when  reared 
in  the  absence  of  selection  pressure  occurring  in  5  to  9  generations.However,  after  reversion, 
strains  were  easily  re-selected  for  resistance.  IRAC  groups  17,  6  and  4  appear  to  be  very  robust, 
with  fewer  cases  of  resistance,  and  only  after  many  years  of  use.  Resistance  to  IRAC  groups  5 
and  28  was  detected  shortly  after  these  insecticides  were  registered,  indicating  that  they  were  less 
robust  than  groups  17,  6  and  4. 
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Introduction:  The  diamondback  moth,  Plutella  xylostella{L .),  is  a  very  destructive  insect  pest  of 
cruciferous  vegetables  in  Thailand.  Farmers  depend  on  spraying  a  large  number  of  insecticides  to 
control  this  pest,  which  may  lead  to  resistance  and  control  failures.  This  study  examined  the 
resistance  of  diamondback  moth  populations  to  six  insecticides;  spinetoram,  emamectin 
benzoate,  chlorfenapyr,  fipronil,  tolfenpyrad  and  chlorantraniliprole. 

Methods:  Eleven  diamondback  moth  populations  were  collected  from  cruciferous  vegetable 
fields,  from  2012  to  2014,  for  rearing  and  testing.  Third  instar  larvae  were  tested  using  a  leaf-dip 
bioassay  method.  The  mortality  data  obtained  after  48  h  of  exposure  to  insecticides  were 
subjected  to  probit  analysis  to  determine  LCso  values.  Resistance  factors  (RF)  were  calculated  by 
comparing  LCsovalues  of  the  field  populations  with  the  reference  population. 

Results/Conclusion:  The  resistance  to  all  insecticides  tested  was  none  to  low  in  Chom  Thong  and 
Tub  Berk  populations.  Resistance  to  spinetoram  was  high  to  very  high  in  Si  Prachan  (RF=  120- 
fold),  Sai  Noi  (RF=89-fold)  and  Cha-am  (RF=  102-fold)  populations.  Resistance  to  emamectin 
benzoate  was  high  only  in  Si  Prachan  (RF=54-fold)  and  Sai  Noi  (RF=67-fold)  populations.  Most 
populations  exhibited  high  to  very  high  resistance  (RF=80-  to  1,573-fold)  to  chlorantraniliprole. 
The  populations  tested  showed  none  to  moderate  resistance  (RF=1-  to  20-fold)  to  fipronil. 
Resistance  to  chlorfenapyr  and  tolfenpyrad  varied  from  none  to  very  high  resistance.  Insecticides 
showing  none  to  moderate  resistance  in  diamondback  moth  populations  such  as  spinetoram, 
emamectin  benzoate,  fipronil  and  tolfenpyrad  could  be  used  in  insecticide  rotation  scheme  for 
resistance  management  in  some  areas  of  Thailand. 
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Introduction:  Semiochemicals  (chemicals  impacting  insect  behavior)  have  been  employed  in 
species-specific,  ecologically  friendly  insect  pest  control  strategies  through  a  wide  variety  of 
mechanisms,  many  of  which  do  not  require  the  application  of  conventional  insecticides.  These 
include  mating  disruption — application  of  sex  pheromones  in  such  a  way  that  male  insects  are 
unable  to  locate  a  female  mate,  reducing  the  size  of  the  pest  population  in  the  treated  area  over 
time — mass  trapping,  and  repellency.  However,  semiochemical  attractants  can  also  be  used  in 
combination  with  small  amounts  of  chemical  toxicants,  a  strategy  called  attract  and  kill  (A&K). 

Methods:  While  cover  sprays  and  A&K  strategies  both  function  by  the  same  basic  method, 
inducing  mortality  in  a  large  enough  proportion  of  the  pest  population  to  reduce  its  impact  on  the 
treated  resource  (agricultural  crop,  human  or  animal  population,  etc.),  the  latter  possesses 
considerable  advantages  over  the  former.  Because  A&K  pairs  the  toxicant  with  a  powerful,  often 
species-specific,  attractant,  only  a  tiny  fraction  of  the  quantity  of  insecticide  that  would  be  used 
in  a  conventional  cover  spray  application  is  required.  This  attractive  capacity  enables  A&K 
formulations  to  be  applied  in  more  targeted,  strategic  ways,  drawing  pests  away  from  vulnerable 
organisms  to  areas  where  they  may  be  dealt  with  more  effectively  and  with  reduced  risks  to  non¬ 
targets. 

Results/Conclusion:  A&K  technologies,  along  with  other  methods  of  semiochemical-based  pest 
control,  can  provide  a  more  sustainable,  environmentally  sound  method  of  insect  pest  control 
than  traditional  cover  sprays — a  highly  desirable  alternative,  considering  the  uncertain  future  of 
many  conventional  pesticides. 
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Introduction:  While  the  advantages  of  semiochemical-based  pest  control  technologies  over 
traditional  insecticides  are  well-documented  (reduced  hazards  to  non-targets  and  the 
environment,  lower  risk  of  resistance,  etc.),  many  strategies  employing  these  behavior- 
manipulating  compounds  to  protect  agricultural  crops  are  relegated  to  small  niche  markets, due  to 
their  limited  applicability.  Since  most  semiochemicals  are  species-specific,  they  can  usually 
target  only  one  pest  at  a  time.  However,  this  is  not  always  the  case,  as  we  will  demonstrate 
through  this  discussion  of  four  of  ISCA  Technologies’  attract  and  kill  (A&K)  formulations. 

Methods:  Here,  we  describe  four  examples  of  successful  A&K  strategies  against  agricultural 
insect  pests.  First,  we  discuss  a  formulation  using  ISCA’s  SPLAT®  (Specialized  Pheromone  & 
Lure  Application  Technology)  matrix  to  deliver  a  species-specific  attractant — the  aggregation 
pheromone,  ferrugineol — to  lure  and  kill  the  red  palm  weevil,  Rhynchophorus  ferrugineus 
Oliver,  a  major  pest  in  the  Mediterranean.  Next,  we  describe  three  more  generalized  A&K 
technologies:  Noctovi,  a  sugar-  and  plant  volatile-based  liquid  formulation  designed  for 
protection  of  row  crops  from  noctuid  moths;  Anamed,  an  A&K  product  for  control  of  fruit  fly 
species  responsive  to  hydrolyzed  protein;  and  SPLAT  MAT  ME,  designed  to  target  tephritid  flies 
using  the  powerful  attractant  and  phagostimulant,  methyl  eugenol. 

Results/Conclusion:  A&K  techniques  represent  an  interesting  blend  of  past  and  future  pest 
control  methods,  bridging  the  gap  between  insecticide-free  semiochemical  pest  control 
techniques  (i.e.,  mating  disruption)  and  conventional  chemical  insecticides.  As  such,  A&K  may 
provide  a  gateway  to  more  robust  pest  control  markets,  especially  in  the  case  of  multi-species 
formulations  like  Noctovi  and  Anamed. 
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Abstract  text: 

Introduction:  Pyrophilous  insects  are  attracted  by  fires  responding  to  smoke  and  heat  by  using 
special  adaptations  as  infrared  organs  and  specialized  olfaction.  In  order  to  examine  the  response 
of  pyrophilous  insects  to  infrared  stimuli  with  and  without  fire  specific  volatile  organic 
compounds  (VOCs),  two  different  types  of  infrared-traps  (IR-trap)  and  a  control  trap  were  built 
and  applied  in  the  field. 

Methods:  The  study  was  conducted  in  Kon  Turn  province  (Vietnam)  at  three  study  sites  during 
the  dry  season,  from  February  to  April  2015.  Three  different  habitat  types  were  selected  on  each 
study  site:  unburnt,  freshly  burnt  and  habitats  burnt  one  year  ago.  Each  habitat  was  sampled 
using  three  traps  over  five  times  between  6:00  to  22:00  hours.  One  IR-trap  was  fitted  with  a 
mixture  of  four  different  VOCs  specifically  released  by  burning  wood.  The  other  IR-trap  was  not 
fitted  with  VOCs. 

Results/Conclusion:  A  total  of  19  insect  species  were  recorded.  Of  these,  surprisingly  only  one 
species  ( Litochrus  Erichson  sp.  1,  Phalacridae,  Coleoptera)  was  recorded  in  both  traps.  Nine 
species  were  specific  only  for  the  IR-trap  containing  the  VOC  mixture  and  9  for  the  IR-trap 
without  VOCs.  Two  species  belonging  to  the  Cleridae  (Coleoptera)  were  also  caught  in  both 
traps:  whil q  Anthicoclerus  Shengkling  sp.  1  was  recorded  exclusively  in  the  IR-trap  containing 
the  VOC  mixture,  Anthicoclerus  sp.  2  was  trapped  only  in  the  IR-trap  without  VOCs.  These 
results  hint  at  a  complex  evaluation  of  infrared-  and  olfactory  stimuli  for  resource  location  by 
different  members  of  the  pyrophilous  insect  community. 
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Introduction:  The  resurgence  of  bed  bugs,  Cimex  lectularius  L.,  has  created  a  need  for  new 
monitoring  tools. 

Methods:  Using  Etho Vision®  video-tracking  software  and  individual  male  and  female  bed 
bugs,  we  evaluated  the  attraction  and  repellency  of  two  bed  bug  produced  volatiles,  namely  ( E )- 
2-hexenal  and  (£)- 2-octenal. 

Results/Conclusion:  Though  generally  though  of  as  defensive  secretions,  we  demonstrate  that 
low  concentrations  of  these  commercially-obtained  aldehydes  can  actually  function  as 
attractants.  Behavioral  assays  indicate  both  males  and  female  bed  bugs  are  attracted  to  0.04  jig  of 
an  aldehyde  blend  (1 : 1)  for  up  to  two  hours  after  initial  treatment  of  filter  paper  disks.  Males 
differed  from  females  in  their  response  to  intermediate  amounts  of  aldehydes,  though  both  sexes 
showed  similar  responses  to  high  amounts  (400  jig)  compared  to  acetone  controls.  These  results 
suggest  that  bed  bug  defensive  secretions  may  be  candidates  for  lures  and  monitors. 
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Abstract  text: 

Introduction:  The  African  invader  fly,  Bactrocera  invadens  Drew,  Tsuruta  &  White  is  a 
quarantine  pest  of  Asian  origin  infesting  various  commercial  fruit  crops  in  tropical  Africa.  Mass 
trapping  has  proven  to  be  potent  tools  in  its  management.  This  study  evaluated  the  efficiency  of 
two  food  attractants  (orange  juice,  pineapple  juicejand  methyl  eugenol  for  mass  trapping  B. 
invadens  on  bush  mango  ( irvingia  species)  in  Ibadan,  Southwest  Nigeria  during  the  fruiting 
season  of  2015. 

Methods:  The  treatments  were,  orange  juice  (20ml/trap),  pineapple  juice  20ml/trap),  methyl 
eugenol  (5ml/trap)  and  control  (water)  using  lynfield  traps.  The  traps  were  hung  on  irvingia  trees 
at  distance  of  between  4-5m  from  the  ground  level  (within  the  tree  canopies).  Using  three  sites, 
the  distance  between  each  tree  was  20m  and  traps  were  replicated  three  times  in  each  site. 

Results/Conclusion:  Incidences  of  B.  invadens  on  Irvingia  were  observed  in  all  the  sites.  Methyl 
eugenol  significantly  (P<0.05)  trapped  higher  B.  invadens  than  other  attractants. The  percentage 
trapped  flies  after  12weeks  ranges  from  81.06%  -  82.97%  (Methyl  eugenol ),  9.48%  -10.17% 
(orange  juice),  6.60%  -  8.48%  (pineapple  juice)  and  0.24  -0.39%  (control )  on  the  sites.  There 
was  no  significant  difference  (P  >0.05)  between  the  populations  of  flies  trapped  on  food 
attractants,  although  orange  juice  caught  higher  flies  than  pineapple  juice.  However,  the  two  food 
attractants  significantly  (P<0.05)  trapped  higher  flies  than  control.  Orange  juice  and  pineapple 
juice  are  promising  attractants  for  trapping  B.  invadens  on  Irvingia  in  Nigeria,  hence  increased 
dosage  could  be  considered  for  mass  trapping 
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Abstract  text: 

Hypsipyla  grandella  Zeller,  is  the  major  pest  of  mahogany  (* Swietenia  Jaqu.  sp.)  and  Spanish 
cedar  ( Cedrela  L.  sp.)  plantations  in  Latin  America  and  the  Caribbean.  Larval  feeding  causes 
changes  in  the  apical  dominance  of  the  tree,  leading  to  an  abnormal  development,  and  producing 
the  growth  of  secondary  branches  that  affect  wood  quality  and  yield.  The  female  moth  produces 
a  sex  pheromone  that  would  be  used  for  monitoring  the  mahogany  shoot  borer. The  aim  of  this 
study  was  to  isolate  and  identify  the  compounds  present  in  that  sex  pheromone.  In  the  lab  was 
reared  a  colony  of  H.  grandella  to  have  virgin  females  and  to  isolate  pheromone  components  by 
immersing  glands  of  calling  females  in  hexane  and  by  using  solid-phase  microextraction 
(SPME). 

By  using  gas  chromatography  coupled  to  mass  spectrometry  we  identify  the  following 
compounds:  Z9-tetradecen-l-ol  (Z9-  14:  OH),  Z,  E-9,  12-tetradecadien-l-ol  (Z9E12-14:OH)  and 
Z9-tetradecen-l-yl  acetate  (Z9-14:AC).  Peaks  were  stablished  based  on  comparison  of  retention 
times  and  MS  spectra  with  standards. 
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Introduction:  An  efficient  and  selective  attractant  is  urgently  needed  for  the  effective 
management  of  spotted  wing  drosophila  (SWD),  Drosophila  suzukii  Matsumura,  due  to  the  rapid 
spread  of  this  invasive  fruit  fly  species  in  the  United  States. 

Methods:  After  conducting  a  series  of  tests  with  fruit  juice  volatile  aroma,  an  attracting  blend  has 
been  discovered  as  the  most  effective  and  specific  attractant  for  D.  suzukii  in  the  field. 

Results/Conclusion:  Because  one  of  the  essential  attractive  components  is  a  volatile  aroma  in 
many  fresh/ripening  fruits,  the  newly  identified  blend  is  expected  to  more  efficiently/selectively 
attract  D.  suzukiim  the  early  stages  of  infestation  prior  to  fruit  injury  and,  therefore,  has  great 
potential  for  the  development  of  more  effective  strategies  to  manage  SWD  population  levels 
under  the  economic  threshold. 
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Introduction:  Ammonia  and  its  derivatives  are  used  by  female  fruit  flies  (Diptera:  Tephritidae)  as 
volatile  cues  to  locate  protein-rich  food  needed  to  produce  their  eggs.  This  knowledge  has  led  to 
the  development  of  effective  protein-based  baits.  However,  often  those  materials  are  not 
accessible  to  farmers  due  to  high  cost  and/or  inaccessibility  in  several  regions  of  the  world. 

Methods:  In  an  attempt  to  improve  the  efficacy  of  locally-made  food  baits,  we  examined  the 
behavioral  response  of  female  Mediterranean  fruit  fly,  Ceratitis  capitata  Weidemann,  Oriental 
fruit  fly,  Bactrocera  dorsalis  Hendel,  and  melon  fly,  Bactrocera  cucurbitae  Coquillett,  to  beer 
waste,  a  relatively  inexpensive  and  readily  available  substance,  in  the  presence  and  in  the 
absence  of  ammonium  acetate.  The  attractiveness  of  beer  waste  was  compared  with  that  of 
several  commercially-available  protein  baits. 

Results/Conclusion:  Our  findings  indicate  that  the  addition  of  ammonium  acetate  to  beer  waste 
and  to  some  protein-based  baits  can  greatly  improve  their  attractiveness  to  multiple  fruit  fly 
species  through  synergistic  and  additive  effects  among  bait  components,  potentially  increasing 
the  bait’s  effectiveness  for  monitoring  and  suppression. 
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Introduction:  Plant-derived  volatiles  play  a  significant  role  in  guiding  female  herbivores  insects 
to  host  plants  for  oviposition.  Grapholita  molesta  Busck  is  an  important  pest  of  stone  fruit  peach 
and  pome  fruit  pear  in  the  growing  season. 

Methods:  We  identified  and  quantified  volatiles  from  peach  shoots,  peach  fruits,  and  pear  fruits 
by  using  gas  chromatography-mass  spectrometry  (GC-MS).  Field  and  laboratory  evaluation  of 
attractiveness  of  synthetic  blends  to  G.  molesta  females  based  on  gas  chromatography- 
electroantennogram  detection  (GC-EAD)  were  further  carried  out.  Consistent 
electroantennographic  activity  was  obtained  for  10  and  12  compounds  from  headspace 
collections  of  the  peach  and  pear  plant  tissues  based  on  G.  molesta  female  response.  However, 
male  captures  were  much  higher  than  those  of  females  in  the  fields,  even  in  traps  with  lures 
based  on  female  responses.  Sexual  differences  in  electrophysiological  and  behavioral  responses 
of  G.  molesta  to  peach  and  pear  volatiles  were  compared  in  laboratory  and  field  bioassays. 

Results/Conclusion:  Overall,  the  behavioral  response  of  males  toward  host  plant-derived 
volatiles  both  in  the  laboratory  and  in  the  field  was  stronger  than  that  of  females.  A  possible 
hypothesis  that  could  explain  different  response  profiles  in  females  and  males  was  discussed. 
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The  brown  marmorated  stink  bug,  Halyomorpha  halys  Stal  (Pentatomidae)  has  a  very  broad  host 
range,  and  is  a  serious  pest  of  many  fruits  and  vegetable  crops.  Native  to  China,  Republic  of 
Korea,  DPR  Korea  and  Japan,  it  has  been  introduced  into  the  United  States,  Canada, 
Liechtenstein,  Switzerland,  Germany,  France,  Italy,  Hungary  and  Greece  in  recent  years.  In  the 
newly  invaded  areas,  native  natural  enemies  do  not  provide  sufficient  control  of  the  pest.  Control 
of  H.  halys  is  currently  relying  on  broad-spectrum  insecticides  with  adverse  effects  to  the 
environment  and  the  health  of  growers  and  consumers.  Biological  control  with  parasitoids  could 
be  an  environmentally  friendly  solution  for  sustainable  management  of  this  invasive  pest.  Field 
surveys  in  northern  China  revealed  that  Trissolcus  japonicus  (Hymenoptera:  Scelionidae)  is  the 
predominant  parasitoid  of  H.  halys.  The  mechanism  how  T.  japonicus  is  locating  its  host  in  the 
field  is  still  poorly  understood. 

Key  chemical  stimuli  for  host  location  could  be  volatile  compounds  released  by  H.  halys  adults, 
which  were  extracted  and  analysed  by  Gas  Chromatography  -  Mass  Spectrometry  GC-MS.  In 
total  five  chemical  compounds  were  identified,  including  Dodecane,  Tridecane,  5-Ethyl-2(5H)- 
furanone,  (E)-2-Decenal  and  (E)-2-Decenyl  acetate.  In  the  following,  GC-EAD  and  behaviour 
bioassays  were  used  to  test  if  any  of  these  compounds  would  attract  T.  japonicus  females. 
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Introduction:  Wheat  is  present  first  among  the  cereal  crops  in  Pakistan  which  contaied  66%  of 
the  annual  food  crop  area.  Wheat  aphid  is  an  important  pest  of  wheat  crop  in  Pakistan.  A  field 
experiment  was  carried  out  to  evaluate  the  response  of  different  biopesticide  on  wheat  aphid,  the 
experiment  was  conducted  on  wheat  variety,  Pasban  90. 

Methods:  To  study  the  effectiveness  of  a  bio-extracts  (Neem  leaves  extract  @  400  ml  acre"1, 
Neem  seed  kernel  extract  @  600  ml  acre'1,  Ginger  extract  mixed  with  Neem  leave  extract  @ 
500ml  acre'1)  and  a  Bio-agent  (Chrysoperla  Carnea  @  4000  larvae  acre'1)  against  wheat 
aphid.  The  experiment  was  laid  out  in  a  randomized  complete  block  design  with  three 
replications  at  Post  Graduate  Agricultural  Research  Station  (PARS),  University  of  the 
Agriculture  Faisalabad. 

Results/Conclusion:  Neem  leaves  extract  mixed  with  Ginger  extract  significantly  lowered  the 
aphid  mean  population  1.10  (86.08%  mortality,  per  tiller  followed  by  Neem  Leave  extract  mixed 
with  surfactant,  where  mean  aphid  population  remained  1.95  (82.20%  mortality)  and  Neem  seed 
karnel  extract  where  mean  aphid  population  recorded  was  2.28  (81.27%  mortality)  per  tiller  after 
24  hrs,  72  hrs,  7  days,  15  days  and  22  days.  Chrysoperla  Carnea  also  reduced  the  aphid  mean 
population  to  some  extent  ie  mean  aphid  population  was  8.14  (29.49%)  in  compression  with 
check  treatment  after  24  hrs,  72  hrs,  7  days,  15  days  and  22  days.  Yield  data  per  acre  showed 
significant  differences  among  each  treatment. 
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Callosobruchus  maculatus  F.,  which  is  a  major  storage  pest  of  cowpeas  throughout  the  tropics, 
causes  10-40%  seed  damage  in  the  store.  In  Nigeria,  yield  losses  attributed  to  this  pest  are 
estimated  at  US$  30  million  each  year.  Although  control  of  the  pest  has  been  dominated  by  the 


use  of  synthetic  insecticides,  the  hazards  associated  with  chemical  pesticides  necessitated  a 
search  for  non-chemical  control  methods.  Therefore,  a  laboratory  study  was  conducted  to 
investigate  the  effect  of 

Therefore,  a  laboratory  study  was  conducted  to  investigate  the  effect  of  Moringa  oleifera  root  oil 
extract  (MROE)  on  C.  maculatus  reared  on  seeds,  which  is  a  susceptible  cowpea  variety. 
Bioassays  were  conducted  at  four  levels:  0.5  ml,  1.0  ml,  1.5  ml,  and  2.0  ml  per  20.0  g  seeds. 
Untreated  seeds  were  controlled  (0g/20g  seeds),  while  dichlorvos  (DDVP)  (2.0  ml  per  20.0  g 
seeds)  served  as  a  check;  the  experiment  was  arranged  in  a  completely  randomized  design  with 
four  replicates.  MROE  at  2.0  ml  resulted  in  98.1%  mortality  compared  to  dichlorvos,  89.9%. 
Similarly,  contact  toxicity  at  2.0  ml  resulted  in  100%  mortality  compared  to  dichlorvos  (99.2%) 
at  72  hours  post-treatment.  There  was  a  significant  reduction  in  the  number  of  eggs  laid  and  the 
number  of  emerged  adults  compared  to  dichlorvos.  However,  there  was  no  significant  difference 
in  percentage  weight  loss  and  germinability  potential  of  coated  seeds.  Also,  oviposition,  contact 
toxicity,  and  mortality  were  dose-dependent.  MROE  was  efficient  and  has  great  potential  to 
reduce  damage  by  Callosobruchus  infestation  on  stored  cowpea  seeds. 
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Introduction:  Sugarcane  aphids  (SCA),  Sipha  flava ,  are  a  new  Texas  High  Plains  sorghum  pest. 
These  agroecosystems  are  characterized  by  a  rich  guild  of  a  predator  with  potential  to  suppress 
SCA;  therefore,  a  field  study  was  conducted  to  characterize  the  role  of  ladybeetles  in  suppressing 
SCA  in  sorghum. 


Methods:  To  compare  recommended  insecticides  in  combination  with  predatory  ladybeetles  on 
SCA,  an  experiment  was  conducted  at  the  Texas  A&M  AgriLife  Research  Center  in  Lubbock  at 
dough-stage  sorghum.  Treatments  consisted  of  five  SCA  densities  and  one  ladybeetle/petri  dish. 
Monitored  survival  of  predators  until  the  last  beetle  died. In  another  experiment,  recommended 
doses  of  Sivanto™  200  SL  and  Transform®  WG  were  sprayed  on  sorghum.  In  each  petri  dish,  25 
SCA  were  released.  Treatment  included  a  larva,  an  adult,  Sivanto™,  Transform®,  and 
combination  of  an  adult  and  Sivanto™,  an  adult  plus  Transform®,  a  larva  plus  Sivanto™,  a  larva 
plus  Transform®and  control.  Treatments  were  evaluated  for  four  days  and  ladybeetles,  removed 
SCA  from  petri  dish  and  monitored  for  their  longevity. 

Results/Conclusion:  Predators  showed  a  significant  potential  toward  suppressing  SCA. 
Significantly  higher  SCA  survival  was  recorded  from  a  control  than  remaining  treatments,  but  no 
significant  differences  in  SCA  survival  were  found  between  Sivanto™  and  Transform® 
treatments.  Sivanto™  and  Transform®  had  significantly  higher  SCA  survival  for  all  days  tested 
than  the  combination  treatments.  On  average,  ladybeetles  survived  35  days  without  prey.  This 
experiment  indicated  that  Sivanto™  and  Transform®  had  minimal  impact  on  predators,  and  an 
integrated  approach  may  be  the  best  option  to  manage  SCA  on  sorghum. 
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Several  studies  have  shown  substantial  impacts  of  generalist  predators  on  the  population  growth 
of  soybean  aphids  {Aphis  glycines  Matsumura)  in  North  America.  However,  most  studies  have 
not  examined  the  season-long  relationship  between  predator  and  aphid  densities.  Moreover,  most 
studies  failed  to  address  the  role  of  alate  immigration  following  initial  field  colonization.  Here 
we  present  the  results  of  a  season-long  study  conducted  in  12  commercial  fields  in  Minnesota, 


using  predator  exclusion  cages  set  up  to  mimic  aphid  field  populations  on  a  weekly  basis,  while 
concurrently  quantifying  alate  aphid  and  predator  densities.  Using  generalized  linear  models  we 
show  that  A.  glycines  populations  have  significant  positive  associations  with  the  number  of 
immigrating  alate  aphids  across  the  season.  Harmonia  axyridis  showed  consistent  negative 
season-long  association  with  aphid  abundance,  even  under  high  immigration  levels  in  the  field, 
suggesting  aphid  suppression.  Other  predators  monitored  did  not  show  patterns  of  association 
with  aphid  dynamics,  individually  or  combined  with  other  predators,  and  even  under  reduced 
immigration  levels.  These  results  relate  for  the  first  time  predator  -  prey  dynamics  in  this  system, 
including  alate  immigration.  Our  findings  suggest  that  the  abundance  of  H.  axyridis  and  alate 
aphids  are  critical  components  of  the  system  that  need  to  be  monitored  to  incorporate  natural 
enemies  of  soybean  aphid  into  management  strategies. 
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Lygus  bugs  are  phytophagous  insects  associated  with  a  huge  number  of  economically  important 
crops  such  as  canola  and  alfalfa.  Both  adults  and  young  instars  feed  on  stems,  buds,  and  pods  of 
their  host  plants,  although  the  late  instars  are  the  most  harmful  to  the  plant.  Currently,  efforts  to 
control  Lygus  populations  rely  on  the  application  of  chemical  insecticides.  However,  concerns 
related  to  human  health,  beneficial  insects  and  the  development  of  resistance  have  increased 
interest  in  the  use  of  biological  control  agents  as  an  alternative  method.  Among  Lygus  natural 
enemies,  there  is  a  group  of  parasitoid  wasps  in  the  genus  Peristenus  that  attack  Lygus  young 
instars.  The  native  Peristenus  in  North  America  have  a  weak  effect  on  Lygus  numbers;  as  a 
result,  attention  has  turned  to  cc,  a  European  parasitoid  that  has  proved  to  impact  this  pest  in 
alfalfa  fields.  Peristenus  digoneutis  Loan  was  first  introduced  in  New  Jersey  in  1980’s  to  control 
Lygus  lineolaris  Palisot.  Ever  since  this  species  has  successfully  spread  northward  its  range  into 
Canada.  This  parasitoid  is  highly  effective  controlling  Lygus  bugs  in  alfalfa  fields,  although 


information  related  to  its  performance  in  canola  is  unknown.  This  study  aims  to  test  the  potential 
of  P.  digoneutis  to  attack  lygus  bugs  in  canola  through  choice  and  no-choice  trials  under 
laboratory  conditions.  No  significant  difference  was  found  in  the  parasitism  rate  between  canola 
and  alfalfa;  however,  a  larger  number  of  nymphs  were  recovered  from  alfalfa  than  canola  plants. 
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Natural  areas  have  the  potential  to  provide  the  benefits  of  pest  suppression  and  pollination  for 
agricultural  production.  One  such  natural  area  is  tallgrass  prairie.  Prairie  cut  for  hay  may  have  an 
impact  on  the  availability  of  these  benefits  for  agriculture.  Four  prairie  hay  meadows  were 
selected  in  northeast  Nebraska  to  sample  insect  natural  enemies  and  pollinators.  Three  treatments 
were  implemented:  one  cut  per  growing  season,  two  cuts  per  growing  season,  and  an  uncut 
control.  The  study  was  conducted  in  2012-2014.  Due  to  drought  conditions  in  2012,  only  data 
from  2013  and  2014  are  reported.  Four  sampling  methods  were  implemented:  yellow  sticky 
cards,  pitfall  traps,  sweep  net,  and  blue  cross  vane  traps.  Vegetation  was  sampled  using  10  1m2 
quadrats  per  plot  and  the  importance  value  for  each  plant  taxa  was  calculated.  We  observed  little 
no  pattern  in  the  abundance  or  activity  density  of  arthropod  natural  enemies  or  pollinators. 
Community  composition  of  arthropod  natural  enemies  and  pollinators  also  had  no  discernable 
pattern.  Vegetation  community  composition  was  significantly  different  (P<0.05).  However,  the 
difference  may  be  due  to  the  build  up  of  plant  litter  in  a  system  that  has  it  annually  removed. 
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The  phytoseiid  Euseius  gallicus  is  a  predatory  mite  species  which  occurs  naturally  in  the 
Netherlands.  The  predator  is  commercially  available  since  2014.  Commercial  releases  are 
recommended  to  be  combined  with  pollen  applications,  using  pollen  of  narrow  leaf  cattail,  Typha 
angustifoliaL.  as  food  supplement  for  the  zoophytophagous  predator.  The  pollen  has  been 
available  for  growers  since  2013  to  obtain  a  long-term  establishment  of  generalist  phytoseiids, 
and  thus  to  provide  an  alternative  to  the  labor  intensive  and  costly  monthly  releases  of  predators 
in  ornamentals. 

The  effect  of  pollen  on  the  establishment  of  Euseius  gallicus  and  Amblyseius  swirskii  was  tested 
in  cages  and  in  commercial  greenhouses  in  roses.  A  biweekly  application  of  pollen  proved  to 
highly  useful  in  establishing  and  rearing  the  predatory  mites  on  the  crop  in  the  absence  of  prey. 

In  the  trials  in  roses,  E.  gallicus  was  found  in  densities  of  2  mites  per  leaf  whereas  A.  swirskii 
reached  levels  of  0,3  per  leaf.  The  efficacy  of  the  strategy  Euseius  gallicus  +  pollen  to  regulate 
western  flower  thrips  was  first  tested  in  cages  on  sweet  pepper  plants  and  in  roses,  against  A. 
swirskii  +  pollen  and  a  control  treatment.  On  the  sweet  pepper  plants,  it  was  demonstrated  that 
both  predators  showed  increased  populations  and  actually  reduced  the  number  of  thrips.  The 
same  results  were  obtained  in  trials  in  roses  where  the  predators  established  without  further 
releases  when  pollen  was  applied  and  actually  prevented  damage  during  most  of  the  growing 
season.  Only  in  July  and  August,  additional  control  measures  were  required. 
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Introduction: The  incidence  of  a  devastating  invasive  pest  of  South  American  origin,  the  tomato 
leafminer,  Tuta  absoluta  (Meyrick)  (Lepidoptera:  Gelechiidae),  on  tomato  (Solarium 
lycopersicum  L.),  is  reported  for  the  first  time  in  Abeokuta,  Ogun  State,  Nigeria  in  2015.  Since 
this  invasive  pest  is  newly  introduced  in  Nigeria  it  was  imperative  that  we  study  its 
developmental  period  and  therefore  document  the  detection  of  an  indigenous  larval  parasitoid 
that  could  be  a  potential  biological  control  agent  of  Tuta  absolutain  Nigeria. 

Methods:  Samplings  were  carried  out  in  the  infested  tomato  greenhouses  of  Ogun  State 
Agricultural  Development  Programme  (OGADEP),  kotopo,  Abeokuta  Ogun  State,  Nigeria.  A 
leaf  infested  with  eggs  and  first  instar  larvae  were  randomly  collected  and  reared  in  the 
Entomology  laboratory  of  National  Horticultural  Research  Institute,  Ibadan  Nigerian,  at  room 
temperature  (25°C-30°C),  relative  humidity  of  79-92%  and  a  12  hr  photoperiod  until  adult  moth 
and  parasitoid  emergence. 

Results/Conclusion: A  mean  total  developmental  period  of  18.77days  was  recorded.  A  3  single 
parasitoid  species  identified  as  Apanteles  spp.  (Hymenoptera:  Braconidae)  is  reported  for  the 
first  time  on  Tuta  absoluta  in  Nigeria.  This  information  is  important  in  the  development  of 
biological  control  program  and  integrated  pest  management  (IPM)  strategy  for  the  control  of  this 
serious  pest. 
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Non-pathogenic,  soil  microbes  can  induce  changes  that  influence  plant- insect  interactions.  Much 
of  this  work  has  focused  on  mycorrhizal  fungi  or  certain  rhizobacteria.  Plant  growth-promoting 
rhizobacteria  (PGPR)  are  non-pathogenic,  beneficial  bacteria  that  colonize  seeds  and  roots  of 
plants  to  enhance  plant  growth.  Although  there  is  extensive  research  of  PGPR  with  agronomic 
crops,  there  has  been  little  emphasis  on  the  development  of  PGPR  for  grasses  as  turf  or  pasture. 
Soil  microbes  may  deter  herbivore  oviposition  and  influence  performance  of  above  and  below 
ground  herbivores;  however,  only  a  few  studies  have  explored  these  interactions.  Experiments 
were  conducted  to  evaluate  novel  bacterial  inoculants  with  commercial  potential  for  growth 
promotion  in  ‘Tifway’  hybrid  bermudagrass  that  may  also  negatively  impact  the  development  of 
insect  herbivores.  Previous  work  has  demonstrated  that  treatment  with  PGPR  in  turfgrass  can 
deter  fall  armyworm  oviposition  while  negatively  affecting  larval  development  and  eclosion  on 
treated  grasses.  Greenhouse  studies  during  the  summer  of  2016,  will  treat  grasses  with  bacteria 
that  will  then  be  challenged  with  adult  Japanese  beetles  (Popillia  japonica )  in  an  A-B-A-B 
choice  test  with  untreated  and  fertilized  bermudagrass  controls.  Location  of  females  and  the 
number  of  eggs  in  treated  and  control  plots  will  be  used  to  assess  choice  and  ovipositional 


deterrence.  In  a  separate  study,  eggs  will  be  transplanted  into  pots  of  grass  treated  with  bacteria 
or  untreated  controls.  Larval  weight  and  days  in  the  first  and  second  instar  will  be  predictors  of 
impacts  on  development.  Results  of  these  experiments  will  be  discussed. 
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Juvenomimic  activity  of  Catharanthus  roseus  L.  extracts  was  evaluated  by  assessing  growth  and 
development  of  Dysdercus  koenigii  F.  Hexane  and  ethanol  extracts  of  Catharanthus  leaves  were 
prepared  by  ‘cold  extraction  method.  The  experimental  insects  were  exposed  to  1  ml  of  hexane 
extracts  of  concentrations  ranging  0.00625%  to  10%  by  ‘dry  film  residual  method’.  The  insects 
were  also  exposed  with  10%,  5%,  2.5%,  and  1.25%  ethanol  extracts  by  ‘seed  dip  method’.  The 
results  indicated  that  the  treated  insects  had  shorter  life  span  than  untreated  insects.  The 
treatment  with  the  extracts,  however,  did  not  reduce  the  survival  of  the  treated  insects 
significantly.  Hexane  extracts  of  Catharanthus  severely  affected  the  growth  and  development  of 
the  treated  fifth  instar  nymphs.  The  effects  of  hexane  extracts  were  dose  related.  No  normal 
adults  were  developed  from  the  nymphs  treated  with  10%  and  5%.  The  different  types  of 
developmental  anomalies  included;  incomplete  molting  followed  by  the  death  of  the  molting 
nymphs,  supernumerary  nymphal  instars,  adultoids,  adults  with  wing  deformities,  and  adults 
with  exuviae  attached  to  the  body.  Ethanol  extracts  had  similar  effects.  However,  the  extent  and 
magnitudes  of  the  deformities  varied  in  two  types  of  the  treatments.  These  results  indicated  to  JH 
mimicking  activity  in  the  Catharanthus  extracts.  The  GC-MS  analysis  of  the  extracts  indicated 
the  presence  of  toxic  chemical  compounds  and  the  juvenile  hormones  precursors.  The 
phytochemical  from  the  Catharanthus  roseus  may  be  used  as  potential  compounds  in  ‘integrated 
pest  management’  of  Dysdercus  koenigii. 
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Introduction:  Ficus  species  are  among  the  most  common  landscape  trees  planted  in  California. 
Until  recently,  these  trees  had  relatively  few  serious  pests  and  were  widely  used  as  street  trees  in 
different  metropolitan  areas. 

Methods:  Field  surveys  were  conducted  in  numerous  locations  of  Southern  California.  Collected 
insects  were  identified  in  the  laboratory  and  the  damage  caused  by  newly  established  species  was 
evaluated.  Recent  records  of  ficus  tree  pests  discovered  in  various  counties  of  California  were 
compiled. 


Results/Conclusion:  Several  invasive,  new  to  California  insect  pests  were  discovered  on  ficus 
trees,  including  Weeping  ficus  thrips. 
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Mealybug,  Phenacoccus  solenopsis  Tinsley  is  a  newly  introduced  cotton  insect  in  the  Sudan. 
Historically,  mealybugs  were  never  considered  major  insect  pest  of  cotton  in  Sudan.  This 
coincided  with  the  introduction  of  bio-tech  cotton  where  mealybug  has  emerged  as  a  major  pest 
across  all  the  cotton  growing  states  of  the  Sudan.  Recent  surveys  carried  out  in  irrigated  cotton 
schemes  revealed  that  the  pest  has  a  wide  range  of  host  plants  recorded  on  16  plant  families 
distributed  on  field  crops,  vegetables  and  weeds.  In  the  Gezira  Scheme,  the  largest  irrigated 
cotton  growing  area,  the  percentage  mean  level  of  infestation  varied  from  0-45%  during 
September-  December,  whereas  percentage  infestation  ranged  between  2-39%,  0-40%  in  Rahad 
and  New  halfa,  respectively  during  the  same  period.  Optimization  of  cultural  practices,  namely 
sowing  date  and  host  plant  resistance  suppressed  the  pest  incidence  particularly  early  sowing 
during  first  season  of  2015/2016.  The  BT  cotton  was  more  vulnerable  and  sensitive  to  the  bug 
attack  compared  to  other  tested  cultivars.  Screening  of  some  insecticides  for  efficacy  against  the 
pest  indicated  that  profenfos,  endosulfan,  thiamethoxam  and  thiacloprid  had  efficiently 
performed  against  the  pest  attack.  Moreover,  predatory  insect  species  found  in  association  with 
the  pest  in  the  Gezira  scheme  included  Exochomus  sp.,  Scymnus  sp .,  Chrysoperla  spp.  in 
addition  to  spiders. 
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Abstract  text: 

The  soybean  aphid,  Aphis  glycines  Matsumura  (Homoptera:  Aphididae),  is  a  serious  exotic  pest 
of  soybean,  Glycine  max  (L.)  Merrill,  in  its  introduced  North  American  range.  A  Climex-based 
model,  coupled  with  distribution  data  of  its  primary  hosts,  was  developed  to  describe  the  current 
temperate  and  tropical  distribution  of  this  invader.  The  model  was  used  to  determine  the  global 
risk  of  invasion  and  establishment  of  this  pest  under  different  environmental  scenarios. 
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Abstract  text: 

Bactrocera  dorsalis  Hendel  (Diptera:  Tephritidae),  the  Oriental  fruit  fly,  is  a  polyphagous 
agricultural  pest  of  Asian  origin  that  has  become  invasive  in  many  countries  worldwide. 
Bactrocera  dorsalis  was  detected  in  the  northern  parts  of  South  Africa  in  2010  after  which 


eradication  efforts  were  launched  and  declared  successful  following  no  further  detections  of  the 
pest  in  the  affected  areas  for  12  weeks  after  eradication  efforts  were  discontinued.  In  subsequent 
years,  however,  detections  of  B.  dorsalis  recurred  in  areas  where  the  pest  was  declared 
eradicated  and  also  occurred  in  new  areas.  In  2013,  the  pest  was  declared  present  in  a  northern 
district  in  South  Africa  and  in  2015,  the  pest  was  declared  present  in  the  north  and  north  eastern 
parts  of  South  Africa.  Despite  the  associated  economic  risk  that  this  fly  poses  to  the  fruit  industry 
in  South  Africa,  the  population  genetics  of  the  invasion  process  has  not  yet  been  explored.  Here 
we  make  use  of  previously  described  microsatellites  to  investigate  the  population  structure  and 
invasion  pathways  of  B.  dorsalis  worldwide  with  a  focus  on  Africa.  B.  dorsalis  individuals  were 
collected  from  30  geo-referenced  localities  worldwide  and  1 1  polymorphic  microsatellite 
markers  were  used  to  genotype  all  individuals.  We  calculated  genetic  diversity  and  investigated 
the  current  macrogeographic  population  structure.  Furthermore,  in  a  Bayesian  framework  using 
Approximate  Bayesian  computations  (ABC)  we  reconstruct  and  test  invasion  pathway 
hypotheses  of  B.  dorsalis  in  southern  Africa.  Results  from  all  analysis  are  presented  within  the 
framework  of  biological  invasions  and  pest  management. 
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Introduction:  In  Nigeria,  fruit  flies  are  serious  pests  on  fruits.  They  also  reduce  the  quality  and 
limit  export  potentials  of  fruits.  Among  the  species  of  fruit  flies  found  in  Nigeria,  Bactrocera 
invadensxQcznWy  described  as  invasive  fruitfly  species  of  Asian  origin  which  was  discovered  in 
the  country  in  2004  has  proved  to  be  the  most  destructive  species.  Presently,  no  control  measure 
is  applied  by  the  majority  of  the  farmers  in  the  country. 

Methods:  Methyl  eugenol  in  plug  formulation  was  evaluated  for  mass  trapping  of  B.  invadens. 
Lynfield  traps  baited  with  the  lures  were  used  in  mango  and  guava  orchards  in  selected  locations 


in  Imo  and  Abia  state  Nigeria  during  the  2015  mango  and  guava  growing  season.  The  traps  were 
hung  at  a  height  of  2m  above  the  ground  within  the  canopy  layer.  All  traps  were  inspected  for 
captured  fruit  flies  at  weekly  interval.  The  lures  were  replaced  every  2  weeks  to  obtain  the  best 
result.  The  traps  were  hung  on  separate  trees  randomly  selected  while  maintaining  a  distance  of 
25m  between  the  trees.  The  experiments  were  conducted  using  Randomized  Complete  Block 
Design. 

Results/Conclusion:  Methyl  eugenol  was  effective  in  attraction  of  males  of  B.  invadens  lowering 
the  infestation  level  of  B.  invadens.  The  mean  population  of  B.  invadens  trapped  per  week  on 
mango  ranged  from  238.00-810.00  while  for  guava,  it  ranged  from  164.40-243.60.  Results 
obtained  showed  the  effectiveness  of  methyl  eugenol  for  mass  trapping  and  suppression  of  B. 
invadens  in  mango  and  guava  orchards. 
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Abstract  text: 

The  genus  Formica  (Hymenoptera:  Formicidae)  is  a  prominent  and  ecologically  important  ant 
taxon  within  the  northern  hemisphere.  In  North  America  alone,  the  genus  is  comprised  of  seven 
sub-groups,  including  greater  than  100  species,  distributed  throughout  the  climatic  spectrum  of 
the  temperate/boreal  regions  and  their  altitudinal  analogues.  Moreover,  these  generalist  ants  also 
exhibit  adaptive  radiation  into  a  broad  range  of  habitats  without  obvious  concordant 
morphological  modification.  As  such,  the  genus  Formica  represents  an  intriguing  framework  in 
which  to  study  Grinellian  (abiotic)  niche  conservatism  over  varying  time  scales  within  a  lineage. 
Here,  we  present  a  mitochondrial  based  phylogeny  of  the  Nearctic  Formica  and  assess 
community  phylogenetic  structure  of  this  genus  in  relation  to  geographic  distribution  along 
elevational  gradients  based  on  historical  specimen  collection  data. 
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The  brown  spruce  longhorn  beetle,  Tetropium  fuscum  F.  (Coleoptera:  Cerambycidae)  is  invasive 
in  Nova  Scotia,  Canada  from  its  native  range  in  Europe.  In  25  years  since  its  establishment,  it  has 
spread  <  130km,  while  emerald  ash  borer  Agrilus  planipennis  (for  example)  has  spread  >  1000km 
over  a  similar  time  span.  Factors  slowing  its  spread  may  include  Allee  effects  near  the  range 
margin,  competition  from  the  native  congener  T.  cinnamopterum ,  costs  of  mating  errors  with  T. 
cinnamopterum ,  and  attack  by  a  guild  of  native  parasitoids.  Recent  observational  and 
experimental  studies  have  provided  some  support  for  each  of  these  possibilities,  and  it  is  most 
likely  that  all  combine  to  limit  the  rate,  and  possibly  the  extent,  of  T.  fuscum' s  spread. 
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Determining  the  origins  of  associations  between  exotic  forest  insects  and  microbes  can  be  a  great 
challenge.  This  has  been  true  for  the  symbiosis  between  the  red  turpentine  beetle  Dendroctonus 
v alerts  and  the  fungus  Leptographium  procerum.  The  beetle  and  fungus  were  widely  assumed  to 
have  coinvaded  China  from  North  America,  as  the  fungus  is  the  most  common  associate  of  the 
insect  in  D.  valens'  native  range  in  eastern  North  America.  Despite  being  a  minor  nuisance  in 
North  America,  the  beetle  is  capable  of  forming  tree-killing  epidemics  in  China.  This  is  a  change 
in  behaviour  that  may  be  in  part  influenced  by  the  synergy  between  D.  valens ,  L.  procerum ,  and 
pine  trees  that  are  native  to  China.  We  inferred  the  global  movement  patterns  of  D.  valens  and  L. 
procerum  using  population  genetic  analyses  of  microsatellite  markers.  Based  on  clustering 
analyses  and  approximate  Bayesian  computation,  the  red  turpentine  beetle  appears  to  invaded 
China  from  western  North  America,  where  L.  procerum  has  not  yet  been  reported,  despite 
extensive  surveys  in  the  western  North  American  range  of  the  insect.  Interestingly,  approximate 
Bayesian  computation  suggests  that  L.  procerum  was  introduced  to  North  America  from  Europe, 
after  which  the  fungus  was  acquired  by  D.  valens.  In  addition,  the  fungus  in  China  either 
originated  from  Europe,  or  was  already  present  in  China  before  the  arrival  of  D.  valens.  This 
study  is  a  demonstration  of  a  surprising  movement  pattern  of  an  insect-fungus  association,  and 
the  power  of  population  genetics  in  clarifying  association  histories. 
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Abstract  text: 


Introduction:  Fruits  of  protogynous  beetle-pollinated  peach-palm  (Bg)  are  cash-crop  of 
subsistence  agro-forestry  on  Colombia’s  S-Pacific  coast.  Palmelampius  heinrichi  fruit  drop 
started  mid-1980s  increasing  to  mid-1990s  causing  income-loss.  This  research  studied  P. 
heinrichi-ecology,  role  in  pollination  and  life-cycle  to  develop  control  in  flood-plains  and 
borders  of  6  East-West  rivers  at  3°25TatN-2°50TatN.  Rainfall  18,000 

mm/year.  Methods:  Insects  from  Bg-inflorescences  and  infructescences  were  sampled  from  <7m 
and  >7m  high  Bg  with  arboreal-net  and  climbing  spine-covered  stems  with  “Marota”  climbing- 
device.  P.  heinrichi  and  larvae  from  infested  fruit  were  observed  in  styrofoam-boxes 
with/without  loamy  soil-layer  at  70-98%  or  <65%  humidity  and  ambient-temperature. 

Results/Conclusion:  Pollinating  entomofauna  ( Derelomus ,  Mystrops)  oviposit  and  feed  on 
staminate  flowers,  whereas  P.  heinrichi  and  Paris  os  choenus  (1.85x3. 13mm$)  weevils 
simultaneously  puncture  and  oviposit  developing  Bg-fruits  at  petiole-insertion;  fruits  drop  4  days 
later.  High  early  fruit-fall  correlates  with  high  weevil-population.  Last  instar  P.  heinrichi  larvae 
7. 5x2. 33mm  leave  dropped,  rotting  fruits  after  12-15  days  to  pupate  in  soil-chambers.  Adults 
(2. 63x2. 23-3. 55mm)  emerge  4-6  days  later.  When  soil  dries  exarate  pupae  (2. 3x3. 8mm)  diapause 
for  37  days  maximum  until  soil  becomes  moistened.  Adult  survival  is  7-19  days;  pupal  diapause 
enables  survival  during  drought,  which  reduces  generations/year  and  population-density.  Mature 
Bg-fruits  are  attractive  to  P.  heinrichi :  25  larvae/fruit  vs.  3-5  larvae/immature  fruit.  P.  heinrichi 
is  monophagous  on  Bg,  being  absent  on  10  local  palm-species.  Invasion  of  P.  heinrichi 
originated  at  Upper- Amazon  Bg  diversity-centre  by  dispersing  with  fruits.  Pollinators  share 
presence  with  pest  weevils  during  first  2  days  post-anthesis  until  male  flowers  have  dropped; 
insecticides  would  kill  pollinators  during  this  time. 


Paper  (Oral)  Presentations 

Presentation  Title:  Vertical  transfer  of  nematodes  associated  with  alates  of  Coptotermes 
formosanus  and  Coptotermes  gestroi  (Isoptera:  Rhinotermitidae) 

Author  Name:  Jeremiah  Foley 

Author  Institution:  University  of  Florida 

Session  Title:  Contributed  Papers:  Invasive  and  Exotic  Entomology:  Geography  and  Biology 
Date  of  Presentation:  Wednesday,  September  28,  2016 
Abstract  Number:  2592 
DOI:  10.1603/ICE.2016.1 14955 


Abstract  text: 


The  association  between  termites  and  obligatory  gut-inhabiting  microbiota  has  been  thoroughly 
documented.  However,  little  is  known  about  the  presence  of  facultative  associates  such  as 
nematodes  and  the  ecological  role  they  might  play.  Preliminary  findings,  examining  Coptotermes 
gestroi  and  C.  formosanus  from  laboratory-reared  colonies  proved  positive  for  nematodes. 
Nematode  identifications  were  ascertained  using  morphology  and  molecular 
techniques.  Coptotermes  formosanus  workers,  soldiers,  and  nesting  material  were  positive  for 
nematodes,  whereas  only  the  nesting  material  of  C.  gestroi  was  positive  for  nematodes.  The 
presence  of  a  Halicephalobus  sp.  and  a  Bunonema  sp.  from  the  nesting  material  and  from 
dissected  caste  members  of  C.  formosanus ,  therefore  corroborates  our  hypothesis  that  horizontal 
transfer  of  nematodes  within  the  colony  can  occur.  However,  subsequent  dissections  of  alates 
of  C.  gestroi  and  C.  formosanus  did  not  reveal  any  nematodes  suggesting  a  lack  of  vertical 
transfer  of  nematodes  in  these  social  insects.  In  a  second  experiment,  field-collected  alates  of 
both  termite  species  were  caught  during  their  respective  swarming  times.  The  field-collected 
termites  were  then  dissected  in  situ  and  examined  the  next  day  for  nematodes. 

A  Halicephalobus  sp.  was  present  from  dissected  alates  of  C.  formosanus  while  a  Bunonema  sp. 
was  present  from  dissected  C.  gestroi  alates.  This  second  experiment  confirmed 
that  Halicephalobus  sp.  and  Bunonema  sp.  were  associated  with  C.  gestroi  and  C.  formosanus 
alates  in  the  field,  respectively.  In  addition,  it  is  preliminary  evidence  for  the  potential  vertical 
transfer  of  nematodes  in  a  social  insect’s  life  cycle.  The  nematode  associates  and  rate  of 
association  among  and  between  the  two  aforementioned  termites  species  are  being  surveyed  in 
South  Florida. 
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Abstract  text: 


House  flies  pose  a  serious  pest  for  barn/stable  operators  and  dairy  operators  throughout  the 
United  States.  When  the  population  rises  well  above  a  manageable  rate  they  begin  to  travel  to 
nearby  houses  and  businesses.  House  flies  do  not  bite  but  are  extremely  annoying  and  are  not 
appreciated  by  the  general  public.  In  addition  to  their  nuisance  status,  house  flies  have  the  ability 
to  mechanically  transmit  over  200+  pathogens  that  cause  disease  to  humans  and  animals. 
Therefore  it  is  important  for  barn/stable  operators  and  dairy  operators  to  keep  their  house  fly 
numbers  suppressed.  A  laboratory  study  was  initiated  at  the  Texas  A&M  AgriLife  Research  and 
Extension  Center  in  Stephenville,  Texas  to  test  the  efficacy  of  PT®  Alpine  Pressurized  Fly  Bait 
(BASF)  on  house  flies  against  multiple  types  of  materials  (plastic,  wood,  metal,  concrete  and 
glass).  A  laboratory  study  was  also  initiated  to  determine  the  efficacy  of  PT®  Alpine  Pressurized 
Fly  Bait  (BASF)  in  comparison  to  Alpine  WSG  Insecticide,  Maxforce  Fly  Spot  Bait,  QuickBayt, 
QuikStrike  and  Golden  Malrin  inside  insect  cages,  24  x  24  x  24  inches.  House  flies  from  two 
local  dairies  (wild-caught),  imidacloprid-resistant  house  flies  (obtained  from  USDA)  and 
susceptible  house  flies  (obtained  from  USDA)  were  placed  into  the  cages  (20  /  cage)  and 
observed  over  a  period  of  time.  The  PT®  Alpine  Pressurized  Fly  Bait  (BASF)  proved  to  be  very 
effective  against  the  house  flies  and  another  potential  dairy  bam  control  product. 
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Introduction:  Flies  of  the  superfamily  Oestroidea  are  characterized  by  the  ability  of  their  larvae 
to  develop  in  animal  flesh.  While  all  species  of  the  Oestridae  family  are  obligate  parasites, 
members  of  the  Calliphoridae  family  can  be  divided  into  three  groups  based  on  their  larval 
feeding  habits:  saprophagy,  facultative  ectoparasitism,  and  obligate  parasitism.  The  range  of  life- 
history  strategies  and  the  appearance  of  obligate  parasitism  in  at  least  five  independent  occasions 
in  Oestroidea  make  it  an  ideal  model  system  for  the  study  of  the  convergent  evolution  of 
phenotypic  traits.  We  tested  the  hypothesis  that  variation  in  the  regulation  of  gene  expression  of 
orthologous  genes  underlie  the  evolution  of  feeding  preferences. 

Methods:  We  compared  gene  expression  profiles  among  two  species  of  the  Oestridae  family  and 
five  species  of  the  Calliphoridae  family.  In  a  candidate  gene  approach,  we  identified  a  single 
gene,  Malvolio,  with  expression  differences  among  flies  with  different  feeding  preferences. 

Trees  generated  using  expression  data  supported  that  feeding  habit  was  the  major  determinant  of 
Malvolio  expression  divergence. 

Results/Conclusion:  Using  genome-wide  RNA-seq  data  and  a  phylogenetic  approach,  we  found 
3,464  orthologous  transcripts  among  Calliphoridae  species.  Among  them,  55  transcripts  were 
differently  expressed  between  feeding  preferences.  These  genes  are  involved  in  pathways  such  as 
toxin  metabolism  and  proteolysis.  The  comparative  analysis  of  genome-wide  expression  profiles 
and  the  characterization  of  the  genome  of  one  parasitic  Calliphoridae  species  are  still  underway 
and  will  allow  us  to  test  if  the  convergent  evolution  of  feeding  preferences  involves  the  same 
genes  or  similar  metabolic  pathways  and  molecular  functions. 
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Introduction:  Blood-feeding  insects  can  transmit  pathogens  either  biologically  or  mechanically, 
but  despite  evidence  showing  the  mechanical  transmission  of  many  important  pathogens, 
mechanical  transmission  remains  understudied.  As  a  result,  significant  data  gaps  exist  which 
limit  our  ability  to  estimate  the  importance  of  mechanical  transmission.  To  better  understand  the 
potential  for  insects  to  mechanically  transmit  important  veterinary  viruses,  we  used  an  artificial 
feeding  model  to  quantify  the  persistence  of  blood  and  of  two  veterinary  viruses  (bovine 
enterovirus,  BEV,  and  African  swine  fever  virus,  ASFV)  on  the  mouthparts  of  feeding  Stomoxys 
calcitrans  and  the  transfer  of  virus  during  feeding. 

Methods:  Colony-reared  insects  were  starved  for  24hrs  before  feeding  on  blood  or  blood- virus 
mixture.  After  feeding,  the  flies  were  maintained  on  10%  sucrose  in  incubators  for  up  to  four 
days  before  either  killing  or  refeeding.  The  quantity  of  blood  or  virus  remaining  on  mouthparts 
or  transferred  during  refeeding  was  estimated  by  qPCR  and  (in  the  case  of  virus)  virus  titration. 

Results/Conclusion:  Results  and  estimated  rates  of  contaminant  removal  and  virus  inactivation 
will  be  presented  and  implications  for  the  transmission  of  RNA  viruses  and  DNA  viruses 
discussed,  as  well  as  evidence  for  the  relative  importance  of  purely  contaminative  transmission 
versus  more  complex  vector-virus  interactions  in  the  transmission  of  veterinary  viruses. 
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Strategies  to  control  insect  pest  species  may  employ  methods  that  manipulate  the  insect  olfactory 
system,  as  olfaction  plays  a  key  role  in  critical  behaviors,  e.g.  host  orientation,  oviposition. 

Stable  flies  and  horn  flies  are  closely  related  blood-feeding  livestock  pests,  yet  they  display 
different  associations  with  their  preferred  hosts  and  utilize  distinct  substrates  for  oviposition. 
Various  semiochemicals  are  known  to  elicit  a  strong  electroantennogram  response  in  olfactory 
sensilla  of  these  fly  species,  with  several  botanical  products  having  a  repellent  effect. 
Understanding  olfactory  processing  in  stable  and  horn  flies  will  enhance  pest  control  approaches 
for  these  species.  Efforts  are  ongoing  in  our  laboratory  to  characterize  their  olfactory  pathways, 
i.e.  genes  encoding  odorant  binding  proteins  and  odorant  receptors.  The  current  study 
complements  this  work  by  describing  the  olfactory  structures  in  their  respective  nervous  systems. 
Antennal  and  maxillary  palp  backfills  were  completed  using  tetramethylrhodamine-conjugated 
dextran  as  a  neural  tracer,  and  these  were  coupled  with  immuno staining  using  3C1 1,  a 
monoclonal  antibody  raised  against  Drosophila  synapsin.  Female  and  male  preparations  of 
antennal  backfills  from  each  species  were  optically  sectioned  using  two-photon  microscopy,  and 
the  acquired  image  stacks  were  analyzed  to  characterize  the  antennal  lobe  (AL),  the  primary 
structure  in  the  nervous  system  that  processes  olfactory  cues.  Glomeruli  housed  within  each  AL 
of  the  female  and  male  preparations  were  defined  and  will  be  used  to  reconstruct  a  three- 
dimensional  map.  This  will  be  used  to  evaluate  presence  of  sexual  dimorphisms,  if  any,  within 
each  fly  species.  Further,  neural  projections  extending  from  the  maxillary  palp  will  be  described. 
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Introduction:  The  stable  fly  is  a  major  nuisance  insect  with  a  global  distribution  and  can 
mechanically  transmit  a  range  of  important  livestock  and  human  pathogens.  The  stress  and  injury 
caused  by  its  biting  activity  are  estimated  to  cost  the  US  cattle  industry  around  $1  billion/year.  Its 
impact  is  projected  to  increase  in  regions  including  Brazil  and  Australia  as  a  consequence  of 
recent  changes  to  the  management  of  sugar  cane  and  other  vegetable  waste.  Better  control 
methods  for  stable  flies  would  therefore  benefit  animal  welfare,  bioenergy  production  and  food 
production.  We  describe  the  process  of  developing  a  mechanistic  model  of  Stomoxys  calcitrans 
population  dynamics  for  use  in  simulating  improved  insect  control  strategies  and  integrating 
inputs  from  industry  and  policymakers. 

Methods:  An  explicitly  spatial,  deterministic  model  capable  of  describing  Stomoxys 
calcitransdi&uW  population  dynamics  was  developed  and  fitted  to  field  observations  via  a 
Bayesian  statistical  approach,  taking  priors  from  laboratory  estimates  of  the  relationship  between 
temperature  and  life-history  parameters  and  then  adjusting  to  incorporate  information  derived 
from  a  field  studies.  Likely  model  users  were  identified  prior  to  model  development  and  user 
requirements  and  expectations  defined.  The  model  was  iteratively  refined  in  response  to  user 
feedback. 

Results/Conclusion:  We  describe  the  performance  of  the  model  in  terms  of  its  ability  to  describe 
observed  population  dynamics  and  discuss  its  predictions  of  the  effectiveness  of  alternative 
control  strategies.  We  discuss  the  implications  of  integrating  user  inputs  into  the  development  of 
mechanistic  population  models  as  an  early  stage  and  identify  benefits,  challenges  and  lessons  for 
future  projects. 
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The  aim  was  to  identify  insect  proteins  using  LC-MS/MS  and  to  investigate  protein  digestibility 
(in  vitro)  of  the  whole  Tenebrio  molitor  and  its  fractions  (supernatant,  pellet  and  residue) 
obtained  using  an  aqueous  extraction  procedure.  Proteins  were  more  digested  after 
pepsin/pancreatin  digestion  than  after  only  pepsin  digestion.  The  digestibility  (estimated  using 
the  OPA  method)  of  the  supernatant  fraction  (-80%)  was  much  higher  than  that  of  pellet  fraction 
(~50%)  and  residue  fraction  (-24%)  after  in  vitro  gastro-duodenal  digestion.  Furthermore,  the 
protein  content  of  defatted  pellet  and  residue  (-80%)  was  higher  than  that  of  supernatant  (-57%). 
The  most  abundant  proteins  were  hemolymph  protein  (-12  kDa)  &  putative  allergens  (e.g. 
arginine  kinase  -30  kDa)  in  supernatant  fraction,  and  mainly  muscle  proteins  (e.g.  actin  30-50 
kDa)  in  the  pellet  fraction.  We  further  investigated  how  pH  and  NaCl  affected  protein  yield  of 
water-soluble  protein  fractions  of  T.  molitor  as  target  protein  source,  while  preventing  brown 
colour  formation  during  protein  extraction  in  order  to  obtain  high  protein  quality.  Minimum 
solubility  was  found  at  pH  4  -  6  with  a  recovery  of  29.6%  and  maximum  solubility  was  found  at 
pH  1 1  with  a  recovery  of  68.6%.  Furthermore,  extracting  protein  at  0.1  M  NaCl,  pH  10  gave  the 
highest  recovery  up  to  100%  (Dumas  analysis).  After  acid  precipitation  at  pH  4,  an  isolate  with  a 
protein  content  of  74%  was  obtained.  This  isolate  contained  22%  of  total  protein  present  in  T. 
molitor. 
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Introduction:  Larvae  of  the  black  soldier  fly  (BSF),  Hermetia  illucens  L.,  are  a  potential  source 
of  valuable  protein  that  could  be  incorporated  in  feed.  They  are  also  rich  in  fat  and  the  fatty  acid 
profile  is  high  in  lauric  acid  (Cl 2:0),  which  is  known  for  its  antimicrobial  effects  on  gut 


microbiota.  In  this  study,  the  nutritional  composition  of  BSF  prepupae,  reared  on  different 
substrates,  and  possible  effects  of  BSF  prepupal  fat  on  porcine  gut  microbiota  were  assessed. 

Methods:  Samples  of  prepupae  were  freeze-dried  and  proximate,  amino  acid,  fatty  acid  and 
mineral  analyses  were  performed.  The  effects  of  BSF  fat  extracts  on  porcine  gut  microbiota  were 
assessed  using  in  vitro  incubations  simulating  the  fermentation  in  the  duodenum  of  piglets. 
Different  concentrations  of  fat  were  added  to  an  incubation  medium,  incubated  at  37  °C  for  4  h. 
Bacterial  counts  of  aliquots  taken  at  the  end  of  the  incubations  were  performed  using  the  ring 
plate  technique. 

Results/Conclusion:  The  dried  prepupae  contained  39.9-43.1  g  protein/100  g  and  21.8-38.6  g 
fat/100  g.  Lysine,  methionine  and  tryptophan  levels  were  2. 3-2. 6,  0.7-0.9  and  0. 5-0.7  g/100  g, 
respectively.  The  prepupal  fat  (57.9  g  C  12:0/1 00  g)  worked  inhibitory  towards  the  growth  of 
lactobacilli,  but  the  most  substantial  effects  were  recorded  for  D-streptococci.  Since  protein  and 
essential  amino  acid  content  were  consistently  high,  BSF  could  be  an  interesting  alternative 
protein  source  for  monogastrics.  The  substantial  antimicrobial  effects  of  the  fat  against  D- 
streptococci  could  provide  an  important  added  value  when  whole  BSF  prepupae  are  incorporated 
in  feed. 
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Face  fly  maggots  Musca  autumnalis  De  Geer  are  solely  found  in  bovine  dung,  but  not  just  any 
dung,  these  maggots  develop  in  moist,  warm  cow  pies.  Many  researchers  study  how  temperature 
and  dung  moisture  content  affect  larval  growth  and  development  parameters  such  as  survival  and 
pupal  weight.  To  date,  however,  no  literature  reports  how  dung  volume  affects  these 


parameters.  Dung  volume  may  affect  how  researchers  are  currently  sampling,  measuring,  and 
reporting  larval  response  and  distribution  within  dung  pats.  We  hypothesized  that  decreasing 
dung  surface  area  to  mass  ratios  (SA:mass)  increases  larval  survival  because  dung  would 
desiccate  less  quickly.  Therefore,  we  devised  two  experiments  manipulating  dung  SA:mass 
ratios:  first,  we  created  pats  of  identical  surface  areas,  but  differing  masses;  second,  we  created 
pats  of  differing  surface  areas,  but  identical  masses.  All  dung  pats  were  inoculated  with  50  face 
fly  larvae.  The  number  of  larvae  and  pupae  were  counted  and/or  weighed  from  the  first  day  of 
dung  emergence.  Overall,  we  found  that  as  dung  mass  increased,  face  fly  cohorts  were  heavier 
and  had  a  higher  survival  rate.  All  cohorts,  however,  received  twice  as  much  or  more  dung  than 
needed  to  ensure  no  intra-specific  competition.  This  demonstrates  how  dung  volume  affects  the 
bioavailability  of  dung  to  larvae.  Therefore,  this  suggests  the  importance  of  reporting  and 
recording  dung  volume  in  laboratory  dung  studies  as  it  likely  has  an  effect  on  dung  parameters 
and  thus  fly  performance. 
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Introduction:  Due  to  the  debilitating  effect  of  trypanosomoses  the  effective  control  of  tsetse  flies 
throughout  Africa  is  vital  in  the  struggle  to  alleviate  poverty.  The  degree  of  genetic  isolation  of 
the  targeted  tsetse  population  is  of  paramount  importance  as  it  will  provide  an  indication  of  the 
reinvasion  potential  from  neighbouring  populations  into  the  target  area.  Geometric  wing 
morphometry  was  proven  to  be  a  reliable  surrogate  for  the  more  expensive  techniques  of  DNA- 
sequence  analysis. 

Methods:  Morphometric  markers  were  used  to  assess  the  potential  genetic  isolation  between  the 
different  populations  of  Glossina  brevipalpis  and  G.  austeni  found  in  South  Africa.  In  addition, 
the  South  African  populations  were  compared  with  flies  collected  in  neighbouring  Mozambique 


and  Swaziland.  The  right  wings  of  female  flies  were  used.  Nine  landmarks  (Cartesian 
coordinates)  were  defined  by  vein  intersections  using  the  COO  program  of  the  CLIC  software 
package.  All  further  analyses  on  the  Cartesian  coordinates  were  done  using  the  MorphoJ 
integrated  software  package. 

Results/Conclusion:  There  were  no  significant  barriers  to  gene  flow  between  the  populations  in 
the  three  countries  observed  and  the  whole  population  should  be  treated  as  one  homogenous 
population.  This  means  that  localised  control  efforts  against  tsetse  in  a  given  area  will  be 
subjected  to  reinvasion  from  uncontrolled  sites.  There  is  therefore  a  need  for  an  area- wide 
approach,  i.e.  the  control  effort  should  target  the  entire  tsetse  population  of  South  Africa, 
southern  Mozambique  and  Swaziland. 
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The  growing  world  population  and  increased  prosperity  in  developing  countries  increase  the 
demand  for  protein-rich  food.  Conventional  animal  production  systems  require  large  amounts  of 
land,  energy  and  water,  and  are  associated  with  the  emission  of  large  amounts  of  greenhouse 
gases.  Insects  can  be  a  sustainable  alternative  to  traditional  protein  sources,  depending  on  several 
variables.  Large  differences  exist  between  species  regarding  the  duration  of  their  life  cycle  and 
the  number  of  offspring  they  produce.  This  influences  the  production  capacity  of  an  insect 
production  system.  The  main  input  of  such  a  system  is  the  feed  being  used.  The  more  efficiently 
this  feed  is  utilized,  the  lower  the  environmental  impact  of  the  production  system.  The  type  of 
feed  used  is  of  particular  relevance.  Insects  reared  on  underutilized  industrial  by-products,  or 
even  waste  streams,  will  result  in  low  environmental  impact.  In  this  way,  they  can  upcycle 
nutrients,  thereby  contributing  to  a  circular  economy.  The  species-specific  metabolism 
determines  which  substrates  are  suitable  for  a  species  and  how  efficiently  it  is  used.  The  feed 


used  influences  the  chemical  composition  of  the  produced  insect,  and  thereby  the  quality  of  that 
insect  as  a  source  of  feed  or  food.  When  an  insect  production  system  combines  underutilized 
substrates  with  a  species  that  efficiently  extracts  nutrients  from  this  substrate,  insects  can  be  a 
sustainable  source  of  animal  protein. 
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Musca  domestica  L.  commonly  known  as  housefly  is  a  pest  of  public  importance.  It  also  vectors 
several  pathogens  causing  human  diseases  like  amoebic  dysentery,  shigellosis,  salmonellosis, 
cholera  and  helminthic  infections  as  well  as  viral  and  rickettsial  infections  throughout  the 
tropical,  subtropical  parts  of  the  world.  Chemical  control  method  is  the  most  commonly 
practiced  method  to  control  housefly  population.  Though  effective  this  method  has  significant 
disadvantages  like  development  of  insect  resistance,  mammalian  toxicity  and  bioaccumulation. 
To  avoid  these  disadvantages  development  of  alternative  user  and  environment  friendly  strategy 
must  be  developed  and  used.  Presently,  natural  products,  especially  those  derived  from  plant 
origin,  have  been  progressively  assessed  in  controlling  pest/vectors  of  medical  importance.  In 
order  to  search  for  effective  and  user  friendly  control  strategy,  the  essential  oils  of  Withania 
somnifera ,  Cymbopogan  nardus  and  Asparagus  racemosus  were  evaluated  for  their  larvicidal, 
attractant/repellent,  and  oviposition  attractant/deterrent  activity  by  standard  methods  against  M. 
domestica.  The  highest  larvicidal  activity,  i.e.,  LCso=  99  ppm  was  shown  by  Withania  somnifera. 
This  oil  also  exhibited  92.16  %  repellency  at  the  concentration  of  1  %.  The  highest  oviposition 
deterrence  activity  of  94.22  %  was  exhibited  by  Asparagus  racemosus  oil  at  the  concentration  of 
l%.These  plants  can  find  a  place  in  the  fly  control  program. 
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Introduction:  Species  of  the  genus  Dermacentor  Koch,  1844  (Acari:  Ixodidae)  are  widely 
distributed  in  Europe,  North  America  and  Asia  where  they  mostly  parasitize  various  mammals. 
Certain  species  of  the  genus  Dermacentorarz  the  major  vectors  of  the  organisms  causing  various 
diseases  in  humans  and  domestic  animals.  Systematics  and  identification  of  species  in  the  genus 
remained  one  of  the  most  challenging  among  ixodid  ticks.  The  immature  stages  (nymph  and 
larva)  were  unknown  for  many  species  and  they  generally  were  neglected  in  the  systematics  of 
the  genus. 

Methods:  During  our  revisionary  work  we  have  examined  tens  of  thousands  specimens  of 
Dermacentor  in  the  United  States  National  Tick  Collection  (Georgia  Southern  University, 
Statesboro,  USA),  Institute  of  Zoology,  CAS  (Beijing,  China),  Zoological  Institute,  RAS  and 
other  natural  history  collections  of  the  world. 

Results/Conclusion:  Obtained  data  allowed  us  to  describe  several  new  Dermacentor  species, 
restore  some  species  names  that  were  considered  synonymous,  synonymize  several  previously 
valid  species  names,  and  describe  previously  unknown  immature  stages  for  several  species.  Our 
current  findings  have  already  improved  our  knowledge  of  the  geographic  distribution  and  host- 
parasite  associations  of  many  Dermacentor.  Examination  of  numerous  specimens  of  each  species 
from  various  parts  of  their  distribution  range  has  provided  us  with  more  precise  identifications 
where  geographical  variations  are  taken  into  account.  The  research  conducted  on  the  systematics 
of  the  Dermacentor  ticks  and  developed  identification  tools  will  allow  for  a  better  understanding 
of  their  ecology  and  geographic  distribution  which  in  turn  will  help  in  establishing  and 
improving  adequate  methods  of  control  these  tick-borne  disease  vectors. 
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Introduction:  Dermacentor  andersoni  (Rocky  Mountain  wood  tick)  and  Dermacentor  variabilis 
(American  dog  tick)  are  serious  concerns  for  livestock  producers  in  western  Canada.  Both 
species  are  vectors  of  Anaplasma  marginale ,  which  causes  bovine  anaplasmosis.  In  addition,  D. 
andersoni  causes  paralysis  in  humans  and  livestock  within  a  restricted  portion  of  its  range.  Key 
demographic  and  environmental  information  required  for  assessing  the  risks  associated  with  both 
species  of  tick  is  missing  or  severely  outdated. 

Methods:  We  are  assessing  the  geographic  distribution  and  density  of  D.  andersoni  and  D. 
variabilis  throughout  western  Canada  using  a  quantitative  drag  sampling  method.  Host-seeking 
adult  ticks  were  collected  from  at  least  135  sites  in  the  provinces  of  British  Columbia,  Alberta, 
Saskatchewan  and  Manitoba,  from  April  to  July  in  2014-2016. 

Results/Conclusions:  In  general,  the  density  of  host-seeking  adult  D.  variabilis  is  greater  than 
that  of  D.  andersoni  and  the  density  of  both  species  varies  significantly  among  years  at  each 
sampling  site.  Our  results  suggest  that  the  current  geographic  distribution  of  D.  andersoni  is 
consistent  with  historical  records  published  between  1940  and  1970;  however,  the  geographic 
range  of  D.  variabilis  has  undergone  significant  northward  and  westward  expansion  over  the  last 
50  years.  Environmental  variables  are  being  assessed  in  ecological  niche  models  to  describe  the 
observed  distribution  and  relative  abundance  of  ticks.  Information  acquired  from  this  project  can 
be  used  to  direct  future  tick  surveillance  efforts  and  assess  disease  transmission  risk. 
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Pastured  cattle  are  parasitized  by  several  different  species  of  ticks  capable  of  transmitting 
pathogens  that  impact  veterinary  and  human  health.  In  the  United  States,  limited  research  has 
focused  on  the  activity  of  tick  species  and  abundance  of  ticks  on  both  cattle  and  pastureland. 
Additionally,  there  is  limited  information  on  wildlife  hosts,  their  interactions  within  cattle 
pastures,  and  the  effects  of  wildlife  on  tick  populations  within  cattle  pastures.  The  current  study 
is  aimed  toward  identifying  tick  species  free  living  on  pastures  and  feeding  on  pastured  cattle  in 
cow-calf  systems  across  different  ecoregions  and  in  different  habitats  throughout  the  year  in 
Oklahoma.  Current  results  show  clear  differences  in  the  abundance  of  ticks  recovered  from 
pasture  and  woodland  biotopes  at  each  field  site  as  well  as  differences  between  the  species 
recovered  from  cattle  and  collected  in  pastures.  Transects  just  inside  the  trees  in  each  pasture 
yielded  significantly  more  ticks  than  pasture  transects  for  all  species  with  exception  to 
Amblyomma  maculatum.  Amblyomma  americanum  was  the  primary  species  recovered  from 
flagging  and  CO2  trapping  at  the  majority  of  field  sites.  Despite  the  primarily  dry  climate,  both 
A.  americanum  and  Dermacentor  variabilis  have  been  abundantly  recovered  from  pasture  areas 
with  trees  in  southwestern  Oklahoma.  Parasite  numbers  on  cattle  grazing  in  the  same  pastures 
were  noticeably  different.  Several  different  types  of  wildlife  have  also  been  photographed  in  the 
pastures  where  cattle  regularly  graze.  Understanding  the  ecology  and  seasonal  fluctuations  of 
tick  populations  is  essential  to  the  development  of  programs  aimed  at  ectoparasite  control  and 
disease  prevention. 
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Eight  species  of  ticks  were  recorded  from  domestic  dogs  in  Alaska.  Some  of  these  ticks  were 
collected  from  dogs  with  recent  travel  histories  to  other  countries  or  other  U.S.  states  which 
appears  to  explain  records  of  some  ticks  that  are  not  native  to  Alaska.  However,  we  also  recorded 
Dermacentor  variabilis  (American  dog  tick)  from  dogs  (and  humans)  both  with  and  without 
travel  history  suggesting  that  this  tick  could  be  establishing  in  Alaska.  Domestic  cats  were  only 
parasitized  by  1  tick  species,  the  native  Ixodes  angustus.  Six  species  of  ticks  were  recorded  from 
humans  including  3  non-indigenous  potentially  invasive  species:  Amblyomma  americanum  (lone 
star  tick)  (associated  with  out  of  state  travel),  Dermacentor  andersoni  (Rocky  Mountain  wood 
tick)  (travel  associated),  D.  variabilis  (with  and  without  travel  history)  and  Rhipicephalus 
sanguineus  (brown  dog  tick)  (non-native  but  previously  known  to  be  established  in  Alaska). 
Ixodes  angustus  predominated  among  tick  collections  from  native  mammals  and  Ixodes  auritulus 
was  collected  from  a  Northwest  crow  ( Corvus  caurinus ).  The  establishment  of  D.  variabilis 
and/or  D.  andersoni  in  Alaska  would  have  significant  implications  for  animal  and  human  health. 
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Ticks  are  responsible  for  transmitting  numerous  human  pathogens,  including  several  emerging 
vector-borne  diseases.  The  county  of  Monmouth  is  on  the  coast  of  New  Jersey,  a  state  in  the 
northeastern  United  States,  with  several  endemic  tick-borne  diseases  including  Lyme  disease  and 


a  range  of  habitat  types  and  tick  vectors.  Nymphal  ticks  of  the  species  Ixodes  scapularis  and 
Amblyomma  americanum  were  collected  by  dragging  from  multiple  locations  in  Monmouth 
County.  These  locations  span  different  ecosystem  types  including  sandy  pine,  coastal  and  oak 
forest.  The  nymphal  stage  was  targeted  as  they  often  present  the  highest  risk  of  infection  to 
humans  due  to  their  size  and  seasonality.  Collected  ticks  were  tested  for  multiple  pathogens 
utilizing  real  time  PCR  assays  to  determine  the  distribution  of  pathogen  "hot  spots"  across  the 
landscape.  Pathogen  testing  results  are  discussed  in  the  context  of  habitat  type  and  risk  to  county 
residents. 
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Ticks  and  tick-borne  disease  represent  a  substantial  threat  to  human  health  in  the  northeastern 
United  States.  Most  cases  of  tick-borne  disease  in  New  York  are  reported  in  southeastern 
counties,  characterized  by  high  densities  of  suburban  residential  areas  closely  associated  with 
high  risk  habitat  types  known  to  support  the  vector  of  many  tick-borne  zoonoses  in  the  northeast 
-  the  blacklegged  tick  (Ixodes  scapularis  Say).  While  southeastern  New  York  continues  to  be  an 
endemic  region,  tick  abundance  and  tick-borne  disease  prevalence  have  begun  to  rise  in  other 
regions  of  the  state,  prompting  further  research  investigating  landscape  factors  associated  with 
vector  distribution  in  areas  of  emerging  tick-related  concern.  Tick  drags  and  tick  flags  were  used 
to  collect  host-seeking  nymphs  and  adults  along  transects  in  wooded  and  edge  habitats  at  twelve 
sites  in  Onondaga  County,  New  York  during  summer  and  fall  2015  and  2016.  Individual 
blacklegged  tick  specimens  from  a  subset  of  collections  from  each  site  were  tested  for  the 
presence  of  disease  agents  using  a  previously  described  QPCR  multiplex  assay.  Negative 
binomial  regression  and  mixed  effects  models  were  used  to  assess  the  influence  of  surrounding 
land  cover,  white -tailed  deer  (Odocoileus  virginianus  Zimmermann)  density,  vegetative 
characteristics,  and  precipitation  events  on  observed  tick  abundance  and  disease  prevalence. 
Results  from  this  study  improve  the  resolution  of  tick  sampling  efforts  within  a  region  of 


emerging  tick  abundance  and  tick-borne  disease  prevalence,  and  improve  our  understanding  of 
factors  influencing  vector  distribution  on  the  landscape. 
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Eco-epidemiological  parameters  were  obtained  from  experiments  and  long-term  observational 
data  (15  years)  of  the  sheep  tick  {Ixodes  ricinus ),  tree-hole  tick  (/.  arboricola)  and  I.  frontalis , 
parasitizing  some  of  Europe’s  commonest  songbirds,  the  great  tit  (Parus  major)  and  blackbird 
{Turdus  merula).  Both  songbirds  have  been  used  as  a  model  organism  in  many  ecological 
studies,  and  are  recognised  as  a  reservoir  host  for  Borrelia  burgdorferi  s.l.  (Lyme  disease 
agents).  Immature  developmental  stages  of  I  ricinus ,  the  most  important  vector  of  tick-borne 
zoonotic  diseases  in  Europe,  are  frequently  found  on  songbirds.  I.  arboricola  is  a  wide-spread 
nidicolous  tick,  adapted  to  a  lifestyle  inside  tree-holes  where  it  infests  roosting  and  breeding 
birds  (e.g.  great  tits),  while  I  frontalis  is  an  ornithophilic  tick  that  also  infests  open-nesting  birds 
(e.g.  blackbirds).  In  addition,  these  ticks  are  considered  as  competent  carriers  of  B.  burgdorferi 
s.l.  and  rickettsial  bacteria,  though  their  ability  to  transmit  those  pathogens  and  therefore 
maintain  it  in  birds  has  not  been  determined.  I  will  report  on  the  main  factors  that  explain  spatio- 
temporal  infestation  risks,  defined  by  ecological  risk  models  making  use  of  habitat  variables  in 
conjunction  with  climatological  variables  and  bird  life-history  parameters.  Furthermore,  I  will 
present  experimentally  obtained  data  on  the  virulence  of  ticks,  the  birds'  resistance  mechanisms, 
as  well  as  the  host-mediated  transmission  mechanisms.  Current  research  is  further  establishing 
the  importance  of  resident  passerines  as  reservoirs  of  tick-borne  diseases  in  particular  habitats, 
and  the  occurence  of  enzootic  cycles  between  birds  and  the  ornithophilic  ticks,  with  I  ricinus  as 
a  bridge  vector. 
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Recent  studies  have  indicated  that  the  taxon  Rhipicephalus  sanguineus  is  represented  in  Latin 
America  by  two  distinct  tick  species,  designated  as  ‘tropical  species’  (distributed  from  Mexico  to 
Brazil)  and  ‘temperate  species’  (restricted  to  the  southern  cone  of  South  America).  Since  both 
species  are  parasites  of  domestic  dogs,  the  reasons  for  their  distinct  geographical  distribution  are 
unknown.  Herein,  we  evaluated  the  off-host  developmental  stages  (eggs,  engorged  larvae, 
nymphs  and  females)  of  both  tick  species  simultaneously  inside  incubators  with  temperature  and 
photoperiod  regimens  that  simulated  the  summer  and  winter  conditions  of  tropical  Brazil  (where 
the  tropical  species  occurs)  and  temperate  Brazil  (where  the  temperate  species  occurs).  Under 
summer  conditions  of  either  tropical  or  temperate  Brazil,  both  tick  species  completed 
development  with  similar,  high  survivorship  rates.  The  same  was  observed  for  the  winter 
conditions  of  tropical  Brazil,  although  much  longer  periods  were  required  for  molting, 
oviposition,  or  egg  incubation.  Contrastingly,  winter  conditions  of  temperate  Brazil  were  highly 
lethal  for  the  tropical  species,  although  still  suitable  for  the  temperate  species.  It  was  observed 
that  unfed  adults  of  the  temperate  species  developed  behavioral  diapause  after  nymphal  molting 
during  all  incubation  conditions,  except  for  engorged  nymphs  that  were  incubated  at  the  winter 
condition  of  temperate  Brazil.  Diapause  was  confirmed  by  infesting  these  adult  ticks  on  rabbits. 
These  results  suggest  that  the  more  severe  winter  conditions  of  temperate  Brazil  is  essential  to 
generate  non-diapause  unfed  adults  of  the  temperate  species  during  spring,  and  at  the  same  time, 
precludes  establishment  of  the  tropical  species.  Financial  support:  FAPESP. 
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Introduction:  Pathogens  transmitted  by  ticks  are  the  leading  cause  of  arthropod-associated  human 
diseases  in  the  United  States,  and  managing  the  risk  of  exposure  to  potentially  infected  ticks  is  of 
vital  public  health  importance. 

Methods:  An  integrated  tick  management  study  to  control  blacklegged  ticks,  Ixodes  scapular  is, 
the  primary  vector  for  at  least  6  pathogenic  agents  including  Lyme  disease,  anaplasmosis  and 
babesiosis,  was  conducted  at  residential  properties  in  Redding,  Connecticut  in  2013-2015.  Three 
tick  control  methods,  the  area  application  of  a  biopesticide  based  on  the  entomopathogenic 
fungus  Metarhizium  anisopliae,  fipronil-based  rodent-targeted  bait  boxes,  and  reductions  in 
density  of  white-tailed  deer  were  evaluated  in  integration  for  their  ability  to  reduce  the 
abundance  of  nymphal  I.  scapular  is  infected  with  the  Lyme  disease  agent,  Borrelia  burgdorferi. 

Results/Conclusion:  There  was  a  significant  reduction  in  tick  abundance  on  mouse  and  host¬ 
seeking  ticks  at  the  treated  properties  relative  to  the  controls  and  pre-treatment  counts.  Integrated 
control  measures  using  the  biopesticide,  the  rodent  bait  boxes,  and  deer  management  strategies 
were  effective  at  reducing  I.  scapularis  nymphal  densities  at  residential  locations.  The  best 
approach  for  reducing  the  risk  of  Lyme  disease  will  be  integrated  pest  management  methods 
designed  and  evaluated  for  a  variety  of  local  settings. 
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Hard  ticks  (Ixodidae)  are  mite  related  ectoparasites  (Acari)  that  feed  on  hosts  for  several-days 
what  prerequisites  them  as  great  disease  vectors.  Digestion  of  blood  provides  essential  nutrients 
for  ticks  development  and  reproduction.  Using  our  tick  model  Ixodes  ricinus ,  the  major  Lyme 
disease  vector  in  Europe,  we  have  made  a  substantial  progress  in  determining  the  tick  gut- 
associated  proteolytic  machinery,  which  is  based  on  a  dynamic  multienzyme  network  capable  of 
processing  a  vast  amount  of  host  blood.  Here  we  summarize  our  current  knowledge  of  the 
molecular  mechanisms  of  tick  hematophagy  and  their  similarities  to  those  of  other  parasitic 
invertebrates  -  platyhelminthes,  nematodes  and  triatomine  insects.  Uptake  and  processing  of  the 
two  major  host  blood  protein  components  -  serum  albumin  and  hemoglobin  were  further 
compared  using  in-vitro  membrane  feeding  of  females  on  whole  blood  (BF)  and  pure  serum 
(SF).  We  have  employed  microscopic  comparisons  to  demonstrate  the  separate  trafficking  routes 
of  albumin  and  hemoglobin  in  tick  gut  cells  and  we  monitored  individual  digestive  machinery 
component  peptidases  at  the  transcriptional  and  enzymatic  activity  levels.  We  have  studied  the 
relation  of  gut  proteolytic  network  regulation  and  female  fertilization  as  well  as  we  have  studied 
the  possible  roles  of  individual  peptidase  gene  paralogues  newly  identified  from  EST  and 
genome  data  analyses.  Future  research  perspectives,  including  the  potential  for  rational  control  of 
ticks  and  transmitted  diseases,  are  also  discussed. 
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The  prevalence  of  tick-borne  diseases  has  increased  dramatically  in  many  urban  areas  of  the  U.S 
yet  little  is  known  about  the  ecology  of  ticks  and  tick-borne  pathogens  in  relation  to  urbanization 
patterns.  This  study  aimed  to  begin  identifying  the  risks  for  encountering  ticks  and  tick-borne 
pathogens  within  a  rapidly  expanding  metropolitan  area  in  the  southern  Great  Plains.  Ten  sites 
across  Oklahoma  City,  Oklahoma,  were  chosen  based  on  presence  of  tick  habitat  and  gradient  of 
urbanization  intensity.  Sampling  was  conducted  by  CO2  traps  and  flagging  in  June,  July  and 
October  2015.  A  total  of  546  ticks  were  collected  across  eight  parks  within  the  Oklahoma  City 
metropolitan  area.  The  majority  of  ticks  collected  were  Amblyomma  americanum  (N=534 
(97.8%))  followed  by  Dermacentor  variabilis  (N=10  (1.8%))  and  Amblyomma  maculatum  (N=2 
(0.3%)).  A.  americanum  nymphs  (N=2)  and  Ixodes  scapularis  adult  females  (N=4)  were 
collected  in  October.  The  majority  of  ticks  were  collected  from  parks  surrounded  by  a  relatively 
high  proportion  of  undeveloped  land  (e.g.,  Martin  Park  Nature  Center  (83.7%)).  However,  ticks 
were  also  collected  in  sites  surrounded  by  moderate/high  density  urban  development  (Trinity 
School  (1.6%)  and  Dolese  Youth  Park  (0.2%)).  Collected  ticks  are  currently  being  tested  for 
prevalence  of  Rickettsia  and  Ehrlichia  sp.  Our  data  suggest  that  the  risk  of  encountering  ticks  and 
tick-borne  pathogens  exists  throughout  the  entire  metropolitan  area  of  Oklahoma  City,  even  in 
highly  developed  areas  near  the  downtown  core.  Continued  research  is  needed  to  better 
understand  which  characteristics  of  urban  landscapes  contribute  to  encountering  tick  populations 
and  elevated  disease  risk. 
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Introduction:  We  have  annotated  295  genes  for  structural  cuticular  proteins  (CPs)  in  Anopheles 
gambiae  and  assigned  them  to  13  distinct  families.  Our  published  work  with  RT-qPCR  revealed 
that  almost  all  CP  genes  are  expressed  and  that  very  few  are  stage-specific.  We  still  need  to  learn 
which  proteins  contribute  to  different  structures  and  what  happens  once  the  proteins  have  been 
secreted  into  the  cuticle.  Specifically,  how  are  they  organized  and  what  is  the  nature  of  their 
interaction  with  chitin  and  sclerotizing  agents? 

Methods/Results/Conclusion:  We  employed  in  situ  hybridization  to  localize  mRNAs  in  different 
structures  as  they  were  forming  cuticle  and  observed  that  many  probes  were  found  in  multiple 
structures.  We  used  LC-MS/MS  to  identify  CPs  in  9  different  structures  and  discovered  as  many 
as  95  different  CPs  in  a  single  structure.  Extraction  with  a  series  of  solvents  allowed  us  to  gain 
information  about  cuticle  organization.  The  presence  and  localization  of  proteins  within  the 
cuticle  were  determined  by  EM  immunolocalization,  which  also  revealed  how  RR- 1  and  RR-2 
groups  of  the  largest  family  of  CPs  were  distributed.  Prior  work  had  defined  distinct  chitin¬ 
binding  domains  for  four  families  of  CPs.  MS/MS  analyses  identified  peptides  from  these 


domains  in  their  unmodified  form,  suggesting  these  were  not  covalently  linked  with  chitin. 
Histidine  and  lysine  have  been  implicated  in  cross-linking  by  quinones.  In  keeping  with  this, 
peptides  with  His/His  residues  were  underrepresented  in  the  peptides  identified  by  MS/MS, 
consistent  with  protection  by  sclerotization. 
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Introduction:  Radiation  mediated  induction  of  oxidative  stress  and  DNA  damage  can  influence 
the  competitiveness  of  insects  to  be  employed  in  inherited  sterility  (IS)  techniques  to  control  the 
tropical  pest,  Spodoptera  litura  (Fabr.)  (Fepidoptera:  Noctuidae). 

Methods:  Fipid  peroxidation,  antioxidant  level  (Superoxide  dismutase,  Catalase,  Ascorbate 
peroxidase  and  Glutathione),  and  DNA  damage  (comet  assay)  were  investigated  in  the  F  i  sixth 
instar  larvae  of  S.  litura ,  derived  from  male  parent  irradiated  with  lOOGy  and  crossed  with 
untreated  female. 

Results/Conclusion:  Increase  in  lipid  peroxidation  level  was  noticed  in  Fi  insects  (1.44  fold  at 
lOOGy)  with  respect  to  control.  A  similar  level  of  Superoxide  dismutase  induction  and  Catalase 
activity  was  observed  in  Fi  insects  at  lOOGy  with  respect  to  the  control.  Ascorbate  peroxidase 
activity  and  GSH/GSSG  ratio  (as  an  index  of  oxidative  stress)  induced  due  to  irradiation  was  not 
considerably  affected  in  the  Fi  larvae  at  lOOGy  compared  to  the  control.  Irradiation  induced 
increase  was  noticed  in  %  tail  DNA  in  irradiated  Fi  (lOOGy)  F6  larvae  with  respect  to  the 
control.  Extent  of  DNA  damage  in  F i  insects  was  slightly  increased  due  to  its  re-irradiation, 
instead  of  arithmetic  increase  in  DNA  damage.  This  indicates  the  great  efficiency  of  DNA 
damage  repair  in  the  Fi  insects  over  the  parent  generation  when  adults  were  irradiated  at  the  first 
instance. 


The  present  study  suggests  that  Spodoptera  litura  possesses  a  stronger  antioxidant  system  that 
protects  it  from  radiation-induced  oxidative  stress  and  DNA  damage  that  might  be  attributing  to 
maintained  competitiveness  of  sub-sterilized  Pi  insects  and  their  F 1  progeny  at  lOOGy. 
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Introduction:  Bombyx  mori  (silkworm)  is  the  most  famous  lepidopteran  in  Japan.  B.  mori  has 
long  been  used  in  the  silk  industry  and  also  as  a  model  insect  for  agricultural  research.  In  recent 
years,  B.  mori  has  attracted  interest  in  its  potential  for  use  in  pathological  analysis  of  model 
animals.  For  example,  the  human  macular  carotenoid  transporter  was  discovered  using 
information  of  B.  mori  carotenoid  transporter  derived  from  yellow-cocoon  strain.  The  B. 
mori  carotenoid  transport  system  is  useful  in  human  studies. 

Methods:  To  develop  a  human  disease  model,  we  characterized  the  human  homologs  of  B.  mori , 
and  by  constructing  the  KAIKO  functional  annotation  pipeline,  and  to  analyze  gene  expression 
profile  of  a  unique  B.  mori  mutant  strain  using  microarray  analysis. 

Results/Conclusion:  As  a  result,  we  identified  a  novel  molecular  network  involved  in  human 
Parkinson’s  disease.  Also,  we  found  that  the  mRNA  levels  of  genes  in  this  pathway  were 
significantly  lower  in  the  B.  mori  mutant  strain,  indicating  that  downstream  events  in  the  signal 
transduction  cascade  might  be  prevented.  Here,  we’d  like  to  discuss  the  potential  use  of  a 
spontaneous  mutant  silkworm  strain  as  a  human  disease  model.  We  also  discuss  recent  progress 
in  the  application  of  genomic  information  for  annotation  of  human  homologs  in  B. 
mori.  Therefore,  the  B.  mori  mutant  strain  will  provide  a  clue  to  pathological  mechanisms,  and 
the  findings  will  be  helpful  for  the  development  of  therapies  and  for  medical  drug  discovery. 
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Ambient  solar  ultraviolet-B  radiation  (UVB)  has  lethal  effects  for  two-spotted  spider  mites, 
Tetranychus  urticae.  Recent  studies  revealed  significance  of  photoreactivation  for  survival  of 
spider  mites  under  ambient  UVB  radiation.  However,  physiological  mechanisms  of 
photoreactivation  are  poorly  understood,  and  thus,  not  validated  in  spider  mites.  Generally,  the 
most  abundant  DNA  lesion  induced  by  UVB  is  cyclobutane-pyrimidine  dimer  (CPD). 
Photoenzymatic  repair  (PER)  is  one  of  the  main  repair  mechanisms  to  counteract  this  lesion. 
PER  is  the  mechanism  that  UV-induced  DNA  lesions  are  directly  normalized  by  photo  lyase 
enzyme  reaction  using  absorbed  light  energy  and  considered  to  cause  photoreactivation 
phenomenon  in  general.  We  verified  the  UVB-induced  CPD  in  their  genomic  DNA  and 
photo  lyase  gene  expressions  with  substantial  survivals.  The  survival  of  larvae  was  completely 
decreased  by  30  min  UVB  exposure  (0%)  while  that  kept  under  dark  condition  was  100%.  After 
UVB  irradiation,  decreased  survival  was  much  more  recovered  by  30  min  exposure  to  VIS  light 
(98.6%)  than  that  kept  under  dark  condition  (0%).  About  UV-induced  DNA  damage,  CPD  was 
increased  with  cumulative  UVB  dose  (y=0.00256x,  R2  =  0.7997,  P  =  0.00002288)  and  more 
decreased  by  VIS  exposure  than  by  kept  under  dark  condition  (GLMM,  P<0.01),  suggesting  that 
CPD  is  one  of  the  main  causes  of  UVB-induced  mortality  and  photoreactivation  recovery. 
However,  the  expression  level  of  CPD  photolyase  gene  was  not  varied  by  each  irradiation 
treatment  (GLMM,  P>0.05).  We  consider  the  possibility  of  other  expression  mechanism.  In 
conclusion,  we  identified  the  UVB-induced  DNA  damage,  photoreactivation  repair,  and  CPD 
photolyase  expressions  in  T.  urticae  larvae. 
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Introduction:  Climate  change  is  altering  species’  distributions  through  rapid  increases  in  both  the 
mean  and  variability  in  temperatures  and  it  is  expected  that  the  magnitude  of  warming  will  be 
heavily  dependent  on  geographic  location.  Species  respond  in  diverse  ways  to  warming,  yet  we 
know  little  about  population-level  variation  across  different  habitats  and  large  spatial  scales. 
Species  with  wide-ranging  distributions  tend  to  be  able  to  tolerate  broad  temperature  ranges, 
which  may  make  them  less  susceptible  to  the  effects  of  warming  than  small-ranged  species, 
which  typically  cannot  tolerate  broad  temperature  ranges.  Here,  we  focus  on  the  physiological 
tolerances  of  ant  species  along  a  geographic  cline  in  the  eastern  U.S.  and  conduct  a  common 
garden  experiment  to  determine  acclamatory  and  adaptive  responses  to  warming. 

Methods:  We  examined  upper  and  lower  thermal  tolerances  of  field-caught  and  lab-reared  ants 
collected  from  a  latitudinal  gradient,  as  well  as  populations  collected  from  urban  and  rural 
habitats. 

Results/Conclusions:  We  found  that  ants  reared  in  warmer  treatments  exhibited  increased 
thermal  tolerances  but,  regardless  of  acclimated  rearing  temperatures,  ants  maintained  a 
geographic  cline  in  thermal  limits  and  sister  species  differed  in  their  responses  to  temperature. 
Additionally,  thermal  tolerances  were  higher  in  ants  from  urban  habitats.  Taken  together,  these 
patterns  suggest  that  ectotherms  can  use  multiple  coping  mechanisms  to  deal  with  increases  in 
temperature,  but  that  local  adaptation  may  limit  species’  responses  to  climatic  warming; 
therefore  attempts  at  predicting  responses  to  global  change  should  include  both  plasticity  and  the 
potential  for  evolutionary  change. 
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As  a  dominant  natural  enemy  in  field,  the  aphidophagous  hoverfly  Episyrphus  balteatus 
(Diptera:  Syrphidae)  has  got  lots  of  attention  in  ecology,  while  the  anatomical  physiology  is  still 
poorly  defined.  Thus,  we  focus  on  the  fine  structure  of  the  compound  eye  of  E.  balteatus ,  and 
want  to  know  more  about  how  it  works  in  receiving  visual  cues  from  the  outside  world. 

Features  of  compound  eye  ofE.  balteatus  are  observed  as  follows:  (1)  The  facets  of  compound 
eye  are  regularly  and  tightly  arranged,  and  shows  differences  between  sex;  (2)  each  ommatidium 
consists  of  a  dioptric  apparatus  (corneal  lens  and  a  pseudocone),  eight  retinula  cells,  an 
asymmetric  open  rhabdom,  various  screening  pigment  cells  and  a  basement  membrane;  (3) 
rhabdomere  twising  is  present  in  ultrastructure  observation;  (4)  much  more  less  pigment  particles 
exist  than  that  of  other  dipterans,  and  the  screening  pigment  cells  change  with  varying  light 
condition,  showing  capacity  for  modifying  incident  light  intensity. 

Each  of  these  described  features  is  compared  with  the  well  studied  Muscomorpha  dipterans,  and 
discussed  with  respect  to  their  proposed  function. 
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Introduction:  Insect  cuticle,  a  crucial  structure  that  protects  insects  against  chemical  injuries, 
physical  damage  and  pathogen  infection,  is  mainly  composed  of  chitin  embedded  in  proteins 
with  chitin  binding  activities.  Previously,  our  proteomic  analysis  of  molting  fluid  from  Bombyx 
mori  identified  six  unique  proteins  with  three  family  14  chitin  binding  modules  called  CPAP3, 
which  were  supposed  to  be  released  into  molting  fluid  from  the  old  cuticle  and  proved  to  be 
important  for  the  structural  integrity  of  the  cuticle  in  Tribolium. 

Methods:  In  this  study,  these  six  CPAP3s  (CPAP3-A1,  CPAP3-A2,  CPAP3-B,  CPAP3-C, 
CPAP3-D1  and  CPAP3-D2)  were  recombinantly  expressed  in  E.  coli  and  purified  to 
homogeneity  by  using  metal-  chelating  affinity  chromatography.  Their  binding  activities  towards 
solid  chitin,  colloidal  chitin  and  partly  deacetylated  chitin  (chitosan)  were  investigated. 

Results/Conclusions:  The  results  demonstrated  that  all  six  CPAPs  could  bind  to  solid  chitin, 
colloidal  chitin  and  chitosan.  However,  they  showed  very  strong  affinity  (more  than  80% 
binding)  towards  solid  chitin,  weak  affinity  towards  colloidal  chitin  (about  40%  binding)  and 
chitosan  (about  20-50%  binding),  suggesting  that  they  prefer  to  bind  acetylated  crystalline  chitin. 
When  using  solid  chitin  and  colloidal  chitin  as  substrate,  these  six  CPAP3s  did  not  show  big 
differences  in  binding  abilities.  However,  for  the  substrate  chitosan,  they  showed  diverse  binding 
affinities.  This  suggests  that  these  CPAP3s  may  have  different  substrate  preference  under  various 
physiological  conditions.  This  work  will  provide  basic  understanding  on  how  CPAP3s  will 
function  during  chitin  formation  on  protein  level. 


Paper  (Oral)  Presentations 

Presentation  Title:  Crystal  structure  and  inhibitor  discovery  of  insect  group  I  chitinase  from 
Ostrinia  furnacalis 

Author  Name:  Tian  Liu 

Author  Institution:  Dalian  University  of  Technology 

Session  Title:  Contributed  Papers:  Physiology  and  Biochemistry:  Fundamental 
Date  of  Presentation:  Wednesday,  September  28,  2016 


Abstract  Number:  2625 


DOI:  10. 1603/ICE.20 16. 1 1 1761 


Abstract  text: 

Insects  contain  a  greater  number  of  chitinases  than  any  other  organism.  This  work  is  the  first 
report  of  crystal  structures  of  the  insect  chitinase  OfChtI  from  agricultural  pest  Ostrinia 
furnacalis ,  which  is  essential  to  molting.  A  structural  comparison  with  other  chitinases  revealed 
that  OfChtI  contains  a  long  substrate-binding  cleft  similar  to  the  bacterial  chitinase  SmChiB 
from  Serratia  marcescens.  However,  unlike  the  exo-acting  SmChiB  that  exhibits  a  blocked  and 
tunnel-like  cleft,  OfChtI  possesses  an  open  and  groove-like  cleft.  The  complexed  structure  of 
OfChtl-CAD  with  (GlcNAc)2,3  indicates  OfChtI  possesses  an  endo-enzymatic  activity. 
Furthermore,  a  hydrophobic  plane  composed  of  four  surface-exposed  aromatic  residues  is 
adjacent  to  the  entrance  of  the  substrate-binding  cleft  that  endows  OfChtl-CAD  with  the  ability 
to  anchor  chitin.  Moreover,  we  found  fully  deacetylated  chitooligosaccharides  (GlcN)2-7  can  act 
as  inhibitors  against  the  insect  chitinase  OfChtI,  with  IC50  values  at  micromolar  to  millimolar 
levels.  The  injection  of  mixed  (GlcN)2-7  into  the  fifth  instar  larvae  of  the  insect  O.  furnacalis 
resulted  in  85%  of  the  larvae  being  arrested  at  the  larval  stage  and  death  after  10  days.  Crystal 
structures  of  O/Chtl-CAD  complexed  with  (GlcN)s,6  suggested  that  the  inhibition  was  strongly 
related  to  the  interaction  between  the  -1  GlcN  residue  of  the  inhibitor  and  the  catalytic  Glul48  of 
the  enzyme. 
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Farnesyl  diphosphate  synthase  (FPPS)  is  an  enzyme  from  the  class  of  prenyltransferases  that 
catalyzes  the  condensation  of  isopentenyl  diphosphate  (IPP,  C5)  with  dimethylallyl  diphosphate 
(DMAPP,  C5)  to  generate  the  C15  product  FPP.  In  insects,  FPPS  plays  a  key  role  in  the 
biosynthesis  of  juvenile  hormone  (JH).  This  hormone  ensures  the  maintenance  of  juvenile 


characters  during  larval  molts  and  promotes  reproductive  maturation  in  adult  insects. 
Lepidopterans  are  known  to  produce  homologous  forms  of  JH  containing  ethyl-branches  derived 
from  the  C6  homologs  of  IPP  and  DMAPP.  Hence,  Lepidopteran  FPPSs  are  thought  to  display 
unique  structural  features  allowing  the  accommodation  of  bulkier  substrates  in  its  active  site. 

FPPSs  are  known  to  be  inhibited  by  a  class  of  drugs  called  bisphosphonates,  used  to  treat  a 
diversity  of  bone-related  diseases  in  humans.  Here,  the  X-ray  crystallographic  structures  of 
complexes  of  type-II  FPPS  from  the  spruce  budworm,  Choristoneura  fumiferana  (Order: 
Lepidoptera),  with  two  bisphosphonates  and  its  natural  co-substrate  IPP  are  reported. 
Comparison  of  the  structures  of  C.  fumiferana  and  other  FPPSs  provides  key  data  to  guide  the 
design  of  inhibitors  displaying  greater  specificity  towards  lepidopteran  FPPSs,  including  that  of 
the  spruce  budworm,  a  pest  that  poses  one  the  greatest  threats  to  conifer  forests  in  North 
America. 
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Cerambycid  beetles  often  move  their  antennae  backward  to  contact  their  conspecifics 
approaching  from  behind.  They  are  assumed  to  obtain  two  kinds  of  information  available  from 
antennal  contact:  cuticular  chemical  components  and  tactile  cues.  This  antennal  whipping 
response  (AWR)  was  a  visual  response  because  dark  objects  induced  higher  rates  of  AWR  than 
bright  objects.  Monochamus  alternatus  (Coleoptera:  Cerambycidae)  exhibited  AWR  against  a 
visual  target;  however,  its  response  rate  was  lower  than  that  of  other  beetles,  such 
as  Anoplophora  marasiaca  or  Psacothea  hiraris. 


M.  alternatus  is  sensitive  to  low-frequency  vibrations,  which  are  perceived  by  the  femoral 
chordotonal  organ,  the  receptor  organ  of  substrate  vibration.  They  showed  a  higher  rate  of  AWR 
against  visual  targets  with  simultaneous  application  of  vibration  to  the  perching  rods.  Among  the 
tested  frequencies,  the  AWR  rate  was  the  highest  with  100  Hz  sine  waves.  Walking  beetles 
produce  low-amplitude  vibrations;  playback  of  this  vibration  also  enhanced  AWR.  These  results 
indicate  that  M.  alternatus  perceive  vibration  cues  produced  by  conspecifics  on  a  host  tree. 
Unlike  vibrational  cues,  visual  cues  are  not  always  available,  particularly  in  lower  ambient  light 
conditions.  We  suggest  that  in  this  nocturnal  species,  vibrational  perception  compensates  for  the 
loss  of  visual  perception  in  finding  a  mate. 
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Termites  along  with  their  microbial  counterparts  have  evolved  to  efficiently  degrade  complex 
and  recalcitrant  lignocellulose  based  diets.  Lignocellulose  is  one  of  the  most  abundant  carbon 
source  available  for  production  of  biofuel.  Integrating  the  mechanisms  developed  by  termites  to 
degrade  lignocellulose  for  biofuel  production  from  lignocellulosic  biomasses  could  be  a  potential 
next  generation  strategy  in  biofuel  industries.  From  our  previous  “omic”  studies  of  the  termite 
gut  (transcriptomics  and  proteomics)  we  identified  candidate  lignocellulases  genes/proteins  that 
can  efficiently  release  glucose  from  woody  biomass.  In  the  current  study,  we  performed 
bioreactor  simulation  assays  on  agricultural  feedstocks  including  soybean  residue  and  com 
stover  with  these  termite  derived  recombinant  enzymes.  Enzymes  used  in  this  study  include 
cellulases  (endoglucanases,  (3-glucosidase,  cellobiohydrolase);  and  detoxification/antioxidation 
enzymes  (aldoketoreductase,  superoxide  dismutase,  catalase,  glutathione  peroxidase,  laccase). 
We  observed  differential  saccharification  of  the  feedstocks  with  different  combination  of 
recombinant  enzymes.  Additionally,  we  are  identifying  a  termite  gut  specific  esterase  to  test  the 
efficiency  of  esterase  to  synergize  the  saccharification  of  agricultural  biomasses  with  cellulases. 
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Introduction:  Silkworm  (Bombyx  mori ,  B.  mori)  has  been  used  as  a  nice  model  to  study  caloric 
restriction  (CR)  and  aging.  CR  has  beneficial  effects  on  the  immune  system,  but  little  is  known 
about  its  molecular  mechanism.  Here  we  investigate  how  CR  of  the  silkworm  affected  the 
immune  responses  to  Staphylocuccus  aureus  (S.  aureus)  infection. 

Methods:  Newy  hatched  larvae  were  selected  at  random  and  separated  into  two  groups,  feeding 
was  carried  out  using  fresh  mulberry  leaves  for  16h  (CR  group)  and  24h  (control)  per  day  (h.d). 
On  the  second  day  of  the  fifth  instar,  twenty  larvae  per  group  were  injected  with  lOOpl  S.  aureus 
(108CFU/ml)  in  PBS,  termed  as  CRSA  group  and  CSA  group,  respectively.  The  survival  rate  of 
ten  larvae  per  group  of  CRAS  and  CSA  were  investigated.  Moreover,  all  larvae  of  four  groups 
were  then  sacrificed  24h  post  challenge.  The  hemolymph  was  collected  for  staining  of  blood 
smear,  and  the  fatbody  were  removed  for  proteomic  and  transcriptomic  analysis. 

Results:  CR  could  significantly  increase  the  survival  rate  of  silkworm  infected  with  S.  aureus. 
The  blood  smear  analysis  showed  the  stronger  phagocytosis  in  the  CRSA  group  than  the  CSA 
group.  The  expression  of  phagocytosis  related  genes/proteins  were  remarkably  up-regulated  in 
the  CRSA  group  compared  to  the  CSA  group,  and  the  gene  Hddl  might  be  a  key  gene  involved 
in  immune  response  of  CR  silkworm  against  S.  aureus. 
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Introduction:  The  Asian  corn  borer  Ostrinia  furnacalis ,  displays  a  larval  diapause  in  response  to 
short  daylengths  during  autumn  and  is  adapted  to  a  variety  of  local  conditions  throughout  China. 
Hence,  the  critical  daylength  for  diapause  induction  differs  among  geographic  populations. 

Methods:  Here  we  collected  six  different  geographical  populations:  a  tropical  SY  population 
from  Sanya  (18.8°  N,  109.2°  E)  with  a  weak  photoperiodic  response,  two  subtropical  populations 
from  Guangzhou  (GZ;  23.13°  N,  1 13.27°  E)  and  Nanchang  (NC;  28.8°N,  1 15.9°E)  and  three 
temperate  populations  from  Taian  (TA;  36.19°N,  117.09°E),  Langfang  (LF;  39.5°N,  116.07°E) 
and  Haerbin  (HA;  44.93°N,  127.17°E)  with  strong  photoperiodic  responses.  Then  we  examined 
the  inheritance  of  critical  daylenth  by  using  a  tropical  SY  population  to  cross  subtropical  and 
temperate  populations  at  22,  25  and  28°C,  respectively. 

Results/Conclusions:  The  photperiodic  response  curves  showed  a  typical  long  day  response  in  all 
crosses,  indicating  that  diapause  trait  is  completely  dominant  over  the  non-diapause  trait.  The 
critical  daylength  in  all  the  FI  progeny  is  intermediate  between  the  two  parental  strains  and 
increased  with  latitude.  However,  the  critical  daylengths  in  FI  progeny  with  GZ,  NC,  TA,  LF, 
HA  strain  father  are  significantly  longer  than  those  in  FI  progeny  with  SY  strain  fathers, 
indicating  that  the  male  parent  has  significantly  more  influence  on  the  critical  daylength  of 
subsequent  progeny  than  the  female. 
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Introduction:  Thrips  palmi  Karny  has  a  critical  impact  on  exporting  agricultural  products  from 
Thailand,  especially  the  export  of  the  orchid-cutting  flower  to  the  EU.  The  Commission  on 
Phytosanitary  Measures  (CPM)  has  incorporated  identification  using  the  real-time  PCR  assay 
into  the  International  Standards  for  Phytosanitary  Measures  (ISPM)  No.  27.  This  molecular 
technique  has  not  yet  been  intensely  studied  in  Thailand.  The  goal  of  this  study  is  to  employ 
environmental  conditions  of  the  assay  to  detect  the  Thai  strain  of  T.  palmi ,  as  well  as  to  obtain 
suitable  molecular  techniques  for  precise  identification. 

Methods:  The  experiment  was  carried  out  from  October  2013  to  July  2015.  The  results  were 
drawn  from  40  ThirpssmiplQS  collected  from  major  exported-orchid  farms,  and  from  the  real¬ 
time  PCR  reactions  using  both  COI  and  SCAR  primers  under  the  condition  provided  by  ISPM. 

Results/Conclusion:  Our  results  reveal  that  the  Thai  strain  of  T.  palmi  can  be  detected  with  the 
Cp  value  below  35  in  both  primers.  The  sensitivity  test  suggested  that  the  suitable  concentration 
of  COI  and  SCAR  markers  were  900  and  300  nM  respectively  at  100  nM  of  probe  concentration. 
The  results  of  specificity  tests  were  assessed  from  19  samples,  5  of  which  were  T.  palmi 
including  a  single  sample  of  the  last-instar  lava.  The  real  time  reaction  could  detect  all  5  T.  palmi 
sample  at  the  Cp  value  from  23.92  -  27.76  for  COI  marker  and  25.14  -  28.25  for  SCAR  marker. 
The  detection  protocol  can  be  modified  for  other  insect  quarantine  pests  in  the  long  run. 
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The  elimination  of  nitrogenous  waste  is  a  ubiquitous  problem  for  all  animals.  The  anal  papillae 
of  aquatic  living  Aedes  aegypti  larvae  are  important  sites  of  ammonia  (NH3/NH4Q  excretion.  The 
transcripts  of  three  putative  ammonia  transporters,  Rhesus-like  glycoproteins  AeRh50-l, 
AeRh50-2  and  AMT/MEP-like  AeAmtl  were  detected  in  the  anal  papillae.  Quantitative  PCR 
studies  revealed  12  fold  higher  transcript  levels  of  AeAmtl  relative  to  AeRh50-l  and  levels  of 
AeRh50-2  were  even  lower.  The  transcript  abundance  of  AeRh50-l  and  AeRh50-2  decreased 
whereas  that  of  AeAmtl  increased  in  response  to  HEA  treatment  (1  mmol  l"1  NH4CI),  compared 
to  controls.  Furthermore,  levels  of  the  AeAmtl  protein  also  increased  with  HEA  treatment.  The 
AeAmtl  was  immunolocalised  to  the  basal  side  of  the  anal  papillae  epithelium  where  it  is  co¬ 
localised  with  the  Na+/K+  ATPase.  dsRNA  knockdown  of  AeAmtl  resulted  in  significantly 
higher  NHA  levels  in  the  hemolymph  with  an  apparent  increase  in  larval  mortality.  At  the  anal 
papillae,  AeAmtl  knockdown  decreased  ammonia  excretion  measured  as  MTf  efflux  with  the 
scanning  ion-selective  electrode  technique  (SIET).  Pharmacological  characterization  of  ammonia 
transport  mechanisms  in  the  anal  papillae  suggest  that,  in  addition  to  AeAmtl,  the  ionomotive 
pumps  V-type  H+  ATPase  and  Na+/K+  ATPase  as  well  as  NHE3  are  involved  in  ammonia 
excretion  at  the  anal  papillae.  The  importance  of  the  AeRh50  proteins  remains  unclear;  however, 
on  the  apical  side  these  may  work  in  conjunction  with  V-type  H+  ATPase  and/or  carbonic 
anhydrase  in  an  ammonia  trapping  mechanism.  A  model  of  ammonia  transport  mechanisms  in 
the  anal  papillae  of  A.  aegypti  is  proposed. 
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Introduction:  Septate  junctions  (SJs)  are  occluding  junctions  that  form  a  paracellular  barrier  in 
the  epithelia  of  invertebrates.  SJ  proteins  are  reported  to  be  essential  for  epithelium  integrity. 

This  is  of  importance  to  aquatic  animals  because  their  habitats  are  often  compositionally 
different  from  their  internal  body  fluids  and  are  subjected  to  alterations  in  solute  composition  by 
various  factors.  The  contribution  of  SJ  proteins  to  the  maintenance  of  salt  and  water  balance  in 
aquatic  invertebrates  is  not  known.  In  this  study,  a  role  for  SJ  proteins  in  the  ionoregulatory 
strategies  of  larval  mosquito  ( Aedes  aegypti)  was  considered. 

Methods:  Genes  encoding^,  aegypti  SJ  proteins  Megatrachea,  Sinuous,  Kune-kune,  Coracle, 
Scribble,  Discs  large,  Neurexin  IV,  Lethal  giant  larva,  Gliotactin,  Mesh  and  Snakeskin  were 
identified  and  their  expression  was  examined  in  midgut,  Malpighian  tubules,  hindgut  and  anal 
papillae,  which  are  tissues  that  participate  in  osmoregulation. 

Results/Conclusions:  SJ  proteins  exhibited  tissue  specific  differences  in  transcript  abundance  and 
immunolocalized  to  SJ  domains  between  epithelial  cells  and  in  the  apical  membrane  domain  of 
the  syncytial  anal  papillae  epithelium.  Upon  rearing  larvae  in  brackish  water  (30%  seawater) 
tissue-specific  alterations  in  SJ  transcript  and  protein  abundance  were  observed.  Furthermore,  in 
the  midgut,  salinity-induced  differences  in  SJ  protein  abundance  occurred  in  conjunction  with 
differences  in  the  paracellular  permeability  of  this  tissue.  Data  support  the  hypothesis  that  SJ 
protein  abundance  is  altered  in  response  to  environmental  change  and  that  SJ  proteins  play  an 
important  tissue-specific  role  in  the  maintenance  of  salt  and  water  balance  in  the  aquatic  larvae 
of  A.  aegypti. 
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Introduction:  To  survive,  every  animal  must  cope  with  starvation,  and  in  response  to  hunger 
solitary  insects  can  elicit  physiological  pathways  to  both  mobilize  fat  stores  and  alter  foraging 
behavior  to  obtain  more  food.  In  social  animals,  the  fitness  consequences  of  responding  to 
energetic  stress  are  particularly  interesting  because  selection  acts  not  only  on  the  individual,  but 
also  on  a  group  level.  Because  honey  bees  {Apis  mellifera)  live  in  groups  and  can  communally 
build  up  food  stores  to  buffer  against  energetic  stress,  I  hypothesize  that  social  insects  have  lost 
the  highly  conserved  Adipkinetic  hormone  pathway  to  mobilize  fat  stores  and  instead  only  rely 
on  the  octopamine  pathway  to  increase  search  activity  for  food,  out  away  from  their  centralized 
buildup  of  food  stores. 

Methods:  To  test  this  hypothesis  I  starved  forager  honey  bees  and  infected  them  with  Nosema 
ceranae ,  a  parasite  that  causes  energetic  stress,  to  induce  varying  levels  of  hunger.  I  then  directly 
measured  each  hormone  using  High  Performance  Liquid  Chromatography  and  gene  expression 
of  their  corresponding  receptors  found  in  the  brain. 

Results/Conclusions:  My  results  suggest  that  while  octopamine  increases  in  response  to  both 
starvation  and  parasitic  infection,  Adipokinetic  hormone  is  only  present  in  small  quantities  and 
does  respond  to  energetic  stress.  This  finding  supports  the  notion  that  the  highly  conserved 
regulatory  pathways  retained  from  a  solitary  ancestral  state  might  be  constrained  such  that  social 
insects  are  less  able  to  buffer  against  energetic  stress  at  an  individual  level. 
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Introduction:  Nutrition  can  have  strong  impacts  on  an  insect’s  ability  to  mitigate  different  types 
of  stress.  In  agricultural  systems  these  nutrient-mediated  effects  can  hinder  the  efficacy  of 
insecticides,  potentially  causing  increases  in  pest  damage,  reduced  yields,  and  significant 
economic  losses  to  growers.  Several  studies  have  shown  that  dietary  protein-to-carbohydrate 
ratios  (P:C)  and  total  macronutrient  concentrations  strongly  effect  insect  survival  and 
performance  in  the  face  of  toxins  and  infectious  agents,  with  general  trends  showing  reduced 
performance  on  diets  that  diverge  from  the  optimal  self-selected  intake  targets  for  a  given 
species.  Although  the  physiological  effects  of  these  interactions  have  been  well  documented,  the 
underlying  mechanisms  producing  these  effects  are  largely  unknown. 

Methods:  This  study  measured  transcriptional  changes  in  the  polyphagous  agricultural 
pest  Helicoverpa  zea  when  larvae  were  reared  on  different  diets  and  then  challenged  with  two 
common  control  agents,  Cry  1  Ac  produced  by  Bt  cotton  plants  and  Beauveria  bassiana ,  a 
entomopathenogenic  fungus  commercially  sold  as  a  biopesticide.  Gene  expression  was  measured 
in  the  absence  of  stress,  when  only  one  stressor  was  present,  and  when  both  stressors  were 
present,  allowing  for  the  identification  of  genes  involved  in  different  stress  pathways  and  the 
determination  of  which  pathways  are  prioritized  when  multiple  stressors  are  present. 

Results/Conclusions:  These  data  are  useful  for  understanding  nutrient  and  energy  allocation  to 
stress  response  pathways  across  diets  that  represent  a  range  of  optimality  and  may  be  used  to 
identify  the  metabolic  limitations  on  mounting  effective  responses  to  different  kinds  of  stress. 
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Introduction:  Glutathione  transferases  (GSTs)  are  major  phase  II  detoxification  enzymes  that 
play  central  roles  in  the  defense  against  various  environmental  toxicants  as  well  as  oxidative 
stress.  Insect  GSTs  are  particularly  interesting  because  of  their  role  in  insecticide  metabolism. 
Because  the  silkworm  ( Bombyx  mori )  provides  a  model  for  studying  Fepidopterans, 
comprehensive  research  on  silkworm  GSTs  should  provide  insights  into  combatting  species 
considered  as  agricultural  pests. 

Results/Conclusions:  We  found  that  the  mRNA  encoding  an  omega-class  GST  of  B.  mori 
(bmGSTO)  is  induced  after  exposure  to  various  environmental  stresses.  Further,  bmGSTO 
exhibits  dehydroascorbate  (DHA)  reductase,  GSH  peroxidase,  thiol  transferase,  and  GST 
activity.  To  gain  insight  into  its  catalytic  mechanism,  we  report  here  the  crystal  structure  of 
bmGSTO.  The  structure  of  bmGSTO  complexed  with  glutathione  determined  at  a  resolution  of 
2.5  A  reveals  that  it  exists  as  a  dimer.  Bound  glutathione  was  present  in  the  active  site  located  in 
the  deep  cleft.  The  active  site  formed  by  the  residues  Cys38,  Pro39,  Tyr40,  Arg43,  Leu62, 
Lys65,  Lys77,  Val78,  Glu91,  and  Ser92  of  bmGSTO.  Superposition  between  human  GSTO  and 
bmGSTO  reveal  that  the  stacking  interaction  of  ascorbic  acid  (AA)  with  Tyr40  could  be 
observed  in  the  structure  of  bmGSTO.  AA  could  contact  the  side  chain  of  Lys77,  the  side-chain 
hydroxyl  of  Ser92,  and  the  backbone  carbonyl  of  Val78  in  bmGSTO.  The  reduction  of  DHA  to 
AA  is  a  vital  cellular  function.  AA  plays  a  major  role  in  scavenging  free  radicals  and  specific 
reactive  oxygen  species.  The  results  suggest  that  bmGSTO  functions  to  regulate  the  redox 
balance. 
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Sterols,  mostly  cholesterol,  are  essential  for  insects 

by  serving  as  both  cell  membrane  components  and  as  a  precursor  to  ecdyson.  Insects  cannot 
synthesize  sterols  de  novo  and  need  to  acquire  this  nutrient  through  diets.  Plant-feeding  insects 
can  convert  phytosterols  such  as  sitosterol,  stigmasterol,  campesterol  into  cholesterol  mostly.  In 
this  study,  a  protein,  Niemann-Pick  type  C-lb,  potentially  involved  in  the  intestinal  absorption  of 
sterols  in  insects  were  analyzed.  We  described  molecular  analysis  of  NPClb  identified  in 
different  insect  families  and  confirmed  gene  expression  patterns  between  tissues 
by  quantitative  real-time  PCR  (qRT-PCR).  Evolutionary  conservation  of  NPClb  between 
different  insect  families  was  then  discussed. 
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Introduction:  Sex  determination  in  insects  works  as  a  genetic  cascade.  Although  upstream 
regulation  is  diverse  among  species,  the  bottom  end  usually  involves  doublesex ,  a  transcription 
factor  characterized  by  a  conserved  N-terminal  DNA-binding  domain  (DM  domain  or  OD1)  and 
a  C-terminal  dimerization  domain  (OD2)  that  acts  as  a  master  switch  on  downstream  genes 
towards  sexual  differentiation  via  sex-specific  splicing  variants  on  the  3  ’  end.  Scale  insects 
display  an  extreme  sexual  dimorphism,  and  we  previously  showed  that  the  juvenile  hormone  and 
its  signaling  may  be  involved.  However,  we  do  not  yet  know  how  this  signaling  is  regulated. 

Methods:  We  used  the  Japanese  mealybug,  Planococcus  kraunhiae,  to  determine 
whether  doublesex  takes  part  in  regulating  sexual  dimorphism  in  scale  insects.  Based  on  an 
unpublished  transcriptome  we  identified  putative  doublesex  transcripts.  We  identified  sex- 
specific  transcript  candidates  esing  3’RACE  and  assessed  their  expression  profile  throughout 
male  and  female  developments  by  quantitative  and  semi-quantitative  RT-PCR. 

Results/Conclusions:  Several  male  and  female  splicing  variants  were  identified  and  their 
expression  started  to  increase  towards  the  end  of  the  first-instar  nymph.  Moreover,  we  found  that 
the  doubles  ex  gene  in  the  Japanese  mealybug  includes  two  recently  duplicated  exons  containing 
OD1  and  the  resulting  isoforms  are  composed  of  either  one  of  the  exons  and  a  unique  OD2.  Our 
results  suggest  that  the  Japanese  mealybug  harbors  a  complex  set  of  doublesex  isoforms  and 
functional  studies  will  help  reveal  whether  the  sex-specific  isoforms  could  directly  or  indirectly 
regulate  the  juvenile  hormone  signaling. 
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Parasitic  hymenoptera  offer  an  impressive  opportunity  to  identify  genes/peptides  as  novel 
alternatives  to  synthetic  insecticides  for  sustainable  insect  control  programmes.  The  present 
study  was  conducted  by  focusing  on  the  venom  of  mealybug  parasitoid  Aenasius  bambawalei 
Hayat  (Hymenoptera:  Encyrtidae),  an  endoparasitoid  of  cotton  mealy  bug  Phenacoccus 
solenopsis  Tinsley  (Hemiptera:  Pseudococcidae).  A  profile  of  SDS-PAGE  of  the  crude  venom  of 
A.  bambawalei  reveals  the  presence  of  abundant  proteins  and  the  most  evident  alteration  induced 
in  parasitized  host  insects  was  a  total  or  partial  paralysis  and  a  high  level  of  mortality.  The 
physiological  effects  of  the  wasp  venom  were  studied  by  performing  bioassays  of  micro 
injections  of  both  heat  and  protinase  K  treated  venom  in  non-parasitized  and  synchronized  4th 
instar  nymph  of  the  host.  The  major  effects  for  artificially  envenomated  host  nymphs  were 
observed  for  their  survival  and  mortality  and  the  biological  activity  of  the  venom  was  also 
evaluated  by  heat  and  protease  treatments.  Our  data  shows  that  microinjections  of  venom  caused 
a  high  level  of  mortality  (85-95%)  of  the  host  nymph,  whereas  heat  and  protease  treated  venom 
did  not  cause  any  significant  mortality  of  the  host.  This  suggests  that  active  components  of  the 
venom  are  proteins  that  lost  their  activity  upon  treatment  with  heat  and  protease.  Genes  encoding 
bioactive  venom  proteins  were  isolated  and  recombinant  proteins  were  produced  by  expression 
in  E.  coli.  Further,  Tissue  specific  expression  studies  were  also  performed  by  RT-PCR, 
suggesting  that  venom  genes  are  exclusively  transcribed  in  venom  glands  of  the  female  wasp. 
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Introduction:  Cytochrome  P450  monooxygenases  are  an  important  superfamily  of  membrane- 
bound  enzymes  and  apart  from  their  physiological  functions  in  insects  well-known  for  their 
prominent  role  in  insecticide  resistance.  The  genome  of  the  western  honeybee  Apis 
mellifera  (Hymenoptera:  Apidae)  encodes  46  cytochrome  P450  genes  belonging  to  four  major 
CYP  clades.  It  has  been  shown  that  members  of  clade  3,  belonging  to  the  CYP6  and  CYP9 
families,  are  involved  in  the  metabolism  of  secondary  plant  metabolites  and  other  xenobiotics 
such  as  insecticides.  However  details  concerning  the  wider  enzymatic  properties  of  many  of 
these  individual  honeybee  P450s  from  this  clade  are  mostly  lacking.  The  present  study  aims  to 
shed  light  on  substrate  profiles  and  enzymatic  properties  of  functionally  expressed  honeybee 
P450s. 

Methods:  Recombinant  expression  of  individual  P450s  was  performed  in  insect  cell  lines  using  a 
baculo virus  expression  system.  Microsomal  membranes  expressing  individual  honeybee  P450s 
were  purified  and  differences  in  their  substrate  profile  investigated  by  classical  Michaelis 
Menten  kinetics,  competition  assays,  as  well  as  xenobiotic  depletion  assays,  coupled  with  UPLC- 
MS  allowing  the  detection  of  metabolites. 

Results/Conclusion:  Most  of  the  honeybee  P450s  belonging  to  clade  3  were  successfully 
expressed  in  insect  cell  lines.  However  a  few  of  them  seem  to  be  misfolded  and  were  shown  to 
be  non-functional.  Many  of  them  have  a  strong  preference  for  coumarin-based  model  substrates 
over  resorufm  derivates.  Moreover,  we  were  able  to  demonstrate  the  depletion  of  allelochemicals 
and  a  few  selected  insecticides.  Our  results  will  help  to  further  understand  the  role  of  endogenous 
detoxification  mechanisms  based  on  P450s  present  in  honeybees. 
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Larvae  of  an  African  midge,  Polypedilum  vanderplanki,  inhabiting  the  sub-Saharan  area  are 
known  as  the  insect  with  the  most  extreme  desiccation  tolerance,  anhydrobiosis.  Although  the 
draft  genome  analysis  of  P.  vanderplanki  has  been  accomplished,  the  molecular  mechanisms 
underlying  anhydrobiosis  remain  to  be  completely  elucidated.  Genome  editing  technology  will 
reveal  the  mechanisms,  but  the  existing  gene  expression  systems  didn’t  work  in  P.  vanderplanki. 
In  this  study,  we  identified  one  of  the  strongest  constitutive  promoters  in  a  culture  cell  line  of  P. 
vanderplanki ,  Pvl  1  cells  to  establish  effective  gene  expression  system. 

The  transcriptome  analysis  of  the  larvae  showed  that  gene  for  glyceraldehyde3 -phosphate 
dehydrogenase  {PvGapdh)  was  the  most  highly  expressed  regardless  of  desiccation  stress. 
Hence,  we  constructed  a  novel  expression  vector  using  the  5 ’-upstream  region  of  PvGapdh  as  a 
promoter;  however,  it  was  insufficient  to  express  exogenous  genes  in  Pvl  1  cells.  The  difference 
of  the  gene  expression  system  between  the  larvae  and  the  cultured  cell  line  should  result  in 
inadequate  expression.  Indeed,  from  CAGE  (cap  analysis  of  gene  expression)  analysis  of  Pvl  1, 
PvGapdh  was  moderately  expressed  in  the  cell  line.  On  the  other  hand,  the  Pv.00443  gene  was 
the  highest  constitutive  expression  gene  in  Pvl  1  cells.  We  constructed  another  novel  expression 
vector  containing  5 ’-upstream  region  of  Pv.00443  gene.  Consequently,  we  could  confirm 
sufficient  expression  of  exogenous  GFP  protein  in  Pvl  1  cells  with  flow  cytometry.  In  this 
presentation,  we  will  discuss  the  gene  expression  system  for  Pvl  1  cells  and  development  of 
analyses  to  reveal  molecular  mechanisms  of  anhydrobiosis. 
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ProFume®gas  fumigant  (99.8%  sulfuryl  fluoride)  is  a  broad  spectrum,  non-ozone  depleting 
fumigant,  manufactured  by  Douglas  Products,  for  the  control  of  rodent,  insect  and  other 
invertebrate  pests.  ProFume  is  used  to  treat  a  wide  range  of  agricultural  commodities  and 
structures  which  transport,  store  and  process  commodities. 

ProFume  was  first  registered  in  2003  and  is  currently  registered  in  15  countries.  ProFume  is  an 
odorless,  colorless,  relatively  inert  inorganic  gas  that  does  not  cause  off-flavors  or  form 
unpleasant  odors.  Due  to  its  high  vapor  pressure  and  low  sorption  characteristics,  ProFume 
effectively  penetrates  commodities  to  reach  target  pests,  and  aerates  rapidly.  Due  to  these 
physical  properties,  ProFume  has  proven  to  be  the  fumigant  of  choice  for  many  commodities 
during  more  than  a  decade  of  commercial  use  globally.  These  include  high  value  commodities 
such  as  tree  nuts,  dried  fruits,  cocoa,  and  seed.  The  proprietary  ProFume  Fumiguide™ 
calculation  tool  provides  flexibility  for  the  applicator  to  vary  exposure  time  and  fumigant 
concentration  to  obtain  the  required  dosage  for  pest  control. 

Sulfuryl  fluoride  is  not  cross-resistant  with  phosphine  and  has  been  demonstrated  to  effectively 
control  insects  resistant  to  phosphine.  ProFume  is  used  in  Australia  and  the  United  States  as  a 
rotational  treatment  for  grain  and  other  commodities  infested  with  insects  with  known  or 
suspected  resistance  to  phosphine. 

Sulfuryl  fluoride  has  been  documented  to  effectively  control  quarantine  pests,  including  the 
pinewood  nematode  and  brown  marmorated  stinkbug.  Research  on  sulfuryl  fluoride  for 
additional  use  patterns  and  pests  continue  to  increase  the  practical  applications  for  this  versatile 
fumigant. 
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Introduction:  Phosphine  (PH3),  an  effective  fumigant  used  to  protect  stored  grains  from  insect 
pests.  As  resistance  to  PH3  is  widespread,  effective  fumigation  requires  lengthy  exposure  periods 
(>7  days)  which  has  practical  difficulties.  There  is  an  urgent  need  to  develop  alternative 
approaches  that  can  increase  the  efficacy  of  PH3.  One  possibility  is  co-fumigation  with  PH3  and 
another  fumigant  such  as  sulfuryl-fluoride  (SO2F2),  which  has  properties  complementary  to  PH3. 
Here  we  present  the  results  of  PH3+S02F2CO-fumigation  of  key  stored  grain  insect  pests. 

Methodology:  Adult  beetles  were  fumigated  with  PH3  and  S02F2individually  as  well  as  in 
combination  inside  air-tight  desiccators  at  25°C  and  65%  RH  for  48  hours.  Mortality  after  a 
recovery  period  of  14  days  was  recorded  and  the  data  was  subjected  to  probit  analysis. 
Experiments  were  replicated  twice. 

Results:  Comparison  of  estimated  effective  doses  (LC99.9)  of  PH3,  SO2F2  and  PH3+SO2F2  for 
each  of  the  four  PH3-resistant  grain  insect  species,  Tribolium  castaneum ,  Cryptolestes 
ferrugineus,  Sitophilus  oryzae  and  Rhyzopertha  dominca  indicated  that  co-fumigation  with 
SO2F2  at  half  of  its  effective  dose  (0.22-0.82  mg  L'1)  reduced  the  amount  of  PH3  required  to  one 
third  (0.33  to  5.8  mg  L'1).  There  was  no  interaction  between  resistance  to  PH3  and  sensitivity  to 
S02F2.The  analysis  on  observed  and  expected  mortality  response  curves  of  PH3+S02F2in  all  the 
four  species  confirmed  that  the  interaction  was  additive. 

Conclusion:  SO2F2  enhances  the  toxicity  of  PH3  in  an  “additive”  manner  in  PH3-resistant  insect 
species,  thus  treating  PH3  jointly  with  SO2F2  holds  great  potentials  for  pest  and  resistance 
management. 
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Introduction:  Fresh  vegetables  such  as  tomatoes  and  green  pepper  are  important  agricultural 
products  for  Turkey.  The  major  pest  of  these  vegetables  is  Western  Flower  Thrips  (WFT) 
Frankliniella  occidentalis  (Pergande)  (Thysanoptera:  Thripidae)  in  Turkey.  Due  to  infestations 
of  WFT  in  the  exported  products,  tomatoes  and  green  peppers  are  rejected  from  time  to  time.  In 
Turkey,  as  a  postharvest  insects  control  agent,  usually  phosphine  is  used  as  an  alternative  to 
methyl  bromide.  ECO2FUME®  is  a  non-flammable  and  ready  to  use  cylinderized  gas 
formulation,  which  contained  2%  phosphine  and  98%  carbon  dioxide  (w/w).  The  objective  of 
this  work  was  to  evaluate  the  mortality  of  the  WFT  eggs,  larvae,  pupae  and  its  adult  stage. 

Methods:  Insect  materials  were  collected  from  Mersin  and  Adana  districts  of  Turkey.  The 
experiment  set  up  contained  different  phosphine  gas  concentrations:  500  ppm,  1000  ppm  and 
2000  ppm.  Duration  of  exposure  was  24  hours  at  4°C  in  a  cold  storage  warehouse  located  in 
Mersin. 

Results/Conclusion:  The  data  obtained  from  this  study  showed  that  the  minimal  phosphine  gas 
concentration  for  the  complete  mortality  of  all  stages  of  WFT  is  2000  ppm  (24  hours  exposure 
time  at  4°C).  Also  quality  of  treated  products  was  investigated.  After  the  phosphine  treatment 
there  were  no  changes  in  physiologic,  pathological  and  shelf  life  properties  of  the  products.  The 
results  indicate  that  ECO2FUME®  is  suitable  fumigant  at  low  temperature  for  disinfection  of  F. 
occidentalis  from  tomatoes  and  green  peppers  before  shipment. 
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In  the  last  10  years  there  were  two  significant  advances  in  the  development  of  alternative 
treatments  for  postharvest  pest  control  in  USD  A- ARS:  oxygenated  phosphine  fumigation  method 
and  nitric  oxide  fumigation.  Oxygenated  phosphine  is  phosphine  fumigation  in  an  oxygen 
enriched  atmosphere  and  is  significantly  more  effective  than  regular  phosphine  fumigation 
against  pests.  It  is  able  to  control  insects  that  are  tolerant  to  regular  phosphine  fumigation  and 
reduce  treatment  time.  Oxygenated  phosphine  fumigation  was  also  demonstrated  to  be  safe  to 
fresh  products.  Nitric  oxide  was  discovered  to  be  a  potent  fumigant  against  insects  and  mites. 
Because  of  its  reactive  nature  with  oxygen,  nitric  oxide  fumigation  needs  to  be  conducted  under 
ultralow  oxygen  conditions.  More  than  ten  species  of  insects  and  mites  have  been  tested  so  far. 
Nitric  oxide  fumigation  is  effective  against  all  pests  tested  at  various  life  stages.  When  flushed 
with  nitrogen  gas  to  dilute  nitric  oxide  at  the  end  of  fumigation,  nitric  oxide  is  also  safe  to  fresh 
products  based  on  small  scale  laboratory  tests.  In  addition,  nitric  oxide  fumigation  is  also  found 
to  enhance  postharvest  quality  of  fresh  products  such  as  strawberries.  Nitric  oxide  fumigation  is 
also  not  expected  to  have  toxic  residue  in  the  treated  products.  Both  oxygenated  phosphine 
fumigation  and  nitric  oxide  fumigation  developed  at  USDA- ARS  represent  significant  advances 
in  developing  alternative  treatment  for  postharvest  pest  control  and  have  potential  to  benefit 
agriculture. 
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Abstract  text: 

Some  fresh  commodities  such  as  avocados,  mangos,  and  others  do  not  tolerate  methyl  bromide 
fumigation  well.  Physical  mitigation  measures  such  as  hot  or  cold  treatments  may  also  affect  the 
quality  of  these  subtropical  fruits.  Nitric  oxide  as  a  potential  alternative  for  methyl  bromide 
fumigation  will  have  minimal  harmful  effects  to  the  treated  fruit  quality.  To  some  fresh 
commodities  it  will  even  improve  quality  and  extend  their  shelf  lives  as  long  as  the  oxygen 
concentrations  in  the  fumigation  chambers  remain  at  required  low  levels.  This  study  investigated 
the  impact  of  nitric  oxide  fumigation  on  the  quality  of  several  imported  fresh  commodities  and 
the  efficacies  on  Brevipalpus  mites  and  Caribbean  fruit  fly  Anastrepha  suspensa  (Loew).  This 
presentation  also  discusses  utilizing  Control  Atmosphere  facilities  available  in  some  large 
packing  houses  with  minimal  modifications  to  conduct  nitric  oxide  fumigation  at  a  low  oxygen 
level  for  fresh  fruit  and  vegetables. 
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Due  to  the  withdrawal  of  methyl  bromide  for  structural  fumigation  there  is  a  renewed  interest  in 
hydrogen  cyanide  (HCN)  and  phosphine  (PH3)  insecticides  for  mill  fumigation  in  Europe. 
However,  currently  there  is  insufficient  information  concerning  biological  efficacy  and 
concentration-time-products  from  mills  for  these  fumigants.  In  order  to  fill  this  gap  we 
established  two  goals  for  our  study.  The  first  goal  was  to  estimate  the  extent  of  variation  of  HCN 
and  PH3  concentration-time-products  at  various  floors  of  a  flour  mill  building  during  a  “real 
world”  commercial  fumigation.  The  second  goal  was  to  correlate  the  recorded  concentration- 
time-products  of  both  gases  with  their  biological  efficacy  on  the  confused  flour  beetle,  Tribolium 
confusum  Jacquelin  du  Val  (Coleoptera:  Tenebrionidae)  during  the  above  described  mill 


fumigations.  Although  concentration-time-products  (CtP)  estimated  for  HCN  were  less  than  half 
of  the  labelled  HCN  rate  (240  g/h/m3),  100%  efficacy  was  recorded  for  all  tested  life  stages  of  T. 
confusum  in  all  of  the  mill  floors  and  locations  tested.  In  phosphine  application,  CtP  among  the 
six  floors  of  the  flour  mill  varied  between  24  and  38  g/m3/h  being  4.2-2. 6  times  lower  than  the 
labelled  CtP  (99.61  g/m3/h).  Regardless  of  the  floor  and  CtP  variations,  all  adults  and  larvae  T. 
confusum  were  dead.  However,  larval  emergence  from  T.  confusum  eggs  that  were  used  in  the 
bioassays  was  recorded  at  some  of  the  locations  tested,  indicating  reduced  ovicidal  effect. 
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The  efficacy  of  two  concentrations  of  ozone  (0.21  and  0.42  g/m3)  against  three  of  Rhyzopertha 
dominica  was  evaluated  at  28  °C  and  15%  r.h..  Vials  holding  20  adults  with  0  or  10  g  of  wheat 
were  exposed  to  ozone  for  up  to  24  h  to  estimate  the  lethal  dose  (LD50  and  LD99).  After  the 
ozone  exposure,  mortality  was  assessed  on  day  1  and  5.  Mortality  on  day  5  was  greater  than  day 
1.  After  exposure  to  0.21  g/m3  of  ozone  for  24  h,  for  strains  treated  with  or  without  wheat,  the 
mortality  at  day  5  was  77  to  86%  and  96  to  97%,  respectively.  After  exposure  to  0.42  g/m3  of 
ozone  for  16  h,  mortality  on  day  5  with  or  without  wheat  was  100%  for  all  samples.  There  was 
no  significant  difference  between  the  LD50  values  of  the  samples  treated  at  0.21  and  0.42  g/m3 
regardless  of  the  strains  or  the  presence  of  wheat.  The  efficacy  of  ozone  in  killing  phosphine 
susceptible  and  resistant  strains  was  similar  based  on  LD50  values.  Small  amount  of  wheat  (10  g) 
affected  efficacy  at  0.21  g/m3,  but  showed  no  significant  effect  at  0.42  g/m3.  This  indicated  that 
ozone  can  react  with  active  sites  on  the  surface  of  wheat  kernels  prior  to  reaching  an  effective 
concentration  to  kill  the  insects.  High  ozone  concentration  in  the  supply  air  certainly  reduced  the 
time  to  saturate  the  active  sites  and  ensure  adequate  levels  of  free  ozone  in  the  wheat  kernel 
matrix  to  kill  all  insects. 
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Introduction:  While  cowpea  weevils,  Callosobruchus  maculatus ,  are  an  extremely  destructive 
pest  of  stored  cowpea,  hermetic  storage  has  shown  to  be  effective  in  controlling  them  by  creating 
a  low-oxygen  environment.  Studies  have  reported  that  oxygen  levels  inside  hermetic  bags 
containing  infested  cowpea  grain  reached  as  low  as  2-3%  levels  within  a  few  days  of  sealing. 
Nevertheless,  there  is  no  substantial  information  on  how  hypoxic  conditions  affect  cowpea 
weevil  development,  especially  the  reproductive  behavior  of  female. 

Methods:  In  this  study,  we  exposed  freshly  emerged  gravid  female  of  cowpea  weevil  to  >1%, 

4%,  8%,  or  ambient  (Control)  levels  of  O2  for  1,  4,  7,  or  10  days  (d).  We  recorded  data  on  i) 
number  of  the  eggs  laid  under  the  different  length  of  hypoxic  conditions,  ii)  number  of  eggs  laid 
under  post-hypoxic  conditions  by  surviving  females,  iii)  the  percentage  of  adult  emergence  from 
hypoxia  exposed  eggs,  and  iv)  the  time  required  for  the  immature  stage  development  under 
varying  lengths  of  hypoxic  conditions. 

Results/Conclusion:  Results  show  that  C.  maculatus  can  tolerate  exposure  to  >1%  O2  condition 
for  1  d  but  not  beyond  4  d.  Exposure  to  8%  O2  level  did  not  significantly  affect  C.  maculatus. 
Additionally,  the  extended  exposure  to  hypoxic  conditions  caused  a  significant  reduction  in  egg 
laying  by  a  female.  Our  results  will  help  in  improving  the  use  of  hermetic  technology  to  reduce 
insect  related  post-harvest  losses. 
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Introduction:  Insect  pests  cause  substantial  losses  during  postharvest  storage.  Major  postharvest 
insects  pests  include  the  Indian  meal  moth  ( Plodia  interpunctella  Huebner^  the  maize  weevil 
(Sitophilus  zeamais  Motshulsky),  the  cowpea  bruchid  (Callosobruchus  maculatus  Fabricius^,  and 
the  larger  grain  borer  ( Prostephanus  truncatus  Horn).  Hermetic  storage  containers  are  among  the 
most  successful  storage  solutions  implemented.  With  the  increased  use  of  hermetic  technologies 
comes  a  need  to  understand  the  biology  of  specific  storage  pests  and  their  responses  to  hypoxia. 

Methods:  In  the  present  study,  we  tested  a  novel  analytical  method  and  evaluated  the  Oxy Sense 
5250i  as  to  its  effectiveness  in  measuring  the  lifetime  oxygen  consumption  of  two  insect  pests: 
cowpea  bruchid  and  Indian  meal  moth. 

Results/Conclusion:  We  found  that  the  cowpea  bruchid  consumes  approximately  8.9  ±  0.4  mL 
(per  insect)  over  its  developmental  period  (29.7  days).  These  results  were  not  significantly 
different  from  those  previously  recorded  using  other  methods.  We  found  that  the  Indian  meal 
moth  consumes  approximately  29.25  ±  4.9  mL  (per  insect)  of  oxygen  over  its  developmental 
period  (80.25  days).  The  average  daily  oxygen  consumption  of  the  Indian  meal  moth  was  higher 
than  that  of  the  cowpea  bruchid.  This  information  about  lifetime  oxygen  consumption  adds  to 
our  understanding  of  insect  physiology,  and  allows  for  an  assessment  of  the  effectiveness  of 
hermetic  technology  and  its  ability  to  provide  protection  against  major  postharvest  insect  pests. 
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Introduction:  Biological  invasion  is  a  key  component  of  environmental  change,  reducing 
ecosystem  services,  constraining  the  maintenance  of  biological  diversity  and  leading  to 
homogenisation  of  global  biodiversity.  Although  globally  thousands  of  insects  have  been 
introduced  to  new  areas,  there  are  less  than  100  species  that  have  been  documented  to  have 
made  significant  impacts  on  the  receiving  community.  Nevertheless,  these  insect  invaders  can 
have  a  range  of  impacts,  such  as  predation  of  native  prey,  competition  for  food  resources, 
disruption  of  pollination  services,  or  altering  nutrient  cycling.  Invasion  meltdown,  where 
multiple  invasive  species  facilitate  enhanced  abundance  of  an  invasive  species,  can  lead  to  more 
dramatic  impacts.  These  complex  mechanisms  can  operate  at  different  scales  and  potentially 
interact  or  cascade,  making  it  difficult  to  predict  likely  impact  of  new  arrivals  or  to  prioritise 
which  established  invasive  species  to  manage.  One  accepted  generalisation  is  that  invasive 
species  exploit  functional  gaps  in  the  native  biota.  Furthermore,  food  networks  and  the 
evolutionary  and  invasion  history  of  an  introduced  species  can  be  used  to  predict  invasion 
outcomes.  There  are  a  few  insect  species  that  are  well  known  to  have  caused  major  impacts  in  a 
range  of  different  countries,  particularly  Solenopsis  invicta  and  Linepithema  humile.  However, 
predicting  the  ecological  impact  of  introduced  insects  remains  challenging.  I  will  evaluate  recent 
advances  in  our  understanding  of  the  impact  of  insect  invaders  and  how  we  can  use  this  to 
improve  our  ability  to  manage  these  species. 
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Introduction:  Maurice  Maeterlinck  pondered  the  mysteries  of  honey  bee  societies.  How  do  they 
display  such  complex  behavior  without  any  central  organizer?  He  proposed  a  mystical  "spirit  of 
the  hive"  that  needed  to  be  found  and  identified.  I  will  present  research  over  the  past  30  years 
that  unravels  the  spirit  of  the  hive,  show  what  it  is,  where  it  "resides",  and  how  it  evolves.  Using 
artificial  selective  breeding  as  an  analog  of  natural  selection,  I  present  the  results  of  more  than  30 
generations  of  breeding.  Selective  breeding  for  a  single  social  trait,  the  amount  of  surplus  pollen 
stored  in  the  nest  (pollen  hoarding)  revealed  a  phenotypic  architecture  of  correlated  traits  at 
multiple  levels  of  biological  organization  in  facultatively- sterile  female  worker  honey  bees. 
Genetic  mapping  demonstrated  that  the  phenotypic  architecture  is  a  consequence  of  a  genetic 
architecture  rich  in  pleiotropy  and  epistasis.  Gene  knockdown  studies  and  transplantation  of 
ovaries  provides  strong  support  for  the  hypothesis  that  division  of  labor  and  foraging 
specialization  are  derived  from  the  reproductive  cycle  of  solitary  insects  and  under  the  control  of 
the  ovaries.  Ovary  development  in  worker  honey  bees  is  under  the  control  of  a  social  genome 
that  results  in  the  joint  developmental  control  of  the  immature  worker  larva  and  its  nestmates  that 


feed  it.  These  changes  in  ovary  development  in  worker  larvae  resulted  in  changes  in  complex 
interactions  among  adults  resulting  in  fundamental  changes  in  social  structure...  the  spirit  of  the 
hive. 
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Introduction:  Desert  mites  have  been  the  focus  of  research  in  the  southwestern  USA  by  a  number 
of  authors,  but  nearly  all  of  their  work  was  concentrated  on  soil  and  litter  mites  with  little  or  no 
mention  of  surface  active  Acari.  Most  of  Acari  in  these  studies  were  collected  by  Berlese  of  litter 
or  soil  cores  which  provides  little  or  no  information  on  surface  active  mites.  Pitfall  sampling  as  a 
technique  to  survey  mites  is  not  commonly  used.  The  Acari  in  pitfall  traps  are  typically  ignored 
or  discarded,  especially  when  captured  in  the  course  of  studies  focusing  on  non-mite  organisms. 
A  few  studies  where  the  mites  were  acknowledged,  they  were  usually  only  identified  as  Acari  or 
only  to  the  major  mite  groups. 

Methods:  Six  sets  of  dry,  unbaited  and  uncovered  pitfall  traps  were  set  at  each  of  6  sites,  in  the 
northern  Chihuahuan  desert  in  Presidio  County,  Texas,  USA.  Each  set  of  traps  ran  for  four  days 
in  April  and  October  2015.  The  accumulated  arthropods  were  removed  from  all  traps  at  least 
once  every  24  hours. 

Results:  Mites  were  the  most  numerous  surface  active  arthropods  at  all  six  sites.  Anystidae  (2 
genera)  and  Erythraeidae  (5  genera)  were  the  most  commonly  collected  mites.  Other  mites 
collected  included:  Adamystidae,  Bdellidae,  Caeculidae,  Nanorchestidae  Teneriffiidae  and 
Tetranychidae.  Most  mites  were  surface  active  only  during  the  daylight  hours.  More  mites  were 
collected  in  open  areas  than  under  or  near  vegetation. 
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Introduction:  This  study  examines  the  variation  of  soil  mite  communities  in  metropolitan  forest 
areas  initially  chosen  for  their  vegetative  and  management  history  similarities.  We  asked  the 
questions:  1)  How  heterogeneous  are  the  communities  within  and  between  plots?  2)  How  do  soil 
environmental  variables  vary  within  plots  and  does  this  relates  to  dissimilarity  between  mite 
communities?  3)  How  do  ranges  of  community  dissimilarity  and  soil  chemical  variables  in  these 
sites  compare  to  findings  in  previous  literature  given  the  known  similarity  of  these  plots  a  prioril 

Methods:  This  study  was  conducted  in  the  Chicago,  Illinois  metropolitan  area  over  the  summer 
of  201 1.  Soil  samples  of  approximately  300  ml  were  collected  from  74  plots  scattered  across  14 
localities  in  the  region.  Mite  specimens  were  extracted  by  modified  Berlese  funnel  and  sorted  to 
taxonomic  family.  We  analyzed  the  data  using  general  descriptive  statistics  and  multivariate 
PCoA. 

Results:  Our  results  show  oribatid  mites  in  the  Oppiidae  family  to  be  the  most  numerous  family 
in  our  study.  Our  results  also  support  previous  findings  that  pH  is  a  major  descriptor  in  the 
differences  between  mite  community  structure.  Comparisons  of  our  results  to  previous  studies 
are  discussed  in  depth  with  an  emphasis  on  landscape-level  environmental  variables. 
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Introduction:  The  ectoparasitic  mite  Varroa  destructor  continues  to  be  the  primary  nuisance  to 
honey  bee  (Apis  mellifera )  colonies  in  the  USA.  High  Varroa  infestations  often  cause  colonies  to 
collapse  and  die.  Varroa  mites  were  initially  controlled  with  two  in-hive  miticides:  the 
organophosphate  coumaphos  and  the  pyrethroid  fluvalinate.  Although  neither  are  currently  used 
(due  to  the  development  of  mite  resistance),  coumaphos  and  fluvalinate  are  still  found  at  high 
concentrations  in  commercial  colonies  across  the  country,  likely  due  to  their  long  half  life  and 
their  absorption  into  lipophilic  beeswax.  Sublethal  in-hive  levels  of  these  miticides  have  been 
shown  to  cause  colony-wide  health  problems.  To  date,  most  studies  on  the  effects  of  miticides  on 
colony  health  have  either  not  used  field-relevant  concentrations  of  miticides,  or  have  not 
explored  the  potential  synergistic  effects  of  miticide  combinations. 

Methods:  In  this  study,  we  explored  whether  the  combined  presence  of  coumaphos  and 
fluvalinate  in  the  queen-rearing  environment  has  an  effect  on  queen  reproductive  health  by 
raising  queens  in  miticide-free  beeswax  or  beeswax  containing  known  concentrations  of  both 
coumaphos  and  fluvalinate.  We  measured  queen  attractiveness  to  workers,  a  proxy  measurement 
for  queen  health,  as  well  as  conducted  physiological  measurements  such  as  ovariole  counts  and 
sperm  viability. 

Results:  Our  results  indicate  that  exposure  to  miticides  during  development  severely  alters  the 
reproductive  health  of  honey  bee  queens  by  impacting  the  composition  of  queen  pheromones, 
which  are  used  to  attract  caretakers,  and  queen  reproductive  physiology.  Our  results  have 
important  implications  regarding  the  potential  synergistic  effects  of  in-hive  miticides  on  colony 
health. 
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Abstract  text: 

Tenuipalpidae  includes  mites  that  are  vectors  of  viruses  of  agriculturally  important  plants.  In 
Brevipalpus  yothersi  Baker,  the  endosymbiotic  bacteria  Cardinium  has  been  associated  with  the 
presence  of  female-only  colonies  (telytokous  parthenogenesis).  Currently,  it  is  unclear  what  the 
microbial  composition  of  B.  yothersi  is,  and  how  common  Cardinium  is  in  those  microbial 
communities. 

We  performed  a  comparative  analysis  of  the  microbiomes  (both  Mycobiome  and  bacteriome)  of 
three  populations  of  B.  yothersi ,  as  well  as  the  microbial  communities  in  Raoiella  indica , 
Tetranychus  evansi  and  an  tetranychid  using  sequences  from  a  16S  ribosomal  and  ITS  DNA 
fragments. 

Regarding  to  bacteriome  those  mites  were  dominated  by  Bacteroidetes  (especially  Cardinium) 
and  Proteobacteria,  and  the  alpha  diversity  was  remarkably  low.  Cardinium  was  present  in  22% 
of  all  sequences;  however,  it  was  not  present  in  R.  indica  and  T.  evansi.  In  B.  yothersi ,  the 
proportion  of  Cardinium  was  higher  in  adults  than  eggs,  suggesting  that  the  proliferation  of  the 
bacteria  could  be  the  result  of  selective  pressures  from  the  host.  This  hypothesis  is  further 
supported  because  colonies  of  B.  yothersi  from  different  host  plants  showed  different  microbial 


assemblages,  and  microbiomes  from  different  mite  species  showed  similar  abundances  of 
Cardinium. 

Together,  these  results  represent  a  first  glimpse  into  the  evolution  of  the  Tetranychoidea  and 
their  symbionts  in  the  genus  Cardinium.  Considering  the  mycobiome  most  of  OTUs  were 
associated  to  the  genera  Malassezia ,  Meira,  Wallemia ,  Peltaster  and  Paraconiothyrium. 
Preliminary  observation  is  indicating  a  foundation  effect  associated  the  original  plant  host 
influencing  the  current  microbial  community  signature  found  on  them. 
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Abstract  text: 

Introduction:  Nasal  mites  (Acari:  Mesostigmata  and  Prostigmata)  are  endoparasites  that  spend 
their  entire  life  cycle  inside  the  nasal  cavities  and  respiratory  passages  of  birds.  The  Brown- 
Headed  cowbird  ( Molothrus  ater)  is  an  icterid  bird  that  uses  brood  parasitism  as  a  reproductive 
strategy  in  which  it  lays  an  egg  in  the  nest  of  a  different  bird  species  and  allows  the  host  to  raise 
its  young.  Interestingly,  nasal  mites  in  cowbirds  represent  some  species  shared  by  other  icterids 
and  others  known  from  common  host  groups. 

Methods/Results:  A  population  of  128  M.  ater  from  Fort  Hood  Texas,  was  analyzed  and  65  birds 
were  infected  with  nasal  mites  (50.78  %  prevalence).  We  address  the  question  of  whether 
cowbirds  are  acquiring  nasal  mites  when  host  parent  is  feeding  their  young,  or  whether  mites  are 
transferred  during  social  interaction  of  icterids,  which  are  commonly  found  in  large,  multi¬ 
species  flocks. 
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Abstract  text: 

Introduction:  Proposing  well-supported  species  hypotheses  are  the  driving  force  of  taxonomy.  A 
unique  challenge  is  the  sheer  number  of  species  on  earth  that  require  discovery  and  description. 
Species  hypotheses  are  usually  supported  by  a  single  line  of  evidence — morphology.  However, 
both  the  rigor  and  speed  of  species  delimitation  can  be  increased  when  several  methods, 
including  molecular,  morphological,  and  biogeographic  information,  are  incorporated  in  an 
integrative  manner.  Water  mites,  which  are  important  to  most  freshwater  ecosystems,  are  perfect 
organisms  with  which  to  employ  diverse  taxonomic  methods  because  they  are  common,  diverse, 
under- studied,  and  communities  often  contain  closely  related  species  that  are  morphologically 
similar.  Further,  it  has  been  suggested  that  the  reason  water  mites  are  under-represented  in 
hypothesis-driven  research  is  due  to  poorly  defined  taxonomy. 

Methods:  This  study  examines  one  such  water  mite  genus — Monatractides  (Parasitengona: 
Torrenticolidae) — which  are  widespread,  yet  only  13  species  are  known  from  North  America.  To 
redress  this  and  complement  morphological  work,  the  “barcoding”  region  of  COI  was  examined 
in  combination  with  morphology  and  biogeography. 

Results/Discusssion:  This  study  details  the  known  Monatractides  of  North  America  (north  of 
Mexico),  adding  new  species  and  expanding  information  on  previously  described  species.  We 
also  highlight  the  value  of  molecular  approaches  both  for  delimiting  species,  particularly  with 
under-studied  groups  that  exhibit  a  great  deal  of  morphological  similarity. 
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Abstract  text: 

Introduction:  Water  mites  constitute  an  extremely  successful  radiation,  with  well  over  6,000 
species  organized  into  over  400  genera.  They  are  dominant  members  of  many  freshwater  systems 
and  the  parasitic  larvae  influence  host  insect  populations  by  affecting  fecundity  and  longevity. 
Despite  their  importance,  water  mites  are  hugely  understudied,  with  most  species  undescribed. 

Methods:  The  present  study  sets  out  to  describe  the  diversity  of  the  most  abundant  genus  in 
flowing  water  ecosystems  of  North  America — Torrenticola  (Parasitengona:  Torrenticolidae). 
Prior  to  our  investigation,  only  22  species  had  been  described  from  North  America  (north  of 
Mexico),  primarily  from  California  or  the  northeast. 

Results:  Using  huge  holdings  from  the  Canadian  National  Collection,  we  delimited  43  new 
species  and  examined  their  evolution  in  North  America  using  a  combination  of  morphology, 
molecular  phylogenetics,  and  biogeography. 
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Introduction:  Members  of  the  genus  Tyrophagus  includes  around  35  species,  with  most  having  a 
global  distribution  and  occupying  a  wide  range  of  habitats.  The  identification  of  Tyrophagus  has 
been  accomplished  mostly  by  morphology,  however  in  certain  cases  this  can  be  challenging  due 
to  the  similarity  of  the  characters  and  the  presence  of  cryptic  species.  Some  progress  separating 
species  boundaries  in  this  genus  has  been  made,  however  the  major  advances  are  made  just  for 
few  species. 

Methods:  Here  we  show  a  Bayesian  species  delimitation  analysis  for  different  species  of 
Tyrophagus  from  diverse  geographic  regions  (Belgium,  USA,  Cuba,  Puerto  Rico,  Japan,  Brazil, 
Czech  Republic,  England,  Germany,  Costa  Rica,  Russia  and  Spain).  The  phylogenetic  tree  was 
assembled  from  1  mitochondrial  (E3  kb)  and  2  nuclear  (2.8  kb)  genes.  A  complex  population 
genetic  structure  for  Tyrophagus  is  revealed  for  the  species  T.  putrescentiae  s.  lat. ,  which 
includes  four  divergent  clusters  (Tpr,  Tf,  Tpl,  Tp2).  For  all  the  species  used  in  this  analysis,  high 
posterior  probabilities  were  acquired  in  the  species  model  implemented  by  BPP. 

Results:  All  the  lineages,  except  for  T.  putrescentiae  (0.16-0.817),  had  posterior  probabilities 
higher  than  0.988,  suggesting  that  these  lineages  can  be  treated  as  reliable  species  with  some 
confidence.  Because  these  results  correlate  well  with  morphology,  one  can  confidently  assume  a 
determinate  status  for  all  the  species  with  the  exception  of  T.  putrescentiae  (Tpl,Tp2). 

Additional  collecting  is  required  to  untangle  the  final  delimitation  of  these  species.  The 
remaining  samples  are  identifiable  as  species  that  have  already  been  described  and  named. 
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Introduction:  The  Eriophyoidea  have  one  of  the  most  unusual  and  apomorphic  mouthpart 
morphologies  among  all  of  the  Arachnida.  They  possess  a  number  of  gnathosomal  structures 
with  no  known  homologues,  including  additional  stylets  and  a  motivator.  Also,  their  stylets  have 
integrated  with  the  subcapitulum  via  a  membranous  sheath.  Similarities  between  the 
Eriophyoidea  and  the  Nematalycidae  have  been  attributed  to  convergence.  However,  the 
mouthparts  of  these  two  taxa  have  never  been  closely  compared  for  similarities. 

Method:  The  mouthparts  of  a  number  of  different  species  of  the  Nematalycidae  were  examined 
using  low-temperature  SEM  and  confocal  laser  scanning  microscopy  (CLSM).  They  were  then 
compared  with  SEM,  TEM  and  CLSM  images  of  the  mouthparts  of  the  Eriophyoidea. 

Results/conclusion:  In  some  of  the  Nematalycidae,  the  chelicerae  have  integrated  with  the 
subcapitulum  via  membranous  extensions  of  the  latter.  The  tendency  towards  this  mode  of 
gnathosomal  integration  may  be  a  synapomorphy  that  unites  the  Nematalycidae  with  the 
Eriophyoidea.  This  is  consistent  with  the  results  of  very  recent  phylogenetic  analyses 
(unpublished),  which  provide  relatively  strong  support  for  this  new  clade. 
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Control  of  tick  and  mite-borne  diseases  that  threaten  global  public  health  and  biosecurity  is  a 
significant  societal  need,  requiring  research  preparedness  and  continual  development  of 
innovative  interventions.  Recent  advances  in  tick  and  mite  genomics  and  research  towards  new 


paradigms  for  control  of  tick-borne  diseases  will  be  presented,  focusing  on  transformative 
technologies. 
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Introduction: Tick-borne  pathogens  are  sensitive  to  differences  in  geography,  which  can  influence 
vector  survival  and  reproduction,  feeding  patterns,  and  pathogen  incubation. 

Methods:  High  throughput  sequencing  of  bacteria  16S  rRNA  gene. 

Results/Conclusion:  Our  ongoing  study  suggests  that  the  tick-borne  pathogens  are  affected  by  the 
interactions  between  bacteria,  tick  hormones  and  tick  gender,  which  can  significantly  influence 
the  relative  population  sizes  of  the  different  resident  pathogenic  bacteria. 
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Introduction:  Dermacentor  variabilis  upregulate  antimicrobial  peptides  (AMPs)  in  response  to 
rickettsial  infection.  The  mechanism  required  for  the  regulation  of  AMPs  in  the  tick  has  yet  to  be 
fully  characterized.  The  Rel/NF-kB  transcription  factors  Dorsal,  Dif,  and  Relish  control  AMP 
regulation  in  model  arthropods.  The  goal  of  the  research  is  to  identify  and  functionally 
characterize  Rel/NF-kB  proteins  in  D.  variabilis,  while  examining  the  interactions  of  these 
proteins  in  the  regulation  of  immune  responsive  genes  in  Rickettsia- infected  D.  variabilis. 

Methods:  Both  homolog  cloning  and  RACE  techniques  were  employed  to  isolate  a  transcript 
encoding  for  Relish-type  NF-kB  transcription  factor  in  D.  variabilis.  Characterization  of 
expression  of  DvRelish  transcript  after  infection  by  capillary  feeding  or  needle  inoculation  was 
quantified  by  qPCR.  Western  blot  and  immunofluorescence  analysis  were  utilized  to  examine 
Relish-type  NF-kB  expression  and  activation  in  exposed  ticks  in  a  temporal  fashion. 

Results/Conclusion:  A  D.  variabilis- derived  Relish  molecule  (DvRelish)  was  identified  and 
assessed  for  transcription  and  protein  activation.  After  challenge  with  Rickettsia ,  expression  of 
DvRelish  transcript  increases  significantly  after  1  hour  as  compared  to  sham  inoculated 
or  Pseudomonas  aeruginosa  injected  ticks.  Protein  analysis  confirmed  the  expression  and 
nuclear  translocation  in  response  to  SFG  Rickettsia  infection.  Understanding  the  molecular 
regulation  of  the  immunological  response  to  rickettsial  infection  in  ticks  may  better  define  the 
mechanisms  of  vector  competence. 
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Introduction:  Ticks  do  not  have  the  insect  hormone,  JH  (juvenile  hormone),  critical  to  insect 
development  and  reproduction.  Unresolved  is  whether  the  entire  biosynthsis  pathway  leading  to 
JH  is  absent  in  ticks  and  whether  this  pathway  along  with  neurohormones  have  any  role  in  tick 
biology  including  female  reproduction. 

Methods:  Next-gen  sequencing  of  the  tick  synganglion  transcriptome  was  conducted  separately 
in  adults  of  the  American  dog  tick,  Dermacentor  variabilis ,  the  deer  tick,  Ixodes  scapularis ,  and 
the  relapsing  fever  tick,  Ornithodoros  turicata. 

Results/Conclusion:  Ticks  have  the  transcripts  for  both  the  mevalonate  pathway  and  part  of  the 
JH  branch  in  their  synganglion  but  not  the  transcripts  for  making  JH  and  along  with  a  number  of 
neuropeptides  appear  to  be  using  this  system  to  regulate  adult  growth  and  reproduction  in 
surprising  ways. 
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Introduction:  Understanding  the  interactions  that  occur  between  ticks  and  their  host  during 
hematophagy  is  crictical  to  vaccine  development  and  the  mitigation  of  the  transfer  of  disease 
organims  from  the  tick  to  the  host. 


Methods:  LC-MS/MS  was  used  to  identify  Ixodes  scapularis  and  Amblyomma  americanum  tick 
saliva  proteins  that  are  sequentially  secreted  every  24h  during  tick  feeding. 

Results/Conclusion:  This  analysis  revealed  evidence  for  an  antigenic  variation  equivalent 
mechanism  in  tick  saliva.  Implications  of  these  data  on  future  tick  vaccine  research  are 
discussed. 
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Introduction: Ticks  are  the  vector  of  the  many  different  organisms  responsible  for  both  animal 
and  human  diseases.  Understanding  the  progress  we  have  made  and  new  directions  in  tick 
control  is  critical  to  the  sustainablility  of  human  and  animal  health. 

Methods:  Integration  of  vaccines,  acaricides,  and  new  acaricide  application  technologies. 

Results/Conclusion:  Much  progress  has  been  made  in  the  development  of  tick  control  since  the 
1800s.  Immunogenic  control  of  ticks  through  vaccination  in  combination  with  systemic  and  safer 
topical  plant-based  acaricides  applied  with  modern  spray  delivery  systems  represents  a 
potentially  marked  increase  in  efficiency  in  tick  control  over  traditional  control  methods. 
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Introduction :New  innovations  and  approaches  for  tick  control  are  needed  including  non- 
traditional  thinking  about  how  to  reduce  tick  contact  with  humans  and  animals.  Also  technology 
is  needed  which  is  easy  to  implement,  reduces  the  amount  of  chemical  pesticides  requred,  is 
attractive  to  end  users,  and  is  cost  effective  in  the  production  of  the  final  product. 

Methods:  TickBot,  a  modified  remote-controlled  car  that  drags  a  cloth  treated  with  a  chemical 
that  kills  ticks  on  contact  was  developed.  TickBot  was  tested  at  a  wildlife  refuge  in  Portsmouth, 
Virginia. 

Results/Conclusion:  Experiments  with  the  TickBot  demonstrated  the  ability  to  reduce  tick 
populations,  and  thus  risk  of  tick-borne  diseases  to  nearly  zero  for  nearly  24  hours  in  a  given 
space. 
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Abstract  text: 

Introduction:  The  Haller's  organ  is  unique  to  ticks  and  is  a  molecular  black  box.  The  signal 
transduction  pathway  for  olfactiion  has  not  been  characterized  and  the  role  of  the  Haller's  organ 
in  tick  biting  is  mostly  assumed.  How  tick  olfaction  is  regulated  is  unkown.  Understanding  tick 
olfaction  can  lead  to  new  methods  of  tick  repellency  and  attraction,  both  useful  in  tick  control 
and  the  prevention  of  tick  blood  feeding. 

Methods:  Differential  transcriptomics,  genomics,  bioassay  and  a  comprehensive  review  of 
acarine  attractants  was  used  to  study  tick  olfaction. 

Results/Conclusion:  Differential  transcriptomics,  genomics,  bioassay  and  a  comprehensive 
review  of  acarine  attractants  has  led  to  a  new  understanding  of  what  makes  ticks  bite  and  the 
mechanism  of  chemoreception.  The  major  lesson,  ticks  are  not  insects.  New  opportunities  now 
exist  for  the  development  of  next  generation  tick  control. 
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Introduction:  Borrelia  hemsii ,  the  primary  cause  of  relapsing  fever  of  humans  in  North  America, 
is  maintained  in  enzootic  cycles  involving  the  soft  tick  vector,  Ornithodoros  hermsi ,  and  a 
variety  of  wild  rodent  species.  As  spirochetes  alternate  infection  in  mammals  and  ticks,  surface 
proteins  specific  for  each  of  these  hosts  are  differentially  produced  that  are  essential  for 


perpetuation  of  the  bacteria  in  mammals  (via  immune  evasion)  and  subsequent  infection  when 
transmitted  by  tick  bite. 

Methods:  While  this  alternation  of  tick-to-mammal-to  tick  is  considered  the  normal  maintenance 
cycle  through  this  mode  of  horizontal  transmission,  other  mechanisms  may  play  previously 
underestimated  roles  in  perpetuating  these  spirochetes  in  nature.  Vertical  transmissions  from 
infected  female  ticks  to  their  progeny  (transovarial  transmission)  and  maintenance  from  one 
post-embryonic  stage  to  the  next  (transstadial  transmission)  are  efficient  means  to  help  sustain 
the  spirochetes  in  a  natural  focus  without  infection  and  amplification  in  mammals.  Other 
mechanisms  may  include  hyperparasitism,  where  uninfected  ticks  acquire  spirochetes  when 
feeding  on  other  recently  fed  infected  ticks.  Mammals  may  also  become  infected  by  ingestion 
when  cannibalizing  moribund  individuals  that  are  spirochetemic. 

Results/Conclusion:  These  various  modes  of  transmission  will  be  discussed  and  prioritized  for 
their  role  in  the  perpetuation  of  tick-borne  relapsing  fever  spirochetes. 
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Introduction:  Ornithodoros  brasiliensis ,  popularly  known  as  mouro  tick,  is  a  species  only  found 
in  highlands  region  of  Rio  Grande  do  Sul  state,  Southern  Brazil.  Since  initial  reports,  O. 
brasiliensis  was  considered  a  potential  health  hazard  in  Southern  Brazil  due  to  human  parasitism 
and  induction  of  severe  local  and  systemic  disturbances  after  tick-bite. 

Methods:  Previously,  we  found  O.  brasiliensis  on  several  different  farms  within  this  region. 
Ticks  were  always  found  in  high  density  buried  in  soil.  The  data  of  our  surveys  indicates  that  O. 


brasiliensis  feeds  on  humans,  dogs,  armadillos  (Dasypus  hybridus ),  and  possibly  skunks 
( Conepatus  chinga).  A  risk  factor  analysis  indicated  that  presence  of  house  basements  with  an 
unpaved  (natural  soil)  floor  on  farms  and  insufficient  sanitary  conditions  significantly  enhanced 
the  odds  of  O.  brasiliensis  ocurrence.  Study  of  retrospective  cases  of  parasitism  in  humans  and 
dogs  showed  that  most  common  symptoms  associated  to  parasitism  are  erythema,  edema,  pain 
and  slow  healing  lesion,  and  often  systemic  disturbances.  This  clinical  picture  can  be  reproduced 
in  rodents  experimentally  infested  under  laboratory  conditions.  This  condition  was  compatible 
with  non-infectious  tick  toxicosis.  Also,  we  established  a  laboratory  colony  of  O.  brasiliensis.  It 
allows  the  identification  of  salivary  toxins  potentially  involved  in  tick  toxicosis,  such  as  anti- 
angiogenic  compounds,  which  can  inhibit  in  vivo  wound  healing. 

Results/Conclusion:  The  set  of  data  available  places  O.  brasiliensis  as  an  emerging  public  health 
issue  in  Southern  Brazil,  and  highlights  the  need  of  permanent  investigation  concerning  ticks 
biology,  ecology  and  peculiarities  in  each  habitat. 
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Introduction:  Ticks  (Ixodida)  are  obligate  blood-feeding  ecto-parasites  and  composed  of  three 
families,  hard  (Ixodidae),  soft  (Argasidae)  and  the  monotypic  Nuttalliella  namaqua.  Mechanisms 
to  modulate  the  vertebrate  host’s  defences  (hemostatic  and  immune  systems)  evolved  during 
adaptation  to  a  hematophagous  lifestyle.  Few  secretory  orthologs  are  conserved  between  hard 
and  soft  ticks,  suggesting  independent  evolution  of  these  anti-defence  mechanisms.  This  may  be 
due  to  the  long  time  since  divergence  of  the  families  -290  MYA.  However,  argasid  modulating 
mechanisms  are  conserved  in  the  major  soft  tick  genera,  even  though  their  estimated  divergence 
dates  are  not  much  later  (-234  MYA).  The  question  is  raised  as  to  the  extent  of  conservation  of 


function  in  the  soft  tick  lineage  since  few  species  have  been  characterized.  Soft  tick  systematics 
are  not  well  defined  regarding  the  inter-relationships  of  various  soft  tick  genera  making 
evolutionary  inferences  within  the  argasid  lineages  difficult. 

Methods:  In  order  to  address  these  issues,  systematic  markers  (nuclear  rRNA  and  mitochondrial 
genomes)  from  a  variety  of  African  soft  tick  species  and  genera  were  determined  using  next- 
generation  sequencing.  Salivary  transcriptomes  were  also  sequenced  from  selected  species  and 
genera  using  Illumina  MiSeq  sequencing. 

Results/Conclusion:  Systematic  analysis  confirmed  previous  cladistic  classifications.  Sequencing 
of  salivary  gland  transcriptomes  from  various  soft  tick  species  and  genera  allowed  determination 
of  orthologous  relationships  for  various  salivary  protein  families.  Lineage  specific  losses  and 
gains  could  be  delineated  within  the  systematic  framework.  Results  indicate  that  various 
functions  has  been  conserved  within  the  argasid  lineage  despite  -230  MYA  of  exposure  to  the 
vertebrate  host  immune  system. 
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Introduction:  Ticks,  like  all  invertebrates,  lack  an  adaptive  immune  system  and  depend  on  an 
innate  immune  system  that  is  both  cellular  and  humoral  in  nature.  They  are  exposed  to  a  host  of 
microorganisms  within  their  blood  meal,  which  could  be  detrimental  to  them.  Most  of  the 
knowledge  gained  about  this  ancestral  immune  system  has  been  generated  from  work  done  on 
hard  ticks  and  very  little  effort  was  made  when  evaluating  the  immune  response  in  soft  ticks. 
This,  despite  the  fact  that  they  are  extremely  important  vectors  of  neglected  diseases,  caused  by 
various  viruses  and  relapsing  fever  Borrelia ,  in  most  parts  of  Africa. 


Methods:  There  is  a  very  real  need  and  concerted  efforts  are  being  made  to  understand  the 
interactions/evasion  of  the  pathogens  within  this  immune  setup,  primarily  of  the  genus 
Ornithodoros.  The  robust  immune  response  they  display  based  on  the  diversified  set  of  immune 
reactions  including  phagocytosis  and  encapsulation  as  well  as  humoral  factors  like  antimicrobial 
peptides,  thioester  containing  proteins  as  well  as  fibrinogen-related  proteins,  allows  them  to  feed 
on  various  host  types.  Clearly  the  pathogens  ticks  acquire  and  then  transmit  have  evolved 
mechanisms  to  avoid  such  a  well-developed  immune  system. 

Results/Conclusion:  As  seen  in  studies  with  hard  ticks  there  is  the  added  advantage  of 
discovering  immune-related  molecules  that  could  be  possible  natural  antimicrobials  for 
medicinal  purposes  and  there  is  the  potential  for  possible  anti-tick  vaccines  candidates  among 
these  immuno-proteins. 
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Introduction:  Ornithodoros  turicata,  the  human  relapsing  fever  tick,  has  been  collected  from  a 
variety  of  cavity  environments  including  caves,  burrows,  and  nests  situated  in  rural  and 
peridomestic  settings.  There  is  limited  information  available  on  tick-cavity-host  relationships 
that  support  a  thorough  understanding  of  the  interactions  that  sustain  O.  turicata  in  these 
environments,  or  provide  a  basis  for  understanding  tick  dispersal. 

Methods:  A  longitudinal  study  of  four  O.  turicata  infested  caves  in  central  Texas  instrumented 
with  environmental  sensors  and  trail  cams  will  provide  an  examination  of  continuous 
temperature,  relative  humidity  and  light  conditions,  as  well  as  the  identification  of  cave 
visitations  by  vertebrate  animals.  Differences  in  cave  environmental  conditions,  as  well  as  the 


frequency  and  diversity  of  vertebrate  animals  will  be  discussed  in  the  context  of  the  karst 
topography,  geology,  and  physical  characteristics  of  each  cave. 

Results/Conclusion:  An  examination  of  seasonal  phenology  will  be  presented  integrating  the 
cavity-host  relationships  with  tick  activity  and  relative  abundance  assessed  by  carbon  dioxide 
surveillance.  Applications  leading  from  the  findings  of  this  study  will  be  explored,  including 
blood  meal  analysis,  and  surveillance  of  feral  swine  exposed  to  tick  feeding  by  O. 
turicata.  Ornithodoros  turicata  is  a  putative  vector  of  African  swine  fever  virus;  African  swine 
fever  is  a  growing  global  concern. 
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Termites  in  the  subfamily  Macrotermitinae  construct  mounds  of  soil  rising  meters  high.  Little  is 
known  about  the  process  by  which  these  mounds  grow  as  termites  add  fresh  soil.  We  affixed 
arenas  consisting  of  two  Plexiglas  plates,  separated  by  spacers  at  each  side,  but  opened  at  the  top, 
to  Odontotermes  redemanni  colonies  in  the  field.  These  were  left  for  12,  24,  or  48  h.  Initial 
expansion  of  the  termites  between  plates  was  photographed  and  casts  were  made  of  the  interior 
space  between  to  record  the  change  in  void  area  at  each  time  period.  We  made  zinc  endocasts  of 
Macrotermes  michaelseni  mounds  that  showed  external  signs  of  expansion,  and  compared  these 
with  casts  of  mounds  that  showed  none.  We  identified  two  phases  of  nest  expansion.  Initial 
expansion  consists  of  a  scaffold-like  series  of  interconnecting  pillars  and  ridges  giving  rise  to 
what  has  been  termed  spongy  build.  It  is  unclear  what  governs  the  extent  of  this  expansion  phase, 
but  it  ends  with  the  termites  depositing  a  layer  of  soil  that  seals  off  the  scaffold  from  the  external 
environment.  Termites  continue  to  bring  soil  to  the  periphery  of  the  scaffold,  but  now  deposition 
occurs  inside  of  the  covering  soil  envelope.  This  begins  the  second  phase  of  construction  where 
voids  in  the  scaffold  are  filled  from  the  periphery,  back  towards  the  nest.  The  result  of  this 
process  is  an  addition  to  the  nest  that  is  thick,  solid  mass,  with  only  a  few  tunnels  communicating 
from  the  nest  to  the  outside.  The  process  is  similar  to  monocoque  construction  by  humans. 
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Abstract  text: 


Colonies  of  the  Florida  harvester  ant  ( Pogonomyrmex  badius)  excavate  nests  that  can  exceed  2 
meters  in  depth  and  contain  up  to  1 1,000  workers.  By  tracking  the  movement  of  colored  sand 
and  seeds  in  wild  nests,  we  revealed  that  the  veritcal  transport  of  objects  depends  on  sequential 
caching  by  different  worker  groups.  This  deposition  behavior  is  exploited  by  a  newly  described 
Hymenorus  (Alleculidae)  beetle  that  consumes  foraged  items  in  superficial  chambers  before 
transporters  arrive.  Our  study  reveals  the  rate  of  travel  of  sand  and  seeds  with  respect  to  colony 
size  and  nest  depth,  and  emphasizes  how  tasks  are  completed  by  series-parallel  operations. 
Although  this  behavior  may  enahnce  task  efficency,  it  also  presents  an  opportunity  for 
kleptoparasites.  The  relative  consumption  fresh  food  by  beetles  and  ant  larvae  in  parasitized 
nests  suggest  that  the  tradeoff  may  be  significant  in  small  colonies. 
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Introduction:  Termite  mound  structures  unfold  as  an  interface  between  the  constructed  and 
natural  environment  for  its  inhabitants.  These  structures  emerge  by  following  simple  rules  at  a 
local  scale  and  ultimately  result  in  complex  systems  that  are  adaptive  to  changes  in  environment. 
Here  we  explored  the  active  interactions  of  termites  with  phase  responsive  (i.e.  liquid/gas 
transitional)  building  material  (i.e.  mud)  and  the  distortion  of  a  vapour  transition  layer  around 
build  sites  by  air  flow.  We  generated  an  agent  based  computational  model  for  an  additive- 
subtractive  construction  process  that  produces  energy  regulating,  sustainable  structures. 

Methods:  In  this  study,  we  investigated  the  construction  behaviour  of  Macrotermes  michaelseni, 
Odontotermes  obesus  and  O.nredemannion  the  basis  of  their  ability  to  judge  moisture  potential 
of  soil  and  either  depositing  or  excavating  it  in  a  build.  We  also  recorded  the  manner  in  which 
termites  move  and  conduct  construction  behaviours  in  response  to  air  flow  and  relative  humidity 
around  building  sites. 

Results/Conclusion:  Our  model  combines  two  levels  of  stigmergic  feedback.  Much  like  prior 
models,  there  is  direct  information  from  previous  construction,  tactile  sensation  and  level  of 
hydration  within  soil  pellets  previously  placed.  In  addition  we  overlay  a  novel  stigmergic 
template,  termites  moving  within  a  vapour  transition  layer  around  build  sites  governed  by  the 
evaporating  moisture  of  recent  construction.  We  show  how  structure  emerges  from  the 
integration  of  these  two  information  streams. 
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Many  ant  species  excavate  complex  subterranean  nests  composed  of  multiple  chambers  and 
(often)  multiple  shafts.  Most  of  these  nests  are  composed  of  the  same  basic  units  (horizontal 
chambers  connected  by  vertical  shafts)  all  of  whose  elements  can  vary  independently  among 
species,  giving  rise  to  the  large  range  of  observed  nest  sizes  and  architectures.  Two  fundamental 
questions  remain  largely  unanswered:  (1)  how  do  the  ants  create  these  characteristic  subterranean 
nests  in  the  dark  and  without  leaders  or  blueprints;  (2)  do  particular  architectures  evolve  to 
facilitate  particular  colony  functions?  Field  and  laboratory  experiments  on  the  Florida  harvester 
ant,  Pogonomyrmex  badius  reveal  several  aspects  of  nest  creation,  including  its  organization 
during  nest  relocation,  sequential  transport  of  excavated  sand,  and  division  of  labor.  The  function 
of  architecture  is  suggested  by  the  correlation  among  division  of  labor  by  worker  age,  the 
locations  and  movements  of  the  different  ages  within  the  nest.  These  architectural  and  life 
history  features  will  be  reviewed  for  several  other  species,  allowing  broader  generalization 
across  ground-nesting  ants. 
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The  ability  of  many  termite  species  to  build  several-meter-high  mounds  has  made  them  a  system 
of  great  interest  to  scientists  studying  swarm  intelligence  and  collective  behavior.  A  number  of 
theoretical  and  simulation  models  of  their  building  activity  have  been  constructed  and  explored. 
While  these  models  are  designed  based  on  classic  experimental  studies,  many  details  of  the 
behavior  of  these  insects  remain  relatively  uninvestigated.  We  conducted  studies  on  two  species 
of  African  termites,  Macrotermes  michaelseni  and  M.  natalensis ,  in  order  to  construct  detailed 
behavioral  models  based  on  empirical  data.  Major  workers  were  placed  in  arenas  with  soil  and 
their  movement,  excavation,  and  deposition  activity  monitored  for  one  hour.  Semi-automated 
tracking  software  extracted  trajectory  and  behavioral  information  from  video  recordings.  These 


data  provided  a  basis  for  agent-based  models  of  termite  behavior  in  de  novo  construction 
activity.  Surprisingly,  certain  core  assumptions  commonly  made  in  past  modeling  studies  were 
not  reflected  in  the  observed  behavior.  Most  notably,  the  use  of  a  cement  pheromone  is 
traditionally  thought  to  be  a  central  organizing  principle,  in  which  initial  depositions  attract  the 
accumulation  of  further  material  through  a  chemical  signal.  However,  the  experiments  provided 
no  evidence  of  preferential  deposition  near  previous  depositions  in  early  building.  Instead,  the 
most  conspicuous  driver  of  activity  was  excavation,  with  free  termites  more  readily  joining 
excavation  sites  where  more  termites  were  simultaneously  active.  Notably,  many  previous 
models  have  neglected  excavation  altogether.  This  study  is  a  first  step  in  data-driven  behavioral 
modeling  aimed  at  understanding  how  collective  construction  outcomes  emerge  from  individual 
insect  actions. 
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One  of  the  most  spectacular  examples  of  construction  by  social  insects  are  the  self-assembling 
structures  formed  by  New  World  army  ants.  In  order  to  conquer  the  complex  terrain  of  the 
tropical  forests  of  Central  and  South  America,  these  nomadic  ants  create  temporary  support 
structures  with  their  own  bodies  -  bridges,  pothole  covers,  and  buttresses  -  forming  the 
backbone  of  dynamical  ant  “superhighways”.  In  particular,  bridges  formed  by  the  army  ants  can 
self-assemble  across  a  wide  variety  of  environments  and  spanning  conditions,  and  have  been 
shown  to  recover  from  damage,  adapt  their  size  according  to  traffic,  and  even  spontaneously 
disassemble  when  under-used.  The  army  ants’  living  architectures  are  an  existence  proof  of  how 
complex  and  dynamical  biological  structures  can  be  achieved  from  the  cooperation  of  large 
numbers  of  limited  individuals.  Over  the  last  few  years,  such  natural  systems  have  inspired  the 
development  of  a  new  kind  of  robotics,  where  simple,  independent  agents  act  together  to  build 
large-scale  structures  as  needed,  guided  only  by  their  reactions  to  the  local  situations  they 
encounter.  Large  robotic  swarms  that  could  self-assemble  could  accomplish  remarkable  tasks, 
such  as  creating  bridges  to  navigate  complex  terrain,  plugs  to  repair  structural  breaches,  or 
supports  to  stabilize  a  failing  structure.  Nevertheless,  how  to  achieve  complex  artificial  self¬ 
assemblages  remains  poorly  understood.  During  this  talk  I  will  review  our  latest  discoveries  on  - 
and  current  investigations  in  -  the  mechanisms  of  construction  in  New  World  army  ants,  with  the 
goal  to  provide  insight  into  achieving  successful  self-assembly  in  artificial  systems. 
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Abstract  text: 


Introduction:  Construction  is  a  dynamic  disequilibrium  state  between  termites  aggregating 
material,  whilst  others  simultaneously  disaggregate  material  around  them.  The  individual 
decision  to  aggregate  or  disaggregate  material,  at  any  particular  instant  in  time,  is  driven  by  the 
urge  to  interact  with  and  regulate  gradients  within  their  environment.  Termites  act  to  modify 
local  gradients  to  maintain  a  narrow  range  and  maintain  homeostasis. 

Methods:  We  placed  a  100  mm  diameter,  1000  mm  long  Plexiglas  tube  over  a  major  channel 
leading  directly  from  the  nest  to  the  bottom  of  the  tube  by  removing  a  large  and  recent  moundlet. 
It  was  vertically  oriented  and  left  opened  to  allow  an  interaction  with  turbulent  wind  passing 
over  the  top,  and  the  possibility  for  convection  cells  and  turbulent  eddies  to  emerge  within  the 
tube  as  direct  sunlight  heats  the  pipe  differentially.  The  factors  forcing  construction  are  the 
difference  in  relative  humidity  (RH)  in  air  and  relative  moisture  (RM)  content  in  mud  between 
the  inside  and  outside  of  the  mound,  the  number  of  termites,  and  availability  of  moist 
construction  material  to  drive  construction  within  the  cell. 

Results/Conclusion:  Construction  is  opportunistic  along  boundary  layers  and  adaptive  for  a  range 
of  convection  types  at  varying  scales.  Workers  will  respond  to  strong  convention  cells  which  can 
break  boundary  layer  conditions,  but  can  modify  transient  convective  cells  to  stabilise  RH  and 
moisture  gradients.  Workers  can  sustain  large  structures  where  they  can  adapt  and  sustain 
evaporative  constants.  They  can  respond  to  transient  conditions  to  drive  or  sustain  specific 
respiratory,  moisture,  RH,  or  temperature  gradients. 
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Abstract  text: 

Social  animals,  like  Solenopsis  invicta  fire  ants,  build  sophisticated  nests.  Nest  excavation  is 
accomplished  through  the  collective  effort  of  multiple  individuals  working  in  a  crowded, 


confined  environment.  We  hypothesized  that  social  animals  have  evolved  behaviors  that  reduce 
tunnel  crowdedness  during  nest  construction.  To  test  this  hypothesis  we  studied  principles  of 
social  organization  in  groups  of  nest-constructing  fire  ants.  Our  laboratory  experiments  revealed 
unequal  levels  of  activity  among  workers  participating  in  construction  and  an  emergent  U-turn 
behavior,  when  workers  ceased  the  attempt  to  excavate  in  crowded  conditions.  To  better 
understand  if  these  behaviors  are  advantageous  for  collective  organization  in  confined  spaces  we 
performed  robophysical  experiments.  Four  autonomous  robots  were  set  to  excavate  in  a  narrow 
2D  tunnel.  Experiments  with  groups  of  “active”  robotic  diggers  (such  that  each  attempted  to 
maximize  its  digging  performance  without  a  U-turn  behavior)  showed  that  the  traffic  flow 
through  the  tunnels  was  significantly  slowed  by  the  formation  of  robot  clusters.  The 
incorporation  of  an  unequal  workload  distribution  reduced  density  of  the  excavators  in  the 
tunnel,  while  incorporation  of  the  U-turn  behavior  decreased  the  cluster  lifetimes.  Consequently, 
in  experiments  featuring  social  behaviors  the  traffic  flow  of  diggers  displayed  lower  fluctuations. 
In  these  experiments  the  tunnel  excavation  rates  were  higher  and  the  energetic  costs  of 
construction  were  lower  in  comparison  to  the  experiments  with  the  active  robotic  diggers.  The 
results  of  our  robotic  experiments  suggested  that  incorporation  of  social  aspects  in  traffic 
organization  could  be  a  key  for  successful  nest  excavation  in  confined  space. 
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Animal-built  structures  have  long  been  recognized  as  expressions  of  animal  cognition:  Karl  von 
Frisch’s  “frozen  behavior.”  Cognition  is  a  distributed  phenomenon,  so  it  stands  to  reason  that 
structures  built  by  animal  societies  should  be  an  expression  of  a  collective  cognition:  “swarm 
cognition.”  Mounds  built  by  colonies  of  the  macrotermitine  termites  are  among  the  planet’s  most 
sophisticated  animal-built  structures,  and  is  likely  the  expression  of  termites  translating  their  rich 
cognitive  perceptions  of  the  environment  into  a  functional  organ  of  extended  physiology.  I 


explore  some  aspects  of  the  cognitive  perceptions  of  termite  swarms  and  present  a  model  for  the 
morphogenesis  of  the  Macrotermes  mound. 
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Introduction:  The  most  important  pollinators  in  almost  every  region  of  the  world,  bees  are 
critical  to  the  health  of  our  natural,  urban  and  agricultural  landscapes.  As  honey  bees  continue  to 
decline,  new  studies  describe  the  vital  pollination  services  of  native  bees.  A  dearth  of 
information  remains,  but  it  is  increasingly  clear  that  agriculture  across  the  globe  benefits 
tremendously  from — and  may  shortly  require — the  services  of  native  bees  (Milius  2013),  and 
that  wildlife  of  all  kinds  rely  on  the  nourishment  and  shelter  provided  by  flowering  plants  and  the 
bees  that  pollinate  them. 

Work  in  diverse  natural  and  constructed  environments  over  the  last  15  years  has  produced 
encouraging  evidence  that,  given  the  right  resources,  some  constructed  landscapes  can  serve  as  a 
refuge  for  declining  native  bee  species. 

Methods:  The  Urban  Bee  Lab  has  evaluated  thousands  of  ornamental  plants  in  diverse  regions  of 
California,  identifying  over  500  bee-attractive  types  that  can  be  used  to  design  the  highest  quality 
native  bee  habitats  for  specific  regions,  environmental  conditions,  and  human  requirements. 

Results/Conclusion:  This  presentation  describes  the  important  discoveries  we  have  made  about 
the  relationships  between  bees,  flowers  and  people,  and  how  these  findings  can  be  applied  to 
protect  native  bees. 
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Introduction:  Chironomid  midges  (Diptera)  are  often  collected  during  routine  water  quality 
assessment,  but  rarely  identified  to  species  because  morphological  identification  requires  slide 
mounting  and  the  help  from  taxonomic  experts.  This  is  unfortunate  because  different  species 
have  different  habitat  requirements  and  midges  could  be  an  important  bio-indicator  taxon  for 
water  quality  if  the  identification  problems  could  be  overcome. 

Methods:  Here  we  test  the  usefulness  of  a  new  and  cheap  NGS-based  DNA  barcoding  method 
that  yields  barcodes  at  a  cost  of  <$  1/specimen  without  destroying  the  taxonomically  important 
structures.  We  use  this  method  to  barcode  >15,000  specimens  from  man-made  aquatic  habitats  in 
Singapore. 

Results/Conclusion:  We  found  a  surprisingly  small  number  of  species  in  artificial  habitats  (ca.  50 
species  of  midges).  In  contrast,  a  much  smaller  number  of  barcoded  specimens  collected  from  an 
adjacent  swamp  forest  yielded  a  much  larger  number  of  molecular  operational  taxonomic  units 
(MOTUs).  Despite  the  close  proximity  of  the  habitats,  we  find  near-complete  MOTU  turnover. 
We  predict  that  future  bioassessment  programs  will  benefit  tremendously  from  comprehensive, 
species-level  midge  barcoding.  It  now  appears  realistic  and  cost-effective  to  develop  species- 
level  indices  based  on  chironomid  midge  species. 
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Introduction:  The  SMTP  is  a  nationwide  insect  inventory  of  Sweden  founded  by  the  Swedish 
Species  Information  Centre  (ArtDatabanken)  but  heavily  dependent  on  support  from  volunteers 
and  external  taxonomic  experts. 

Methods:  77  Malaise  traps  at  55  localities  throughout  Sweden  were  employed  for  three  years 
(2003-2006).  Trap  sites  varied  from  recognized  hot  spots  of  biodiversity,  such  as  national  parks 
and  other  protected  areas,  to  urban  environments  like  garbage  dumps  and  village  gardens.  The 
collecting  campaign  produced  several  10s  of  millions  of  insect  specimens.  75%  have  been  first- 
tier  processed  over  more  than  10  years  by  a  cadre  of  employees,  students  and  volunteers.  The 
SMTP’s  main  goals  are  to  collect  and  sort  the  bulk  of  Swedish  insect  species  and  to  make  high- 
quality  material  of  all  species  available  for  morphological  and  molecular  taxonomic  research. 
More  than  100  experts  in  25  countries  on  4  continents  have  contributed  to  the  species 
determinations  of  a  first  fraction  of  the  total  catch. 

Results/Conclusion:  Preliminary  results  indicate  that  the  material  contains  at  least  50%  of  the 
Swedish  insect  species  and  up  to  +5,000  species  new  to  the  country,  of  which  more  than  1,000 
may  be  previously  undescribed.  Furthermore,  it  appears  that  there  is  equally  much  unknown 
biodiversity  among  small  insects  in  urban  areas,  on  the  one  hand,  and  sites  protected  for  their 
precious  nature,  on  the  other  hand.  One  may  envisage  that  specimens  generated  by  the  SMTP 
will  keep  more  than  one  generation  of  taxonomists  busy  and,  at  the  same  time,  will  contribute  to 
enlighten  a  variety  of  ecological  issues. 
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Introduction:  The  Natural  History  Museum  (NHM)  of  Los  Angeles  County  is  tackling  the  urban 
biodiversity  of  Los  Angeles  in  a  gargantuan  way  with  their  BioSCAN  (Biodiversity  Science: 

City  and  Nature)  project,  an  initiative  of  the  NHM’s  Urban  Nature  Research  Center  and  a 
component  of  the  NHM’s  SuperProject.  The  BioSCAN  study  examines  the  entomological  fauna 
of  the  city  at  the  neighborhood  level.  This  will  eventually  allow  focused  approaches  to  increasing 
biodiversity  within  specific  areas. 

Methods:  Phase  I  (2012-2015)  was  a  transect  of  Malaise  traps  stretching  from  the  urban  core  of 
Los  Angeles  to  the  foothills  of  the  surrounding  mountains.  Phase  II  (2015-2016)  is  currently 
deployed,  with  18  Malaise  traps  placed  from  the  ocean  to  the  inland  valleys.  Processing  samples 
involves  an  army  of  staff,  work-study  students,  and  volunteers. 

Results/Conclusion:  Millions  of  insects  have  been  collected  and  tens  of  thousands  have  been 
identified  to  species  by  experts  around  the  world.  Phase  I  results  have  thus  far  included  the 
discovery  of  dozens  of  new  species  from  within  the  city  and  documentation  of  species  hitherto 
unknown  in  the  region.  BioSCAN  serves  as  a  model  for  future  studies  of  urban  biodiversity 
worldwide  with  innovative  approaches  to  sampling  and  processing  for  insects  within  a 
metropolis.  Implications  for  the  futures  of  our  cities  are  discussed. 
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Introduction:  In  one  sense,  urban  ecosystems  might  be  thought  of  as  unique  in  the  range  of 
challenges  and  opportunities  for  insects  that  they  create.  However,  many  of  the  ecological 
processes  and  anthropological  effects  they  encapsulate  can  equally  be  found  in  other  human 
dominated  environments.  So  applying  ecological  lessons  from  both  within  and  outside  urban 
areas  is  important  for  insect  conservation  within  our  towns  and  cities. 

Methods:  Here,  I  apply  this  principle  by  describing  the  entomological  lessons  relevant  to  urban 
insect  conservation  that  I  have  learned  from  my  work  in  both  urban  areas  and  agricultural 
systems.  I  will  describe  work  on  roundabouts  and  the  importance  of  habitat  management  for 
insects.  I  will  introduce  you  to  some  rare  species  in  some  urban  green  spaces. 

Results/Conclusion:  I  will  show  you  what  I  have  found  in  my  studies  of  small-scale  habitat 
heterogeneity,  and  consider  how  that  might  be  applied  to  urban  environments.  I  will  finish  by 
reflecting  on  the  success,  or  otherwise,  of  my  personal  attempts  to  encourage  insect  biodiversity, 
and  consider  what  I  and  we,  as  entomologists,  need  to  be  doing. 
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Introduction:  For  as  long  as  humans  have  lived  in  fixed  habitations  there  have  been  arthropods 
that  dwell  alongside  us.  While  most  research  on  indoor  arthropods  has  focused  on  pest  groups, 
here  we  expand  on  that  work  to  look  at  the  complete  community  of  the  indoor  biome.  We 
explored  the  diversity  of  indoor  arthropods,  their  within-house  community  assemblage  patterns, 
and  the  influence  of  the  surrounding  landscape  context. 

Methods:  Fifty  homes  located  around  Raleigh,  North  Carolina,  U.S.  were  sampled,  and 
specimens  were  identified  to  the  family  level  for  every  room.  This  large  arthropod  dataset  was 
combined  with  survey  data  from  homeowners,  as  well  as  publicly  available  data  on  the 
socioeconomic,  geophysical,  and  biological  context  of  each  house. 

Results/Conclusion:  We  discovered  high  diversity,  with  a  conservative  estimate  range  of  32  to 
211  morphospecies,  and  24  to  128  distinct  arthropod  families  per  house.  We  found  arthropods 
within  homes  are  both  diverse  and  prevalent,  and  are  a  mix  of  closely  synanthropic  species  and  a 
great  number  of  species  that  wander  indoors  very  rarely.  The  diversity  of  arthropods  was  non- 
random  with  respect  to  location  within  the  house;  we  tended  to  collect  a  higher  diversity  of 
insects  from  common  rooms,  lower  levels  of  the  house,  carpeted  rooms,  and  rooms  with  more 
windows  and  doors  leading  outside.  On  a  landscape  scale,  houses  located  in  higher  income 
neighborhoods  and  with  more  diverse  local  vegetation  had  higher  arthropod  richness.  These 
findings  present  a  new  understanding  of  the  diversity,  prevalence,  and  distribution  of  the 
arthropods  in  our  daily  lives. 
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Introduction:  Singapore  is  an  almost  completely  urbanized  tropical  country.  For  instance,  its 
mangrove  and  freshwater  swamps  only  occupy  0.5%  and  0.1%  of  its  total  land  area  respectively. 
Until  recently,  the  insect  diversity  in  Singapore’s  urban  and  natural  habitats  was  unknown  and 
could  not  be  easily  explored  due  to  the  lack  of  entomological  expertise  within  the  country. 

Methods:  We  have  developed  and  tested  a  cost-effective  NGS  barcoding  method  (“$1  DNA 
barcodes”)  that  can  be  used  for  rapid  species  discovery  in  habitats  potentially  teeming  with 
diversity.  The  barcoding  campaign  was  largely  based  on  the  specimens  obtained  in  a  2-year 
Malaise  trapping  study  in  four  mangrove  fragments  and  one  swamp  forest  remnant. 

Results/Conclusion:  The  optimized  NGS-based  barcoding  pipeline  yields  cheap  barcodes 
(<$  1/specimen)  and  thus  facilitates  the  high-throughput  sorting  of  thousands  of  specimens  at  the 
species  level,  which  remain  intact  for  subsequent  imaging,  description  and  archiving.  We 
barcoded  >10,000  insect  specimens  and  delimited  >1,000  molecular  operational  taxonomic  units 
(MOTUs),  most  of  which  are  likely  to  represent  species.  We  placed  many  of  these  species  on 
phylogenetic  trees  and  observed  high  species  turnover  both  across  and  within  habitats  for  most 
taxa.  All  putative  species  were  imaged  and  are  available  for  study  online,  or  in  Singapore’s  new 
Lee  Kong  Chian  Natural  History  Museum.  Our  foray  into  Singapore’s  insect  biodiversity  paves 
the  way  for  future  taxonomic,  phylogenetic  and  ecological  research,  to  better  understand  the 
unexpectedly  high  insect  diversity  in  a  mostly  urbanized  country  with  few  natural  habitats,  and 
the  management  of  extant  ecosystems  based  on  sound  science. 
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Abstract  text: 

Introduction:  Vegetated  (‘green’)  roofs  are  gaining  popularity  worldwide,  both  to  increase 
building  efficiency  and  address  problems  created  by  urbanization.  We  use  ground  dwelling 
invertebrates  (e.g.,  carabid  beetles  and  spiders)  to  determine  if  green  roof  habitats  in  Edmonton, 
AB,  Canada,  sustain  populations  of  organisms  similar  to  those  of  adjacent  urban  green  spaces. 
Wing  dimorphism  and  presence  of  larvae  in  carabids,  and  egg  sacs  in  spiders  can  indicate  if  they 
established  viable  populations  on  green  roofs. 

Methods:  6  extensive  green  roofs  and  4  extensively  managed  ground  sites  were  sampled  with 
pitfall  traps  over  a  full  season  and  habitats  characteristics  were  recorded. 

Results/Conclusion:  More  invertebrates  were  caught  from  ground  sites  than  roofs  with  an  overall 
average  of  947  ±  131.7  invertebrates  (55.7  ±  17.3  carabids;  139.2  ±  30.4  spiders)  per  roofs  and 
2318  ±  431  (127.5  ±  25.4  carabids;  349.3  ±  103.1  spiders)  per  ground  sites.  Green  roofs  hosted 
different  carabid  and  spider  assemblages  than  ground  sites  indicating  that  roof  assemblages  are 
not  just  a  subset  of  ground  assemblages  but  are  structured  by  different  environmental  parameters. 
Isolation  affects  roof  assemblages  as  most  carabids  from  roofs  had  long  wings.  Frequent 
colonization  by  flight  or  ballooning  contributes  to  maintaining  populations  on  green  roofs. 
Carabids  and  spiders  may  use  green  roofs  as  itinerant  patches  in  urban  environments  rather  than 
establishing  viable  populations  on  roofs.  Several  species  of  non-native  carabids  (e.g. 

Pterostichus  melanarius ,  Carabus  nemoralis ,  Carabus  granulatus )  are  almost  absent  from  roofs 
but  dominate  the  catches  in  adjacent  ground  sites. 
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Abstract  text: 


Plants  and  their  associate  higher  trophic  levels  organisms  continuously  exchange  positive  and 
negative  information-rich  signals  in  order  to  survive.  Plants  cannot  escape  herbivore  attack,  and 
have  thus  to  defend  via  the  production  of  so-called  secondary  metabolites.  Such  metabolites  can 
reduce  plant  digestibility,  poison  the  herbivore,  or  signal  predators  the  presence  of  herbivores.  I 
will  here  discuss  how  the  chemically  mediated  plant-herbivore-predator  communication  is 
strongly  influenced  by  the  context  dependency  associate  with  each  system.  Particularly  I  will 
focus  on  how  ecological  factors  drive  genotypic  variation  of  these  interactions,  and  I  will  expand 
on  how  ecological  gradients  are  used  to  address  the  questions  related  to  context-dependency. 
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Abstract  text: 

As  different  as  milkweed  butterflies  and  tiger  moths  are,  they  have  basic  morphological, 
behavioural,  physiological  and  chemical  characters  related  to  communication  mechanisms  in 
common.  A  major  shared  trait  bridging  inter-  and  intraspecific  communication  is  the 
sequestration  of  pyrrolizidine  alkaloids  as  fitness-increasing  compounds  by  larvae  from  their 
hostplants  or  pharmacophagously,  i.e.  independent  of  nutritional  requirements,  by  adults. 
Resulting  commonalities  include  male  courtship  pheromones  and  mimicry  relationships. 
However,  comparing  defensive  and  sexual  communication  mechanisms  from  an  evolutionary 
point  of  view  also  reveals  significant  differences  between  these  taxa.  Large  gaps  in  knowledge 
require  collection  of  much  'old-fashioned'  natural  history  data  through  laborious  field  studies. 

Characters  of,  e.g.,  androconial  and  tymbal  organs  and  of  larval  peculiarities  in  Arctiini,  seen  in  a 
comparative  approach,  provide  an  overwhelming  diversity  of  functional  adaptations  with 
taxonomic  consequences  but  no  'model  species',  detailed  knowledge  of  which  would  allow  for 
some  generalisations.  The  challenge  remains  to  get  evolutionary  considerations  on  the  diverse 
communication  traits  in  line  with  current  molecular  phylogenies.  Not  least  because  of  the  large 
number  of  neotropical  Arctiini  they,  as  well  as  the  Danaini,  will  become  ever  more  exciting  and 


important  focal  taxa  not  only  for  understanding  the  functional  diversity  of  adaptations  related  to 
communication,  but  also  as  biodiversity  indicators. 
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Abstract  text: 

Pyrrolizidine  alkaloids  (PA)  are  secondary  metabolites  that  are  produced  by  certain  plants  for 
chemical  defense  against  herbivores.  Several  insect  lineages  have  developed  diverse  strategies 
not  only  to  cope  with  these  alkaloids  from  their  food-plants  but  also  to  use  them  for  their  own 
defense.  The  recruitment  of  this  plant  defense  system  by  the  insects  requires  sophisticated 
mechanisms  of  adaptations,  e.g.,  efficient  excretion,  transport,  suppression  of  toxification,  or 
detoxification.  Recent  research  found,  that  in  two  highly  divergent  insect  taxa,  the 
hemimetabolous  grasshoppers  (Orthoptera)  and  the  holometabolous  butterflies  (Lepidoptera),  an 
almost  identical  strategy  evolved  independently  for  safe  accumulation  of  PAs.  They  use 
pyrrolizidine  alkaloid  A-oxygenase  to  convert  the  alkaloids  into  an  inactivated  protoxic  form. 
Phylogenetic  analyses  suggest  that  independent  duplication  events  of  genes  encoding  insect 
flavin-dependent  monooxygenases  (FMO)  preceded  the  origin  of  this  specific  detoxifying 
enzyme  in  the  lineages  of  pyrgomorphid  grasshoppers  and  of  erebid  moths.  We  hypothesize  that 
a  similar  mechanism  led  to  the  evolution  of  PA-specific  FMOs  within  nymphalids  (brush-footed 
butterflies),  of  which  some  are  known  to  feed  on  PA  containing  plants  in  order  to  acquire 
alkaloids  for  their  own  defense.  To  reveal  the  evolution  of  PA-specific  FMOs  in  insects  we 
screened  for  FMO-encoding  gene  sequences,  compared  sequences  by  maximum-likelihood 
phylogeny  and  characterized  substrate  specificity  of  identified  enzymes. 
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Abstract  text: 

Introduction:  Tiger  moths  are  a  diverse  clade  comprised  of  at  least  1 1,000  described  species 
worldwide.  They  are  well  known  for  their  bright  coloration,  mimicry  and  unique  defensive 
strategies.  Moths  in  this  lineage  are  known  to  feed  on  toxic  plants  and  lichens  as  larvae  (and  in 
some  cases  adults)  in  order  to  gain  chemical  protection  against  vertebrate  predators  (i.e., 
pharmacophagy).  Some  species  sequester  these  toxic  compounds  and  use  them  to  defend 
themselves  during  the  adult  stage  and  also  attract  and  protect  their  mates.  Despite  the  important 
role  of  tiger  moths  in  chemical  ecology  studies,  few  robust  molecular  phylogenies  for  the 
subfamily  exist,  hindering  our  understanding  of  the  role  these  traits  may  have  played  in  shaping 
tiger  moth  diversity. 

Methods:  We  generated  phylogenetic  hypothesis  of  Arctiinae  using  anchord  hybrid 
enrichment.  We  obtained  DNA  sequence  data  from  over  750  genes  for  70+  taxa.  We  also 
generated  chemcial  profiles  for  exemplar  taxa  representing  the  various  host  chemical  acquisiton 
scenarios  known  to  occur  within  the  group. 

Results/Conclusion:  Our  results  suggest  anchored  hybrid  enrichment  offers  great  promise  for 
resolving  the  tiger  moth  tree  of  life.  Here,  we  provide  the  first  strongly-supported  phylogenetic 
framework  for  the  tiger  moth  radiation  and  subtribes  therein.  We  also  discuss  patterns  of 
chemical  sequestration  and  complex  host  associations  in  tiger  moths  in  the  context  of  their 
evolutionary  history. 
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Abstract  text: 

Tiger  moths  (Erebidae:  Arctiinae)  are  well  known  for  their  ability  to  sequester  host  plant  toxins 
for  use  in  sexual  courtship  and  to  deter  predation.  This  group  is  also  known  for  their  ability  to 
produce  ultrasonic  clicks  in  response  to  bat  predation.  Lab  and  field  experiments  have  shown 
that  these  clicks  are  effective  at  deterring  bat  predation  by  advertising  the  presence  of  toxins 
(acoustic  aposematism),  mimicking  the  signals  of  more  toxic  prey  (acoustic  mimicry),  and  even 
disrupting,  or  jamming,  bat  echolocation  which  renders  the  moths  difficult  to  capture.  Reviews 
of  the  subject  are  quick  to  point  out  that  these  need  not  be  mutually  exclusive  functions,  yet  there 
is  little  evidence  supporting  or  denying  this  claim.  We  use  infrared  3-D  videography  and 
ultrasonic  acoustic  recordings  in  a  field  setting  to  quantify  bat-moth  interactions  and  address 
whether  the  clicks  of  some  tiger  moths  species  simultaneously  signal  toxicity  and  jam  bat 
echolocation 
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Abstract  text: 


Introduction:  Among  Lepidoptera,  tiger  moths  are  well  known  for  their  unique  adult  defensive 
strategies  which  involve  ultrasound,  plant  toxins,  and  mimicry  of  noxious  species.  The 
repurposing  of  these  defensive  strategies  for  use  in  mating  (ultrasound,  male  pheromones  based 
on  pyrrolizidine  alkaloids)  begs  the  evolutionary  question  of  which  came  first  -  the  use  in 
defense  or  the  use  in  mating?  Although  Weller  et  al.  (1999)  originally  concluded  that  defense 
function  likely  preceded  courtship  for  both  modalities  (scent,  sound),  recent  molecular  work  calls 
into  question  whether  the  use  of  plant  allelochemicals  in  pheromones  lags  behind  utilization  for 
defensive  purposes  in  arctiine  evolution. 

Methods:  We  generated  phylogenetic  hypothesis  of  Arctiinae  using  anchored  hybrid 
enrichment,  as  described  in  the  presentation  by  Zaspel.  We  obtained  DNA  sequence  data  from 
over  750  genes  for  70+  taxa.  We  also  generated  chemical  profiles  for  exemplar  taxa  representing 
the  various  host  chemical  acquisition  scenarios  known  to  occur  within  the  group. 

Results/Conclusion:  Though  it  was  hypothesized  that  the  use  of  sequestered  chemicals  in 
courtship  is  a  derived  trait  in  tiger  moths,  it  appears  that  the  interplay  between  host  plant 
chemical  sequestration  and  courtship  pheromones  evolves  early  in  the  Arctiinae.  Our  results 
suggest  that  chemical  sequestration  in  adult  stages  and  use  in  pheromones  is  likely 
coincident.  The  evolution  of  chemical  sequestration  and  the  evolution  of  multiple  modes  of 
communication  during  arctiine  courtship  will  be  discussed. 
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Introduction:  Tiger  moths  (Lepidoptera:  Erebidae:  Arctiinae)  are  known  for  their  dazzling 
adult  forms  and  wide  diversity  of  wing  patterns.  Wing  pattern  elements  are  classified  based  on  a 


nymphalid  ground  plan;  modifications  to  this  basic  plan  lead  to  the  diversity  of  patterns  found  in 
the  Lepidoptera.  The  DI  spot  is  found  at  the  cross-vein  that  forms  the  distal  end  of  the  discal  cell, 
and  is  known  as  the  reniform  spot  in  Noctuidae.  The  DII  spot  is  found  in  the  middle  of  the  discal 
cell,  basal  to  DI.  During  development,  these  elements  are  formed  by  expression  of  wingless  {wg), 
which  is  regulated  by  aristaless  1  (all)  and  aristaless  2  (all).  Here  we  investigate  the  distribution 
of  these  elements  across  a  phylogeny  of  the  Arctiinae,  the  neutrality  of  wg,  and  the  expression  of 
wg  in  developing  tiger  moths  with  differing  wing  pattern  elements. 

Methods:  Arctiine  species  were  surveyed  for  two  fore  wing  elements,  DI  and  DII,  and  the 
distribution  of  these  were  mapped  onto  a  phylogeny  of  the  subfamily.  Ancestral  states  were 
reconstructed  using  likelihood  methods.  HYPHY  was  utilized  to  examine  the  substitution  rate  of 
wg  across  this  phylogeny.  Immature  stages  of  tiger  moths  were  sampled  and  wg  expression  was 
determined  with  real-time  PCR. 

Results/Conclusion:  These  pattern  elements  evolved  early  in  the  arctiines,  but  are  lost  and 
regained  multiple  times.  Selection  on  wg  appears  to  be  neutral  or  negative,  resulting  in  conserved 
pattern  elements.  Expression  data  will  also  be  discussed  with  implications  for  wing  pattern 
evolution  in  these  moths. 
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Abstract  text: 

Insects  rely  more  on  chemical  signals  than  on  any  other  sensory  modality  to  find,  identify  and 
choose  mates.  Euglossine  (or  orchid)  bees  constitute  a  diverse  group  of  conspicuous  insect 
pollinators  from  tropical  America.  Male  euglossine  bees  do  not  produce  their  own  pheromones, 
but  instead  gather  and  accumulate  perfume  compounds  from  orchid  flowers,  fungi,  and  other 
resources,  to  subsequently  present  to  females  during  courtship  display.  Male-gathered  perfumes 
are  stereotyped,  species-specific,  and  divergent  among  closely  related  taxa,  suggesting  that  they 


play  a  key  role  in  maintaining,  and  possibly  originating,  reproductive  isolation  among  lineages. 
Our  work  combines,  ecological,  genomic,  and  neuroethological  approaches  to  elucidate  patterns 
and  mechanisms  of  divergence  in  chemical  signaling  in  this  group  of  insect  pollinators. 
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Abstract  text: 

Bark  beetles  (Scolytinae:  Coleoptera)  produce  sound  via  stridulation  that  functions  in  mating, 
competition,  and  disturbance  contexts.  We  investigated  the  relationship  between  acoustic 
signals,  variation  in  the  underlying  stridulatory  structures,  and  body  size  in  Dendroctonus  and 
Ips  bark  beetle  species.  Within  species,  stridulatory  structures  often  scaled  positively  with  body 
size  in  some  Dendroctonus  species.  Fewer  Ips  species  exhibited  correlations  between  body  size 
and  stridulatory  structures,  as  well  as  with  chirp  characteristics,  likely  due  to  the  mechanism  of 
sound  production,  which  pairs  two  ridged  structures  together.  Dendroctonus  species  produced 
chirps  at  lower  frequencies  and  pulse  rates  compared  to  Ips  species,  while  species  also  differed 
significantly  in  chirp  characteristics  within  genera.  Across  species,  but  within  genera, 
stridulatory  structures  positively  scaled  with  body  size.  Overall  temporal  patterns,  such  as  chirp 
type,  duration  and  number  of  pulses  per  chirp  matched  some  phylogenetic  relationships  within 
genera.  Dendroctonus  species  were  generally  more  variable  in  chirp  characteristics  than  Ips  and 
such  patterns  may  reflect  differences  in  life  history  strategies  and  mating  systems. 
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Abstract  text: 

Bioluminescence,  or  “living-light”  is  produced  by  thousands  of  species  across  multiple  families 
of  beetles.  These  visual  signals  are  generated  from  chemical  reactions  derived  from  these  insects 
themselves,  rather  than  by  bioluminescent  symbiotic  organisms  that  often  generate  light  in 
marine  organisms.  Bioluminescent  signals  in  beetles  appear  to  have  evolved  convergently,  under 
multiple  contexts,  across  different  life  stages,  and  function  to  communicate  with  conspecifics 
and/or  heterospecific  organisms.  The  distribution,  role  and  evolution  of  these  visual  signals  will 
be  discussed. 
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Abstract  text: 

Introduction:  While  insects  have  received  much  attention  for  studies  of  communication,  few 
have  investigated  the  role  of  coloration  on  signaling  and  recognition  strategies.  One  ideal 
candidate  is  the  jewel  beetles  (Coleoptera:  Buprestidae),  which  exhibit  visually  mediated 
behavior  and  display  a  diversity  of  coloration,  including  both  pigmented  and  iridescent  structural 
colors.  This  work  investigates  the  role  of  coloration  on  two  fronts:  through  quantification  of  the 


reflectance  spectra  and  through  an  investigation  of  the  underlying  molecular  basis  for  color 
vision. 

Methods:  To  explore  potential  adaptations  at  the  molecular  level  that  may  compensate  for  the 
loss  of  the  SWS  opsin  found  in  beetles,  RNA-seq  data  from  multiple  taxa  were  generated  to 
identify  opsin  proteins.  Subsequent  structural  analyses  were  performed  to  identify  amino  acid 
variations  with  potential  for  spectral  sensitivity  tuning.  To  generate  spectral  data,  a  UV/VIS 
spectrometer  and  modified  goniometer  were  used  to  record  measurements  from  multiple 
locations  on  numerous  specimens. 

Results/Conclusion:  All  buprestid  taxa  were  found  to  express  two  opsin  copies  in  each  of  the 
ultraviolet  and  long-wavelength  classes,  contrary  to  the  single  copies  recovered  in  all  other 
molecular  studies  of  adult  beetle  opsin  expression.  No  SWS  opsin  class  was  recovered. 
Furthermore,  the  male  emerald  ash  borer  ( Agrilus  planipennis )  expressed  a  third  LWS  opsin  at 
low  levels.  These  findings  are  the  first  to  reveal  molecular  complexity  of  the  color  vision  system 
within  beetles.  Buprestidae  also  exhibit  a  broad  range  of  spectral  coloration.  This  research  has 
potential  to  inform  multiple  fields,  including  visual  ecology,  physiology,  systematics,  and 
systems  biology. 
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Abstract  text: 

It  is  a  seductive  idea  that  species  are  independent  evolutionary  units.  In  Heliconius  butterflies  we 
have  new  genomic  data  to  disprove  it.  The  genus  Heliconius  forms  a  rapid  radiation  of  around  40 
species  showing  a  diversity  of  garish  colour  patterns  used  in  warning  signalling  and  mimicry. 

We  have  evidence  for  unprecedented  genomic  admixture  among  some  species,  including  of 
colour  pattern-determining  regions  of  the  genome.  Our  methods  to  understand  trait  evolution  in 
comparative  methods  may  need  to  change  in  the  light  of  such  evidence. 
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Abstract  text: 

Introduction:  Reference  genomes  facilitate  powerful  sequencing-based  approaches  to  many 
biological  questions,  including  those  relevant  to  human  health  and  agricultural  productivity. 
However,  quality  of  alignments  to  a  genome  decreases  rapidly  with  increasing  evolutionary 
distance,  requiring  reference  genomes  across  many  taxa.  The  sheer  number  of  insect  species,  and 
the  intimate  connections-wanted  or  otherwise-many  have  with  human  activity,  means  many  of 
these  new  assemblies  will  come  from  insects,  which  tend  towards  heterozygous  genomes  and 
present  challenges  for  de  novo  assembly.  Assembling  an  insect  genome  often  requires 
generations  of  inbreeding,  for  those  species  amenable  to  colonization  and  inbreeding;  generating 
technically  challenging  and  expensive  fosmid-scale  libraries;  or  accepting  a  fragmented 
reference  of  limited  utility  for  gene  annotation.  These  approaches  will  not  scale  well  to 
generating  large  numbers  of  insect  genomes. 

Methods:  We  tested  the  assembler  DISCO  VAR  de  novo,  initially  designed  around  relatively 
monomorphic  human  genomes,  on  Anopheles  arabiensis ,  a  major  malaria  vector  in  sub-Saharan 
Africa.  The  DISCOVAR  assembly  was  made  from  250  bp  reads  from  a  single  PCR-free  short- 
insert  library;  the  existing  An.  arabiensis  reference  genome  was  made  from  2  short-  and  1  long- 
insert  libraries. 

Results/Conclusion:  The  DISCOVAR  assembly  had  a  contig  N50  above  20  kb,  sufficiently 
contiguous  for  gene-based  analyses  in  this  species;  it  also  recovered  the  gene  set  nearly  as  well 
as  the  existing  An.  arabiensis  reference  genome.  DISCOVAR  de  novo  therefore  presents  another 
prospect  for  generation  of  reference  genomes  from  heterozygous  insects,  at  a  level  of  technical 
challenge  and  required  input  that  can  scale  to  many  genomes  from  many  labs. 
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Abstract  text: 

Introduction:  The  fire  ant  Solenopsis  invicta  is  an  important  global  pest  and  an  important  model 
for  social  evolution.  Its  genome  was  assembled  from  short  read  sequences  in  2010,  and  thus 
remains  highly  fragmented.  This  fragmentation  has  handicapped  much  molecular-genetic 
research. 

Methods:  We  performed  deep  sequencing  of  fire  ant  males  using  the  Bionano  Genomics  Irys 
nanochannel-based  optical  mapper  to  obtain  nicking-enzyme  recognition-site  patterns  for 
genomic  fragments  from  250,000  to  1,900,000  nucleotides  long. 

Results/Conclusion:  Combining  the  resulting  optical  map  with  genetic  maps  and  the  old  genome 
data  leads  to  dramatic  increase  of  genome  quality  by  improved  contiguity  and  elimination  of 
assembly  errors.  We  thus  describe  a  novel  approach  for  obtaining  highly-contiguous  genome 
assembly.  Furthermore,  performing  comparisons  between  Irys  maps  generated  from  different 
individuals  reveals  several  large  chromosomal  rearrangements  in  this  species  that  may  be 
involved  in  novel  adpation. 
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Abstract  text: 


Introduction:  Single-molecule  sequencing  is  now  routinely  used  assemble  complete,  high-quality 
microbial  genomes,  but  these  assembly  methods  have  not  scaled  well  to  large  genomes.  To 
address  this  problem,  we  previously  introduced  the  MinHash  Alignment  Process  (MHAP)  for 
assembling  single-molecule  reads.  This  has  enabled  reference-grade  assemblies  of  model 
organisms,  revealed  novel  heterochromatic  sequences,  and  filled  low-complexity  gap  sequences 
in  the  human  and  fly  reference  genomes. 

Methods:  We  have  since  built  on  this  work,  creating  a  new  assembler  named  Canu,  that  is 
specifically  optimized  for  single-molecule  sequencing.  Canu  represents  a  complete 
refactorization  of  the  Celera  Assembler,  shrinking  the  code  base  by  60%  and  rewriting  major 
components  to  improve  usability  and  reliability.  In  addition,  Canu  introduces  support  for  Oxford 
Nanopore  reads,  lowers  coverage  requirements,  improves  runtime,  and  more  efficiently 
assembles  repetitive  sequences. 

Results/Conclusion:  For  insect  genomes,  Canu  can  generate  reference-quality,  near-complete 
assemblies  of  euchromatic  chromosomes,  and  work  is  ongoing  to  enable  the  complete  de  novo 
assembly  of  heterochromatin  and  sex  chromosomes.  Canu  is  available  under  a  GPL  license  at 
https://github.com/marbl/canu. 
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Abstract  text: 

Introduction:  Genome  sequencing  technology  has  evolved  over  time,  increasing  availability  of 
sequenced  genomic  data.  Modern  sequencers  are  able  to  identify  only  short  subsequences  (reads) 
in  the  supplied  genomic  material,  which  then  become  an  input  to  genome  assembly  algorithms 
aimed  at  reconstruction  of  the  complete  genome.  Lack  of  comprehensive  read  coverage  and 
presence  of  long  similar  subsequences  (repeats)  in  genomes  pose  major  obstacles  for  existing 


genome  assemblers.  They  therefore  often  are  able  to  reliably  reconstruct  only  scaffolds,  long 
genomic  fragments  inter-spaced  with  low-coverage  regions  and  repeats.  We  address  the  scaffold 
assembly  problem  aimed  at  reconstruction  the  scaffolds  order  along  genome  chromosomes. 

Methods:  We  assume  that  the  given  scaffolds  are  accurate  and  long  enough  to  allow 
identification  of  homologous  genes.  The  scaffolds  then  can  be  represented  as  ordered  sequences 
of  genes,  so  we  pose  the  scaffold  assembly  problem  as  the  reconstruction  of  the  global  gene 
order  (along  genome  chromosomes)  from  the  gene  sub-orders  at  scaffolds.  While  in  the  course  of 
evolution  gene  orders  are  changed  by  genome  rearrangements 

(inversions/fusions/fissions/translocations)  as  well  as  by  gene  insertions  and  deletions  (indels), 
the  technological  fragmentation  can  be  modeled  by  artificial  "fissions"  that  break  chromosomes 
into  scaffolds.  This  observation  inspired  us  to  develop  a  scaffolding  method  based  on  the 
genome  rearrangement  and  gene  indel  analysis. 

Results/Conclusion:  The  proposed  method  performs  simultaneous  co-assembly  of  multiple  given 
fragmented  genomes.  It  can  be  viewed  as  a  generalization  of  the  reference-based  assembly  to  the 
case  of  multiple  reference  genomes  (possibly  of  different  species),  which  themselves  may  also  be 
fragmented. 
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Abstract  text: 

Introduction:  The  initial  assembly  of  \6  Anopheles  genomes  resulted  in  significantly  fragmented 
genomes  assemblies.  While  these  assemblies  proved  to  be  useful  to  observe  interesting  genome 
evolution  features  (such  as  a  higher  rate  of  rearrangement  in  sex  chromosomes  compared  to 
autosomes),  their  fragmentation  made  it  difficult  to  draw  precise  hypothesis. 


Methods:  In  this  work,  we  present  an  integrated  method  that  combine  sequencing  data  and 
parsimony  analysis  of  the  evolution  of  gene  adjacencies  in  order  to  refine  the  Anopheles 
genomes  assemblies. 

Results/Conclusion:  We  present  a  set  of  improved  Anopheles  genome  assemblies  and  gene  trees, 
together  with  a  refined  analysis  of  the  rates  of  genome  rearrangements  in  these  species. 
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Abstract  text: 

Introduction:  Development  of  high  quality  genome  assembles  requires  anchoring  genomic 
supercontigs  onto  chromosomes.  The  most  reliable  technique  for  the  physical  mapping  of  insect 
genome  was  based  on  positioning  of  the  genomic  supercontig  on  polytene  chromosomes  using 
fluorescent  in  situ  hybridization  (FISH).  This  method  was  successfully  used  for  mapping 
relatively  small  genomes  of  Drosophila  and  Anopheles.  However,  most  of  the  insect  have  much 
large  genomes  and  do  not  have  high  quality  polytene  chromosomes. 

Methods:  Here,  we  propose  using  mitotic  chromosome  band-based  approach  for  the  physical 
mapping  of  genomes  from  mosquitoes  in  subfamily  Culicinae.  We  found  that  imaginal  discs  of 
4th  instar  larvae  are  an  excellent  source  of  mitotic  chromosomes.  Idiograms  for  the  mitotic 
chromosomes  at  early  metaphase  were  developed  based  on  the  patterns  of  chromosomes  stained 
with  YOYO-1  iodide.  Using  FISH,  500  BAC  clones  from  the  largest  genomic  supercontigs  were 
assigned  to  the  specific  bands  of  idiograms.  The  BAC  clone  locations  within  the  supercontigs 
were  predicted  by  PCR  analysis. 

Results/Conclusion:  From  all  BAC  clones,  which  were  mapped,  106  were  carrying  previously 
mapped  major  genetic  markers.  These  BAC  clones  were  additionally  ordered  within  each  band 


by  multicolor  FISH  because  of  the  importance  to  link  their  genomic  locations  to  the  genetic 
locations  of  quantitative  trait  loci  (QTL)  related  to  pathogen  transmission.  The  current  study 
placed  45%  of  the  Ae.  aegypti  genome  to  precise  chromosomal  positions  and  also  combined 
cytogenetic,  genetic  and  genome  maps  into  one  integrated  physical  map.  We  propose  using  this 
mitotic  chromosome  band-based  approach  for  the  physical  mapping  of  other  repeat-rich  insect 
genomes. 
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Abstract  text: 

In  comparison  to  the  hosts  of  larval  parasitioids,  the  host  of  egg  parasitoids  are  at  disadvantage 
given  their  limitations  in  defending  themselves  directly  from  these  parasitoids.  The  host’s  (egg) 
main  protection  is  initiated  by  the  egg-laying  female  herself,  who  may  lay  her  eggs  strategically 
in  certain  pattern  or  location  to  minimize  the  chances  of  being  detected  and/or  parasitized.  In 
addition,  she  may  also  manipulate  the  egg  by  making  it  less  desirable  to  the  parasitoids. 

Most  egg  parasitoid-host  interactions,  however,  are  initiated  by  the  parasitoid  to  evade  any 
physical  and/or  physiological  defenses  elicited  by  the  host  when  found.  The  parasitoid  also 
manipulates  the  host  resources  for  use  by  its  progeny  using  various  strategies. 

True  egg  parasitoids  have  been  used  in  the  biological  control  of  agricultural  pests  for  over  a 
century,  with  most  of  this  activity  focusing  on  Trichogramma ,  the  most  important  and  best 
studied  natural  enemy  species  worldwide. 
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Abstract  text: 

Introduction:  Improving  the  quality  of  mass-reared  Trichogrammaand  the  methods  for 
assessment  are  crucial  for  stabilization  variability  of  parasitoids  effectiveness. 

Method  and  Results:  Based  on  Trichogramma  spp.  vitality  and  productivity,  quality  assays 
were  developed  to  assess  quantitative  parameters  for  standard  stock  and  marketable  insect 
culture  including:  number  of  parasitized  eggs,  emergence  rate,  sex  ratio,  fecundity,  and  searching 
ability.  But  the  quality  of  an  appraisable  set  of  insects  cannot  completely  be  determined  when 
using  a  multitude  of  indices.  All  the  mentioned  parameters  for  Trichogramma  quality  was 
renovated  to  the  “generalized  quality  index”  (D).  D-  values  were  determined  by  the  mathematical 
equation  and  graphically.  Mass  reared  Trichogramma  was  divided  into  quality  classes  by  D.  A 
model  to  predict  biological  effectiveness  from  the  D  was  developed. 

But  this  method  does  not  overcome  complications  to  evaluate  quality  of  Trichogramma 
(necessity  to  conducting  a  great  number  of  intermediate  analyses  and  complex  calculations). 
Quality  control  methods  must  be  rapid,  simple  and  inexpensive,  but  accurate  and  reliable  enough 
to  indicate  any  deviation  from  standard  product  quality.  These  kinds  of  methods  are  being 
developed  (devices  and  models)  by  using  established  criteria  as:  Searching  Activity  for  host  eggs 
(Ii);  Integral  Index  of  Quality  (IIQ)  included  the  number  of  parasitized  eggs  of  a  natural  host 
under  a  given  environmental  regime;  Quality  Control  classes  based  on  length  of  Trichogramma. 

Conclusion:  The  integrated  indices  allowed  scientists  to  pursue  promising  avenues  of  research, 
and  producers  to  undertake  organizational  and  economic  measures  aimed  at  improving  the 
quality. 
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Abstract  text: 

Egg  parasitoids  Trichogramma  and  Trichogrammatoidea  spp.  have  been  extensively 
studied.  Aspects  including  their  diversity,  distribution,  efficacy,  storage,  utilization,  packing, 
shipping,  mass  production,  field  releases  and  evaluation  against  different  target  crop  pests  in 
different  parts  of  India  are  covered  in  this  paper.  Approximately  62  live  cultures  of 
Trichogramma  /  Trichogrammatoidea  spp.  are  maintained  in  the  ICAR-NBAIR  insectary, 
subjected  to  molecular  characterisation  and  registered  under  the  Arthropod  Germplasm 
Information  System. 

Department  of  Agriculture,  Karnataka,  India  established  the  first  parasitoid  breeding  laboratory 
in  Mandya  District  in  1935  and  distributed  Tricho  cards  to  the  farmers.  Several  laboratories  were 
subsequently  set  up  for  production  of  Trichogramma  spp.  in  different  states  at  a  small  or  large 
scale  for  research  or  field  trials.  Majority  of  the  laboratories  mass  produce  Trichogramma 
species  primarily  on  eggs  of  Corcyra  cephalonica  or  Sitotroga  cerealella  by  utilising  different 
larval  rearing  units,  inoculating  with  optimum  dosages  of  eggs,  utilizing  mechanized  moth 
collection  devices  and  following  standardized  storage  protocols.  Recently,  T.  chilonis  and  T. 
embryophagumcould  be  successfully  reared  on  Eri  silkworm  eggs;  this  has  been  popularised  as  a 
farmer  -  friendly  technology. 

During  the  last  decade,  10  species  of  Trichogramma  /  Trichogrammatoidea  are  being  mass 
produced  and  field  released.  T.  chilonis ,  T.  japonicum ,  T.  embryophagum ,  T.  pretiosum 
(thelytokous)  and  Trichogrammatoidea  bactrae  are  being  released  on  large  scale.  Awareness 
created  through  training  programms,  demonstration  trials  and  media  has  resulted  in  moulding 
this  technology  into  a  farmer  friendly  one  and  an  integral  part  of  Bio-Intensive  Integrated  Pest 
Management  system. 
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Abstract  text: 

Introduction  :  Reproduction  is  a  key  aspect  for  successful  mass  rearing  and  biological  control. 
Although  Trichogramma  are  relatively  easy  to  rear,  a  good  understanding  of  their  reproduction  is 
necessary  for  more  efficient  rearing,  release  and  control. 

Methods  :  We  performed  a  detailed  literature  search  in  order  to  identify  both  the  known  aspects 
and  the  gaps  of  knowledge  on  egg  parasitoids’  reproduction,  focusing  on  Trichogramma , 
covering  mate  search  and  choice,  gamete  production  and  management,  oviposition  behavior,  host 
exploitation  and  sex  allocation,  for  both  males  and  females. 

Results/Conclusion  :  For  each  section,  we  present  the  available  knowledge  and  some 
perspectives  on  their  possible  impacts  for  successful  mass  rearing  and  biological  control,  in 
addition  to  identify  the  knowledge  gaps  that  would  need  to  be  addressed. 
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The  use  of  Trichogramma  wasps  for  suppression  of  heliothine  pests  in  cotton  has  had  a 
checkered  history.  Results  from  Trichogramma  augmentation  programs  in  the  U.S.  have  been 
variable  and  for  the  most  poor,  leading  several  authors  to  conclude  that  Trichogramma  wasps 
were  not  good  candidates  for  biocontrol  programs  in  cotton.  However,  these  evaluations  were 
often  conducted  in  fields  that  received  substantial  applications  of  insecticides  for  control  of  other 
insect  pests  such  as  the  boll  weevil.  Since  those  initial  evaluations  in  the  1970’s  and  1980’s, 
much  has  been  learned  about  factors  that  may  influence  the  success  of  Trichogramma 
augmentation  programs.  Although  augmentation  of  Trichogramma  is  rarely  used  in  cotton 
production  in  the  U.S.  today,  the  insights  gained  from  prior  research  efforts  provide  direction  on 
how  to  assess  the  potential  of  augmenting  Trichogramma  spp.  in  cotton  and  other  crops  in  other 
production  regions  of  the  world.  In  this  presentation,  we  provide  a  broad  overview  of  the 
mortality  factors  impacting  cotton  bollworm  and  tobacco  budworm  populations  in  U.S.  cotton, 
and  follow  with  a  short  historical  perspective  on  Trichogramma  augmentation  as  a  management 
tool  for  these  insect  pests  in  U.S.  cotton.  We  also  discuss  the  concepts  of  irreplaceable  and 
density-dependent  mortality  in  the  context  of  Trichogramma  augmentation.  Finally,  because  the 
use  of  broad-spectrum  insecticides  for  insect  control  in  cotton  has  largely  been  replaced  with  Bt 
technology  and  more  “environmentally-friendly”  classes  of  insecticides,  we  provide  some  insight 
where  augmentation  of  Trichogramma  may  have  a  role  in  cotton  pest  management. 
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Abstract  text: 


Introduction:  In  order  to  overcome  shortages  in  the  supply  of  lepidopteran  host  eggs  for 
trichogrammatid  wasps  and  reduce  production  costs,  in  vitro  methods  using  artificial  media  have 
been  developed  to  replace  the  factitious  hosts.  Recently,  we  began  to  optimize  an  artificial  media 
for  rearing  Trichogramma  dendrolimi  by  reducing  the  content  of  pupal  hemolymph  of  Antheraea 
pernyi ,  and  adding  a  more  easily  available  nutrient  to  partially  replace  the  insect  hemolymph. 

Method:  The  parasitoid  was  reared  in  vitro  with  different  contents  of  pupal  hemolymph  and  with 
supplements  of  trehalose  dissolved  in  water.  An  orthogonal  array  with  six  factors  at  three  levels 
was  performed  and  biological  parameters  were  monitored  to  reveal  the  most  important 
components  and  to  improve  the  medium.  Then,  biochemical  parameters  including  content  of 
protein,  lipid  and  trehalose,  and  trehalase  activity  in  the  parasitoid  continuously  reared  in  the 
previous  optimized  artificial  medium  versus  on  A.  pernyi  eggs  were  compared. 

Results  and  Conclusion:  The  optimized  artificial  medium,  consisting  of  3  ml  pupal  hemolymph 
of  A.  pernyi ,  2.5  ml  egg  yolk,  1  ml  10%  malted  milk  solution,  1  ml  Neisenheimer’s  salt  solution, 
0.1  g  trehalose,  and  1.5  ml  sterile  water  was  screened.  However,  the  biochemical  results 
suggested  that  the  artificial  medium  had  a  non-optimal  composition  for  the  in  vitro  rearing  of  T. 
dendrolimi,  and  that  it  could  be  improved  by  altering  the  composition  of  the  medium,  especially 
its  protein  concentration  and  lipid  content.  Trehalose  was  believed  to  hold  potential  for  the  mass 
production  of  T.  dendrolimi  and  reduce  the  associated  production  cost. 
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Abstract  text: 


Introduction:  Arboviral  pathogens  are  an  important  class  of  re-emerging  viral  pathogens  that  are 
transmitted  from  vector  insects  to  humans  leading  to  morbidity  and  mortality  in  both  the 
developing  and  developed  worlds.  These  viruses  have  not  only  developed  highly  effective 
strategies  to  hijack  cellular  machinery  and  to  subvert  hosts'  immune  responses,  but  they  have 
evolved  broad  host  ranges,  spanning  arthropods  and  mammals.  For  vector-borne  viruses 
infection  of  the  insect  host  is  non-pathogenic,  while  infection  of  mammals  is  associated  with 
disease,  suggesting  that  these  viruses  use  different  strategies  to  move  through  each  host.  Little  is 
known  about  the  host  factors  required  for  the  replication  cycles  of  these  viruses  in  either  of  their 
host  genera,  and  less  is  understood  about  the  hosts'  innate  immune  pathways  that  act  to  restrict 
pathogenesis. 

Methods:  We  are  using  unbiased,  high-throughput  screening  approaches  combined  with 
Drosophila  genetics  to  identify  important  innate  immune  mechanisms,  with  the  hopes  that  such 
factors  can  be  used  as  novel  targets  for  antiviral  therapeutics.  Recent  studies  have  uncovered 
important  roles  for  the  microbiota  and  intestinal  epithelial  responses  in  the  restriction  of  these 
viruses  upon  oral  infection.  These  findings  will  be  discussed. 
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Abstract  text: 

Abortive  virus  infections  can  provide  valuable  opportunities  to  explore  both  host  immunity 
mechanisms  and  viral  immune  evasion  strategies.  We  have  found  that  two  RNA  viruses  with 
broad  host  ranges,  vesicular  stomatitis  virus  (VSV)  and  Sindbis  virus  (SINV),  undergo  abortive 
infections  after  entry  into  cells  derived  from  Lymantria  dispar  (Gypsy  moth). 

Using  RNA  viruses  encoding  reporter  genes,  we  have  developed  simple,  convenient,  and 
quantitative  assays  to  screen  for  factors  encoded  by  L.  dispar  cells  that  inhibit  RNA  virus 


replication.  Our  studies  have  revealed  roles  for  RNA  interference  (RNAi),  Imd,  and  ubiquitin- 
proteasome  pathways  in  restricting  RNA  virus  replication  in  lepidopterans.  In  addition,  we  have 
used  these  restrictive  RNA  virus-Z.  dispar  cell  systems,  RNAi  screening,  and  genetic  mapping  to 
identify  immunomodulators  encoded  by  co-infecting  viruses  that  “rescue”  the  replication  of 
these  RNA  viruses.  Using  this  approach,  we  have  identified  a  previously  uncharacterized 
vertebrate  poxvirus  gene  family  that  encodes  factors  that  rescue  both  VSV  and  SINV  replication 
in  L.  dispar  cells.  Furthermore,  RNAi  screening  studies  have  also  implicated  entomopoxvirus- 
encoded  factors  that  contribute  to  the  rescue  of  VSV,  but  not  SINV,  in  L.  dispar  cell  co- 
infections. 

Our  studies  suggest  that  the  restrictive  nature  of  L.  dispar  cells  to  VSV  and  SINV  replication 
may  provide  ideal  screening  conditions  for  identifying  both  host-encoded  antiviral  factors 
restricting  arboviruses  as  well  as  immune  evasion  proteins  encoded  by  vertebrate  and 
invertebrate  viruses  that  break  arbovirus  restriction.  Information  garnered  from  studies  of  Z. 
dispar  antiviral  immunity  may  contribute  to  the  development  of  more  effective  virus-based 
“bioinsecticides”  to  control  this  pest  species. 
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Abstract  text: 

Introduction:  An  important  feature  of  immune  responses  is  their  ability  to  act  both  at  the  site  of 
infection  and  at  distal  uninfected  sites.  In  insects,  RNA  interference  (RNAi)  mediates  the 
antiviral  immune  response  via  a  cell-autonomous  and  a  systemic  response.  The  latter  remains 
poorly  characterized. 

Results:  In  this  study  we  show  that  DORA-  a  Drosophila  protein  identified  in  a  genome- wide 
screen  for  components  of  the  dsRNA-transport  machinery-  interacts  with  core  components  of  the 


RNAi  machinery  and  is  involved  in  systemic  RNAi.  Flies  deficient  for  DORA  are  hypersensitive 
to  viral  infection  and  fail  to  co-suppress  endogenous  GFP  when  infecting  GFP-deficient  flies 
with  a  Sindbis-GFP  vims.  Furthermore,  we  demonstrate  that  the  systemic  RNAi  response  is 
mediated  by  extracellular  vesicles  carrying  fragments  of  viral  RNA,  in  a  DORA-dependent 
manner.  We  therefore  propose  Drosophila  DORA  protein  as  the  first  required  component  for  the 
establishment  of  a  systemic  antiviral  response  in  invertebrates. 


Symposium 

Presentation  Title:  Novel  viral  and  host  factors  determining  arbovirus  vector  competence  in 
mosquitoes 

Author  Name:  Giel  Goertz 

Author  Institution:  Wageningen  University  and  Research  Centre 

Session  Title:  Symposium:  Virus-Insect  Interactions 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2737 

DOI:  10. 1603/ICE.20 16.938 18 

Abstract  text: 

Introduction: 

Chikungunya  (CHIKV;  family  Togaviridae)  and  West  Nile  (WNV;  y^mz/yFlaviviridae)  are  highly 
pathogenic  viruses  that  are  transmitted  to  humans  by  hematophagous  mosquito  vectors.  Whereas 
CHIKV  and  WNV  replication  in  the  human  host  has  been  studied  in  much  detail,  the  viral  and 
host  determinants  for  successful  mosquito  infection,  dissemination  and  transmission  (vector 
competence)  are  not  well  defined.  We  previously  showed  that  the  CHIKV  nonstructural  protein  3 
(nsP3)  modulates  the  mammalian  stress  response  through  sequestration  of  stress  granule  marker 
G3BP.  In  mosquitoes,  nsP3  has  been  suggested  as  a  determinant  of  vector  specificity,  but  its 
functional  interaction  with  mosquito  proteins  remains  unclear.  For  WNV,  we  previously  showed 
that  a  viral  non-coding  RNA  determines  pathogenicity  in  vertebrate  animals,  but  its  role  in 
mosquito  infection  has  not  been  studied. 

Methods:  We  investigated  putative  viral  and  host  factors  using  a  combination  of  experiments  in 
cell  culture  and  in  live  mosquitoes. 


Results/Conclusion: 


We  elucidate  a  molecular  interaction  between  nsP3  and  Rasputin,  the  mosquito  homologue  of 
G3BP.  Furthermore,  we  show  that  Rasputin  silencing  in  vivo  significantly  decreases  the  CHIKV 
infection  and  transmission  rates  in  Ae.  albopictus.  Our  results  on  WNV  vector  competence  in 
Culex  ^zeramosquitoes  address  the  role  of  viral  non-coding  RNA  in  establishing  a 
transmissible  infection.  These  studies  reveal  novel  virus-mosquito  interactions  at  the  molecular 
level  and  identify  putative  targets  to  inhibit  alphavirus  and  flavivirus  replication. 
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Abstract  text: 

Introduction:  Chikungunya  virus  ( Togaviridae ;  CHIKV)  is  a  newly  emerging  arbovirus  infecting 
humans,  which  is  transmitted  by  Aedes  aegypti  and  Ae.  albopictus.  Using  CHIKV  as  a  model,  we 
analyzed  how  the  virus  disseminates  from  the  midgut  of  orally  infected  mosquitoes  to  secondary 
tissues  to  complete  its  replication  cycle  in  the  vector. 

Methods:  Our  experimental  approach  includes  analysis  of  gene  expression,  confocal  microscopy, 
ultrastructural  studies,  protein  assays,  and  virus  challenge  experiments. 

Results/Conclusion:  As  early  as  1  day  post-oral  acquisition,  the  virus  was  detected  in  midgut 
epithelial  cells  and  secondary  tissues  outside  the  midgut.  Our  data  suggest  that  midgut  infection 
is  a  prerequisite  for  secondary  tissue  infections.  The  mosquito  midgut  is  surrounded  by  a  basal 
lamina  (BL)  consisting  of  collagen  IV  and  laminin  whose  size  exclusion  limit  restricts  the 
passage  of  CHIK  virions.  We  hypothesized  that  the  BL  structure  surrounding  the  midgut  needed 
to  be  altered  to  allow  virus  dissemination  from  this  tissue.  We  revealed  that  midgut  lysates  of 
bloodfed  mosquitoes  possess  collagenase  activity  which  peaks  at  24  h  post-bloodmeal  and 
thereafter  tapers  off.  Caspase  and  serine  protease  expression  levels  were  upregulated  in  the  early 
phase  of  bloodmeal  digestion,  whereas  matrix-metalloproteinase  expression  levels  were 


upregulated  during  the  late  phase.  The  presence  of  CHIKV  in  the  bloodmeal  significantly 
affected  protease  expression  patterns.  Our  results  suggest  that  ingestion  of  a  bloodmeal 
stimulates  degradation  of  midgut  BL-associated  collagen  during  which  CHIKV  may  be  able  to 
efficiently  disseminate  from  the  midgut.  During  the  late  phase  of  bloodmeal  digestion,  the 
midgut  BL  is  re-generated,  thereby  restricting  virus  dissemination. 
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Abstract  text: 

Introduction:  Deformed  wing  virus  (DWV)  is  a  viral  pathogen  of  the  European  honey  bee  Apis 
mellifera  and  is  present  in  the  majority  of  honey  bee  colonies  worldwide.  Vertical  transmission 
by  eggs  or  drone  sperm  or  horizontal  transmission  via  larval  food  only  causes  true  covert 
infections.  Outbreaks  of  overt,  hence,  clinical  DWV-infections  are  associated  with  infestation  by 
the  ectoparasitic  mite  Varroa  destructor  and  with  transmission  of  DWV  to  pupae  by  parasitizing 
mites  acting  as  biological  vectors.  Such  overt  infections  can  result  in  pupal  death,  in  non- viable 
bees  emerging  with  crippled  wings,  or  in  bees  emerging  without  visible  symptoms  but  suffering 
from  DWV  infections  in  their  nervous  system  including  the  brain.  Hence,  DWV  transmitted  by 
the  mite  to  developing  bees  can  lead  to  chronic,  not  readily  detectable  infections  which  are 
mistaken  for  covert  infections.  DWV  viruses  form  a  quasi-species  and  exist  as  mutant  clouds. 
There  is  evidence  that  only  some  virus  variants  are  infective  for  mites  and  can  propagate  to  high 
copy  numbers  in  infected  mite  cells  thereby  changing  the  composition  and  variability  of  the 
mutant  cloud.  We  firstly  hypothesized  that  brain  infections  in  healthy  looking  bees  may  lead  to 
cognitive  impairment. 

Methods/Results:  To  test  this  we  performed  olfactory  conditioning  experiments  with 
experimentally  infected  foragers.  DWV  infections  of  the  brain  had  a  significantly  negative  effect 
on  learning  and  memory  formation.  We  then  tried  to  identify  and  generate  differentially  virulent 


DWV  variants  and  tested  their  impact  on  cognitive  performance  of  infected  bees.  The  results  of 
these  experiments  will  be  discussed. 
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Abstract  text: 


Introduction: 


Plant  viruses  are  a  significant  threat  to  global  food  security,  and  the  majority  of  viruses  that 
infect  plants  are  transmitted  by  arthropod  vectors.  Our  research  aims  to  understand  the  molecular 
interactions  between  tospoviruses,  thrips  vectors,  and  plants  that  result  in  virus  transmission  with 
the  long-term  goal  of  disrupting  the  virus  transmission  process.  The  Gn  glycoprotein  of  Tomato 
spotted  wilt  virus  (TSWV)  binds  directly  to  the  thrips  vector,  Frankliniella  occidentalism  and 
reduces  transmission  of  TSWV  by  blocking  virus  binding  and  subsequent  dissemination  in  the 
vector. 

Methods: 

Overlay  assays  were  used  to  find  thrips  proteins  that  bind  to  purified  TSWV  virions  and  the  viral 
attachment  protein,  Gn.  Larval  thrips  proteins  were  separated  using  two-dimensional  (2-D)  gel 
electrophoresis  and  probed  with  virus  or  protein.  Proteins  were  identified  using  mass 
spectrometry  coupled  with  Mascot  comparisons  to  the  thrips  transcriptome.  Peptide  antibodies  to 
the  TSWV-interacting  proteins  (TIPs)  were  generated  and  used  for  confocal  immunofluorescent 
microscopy  of  dissected  thrips  tissues. 

Results/Conclusion: 

On  membranes  overlaid  with  TSWV,  five  thrips  proteins  that  interact  with  TSWV  were 
identified  and  two  proteins  interacted  with  Gn.  Localization  of  four  of  the  TIPs  revealed  that  they 
were  expressed  in  the  midguts  and  salivary  glands,  tissues  important  for  virus  dissemination  and 
transmission  by  thrips.  Annotation  of  the  TIPs  revealed  that  they  may  play  roles  in  entry  and 
escape  from  different  tissues  during  the  transmission  process.  Further  characterization  of  the 
TIPs  and  their  specific  interactions  with  TSWV  during  virus  acquisition,  dissemination,  and 
transmission  is  underway. 
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Abstract  text: 


Deep  sequencing  technology  has  been  widely  used  for  insect  virus  sequence  discovery.  Viral 
sequences  derived  from  DNA  or  RNA  viruses  can  be  identified  in  genomic  and  transcriptomic 
datasets  respectively,  along  with  sequences  derived  from  integrated  viral  sequences  (endogenous 
viral  elements,  EVE)  in  genomic  DNA.  Retrovirus-related  sequences  (retrotransposons),  and 
DNA  virus-derived  sequences  (e.g.  baculovirus,  nudivirus,  iridovirus)  are  common  EVEs  in 
insect  deep  sequencing  data. 

Methods:  We  analyzed  sequence  data  to  identify  viruses  from  corn  rootworms  ( Diabrotica 
virgifera  virgifera,  D.  barberi  and  D.  undecipunctata)  and  stink  bugs  ( Euschistus  servus,  Nezara 
viridula  and  Thy  ant  a  oust  at  or). 

Results:  In  addition  to  discovering  more  than  15  novel  viruses  from  these  insects,  we  identified 
many  putative  EVEs  derived  from  RNA  viruses.  The  majority  of  the  EVE  sequences  hit  viral 
RNA-dependent  RNA  polymorases  (RdRp).  Although  protein  translation  was  disrupted  in  some 
cases,  EVEs  potentially  encoding  functional  proteins  were  also  observed.  Analysis  of  RNA-seq 
data  confirmed  that  some  EVEs  were  transcribed. 

Discussion:  While  the  biological  functions  of  the  newly  discovered  EVEs  are  unknown,  they 
could  generate  transcripts  to  boost  RNA  interference-based  antiviral  defense,  as  previously 
described  (B.  Goic  et  al.,  2013  Nat.  Immunol.  14:  396-403).  Further  work  is  needed  to 
investigate  the  potential  role  of  such  EVEs  in  antiviral  defense. 
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Abstract  text: 


Introduction:  The  RNA  interference  (RNAi)  pathway  senses  vims  infection  to  induce  an  antiviral 
response  in  insects.  The  ribonuclease  Dicer-2  detects  viral  double-stranded  RNA  and  generates 
viral  small  interfering  RNAs  (vsiRNAs),  which  are  then  used  to  restrict  viral  replication.  Recent 
small  RNA  profiling  studies  demonstrated  that  both  RNA  and  DNA  viruses  are  targets  of  the 
RNAi  response  and  identified  the  viral  RNA  substrates  that  trigger  vsiRNA  biogenesis.  The 
importance  of  the  antiviral  RNAi  pathway  is  underscored  by  the  observation  that  viruses  have 
evolved  sophisticated  mechanisms  to  counteract  this  immune  response.  More  recently,  it  was 
proposed  that  another  small  RNA  silencing  mechanism,  the  piRNA  pathway,  also  processes  viral 
RNAs  in  Drosophila  and  mosquitoes. 

Methods:  Using  mosquito  cell  culture  and  adult  drosophila  as  model  systems,  we  analyze  the 
complexity  of  antiviral  RNA  silencing  pathways  of  Dipteran  insects.  I  will  present  recent 
insights  into  antiviral  RNAi  and  discuss  the  dynamic  interplay  between  host  antiviral  RNAi 
responses  and  virus  counter-defense  strategies. 
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Abstract  text: 

Introduction:  Originally  reported  in  Nova  Scotia  in  the  1930s,  populations  of  the  invasive 
geometrid  Operophtera  brumata  (winter  moth)  have  since  been  discovered  in  geographically 
isolated  locations,  including  the  Pacific  Northwest  (1970s),  and  New  England  (1990s).  Whether 
these  more  recent  reports  represent  a  range  expansion  of  the  invasive  population  from  Nova 
Scotia,  or  additional  introductions  from  its  native  regions  of  origin  is  unclear  and  may  have 
important  implications  for  estimating  the  invasive  potential  of  this  pest  species  and  may  also 
inform  searches  for  effective  biological  control  agents. 


Methods:  Using  24  polymorphic  microsatellite  markers,  we  genotyped  >800  adult  male  winter 
moths  collected  from  locations  in  both  its  native  (14  European  countries)  and  invasive  (Nova 
Scotia,  British  Columbia,  Oregon,  New  England,  and  New  York)  range.  When  then  we 
examined  biogeographic  patterns,  estimated  the  number  of  introductions  and  their  regions  of 
origin  for  invasive  winter  moths  using  genetic  clustering  (STRUCTURE,  and  GeneLand), 
distance  (Fs t,  Rhost ),  and  simulation  (DIYABC)  approaches. 

Results/Conclusion:  In  its  native  range,  we  find  evidence  for  at  least  three  distinct  winter  moth 
genetic  clusters  in  Europe  that  broadly  correspond  with  published  post-glacial  re-colonization 
patterns  for  other  lepidopteran  species.  We  also  find  evidence  that  the  invasive  populations  in 
North  America  originated  from  at  least  three  different  geographically  distinct  regions  of  Europe. 
Finally,  we  reconstruct  possible  invasion  pathways  for  the  invasive  populations  of  winter  moth  in 
North  America. 
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Abstract  text: 

Introduction:  The  European  winter  moth,  Operophtera  brumata  L.  (Lepidoptera:  Geometridae), 
is  a  non-native  invasive  pest  in  the  northeastern  United  States.  The  most  recent  winter  moth 
outbreak  detected  in  New  England  in  the  late  1990’s  is  causing  persistent  defoliation  of  forest 
trees  and  crops  such  as  apples,  blueberries,  and  cranberries.  The  re-emergence  of  this  pest  in  the 
northeastern  United  States  was  unexpected,  given  successful  biological  control  in  other  regions 
in  North  America.  Winter  moth  is  known  to  hybridize  with  a  closely  related  North  American 
species,  O.  bruceata  (Hulst),  the  Bruce  spanworm,  which  is  common  across  the  northern  United 
States  and  Canada  but  it  rarely  experiences  outbreaks. 


Methods:  We  genotyped  moths  across  a  hybrid  zone  in  New  England  using  polymorphic 
microsatellite  loci.  Population  genetic  analyses  were  performed  to  understand  the  prevalence, 
patterns,  and  direction  of  hybridization  between  these  species. 

Results/Conclusion:  The  results  of  this  study  represent  progress  towards  understanding  patterns 
of  hybridization  between  introduced  and  native  species  and  whether  this  might  be  impacting 
invasiveness. 
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Abstract  text: 

Introduction:  While  trying  to  understand  and  predict  invasions  it  has  been  proposed  that 
successful  invaders  are  characterized  by  certain  traits.  Invasive  species  and  populations  have,  for 
example,  been  argued  to  have  higher  phenotypic  plasticity  than  non-invasive  related  species  or 
non-invasive  populations  of  the  same  species.  Accordingly,  invaders  could  also  express  higher 
adaptation  potential.  We  investigated  differences  in  adaptation  potential  between  native  and 
invasive  species  by  examining  populations  of  two  coexisting  geometrids  in  northern 
Fennoscandia.  Factors  affecting  and  allowing  the  geometrids  to  coexist  became  topical  after  the 
two  species  started  occurring  at  outbreak  densities  and  exhibiting  peak  densities  one  after 
another  at  new  locations.  Hypotheses  on  the  coexistence  of  the  two  species  have  been 
experimentally  and  theoretically  tested.  In  this  talk,  studies  exploring  the  potential  evolutionary 
causes  and  effects  on  the  coexisting,  phase-lagged  cycles  of  Operophtera  brumata  and  Epirrita 
autumnata  will  be  presented. 

Methods:  Data  from  field  collections  of  geometrid  larvae  were  used  to  investigate  differences 
between  species  and  populations.  In  more  detail,  one  or  both  species  were  sampled  from  six 


locations  during  four  years.  Larvae  were  reared  to  pupation  and  variation  in  pupal  weighs  was 
used  as  an  indicator  of  adaptation  potential. 

Results/Conclusion:  The  preliminary  results  indicate  that  invader  populations  vary  according  to 
the  time  present  in  a  given  location.  In  contrast,  little  to  no  variation  between  locations  for  the 
native  species  was  found.  We  hypothesize  that  despite  no  clear  geographical  signs,  the  invader 
population  may  have  gone  through  a  genetic  bottleneck  during  the  expansion  of  its  outbreak 
range. 
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Abstract  text: 

Introduction:  In  a  changing  world,  species  need  to  adapt  to  their  new  environment.  In  the 
Netherlands,  the  synchronization  between  timing  of  egg-hatching  of  the  winter  moth 
( Opheroptera  brumata )  and  the  bud  burst  of  its  primary  host  plant,  the  oak  ( Quercus  robur),  has 
been  disrupted  by  climate  change. 

Methods:  We  use  three  approaches  to  study  genetic  and  plastic  responses  of  winter  moth  to 
climate  change.  We  use  both  long-term  (18  years)  observational  data  and  experiments  to 
investigate  genetic  changes  in  timing  of  egg-hatching.  Next,  we  test  whether  these  genetic 
changes  are  due  to  altered  sensitivity  to  photoperiod.  Finally,  we  explore  which  are  the 
limitations  of  the  genetic  adaptation  using  a  novel  phenological  model  that  accurately  describes 
the  effect  of  temperature  on  winter  moth  egg’s  developmental  rate  throughout  egg  development. 

Results/Conclusion:  First,  we  show  that  timing  of  egg  hatching  has  changed  genetically, 
resulting  in  closer  synchrony  of  egg  hatching  with  oak  bud  burst.  Then  we  find  that  these 


changes  are  not  due  to  altered  sensitivity  to  photoperiod,  as  timing  of  egg-hatching  is  not  plastic 
to  photoperiodic  cues.  Finally,  the  novel  phenological  model  improves  our  understanding  of  the 
mechanisms  underlying  insect  egg  development  and  allows  the  study  of  additive  genetic 
variation  in  the  model’s  parameters.  Furthermore,  such  model  allows  testing  whether  these 
parameters  can  be  altered  by  selection.  As  temperature  are  forecasted  to  continue  increasing, 
eco-evo-devo  studies  that  couple  empirical  findings  with  phenological  models  are  crucial  to 
unravel  the  potential  of  future  insect’s  adaptive  responses  to  climate  change. 
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Abstract  text: 

Introduction:  The  spring-feeding  geometrid  moths  Operophtera  brumata  and  Epirrita  autumnata 
display  population  cycles  with  an  expected  periodicity  of  10  years  in  the  sub-arctic  mountain 
birch  forest  of  northern  Fennoscandia.  High  levels  of  spatial  synchrony  at  regional  scales  have 
been  documented  in  the  population  dynamics  of  both  species,  but  detailed  quantitative  analyzes 
of  smaller-scale  patterns  in  synchrony  are  still  lacking. 

Methods:  We  conduct  a  comparative  analysis  of  meso-scale  population  synchrony  in  the  two 
moth  species  in  the  coastal  districts  of  Troms  county,  northern  Norway;  a  region  characterized 
by  complex  topography  and  major  dispersal  barriers  in  the  form  of  mountains  and  ijords.  The 
analysis  is  based  on  a  17-year  time  series  of  larval  counts  collected  at  120  different  sites.  The 
sites  were  organized  into  12  transects,  with  a  maximum  inter-site  distance  of  about  80  km. 
Conventional  analyzes  of  population  synchrony  can  be  biased  in  the  presence  of  observation 
error,  and  we  address  this  problem  by  conducting  the  analysis  in  a  Bayesian  state-space 
framework,  thereby  accounting  for  both  observation-  and  process  noise. 


Results/Conclusion:  We  demonstrate  that  both  moth  species  show  high  levels  of  overall 
synchrony  at  the  spatial  scale  considered,  although  with  a  clear  tendency  for  synchrony  to 
decline  with  increasing  distance  between  sites.  Despite  high  overall  synchrony,  we  also  show 
that  there  is  substantial  heterogeneity  in  population  dynamics  across  the  sampling  frame,  with 
both  cycle  period  and  amplitude  varying  among  sites. 
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Abstract  text: 

Introduction:  Episodic  population  outbreaks  by  geometrid  moths  is  a  long-standing  phenomenon 
in  the  sub-arctic  birch  forests  in  northern  Fennoscandia.  Recent  outbreak  range  expansions  of  the 
three  dominating  moth  species  (autumnal  moth  Epirrita  autumnata,  winter  moth  Operophtera 
brumata ,  and  scarce  umber  moth  Agriopis  aur antiaria ),  have  implications  for  the  duration  and 
intensity  of  outbreaks  and  hence  possibly  for  the  resilience  of  the  birch  forest  towards  outbreaks. 
During  the  2000’s,  a  moth  outbreak  of  unprecedented  extent  swept  through  the  region,  affecting 
approx.  1  mill  ha  of  birch  forest. 

Methods:  Through  a  series  of  field-based  regional  scale  studies,  we  investigate  the  implications 
of  moth  population  outbreaks  for  birch  resilience,  and  the  wider  effects  of  outbreaks  on  other 
components  of  the  birch  forest  ecosystem  including  ground  vegetation,  communities  of 
deadwood  associated  beetles,  forest  dwelling  birds  and  mammalian  herbivores. 

Results/Conclusion:  We  demonstrate  that  birch  forest  mortality  following  the  outbreak  is  high, 
locally  above  95%,  and  strongly  influenced  by  both  forest  type  and  the  local  herding  regime  of 
semi-domestic  reindeer.  We  further  find  that  persistent  moth  outbreaks  cause  abrupt  changes  in 
the  ground  vegetation  in  the  most  widely  distributed  oligotrophic  forest  types,  these  changes 


cascade  to  mammalian  herbivores  in  the  forest  ecosystem,  and  to  communities  of  deadwood 
associated  beetle  and  birds.  Based  on  these  findings  we  discuss  how  moth  outbreaks,  in 
interaction  with  reindeer  grazing,  may  invoke  persistent  state  changes  in  the  birch  forest 
ecosystem. 
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Abstract  text: 

Introduction:  Population  cycles  of  geometrid  moths  are  thought  to  be  driven  by  trophic 
interaction  mechanisms,  involving  a  delayed  density-dependent  component  either  between  food 
plant  and  herbivore  or  between  the  herbivorous  prey  and  its  natural  enemies.  Observational  data 
indicate  that  larval  parasitoids  cause  delayed  density-dependent  mortality  in  cyclic  autumnal 
moth  ( Epirrita  autumnata )  populations.  The  emphasis  has  strongly  been  on  the  larval  stage, 
while  little  is  known  about  density  relationships  of  mortality  factors  during  other  life  stages. 

Methods:  In  a  series  of  long-term  field  studies,  we  exposed  autumnal  moth  eggs,  pupae,  and 
adults  to  their  natural  enemies  yearly  throughout  the  ten-year  population  cycle.  Furthermore,  we 
experimentally  tested  the  parasitism  hypothesis  by  establishing  a  four-year  parasitoid  exclusion 
experiment.  All  the  studies  were  conducted  for  continental  autumnal  moth  populations  in 
northernmost  Finland  and  Norway. 

Results/Conclusion:  The  experimental  exclusion  of  parasitoids  led  to  high  moth  abundances, 
while  the  declining  abundance  in  control  plots  paralleled  the  naturally  declining  density  in  the 
study  area.  In  the  field  survey,  egg  and  pupal  parasitoids  dominated  as  density-dependent 
mortality  factors  and  predicted  the  subsequent  growth  rate  of  the  host  population  size.  In 
contrast,  all  the  effects  of  egg,  pupal,  and  adult  predators  (generalist  invertebrates  and 


vertebrates)  were  virtually  density  independent.  We  conclude  that  parasitism  by  specialized  egg, 
larval,  and  pupal  parasitoids  can  be  related  to  the  changes  of  the  autumnal  moth  density  in  a 
delayed  density-dependent  manner  required  to  generate  population  cycles.  As  a  general 
conclusion,  egg  and  pupal  parasitoids  should  not  be  overlooked  in  studies  of  moth  population 
cycles. 
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Abstract  text: 

Introduction:  Two  geometrid  species,  the  autumnal  moth  (Epirrita  autumnata)  and  the  winter 
moth  ( Operophtera  brumata ),  coexist  in  mountain  birch  forests  in  coastal  and  warmer 
continental  areas  of  northern  Fennoscandia.  Both  species  exhibit  cyclic  population  dynamics 
with  population  density  peaks  every  9-11  years.  Peak  densities  show  a  lagged  synchrony  where 
the  autumnal  moth  reach  peak  densities  first  and  the  winter  moth  one  to  two  years  later.  At  high 
population  densities  (defoliating  outbreaks)  virus  diseased  autumnal  moth  larvae  have  been 
observed,  while  virus  diseased  winter  moth  larvae  rarely  are  reported.  When  rearing  autumnal 
moth  larvae  collected  from  populations  with  high  densities,  virus  disease  is  frequently  killing  the 
larvae  before  pupation.  However,  winter  moth  larvae  from  the  same  locations  seem  to  escape  the 
disease.  We  wanted  to  investigate  if  the  coexistence  and  the  lagged  synchrony  could  be  partly 
explained  by  difference  in  susceptibility  to  the  virus  in  the  two  species. 

Methods:  Yearly  collections  of  geometrid  larvae  were  made  at  6  locations  in  northern 
Fennoscandia  2012-2015.  At  two  continental  locations  the  autumnal  moth  was  the  only  species 
found,  while  both  species  occurred  at  the  other  locations.  Farvae  and  pupae  from  locations  with 
peak  densities  were  screened  for  the  occurrence  of  virus.  Additional  screenings  were  made  of 
virus  diseased  autumnal  moth  larvae. 


Results/Conclusion:  Preliminary  results  indicate  that  both  species  carry  the  same  baculovirus. 
The  occurrence  of  virus  in  larvae  and  pupae  in  the  two  species  is  discussed  in  relation  to  phase  in 
population  cycle  and  possible  implications  for  the  coexistence  and  lagged  synchrony  of 
population  fluctuations. 
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Introduction:  Parasitoids  were  introduced  in  the  late  1970’s  for  the  control  of  introduced  winter 
moth  ( Operophthera  brumata)  populations  on  urban  Garry  Oak  stands  in  British  Columbia, 
Canada.  Within  seven  years  of  introduction  (1985),  moth  populations  declined  due  the  effects  of 
introduced  parasitoid  and  the  interaction  between  parasitism  and  predation  by  generalist 
predators  in  the  soil.  Whether  the  decline  was  due  to  introduced  parasitoids  was  unclear. 

Methods:  I  continued  to  monitor  populations  of  winter  moth  at  the  late-larval  stage  at  the  same 
sites  and  on  the  same  trees  from  1981  through  2016.  Parasitism  was  estimated  from  collections 
of  late-larval  caterpillars  just  prior  to  pupation.  Pupal  predation  was  estimated  by  the  ‘planting4 
of  pupae  in  the  soil  in  May  and  recovering  them  in  early  November.  Interaction  between 
parasitism  and  predation  was  determined  by  the  differential  predation  rate  on  parasitized  vs 
unparasitized  pupae 

Results/Conclusion:  Censuses  in  recent  years  show  increasing  levels  of  defoliation  and  declining 
rates  of  parasitism  compared  to  in  the  years  during,  and  immediately  after,  winter  moth 
population  decline.  Predation  levels  remain  high,  especially  on  unparasitized  hosts.  Patterns  of 
population  processes,  and  of  population  change,  are  interpreted  in  light  of  the  aims  of  initial 
biological  control  of  this  urban  forest  pest. 
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Abstract  text: 

Introduction:  Bruce  spanworm,  Operophtera  bruceata,  and  winter  moth,  Operophtera  brumata, 
are  closely  related  geometrids,  can  hybridize,  and  may  share  natural  enemies.  In  the  northeastern 
US,  Bruce  spanworm  populations  mostly  remain  at  low  density  and  rarely  experience  outbreaks. 
Outbreaks  of  this  species  are  rare  and  short-lived.  In  contrast,  the  introduced  winter  moth, 
Operophtera  brumata,  has  had  continuous  population  outbreaks  causing  high  levels  of 
defoliation.  We  seek  to  understand  why  the  two  species  have  such  different  population 
dynamics. 

Methods:  We  collected  and  reared  late  instars  of  both  species  from  high  and  low  density 
populations.  We  used  microscopy  and  DNA  analyses  to  detect  pathogens  in  larval  cadavers. 
Cross  infection  trials  were  run  for  the  pathogens. 

Results/Conclusion:  We  have  found  significantly  higher  mortality  in  Bruce  spanworm  compared 
to  winter  moth.  Microsporidia  appear  to  be  important  regulators  of  Bruce  spanworm  at  high 
density,  but  we  have  almost  never  observed  them  in  winter  moth  populations.  Rates  of  infection 
by  microsporidia  were  23  times  higher  in  Bruce  spanworm  than  in  winter  moth. 
Nucleopolyhedrovirus  (NPV)  has  been  found  in  both  species  and  have  been  identified  as  related, 
but  not  identical  strains.  NPVs  do  not  appear  to  inflict  significant  mortality  in  either  moth 
species.  Additionally,  we  have  found  tachinid  and  ichneumonid  parasitoids  in  Bruce  spanworm 
and  are  testing  their  phylogenetic  relationship  to  winter  moth’s  parasitoids.  To  understand  winter 
moth’s  population  dynamics,  it  is  essential  that  we  understand  the  complex  dynamic  of  native 
and  non-native  parasitoids,  pathogens,  and  predators  acting  upon  its  native  congener  Bruce 
spanworm 
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Abstract  text: 

Introduction:  Winter  moth  ( Operophtera  brumata)  is  an  invasive  defoliator  in  North  America 
that  appears  to  be  regulated  by  mortality  in  the  larval  stage  in  its  invasive  range.  To  assess 
whether  regulation  in  the  invasive  range  is  caused  by  top-down  or  bottom-up  forces,  we  sought 
to  identify  the  main  causes  of  larval  mortality. 

Methods:  To  measure  the  importance  of  different  sources  of  larval  mortality,  we  used 
observational  and  manipulative  field  studies  to  measure  dispersal,  predation,  parasitism,  and 
disease.  We  measured  the  response  of  larval  dispersal  in  the  field  to  multiple  aspects  of  foliar 
quality,  including  total  phenolics,  pH  10  oxidized  phenolics,  trichome  density,  total  nitrogen, 
total  carbon,  and  carbon-nitrogen  ratio.  We  also  used  manipulative  laboratory  studies  to  measure 
the  presence  of  cannibalism  and  dispersal 

Results/Conclusion:  Tree-level  declines  in  density  were  driven  by  density-dependent  dispersal  of 
early  instars  with  little  mortality  from  other  factors.  Later  instar  larvae  dispersed  at  increased 
rates  from  previously  damaged  vs.  undamaged  foliage,  and  field  larval  dispersal  rates  were 
related  to  proportion  of  oxidative  phenolics  in  2015,  suggesting  that  larval  dispersal  may  have 
been  mediated  by  an  induced  decline  in  foliar  quality.  We  conclude  that  larval  dispersal  is  the 
dominant  source  of  density-dependent  larval  mortality.  This  mortality  may  be  mediated  by 
defoliation  induced  changes  in  foliar  quality. 


Symposium 


Presentation  Title:  Population  dynamics  and  biological  control  of  outbreak  populations  of 
winter  moth  in  the  northeastern  United  States 

Author  Name:  Joseph  Elkinton 

Author  Institution:  University  of  Massachusetts 

Session  Title:  Symposium:  Population  Biology  of  Winter  Moth,  Operophtera  brumata  L.,  and 
Related  Geometrids  on  Two  Continents 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2755 

DOI:  10.1603/ICE.2016.94158 

Abstract  text: 

Introduction:  Winter  moth,  Operophtera  brumata  L.  has  recently  invaded  the  northeastern 
United  States  and  caused  widespread  defoliation.  We  embarked  on  a  ten  year  project  to  collect 
life  table  data  which  involved  estimating  densities  of  different  winter  moth  life  stages  at  multiple 
research  plots.  We  wished  to  understand  what  factors  regulated  the  outbreak  populations  of 
winter  moth  that  we  observed  in  this  region.  We  also  began  introduction  of  the  tachinid 
parasitoid,  Cyzenis  albicans ,  which  has  controlled  winter  moth  at  other  locations  in  North 
America.  We  wished  to  find  out  if  we  could  establish  the  fly  in  winter  moth  populations  and 
whether  it  would  result  in  much  lower  densities  of  winter  moth,  as  it  apparently  has  elsewhere  in 
North  America,  such  as  in  Nova  Scotia. 

Methods:  We  conducted  an  analysis  of  10  years  of  life  table  data  collected  from  outbreak 
populations  of  this  species  at  multiple  locations  in  Massachusetts.  We  collected  and  reared  late- 
instar  winter  moth  larvae  from  various  C  albicans  release  sites  yearly  following  release  to 
document  establishment  and  levels  of  parasitism  caused  by  this  species. 

Results/Conclusion:  We  found  that  populations  are  regulated  by  density  dependent  mortality 
primarily  in  the  larval  stage.  This  mortality  constitutes  direct  and  overcompensating  density 
dependence,  resulting  in  distinct  two  year  cycles  of  density.  The  dynamics  contrast  strongly  with 
classic  analyses  of  low-density  populations  of  this  insect.  Introductions  of  the  parasitoid  Cyzenis 
albicans  have  resulted  in  successful  establishment  at  several  locations  and  sharp  reductions  in 
winter  moth  density  at  one  location  so  far. 
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Abstract  text: 

Introduction: 

The  unique  offset  in  stable  nitrogen  isotopic  (15N/14N)  discrimination  between  glutamic  acid 
(Glu)  and  phenylalanine  (Phe)  during  trophic  grazing  process  has  recently  been  employed  as  a 
potential  powerful  tool  for  accurate  and  precise  estimation  of  both  animal  trophic  position  (TP) 
and  baseline  615N  values  in  ecosystems.  In  the  present  study,  we  apply  this  method  to  identify 
the  TP  and  habitat  use  in  insects  within  the  hillside  terrace  of  an  orange  farm. 

Methods: 

Orange  tree  leaves,  ants,  crickets,  and  lady  beetles  were  collected  from  an  orange  farm,  where 
the  baseline  815N  value  gradually  increased  by  ~10%  from  upper  to  lower  floors.  Amino  acids 
were  extracted  by  HC1  hydrolysis  and  subsequently  derivatized  to  the  Pv/iPr  derivative  for  the 
isotope  analysis.  The  815N  values  of  amino  acids  were  determined  by  GC/IRMS.  The  TP  values 
were  calculated  by  the  following  equation:  TP  =  [(515Ngiu  -  515Nphe+  8.4)  /  7.6]  +  1. 

Results/Conclusions : 

No  substantial  difference  in  the  TP  value  was  found  within  a  single  plant  (1.0  ±  0.1  for  orange 
leaves)  or  insect  species  (e.g.,  3.0  ±  0. 1  for  ants)  in  the  terraced  farm.  On  the  other  hand,  the 
515Nphe  values  of  plant  leaves  varied  among  terraces,  and  the  values  of  insects  among  upper, 
intermediate,  and  lower  terraces  closely  mirrored  their  habitat  use  (e.g.,  4.5  ±  0.5%,  6.5  ±  0.9%, 
and  12.2  ±  0.8%  for  three  respective  ant  nests  across  the  three  terraces). 
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Abstract  text: 

Introduction 

Our  work  seeks  to  better  resolve  the  degree  of  functional  diversity  within  the  heterotroph  empire. 
In  an  era  of  profound  biodiversity  loss,  it  stands  to  reason  that  microbial  diversity  and  its 
attendant  functional  roles  are  being  lost,  along  with  countless  macrofauna.  To  better  characterize 
the  trophic  roles  of  microbes,  we  pose  the  question,  are  microbes  functionally  different  from 
animals  within  a  food-chain? 

Methods/ Approach: 

To  investigate  this  question,  we  fed  plant-  and  animal-based  diets  to  a  broad  diversity  of  fungal, 
bacterial,  and  animal  consumers.  Then,  using  amino  acid  isotopic  analysis,  we  examined  patterns 
of  isotopic  enrichment  among  key  amino  acids  within  consumer  biomass. 

Results/Discussion: 

Across  three  biological  kingdoms,  representing  bacteria,  fungi,  and  animals,  respective  patterns 
of  isotopic  enrichment  were  quite  similar.  All  consumers  registered  at  expected  trophic  positions, 
regardless  of  phylogenetic  origin,  or  whether  diets  were  plant-  or  animal-based.  This  means  that 
when  a  microbe  such  as  a  yeast  cell,  mold,  or  bacterium  develops  on  a  given  food  source,  the 
microbe  registers  the  same  trophic  position  that  an  animal  would,  had  the  animal  eaten  the  same 
meal.  As  evidence  of  the  ecological  portability  of  our  approach,  we  investigated  the  ancient 
symbioses  represented  by  Neotropical  “fungus-gardens,”  revealing  four  discrete  trophic  levels, 
competition,  and  mutualism  among  the  ants,  fungi,  and  bacteria  occupying  this  community. 
Collectively,  our  findings  represent  the  first  evidence  that  microbes  are  the  trophic  equivalents  of 
animals,  effectively  unifying  the  macro-  and  microbiome  in  studies  of  food  web  ecology. 
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Abstract  text: 

Introduction: 

Intestinal  bacteria  perform  many  functions  for  their  host,  but  among  the  most  important  is  their 
role  in  metabolism,  especially  the  conversion  of  biomass  that  the  host  is  unable  to  digest  into 
bioavailable  compounds.  The  role  gut  microbes  play  in  amino  acid  metabolism,  which  is 
important  for  maintaining  animal  structural  tissues  largely  made  of  protein,  is  poorly  understood 
but  likely  has  implications  for  understanding  plasticity  in  the  foraging  ecology  of  wild  animals 
that  often  consume  diets  deficient  in  protein. 

Methods: 

We  completed  a  controlled  feeding  experiment  on  mice  ( Mus  mus cuius)  in  which  we  varied  the 
relative  amount  and  carbon  isotope  (d13C)  value  of  dietary  protein  (-28%)  and  carbohydrates  (- 
12%).  We  then  used  bulk  tissue  and  amino  acid  d13C  analysis  to  quantify  the  contribution  of 
carbohydrate  carbon  used  to  synthesize  mouse  structural  tissues.  We  also  used  NexGen 
sequencing  to  characterize  the  composition  and  relative  abundance  of  intestinal  microbiota 
among  dietary  treatments. 

Results/Discussion: 

We  found  that  the  relative  abundance  of  Firmicutes  and  Bacteroides  inversely  varied  as  a 
function  of  dietary  macromolecular  content,  with  the  abundance  of  Firmicutes  increasing  with 
dietary  carbohydrate  content.  We  also  found  a  similar  pattern  among  essential  amino  acids, 
suggesting  that  a  significant  portion  of  the  essential  amino  acid  budget  in  mice  is  ultimately 
derived  from  intestinal  bacteria.  Our  results  show  that  intestinal  bacteria  play  an  important  role 
in  the  protein  metabolism  of  their  omnivorous  host,  and  we  anticipate  that  such  symbiotic 


relationships  are  a  ubiquitous  but  currently  under-recognized  aspect  of  wildlife  foraging  ecology 
and  physiology. 
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Abstract  text: 

Introduction:  Nitrogen  isotopic  composition  of  amino  acids  (<515Naa)  has  been  used  to  estimate 
the  trophic  position  (TP)  of  heterotrophic  animals,  based  on  the  ‘inter-trophic’  isotopic 
discrimination  associated  with  amino  acid  catabolism  between  a  consumer  and  its  diet.  However, 
plants  also  catabolize  amino  acids  if  photosynthesis  is  significantly  reduced,  which  potentially 
generates  ‘intra-trophic’  isotopic  discrimination  and  therefore  the  elevation  on  the  estimated  TP 
of  plants.  In  this  study,  we  determined  the  <515Naa  values  from  several  organs  (e.g.,  leaves  and 
flowers)  in  deciduous  and  evergreen  plants,  to  evaluate  the  ‘intra-trophic’  isotopic  discrimination 
in  these  plants. 

Methods:  Amino  acids  were  extracted  by  HC1  hydrolysis  and  subsequently  derivatized  to  the 
Pv/iPr  derivative.  The  <515Naa  values  were  determined  by  GC/IRMS.  The  TP  values  were 
calculated  by  the  following  equation:  TP  =  [(515Ngiu  -  515Nphe+  8.4)  /  7.6]  +  1. 

Results/Conclusions:  The  <515Naa  values  reveal  that  the  mean  TP  values  of  leaves  are  1.0  ±  0.1- 
0.2  for  all  plants  examined,  whereas  those  of  flowers  vary  depending  on  plant  types  and 
blooming  seasons.  The  TP  values  of  floral  tissues  are  2.2  ±  0.2  and  1.0  ±  0.1  for  deciduous  plants 
that  bloomed  during  leafless  and  mature-leaf  periods,  respectively.  The  values  of  evergreen 
plants  are  1.9  ±  0.4  if  the  flowers  bloomed  in  winter-spring  but  close  to  1.0  if  the  flowers 
bloomed  in  summer-autumn.  These  results  suggest  that  plant  flowering  requires  metabolic 
energy  from  the  catabolism  of  storage  amino  acids,  which  generates  intra-trophic  isotopic 


discrimination,  if  the  anabolic  energy  supplied  from  photosynthesis  is  significantly  reduced  or 
absent. 
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Abstract  text: 

Introduction 

We  apply  quantitative  analytical  and  statistical  methods  to  understand  temporal  and  population 
variation  in  the  foraging  habits  of  predators.  Variation  in  foraging  habits  among  demographic 
groups  and  individuals  of  a  population  offers  ecological  diversity,  an  important  attribute  when 
habitats  and  food  resources  occur  over  time.  While  our  data  primarily  focus  on  marine  predators, 
we  discuss  how  our  intellectual  framework  has  parallel  application  to  pressing  issues  in 
entomology. 

Methods/ Approach: 

To  delineate  foraging  habits  we  use  bulk  and  amino  acid  isotopic  analysis.  Foraging  variation 
within  the  population  is  evaluated  using  Bayesian  statistics  including  models  recently  developed 
within  our  laboratory. 

Results/Discussion: 

The  use  of  bulk  and  amino  acid  specific  stable  isotope  data  to  investigate  foraging  habits  (trophic 
level,  foraging  location)  provides  profound  insights  into  the  ecology  of  cryptic  foragers.  Using 
advanced  Bayesian  models,  we  quantified  variation  in  foraging  habits  (habitat  and  trophic  level) 
among  populations,  between  demographic  groups  and  among  individuals  within  a  population. 


Our  methods  include  a  novel  method  to  quantify  three-dimensional  variation  in  foraging  habits. 
This  approach  allows  a  comparison  of  both  niche  width  and  location  to  assess  differences  among 
groups.  In  addition  to  data  on  modem  organisms,  we  explore  data  over  decades  or  millennia, 
show  how  populations  of  apex  predators  varied  over  time  and  in  response  to  environmental 
change.  The  foraging  habits  and  diets  of  many  insects  are  also  cryptic  yet  their  importance, 
especially  in  agriculture,  is  profound.  As  we  will  discuss,  this  makes  the  approaches  discussed 
here  particularly  amenable  to  a  variety  of  issues  in  entomology. 
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Abstract  text: 

Introduction 

Varying  freshwater  habitats  support  diverse  phenotypic  traits  among  bluegills  that  improve  their 
foraging  efficiency  and  predator  evasiveness.  However,  whether  this  plasticity  extends  into 
unique  trophic  affinities,  has  remained  largely  unknown.  Through  isotopic  diet  reconstruction, 
this  study  lends  a  trophic  perspective  into  the  phenotypic  plasticity  among  three  bluegill 
populations  collected  from  the  main  channel  and  two  flood-plain  lakes  of  the  dynamic 
unregulated  Sipsey  River  ecosystem  in  Alabama. 

Methods/ Approach: 

To  resolve  for  the  dietary  differences  among  the  three  populations,  we  used  bulk  carbon  and 
nitrogen  isotopic  analysis  from  bluegill  muscle  tissue.  Further  resolution  into  trophic  position 
was  achieved  through  isotopic  analysis  of  amino  acids. 


Results/Discussion: 


The  carbon  isotopic  signature  of  the  main  channel  bluegills  indicated  a  heavy  reliance  on  carbon 
originating  from  the  riparian  zone  of  the  flood-plain.  In  contrast,  carbon  isotopic  signature  of  the 
flood-plain  lake  populations  suggested  a  high  contribution  of  submerged  macrophyte-derived 
carbon  in  their  diet.  Differences  in  bulk  nitrogen  isotopic  signature  were  of  trivial  ecological 
significance.  Amino  acid  analysis  revealed  that  ecosystem  nitrogen  isotopic  baselines  were 
comparable  across  the  main  channel  and  the  flood-plain  lakes.  Bluegills  from  all  three 
populations  occupied  comparable  intermediate  trophic  positions  between  trophic  levels  3  and  4, 
suggesting  omnivorous  diets.  Altogether,  it  appears  that  although  the  flood-plain  lake  and  main 
channel  populations  had  similar  trophic  identities  within  their  respective  food  webs,  they  relied 
on  distinctly  different  carbon  sources,  and  different  prey  items  supported  therein.  Such 
differences  may  contribute  to  the  phenotypic  differences  observed  between  the  main  channel  and 
flood-plain  lakes  bluegill  populations. 
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Introduction 

Spotted  wing  drosophila  (SWD),  Drosophila  suzukii ,  is  a  devastating  invasive  pest  of  small  fruit 
crops.  Its  rapid  spread  across  the  U.S  as  well  as  its  capacity  to  persist  in  the  absence  of  fruit  hosts 
suggest  that  SWD  may  be  able  to  exploit  non-fruit  hosts.  Many  Drosophilidae  species  may  feed 
on  microbes,  such  as  various  yeasts.  Using  compound-specific  isotopic  analyses,  we  examined 
the  trophic  tendencies  of  SWD  populations  to  determine  if  larvae  may  develop  within  woodland 
fungi. 


Methods/Approach: 

SWD  adults  were  trapped  at  raspberry  farms  and  in  nearby  woodland  habitats.  Amino  acids  were 
extracted  from  the  wings  of  each  specimen,  ensuring  that  data  were  specific  to  larval  feeding 
patterns.  The  respective  15N-signatures  of  the  amino  acids  were  then  measured  and  used  to 
calculate  the  fly  trophic  position.  Trophic  position  estimates  were  analyzed  within  and  across 
sites,  and  time  of  year. 

Results/Discussion: 

SWD  trophic  positions  were  consistently  greater  than  2.0,  indicating  that  none  of  the  flies  were 
strict  herbivores.  In  woodland  sites,  fly  trophic  position  (2.87±0.1 1)  was  functionally  more 
similar  to  a  carnivore  than  an  herbivore.  Fungi  can  significantly  elevate  animal  trophic  position, 
and  our  data  suggest  that  the  woodland  flies  had  consumed  more  fungal  than  plant  protein.  At 
raspberry  farm  sites,  the  mean  trophic  position  of  the  flies  was  significantly  lower  at  2.1 1±0.04, 
providing  evidence  that  among  flies  developing  in  fruit,  the  larvae  are  consuming  measurable 
amounts  of  fungi  (probably  yeasts).  This  study  shows  that  SWD  is  quite  omnivorous  and  can 
persist  on  resources  other  than  fruit. 
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Abstract  text: 

Introduction:  Trophic  isotopic  discrimination  in  a  diet-consumer  interaction  shows  a  universal 
pattern  in  the  increase  of  15N  for  certain  amino  acids  in  consumers  along  food  webs.  The  15N- 
enrichment  is  likely  accompanied  by  a  preferential  deamination  of  14N  in  the  amino  acids,  which 
should  be  intimately  related  to  the  flux  (F)  and  isotopic  fractionation  factor  (a)  of  the  reaction. 


To  quantify  the  amino  acid  metabolism  in  food  webs,  we  determined  the  isotopic  fractionation 
factor  of  the  enzymatic  deamination  of  glutamic  acid  in  vitro. 

Methods:  Glutamate-oxaloacetate  transaminase  (GOT,  2pl)  was  vitalized  with  glutamic  and 
oxaloacetic  acids  in  phosphate  buffer  (pH  7.6)  at  37°C.  The  deamination  was  devitalized  with  the 
drop  of  cone.  HC1  in  10,  60,  180,  or  240  minutes  after  vitalization.  Unreacted  glutamic  acid  was 
extracted  and  derivatized  to  the  pivaloy  1/isopropyl  ester  for  the  515N  measurement  by  GC/IRMS. 
The  isotopic  fractionation  factor  was  calculated  by  using  the  Rayleigh  isotopic  fractionation 
model. 

Results/Conclusions:  During  this  reaction,  the  unreacted  portions  of  glutamic  acid  are  gradually 
enriched  in  15N  by  0.1,  2.2,  3.9,  and  4.0%,  when  the  deamination  rates  are  0.4,  41.2,  45.2,  and 
45.4%,  respectively.  The  isotopic  fractionation  factor  is  calculated  to  be  0.9938±0.0005.  These 
results  illustrate  that  the  8.0%  of  trophic  isotopic  discrimination  corresponds  to  F=0.72±0.03 
(which  means  72%  of  diet-derived  glutamic  acid  is  deaminated  for  energy  production  and  the 
remaining  28%  is  assimilated  as  proteinaceous  biomass  in  the  consumer  at  each  shift  of  trophic 
levels),  assuming  that  trophic  isotopic  discrimination  in  animals  is  solely  explained  by  this 
deamination  in  food  webs. 
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Abstract  text: 

Introduction:  In  2009,  members  of  the  Entomological  Society  of  America  (ESA)  voted  to  create 
the  International  Branch. 


Methods:  The  purpose  of  the  Branch  is  to  promote  entomology  for  the  advancement  of  science 
and  the  benefit  of  society  through:  scientific  and  professional  communications,  outreach  on 
science  and  public  policy,  program  development,  continuing  education,  and  fostering  interest  in 
entomology;  and  to  promote  and  further  the  interests  of  the  Entomological  Society  of  America. 

Results/Conclusion:  This  talk  will  provide  an  overview  of  the  Branch’s  activities  to  date,  and  an 
overview  of  future  directions. 
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Abstract  text: 

Introduction:  The  work  of  the  Australian  Centre  for  International  Agricultural  Research 
(ACIAR)  is  part  of  the  Australian  government’s  program  of  official  development  assistance  and 
as  such  must  respond  to  the  economic  development  priorities  of  partner  countries.  However,  over 
the  past  3  decades  of  ACIAR’ s  support  for  agricultural  research-for-development,  especially  in 
the  Asia-Pacific  region,  some  pests  and  crop  systems  have  been  repeatedly  identified  as 
priorities. 

Methods:  By  integrating  the  results  of  research  projects  across  time  and  geography,  ACIAR  and 
its  partners  have  been  able  to  make  a  significant  contribution  to  the  knowledge  of  key  pests. 
Examples  are  presented  of  three  different  approaches:  crop-based,  looking  at  the  lepidopteran 
pests  of  cabbage;  taxon-based,  looking  at  the  problems  caused  by  tephritid  fruit  flies  across  a 
range  of  crops;  and  ‘infrastructure’  based  by  strengthening  diagnostic  services,  using  innovative 
approaches  such  as  Plant  Clinics  and  remote  microscopy,  supported  by  expert  networks,  where 
formal  technical  support  services  are  weak. 

Results/Conclusion:  As  well  as  contributing  to  entomological  knowledge  and  the  development  of 
skilled  human  resources,  these  projects  have  contributed  significantly  to  pest  management 
strategies  and  yielded  useful  economic  impacts. 
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Abstract  text: 

Introduction:  Problems  and  issues  related  to  rice  pest  management  in  Asia  are  complex  and  are 
best  tackled  through  collaborations  across  regional  and  disciplinary  borders.  Major  challenges 
are  to  develop  innovations  and  to  establish  research  -  extension  linkages  to  address  field  issues. 
Pest  research  can  be  enriched  through  integration  with  molecular,  computer  and  social  sciences 
and  scaled  up  through  multi- stakeholder  participation.  In  the  last  30  years  we  established 
international  collaborative  networks,  working  groups  and  teams  with  multi  disciplinary 
components  to  solve  problems. 

Methods:  The  Rice  IPM  Network  adopted  the  country  x  theme  matrix  approach  where  country 
multi-disciplinary  teams  work  together  on  pest  problems  across  themes,  like  extension/social 
sciences,  ecology  and  host  plant  resistance.  The  973  project  in  China  integrated  across 
disciplines  from  molecular  to  field  levels.  Differences  in  language,  culture  and  disciplinary 
vocabularies  were  major  challenges  and  the  “card-and-pin”  tool  used  in  the  multi-stakeholder 
planning  workshops  was  extremely  useful  in  consensus  building  and  enriching  understanding. 

Results/Conclusion:  System  approaches  and  tools  were  used  to  integrate  ideas  from  scientists  in 
different  disciplines  to  reveal  mechanisms  related  to  ecosystem  vulnerability.  Field  pest 
diagnostic  tools  were  also  developed  through  integration  with  computer  sciences  and  for  farmers 
entertainment-education  tools  were  used  to  develop  radio  and  TV  programs  that  seamlessly 
integrate  educational  contents  into  dramas. 

The  LEGATO  project  broadened  collaborations  to  include  long-term  sustainable  development  of 
rice  landscapes.  Here  the  Ecological  Engineering  principles  were  applied  to  design  and  construct 
pest  management  strategies  at  the  ecosystem  level  to  enhance  biodiversity  and  natural  biological 
control  services. 
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Abstract  text: 

My  career  in  Entomology  began  in  Rhode  Island  with  honeybees  as  an  apiary  inspector,  and 
teacher  certification.  It  continued  with  bee  dances  and  the  squash  bee  (Peponapis),  and  then  off 
to  graduate  school  in  Kansas  (MS/PhD  Kansas  State  University)  to  become  an  authority  on 
buffalograss  webworm,  (Surattha  indentella  Kearfott).  Next,  I  moved  on  to  North  Carolina  as 
Extension  Specialist  in  the  Entomology  Deptartment,  and  Professoral  stages  were  obtained  at 
North  Carolina  State  University  over  36  years.  I  spent  this  time  as  a  horticultural  entomologist 
with  a  specialization  in  fruits  and  vegetables.  Then,  as  Extension  Educator,  Emeritus  Professor, 
Visiting  Professor  at  University  of  Florida,  and  Plant  Protection  Inspector  with  North  Carolina 
Department  of  Agricuture,  I  developed  a  sweetpotato  weevil  trapping  system  that  is  used 
worldwide,  and  has  saved  millions  of  dollars  by  preventing  unnecessary  quarantines.  My 
profession  as  Entomology  Educator  is  a  continual  process,  involving  teaching  at  community 
colleges  on  grape  integrated  pest  management  (IPM),  substitute  teaching,  international  travel  in 
over  30  countries,  vegetable  insect  IPM  in  North  Carolina,  activities  with  seniors  in  the  Swift 
Creek  community,  and  a  50  year  member  of  the  ESA.  I  have  remained  active  by  publishing  a 
chapter  on  SP  insects  and  Enel,  on  pepper  IPM.  Involvement  and  activities  after  retirement 
include:  Senior  Entomologist  Symposia  and  Network  Coordinator,  ESA  (2005  -  present),  where 
I  organized  6  Symposia  with  Senior  Entomologists  at  ESA  national  meetings.  I  have  also 
conducted  a  survey  on  mentoring  between  students  and  retirees  and  will  present  findings. 
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Abstract  text: 

Introduction:  Many  entomological  activities  are  possible  after  retirement.  Fly-fishing  and  stamp 
collecting  will  be  discussed.  Other  activities  will  be  suggested. 

Methods:  How  one  enjoys  their  hobby  is  only  limited  by  personally  chosen  methods  and 
objectives. 

Results/Conclusion:  Fly-tying  and  fly-fishing  make  use  of  entomological  knowledge  in  an  active 
pursuit  of  fish  for  sport  and  food.  How  do  you  imitate  what  fish  eat?  Morphological  similarity  is 
combined  with  biology  and  behavior  of  aquatic  insects. 

Stamp  collecting  can  involve  all  areas  of  entomology:  taxonomy,  economic  importance,  medical 
entomology,  and  insect  biology.  My  specialty  is  the  honey  bee.  Many  types  of  philatelic  items 
can  be  used  to  tell  the  history  of  beekeeping.  Glimpses  into  other  entomological  collectibles  and 
hobbies  are  suggested. 
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Abstract  text: 

I  retired  as  a  research  entomologist  after  33  years  with  the  USD  A  and  was  fortunate  enough  to  be 
able  to  continue  doing  research  at  the  University  of  Missouri.  During  these  periods,  all  my 
efforts  were  directed  to  research  in  Biological  Control.  Contributions  included:  discovery  of 
multiple  undescribed  parasitoid  species  (both  foreign  and  domestic),  viral  diseases  for 
commercialization,  and  parasitoid  biology  relating  to  host  specificity. 
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According  to  Webster,  retired  is,  "to  be  withdrawn  from  or  no  longer  occupied  with  one’s 
profession.”  In  that  case  I  have  yet  to  retire.  My  professional  career  has  been  a  mix  of 
international  agricultural  development  and  U.S  University  academic  and  research  activities.  My 
career  has  prepared  me  for  ‘retirement’  as  my  current  activities  are  primarily  an  extension  of  my 
46-year  professional  career.  These  activities  include:  1)  Adjunct  Professor,  University  of 
Nebraska  Lincoln  (UNL)  Department  of  Entomology ;  2)  Associate  Director  Emeritus,  UNL 
College  of  Agricultural  Sciences  and  Natural  Resources;  3)  0.5  FTE  Asia  Program  Manager, 
Feed  the  Future  IPM  Innovation  Lab,  VA  Tech  with  Rice  IPM,  Vegetable  IPM,  Fruit  IPM, 
Climate  Change  and  Invasive  Species  projects  in  Cambodia,  Bangladesh,  Nepal  and  Vietnam;  4) 
Secretary  General,  IAPPS  with  management  activities  including  membership  promotion,  website 
development  and  planning  for  International  Plant  Protection  Congresses.  Publishing  activities 
include:  co-editing  a  book  on  Vegetable  IPM  in  the  Tropics,  preparing  a  book  chapter  entitled 
‘Major  Insect  Pests  Affecting  Rice’,  and  assisting  foreign  students  in  preparing  English  papers 
for  publication.  I  have  a  Fulbright  Fellowship  on  rice  IPM  in  Brazil  and  some  voluntary  activities 


e.g.  Vegetable  IPM  for  Land-O-Lakes  in  Nigeria;  mentoring  first  graders  in  the  remedial  reading 
program  in  Lincoln  Public  Schools;  Rotary  Club  service  activities  etc.  Probably,  the  most 
enjoyable  aspect  of  retirement  is  that  it  provides  time  to  pursue  hobbies:  gardening,  preparing  a 
photograph-rich  version  of  my  life,  and  genealogy  of  our  family. 
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After  40  years  as  entomologist  in  the  University  of  Louisville  Biology  Department  I  was  invited 
by  Thomas  C.  Emmel  me  to  retire  from  my  and  move  to  Gainesville,  FL  to  become  a  part-time 
curator  of  moths  at  the  new  McGuire  Center  for  Lepidoptera  and  Biodiversity.  Since  July  2004  I 
have  curated  several  families  of  moths,  plus  coordinated  the  Center’s  seminar  program.  This  job 
has  allowed  me  to  continue  research  on  North  American  moths  of  the  family  Geometridae  and 
coauthor  papers  on  moths  of  Honduras  and  Geometridae  foodplants  in  Florida. 

There  are  benefits  for  both  scientist  and  institutions  when  one  continues  work  at  an  institution 
such  as  the  McGuire  Center  (a  branch  of  the  Florida  Museum  of  Natural  History).  The  worker 
continues  to  learn  and  to  contribute  to  his  or  her  field  of  interest  and  experience.  There  may  be 
reward  in  the  form  of  a  paycheck  and  office  space  where  projects  can  continue.  Unfinished 
projects  may  finally  be  completed,  since  there’s  “always  one  more  bug.”  The  institution  benefits 
by  having  the  service  of  an  entomologist  with  experience  and  expertise,  and  mature  sights,  and 
donated  specimens  and  research  materials  can  also  be  welcomed  by  the  host  institution.  And 
there  is  association  with  colleagues  with  similar  interests.  It’s  best  to  “keep  on  keepin’  on.” 

My  twelve  years  at  the  McGuire  Center  have  passed  only  too  rapidly,  and  while  I  have 
accomplished  quite  a  bit,  there  is  still  much  more  I  hope  to  do  before  it’s  “quittin’  time.” 
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I  have  a  long  history  in  the  University  system  and  have  provided  effective  leadership  over  many 
years.  I  have  been  active  in  research  and  have  functioned  at  all  levels  and  moved  to 
administration  globally.  I  have  also  been  most  successful  globally  with  program  leaders  and 
future  directions  as  they  direct  action  and  provide  dynamic  leadership. 
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Abstract  text: 

Human  beings  change.  Since  almost  all  scientists  behave  as  human  beings,  then  scientists  change 
too.  They  change  the  countries  where  they  live  and  work,  they  also  change  their  research  lines.  I 
have  seen  too  many  Latino  scientists  proudly  describing  their  trajectory  as  a  sort  of  evolutionary 
progress,  where  old  places  or  coworkers  are  left  behind,  and  past  ideas  are  replaced  by 
(supposedly)  new,  better,  more  fashionable  or  marketable  ideas.  I  disagree  with  this  view.  I  think 
that  progress,  however  it  is  defined,  by  no  means  involves  forgetting  the  past.  On  the  contrary, 
integration  of  former  ideas  can  enhance  current  research,  as  well  as  old  acquaintances  can  enrich 
our  working  environments  and  lives.  Even  from  an  evolutionary  viewpoint,  it  is  a  fact  that 
derived  characters  and  innovations  quite  often  carry  the  signature  of  their  lineages.  In  this 
presentation  I  will  outline  my  personal  and  scientific  trajectory  as  a  plant/insect  ecologist, 
highlighting  the  configuration  of  networks  of  ideas  and  people,  and  -  hopefully  -  showing  that 
nothing  (or  little)  is  lost. 
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Managing  pests  in  greenhouses  requires  knowledge  about  pest  biology  and  ecology,  as  well  as 
understanding  the  techniques  required  to  control  them.  Many  of  the  pests  attacking  plants  grown 
in  greenhouses  are  similar  from  country  to  country,  which  makes  collaboration  among  countries 
not  only  possible  but  realistic.  In  this  work  I  present  examples  of  collaborations  done  in  Jamaica, 
Ecuador,  Honduras  and  the  US.  I  will  show  how  the  challenges  can  be  tackled  using  similar 
approaches.  And  I  will  make  the  case  that  collaboration  between  researchers  in  different  regions 
strengthens  our  knowledge  and  increases  our  chances  of  developing  successful  pest  management 


program.  When  developing  a  new  collaboration  there  are  several  avenues  that  increase  the 
chances  of  durable  success:  from  collaboration  on  symposia  and  on-site  workshops,  to  internship 
programs,  to  the  selection  of  students  for  postgraduate  degrees,  to  full-fledged  projects  that 
require  collaboration  between  experts,  students,  and  staff  resulting  in  joint  publications  and 
practical  recommendations.  I  will  provide  specific  examples  of  students  from  one  country 
coming  to  the  US  as  visiting  scholars  to  engage  in  research  projects  for  a  short  period  of  time. 
Then  students  pursue  graduate  school  in  the  US.  Upon  completion  of  the  program,  students 
return  to  their  home  country  to  jobs  as  researchers  in  institutions  that  support  the  production  of 
local  goods.  At  the  same  time  US-based  students  can  travel  to  the  other  countries  and  collaborate 
in  local  projects  to  understand  local  needs.  Ultimately,  collaborations  should  include  research 
education  and  outreach  outcomes  that  would  benefit  multiple  regions. 


Symposium 

Presentation  Title:  Challenges  and  recommendations  for  new  faculty  in  Latin  America 
Author  Name:  Diego  Rincon 

Author  Institution:  Corporacion  colombiana  de  investigacion  agropecuaria 

Session  Title:  Symposium:  Sin  Fronteras:  Forging  Collaborations  through  the  Americas:  4th 
Latin  American/Hispanic  Symposium 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2777 

DOI:  10.1 603/ICE.20 1 6.94946 

Abstract  text: 

Globalization  has  made  higher  education  in  top  quality  universities  reachable  for  students  all 
over  the  world.  Latin  America  is  not  the  exception,  and  United  States  has  become  the  choice  for 
many  of  the  most  qualified  scholars.  Latinos  may  prefer  US  universities  for  reasons  that  include: 
cultural  and  geographical  proximity,  opportunity  to  learn  how  communicate  in  English,  diversity 
of  research  fields,  and  the  availability  of  fellowships.  However,  facing  the  new  environment 
while  leaving  behind  family  and  friends  can  be  a  difficult  experience  for  Latinos,  whose  culture 
is  well-known  for  enjoying  close  and  warm  relationships.  In  my  presentation,  I  will  cover  the 
issues  that  a  Latino  scholar  has  to  deal  with  when  she/he  decides  to  go  back  to  Latin  America  to 
follow  on  with  her/his  career.  I  will  use  my  own  experience  to  support  most  of  my  points,  but 
will  also  include  hints  from  colleagues/friends.  Most  of  my  analysis  is  biased  toward  the 
Colombian  culture,  but  I  made  an  effort  to  include  a  diversity  of  experiences  wide  enough  to 
make  my  recommendations  representative  for  most  Latin  American  countries.  Although  some 
difficulties  may  vary  from  one  country  to  other,  I  identify  a  pattern  that  I  hope  can  be  of  help  to 


Latino  scholars  that  decide  to  go  back  to  continue  on  their  careers  and  share  their  experience  and 
knowledge  with  other  Latinos.  My  hope  is  that  my  testimony  helps  to  encourage  more  qualified 
Latino  scholars  to  consider  Latin  America  as  a  place  where  they  can  reach  their  personal  and 
professional  dreams. 
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Most  of  us  do  not  plan  our  careers  at  an  early  age.  The  journey  from  my  childhood  to  my  current 
research  interest  is  well  described  by  the  Spanish  word  <periplo>,  a  word  referring  to  a  voyage 
with  a  return  to  origin,  a  wandering  circumnavigation  in  the  geographical  or  spiritual  sense.  With 
my  presentation  I  will  seek  to  convince  students  and  young  colleagues  that  neither  destinations 
nor  routes  are  determined  by  origins,  as  well  as  to  illustrate  how  it  is  possible  to  give  back  to  our 
communities  while  fulfilling  our  occupational  responsibilities.  My  childhood  was  spent  among 
families  of  maize  farmers  in  Mexico  and  of  agricultural  laborers  in  California.  Inspired  by 
romantic  stories  centered  on  real-life  heroes  such  as  P.  Mangelsdorf,  N.  Borlaug,  P.  DeBach,  C. 
Huffaker,  among  others,  my  college  years  were  filled  with  aspirations  of  extending  a  dying 
Green  Revolution  to  more  of  my  native  Mexico,  and  becoming  a  foreign  explorer  searching  for 
the  next  natural  enemy  for  deployment  against  the  latest  invasive  pest.  Subsequently,  my 
graduate  and  post-graduate  training  in  California  prepared  me  for  a  career  in  biological  control 
and  foreign  exploration.  Finally,  the  academic  freedom  coming  with  a  faculty  position  allowed 
me  to  explore  different  areas  of  research,  teaching,  and  service,  to  eventually  settle  in  an  area 


that  provides  professional  and  personal  satisfactions.  Such  satisfactions  coming  in  the  forms  of  a 
better  understanding  of  processes  underlying  the  creation  of  agricultural  pests,  and  of 
opportunities  for  filling  my  job  responsibilities  while  giving  back  to  my  community  of  origin. 
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As  probably  most  of  the  present  and  past  participants  in  this  Fatin  American/Hispanic 
Symposium,  I  really  thought  I  was  coming  to  the  US  for  a  few  years,  to  complete  my  formal 
education  and  get  a  graduate  degree  from  a  recognized  institution.  I  couldn’t  have  imagined  how 
much  I  would  end  up  liking  science  and  where  that  love  would  take  me,  or  keep  me.  It  has  been 
a  journey  not  without  delays  but  always  revealing  new  places  and  paths.  As  a  Doctoral  student  I 
had  the  privilege  to  convene  and  organize  a  symposium  for  the  XXI  International  Congress  of 
Entomology;  it  is  great  pleasure  to  participate  in  this  symposium  during  the  XXV  Congress.  My 
objective  is  to  share  some  of  my  experiences  and  some  of  the  opportunities  I  have  been  able  to 
capitalize  upon,  and  how  being  Fatino/Hispanic  has  influenced  my  career  as  a  graduate  student, 
faculty  member  and  as  manager  for  private  industry.  I  have  been  fortunate  to  work  all  across  the 
USA  and  have  traveled  to  Canada,  Hawaii,  Mexico,  Nicaragua,  Honduras  (my  home)  Costa 
Rica,  Panama,  Colombia,  Ecuador,  Brazil,  Argentina,  Austria,  Belgium,  and  Ethiopia.  My 
heritage  has  always  helped  me  connect  with  people  of  all  kinds  and  has  given  me  great  tools.  I 
hope  to  share  some  travel  stories  while  highlighting  a  few  contributions  and  some  of  what  I  have 
learned  about  entomology  and  pest  management  along  the  way. 
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Ecuador,  which  straddles  the  equator  and  the  Andean  mountain  chain,  and  borders  the  Pacific 
Coast,  is  one  of  the  smallest  countries  in  South  America.  It  has  the  most  species  richness  per  km2 
of  any  nation  due  to  its  tropical  climatic  and  four  distinct  natural  regions  -  the  wildlife-rich 
Galapagos  Islands,  the  agriculture-dominated  western  coast,  the  inland  highland  Sierras  and  the 
eastern  rainforests  in  the  Amazon.  However,  bees  and  other  pollinators,  which  have  attracted 
considerable  attention  in  other  countries,  have  remained  largely  unexplored  in  Ecuador.  The 
carpenter  bee  Xylocopa  darwini  is  common  on  the  Galapagos  Islands  but  few  other  pollinators 
have  been  reported  from  the  islands.  Agriculture  is  a  key  economic  driver,  and  Ecuador  produces 
a  rich  diversity  of  native  fruits  such  as  custard  apple,  dragon  fruit,  gooseberry,  soursop,  tree 
tomato,  naranjilla,  and  granadilla,  but  little  is  known  about  pollination  requirements  of  these 
crops.  For  crops  such  as  passion  fruits  and  cacao,  which  are  pollinated  by  carpenter  bees  and 
ceratopogonids,  respectively,  research  is  critical  for  ensuring  pollinator  sustainability.  In  wild 
habitats,  there  are  more  than  4,000  documented  species  of  orchids  but  their  intricate  associations 
with  pollinators  await  discovery.  Ecuador  also  has  great  diversity  in  stingless  bees  which  have 
potential  for  domestication,  both  for  crop  pollination  and  for  honey  production.  These,  and  other 
opportunities  for  pollinator  explorations  in  Ecuador,  will  be  presented  along  with  concerns 
related  to  their  declines  resulting  from  exposure  to  pesticides,  and  loss  of  habitats  due  to 
deforestation  and  oil  explorations  in  the  Amazon. 
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The  rich  insect  fauna  of  Guatemala  has  been  poorly  studied.  Only  since  about  1975  have 
taxonomic  studies  by  local  institutions  been  initiated.  One  of  the  best  collections  in  northern 
Central  America  is  that  of  the  Universidad  del  Valle  de  Guatemala,  with  over  200,000 
specimens.  The  best  studied  arthropod  taxa  of  Guatemala  are:  Thelyphonida, 

Amblypygida,  Odonata,  Isoptera,  Cicindelidae,  Cerambycidae,  Scarabaeidae,  Passalidae, 
Silphidae,  Curculionidae,  Ochodaeidae,  Hesperiidae,  Castniidae,  Papilionoidea,  Sphingidae, 
Saturniidae,  Arctiidae,  Siphonaptera,  Formicidae,  Ichneumonidae,  Vespidae,  Apoidea, 
Culicidae,  Simuliidae,  Tephritidae,  Tabanidae,  Streblidae,  Nycteribiidae.  The  better  studied 
regions  include  the  Mirador  basin  in  Peten,  Atitlan  Volcano,  and  a  montane  forest  east  of 
Guatemala  City.  Various  books  and  journal  papers  published  on  the  fauna  are 
mentioned.  Scientists  are  encouraged  to  work  with  Guatemalan  institutions  to  survey  the 
national  fauna. 
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Invasive  species  cause  direct  and  indirect  effects  on  organisms  living  in  the  environment  they 
invade,  and  therefore  threaten  human  health,  agriculture,  and  biodiversity.  Impacts  of  invasive 
species  on  biodiversity  are  especially  relevant  in  Hawaii  due  to  its  high  level  of  endemicity. 
About  20  new  arthropod  invade  Hawaii  each  year.  Some  of  them  get  stablished  and  become  a 
threat  to  native  species.  Surveying  invasive  species  is  crucial  to  determine  the  need  for  effective 
and  timely  management  efforts.  This  paper  will  use  two  invasive  species  as  case  studies:  a) 
Erythrina  gall  wasp,  Quadrastichus  erythrinae  and  b)  Myoporum  thrips,  Klambothrips  myopori. 
The  Erythrina  project  started  as  a  pre-release  biocontrol  program  against  the  gall  wasp  and 
continues  as  a  post-release  program.  Results  from  4  years  post  -release  have  shown  that  the 
biocontrol  agent  has  been  successful  in  reducing  infestation  levels  in  foliage  of  the  endemic 
Erythrina  sandwicensis.  Long  term  monitoring  has  shown  that  infestation  in  flowers  can  be  still 
high  at  many  sites  and  that  there  is  a  need  for  further  control  in  order  to  restore  healthy 
populations  in  Hawaii’s  lowland  dry  forests.  Myoporum  thrips  is  currently  restricted  to  Hawaii 
Island.  The  project  has  focused  on  monitoring  the  progress  of  infestation  on  the  native  M. 
sandwicense  at  sites  with  varying  environmental  conditions.  Surveys  conducted  during  the  past  4 
years  have  shown  that  infestation  and  dieback  levels  have  increased  significantly  at  many  sites, 
and  some  populations  are  already  experiencing  mortality.  Current  efforts  are  devoted  to  find 
resistant  populations  in  neighboring  islands. 
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IICA-Procinorte  is  the  Cooperative  Program  in  Agricultural  Research  and  Technology  for  the 
Northern  Region;  its  leading  objectives  comprise  sharing  of  knowledge  on  consented  priority 
themes  and  building  mutually  supportive  regional  networks  in  priority  topics  of  relevance  for 
agriculture.  It  operates  through  Task  Forces  (TF),  which  are  the  principal  mechanisms  for 
implementing  collaboration  on  priorities  shared  among  Canada,  Mexico  and  the  United  States  of 


America.  The  Plant  Health  TF  is  integrated  by  the  areas  of  Crop  Protection  in  the  Agriculture 
and  Agri-Food  Canada’s  Science  and  Technology  Branch  (AAFC-STB),  the  United  States 
Department  of  Agriculture’s  Agricultural  Research  Service  (USDA-ARS),  and  Instituto  Nacional 
de  Investigaciones  Forestales,  Agricolas  y  Pecuarias  (INIFAP)  in  Mexico.  Its  mission  is  to 
develop  and  share  knowledge  and  technology  to  promote  sustainable  management  of  arthropod 
pests,  diseases,  nematodes,  and  weeds  that  deleteriously  affect  crop  production  in  North 
America,  as  well  as  to  prevent  the  introduction,  establishment,  and  spread  of  invasive  species 
affecting  plant  health.  Due  to  their  relevance  for  all  three  countries,  since  2012,  the  Plant  Health 
TF  agreed  to  focus  primarily  in  invasive  species  such  as  the  Brown  marmorated  stink  bug 
(BMSB)  Halyomorpha  halys.  As  BMSB  is  an  imminent  threat  for  Mexico,  the  Plant  Health  TF 
has  been  involved  in  the  development  of  models  for  dispersion  of  BMSB  for  when  it  potentially 
arrives  in  Mexico.  Furthermore,  biological  control  has  been  initiated  with  an  exploration  of 
natural  enemies  of  the  pest.  The  group  continues  working  in  rising  awareness,  training  and 
carrying  out  outreach  activities  with  other  countries  in  Latin  America. 
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The  tomato  leafminer,  Tuta  absoluta  (Lepidoptera,  Gelechiidae)  is  a  key  tomato  pest  of  great 
invasive  potential.  Originally  from  South  America,  after  its  introduction  into  Europe  in  2006,  it 
has  been  spreading  across  Afro-Eurasia  at  an  exceptional  speed,  threatening  major  tomato 
producing  countries.  Although  it  has  not  been  reported  in  North  America,  India  and  China  yet, 
invasion  seems  to  be  inevitable.  It  remained  as  a  pest  of  local  importance  for  a  long  time  but 
became  invasive  due  to  uncertain  reasons:  environmental  changes  or  evolutionary  shifts  that 
allowed  a  better  fit  to  exotic  environments.  It  prefers  mostly  Solanaceae  species  however  its 
ability  to  feed  on  other  host  plants  confers  an  invasive  behavior.  In  Latin  America  it  is  mainly 
controlled  by  synthetic  pesticides;  in  Argentina  preventive  applications  are  used  almost  every 


week.  However,  the  concealed  feeding  behavior  of  the  larvae,  the  appearance  of  resistance  and 
the  need  for  a  more  sustainable  tomato  production,  led  to  search  for  other  alternatives.  The  use  of 
less  harmful  products  and  biological  control  by  natural  enemies  for  T.  absoluta  control  are 
indispensable.  Native  Hymenoptera  egg  and  larval  parasitoids,  and  predators  are  being  evaluated 
thoroughly  for  augmentative  releases.  Collaborative  works  between  Argentina,  Brazil,  Spain  and 
Italy  are  focusing  on  the  use  of  native  natural  enemies.  Future  biological  control  where  T. 
absoluta  has  invaded  is  positively  related  to  the  research  carried  out  in  South  America. 
Knowledge  should  be  gained  from  the  improvement  of  commercial  biological  control, 
commonly  used  in  horticulture  in  Europe,  but  of  limited  development  in  Latin  America. 
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Introduction:  In  2009,  Onstad  and  Knolhoff  published  “Finding  the  Economics  in  Economic 
Entomology”  in  the  Journal  of  Economic  Entomology.  They  surveyed  entomological  journals 
and  found  that  <1%  of  research  papers  published  since  1972  included  economic  evaluations  of 
pest  management  tactics.  At  least  85%  of  these  analyses  were  performed  by  entomologists  and 
not  economists.  They  concluded  that,  if  the  purpose  of  economic  entomology  is  to  ultimately 
determine  the  value  of  different  kinds  of  IPM  tactics,  the  discipline  may  need  to  take  steps  to 
enhance  the  research  that  supports  these  evaluations.  This  paper  brings  the  story  up  to  date. 

Methods:  We  collected  data  to  determine  how  frequently  economic  evaluations  have  occurred 
since  2008.  We  surveyed  literature  and  the  final  reports  of  projects  awarded  grants  by  the  U.S. 
Department  of  Agriculture. 

Results/Conclusion:  Results  suggest  that  most  publications  do  not  explicitly  account  for 
economic  evaluations  of  IPM. 
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Introduction:  Biological  control  is  an  underlying  pillar  of  integrated  pest  management  (IPM),  yet 
little  focus  has  been  placed  on  assigning  economic  value  to  this  key  ecosystem  service.  Setting 
biological  control  on  a  firm  economic  foundation  would  help  to  broaden  its  utility  and  adoption 
for  sustainable  crop  protection. 

Methods:  We  will  discuss  general  approaches  and  methods  available  for  valuation  of  biological 
control  of  arthropod  pests  by  arthropod  natural  enemies  and  briefly  summarize  economic 
evaluations  in  classical,  augmentative,  and  conservation  biological  control.  Emphasis  is  placed 
on  valuation  of  conservation  biological  control,  which  has  received  little  attention  but  represents 
a  critical  component  of  many  IPM  systems  for  agronomic  and  horticultural  crops.  We  identify 
some  of  the  challenges  of  and  opportunities  for  applying  economics  to  biological  control  to 
advance  IPM. 

Results/Conclusion:  Interaction  among  diverse  scientists  and  stakeholders  will  be  required  to 
measure  the  direct  and  indirect  costs  and  benefits  of  biological  control  that  will  allow  farmers 
and  others  to  internalize  the  benefits  that  incentivize  and  accelerate  adoption  for  private  and 
public  good. 
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Introduction:  Papaya  mealybug,  Paracoccus  marginatus,  is  a  native  of  Mexico.  In  1995,  it 
spread  to  the  Caribbean  Islands,  and  by  2000,  it  had  spread  to  13  countries  in  the  Caribbean, 
Florida  in  the  United  States,  and  six  countries  in  Central  and  South  America.  Starting  in  2002,  it 
spread  to  the  Pacific  Islands,  and  by  2008,  had  expanded  into  Asia.  It  is  a  polyphagous  pest  and 
is  known  to  attack  60  other  crops  in  addition  to  papaya.  The  U.S.  Department  of  Agriculture  has 
identified  three  parasitoids  of  papaya  mealybug:  Acerophagus  papayae,  pseudleptomastix 
mexicana,  and  Anagyrus  loecki,  all  native  to  Mexico.  They  are  being  reared  in  Puerto  Rico. 

Methods:  In  August  2008,  the  papaya  mealybug  was  first  recorded  in  Coimbatore,  India.  By  the 
time  the  government  of  India  in  collaboration  with  USDA  and  USAID  imported  the  parasitoids 
in  July  of  2010,  the  mealybug  had  spread  throughout  southern  India.  Imported  parasitoids  were 
mass  reared  and  released  in  the  mealybug-infested  fields. 

Results/Conclusion:  The  papaya  mealybug  population  was  suppressed  within  eight  months  after 
introduction  of  the  parasitoids.  Of  the  three  introduced  parasitoids,  A.  papayae  was  the  most 
effective.  An  economic  impact  analysis  indicates  that  the  introduction  of  parasitoids  has 
generated  and  continues  to  generate  significant  economic  benefits.  Benefits  for  the  five  crops 
during  the  first  year  alone  are  estimated  at  $309  million  due  to  the  large  yield  changes,  reduced 
pesticide  costs,  and  the  large  amount  of  cassava  production  affected.  Total  economic  benefits  for 
the  five  crops  over  five  years  are  projected  to  be  $1,340  million. 
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Abstract  text: 

Introduction:  The  U.S.  is  the  world’s  largest  soybean  producer  and  the  soybean  aphid  ( Aphis 
glycines )  is  the  most  important  insect  pest  of  U.S.  soybeans.  Neonicotinoid  seed  treatments  are 
the  most  common  method  for  managing  soybean  aphid  and  other  U.S.  soybean  pests, 
encompassing  40%  of  planted  acres  in  2010-2012,  with  foliar  insecticide  applications  used  on 
about  30%  of  planted  acres.  Farmers  decide  whether  to  use  seed  treatments  at  the  time  of  seed 
purchase,  often  6  or  more  months  before  planting,  with  farmers  stating  that  the  most  common 
targets  are  below-ground  insect  pests.  Traditional  scouting-based  IPM  has  little  relevance  in  this 
context,  rather  a  risk-based  IPM  is  needed. 

Methods:  We  build  a  stochastic  model  of  soybean  aphid  management  using  small-plot  data  from 
locations  and  years  across  the  Midwest.  Initial  aphid  pressure  is  random  and  varies  by  region. 
Efficacy  of  the  three  management  methods  examined  (seed  treatment  alone,  scouting-based 
foliar  application  alone,  and  both  of  these  methods  combined)  is  also  random.  The  random  yield 
benefit  of  each  method  also  varies  by  region  and  an  economic  model  combines  benefits  and  costs 
to  estimate  the  net  benefit  for  each  method. 

Results/Conclusion:  A  risk-based  IPM  analysis  is  possible  that  predicts  average  net  benefit  and 
probability  distribution  of  this  benefit.  We  conclude  that  any  of  these  treatments  can  be 
economically  optimal,  depending  on  the  specific  farmer’s  situation  (pest  pressure,  yield,  price, 
cost,  risk  aversion),  implying  that  a  one-size-fits-all  recommendation  is  not  appropriate  for  the 
Midwest.  The  model  also  illustrates  a  process  for  conducting  a  risk-based  IPM  analysis. 
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Introduction:  Euschistus  herosis  the  most  abundant  piercing-sucking  species  in  South  America, 
feeding  directly  from  soybean  pods.  Economic  threshold  (ET)  for  controlling  it  in  Brazil  is  2 
insects  per  meter.  However,  in  recent  years  the  soybean  yield  has  doubled.  This  yield  increase, 
along  with  high  prices  for  soybeans  and  low  cost  of  many  insecticides,  has  fostered  questions 
about  the  validity  of  the  ET.  Therefore,  this  study  aimed  to  assess  the  stink  bug  ET  for  soybean 
integrated  pest  management  decisions. 

Methods:  A  replicated  experiment  was  implemented  in  commercial  soybean  crops  located  in 
Brazil,  during  two  crop  seasons:  2010/1 1  and  2011/12.  Treatments  consisted  of  different  stink 
bug  densities  triggering  the  application  of  insecticides,  lA  of  the  ET  (=  0.5  stink  bugs  m"1)  and  ET 
(=  2  stink  bugs  m'1),  and  no  insecticide  applications  (control).  Stink  bugs  were  quantified  weekly 
and  all  specimens  were  identified.  At  harvest,  yield  and  quality  of  the  seeds  were  measured. 

Results/Conclusion:  In  all  plots,  E.  her  os  was  prevalent.  The  highest  yield  and  percentage  of 
viable  seeds  were  found  in  the  'BMX  Power  RR'  cultivar  (indeterminate  growth  cultivar), 
indicating  a  better  seed  quality.  At  the  end  of  the  experiment,  there  was  no  difference  in  yield 
between  different  stink  bug  management  thresholds,  indicating  the  effectiveness  of  the  control 
when  adopting  ET.  This  study  demonstrates  that  decreasing  the  ET  has  effect  on  increasing  the 
number  of  required  insecticide  applications,  but  did  not  increase  yield,  bean  quality,  nor  the  net 
income  when  economic  analysis  was  performed. 
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Introduction:  Aedes  albopictus  is  an  invasive  mosquito,  an  important  disease  vector,  and  a  biting 
nuisance  that  limits  outdoor  activities.  Area- wide  integrated  pest  management  (AW-IPM)  is  the 
recommended  control  strategy. 

Methods:  We  conducted  an  economic  evaluation  of  the  AW-IPM  project  in  Mercer  and 
Monmouth  Counties  using  a  controlled  design.  The  study  analyzed  financial  documents  and  staff 
time  for  AW-IPM  and  surveyed  an  average  of  415  randomly  chosen  households  in  AW-IPM  and 
control  areas  each  fall  from  2008-2011.  Hours  lost  from  yard  and  porch  activities  were 
calculated  as  differences  between  actual  and  potential  hours  of  these  activities  in  an  average 
summer  week  if  there  had  been  no  mosquito  concerns.  Net  estimated  benefits  of  AW-IPM  were 
based  on  cross-over  analysis.  Reductions  in  hours  lost  were  valued  based  on  respondents’ 
willingness  to  pay  for  a  hypothetical  extra  hour  free  of  mosquitoes  spent  on  these  activities. 

Results/Conclusion:  The  incremental  cost  of  AW-IPM  per  adult  was  $41.18  per  year.  The 
number  of  hours  lost  due  to  mosquitoes  in  AW-IPM  areas  between  the  base  year  (2008)  and  the 
intervention  years  (2009-201 1)  declined  by  3.30  hours  per  summer  week  in  AW-IPM  areas 
compared  to  control  areas.  Survey  respondents  valued  this  improvement  at  $27.37  per  adult  per 
summer  week.  Over  the  13-week  summer,  an  average  adult  resident  gained  42.96  hours  of  yard 
and  porch  time,  worth  $355.82.  The  net  benefit  over  the  summer  was  $314.63.  The  benefit-cost 
ratio  from  hours  gained  was  8.64,  indicating  that  each  $1  spent  on  AW-IPM  gave  adults 
additional  porch  and  yard  time  worth  over  $8. 
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Introduction:  Famer  Field  School  (FFS)  based  participatory  learning  approaches  have 
traditionally  been  viewed  as  one  of  the  better  methods  for  introducing  knowledge  intensive 
Integrated  Pest  Management  (IPM)  technologies  in  developing  countries.  The  Philippines  has  a 
long  history  of  utilizing  participatory  IPM-FFS  in  rice  and  vegetable  systems,  but  previous 
studies  that  explored  the  economic  impact  of  this  training  approach  in  the  country  have  not 
adequately  addressed  potential  selection  bias  and  confounding  factors  that  can  affect  the  impact 
results. 

Methods:  Our  study  comprehensively  examines  the  impact  of  IPM-FFS  on  yield,  insecticide 
expenditures,  labor  expenditures,  herbicide  expenditures,  fertilizer  expenditures,  and  profit, 
based  on  data  from  onion  producers  in  the  Philippines.  Econometric  methods  that  account  for 
potential  bias  due  to  selection  problems  and  confounding  factors  are  used  to  achieve  the 
objective  of  the  study. 

Results/Conclusion:  We  find  that  farmers  who  participate  in  the  IPM-FFS  training  program  have 
statistically  lower  insecticide  expenditures  than  the  non-IPM-FFS  farmers.  But  we  do  not  find 
any  evidence  that  the  IPM-FFS  training  program  significantly  affects  yield  and  the  other  inputs. 
There  is  some  evidence  indicating  that  IPM-FFS  farmers  may  have  statistically  higher  profit 
levels  than  non-IPM-FFS  producers,  but  these  results  are  sensitive  to,  and  may  still  be 
invalidated  by,  bias  due  to  unobservable  variables.  Therefore,  it  is  difficult  to  claim  that  the  IPM- 
FFS  program  is  an  unequivocal  success  in  terms  of  bringing  direct  economic  benefits  to  farmers 
since  we  do  not  find  strong  evidence  that  the  IPM-FFS  approach  improves  income. 
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Introduction:  IPM  in  Arizona  has  undergone  rapid  change  over  the  last  25  years  owing  in  part  to 
the  development  of  insect  control  technologies  but  as  well  by  the  rapid  development  and 
dissemination  of  advanced  knowledge  needed  to  properly  use,  integrate,  and  deploy  these 
technologies  in  vegetable,  melon,  and  cotton  production  systems. 

Methods:  As  part  of  ongoing  investments  in  Cooperative  Extension  IPM  program  assessment, 
systematic  evaluation  of  user  behaviors,  pesticide  measurement  systems,  and  economic  analyses 
were  conducted  with  long-term  and  unique  datasets. 

Results/Conclusions:  After  devastating  outbreaks  of  pink  bollworm  in  cotton  and  an  invasive 
whitefly  (a  cryptic  species  of  the  Bemisia  tabaci  complex)  in  cotton,  melons,  and  vegetables  in 
the  early  1990s,  major  yield  and  economic  losses  to  the  plant  bug,  Lygus  hesperus ,  in  cotton  in 
the  late  1990s,  and  continuing  pest  threats  throughout  the  last  two  decades,  growers  in  Arizona 
have  saved  hundreds  of  millions  ($U.S.)  through  uptake  and  adoption  of  technology  and  IPM 
plans  developed  to  maximize  economic  outcomes  while  protecting  the  environment  and  ensuring 
the  efficacy  and  durability  of  adopted  technology.  While  the  credit  for  these  advances  and 
economic  success  are  shared  by  many  stakeholders  (technology  providers,  farmers,  professional 
pest  managers,  University  and  government  scientists),  the  contemporaneous  measurement 
systems  put  in  place  to  enable  economic  evaluations  presented  here  were  conceived,  developed, 
and  routinely  administered  over  time  by  University  of  Arizona  scientists  and  Cooperative 
Extension  faculty  for  the  purposes  of  guiding,  targeting,  and  improving  applied  research  and 
outreach  programs  that  deliver  the  knowledge  and  technologies  critical  to  this  successful 
deployment  of  IPM. 
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Introduction:  Western  corn  rootworm  ( Diabrotica  virgifera  virgifera)  is  a  serious  pest  of  corn 
( Zea  mays)  in  the  United  States  and  Europe  and  has  evolved  resistance  to  several  different  insect 
control  strategies  ranging  from  insecticides  to  crop  rotation  to  Bt-crops.  To  determine  which 
integrated  pest  management  tactics  maximize  profitability  for  farmers  over  multiple  seasons,  we 
performed  a  simulation  study. 

Methods:  We  used  a  published  biological  model  and  economic  algorithm  to  evaluate  rootworm 
IPM  over  a  15  year  period  beginning  after  significant  adoption  of  Bt  corn,  expressing 
Cry34/35Abl.  In  a  simulated  corn  landscape,  we  model  the  use  of  soil  insecticides  on 
continuous,  conventional  com  versus  Bt  com  with  5-50%  refuge  for  single-trait  Bt  corn  and  5- 
20%  for  pyramided  Bt  corn.  We  also  considered  the  relative  advantage  of  block  and  blended 
refuges  for  insect  resistance  management. 

Results/Conclusion:  Results  demonstrated  that  pyramided  Bt  corn  with  block  refuge  planted  in 
the  same  location  within  a  field  year  after  year  gave  the  greatest  overall  profit  for  the  grower. 
However,  a  5%  blended  refuge  gave  the  greatest  profit  when  the  block  refuge  was  relocated 
annually.  Single-trait  Bt  corn  with  10-20%  blended  refuges  gave  greater  economic  return 
compared  to  block  refuges  ranging  from  5%  to  50%.  Also,  single-trait  Bt  corn  with  5-20%  block 
refuge  and  no  soil  insecticide  was  superior  to  conventional  corn  with  soil  insecticide  use  alone  in 
all  cornfields.  We  will  discuss  how  similar  modeling  frameworks  should  be  applied  to  significant 
Lepidopteran  pests  around  the  world. 
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Introduction:  Science  outreach  is  increasingly  important  in  a  world  where  the  grand  challenges 
facing  society  have  a  large  scientific  component.  However,  in  the  United  States  and  elsewhere, 
scientific  literacy  remains  a  challenge.  To  meet  this  challenge,  researchers,  extension  personnel, 
and  other  professional  are  becoming  increasingly  creative  in  developing  interactive  curricula  and 
methods  to  engage  the  public  to  foster  engagement  with  science  and  understanding  of  scientific 
evidence.  In  particular,  entomology  has  a  large  role  to  play  as  it  touches  on  many  of  the  most 
pressing  issues  in  society. 

Methods:  We  survey  historical  and  current  trends  in  outreach  in  science  through  land  grant 
institutions  as  well  as  federal  agencies.  We  highlight  some  scientific  misconceptions  that 
occurred  in  a  citizen  scientist  project  through  the  USDA-ARS  Appalachian  Fruit  Research 
Station  called  The  Great  Stink  Bug  Count  that  involved  the  participation  of  over  300  members  of 
the  public.  Additionally,  we  discuss  difficulties  in  outreach  efforts  for  youth  programming  based 
on  participation  in  4H,  university,  and  government-associated  efforts. 

Results/Conclusions:  We  suggest  that  there  is  still  room  for  improvement  in  science  education 
and  outreach,  and  that  engagement  with  entomology  needs  to  start  at  a  young  age,  happen  often 
throughout  a  person’s  life,  and  be  incorporated  into  primary  and  secondary  education  in  a 
comprehensive  manner.  Further,  we  suggest  insects  have  the  potential  to  be  great  models  to 
illustrate  a  variety  of  scientific  principles  that  meet  Next  Generation  Science  Standards  and  the 
Common  Core,  and  are  innately  engaging  to  both  the  current  and  next  generation  of  citizens. 
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Introduction:  Arthropods  are  found  in  refugee  camps,  rural  villages  and  disaster  zones.  These 
also  happen  to  be  the  situations  where  children  are  desperate  for  access  to  educational  resources. 
Arthropods  can  be  used  to  teach  about  every  subject;  history,  geography,  math,  science  & 
literature. 

Methods:  The  Bug  Chicks,  Kristie  Reddick  and  Jessica  Honaker  go  back  to  their  roots  as 
entomologists  and  educators  to  create  teacher  training  that  only  needs  two  things;  kids  and  bugs. 

Results/Conclusion:  In  this  talk,  they  will  explore  techniques  for  effective  outreach  and  using 
insects  and  spiders  to  teach  about  social  justice  issues.  If  they  can  train  a  hundred  teachers,  they 
can  teach  a  million  students.  Go  bug,  or  go  home! 
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Abstract  text: 

Introduction:  The  Bug  House  is  the  centerpiece  for  outreach  programs  in  the  Entomology 
Department  at  Michigan  State  University,  which  impacts  over  10,000  visitors  per  year.  The 
facility  has  static  displays  of  approximately  3000  pinned  specimens  from  around  the  world  and 
20  species  of  live  arthropods  including  cockroaches,  beetles,  assassin  bugs,  tarantulas, 
centipedes,  millipedes,  scorpions  and  vinegaroons,  as  well  as  an  observation  bee  hive  and  indoor 
butterfly  habitat. 

Methods:  The  co-directors  oversee  the  care  of  the  animals  with  a  student  worker  to  feed  and 
clean  cages  three  times  per  week.  Live  specimens  are  chosen  based  on  accessibility  and  species 


that  do  not  require  permits  and  that  are  easily  and  safely  handled  by  our  visitors  and  volunteer 
student  guides. 

Results/Conclusion:  Since  its  opening,  the  Bug  House  has  educated,  thrilled  and  helped  to  dispel 
fears  about  insects  to  thousands  of  children  and  adult  visitors.  There  is  an  advantage  to  having  a 
facility  on  campus  for  visitors,  but  sometimes  it  is  a  challenge  for  schools  to  come  to  us.  Taking 
the  program  on  the  road  is  an  option,  but  there  is  not  always  someone  available  to  do  this.  Many 
teachers  bring  their  students  year  after  year,  because  they  see  the  value  in  learning  about 
entomology  through  our  outreach  program. 
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Introduction:  Entomological  educators  working  with  the  public  face  a  special  challenge  -  people 
often  feel  negatively  about  insects.  These  negative  attitudes  toward  insects  can  stand  in  the  way 
of  learning  about  them  because  they  may  block  the  assimilation  of  new  knowledge.  Since 
childhood  is  an  important  time  for  the  development  of  attitudes,  we  worked  with  a  local 
elementary  school  in  order  to  explore  whether  the  introduction  of  live  insects  as  classroom  pets 
could  succeed  in  promoting  positive  attitudes  toward  insects  in  general.  We  piloted  this  program, 
which  included  lessons  focused  on  the  morphology,  ecology,  and  behavior  of  insects  along  with 
introduction  of  live  insects  as  classroom  pets,  in  6  elementary  classrooms  ranging  from  first 
through  fourth  grade. 

Methods:  We  selected  3  insect  species  to  act  as  classroom  pets:  Blue  death-feigning  beetles 
( Asbolus  verrucosus ),  Madagascar  hissing  cockroaches  ( Gromphadorhina  portentosa ),  and  the 
larval  stage  of  the  darkling  beetle  ( Zophobas  morio).  The  pets  were  placed  in  a  convenient  corner 
of  the  classroom  and  students  were  able  to  observe  and  interact  with  the  insects  throughout  the 


study  period.  Students  (n=164)  also  participated  in  one  hour-long  lesson  about  insects,  once  per 
week,  for  5  weeks.  All  students  were  surveyed  for  their  attitudes  toward  and  conceptions  of 
insects,  both  before  and  after  the  study  period. 

Results/Conclusion:  We  postulated  that  regular  exposure  to  the  live  insect  pets,  in  addition  to  the 
lessons,  would  be  important  for  mediating  negative  attitudes  toward  insects.  Results  of  this  study 
and  an  outline  of  the  educational  program  will  be  discussed. 
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Abstract  text: 

Introduction:  It  is  important  that  science  represent  the  diversity  of  society.  However,  women 
have  historically,  and  continue  to  be  poorly  represented  in  science,  technology,  engineering,  and 
math  (STEM)  fields.  Studies  suggest  that  middle  school  is  when  boys’  interest  in  STEM 
becomes  disproportionally  greater  than  girls’.  This  continues  through  college  where  fewer 
women  pursue  STEM-related  degrees  and  careers.  In  2013,  Breckinridge  County  Extension,  in 
collaboration  with  a  local  middle  school,  began  a  program  intended  to  educate  and  ignite  an 
interest  in  science  among  400  students  revolving  around  the  Madagascar  hissing  cockroach. 

Methods:  Cockroach  colonies  were  established  in  each  science  classroom.  Youth  were  guided 
through  monthly  hands-on  lab  activities  with  the  cockroaches,  reinforcing  science  curricula, 
including  the  scientific  method,  insect  anatomy,  adaptation,  population  dynamics,  genetics, 
physics,  nutrient  cycling,  insecticide  resistance,  symbiotic  relationships,  and  fossil  records. 

Youth  also  developed  their  own  questions  about  the  cockroaches,  designed  and  conducted 
experiments,  and  wrote  a  final  report.  Students  gained  experience  in  problem-solving,  critical- 
thinking,  and  communicating  findings  to  peers. 


Results/Conclusion:  A  first-year,  post-program  survey  indicated  65%  of  youth  felt  more 
comfortable  interacting  with  insects,  while  81%  better  understood  scientific  concepts. 
Afterwards,  40%  of  the  8th  graders  are  now  considering  careers  in  science,  including  41%  of  the 
female  students.  Interacting  with  insects  has  sparked  interest  in  science,  particularly  among 
female  participants.  This  program  highlights  the  use  of  insects  as  models  for  promoting  interest 
in  the  sciences  among  women  throughout  their  lives. 
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Abstract  text: 

Introduction:  Purdue  University  has  a  long  history  of  successfully  promoting  awareness  of 
entomology  by  producing  insect-related  activities  for  the  general  public.  The  key  to  the  success 
has  been  to  create  interest  in  the  activities  with  novel  presentation  approaches. 

Methods:  Our  signature  event  is  “Bug  Bowl.”  Some  of  the  approaches  used  in  Bug  Bowl  events 
include  racing  cockroaches  on  a  track  called  “Roachill  Downs”  using  American  roaches  in  a  race 
dubbed  “The  All  American  Trot.”  Madagascar  roaches  demonstrate  strength  by  pulling  miniature 
tractors  in  a  “tractor  pull”  contest.  Humans  test  their  athletic  skills  by  spitting  crickets  for 
distance  at  “Fabre  Field.”  Biological  information  regarding  insects  is  presented  through  an  insect 
magic  show.  People  can  consume  insects,  enter  an  insect-motif  cake  baking  contest,  or  touch  an 
arthropod  at  the  “insect  petting  zoo.”  As  always,  people  participating  compete  for  awards  in  the 
contests. 

Results/Conclusion:  Making  activities  unusual  and  fun  have  been  a  key  to  successfully  attracting 
people  to  insect  related  activities.  It  is  also  important  to  attach  names  such  as  Bug  Bowl  and 
Roachill  Downs  to  activities  to  draw  attention.  It  has  worked:  Bug  Bowl  is  now  part  of  a  Purdue 


University  Event  called  Spring  Fest  that  attracts  up  to  50,000  people  each  spring  to  experience 
science  activities. 
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Introduction:  The  invasive  brown  marmorated  stink  bug  (BMSB)  has  sparked  both  agricultural 
and  public  outrage  over  its  destructiveness  and  ability  to  invade  households.  The  StopBMSB 
portal  has  been  a  case  study  in  successful  public  outreach  for  the  public  to  understand  the 
problem  BMSB  poses,  what  they  can  do  about  it,  and  how  their  tax  dollars  are  being  spent  in  the 
fight.  Team  Trissolcushas  piggy-backed  on  this  success,  generating  public  awareness  about  the 
natural  enemies  being  sought  for  controlling  BMSB,  and  the  research  that  goes  into  studying 
beneficial  wasps  that  are  essentially  invisible  to  the  human  eye.  Our  goal  has  been  to  teach 
people  what  these  wasps  are,  what  taxonomy  is,  and  why  taxonomy  matters  in  areas  such  as  food 
security,  public  safety,  and  environmental  monitoring. 

Methods:  We  have  developed  a  3 -prong  approach:  educating  the  research  community  through 
peer-review  publications  and  workshops;  educating  farmers  through  extension  services  and 
content  on  the  Stop  BMSB  portal;  and  finally,  educating  the  public  through  static  displays, 
outreach  events,  and  brochures  for  home  use. 

Results/Conclusion:  To  date,  we  have:  published  4  research  papers  on  Trissolcus ;  conducted  four 
workshops,  instructing  over  100  people  in  Trissolcus  taxonomy,  biology,  evolution,  and 
curation;  generated  1000  brochures  for  public  use;  produced  two  videos;  produced  a  display  at 
the  National  Museum  of  Natural  History;  populated  content  on  the  StopBMSB  portal;  been 
interviewed  by  BBC  World  News.  We  review  the  impacts  of  these  outlets,  their  cost,  and  the 
benefits  of  such  proactive  approaches  to  research  on  controlling  invasive  species. 
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Introduction:  Military  veterans  are  a  group  of  underrepresented  participants  in  agriculture,  and 
this  constituency  offers  new  opportunities  for  outreach,  research,  and  funding.  Farming  has  been 
identified  as  a  career  path  that  addresses  many  of  the  direct  needs  of  veterans  by  offering  a  viable 
livelihood  while  allowing  the  freedom  and  security  to  address  military  connected  health  issues. 
As  a  result,  the  2014  US  Farm  Bill  included  the  expansion  of  a  program  to  include  veterans  as  a 
target  community  which  has  opened  funding  opportunities  for  outreach  and  direct  assistance  to 
veterans  working  in  and  transitioning  to  careers  in  agriculture.  As  veterans  move  into  this  sector, 
agricultural  entomologists  have  opportunities  to  work  with  them  through  on-farm  research 
collaborations  and  direct  outreach,  which  can  aid  veterans  in  being  more  successful  in  farming. 
However,  working  with  veterans  presents  unique  challenges  since  connecting  with  these 
individuals  can  be  difficult  logistically  due  to  rural  locations  and  voluntary  isolation,  and  due  to 
the  multitude  of  health  issues  that  can  arise  from  military  service. 

Methods:  Keys  to  overcoming  these  challenges  lie  in  direct  connections  through  other  veterans. 
Avenues  such  as  hiring  of  veterans  for  lab  positions,  as  graduate  students,  and  developing 
collaborative  relationships  with  third  party  entities,  most  often  non-profits  which  are  comprised 
of  veterans,  can  offer  key  points  of  connection  to  these  individuals. 

Results/Conclusion:  By  leveraging  the  bond  between  veterans’,  new  opportunities  can  be  opened 
to  work  with  this  group  of  highly  skilled,  motivated,  and  able  individuals. 
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Abstract  text: 

Introduction:  Citizen  scientists  can  play  a  critical  role  in  the  study  of  insect  communities  and 
associated  ecosystem  services.  With  recent  reductions  in  research  funding  and  increases  in  the 
scale  and  severity  of  environmental  issues  interest  in  citizen  science  is  now  greater  than  ever. 

Yet,  the  number  of  citizen  science  programs  is  far  greater  than  the  number  of  published  studies 
summarizing  citizen-collected  data.  This  presentation  examines  how  protocols  and  volunteer 
training  affect  participation,  accuracy,  and  follow-though. 

Methods:  Three  citizen  science  programs  monitor  rapidly  changing  lady  beetle  populations 
across  the  US  and  UK.  We  quantified  the  accuracy  of  citizen  science  identifications  and 
examined  if  offering  in-person  or  online  training  improves  these  skills.  It  is  difficult  to  determine 
how  much  time  and  effort  a  volunteer  is  willing  to  contribute  when  designing  a  citizen  science 
program.  We  created  Pollination  Investigators  to  measure  pollination  services  using  methods 
similar  to  those  employed  by  trained  scientists.  A  follow-up  survey  determined  tasks  with  the 
greatest  impact  on  participation  rates  and  data  accuracy. 

Results/Conclusion:  Lady  beetle  data  submitted  by  citizen  scientists  overestimated  species 
richness  and  diversity  values  in  comparison  to  verified  data,  thereby  influencing  interpretation. 
Allowing  volunteers  to  participate  in-person  training  workshop  improved  identification  skills, 
but  only  for  lady  beetle  photos  and  pinned  specimens  and  not  those  adhered  to  yellow  sticky  card 
traps.  Submission  of  data  to  Pollination  Investigators  was  influenced  by  test  plant  survivorship 
and  difficulty  performing  sampling  procedures.  Recommendations  on  designing  and  maintaining 
a  citizen  science  program  based  on  these  findings  will  be  discussed. 
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Abstract  text: 

Introduction:  Epigenetics  is  a  possible  mechanism  to  circumvent  Darwin’s  “special  difficulty”  in 
using  natural  selection  to  explain  the  existence  of  the  sterile-fertile  dimorphism  in  eusocial 
insects.  Darwin’s  classic  book  “On  the  Origin  of  Species  by  Means  of  Natural  Selection” 
explains  how  natural  selection  of  the  fittest  individuals  in  a  population  can  allow  a  species  to 
adapt  to  a  novel  or  changing  environment.  However,  in  bees  and  other  eusocial  insects,  there 
exist  several  castes  of  genetically  similar  females,  from  fertile  queens  to  multiple  sterile  workers 
castes,  with  vastly  different  phenotypes,  lifespans,  and  behaviors.  This  necessitates  the  selection 
of  groups/kin  rather  than  individuals,  but  group  and  kin  selection  theories  of  evolution  are 
controversial  and  mechanistically  uncertain.  Group  selection  would  seem  to  be  prohibitively 
inefficient  because  the  effective  population  size  of  a  colony  is  reduced  from  thousands  to  a  single 
breeding  queen. 

Methods:  Follow-up  perspective 

Results/Conclusion:  We  elaborate  on  possible  mechanisms  for  how  a  combination  of  both 
epigenetics  (selection  of  epialleles),  and  genetics  (selection  of  mutations)  allows  for  a  combined 
means  for  selection  amongst  the  fertile  members  of  a  species  to  increase  colony  fitness.  This 
“intra-caste  evolution”  hypothesis  is  a  variation  of  the  epigenetic  directed  genetic  error 
hypothesis,  which  proposes  that  selected  metastable  epialleles  increase  genetic  variability  by 
directing  mutations  specifically  to  the  epialleles.  Natural  selection  of  random  metastable 
epialleles  followed  by  a  second  round  of  natural  selection  of  random  mutations  generated  by  the 
metastable  epialleles  would  allow  a  way  around  the  small  effective  population  size  of  eusocial 
insects. 
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Abstract  text: 

Introduction:  One  of  the  most  important  and  widely  conserved  forms  of  epigenetic  information  is 
the  methylation  of  genes.  In  insects,  DNA  methylation  is  targeted  to  largely  overlapping  sets  of 
conserved  orthologs,  is  associated  with  several  active  histone  modifications  and  constitutive  gene 
expression,  and  is  implicated  in  alternative  splicing  regulation. 

Methods:  Methylome  analyses  of  Hymenoptera  genomes. 

Results/Conclusion:  Our  research  provides  new  insights  into  the  phenotypic  significance  of 
hymenopteran  DNA  methylation  by  investigating  variation  in  patterns  of  DNA  methylation,  both 
through  the  course  of  organismal  development  and  among  taxa. 
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Abstract  text: 

Introduction:  Finely  tuned  host-parasite  molecular  cross-talk  is  the  result  of  the  molecular  arms 
race  between  a  host  and  its  parasite,  where  the  host  uses  different  mechanisms  and  molecular 
pathways  to  counter  parasite  invasion  and  where  the  parasite  develops  strategies  and  deploys 
many  molecules  to  counter  the  host  defenses.  Epigenetic  processes  regulate  transcription  and 
provide  means  to  rapid  changes  in  response  to  the  environment  (phenotypic  plasticity)  that  can 
be  heritable  (adaptive).  Our  hypothesis  is  that  epigenetic  processes  can  be  seen  as  proximate 
mechanisms  that  regulate  host-parasite  adaptive  phenotypic  responses  in  the  course  of  an 
infection. 

Methods:  We  used  a  natural  system  involving  the  human  malaria  vector  Anopheles  gambiae  and 
its  parasite  Plasmodium  falciparum.  We  conducted  genome-wide  analysis  of  trancription  by 
RNA-seq  as  well  as  mapped  the  distribution  and  pattern  of  occupancy  of  various  histone 
modifications  by  ChIP-seq,  at  different  time  points/stages  during  the  sporogonic  cycle  of  the 
parasite  in  the  mosquito. 

Results/Conclusion:  Our  results  show  that  in  the  course  of  a  malaria  infection,  the  vector  and  the 
parasite  interact  and  respond  to  each  other  by  inducing  multiple  alterations  in  patterns  of  gene 
expression.  These  changes  in  gene  expression  depend,  in  turn,  on  reciprocal  modifications  to  the 
structure  and  organization  of  the  chromatin.  These  findings  are  not  only  relevant  at  the 
fundamental  level  for  the  fields  of  malaria  and  mosquito  biology  but  also  open  new  perspectives 
in  other  insect-borne  systems.  From  an  applied  perspective  our  studies  have  an  impact  in  the 
design  of  more  efficient  vector  control  and  malaria  prevention  strategies. 
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Abstract  text: 

Introduction:  Aphids  are  pests  with  remarkable  ability  to  adapt  to  their  biotic  and  abiotic 
environment  by  phenotypic  plasticity.  Reproductive  polyphenism  is  one  case  of  phenotypic 
plasticity  (wing  polyphenism  being  the  other  major  one)  that  typically  occurs  during  aphid  life 
cycle.  Aphids  reproduce  by  parthenogenesis  (clonal  multiplication)  during  spring  and  summer, 
generating  most  of  the  crop  damages.  At  the  end  of  the  summer,  aphids  perceive  photoperiod 
shortening:  the  signal  is  transduced  towards  their  ovarioles  where  embryos  fate  is  changed. 
Sexual  individuals,  males  and  oviparous  females  are  then  produced,  mate  and  lay  cold  resistant 
eggs  that  can  overcome  winter.  The  molecular  mechanisms  involved  in  the  asexual  versus  sexual 
embryogenesis  switch  are  unknown.  Here  we  investigate  the  contribution  of  epigenetic 
mechanisms  in  this  phenomenon,  especially  the  differences  in  chromatin  accessibility  between 
the  two  types  of  embryos. 

Methods:  We  developed  and  used  the  FAIRE  (Formaldehyde  Assisted  Isolation  of  Regulatory 
Elements)  procedure  to  isolate  open  chromatin  from  sexual  and  sexual  embryos.  Extracted  DNA 
was  then  sequenced  and  mapped  onto  pea  aphid  genome. 

Results/Conclusion:  Statistical  treatment  of  the  data  allowed  the  identification  of  differential 
open  chromatin  peaks  corresponding  to  genomic  regions  under  epigenetic  control,  which  means 
with  differential  nucleosome  density.  These  FAIRE  data  where  then  correlated  with  expression 
data  (RNA-seq)  to  establish  a  global  link  between  chromatin  accessibility  and  genome 
transcription  in  the  course  of  phenotypic  plasticity  establishment. 
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Introduction:  Recent  studies  suggest  the  presence  of  genomic  imprinting  in  bees  and  ants. 

Methods:  To  check  in  non-social  wasps,  we  quantified  allele-specific  expression  (ASE)  in 
reciprocal  FIs  of  Nasonia  vitripennis  (Nv)  and  N.  giraulti  (Ng),  and  found  no  parent-of-origin 
differences  in  ASE  for  >8,000  genes,  suggesting  lack  of  genomic  imprinting  in  adult  Nasonia. 

To  study  evolutionary  changes  in  DNA  methylation  during  species  divergence,  we  scored 
genome-wide  and  allele-specific  methylation  (ASM)  at  single  CpG  level  in  both  parental  and 
reciprocal  F 1  s,  and  discovered  178  differentially  methylated  genes  between  Nv  and  Ng  (DM- 
genes).  If  methylation  changes  were  due  to  changes  in  cA-regulatory  sequences,  FI  ASM  will 
resemble  the  parental  status.  If  the  methylation  changes  were  due  to  trans- factors  only,  F 1  ASM 
will  be  -50%  on  both  alleles. 

Results/Conclusion:  Surprisingly,  all  178  DM-genes  are  differentially  methylated  between  two 
parental  alleles  in  FIs,  retaining  parental  methylation  status  with  nearly  100%  fidelity, 
suggesting  the  presence  of  strong  cA-elements  driving  the  gene  body  methylation.  We  confirmed 
the  absence  of  trans-Q ffects  in  introgression  lines,  in  which  ASM  follows  the  introgressed  piece 
of  genomic  material,  proving  strict  cis  regulation.  This  100%  cA-regulation  suggests  the 
methylation  machinery  is  conserved,  and  methylation  is  targeted  by  cA-motifs  in  Nasonia.  We 
did  not  find  any  parent-of-origin  differentially  methylated  regions  in  Nasonia  FI  hybrids,  and 
Nasonia  DM  gene  methylation  status  is  stable  in  different  tissues  and  across  multiple 
developmental  stages,  suggesting  lack  of  erasing  and  resetting  of  the  epigenetic  imprints.  All 
these  results  shed  light  on  the  mechanism  and  evolution  of  methylation  in  animals. 
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Abstract  text: 

Research  programs  involving  genetics,  genomics  and  epigenetics  have  become  fast  growing 
areas  of  biology.  Once  the  computational  challenges  of  analyzing  datasets  have  been  dealt  with, 
large  and  complex  biological  data  still  remain  in  the  hands  of  biologists  for  interpretation. 
Projects  such  as  Biomart  and  Intermine  have  been  developed  to  facilitate  exchange  and 
comparison  of  complex  biological  data;  however,  access  and  interrogation  can  be  time 
consuming  for  biologists,  and  integrating  all  publicly  available  data  still  remains  a  challenge. 
Moreover,  for  non-model  organisms,  large  heterogeneous  biological  datasets  can  be  difficult  to 
associate  in  order  to  obtain  a  comprehensive  view. 

The  notion  of  “linked  data”  from  semantic  technologies  benefits  biologists.  Using  RDF 
(Reference  Description  Framework),  biological  data  can  be  stored  in  triples  (subject,  predicate, 
object)  that  define  a  relationship  between  two  entities.  Thanks  to  the  SPARQL  query  language, 
RDF  data  can  be  queried  to  join  different  datasets.  Nevertheless,  understanding  and  acquiring  the 
query  language  can  be  a  daunting  task  for  biologists. 

Here  we  present  AskOmics,  a  tool  supporting  both  intuitive  data  integration  and  querying  while 
shielding  the  user  from  most  of  the  technical  difficulties  underlying  RDF  and  SPARQL.  For  data 
integration,  the  user  loads  his  data  as  tabulation-separated  files  structured  according  to  simple 
principles.  This  structure  allows  AskOmics  to  generate  automatically  RDF  triples,  and  to  store 
them.  Finally,  for  data  querying,  AskOmics  provides  a  visually  intuitive  interface. 

AskOmics  has  been  applied  successfully  to  the  analysis  of  large  scale  datasets  including 
IncRNA,  miRNA,  piRNA  and  transcriptomic  profiles  of  the  aphid  embryogenesis. 
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Introduction:  Transposable  elements  (TEs)  are  targeted  for  transcriptional  silencing  through  a 
mechanism  mediated  by  small  RNAs.  In  animal  germ  lines,  the  piRNA  (PlWI-interacting  RNAs) 
pathway  has  been  identified  as  the  major  mechanism  for  mounting  an  effective  defense  against 
TEs.  In  Drosophila  melanogaster,  both  germ  cells  and  their  associated  somatic  cells  possess  a 
functional  piRNA  pathway,  however  the  biogenesis  of  piRNA  molecules  differs.  In  both  types  of 
cells,  a  pool  of  primary  piRNAs  is  presumably  processed  from  long  single  stranded  transcripts. 
These  long  transcripts  are  produced  from  discrete  genomic  loci  (piRNA  clusters)  that  mainly 
reside  within  pericentric  heterochromatin  enriched  in  TEs  or  their  relics.  Little  is  known  about 
piRNA  clusters,  their  structural  dynamics  and  expression. 

Methods:  We  combined  genetics  and  genomics  analyses  of  piRNA  clusters  in  D.  melanogaster 
as  well  as  immunoFISH  experiments. 

Results/Conclusion:  We  will  report  our  most  recent  data  obtained  on  Drosophila  piRNA  clusters, 
their  structure,  and  dynamics.  We  will  further  detail  the  processing  events  that  generate  the 
primary  pool  of  piRNAs  from  cluster  precursors.  We  will  discuss  how  aconstant  emergence  of 
new  piRNAs  is  necessary  to  cope  with  new  TEs  introduced  by  horizontal  transfers  from  species. 
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Introduction:  Division  of  labor  (DOL)  in  eusocial  insects  is  enhanced  by  caste-specific 
behaviors,  yet  insights  into  the  molecular  regulation  of  DOL  remain  elusive.  Genome-wide 
surveys  of  histone  modifications  in  major  and  minor  worker  castes  of  Camponotus 
floridanusindicatQ  enrichment  for  the  histone  modification  H3K27ac  is  linked  to  gene  expression 
differences  between  castes,  suggesting  epigenetic  mechanisms  may  influence  caste-specific 
traits.  We  sought  to  address  whether  histone  modifications  functionally  regulate  caste-specific 
behavior  and  contribute  to  gene  expression  differences  between  castes. 

Methods:  Foraging  is  a  strongly  minor-biased  behavior,  and  we  hypothesized  that  modulation  of 
H3K27ac  enrichment  by  histone  writer  and  eraser  enzymes  might  predispose  castes  to 
differential  patterns  of  foraging.  We  employed  a  library  of  pharmacological  inhibitors  and  small 
interfering  RNA’s  targeting  HAT  (writer)  and  HD  AC  (eraser)  enzymes  and  tested  for  changes  in 
foraging  behavior,  H3K27ac  enrichment  (ChIP-seq),  and  gene  expression  (RNA-seq)  in  response 
to  these  treatments. 

Results/Conclusions:  HD  AC  inhibitors  stimulated  foraging,  whereas  HAT  inhibitors  blunted 
foraging,  suggesting  foraging  is  regulated  by  HAT  and  HD  AC  enzymes.  Molecular  analyses  in 
minors  treated  with  these  inhibitors  revealed  hundreds  of  differentially  expressed  genes  linked 
nearby  changes  in  H3K27ac.  While  major  workers  rarely  forage  in  natural  conditions,  HD  AC 
inhibitors  in  young  majors  established  minor-like  foraging  behavior  that  was  stable  for  more  than 
30  days.  Hence,  in  the  ant  C.  floridanus ,  DOL  is  regulated  in  an  epigenetic  manner  via  histone 
modifying  enzymes,  suggesting  the  epigenome  is  an  important  substrate  for  the  evolution  and 
expression  of  DOL  strategies. 
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Introduction:  As  the  characteristic  size  of  a  flying  robot  decreases,  the  challenges  for  successful 
flight  revert  to  basic  questions  of  fabrication,  actuation,  fluid  mechanics,  stabilization,  and  power 
-  whereas  such  questions  have  in  general  been  answered  for  larger  aircraft.  When  developing  a 
robot  on  the  scale  of  -  and  inspired  by  -  a  housefly,  all  hardware  must  be  developed  from  scratch 
as  there  is  nothing  "off-the-shelf'  which  can  be  used  for  mechanisms,  sensors,  or  computation 
that  would  satisfy  the  extreme  mass  and  power  limitations. 

Methods:  We  leverage  our  ability  to  create  insect-scale  devices  to  perform  experiments  on  the 
structure-function  relationships  in  the  insect  flight  apparatus.  This  involves  at-scale  flapping 
wing  models  capable  of  recreating  the  kinematics  and  wingbeat  frequencies  of  target  species 
while  measuring  time-resolved  forces,  motions,  and  fluid  flow.  In  a  similar  set  of  experiments, 
we  prototype  whole  insect-like  robots  and  fit  them  with  different  combinations  of  sensors  and 
control  architectures  to  test  hypotheses  on  insect  flight  control. 

Results/Conclusion:  With  these  challenges  and  capabilities  in  mind,  this  talk  will  present 
progress  in  the  essential  technologies  for  insect-scale  robots,  the  first  flight  experiments  with 
robotic  insects,  and  the  use  of  these  robots  to  explore  topics  in  the  biomechanics  of  flapping¬ 
wing  flight,  low-Re  fluid  dynamics,  insect-like  sensing  and  flight  control  architectures,  and 
collective  behaviors. 
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Introduction:  Many  animals  and  vehicles  have  streamlined  and  morphing  airfoil  shapes  that 
reduce  fluid  dynamic  drag  and  modulate  lift  to  achieve  fast,  effective  locomotion  in  air  and 
water.  Similarly,  numerous  small  terrestrial  animals  move  through  cluttered  terrain  where 
obstacles  like  grass,  shrubs,  vines,  and  leaf  litter  resist  motion  and  induce  instability  (e.g.,  flip- 
over),  but  the  role  of  body  shape  in  terrestrial  locomotion  is  less  known.  Here,  we  begin  to 
address  this  question  by  studying  cockroaches  in  the  laboratory,  and  use  them  to  inspire 
terrestrial  robots  capable  of  rapid,  agile,  multi-modal  locomotion  in  complex  terrain. 

Methods:  We  created  a  device  to  mimic  and  control  obstacles  (analogous  to  wind  tunnels),  and 
studied  the  effect  of  body  shape  during  obstacle  traversal  and  self-righting  of  cockroaches  and 
cockroach-inspired  robots.  Unlike  many  animal  biomechanics  and  robot  studies  focusing  on 
single-mode  locomotion  (e.g.  running,  walking),  we  focused  on  how  body  shape  affects 
locomotor  transitions  between  modes. 

Results/  Conclusions:  (1)  To  traverse  obstacles,  cockroaches  can  climb  over,  push  across,  or 
reorient  their  bodies  to  maneuver  through  slits.  (2)  To  self-right,  cockroaches  also  use  a  diversity 
of  locomotor  strategies.  (3)  Cockroach’s  rounded  body  shape  is  terradynamically  “streamlined” 
and  facilitates  obstacle  traversal  by  reducing  terrain  resistance.  (4)  After  flip-over,  cockroaches 
actively  move  their  wings  and  body  to  morph  away  from  this  rounded  body  shape  to  escape 
stability  basins.  Inspired  by  these  observations,  we  developed  the  first  exoskeletal  shell  that 
allow  legged  robots  to  traverse  densely-cluttered  obstacles  with  minimal  sensory  feedback 
control,  and  actuated  wings  for  dynamic  robot  self-righting. 
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Introduction:  Plants  have  evolved  a  variety  of  chemical  and  physical  defenses  against  insects  and 
other  herbivores.  One  example  is  a  historical  method  for  bed  bug  control:  leaves  from  bean 
plants  were  used  in  bed  bug  ( Cimex  lectularius  L.)  control  for  hundreds  of  years  in  Eastern 
Europe.  The  mechanism  for  bed  bug  entrapment  was  recently  shown  to  be  the  piercing  of  cuticle 
on  the  bed  bug  tarsi  by  sharp  microscopic  hooked  trichomes  (plant  hairs).  This  physical 
entrapment  is  a  source  of  inspiration  in  the  development  of  new  methods  to  control  the 
burgeoning  numbers  of  bed  bugs.  A  purely  physical  management  method  has  the  additional 
advantage  that  it  would  avoid  the  problem  of  pesticide  resistance  that  has  been  documented 
extensively  for  this  insect. 

Methods:  Using  scanning  electron  microscopy,  video,  and  focused  ion  beam  milling,  we  have 
identified  where  and  how  bed  bug  tarsi  are  punctured  by  trichomes  as  bed  bugs  walk  on  leaves 
from  bean  plants  and  become  entrapped.  Using  nano  indentation,  we  have  made  measurements  of 
the  forces  that  are  required  to  pierce  the  cuticle  of  bed  bug  tarsi. 

Results/Conclusions:  The  identified  areas  of  mechanical  vulnerability  on  bed  bug  tarsi  that  are 
pierced  by  plant  trichomes,  and  the  forces  required  for  piercing,  can  be  used  to  inform  the  design 
and  fabrication  of  biomimetic  synthetic  surfaces  intended  for  bed  bug  trapping.  These  non¬ 
chemical  "physical  insecticides"  would  be  sustainable  and  environmentally  friendly  methods  to 
manage  bed  bugs. 
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Introduction:  The  moduli  of  insect  cuticle  can  vary  six  orders  of  magnitude  despite  being 
comprised  a  limited  component  set.  These  properties  are  hypothesized  to  arise  from  covalent  and 
non-covalent  interactions  among  proteins,  catechols,  chitosan  and  chitin  nanofibers.  We  have 
used  both  molecular  biological  techniques  and  mechanical  test  methods  on  elytra  from  the  beetle 
models  Tribolium  castaneum  and  Tenebrio  molitor  to  advance  understanding  of  composition- 
structure-property  relationships  in  cuticle.  Our  objective  has  been  to  understand  the  role  of 
molecular  interactions  among  the  components  of  elytral  cuticle  in  determining  the  in  vivo 
properties.  This  in  vitro  work  expands  from  understanding  the  in  vivo  roles  of  specific 
interactions  to  the  development  of  new  biomaterial  designs. 

Methods:  Two  abundant  cuticle  proteins  in  the  elytra  of  T.  castaneum  named  CPR27  and  CP30 
were  examined.  CPR27  has  a  Rebers-Riddiford  sequence  of  residues  hypothesized  to  bind  chitin. 
CP30  is  a  low  sequence  complexity  protein  with  highly  repetitive  short  blocks  of  cationic  and 
anionic  residues  without  the  RR  sequence.  Spectroscopic  and  microrheological  techniques  were 
used  examine  the  interactions  of  these  proteins  with  chitin,  chitosan  and  catechols. 

Results:  Active  microrheology  showed  that  addition  of  CPR27  to  aqueous  chitosan  solutions 
caused  a  2-fold  decrease  in  viscosity.  Together  with  spectroscopic  results,  this  indicates  that 
CPR27  complexes  with  chitosan  as  hypothesized  to  form  micron-scale  structures.  In  contrast, 
CP30  shows  no  interactions.  The  role  of  quinone-crosslinking  of  both  proteins  with  catechols 
was  also  examined  using  microrheology.  Understanding  the  interactions  involving  these  cuticle 
proteins  suggests  new  motifs  for  use  in  the  design  of  biomaterial  composites. 
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Introduction:  Nanostructured  biological  materials  with  anti-biofouling  properties  have  been 
identified  in  varied  number  of  organisms  such  as  lotus  plants,  sharks,  and  some  insects.  Learning 
more  about  how  the  nanostructures  are  incorporated  in  the  insect  cuticle  might  help  decrease 
pathogen  proliferation  will  give  us  insights  into  how  to  create  artificial  “bioinspired”  antifouling 
surfaces.  Both  the  physical  characteristics  (i.e.  nanostructured  topography)  and  chemical 
characteristics  (i.e.  lipids,  waxes,  proteins)  are  probably  important  in  providing  self-cleaning  and 
antimicrobial  properties.  Here  we  focused  on  how  the  wetting  properties  of  insect  wing  surface 
might  aid  in  self-cleaning  and  anti-fouling. 

Methods:  We  sampled  insects  from  museum  collections  and  field-collected  insects.  We  used 
environmental  scanning  electron  microscopy,  and  other  microscopy  techniques,  to  characterize 
the  nanostructures  present  on  the  wings  of  Illinois  insects  that  occur  in  varied  habitats:  cicadas, 
dragonflies,  damselflies,  and  grasshoppers.  We  also  studied  condensation  and  droplet  growth 
dynamics  on  the  different  wing  surfaces. 

Results/Conclusions:  The  topography  of  insect  wing  surfaces  varied  between  insect  species  and 
between  area  sampled  on  the  wing  (dorsal  versus  ventral,  for  instance).  There  were  some 
differences  in  the  topography  results  when  comparing  freshly  collected  insects  and  pinned 
specimen.  The  most  common  type  of  nanostructures  were  conical  pillars.  These  pillars  are  sized 
and  spaced  in  such  a  manner  that  they  may  convey  hydrophobic  properties  (to  be  confirmed  by 
modeling  and  fabrication  of  bioinspired  materials  with  anti-wetting  and  anti-biofouling 
characteristics).  In  the  future  surface  chemistry  studies  will  help  determine  the  most  important 
contributing  factors  to  the  anti-wetting  and  anti-biofouling  properties  observed  on  the  insect 
wing. 
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Introduction:  Spider  silk  has  remarkable  properties,  including  self-healing,  extreme  toughness, 
and  low  immunoreactivity.  With  its  wealth  of  positive  attributes,  spider  silk  has  great  potential  as 
a  template  for  the  design  of  novel  biomaterials.  Specialized  abdominal  glands  are  the  factories 
where  spiders  manufacture  silk  proteins  and  begin  assembling  the  proteins  into  fibers.  Although 
at  the  heart  of  native  silk  production,  virtually  nothing  is  known  about  the  developmental  and 
functional  maturation  of  spider  silk  glands.  Here,  we  study  the  ontogeny  and  developmental 
genetics  of  silk  glands  in  Latrodectus  hesperus  (Western  black  widow)  and  the  distantly  related 
Holocnemus  pluchei  (marbled  cellar  spider).  Knowledge  of  how  silk  glands  attain  their  unique 
abilities  is  applicable  to  engineering  silk  production  in  vitro  and  in  vivo. 

Methods:  Using  timelapse  video  and  serial  paraffin  sectioning,  we  documented  embryonic  and 
juvenile  stages  before,  during,  and  after  the  morphogenesis  of  the  silk  glands  that  produce 
draglines  in  L.  hesperus  and  H.  pluchei.  From  these  species,  we  also  sequenced,  de 
novo  assembled,  and  performed  differential  gene  expression  analyses  of  tissue-specific  RNAseq 
libraries  from  embryonic,  juvenile,  and  adult  silk  gland  stages. 

Results/Conclusion:  We  identified  genes  associated  with  the  morphological  and  functional 
maturation  of  dragline  silk  producing  glands.  By  comparing  the  development  of  dragline  silk 
producing  glands  in  evolutionarily  divergent  species,  we  take  advantage  of  the  optimization  of 
silk  synthesis  achieved  over  ~300  million  years  of  natural  selection.  How  undifferentiated  tissues 
become  silk  protein  factories  could  inform  new  technologies,  including  the  production  of 
artificial  silk  via  tissue  and  organ  culture  technology. 
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Introduction:  Some  insects  are  known  to  enhance  respiration  via  rhythmic  tracheal  compression, 
in  which  parts  of  the  tracheal  system  collapse  and  reinflate  on  the  second  time-scale.  The 
compression  and  expansion  of  the  tracheal  tubes  augments  gas  exchange  by  inducing  ventilation 
from  the  spiracles  and  likely  mixing  the  air  within  the  tracheal  system.  Our  work  aims  to 
understand  the  biomechanical  mechanism  that  produces  tracheal  compression,  and  to  apply  its 
priniciples  toward  the  creation  of  new  devices  that  produce  microfluidic  flows. 

Methods:  To  determine  the  mechanism  of  tracheal  compression  in  beetles,  we  have  been  probing 
multiple  physiological  processes  that  are  correlated  with  tube  collapse  to  explore  possible 
mechanical  linkages  in  the  system.  We  use  synchronous  measurements  of  body  movement, 
pressure,  CO2,  and  synchrotron  X-ray  imaging  to  quantify  internal  and  external  processes  while 
tracheae  collapse. 

Results/Conclusions:  These  measurements  are  revealing  the  relationship  of  tracheal  compression 
with  abdominal  pumping,  hemolymph  pressure,  gut  movement,  and  CO2  release.  Simultaneous 
pressure  pulses  of  differing  magnitude  throughout  the  body  suggest  that  the  abdominal  pump 
helps  to  produce  pressure,  which  is  mediated  by  gut  movements  and  regional 
compartmentalization.  This  research  demonstrates  how  the  use  of  multiple  coordinated  processes 
can  result  in  collapse  of  tracheal  tubes  and  the  augmentation  of  gas  exchange,  and  suggests 
methods  for  producing  flows  using  actuation  schemes  that  are  simple  and  compact  compared  to 
current  engineered  systems.  Supported  partially  by  NSF  0938047. 
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Nature  inspired  technology  is  very  much  en  vogue,  but  the  road  from  biological  understanding  to 
technology  is  a  long  and  sinuous  one  and  the  number  of  working  engineered  prototypes  a 
fraction  of  the  claims  generated  by  the  approach. 

In  this  talk,  we  will  present  our  latest  efforts  to  implement  a  flow  camera  based  on  insect 
filliform  hairs,  focusing  in  particular  on  the  modeling  of  single  hair  response,  on  the 
hydrodynamic  viscous  negative  and  positive  coupling  between  hairs  and  on  the  Figure  of  Merit, 
a  rarely  used  engineering  concept  which  enables  one  to  assess  the  performance  of  biomimetic 
devices.  We  will  also  present  the  evolutionary  forces  which  have  led  to  the  appearance  of  such 
sensitive  structure,  the  flow  structure  of  fast  approaching  predators,  such  as  wolf  spiders.  The 
talk  will  end  with  considerations  on  the  size  of  the  human  resources  involved  as  well  as  the  time 
span  needed  for  interdisciplinary  topics  as  this  one  to  unfold. 
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Abstract  text: 

Introduction:  Jewel  beetles  of  the  genus  Melanophila  possess  a  pair  of  thoracic  infrared  (IR) 
organs.  These  organs  are  used  for  forest  fire  detection  because  Melanophila  larvae  can  only 
develop  in  fire  killed  trees.  Reports  in  the  literature  suggest  that  beetles  may  be  able  to  detect 
large  fires  by  IR  radiation  from  distances  of  about  100  km.  However,  this  sensory  performance 
requires  amplification  of  weak  IR  radiation.  In  search  of  a  potential  active  amplification 
mechanism  the  micromechanical  environment  of  the  IR  organs  was  investigated  for  the  first 
time. 

Methods:  The  morphology  of  the  lateral  thorax  including  the  IR  organs  was  investigated  by 
light-  and  electron  microscopical  investigations. 


Results/  Conclusions:  The  structural  requirements  of  a  so-called  beating  mechanism  were 
discovered  probably  allowing  a  mechanical  prestimulation  of  the  bimodal  photomechanic  IR 
receptors.  Results  suggest  that  flying  beetles  could  increase  the  sensitivity  of  their  IR  sensilla  by 
using  muscular  energy  from  the  flight  motor.  The  specific  morphology  of  the  IR  sensilla  further 
suggest  that  a  Melanophila  beetle  can  tune  the  sensitivity  by  sensory  feedback.  According  to 
the  current  conception,  beetles  perform  search  flights  to  find  a  fire  and  initially  look  for  smoke 
plumes.  To  prevent  erroneous  behavior  such  as  approaching  a  cloud  bank  from  large  distances, 
beetles  scan  for  additional  IR  radiation  at  the  base  of  a  potential  smoke  plume.  Thus 
photomechanic  IR  organs  can  be  used  as  biological  models  for  building  new  active  IR  sensors. 
Theoretically  the  sensitivity  of  these  sensors  could  outperform  the  sensitivity  of  current  uncooled 
IR  sensors. 
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Abstract  text: 

Introduction:  The  paradigm  of  biologically  inspired  design  espouses  the  use  of  biological 
systems  as  analogues  for  inspiring  the  design  of  technological  systems  as  well  as  standards  for 
evaluating  system  designs.  Over  the  last  generation,  this  paradigm  has  transformed  into  a  design 
movement  as  evidenced  by  a  rapid  proliferation  of  educational  programs  and  courses  in 
biologically  inspired  design.  Yet,  our  understanding  of  the  biologically  inspired  design  paradigm 
remains  modest. 

Methods:  We  have  been  studying  biologically  inspired  design  practice  for  almost  a  decade. 
During  this  time,  we  have  conducted  in  situ  studies  and  developed  information-processing 
theories  of  biologically  inspired  design.  We  have  also  developed  a  digital  library  of  case  studies 
of  biologically  inspired  design,  as  well  as  a  suite  of  computational  techniques  and  tools  for 
supporting  its  practice. 


Results/Conclusion:  In  this  talk,  I  will  summarize  this  decade  long  research  in  terms  of  the 
fundamental  cognitive  challenges  of  biologically  inspired  design.  I  will  posit  that  these  cognitive 
challenges  may  provide  the  core  principles  for  organizing  both  pedagogy  and  practice  of 
biologically  inspired  design. 
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Abstract  text: 

Introduction:  Insect- inspired  algorithms  for  organizing  robot  teams  have  primarily  come  from 
trail-laying  ants  capable  of  modifying  their  environment  in  a  persistent  way.  However,  most 
modern  robots  are  unable  to  make  persistent  modifications;  they  instead  communicate  directly  by 
radio  communication  or  use  visual  servoing.  With  these  constraints  in  mind,  we  focus  on 
Temnothorax  rugatulus,  rock  ants.  These  ants  recruit  each  other  by  way  of  one-on-one  tandem 
runs,  which  are  much  better  models  for  communication  systems  feasible  in  modem  robots.  These 
tandem  runs  tend  to  allocate  a  team  of  foragers  to  a  set  of  feeders  where  each  allocation  is  in 
proportion  to  the  relative  quality  of  the  feeder;  such  an  allocation  is  a  desired  property  of  many 
load-balancing  algorithms  in  robotic  applications.  Furthermore,  these  ants  are  able  to  detect 
quorum  sizes  and  implement  a  kind  of  voting  that  leads  to  colony-level  agreement  in  finite- 
choice  decisions.  Such  adaptive  group-level  decision-making  is  unprecedented  in  robotic 
applications;  however,  the  underlying  mechanisms  of  the  decision-making  dynamics  are  no  more 
challenging  to  implement  on  robotic  platforms  than  one-on-one  communication. 

Methods:  Here,  we  combine  methods  from  cognitive  psychology,  information  theory,  statistical 
mechanics,  and  complex  systems  to  understand  the  information-processing  structures  operating 
in  T.  rugatulus  decision-making  mechanisms. 


Discussion:  At  the  colony  level,  rock  ants  can  explore  an  environment,  aggregate  information 
across  individuals,  choose  which  features  to  pay  attention  to,  and  make  group-level  decisions 
that  adapt  to  changes  in  the  environment.  These  principles  can  be  applied  to  build  qualitatively 
different  swarm-robotic  systems  with  unprecedented  scalability  and  flexibility. 
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Abstract  text: 

Ant  colonies  operate  without  central  control,  using  dynamic  networks  of  brief  interactions  to 
adjust  to  changing  conditions.  No  individual  ant  can  assess  what  needs  to  be  done.  Each  ant  uses 
its  recent  experience  of  olfactory  encounters,  either  by  direct  antennal  contact  between  ants  or 
contact  with  chemical  cues  deposited  by  other  ants.  In  the  aggregate  this  regulates  ant  behavior. 
For  example,  harvester  ants  (. Pogonomyrmex  barbatus)  use  interaction  rates  to  regulate  foraging 
activity:  an  outgoing  ant  does  not  leave  the  nest  until  it  has  experienced  a  sufficient  rate  of 
antennal  contact  with  returning  foragers  with  food.  These  interaction  networks  are  similar  to 
those  used  in  engineered  systems.  One  analogy  is  the  "Anternet";  TCP-IP,  the  protocol  used  to 
regulate  data  traffic,  uses  a  similar  system  to  that  of  harvester  ants.  Another  analogy  is  in 
solutions  to  the  problem  of  collective  search,  performed  by  ants  and  also  by  robots.  Argentine 
ants  ( Linepithema  humile)  adjust  their  search  paths  to  local  density,  which  they  probably  assess 
using  interaction  rate,  and  thus  manage  the  ongoing  tradeoff  between  the  thoroughness  of  search 
and  the  amount  of  area  covered.  We  recently  investigated  collective  search  by  the  pavement  ant 
(Tetramorium  caespitum)  in  microgravity  in  an  experiment  conducted  on  the  International  Space 
Station,  and  found  that  although  ants  were  mostly  able  to  hold  onto  the  surface,  collective  search 
was  disrupted.  The  diversity  of  collective  behavior  that  ants  have  evolved,  in  very  diverse 
environments,  may  suggest  algorithms  that  can  be  used  in  engineered  systems. 
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Abstract  text: 

Introduction: 

Senses  operate  in  different  ecological  contexts  and  are  modulated  by  the  organism’s 
physiological  state.  This  is  perhaps  best  illustrated  by  the  visual  system,  which  uses  less  than  a 
handful  of  photoreceptors  to  detect  prey,  mates,  threats  or  congeners.  The  possibility  that 
mosquito  ORs  are  adaptations  to  different  ecological  niches  is  a  fascinating  question. 

Methods: 

We  used  a  cell-based  functional  assay  to  study  the  response  of  conserved  ORs  from  a  non-blood 
feeding  mosquito. 

Results/Conclusion: 

Our  findings  suggest  that  mosquito  ORs  thought  to  play  a  role  in  host-seeking  may  be  involved 
in  multiple  ecological  contexts. 
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Introduction:  The  neurogenetic  basis  of  the  evolution  of  pheromone  preference  has  been  much 
researched.  Invariably  changes  in  pheromone  blends  of  a  species  or  race  have  been  linked  to 
shifts  in  either  sensitivity  or  arrangement  of  the  sensory  network  in  the  periphery  and/or  in  the 
antennal  lobes.  Except  for  shifts  in  pheromone  receptor  sensitivity,  all  these  findings  have  been 
correlative:  no  neural  of  genetic  mechanism  been  described  through  which  pheromones  can 
evolve.  The  European  corn  borer,  Ostrinia  nubilalis ,  has  been  a  model  for  studies  on  pheromone 
production  and  preference  for  decades.  The  species  exhibits  a  pheromone  dimorphism  which  has 
been  unraveled  at  production  level.  In  contrast,  research  on  the  neurogenetic  basis  of  the 
dimorphism  of  pheromone  preference,  resp ,  a  single  Z-linked  locus,  is  thus  far  only  correlative. 

Methods:  Here  we  present  new  data  from  a  collaborative  effort  unraveling  the  neurogenetic  basis 
of  shifts  in  pheromone  preference  in  this  species.  For  this  we  used  both  neurophysiological, 
neuroanatomical,  behavior  and  genetic  mapping. 

Results/Conclusion:  The  data  show  that  resp  links  away  from  to  the  suspect  OR  cluster,  which  is 
also  on  the  Z-chromosome,  and  points  to  a  set  of  candidate  genes  that  are  known  transcription 
factors  and/or  are  involved  in  neurogenesis  and  axonal  guiding.The  results  are  discussed  in  the 
light  of  our  current  knowledge  of  these  genes  and  their  potential  role  in  the  olfactory  circuitry. 
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Abstract  text: 

Introduction:  Insects  that  live  in  our  homes  (i.e.,  pests!)  evolved  sensory  adaptations  to  maximize 
fitness: 

Attractant  sex  pheromone:  The  male  German  cockroach  is  exquisitely  sensitive  to  a  sex 
pheromone  that  the  female  produces  when  she  is  ready  to  mate. 

Contact  sex  pheromone:  Cockroaches  recognize  each  other  as  members  of  the  same  species,  as 
opposite  genders,  and  as  willing  sexual  partners  by  smelling  unique  chemicals  on  the  cuticular 
surface. 

Aggregation  pheromone:  Aggregation  of  the  German  cockroach  is  regulated  by  fecal 
aggregation  pheromones. 

Grooming:  For  pheromones  to  be  detected  by  olfactory  receptors  they  have  to  penetrate  sensillar 
pores. 

Methods:  N/A 
Results/Conclusion: 

Attractant  sex  pheromone:  We  isolated  and  identified  the  chemical  structure  of  the  volatile 
pheromone  that  females  use  to  attract  males. 

Contact  sex  pheromone:  Courtship,  nuptial  gift  giving,  and  ultimately  copulation  are  facilitated 
by  a  multi-component  contact  sex  pheromone  blend. 

Aggregation  pheromone:  Feces  extract  revealed  40  volatile  carboxylic  acids  (VCAs),  but  feces 
from  axenic  cockroaches  lacked  major  fecal  VCAs.  Nymphs  preferred  the  extract  of  control 
feces  over  the  fecal  extract  of  axenic  cockroaches,  but  inoculation  of  axenic  cockroaches  with 
cultured  fecal  bacteria  rescued  the  aggregation  response.  Thus,  the  commensal  gut  microbiota 
contributes  to  production  of  VCAs  that  act  as  fecal  aggregation  agents. 

Grooming:  Using  a  combination  of  SEM,  GC  and  electrophysiology  we  found  that  cockroaches 
groom  their  antennae  to  remove  a  large  amount  of  natural  wax  and  other  compounds  that 
otherwise  would  accumulate  and  interfere  with  olfaction. 
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Abstract  text: 

Introduction:  Understanding  insect  olfaction  has  practical  value  in  the  control  of  beneficial  and 
pest  insects  as  well  as  for  control  of  insects  that  are  vectors  of  disease.  In  spite  of  its  importance, 
the  understanding  of  olfaction  is  made  difficult  by  the  complexity  of  the  physical  odor  ‘scene’. 
Studies  have  shown  that  natural  odors  are  often  mixtures  of  many  chemical  components,  and  the 
biological  signal  is  embedded  in  a  submixture.  Furthermore,  odors  occur  in  turbulent  air  flows 
that  mix  a  target  odor  with  background  odors.  It  is  therefore  important  to  formulate  an 
understanding  of  how  natural  odors  vary  from  one  encounter  to  the  next,  and  how  insects 
recognize  odors  in  spite  of  this  variance.  More  in-depth  investigations  of  odor  scene  space, 
including  statistics  relating  to  variation  and  background  mixing,  will  reveal  a  new  depth  of 
richness  of  neural  representations  of  odors  in  the  brain. 

Methods:  Insects  such  as  the  fruit  fly  and  honey  bee  are  excellent  models  for  this  research 
because  of  the  accessibility  of  their  central  nervous  systems,  because  of  their  ease  of  use  under 
controlled  laboratory  conditions.  We  also  have  available  a  rich  understanding  of  the  odor 
ecology  of  these  species  in  regard  to  finding  food,  mates,  places  to  reproduce  and  in  driving 
social  interactions. 

Results/Conclusions:  The  seminar  will  review  how  processes  from  early  sensory  transduction 
through  plasticity  in  different  levels  of  processing  in  the  brain,  including  ‘decision  making’,  can 
be  best  understood  in  terms  of  adaptations  to  challenges  presented  by  the  complex  statistical 
structure  of  the  odor  scene. 
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Abstract  text: 

Introduction:  Pheromones  play  an  important  role  in  insect  mating  systems.  In  the  vinegar 
fly  Drosophila  melanogastera  major  part  of  the  pheromone-detecting  system  has  remained 
enigmatic  both  regarding  its  behavioral  significance  and  its  activating  ligands.  Despite  many 
attempts  no  active  ligands  have  been  identified  for  pheromone  detecting  sensory  neurons,  and  no 
clear  behavioral  deficits  have  been  observed  for  mutants  where  these  neurons  are  rendered  non¬ 
functional. 

Methods:  We  used  a  combination  of  gas-chromatography-single  sensillum  recordings,  thermal 
desorption  mass  spectrometry  and  high  resolution  bioassays  to  reveal  active  compounds  and  their 
behavioral  significance. 

Results/Conclusion:  By  using  these  methods  we  could  identify  novel  candidate  pheromones  and 
show  that  Or47b-  and  Or88a-expressing  olfactory  sensory  neurons  detect  the  fly-produced  odors 
methyl  laurate,  methyl  myristate  and  methyl  palmitate.  The  Fruitless  {fruM)~ positive  Or47b- 
expressing  neurons  detect  methyl  laurate  exclusively.  Or47b  is  required  for  optimial  male 
copulation  behavior,  and  Or47b-expressing  neurons  are  necessary  and  sufficient  for  this 
behavior.  We  further  find  that  the  vigorous  courtship  towards  oenocyte-less  flies  is  due  to  the 
continued  production  of  the  Or47b  ligand  methyl  laurate.  Moreover,  we  find  that  Or88a- 
expressing  neurons  respond  to  all  three  compounds.  These  neurons  are  necessary  and  sufficient 
for  fly  aggregation  behavior.  Interestingly,  both  the  Or47b  and  Or88a-based  systems  are  highly 
conserved  over  a  number  of  drosophilid  species  investigated.  Species  specificity  thus  resides 
among  other  sensory  channels.  I  will  also  discuss  new  findings  related  to  pheromones  in  other 
drosophilid  species. 
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Introduction:  The  desert  ant  Cataglyphis  fortis  individually  forages  in  the  open  salt  pans  of 
Tunisia  by  means  of  path  integration  and  visual  and  olfactory  cues  that  they  can  associate  with 
the  nest  entrance.  Here  we  ask,  whether  the  ants  consider  the  validity  of  nest  cues.  Do  they  rate 
nest  cues  lower,  when  they  pass  identical  cues  several  times  during  homing? 

Methods:  We  trained  ants  to  forage  at  a  feeder  within  an  elongated  aluminum  channel.  The  exit 
from  the  channel  to  the  nest  was  an  inconspicuous  whole  in  the  channel  floor  that  was  marked 
either  by  an  olfactory  or  a  visual  cue.  We  then  transferred  homing  ants  that  had  been  trained  to 
this  situation  to  a  test  channel  and  tracked  their  search  for  the  nest  (i.e.  the  zig-zagging 
surrounding  the  nest  cue).  We  next  exposed  ants  to  a  similar  training  procedure,  but  decreased 
the  validity  of  the  cue  by  presenting  it  in  addition  5  times  between  the  nest  and  the  feeder.  We 
then  tested  these  ants  as  mentioned  above  and  compared  search  patterns  of  ants  trained  with  a 
valid  nest  cue  with  those  that  experienced  a  less  valid  cue. 

Results/Conclusion:  Ants  that  were  trained  with  a  single  nest  cue,  exhibited  a  significantly  more 
focused  search  than  ants  that  experienced  the  cue  many  times  on  the  way.  Hence,  ants  are  not 
only  able  to  associate  olfactory  and  visual  cues  with  the  nest  entrance,  but  even  consider  the 
validity  of  those  cues. 
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Introduction:  Plant-pollinator  interactions  play  profound  roles  in  structuring  ecological 
communities  and  populations.  Pollinators  use  their  sense  of  smell  to  locate  flowers  from  long 
distances,  but  little  is  known  about  how  they  are  able  to  discriminate  their  target  odor  from  the 
rest  of  the  plant  community,  and  how  flower  species  are  able  to  attract  specific  pollinators. 

Methods:  Using  the  Manduca  sexta  moth,  and  the  Bombus  vosnesenskii  bee  as  models,  we  have 
used  a  combination  of  field  assays,  chemical  analytical  methods,  and  neurophysiological 
experiments  in  the  peripheral  and  central  nervous  system  to  determine  how  chemical 
communication  systems  mediate  these  interactions  between  plants  and  their  pollinators. 

Results/Conclusion:  Our  results  suggest  that,  in  many  cases,  evolutionary  distant  flower  species 
have  converged  to  emit  similar  bouquets  to  attract  the  same  type  of  pollinator,  whereas  in  other 
cases  the  flowers  emit  scents  that  mimic  odors  from  other  biologically  important  sources  (eg, 
mates  or  hosts).  Flower  scents  are  represented  by  distinct  neural  representations  in  the  bee  and 
moth  antennal  (olfactory)  lobe  suggesting  that  the  scents  activate  conserved  neural  circuits  to 
elicit  behaviors  mediating  these  mutualistic  associations.  Together,  these  results  provide  new 
evidence  that  in  insect  pollinators,  attraction  to  specific  flowers  is  mediated  by  the  precise 
integration  of  olfactory  ‘channels’,  and  that  alteration  of  the  odor  input  transforms  the  network 
representations. 
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Abstract  text: 


Various  signals  from  the  environment  affect  both  physiological  and  behavioral  changes  during 
insect  development,  which  are  under  control  of  the  steroid  hormone  ecdysone.  In  order  to 
understand  the  exact  repertoire  of  such  environmental  signals,  therefore,  it  is  critical  to 
investigate  how  ecdysone  production  and  release  are  regulated  by  the  sensory  systems.  One  of 
the  major  components  that  regulate  ecdysone  production  is  the  brain  neurons  that  produce  the 
prothoracicotropic  hormone  (PTTH),  but  the  neural  network  that  controls  the  function  and 
activity  of  the  PTTH  neurons  remains  elusive.  Here  we  identify  a  group  of  neurons  in  the 
Drosophila  central  nervous  system  that  connect  gustatory  sensory  neurons  to  the  PTTH  neurons. 
Our  molecular  genetic  analyses  suggest  that  chemosensory  signals  from  the  environment  can 
regulate  insect  development  through  the  PTTH-ecdysone  axis. 
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Introduction:  Physiological  processes  and  behaviors  associated  with  reproduction  are  crucial 
events  in  the  life  history  of  insects  and  other  animals.  However,  regulation  of  these  complex 
processes  is  not  well  understood. 

Methods:  We  used  molecular  cloning  to  identify  cDNA  encoding  specific  neuropeptides  and 
their  receptors,  in  situ  hybridization,  and  immunohistochemistry  to  describe  neurons  and  organs 
where  these  active  molecules  are  expressed,  as  well  as  electrophysiology  and  transgenic 
techniques  to  determine  their  function. 

Results/Conclusion:  We  identified  two  sex-specific  clusters  of  peptidergic  neurons  in  the 
terminal  abdominal  ganglion  (TAG)  that  differentiate  during  metamorphosis  and  innervate 
reproductive  organs  of  Bombyx  mori.  The  male-specific  cluster  innervates  the  ejaculatory  duct 
and  accessory  glands,  and  produces  numerous  neuropeptides  derived  from  five  genes.  The 
female-specific  cluster  innervates  the  glandula  mucosa  and  oviducts,  and  produces  two  different 


neuropeptides.  Our  in  vitro  experiments  using  electrophysiology  techniques  showed  that  these 
neuropeptides  either  stimulate  or  inhibit  contractions  of  the  accessory  glands  or  oviducts.  We 
also  used  transgenic  approaches  to  examine  the  roles  of  these  neuropeptides  in  vivo.  Our  data 
indicate  that  neuropeptides  expressed  in  the  identified  clusters  of  the  TAG  control  contractions 
of  the  accessory  glands  during  mating  and  oviducts  during  egg  laying. 
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Introduction:  Stereotyped  innate  behaviors  occurring  during  ecdysis  are  regulated  by 
neuropeptidic  pathways;  the  members  of  this  pathway  are  better  characterized  in  crustacean  and 
holometabola  than  in  hemimetabola.  In  recent  years,  the  combination  of  genomic, 
transcriptomic,  and  peptidomic  information  boosted  the  identification  of  regulatory  molecules  in 
many  insect  species;  many  of  them  could  be  involved  in  ecdysis  regulation.  Orcokinins  are 
neuropeptides  conserved  in  most  insect  species,  but  whose  role  in  physiological  regulation  is 
barely  studied.  We  provide  evidence  of  their  important  role  in  the  regulation  of  ecdysis  in  the 
hemimetabolous  insect  Rhodnius  prolixus. 

Methods:  We  used  RNAi  technique  to  silence  the  expression  of  neuropeptide  precursors 
involved  in  ecdysis  in  the  kissing  bug  Rhodnius  prolixus.  We  also  studied  the  expression  pattern 
of  these  genes  in  different  tissues  and  throughout  the  days  from  blood  feeding  until  ecdysis. 

Results/Conclusion:  Whenever  the  expression  of  Orcokinin  gene  is  silenced,  the  individuals  are 
not  able  to  complete  molting,  and  they  die  at  the  expected  moment  of  ecdysis.  The  silencing  of 
Orcokinin  gene  affects  the  expression  of  classical  ecdysis  hormones  as  Corazonin,  EH,  ETH  and 
CCAP.  Our  results  indicate  a  central  role  of  Orcokinins  in  the  hormonal  regulation  of  ecdysis  in 


Rhodnius  prolixus.  Ours  and  previous  data  suggest  a  conserved  role  of  Orcokinins  in  the 
regulation  of  innate  behaviors  in  insects. 
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Introduction:  The  insect  molting  process  culminates  with  ecdysis,  the  behavior  used  to  shed  the 
remains  of  the  old  cuticle.  Ecdysis  includes  several  behavioral  subroutines  and  physiological 


events  that  are  expressed  sequentially  to  loosen  and  shed  the  old  cuticle,  then  expand  and  harden 
the  new  one.  Ecdysis  is  triggered  by  the  neuropeptide,  Ecdysis-Triggering  Hormone  (ETH), 
which  sequentially  activates  a  number  of  peptidergic  neurons,  all  of  which  express  the  ETH 
receptor  (ETHR),  and  include  neurons  that  produce  Eclosion  Hormone,  Crustacean  Cardioactive 
Peptide  (CCAP),  and  bursicon,  amongst  others. 

Methods:  We  used  the  calcium  sensitive  GFP,  GCaMP,  to  monitor  the  pattern  of  activation  of 
peptidergic  targets  of  ETH  when  ETH  action  was  decreased  by  driving  ETHR  RNAi  expression, 
and  when  neuropeptides  downstream  of  ETH  were  genetically  eliminated.  We  also  monitored 
ecdysis  behavior  in  these  animals. 

Results/Conclusion:  We  found  that  reducing  ETH  action  caused  the  greatest  impact  on  neural 
activity  and  ecdysis  behavior  when  ETHR  RNAi  was  targeted  to  CCAP  neurons.  In  addition,  we 
found  that  neuropeptides  released  by  the  targets  of  ETH  themselves  are  critical  for  determining 
the  responses  to  ETH.  Our  results  reveal  that  the  actions  of  ETH  and  of  neuropeptides 
downstream  of  ETH  configure  the  network’s  response  to  ETH  to  control  the  ensuing  sequence  of 
behavioral  subroutines.  In  addition  to  contributing  to  the  further  understanding  of  how  ecdysis 
behavior  is  controlled,  our  results  provide  insights  for  understanding  how  neuropeptides  can 
fundamentally  alter  the  output  of  a  neural  network. 
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Introduction:  In  Drosophila  the  emergence  of  the  adult  fly  is  regulated  by  the  circadian  clock, 
which  restricts  emergence  to  the  early  part  of  the  day.  This  behavior  is  expressed  at  the  end  of 
the  molt,  requires  the  fall  in  the  titer  of  the  molting  hormone,  20E,  and  is  triggered  by  the  release 


of  a  suite  of  peptide  hormones.  Yet,  the  mechanisms  by  which  the  clock  controls  the  “gating”  of 
emergence  is  poorly  understood  at  the  molecular,  cellular,  and  neuronal/endocrine  network  level. 

Methods:  We  have  investigated  the  neuronal  and  neuroendocrine  pathways  that  signal  time  from 
the  clock  to  the  peptidergic  eclosion  cascade  using  neuroanatomy,  imaging,  and  neurogenetics  in 
conjunction  with  an  eclosion  assay. 

Results/Conclusion:  Here  we  report  that  the  neuropeptide,  prothoracicotropic  hormone  (PTTH), 
is  a  timing  signal  for  eclosion.  Genetic  manipulations  of  PTTH  signaling  as  well  as  silencing  of 
PTTH  neurons  leads  to  a  loss  of  eclosion  rhythmicity.  The  same  phenotype  is  observed  when  the 
PTTH  receptor,  TORSO,  is  knocked  down  specifically  in  the  prothoracic  gland.  The  PTTH 
neurons  contact  neurites  of  the  PDF-expressing  sLNv  clock  neurons,  and  imaging  results  indicate 
that  these  sLNvs  inhibit  the  activity  of  PTTH  neurons  in  a  PDF-independent  manner.  Thus,  the 
PTTH  neurons  and  PTTH  signaling  couple  the  central  clock  and  the  peripheral  clock  in  the 
prothoracic  gland,  which  is  essential  for  the  synchronization  required  for  a  circadian  rhythmicity 
of  emergence. 
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Introduction:  Rhythmic  activity  patterns  are  widespread  in  the  CNS  and  the  unique  properties 
that  enable  central  circuits  to  generate  rhythmic  output  in  the  absence  of  any  sensory  or 
descending  inputs  have  been  well  described  in  a  variety  of  invertebrate  preparations.  The  locust, 
in  particular,  is  a  useful  model,  and  central  pattern  generators  (CPGs)  appear  to  occur  in 
practically  all  aspects  of  their  behaviour.  One  such  behaviour  is  egg  fertilization  and  laying,  and 
the  neuronal  circuits  and  neuromodulation  of  CPG  networks  associated  with  this  system  in 


Locusta  migratoria  have  been  well  described.  Coordination  of  the  system  is  critical  for  the 
successful  production  of  viable  eggs.  This  coordination  involves  a  variety  of  neurons  and  their 
neuroactive  chemicals  and  also  involves  neuromodulation  of  the  circuits. 

Methods:  Standard  neurophysiological  recordings,  neuroanatomical  tracing,  and 
immunohistochemistry  were  used  to  identify  the  neural  substrate  and  the  neural  control  of  both 
the  oviducts  and  spermathecae.  The  patterned  activity  and  reflex  loops  were  recorded  and 
monitored  and  the  influence  of  neuromodulators  analysed. 

Results/Conclusion:  The  neural  substrate  controlling  reproductive  tissues  expresses  an  array  of 
peptide  and  amine  phenotypes.  CPGs  are  involved  in  oviposition,  and  the  CPGs  that  control 
digging  of  the  ovipositional  hole,  egg  retention  in  the  lateral  oviducts  and  sperm  release  are 
synchronized.  A  neural  loop  ensures  the  coordinated  release  of  spermatozoa  when  an  egg  passes 
into  the  genital  chamber.  In  addition  the  CPGs  can  be  modulated  by  neuroactive 
chemicals.  These  results  provide  further  insight  into  the  intricate  coordination  and  control  of 
reproductive  tissues  underlying  reproductive  behaviours  in  locusts. 
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How  the  brain  processes  multiple  cues  and  makes  relevant  behavioral  decisions  is  a  central 
question  in  neuroscience.  Female  reproductive  behaviors  offer  important  experimental  paradigms 
to  address  this  question,  because  female  needs  to  coordinate  her  reproductive  decisions 
according  to  not  only  quality  of  her  mates,  but  also  her  nutritional  states  and 
environments.  Sperm  ejection  of  the  fruit  fly  Drosophila  melanogaster  female  is  a  behavior  of 
our  interest  in  this  context.  Drosophila  female  receives  a  large  amount  of  sperm  and  ejaculates 


during  copulation,  and  keep  them  in  her  uterus  for  some  time,  during  which  sperm  is  stored. 
After  individually  varying  delays,  the  mated  female  removes  un-stored  sperm  and  ejaculates 
through  the  stereotypic  sperm  ejection  behavior.  Here,  we  show  that  sperm  ejection  is  controlled 
by  the  diuretic  hormone  44  (Dh44)  signaling.  Females  with  suppressed  Dh44  and  its  receptor 
Dh44Rl  activities  showed  precocious  sperm  ejection  with  shortened  delays  after  copulation, 
whereas  those  with  elevated  Dh44  activities  showed  considerably  long  delays.  Furthermore,  we 
found  that  timing  of  sperm  ejection  is  also  modulated  by  various  factors,  including  circadian 
timing  of  the  mating,  nutritional  states  of  females  and  males  engated  in  the  mating,  and  precence 
of  a  specific  male  accessory  gland  protein.  We  expect  this  study  allows  us  to  better  understand 
how  the  neuroendocrine  system  functions  to  integrate  factors  from  multiple  environmental  and 
physiological  layers,  and  to  orchestrates  relevant  behavioral  decisions. 
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Introduction:  Reproduction  is  an  energetically  expensive  process  and  requires  differential 
allocation  of  resources.  The  neural  substrates  that  connect  metabolism  to  reproduction  have  not 
been  fully  investigated.  Here,  we  show  that  corazonin  neurons  in  Drosophila  are  essential  for 
normal  reproductive  output  in  females.  Furthermore,  we  show  that  corazonin  neurons  integrate 
information  from  multiple  nutrient  sensors  (AMPK  and  Gr43a)  and  are  likewise  influenced  by 
other  hormones  (DH3 1  and  DH44). 

Methods:  We  expressed  genetic  variants  in  subsets  of  corazonin  neurons,  and  assessed 
reproductive  markers  including  oviposition  and  ovarian  size.  Likewise,  we  directly  investigated 
corazonin  neuronal  physiology  using  live-cell  imaging. 


Results/Conclusion:  We  find  that  the  nutrient  sensor,  AMP  activated  protein  kinase  (AMPK), 
significantly  impacts  ovarian  size  and  impacts  egg  laying  in  a  nutrient  dependent  manner. 
Furthermore,  we  established  that  a  subset  of  corazonin  neurons  express  the  fructose  receptor 
encoded  by  Gr43a,  and  that  loss  of  Gr43a  function  also  impacts  egg  laying.  Additionally, 
exogenous  application  of  fructose  in  explanted  brains  leads  to  corazonin  neuron 
activation.  Interestingly,  this  fructose  response  is  diminshed  when  the  putative  stress  hormones, 
DH44  and  DH3 1,  are  applied.  These  results  suggest  that  corazonin  neurons  are  influenced  by 
mulitple  nutrient  sensors  and  are  involved  in  differential  allocation  of  resources  to  reproductive 
effort. 
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Abstract  text: 

Introduction:  Integrated  Pest  and  Pollinator  Management  (IPPM)  is  an  emerging  strategy  of 
pollinator-friendly  integrated  pest  management  practices  in  various  agricultural  crops. 
Specifically,  The  IPPM  approach  takes  pollinator  health  into  consideration  while  formulating 
and  implementing  pest  management  (PM)  programs  in  agriculture  and  other  ecosystems.  On 
commercial  farms,  IPPM  is  achieved  by  modifying  existing  PM  programs,  mainly  by  selecting 
lower  toxicity  pesticides,  adjusting  application  timing  and  favoring  non-pesticidal  methods  while 
keeping  pest  populations  at  acceptable  levels.  Landscape  context  and  field  margin  modifications 
are  also  important  components  of  dual  management  of  pests  and  pollinators.  IPPM  is  crucial  in 
orchards  such  as  apples,  where  fruit  production  and  farm  profits  heavily  depend  on  successful 
pollination  as  well  as  control  of  arthropods  and  other  pests. 

Methods:  We  assessed  reduced-risk  and  standard  conventional  pesticide  program  impacts  on  the 
diversity  and  abundance  of  pollinators  (bees  and  syrphids)  over  3  years  in  Pennsylvania. 
Continuing  with  the  same  fruit  crop,  in  another  study,  we  investigated  impact  of  modifying 


existing  PM  programs  on  the  population  of  a  key  pest  while  minimizing  the  risk  of  pesticide 
exposure  to  pollinators  during  apple  bloom. 

Results/Conclusion:  Implementation  of  reduced  risk  practices  resulted  in  lower  measures  of 
environmental  impact,  as  measured  by  standardized  Environmental  Impact  Quotient  values,  and 
served  to  sustain  the  pollinator  community  relative  to  the  conventional  treatment.  Significant 
differences  in  pollinator  communities  were  found  among  field  sites,  suggesting  that  farm 
landscape  context  influences  pollinator  community  assemblages  within  orchards.  Applicability 
of  IPPM  approachs  in  apple  production  systems  and  other  pollinator-dependent  fruit  crops  will 
be  discussed. 
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Introduction:  Cultivation  of  wine  grapes  is  currently  undergoing  expansion  in  the  eastern  US. 
Control  of  arthropods  has  historically  relied  on  chemical  insecticides,  many  of  which  were  toxic 
to  vertebrates  (including  humans)  as  well  as  beneficial  arthropods.  Arthropod  pests  of 
importance  include  grape  berry  moth,  Paralobesia  viteana ,  grape  root  borer,  Vitacea 
polistiformis ,  sharpshooters,  Cicadellinae  spp.,  grape  leafhopper,  Erythroneura  spp.,  grape 
mealybug,  Pseudococcus  maritimus,  Japanese  beetle,  Popillia  japonica ,  and  European  red  mite, 
Panonychus  ulmi.  Three  invasive  species  may  pose  a  threat  close  to  harvest:  brown  marmorated 
stink  bug,  Halyomorpha  halys ,  spotted  wing  drosophila,  Drosophila  suzukii,  and  multicolored 
Asian  lady  beetle,  Harmonia  axyridis. 

Methods:  Insecticides  used  against  common  vineyard  pests  were  evaluated  in  terms  of  toxicity  to 
humans  and  beneficial  species,  and  environmental  impact.  Typical  control  programs  from  10-20 
years  ago  were  compared  with  currently  available  products. 


Results/Conclusion:  Earlier  programs  relied  heavily  on  organophosphates,  carbamates,  and  to  a 
lesser  degree,  pyrethroids.  More  recent  programs  include  neonicotinoids,  spinosyns,  diamides, 
and  various  insect  growth  regulators,  with  some  use  still  of  pyrethroids.  Many  currently  available 
insecticides  are  more  environmentally  selective  than  older  materials.  Consequently,  seasonal 
control  programs  generally  have  reduced  environmental  impact  and  reduced  hazard  for  farm 
workers,  the  public  and  beneficial  vineyard  species.  Risk  to  these  groups  will  be  discussed 
individually.  Results  here  are  not  uniform;  exceptions  will  be  discussed.  This  will  relate  both  to 
human  risk  and  specific  natural  enemies. 
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Introduction:  Use  of  pesticides  for  agriculture  production  in  developing  countries  including 
Nepal  is  relatively  low  compared  with  most  of  the  developed  countries.  However,  due  to  relaxed 
regulation,  lack  of  proper  knowledge  about  the  pesticide  and  its  safe  use,  the  problems  associated 
with  pesticides  to  human  health  and  the  environment  is  significant.  The  exposure  of  farmers  to 
pesticides  is  tremendous,  leading  to  both  acute  and  chronic  health  hazards.  Recent  studies 
suggested  that  commercial  vegetable  farmers  in  Nepal  exposed  to  pesticides  have  increased  their 
health  risks  and  health  costs.  Awareness  on  safe  pesticide  use  is  required  to  minimize  the  health 
hazards  of  both  farmers  and  consumers. 

Methods:  We  conducted  safe  pesticide  use  trainings  for  at  least  180  commercial  vegetable 
growers  about  safe  use  and  handling  of  pesticides.  Before  and  after  the  training,  we  have 
conducted  surveys  to  assess  the  knowledge,  attitude  and  practice  (KAP)  of  individual  farmers. 

Results/Conclusion:  The  survey  data  showed  that  more  than  70%  of  farmers  are  not  following 
proper  safety  measures  while  handling  chemical  pesticides  for  their  agricultural  practices. 


Trainings  improved  farmers'  knowledge  about  harmful  effects  of  pesticides  to  health  and  the 
environment,  and  provided  basic  skills  on  how  to  safely  handle  and  use  pesticides.  Farmers' 
knowledge  about  the  importance  of  integrated  pest  management  practices  in  commercial 
production  was  signficantly  increased. 
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Abstract  text: 

The  primary  field  crops  grown  in  the  South  Central  US  are  limited  by  common  damaging  insect 
pests.  Current  comprehensive  management  programs  employ  longer-term  pest  prevention 
approaches,  but  also  within-season  monitoring  and  curative  management  tools.  Scientists  and 
pest  management  practitioners  in  this  region  of  the  country  have  developed  efficient  within- 
season  pest  and  natural  enemy  sampling  plans  and  have  incorporated  these  plans  into  web-based 
platforms  (myFields.info).  The  winter  wheat  component  of  myFields  was  designed  as  an  open 
source  early  detection/rapid  diagnosis  site  that  delivers  preventative  and  curative  web-based 
integrated  pest  management  (IPM)  approaches  and  stores  and  summarizes  detection  and  decision 
information  at  local  and  regional  levels.  Recent  advances  in  mobile  technologies  and  increased 
access  also  connect  pest  management  practitioners  over  wide  areas.  We  describe  in  detail  the 
current  status  of  winter  wheat  IPM  in  the  South  Central  US  and  how  stakeholders  can  utilize 
myFields  for  detection  and  management  of  insect  pests  within  individual  wheat  fields  and  larger 
agricultural  landscapes. 
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Abstract  text: 

Introduction:  An  integrated  pest  management  (IPM)  and  conservation  agriculture  commercial 
vegetable  home  garden  study  was  begun  at  4  sites  in  Nepal  with  24  female  commercial  vegetable 
home  gardeners,  6  from  each  district.  The  districts  were  Lalitpur,  Banke,  Surkhet,  and 
Dadeldhura.  Each  treatment  was  replicated  at  6  plots  in  each  district. 

Methods:  The  treatments  were  vegetables  grown  in  conventional  system  and  IPM  plus 
conservation  agriculture  system.  Several  plant  parameters  were  measured  in  each  treatment. 
Different  kinds  of  vegetables  were  planted  in  each  village  insuring  that  replications  are  as 
uniform  as  possible  within  each  district.  We  will  report  the  results  from  at  least  3  vegetable 
growing  seasons,  specifically  vegetable  yield,  insect/disease  and  labor. 

Results/Conclusion:  From  initial  observations,  farmers  were  found  spending  more  time  in 
collecting  mulches  on  average  in  conservation  agriculture  compared  with  conventional  practice. 
However,  time  spent  weeding  in  conservation  practices  was  0.4  h  compared  to  4.9  h  in 
conventional  practices.  Irrigation  time  was  longer  in  conventional  practice  (21  h)  compared  with 
conservation  agriculture  practice  (11  h).  In  the  conservation  agriculture  practice,  the  soil  insects 
like  white  grub  population  and  damage  was  found  more  than  the  conventional  practice.  This  may 
be  due  to  the  mulch  harboring  insects  under  conservation  agriculture.  Similarly,  much  more 
incidence  of  root  rot  and  crown  rot  diseases  were  found  in  conservation  agriculture  practices. 
This  may  be  because  of  the  higher  moisture  around  the  root  region  thus  creating  a  favorable 
environment  for  fungal  diseases. 
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Abstract  text: 

Integrated  pest  management  (IPM)  is  an  integral  component  of  sustainable  crop  production 
systems.  While  IPM  emphasizes  the  integration  of  various  pest  management  tools,  the  insect 
resistance  management  (IRM)  mainly  focuses  on  the  maintenance  of  effectiveness  of  current  pest 
management  tools.  Due  to  micro-evolution,  driven  by  natural  selection,  the  gene  pool  of  the  pest 
population  changes  continuously  and  they  can  adapt  to  a  new  environment  created  by  recent 
management  interventions  such  as  new  insecticides  or  new  Bt  hybrids.  Western  corn  rootworm 
( Diabrotica  virgifera  virgifera)  (WCR)  is  the  major  pest  of  corn  in  the  USA.  This  pest  species  is 
well  known  for  its  ability  to  overcome  various  pest  management  tools  such  as  insecticide,  crop 
rotation  and  Bt  technology.  Recently  WCR  has  developed  resistance  to  multiple  Bt  corn  hybrids. 
The  detailed  mechanism  of  Bt  resistance  by  this  pest  is  not  fully  understood,  and  the 
development  of  new  pest  management  tools  is  a  costly  and  slow  process.  Thus,  it  is  very 
important  to  develop  the  best  IRM  tools  and  strategies  that  will  delay  the  process  of  resistance 
development  and  help  to  maintain  the  effectiveness  of  the  current  pest  management  tools.  My 
current  research  has  been  focused  on  monitoring  and  characterization  of  field-evolved  Bt 
resistance  by  western  corn  rootworm,  and  we  are  continuously  evaluating  new  management 
options.  Significant  progress  has  been  made  in  the  generation  of  new  knowledge  and  empirical 
data  required  for  the  development  of  resistance  management  strategies.  The  recent  scientific 
progress,  challenges,  and  opportunities  of  western  corn  rootworm  management  will  be  discussed. 
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Introduction:  In  September  2009  in  Trentino,  Italy,  for  the  first  time  in  Europe  both  oviposition 
on  wild  hosts  and  economically  important  damage  by  Drosophila  suzukii  on  soft  fruits  were 
reported.  Increased  use  of  insecticide  against  this  species  adds  to  the  pesticide  residues  on 
harvested  fruit  and  jeopardizes  results  obtained  with  IPM  on  soft  fruits. 

Methods:  Researchers  and  technicians  of  Fondazione  Edmund  Mach  responded  rapidly  to  this 
new  threat.  We  considered  that  possible  solutions  would  only  arise  from  a  coordinated  and 
international  network  of  diverse  expertise,  from  molecular  biology  and  neurophysiology  to  pest 
management  techniques. 

Results/Conclusion:  Accordingly,  we  have  determined  the  genome  sequence  of  Italian  D.  suzukii 
in  order  to  assist  both  basic  and  applied  research  and  to  provide  information  about  genes 
involved  in  processes  such  as  intra-  and  inter-specific  communication  and  overwintering. 
Considerable  efforts  have  been  also  made  at  the  understanding  of  basic  ecology  of  this  pest.  The 
mechanisms  of  fruit  recognition  and  selection  mediated  by  the  olfactory  and/or  gustatory  systems 
are  being  investigated.  The  population  dynamics  in  different  agroecosystems  have  been  followed 
taking  into  consideration  the  population  bottleneck  after  the  winter  reproductive  diapause.  Mass 
trapping  and  physical  crop  protection  by  using  anti-insect  nets  are  under  experimental  evaluation 
and  seems  the  more  promising  alternative  control  strategies  accessible  in  the  near  future. 
Improvement  of  the  attraction  efficiency  of  the  available  baits  by  addition  of  microorganisms  is 
one  of  our  main  objective.  Several  indigenous  parasitoids  of  larvae  and  pupae  were  found  in 
Trentino  and  are  under  investigation  as  possible  biocontrol  agents. 
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Abstract  text: 

Introduction:  Biological  invasions  have  increased  in  the  last  decades,  mostly  due  to 
anthropogenic  causes  such  as  trade  globalization,  producing  large  economic  losses  and  ecologic 
disturbances.  Worldwide  invasions  can  result  from  multiple  processes  and  the  ecological 
outcome  of  those  colonizations  and  the  effective  response  treatments  to  fight  against  invaders 
depend  on  them. 

Methods:  Population  genetic  studies  of  most  invasive  species  reveal  similar  diversity  values  in 
native  and  introduced  ranges,  evidence  of  high  number  of  colonizers,  multiple  introductions  and 
a  mixture  of  genetically  differentiated  populations.  However,  strong  bottlenecks  have  also  been 
detected  in  some  alien  species  without  compromising  their  range  expansion  and  adaptive 
potential  in  the  colonized  area.  Moreover,  most  worldwide  invasions  are  non-independent  with 
the  different  areas  being  sequentially  invaded. 

Results/Conclusion:  The  worldwide  invasion  of  Drosophila  suzukii  does  not  conform  to  usual 
standards.  It  was  detected  in  2008  almost  simultaneously  in  America  and  Europe;  however,  as 
genetically  revealed,  the  two  colonizations  constitute  independent  demographic  events.  In  both 
recently  colonized  areas  the  species  has  quickly  expanded  to  the  rest  of  the  continent,  and 
continues  doing  so,  despite  differences  in  genetic  diversity.  Some  introduced  populations  present 
as  much  genetic  diversity  as  native  populations  while  others  present  significantly  reduced 
diversity,  indicative  of  strong  bottlenecks.  Niether  of  these  two  scenarios  seem  to  have 
compromised  the  expansion  and  maintenance  of  the  introduced  populations  across  time. 
However  some  fundamental  questions  which  remain  to  be  answered  will  be  further  discussed. 
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Abstract  text: 

Introduction:  The  spotted  wing  drosophila  (SWD),  Drosophila  suzukii ,  is  an  economic  pest  of 
small  and  stone  fruits  worldwide.  Basic  physiological  knowledge  as  it  relates  to  both  the  abiotic 
and  biotic  environment  is  needed  to  optimize  management. 

Methods:  Current  management  techniques  as  they  relate  to  seasonal  phenology  and  crop  ripening 
patterns  will  be  discussed.  We  will  highlight  improvements  of  a  D.  suzukii  model  and 
demonstrate  the  utility  of  that  population  model.  Data  from  the  model  will  highlight  advantages 
and  shortcomings  of  current  management  techniques. 

Results/Conclusion:  Several  crops  are  susceptible  to  D.  suzukii  attack.  It  is  clear  that  crops 
ripening  early  during  the  season  may  have  lower  damage  risk  compared  to  crops  ripening  later. 
High-risk  seasons,  climates  and  crops  will  be  described.  We  will  discuss  D.  suzukii  population 
structure  throughout  the  growing  season  and  how  this  information  can  be  used  to  optimally  time 
different  management  techniques. 
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Abstract  text: 

The  invasive  spotted  wing  drosophila,  Drosophila  suzukii ,  is  a  native  of  Southeastern  Asia  and  is 
now  widely  established  in  North  America  and  Europe,  where  it  is  a  serious  invasive  pest  of  small 
fruit  crops.  The  lack  of  effective  indigenous  parasitoids  of  D.  suzukii  in  the  recently  colonized 
regions  prompted  the  first  foreign  exploration  for  co-evolved  parasitoids  in  South  Korea  in  2013 
and  2014.  We  collected  seven  larval  parasitoid  species  and  two  pupal  parasitoid  species.  From 
UC  Berkeley  quarantine  records,  mean  percentage  parasitism  of  the  South  Korean  collected  D. 
suzukii  ranged  from  0-17.1%  and  varied  according  to  geography,  season,  and  collection  methods. 
Asobara  japonica  was  the  most  common  parasitoid  species  reared.  More  parasitoids  were  reared 
from  samples  originating  from  field-picked  fruit  as  opposed  to  traps  baited  with  uninfested  fruit. 
Quarantine  bioassays  confirmed  that  all  tested  larval  parasitoids  readily  developed  from  D. 
suzukii  reared  on  artificial  host  diet  or  fruit.  Female  individuals  of  the  endoparasitoid,  A. 
japonica,  were  larger  when  reared  on  the  larger  D.  suzukii  larvae  compared  with  those  reared  on 
the  smaller  larvae  of  D.  melanogaster  Meigen.  Larger  parasitoid  size  was  associated  with  longer 
developmental  time.  Several  of  the  South  Korean  parasitoid  species  have  the  potential  for  use  in 
classical  biological  control  to  contribute  to  the  suppression  of  D.  suzukii  in  the  newly  invaded 
regions. 
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Abstract  text: 

Introduction:  Understanding,  controlling,  and  preventing  biological  invasions  represent  an 
economic  and  a  scientific  challenge.  However,  the  factors  explaining  the  success  of  invasive 
species  are  still  poorly  understood.  Among  these  factors,  two  of  the  best-studied  are  related  to 
the  resource  hypothesis  (colonization  can  be  facilitated  by  a  high  resource  availability)  and  the 
enemy  release  hypothesis  (the  success  of  an  exotic  species  is  due  to  the  absence  or  the  reduced 
efficiency  of  natural  enemies).  These  two  mechanisms  are  not  independent  and  can  interact 
through  a  process  called  animal  medication,  i.e.  a  behavioral  immunity  based  on  the  use  of 
substances  found  in  the  diet/environment  to  combat  or  protect  against  natural  enemies. 

Methods:  Drosophila  suzukii  is  an  invasive  pest  native  from  Asia,  successfully  spreading  in 
Europe  and  in  North-America  since  2008.  Regarding  its  natural  enemies,  while  pupal  parasitoid 
development  is  possible,  this  species  is  particularly  resistant  to  European  larval  parasitoids, 
thanks  to  a  highly  efficient  cellular  immune  system.  Furthermore,  in  natura ,  D.  suzukii  larvae 
can  develop  in  the  fruits  of  Atropa  belladonna ,  a  Solanacea  known  for  its  high  content  of 
atropine,  a  tropan  alkaloid  with  entomotoxic  properties.  The  objective  of  this  study  is  to 
investigate  the  possible  interaction  of  D.  suzukii  consumption  of  atropine  and  parasitoids. 

Results/Conclusion:  We  show  that  D.  suzukii  larvae  reared  on  an  atropine-supplemented  medium 
increased  their  resistance  to  parasitoids  and  that  females  preferentially  laid  their  eggs  on  a 
medium  supplemented  with  atropine  in  presence  of  parasitoids.  Our  results  constitute  a  nice 
example  of  a  trans-generational  prophylactic  medication. 
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Abstract  text: 

Introduction:  Conventional  control  of  Drosophila  suzukii  is  challenging  and  the  development  of 
an  effective  IPM  compatible  solution  is  highly  desirable.  This  project  aims  to  identify,  isolate, 
and  characterise  viruses  suitable  for  control  of  D.  suzukii.  Viruses  potentially  represent  an 
environmentally  benign  control  agent  with  high  host  specificity,  making  them  eminently  suitable 
for  inclusion  into  existing  IPM  programs.  D.  suzukii  is  closely  related  to  the  laboratory  model  D. 
melanogaster  and  this  work  will  capitalise  on  our  knowledge  of  melanogaster  genetics, 
immunity,  and  parasitology. 

Methods:  This  project  uses  a  metagenomic  approach  to  characterise  viral  diversity  in  D.  suzukii 
and  to  identify  potential  viral  control  agents.  Wild-caught  D.  suzukii  that  test  positive  by  PCR  for 
viral  sequences  are  macerated  and  serially  passaged  through  D.  suzukii ,  and  mortality  recorded 
as  a  marker  of  potential  infection.  To  maximise  the  chances  of  viral  detection,  extracts  are 
passaged  in  parallel  through  immune-deficient  D.  melanogaster  (null  mutants  for  Dcr2)  which 
are  hyper-susceptible  to  viral  infection  and  maintain  higher  viral  loads.  When  high-mortality 
extracts  are  identified,  larger  numbers  of  flies  will  be  infected  and  viral  particles  isolated  by 
gradient  centrifugation.  Particles  will  then  be  examined  morphologically  via  EM,  and  purified 
RNA/DNA  will  be  sequenced  to  obtain  complete  viral  genomes. 

Results/Conclusion:  Several  RNA  viruses  that  infect  D.  melanogaster  have  been  identified  in 
wild  D.  suzukii.  Additionally  some  other  viruses,  possibly  unique  to  D.  suzukii,  have  been 
identified.  Isolation  and  characterisation  of  viruses,  along  with  further  metagenomic  surveys,  will 
further  clarify  the  suitability  of  any  biological  control  candidates. 
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Abstract  text: 

Introduction:  Spotted  Wing  Drosophila  (Drosophila  suzukii)  is  an  invasive  species  that 
originated  from  South  East  Asia  and  has  become  a  serious  pest  of  berry  and  soft-skinned  fruit 
crops. 

Methods:  While  the  majority  of  research  efforts  on  D.  suzukii  have  only  been  undertaken  since 
its  recent  establishment  as  a  worldwide  pest,  the  close  phylogenetic  relationship  between  D. 
suzukii  and  well-studied  Drosophila  species  has  promptly  provided  researchers  with  an  extensive 
genetic  toolkit  and  genomic  resources.  The  reference  genome  and  transcriptome  of  this  insect 
has  been  annotated  and  made  publicly  available  since  2013,  and  can  be  used  to  accelerate  basic 
and  applied  research. 

Results/Conclusion:  We  will  present  a  synthesis  of  recent  research  that  implements  next 
generation  sequencing  and  genomic  technologies  to  better  understand  the  biology  of  this 
important  pest.  Much  of  the  work  performed  is  directly  applicable  to  improving  agricultural 
management  practices,  and  includes  topics  such  as  insecticide  response  and  resistance,  invasion 
demographics,  seasonal  biology,  and  RNA  interference  technologies  for  pest  control. 
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Introduction:  SWD  management  in  blueberries  and  blackberries  grown  in  the  southeastern 
United  States  requires  integration  of  chemical  and  non-chemical  tactics. 

Methods:  Insecticides  help  regulate  adult  fly  populations,  which  reduces  damage  to  ripening  and 
unripe  fruit,  but  ripe  fruit  may  still  experience  damage. 

Results/Conclusion:  Therefore,  cultural  controls,  including  canopy  management,  harvest  timing, 
harvest  frequency,  and  post  harvest  cold  storage  are  essential  for  growers  to  meet  zero  tolerance 
levels. 
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Abstract  text: 

The  One  Health  paradigm  approaches  the  epidemiology  and  control  of  zoonotic  diseases  by 
combining  investigations  into  anthropogenic,  genetic,  ecologic,  socioeconomic  and  climatic 
drivers  of  transmission.  Research  on  West  Nile  virus  (WNV)  has  typified  this  paradigm  as  this 
virus  is  maintained  and  amplified  within  an  enzoonotic  cycle  involving  multiple  passerine  birds 
and  ornithophagic  culicine  mosquito  hosts  that  may  spill  over  to  cause  serious  and  widely 
distributed  wildlife,  veterinary  and  public  health  problems.  Humans  and  equines  are  dead  end 


hosts,  but  may  develop  severe  neuroinvasive  disease.  Transmission  patterns  and  direction  are 
driven  by  mosquito  host  selection,  whereas  the  rate  of  amplification  is  driven  by  environmental 
conditions,  especially  temperature.  Extensive  outbreaks  occur  within  urban  and  suburban 
environments  where  Cw/evmosquitoes  exploit  peridomestic  and  drainage  breeding  sites  and  host 
choice  is  limited  to  highly  susceptible  avian  hosts  such  as  American  crows,  American  robins  and 
house  sparrows  and  house  finches.  Targeted  surveillance  may  effectively  monitor  virus 
amplification  and  direct  intervention  which  currently  focuses  on  veterinary  vaccination  and 
mosquito  control. 
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Introduction:  Chikungunya  virus  (CHIKV),  a  human  pathogen  first  identified  in  a  1952  outbreak 
in  Tanzania,  re-emerged  in  2004  in  Kenya  and  subsequently  spread  eastward  around  the  Indian 
Ocean  and  SE  Asian  countries,  causing  a  severe  epidemic  affecting  an  estimated  2  million 
people.  In  2013,  CHIKV  spread  to  the  Americas,  where  it  continues  to  cause  outbreaks  with  an 
estimated  1.8  million  cases  to  date.  While  there  is  growing  interest  in  CHIKV  as  it  becomes  a 
global  pathogen,  the  zoonotic  role  of  CHIKV  in  endemic  regions,  especially  in  sub-Saharan 
Africa,  remains  unclear.  Assessing  the  maintenance  of  the  virus  in  a  region  where  known 
transmission  has  occurred  for  over  half  a  century  will  be  important  for  evaluating  risk  of 
zoonotic  cycles  globally. 

Methods:  Prior  serosurveys  in  East  Africa  have  demonstrated  a  large  potential  burden  of 
alphaviruses  (CHIKV  and  o'nyong'nyong  virus),  but  few  studies  have  taken  place  since  the  large 
CHIKV  outbreak  of  2004  to  determine  whether  interepidemic  transmission  is  ongoing.  To 
determine  the  prevalence  of  CHIKV  in  human,  animal,  and  invertebrate  populations,  serosurveys 
of  human  and  animals  as  well  as  collection  of  mosquitoes  in  endemic  areas  in  Uganda  and  Kenya 
were  undertaken. 


Results/Conclusion:  Human  and  animal  samples  tested  for  CHIKV  specific  antibodies  were 
positive  but  not  in  overlapping  areas.  Curiously,  no  mosquito  positive  samples  were  identified 
despite  analysis  of  hundreds  of  thousands  tested.  Sera  from  multiple  species  of  animals  were 
positive  but  localized  to  different  areas  of  the  region.  Implications  of  these  findings  for  One 
Health  concerns  and  future  maintenance  will  be  presented. 
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Introduction:  Arboviruses  including  hemorrhagic  fever  viruses  (VHFs)  are  listed  as  major  public 
health  threats  in  the  African  continent.  With  the  recent  emergence  and  devastation  of  Ebola  virus 
disease  in  West  Africa  and  the  continued  re-emergence  of  VHFs  around  the  continent  especially 
in  East  Africa,  sustained  surveillance  to  improve  knowledge  of  ecology,  preparedness  and 
response  will  be  important  in  limiting  the  frequency  and  impact  of  recurrent  outbreaks. 

Methods:  Since  2006,  following  the  major  outbreak  of  Rift  Valley  fever  ( Phlebovirus , 
Bunyaviridae )  in  East  Africa,  we  initiated  sustained  Arbovirus  and  VHF  surveillance  in  Kenya 
focusing  on  multiple  hosts  which  entailed  monitoring  virus  activity  in  the  vector  and  animal 
populations,  responding  to  and  investigating  outbreaks  in  vector  and  human  populations  and 
conducting  serological  surveys  to  assess  level  of  exposure  of  the  circulating  viruses  among  the 
resident  populations  following  a  One  Health  format. 

Results/Conclusion:  Findings  have  so  far  indicated  active  mosquito  and  tick  borne  arboviruses 
and  VHF  circulation  among  vectors  in  diverse  locations  and  ecologies  within  Kenya.  Some  of 
the  viruses  detected  and/or  isolated  from  mosquitoes  and  ticks  include  VHFs  like  Rift  Valley 
fever  (RVF),  Ngari  virus,  Crimean  Congo  hemorrhagic  fever  (CCHF),  dengue  fever,  and  other 
arboviruses  in  the  Alphavirus ,  Flavivirus  and  Orthbunyavirus  genera.  Outbreaks  of  some  of  these 


VHFs  among  human  populations  have  been  investigated  and  in  addition,  serosurveys  suggest 
active  transmission  of  the  arboviruses/VHFs  among  populations  where  the  viruses  have  been 
found  circulating  in  vector  populations.  The  value  of  this  data  in  promoting  preparedness  and 
response  will  be  discussed. 
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Abstract  text: 

Introduction:  Rift  Valley  fever  (RVF)  is  a  mosquito-borne  hemorrhagic  viral  disease  with 
substantial  negative  impacts  on  public  and  animal  health  in  its  endemic  range  of  sub-Saharan 
Africa.  Rift  Valley  fever  virus  (RVFV)  could  enter  the  United  States  and  lead  to  widespread 
morbidity  and  mortality  in  humans,  domestic  livestock,  and  wild  ungulates,  with  high  economic 
loss.  Potential  competent  mosquito  vectors  of  RVFV  have  been  identified  in  areas  of  the  US  that 
have  connectivity  to  RVF-endemic  regions  of  Africa,  and  populations  of  these  US  vectors  can  be 
high  when  RVF  activity  peaks  in  its  endemic  range. 

Methods:  We  identified  key  US  locations  that  (i)  support  mosquito  development  in  the  US 
during  winter/early  spring  months  coinciding  with  historical  timing  of  RVF  outbreaks  in 
endemic  regions,  (ii)  have  connectivity  to  RVF  endemic  regions  via  shipping  or  air  transport,  and 
(iii)  support  unusually  high  populations  of  putative  US  mosquito  vectors  of  RVFV  during  RVF 
outbreaks  in  endemic  regions.  We  derived  indices  of  characteristic  environmental  patterns  that 
historically  precede  unusually  high  populations  of  potential  US  mosquito  vectors  of  RVFV  in 
these  key  locations  with  lead  times  of  weeks  to  months. 

Results/Conclusion:  Combined  monitoring  of  RVF  in  endemic  regions  and  characteristic 
environmental  patterns  in  the  US  in  key  high-risk  locations  may  be  used  for  early  warning  to 


reduce  likelihood  of  RVFV  introduction  into  the  US  and  reduce  spread  of  RVFV  if  it  is 
introduced,  by  targeted  surveillance  and  control  of  potential  US  mosquito  vectors  of  RVFV. 
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Introduction:  Rift  Valley  fever  virus  (RVFV)  ( Phlebovirus ,  Bunyaviridae)  has  been  responsible 
for  numerous  outbreaks  of  severe  disease  in  ruminants  and  humans  in  Africa  over  the  past  80 
years.  As  illustrated  by  West  Nile  and  chikungunya  viruses,  exotic  arboviruses  have  the  potential 
to  expand  their  range  and  become  established  in  areas  where  they  have  not  previously  occurred. 
Developing  a  better  understanding  of  the  factors  that  affect  the  ability  of  mosquitoes  to  transmit 
RVFV  is  critical  for  control  methods,  as  they  can  vary  for  different  mosquito  species. 

Methods:  Studies  were  conducted  to  determine  the  ability  of  numerous  mosquito  and  sand  fly 
species  from  various  geographic  areas  to  become  infected  with  and  to  transmit  RVFV. 

Additional  studies  were  performed  to  determine  the  effect  of  various  factors  including  the  fitness 
effects  of  viral  infection  on  the  vertebrate  host  and  potential  vector,  environmental  temperature, 
stage  infected  (larvae  versus  adult),  and  presence  of  other  microorganisms  (i.e.,  malaria  and 
microfilariae),  on  the  ability  of  mosquitoes  to  transmit  RVFV. 

Results/Conclusion:  Mosquitoes  from  various  regions  of  the  world  are  competent  vectors  of 
RVFV,  but  the  ability  to  transmit  RVFV  differs  between  and  within  species.  Mosquitoes  held  at 
warmer  temperatures  were  significantly  more  efficient  vectors  of  RVFV  than  mosquitoes  held  at 
cooler  temperatures.  The  presence  of  other  organisms,  e.g.  microfilariae  or  malaria  sporozoites, 
significantly  increased  the  ability  of  mosquitoes  to  transmit  RVFV.  Environmental  factors  may 
play  a  significant  role  in  RVFV  transmission  and  should  be  taken  into  consideration  when 
developing  models  and  choosing  methods  of  mosquito  control. 
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Chikungunya  virus  (CHIKV)  ( Togaviridae ,  Alphavirus)  is  an  emerging  mosquito-borne 
pathogen  that  has  recently  spread  from  Africa  and  Asia  and  caused  epidemics  of  varying  scales 
in  countries  that  have  previously  been  unaffected.  Travel  associated  cases  originating  in  Africa 
or  Asia  have  been  reported  in  many  countries  and  have  resulted  in  autocthonous  (locally 
transmitted)  cases  in  Europe  and,  since  2013,  throughout  the  Caribbean,  and  South  and  Central 
America.  Europe  has  effectively  controlled  the  outbreaks  by  effective  surveillance  and  vector 
control.  However,  due  to  the  scale  of  the  epidemics  and  abundance  of  competent  mosquito 
vectors  in  the  Caribbean  and  Americas,  it  seems  certain  that  CHIKV  is  now  established  in  these 
areas  for  the  foreseeable  future  and  perhaps  permanently. 

In  Africa,  a  sylvatic  CHIKV  transmission  cycle  involves  a  number  of  species  of  mosquitoes 
including:  Aedes  aegypti,  Ae.  africanus,  Ae.  luteocephalus,  and  Ae.  furcifer-taylori,  and  wild 
primates,  but  in  Asia  the  virus  is  maintained  in  cycles  between  Ae.  aegypti  or,  more  recently,  the 
Asian  tiger  mosquito  Ae.  albopictusmd  humans. 

The  recent  involvement  of  Ae.  albopictus  as  a  significant  vector  has  resulted  from  viral 
mutations  that  increase  infectivity  for  Ae.  albopictus ,  but  the  importance  of  this  virus-vector 
relationship  is  exacerbated  by  the  introduction  of  this  mosquito  to  new  geographic  areas.  Its 
adaptability  to  temperate  regions  and  biology  are  allowing  it  to  establish  in  many  European 
countries  and  it  is  well-established  throughout  the  Americas.  The  spread  of  CHIKV  and  the 
transmission  cycle  involving  different  mosquito  vectors  will  be  discussed  in  this  presentation. 
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Abstract  text: 

Within  a  year  of  the  introduction  and  rapid  expansion  of  chikungunya  virus  to  the  Americas, 
widespread  transmission  of  Zika  virus  has  now  been  detected  in  Brazil,  Colombia,  Mexico  and 
other  countries.  As  with  dengue  virus,  these  viruses  are  often  transmitted  in  urban  and  peri-urban 
areas  by  Aedes  aegypti  (principally)  and  Aedes  albopictus.  Given  the  now  crowded  landscape  of 
anthroponotic  arboviruses  circulating  in  cities  in  the  Americas,  key  questions  have  arisen:  1) 
despite  the  shared  vector  and  vertebrate  animals  in  the  transmission  system,  what  are  the 
discriminating  ecological  and  environmental  factors  that  will  differentiate  the  relative  efficiency 
of  each  virus,  and  relatedly,  do  these  suggest  identical  seasonality;  2)  is  sequential  or  super¬ 
infection  in  either  animal  likely  with  Zika,  chikungunya  or  dengue,  and  if  so,  what  are  the 
potential  impacts  and  when  would  these  be  manifest;  and  3)  are  there  pathogen-specific 
approaches  to  transmission  control  that  can  be  applied  to  either  the  vector  or  vertebrate  to 
mitigate  outbreaks?  Using  data  from  the  currently  affected  countries,  vector  surveillance  and 
patient  cohort  data,  experimental  infection  results  and  in  silico  models,  we  will  discuss  these 
issues  and  suggest  possible  interventions  and  policies  in  response  to  these  emergent  arboviral 
threats. 
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Introduction:  Japanese  encephalitis  virus  (JEV)  is  a  mosquito-borne  zoonotic  flavivirus  endemic 
in  the  Asian  Pacific  region.  Although  JEV  has  not  been  found  in  the  New  World,  the  presence  of 
large  numbers  of  immunologically  naive  amplification  avian  hosts  leads  to  concerns  for  the 
potential  establishment  of  JEV  following  an  introduction  and  the  possibility  of  establishing 
enzootic  transmission  cycles  between  avian  hosts  and  competent  Culex  species  mosquitoes  in 
North  America.  Understanding  vector  competence  of  North  American  Culex  species  mosquitoes 
is  critical  for  the  risk  assessment  following  a  potential  introduction  of  JEV.  The  determination  on 
the  vector  competence  of  North  American  Culex  species  mosquitoes  has  not  been  performed 
since  1946. 

Methods:  In  this  study,  several  medically  important  North  American  Culex  species  mosquitoes 
were  orally  challenged  by  multiple  endemic  JEV  strains.  Oral  infectious  doses  required  for 
infection  were  determined  through  the  delivery  of  viremic  blood  meals  at  various  titers.  The 
presence  of  infectious  viruses  in  homogenized  mosquito  tissues  was  determined  by  titration. 
Semi-nested  RT-PCR  was  performed  to  detect  viral  RNA  in  mosquito  saliva. 

Results/Conclusion:  North  American  Culex  species  mosquitoes  are  susceptible  to  JEV. 
Transmission  was  further  demonstrated  by  the  detection  of  viral  RNA  in  the  saliva  of  infected 
mosquitoes.  Our  results  indicate  JEV  can  potentially  establish  its  enzootic  transmission  by 
infecting  competent  mosquitoes  in  North  America. 
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Introduction:  Whilst  being  well-known  as  causing  human  diseases  vectored  by  Aedes  aegypti 
through  urban  transmissions  in  Africa  and  Latin  America,  yellow  fever  virus  (YFV)  is  also 
maintained  between  Aedes  and  Haemagogus  species  mosquitoes  and  non-human  primates  in  its 
jungle  cycle.  Although  human  diseases  have  been  absent  in  Latin  America  since  early  2000s, 
recent  surges  in  the  numbers  of  infected  primates  and  the  shortage  of  vaccines  have  created 
significant  concern  among  government  health  authorities.  Control  of  YFV  relies  heavily  on  the 
live-attenuated  17D  vaccines  proved  efficacious  in  vaccinated  humans  and  non-human  primates. 
The  17D  vaccine  is  not  only  highly  attenuated  in  vertebrate  hosts  but  also  has  the  highly  desired 
biologically  non-transmissible  phenotype  for  a  live-attenuated  arbovirus  vaccine  by  restricting  its 
replication  in  the  midgut  of  mosquitoes. 

Methods:  By  constructing  cDNA  infectious  clones  of  the  17D-204  strain  and  the  virulent 
parental  Asibi  strain,  viral  genetics  of  two  phenotypically  distinct  strains  were  analyzed  as  a 
factor  to  control  the  efficiency  of  the  establishment  of  infection  in  mosquito  midguts  and  the 
subsequent  dissemination  into  other  tissues  in  Aedes  aegypti  mosquitoes. 

Results/Conclusion:  Viral  genetics  is  a  critical  factor  to  control  the  infection  and  dissemination 
of  YFV  in  Aedes  aegypti.  Amino  acid  mutations  in  the  prM  and  E  proteins  are  especially 
important  for  the  phenotypic  changes.  This  knowledge  can  potentially  be  applied  towards  the 
development  of  biologically  non-transmissible  live-attenuated  flavivirus  vaccine  candidates. 
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Introduction:  Vector  competence  refers  to  the  ability  of  an  arthropod  to  acquire,  maintain  and 
transmit  an  arbovirus.  In  mosquitoes,  there  are  several  ‘barriers’  to  infection  and  transmission 
that  viruses  have  to  overcome  in  order  to  be  transmitted.  West  Nile  virus  (WNV;  flavivirus)  is 
transmitted  by  mosquitoes  of  the  Culex  genus,  namely  Culex  tarsal  is,  Culex  (pipiens)  pipiens 
and  Culex  (pipiens)  quinquefasciatus.  The  molecular  basis  for  any  of  the  ‘barriers’  to  arbovirus 
transmission  is  poorly  understood.  However,  small  RNA  regulatory  pathways  (SRRPs)  that 
comprise  the  most  potent  mosquito  antiviral  response  are  likely  to  be  important  for  these 
barriers. 

Methods:  We  investigated  the  sRNA  responses  in  Cx.  quinquefasciatusmidguts  with  a  midgut- 
limited  infection  compared  to  those  with  a  disseminated  infection  after  14  days  of  extrinsic 
incubation.  In  particular,  we  compared  the  intensity  of  sRNA  targeting  of  the  WNV  genome  and 
the  differential  abundance  of  these  virus-derived  small  interfering  RNA  (viRNA)  reads  between 
the  two  groups. 

Results/Conclusion:  While  there  was  no  significant  difference  in  the  overall  abundance  of  19- 
23nt  viRNAs,  we  found  that  1,519  nucleotide  positions  of  the  WNV  genome  were  differentially 
targeted,  with  177  differentially  produced  viRNA  reads.  Similarly,  1,076  nucleotide  positions 
were  differentially  targeted  by  sRNAs  corresponding  to  a  larger  size  (24-3  Ont),  yet  only  three 
individual  24-3  Ont  sRNAs  were  differentially  produced.  Interestingly,  the  most  significantly 
differentially  produced  viRNA  reads  targeted  highly  conserved  regions  in  the  3’UTR  of  WNV. 
While  further  investigation  is  necessary,  our  results  indicate  that  SRRPs  may  contribute  to  the 
formation  of  a  midgut  escape  barrier  in  Cx.  quinquefasciatus. 
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Juvenile  hormone  (JH)  regulates  reproductive  maturation  in  insects;  therefore  interruption  of  JH 
biosynthesis  has  been  considered  as  a  strategy  for  the  development  of  target-specific  insecticides. 
The  corpora  allata  gland  (CA)  from  mosquitoes  is  highly  specialized  to  supply  variable  levels  of 
JH,  which  are  linked  to  ovarian  developmental  stages  and  influenced  by  developmental  and 
nutritional  signals.  However,  little  is  known  about  how  changes  in  JH  synthesis  relate  to 
reproductive  physiology  and  how  JH  synthesis  regulation  is  translated  into  changes  in  the  CA 
machinery.  Our  studies  are  providing  a  glance  into  the  metabolomics  of  the  mevalonic  acid 
(MV A)  and  juvenile  hormone  (JH)  synthesis  pathways  in  the  CA  of  insects.  Our  results  revealed 
dynamic  changes  in  JH  synthesis  and  exposed  part  of  a  complex  mechanism  that  regulates  CA 
activity.  Principal  component  (PC)  analyses  validated  that  both  pathways  (MVAP  and  JH- 
branch)  are  transcriptionally  co-regulated  as  a  single  unit,  and  catalytic  activities  for  the  enzymes 
of  the  MVAP  and  JH-branch  also  changed  in  a  coordinate  fashion.  Metabolite  studies  showed 
that  global  fluctuations  in  the  intermediate  pool  sizes  in  the  MVAP  and  JH-branch  were  often 
inversely  related.  PC  analyses  of  metabolites  suggest  that  in  female  mosquitoes,  there  are  at  least 
4  developmental  switches  that  alter  JH  synthesis  by  modulating  the  metabolic  flux  at  distinctive 
points  in  both  pathways.  The  fine  tuning  of  JH  synthesis  to  different  physiological  stages  in 
mosquito  reproduction  occurs  through  changes  in  the  size  of  precursor  pools,  rather  than  by 
changes  in  mRNA  and  enzyme  capacity  levels. 
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Many  temperate  insects  survive  the  harsh  conditions  of  winter  by  undergoing  photoperiodic 
diapause,  a  pre-programmed  developmental  arrest  initiated  by  short  day  lengths.  The  ecological 
significance  of  diapause  is  well  understood,  but  the  molecular  and  physiological  underpinnings 
of  this  crucial  adaptation  remain  largely  unresolved.  The  programming  of  diapause  involves  the 
alteration  of  a  wide  variety  of  fundamental  physiological  processes.  We  have  conducted 
RNAseq  at  multiple  stages  along  the  trajectory  from  diapause  induction  to  diapause  termination 
in  order  to  identify  the  transcriptional  basis  of  metabolic  pathways  contributing  to  the  diapause 
response  of  the  Asian  tiger  mosquito,  Aedes  albopictus.  A  composite  transcriptome  assembly 
from  multiple  RNAseq  experiments  contains  contigs  representing  14,0777  non-redundant  gene 
models  with  a  median  gene  model  coverage  of  73%.  Genes  encoding  proteins  involved  in 
metabolic  pathways  related  to  hormone  biosynthesis,  energy  production,  and  stress  resistance  are 
differentially  expressed  at  multiple  stages  of  the  diapause  program.  Ongoing  work  is  examining 
the  potential  role  of  microRNAs  (miRNAs)  and  Piwi-interacting  RNAs  (piRNAs)  in  diapause 
regulation  by  sequencing  small  RNAs  from  mature  oocytes  of  females  maintained  under 
diapause-inducing  and  non-diapause-inducing  photoperiods. 
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The  use  of  an  integrated  approach  combining  15N-isotopically-labeled  compounds,  mass 
spectrometry  and  RNAi  has  led  us  to  discover  that  blood-fed  Aedes  aegypti  female  mosquitoes 
metabolize  ammonia,  one  of  the  by-products  of  blood  digestion,  by  using  metabolic  pathways 
unpredicted  based  on  our  current  vertebrate  knowledge  of  nitrogen  disposal.  We  also  have  found 
that  the  synthesis  and  excretion  of  nitrogen  waste  are  regulated  by  a  unique  cross-talk  signaling 
mechanism.  Recent  studies  have  shown  that  mosquitoes  with  alanine  aminotransferase 
deficiency  undergo  a  very  stressful  metabolic  challenge  causing  novel  phenotypes  such  as  a 
temporary  but  massive  accumulation  of  uric  acid  concentrations  in  the  midgut  and  a  concomitant 
increase  in  the  transcript  levels  of  both  the  ammonia  transporter  Rh50-1  and  xanthine 
dehydrogenase  1  in  order  to  avoid  ammonia  toxicity  and  free  radical  damage.  These  results 
highlight  the  need  for  a  better  understanding  of  mosquito  ammonia  metabolism  and  its  regulatory 
mechanisms.  Currently,  we  are  investigating  the  routes  that  link  both  nitrogen  and  carbon 
metabolism.  By  using  13C-isotopically-labeled  compounds  and  LC-MS/MS,  we  have  analyzed 
more  than  100  different  high  and  low  mass  transitions  to  identify  and  quantify  13C-amino  acids 
labeled  at  various  positions,  either  in  the  backbone  or  side  chain.  Our  data  indicate  that  female 
mosquitoes  use  multiple  metabolic  pathways  to  produce  the  requisite  amount  of  a-keto  acids  for 
amino  acid  synthesis  during  ammonia  detoxification.  These  findings  add  layers  of  complexity,  as 
well  as  new  and  intriguing  insights,  into  our  understanding  of  nitrogen  and  carbon  metabolism  in 
mosquitoes. 
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Introduction:  Dengue  viruses  (DENV)  are  the  most  aggressive  arthropod-borne  viruses,  causing 
an  estimated  390  million  infections  annually.  They  are  transmitted  by  Aedes  aegypti,  a  primary 
vector,  and  Aedes  albopictus ,  a  secondary  vector.  Successful  transmission  of  these  viruses 
depends  on  efficient  entry,  replication  and  dissemination  within  different  mosquito  tissues  (ie: 
midgut  and  salivary  glands).  Given  that  these  are  enveloped  viruses,  these  events  impose  a 
significant  metabolic  pressure  on  the  local  cellular  environment.  Such  metabolic  perturbations 
induced  by  DENV  infection  have  previously  been  identified  in  the  human  host  and  in  Aedes 
albopictus  cells  in  culture.  Here  we  have  identified  the  specific  metabolic  environment  that  is 
required  for  initiating  successful  viral  replication  in  the  midgut  of  the  vector.  The  data  highlights 
important  control  points  that  could  be  circumvented  for  interfering  with  viral  spread  and  vector 
competence. 

Methods:  We  have  used  high-resolution  liquid  chromatography-mass  spectrometry  (LC-MS)  to 
explore  the  metabolic  changes  that  occur  in  Aedes  aegypti  midguts  upon  a  time  course  of  DENV 
infection. 

Results/Conclusion:  A  marked  increase  in  phospholipid  synthesis  was  coincident  with  the 
kinetics  of  viral  replication  and  was  accompanied  by  an  increase  in  fatty  acyls,  precursors  to 
phospholipid  biosynthesis.  A  complete  reconstruction  of  the  bioactive  sphingolipid  pathway  was 
also  achieved  with  temporal  expression  patterns  suggesting  differential  kinetics  through  select 
arms  of  the  pathway.  The  expression  pattern  of  glycerolipids  suggests  a  diversion  of  resources 
during  infection  from  energy  storage  to  synthetic  mechanisms.  Additionally,  metabolites  that 
signaled  disruptions  in  mitochondrial  function  and  possible  diversion  to  glycolysis  were  also 
identified. 
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Malaria  parasite-host  interactions  are  complex  and  have  confounded  available  drugs  and  the 
development  of  vaccines.  Further,  we  now  appreciate  that  interventions  for  malaria  elimination 
and  eradication  must  include  therapeutics  with  intrinsic  transmission  blocking  activity  to  treat  the 
patient  and  prevent  disease  spread.  Studies  over  the  past  15  years  have  revealed  significant 
conservation  in  the  response  to  infection  in  mosquito  and  human  hosts.  More  recently,  we  have 
recognized  that  conserved  cell  signaling  cascades  in  mosquitoes  and  humans  dictate  infection 
outcome  through  the  regulation  of  mitochondrial  function  and  biogenesis,  which  feed  back  to 
host  immunity,  basic  intermediary  metabolism,  and  stress  responses.  These  responses  -  reflected 
clearly  in  the  primeval  insect  host  -  provide  fertile  ground  for  innovative  strategies  for  both 
treatment  and  transmission  blocking. 
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Introduction:  An  ecohealth  intervention,  where  villagers  themselves  modify  their  homes  based 
on  the  factors  identified  as  most  important  in  vector  transmission,  was  implemented  in  rural 
villages  of  Jutiapa  and  Chiquimula  Guatemala.  The  interventions  include  one  initial  insecticide 
application,  walls  plasters  improvements,  dirt  floor  substitutions  and  management  of  domestic 
animals.  The  community  based  interventions  took  more  then  8  years  and  entomological  indexes 
were  not  enough  measurement  of  success  due  to  the  vectors  high  mobility  and  long  life  spans. 


Methods:  Vector  blood  meal  analysis  through  PCR  was  used  to  evaluate  the  impact  of  the 
community  actions.  The  method  based  on  species  specific  primers  allowed  to  determine  a 
reduction  in  human- vector  contact,  evident  following  just  pesticide  spraying  and  wall  plastering. 

Results/Conclusion:  Identification  of  feeding  patterns  in  infestation  sources  and  movement 
between  intra-  and  peridomicile  was  also  possible  by  vector  blood  meal  analysis  that  would  have 
been  missed  by  traditional  entomological  indices. 
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Introduction:  The  current  scenario  of  the  vector-borne  transmission  of  Trypanosoma 
cruzi  involves  wild  and  peridomestic  triatomine's  populations  in  different  epidemiological 
situations,  such  as  the  re-colonization  of  intradomicile  in  some  regions  or  even  the  occurrence  of 
transmission  without  the  establishment  of  colonies  inside  dwellings.  Thus,  it  is  important  to 
develop  new  tools  to  evaluate  the  contact  vector-host  that  could  be  applied  in  different  endemic 
areas  of  Latin  America.  At  moment,  the  monitoring  of  the  humoral  immune  response  in 
populations  exposed  to  bites  of  different  vector  species  has  been  preconized  to  estimate  the  risk 
of  infection  with  parasites.  Therefore,  the  present  work  aimed  the  identification  of  immunogenic 
salivary  antigens  to  be  used  as  contact  markers  for  triatomines. 

Methods:  Groups  of  mice  were  exposed  to  successive  bites  of  different  triatomines  species. 
ELISA  and  Western  Blot  assays  were  used  by  identification  of  the  immunogenic  proteins  present 
in  Rhodnius  prolixus  saliva. 

Results/Conclusion:  The  salivary  proteins  of  48.4  kDa  and  18.2  kDa  were  the  most  immunogenic 
in  this  triatomine  species.  The  48.5  kDa  protein  was  purified  and  identified  as  a  salivary  apyrase. 
ELISA  assays  showed  that  the  apyrase  from  R.  prolixus  can  be  recognized  by  antibodies  from 


mice  sensibilized  by  R.  prolixus ,  but  not  by  mice  exposed  to  Triatoma  infestans  or  T. 
brasiliensis  bites.  Our  results  indicate  that  salivary  apyrase  from  R.  prolixus  as  a  promising 
antigen  to  be  used  as  contact  marker  with  triatomines.  However,  the  efficiency  of  this  antigen 
should  be  evaluated  in  field  situation  from  residents  in  areas  with  presence  of  species 
of  Rhodnius. 
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Abstract  text: 

Introduction:  An  improved  understanding  of  the  interactions  between  natural  parasite 
populations  and  their  environment  is  crucial  to  establish  the  epidemiological  risk  associated  with 
emergent  pathogenic  genotypes.  Trypanosoma  cruzi ,  the  aetiological  agent  of  Chagas  disease,  is 
an  ancient,  genetically  heterogeneous,  multi-host  zoonosis  distributed  throughout  the  Americas. 
In  Bolivia,  T.  cruzi  I,  the  oldest  and  most  widespread  genetic  lineage,  is  pervasive  across  a  range 
of  ecological  clines. 

Methods:  High-resolution  nuclear  (26  loci)  and  mitochondrial  (10  loci)  genotyping  of  199 
contemporaneous  sylvatic  Tel  clones  was  undertaken  to  provide  insights  into  the 
biogeographical  basis  of  T.  cruzi  evolution. 

Results/Conclusion:  Three  distinct  sylvatic  parasite  transmission  cycles  were  identified:  one 
genetically  homogeneous  highland  population  among  terrestrial  rodent  and  triatomine  species 
(Ar  =  2.95;  PA/L  =  0.61;  Das  =  0.151),  and  two  highly  diverse  groups  circulating  among  lowland 
arboreal  hosts  (Ar  =  3.40  and  3.93;  PA/L  =1.12  and  0.60;  Das  =  0.425  and  0.3 1 1,  respectively). 
Very  limited  gene  flow  between  neighbouring  terrestrial  highland  and  arboreal  lowland  areas 
(distance  -220  km;  Fst  =  0.42  and  0.35)  but  strong  connectivity  between  ecologically  similar  but 
geographically  disparate  terrestrial  highland  ecotopes  (distance  >465  km;  Fst  =  0.016-0.084) 


strongly  supports  ecological  host  fitting  as  the  predominant  mechanism  of  parasite 
diversification.  Dissimilar  heterozygosity  estimates  between  transmission  cycles  may  indicate 
fundamental  differences  in  population  mating  strategies.  Finally,  accelerated  parasite 
dissemination  between  densely  populated,  highland  areas,  compared  to  uninhabited  lowland  foci, 
likely  reflects  passive,  long-range  anthroponotic  dispersal.  We  discuss  the  impact  of  humans  as 
vectors  of  T.  cruzi  on  the  risk  of  epizootic  Chagas  disease  in  Bolivia. 
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Abstract  text: 

Introduction: Chagas  disease  transmission  may  be  influenced  by  synanthropic  rodents  as  risk 
factors  for  triatomine  infestation.  We  hypothesized  that  combining  rodent  and  vector  control 
strategies  would  lead  to  sustainable  vector  control  at  the  community  level.  A  nested  cohort 
cluster  randomized  trial  evaluated  a  community-based  integrated  pest  management  (IPM) 
intervention  in  a  region  with  persistent  Triatoma  dimidiata  infestations  southeast  of  Guatemala. 

Methods:  Traditional  insecticide  applications  were  compared  to  the  IPM  strategy  aimed  at 
reducing  rodents  and  vectors  in  households.  The  intervention  included  education  regarding  risk 
factors,  community-based  rodent  control  (trapping  and  environmental  management)  and  a 
modified  residual  pyrethroid  application  in  188  of  192  (98%)  households.  The  control  group 
received  traditional  insecticide  application  in  165  of  180  (92%)  households.  Nine  villages 
(clusters)  were  randomly  assigned  to  each  group.  Triatomine  infestation  indices  at  the  cluster 
level  were  evaluated  in  2012,  2014  and  2015.  Triatomine  feeding  indices  were  compared 
between  the  intervention  and  control  in  2012  and  2014  to  evaluate  human  exposure  risk. 

Results/Conclusion:  A  GLM  model  showed  that,  controlling  for  baseline  triatomine  and  rodent 
infestation,  dog  density  and  household  level  insecticide  application,  infestation  incidence 
significantly  increased  2.2-fold  in  the  control  (1.4-3. 5,  95%  Cl).  Infestation  in  the  intervention 


group  remained  constant  between  2014  and  2015.  The  intervention  group  had  fewer  human 
blood  meals  relative  to  rat  and  mouse  blood  meals,  compared  to  the  control.  No  adverse  events 
were  reported  through  semistructured  interviews.  The  community-based  IPM  method  can  be  an 
effective  alternative  for  sustainable  triatomine  control,  without  increased  risk  to  humans  derived 
from  altered  triatomine  feeding  behavior. 
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Abstract  text: 

Introduction:  Chagas  disease  is  endemic  in  about  70%  of  Ecuador’s  territory.  Some  progress  has 
been  achieved  in  reducing  its  vectorial  transmission  in  urban  areas  and  some  rural  locations  that 
overlap  with  malaria  and  dengue  fever.  However,  a  sylvatic  cycle  exists  in  endemic  areas  where 
Trypanosoma  cruzi  enzoonotic  transmission  is  maintained.  Indeed,  Rhonius  ecuadoriensis  has 
been  documented  to  have  an  affinity  to  colonize  nests  of  the  Guayaquil  squirrel  ( Sciurus 
strameneus),  either  actively  occupied  by  these  animals  or  reoccupied  by  rats. 

Methods:  Infection  in  mammals  was  evaluated  by  PCR. 

Results/Conclusion:  27%  of  squirrels  collected  in  wild  environments  of  southern  Ecuador  are 
infected  with  T.  cruzi.  Similarly,  9,  12  and  30  %  Rattus  rattus  collected  in  domestic, 
peridomestic  and  wild  environments,  respectively,  were  infected  with  T.  cruzi.  Didelphis 
marsupialis  (23%),  Bats  (>30%),  mice  (15%)  and  other  rodents  ( Aegialomys ,  Rhipidomys, 
Akodon )  (26%)  were  also  infected.  In  addition,  we  found  the  sylvatic  genotype  T.  cruzi  I  lineage 
(Tel)  isolated  from  vertebrate  and  invertebrate  hosts  collected  inside  domiciles  after  insecticide 
spraying.  This  includes  populations  of  triatomine  species  for  which  no  wild  populations  have  yet 
been  reported.  This  information  indicates  that  the  synanthropic  mammals  could  be  involved  in 
the  maintenance  of  Tel  domestic  and  sylvatic  genotypes  in  human  environments.  All  this  data, 
combined  with  the  frequent  reports  of  recolonization  of  insecticide  treated  houses  by  triatomines 


indicates  that  Chagas  disease  control  in  Ecuador  requires  long  term  solutions  that  go  beyond 
insecticide  control.  These  interventions  must  consider  improvement  of  living  environments  and 
peridomestic  areas  to  deter  triatomine  and  synanthropic  mammal  colonization. 
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Abstract  text: 

Introduction:  Trypanosoma  cruzi  is  a  protozoan  parasite  responsible  for  Chagas  disease,  a  major 
neglected  tropical  disease  of  the  Americas.  It  is  transmitted  by  hematophagous  triatomines  to  a 
large  variety  of  mammalian  species,  and  dogs  play  an  important  role  as  domestic  reservoir  of  the 
parasite.  In  rural  Yucatan,  Mexico,  serological  surveys  indicate  a  seropre valence  of  T. 
cruzi  infection  in  humans  of  1-5%,  while  it  reaches  10-15%  in  dogs. 

Methods:  Recording  of  dog  activities  with  GPS  data  loggers  suggested  that  dogs  foraging  far 
away  from  their  house  and  village  may  be  at  increased  risk  of  T.  cruzi  infection,  and  may  thus 
play  a  role  in  bringing  sylvatic  parasites  to  the  peridomestic/domestic  environment.  A  DNA 
vaccine  based  on  Tc24  and  TSA-1  parasite  antigens  has  shown  promise  for  the  protection  of 
dogs  against  T.  cruzi  infection  and  may  help  reduce  the  contribution  of  dogs  to  T. 
cruzi  transmission. 

Results/Conclusion:  Indeed,  it  reduces  acute  parasitemia  as  well  as  cardiac  parasite  burden,  thus 
possibly  lowering  dog  infectiousness  to  triatomines.  Field  testing  of  this  vaccine  and  modeling 
may  help  establish  the  potential  of  dog  vaccination  as  a  complementary  tool  to  control  parasite 
transmission  in  the  region  and  elsewhere. 
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Abstract  text: 

Introduction:  Stable  flies  ( Stomoxys  calcitrans )  (Diptera:  Muscidae)  continue  to  affect  livestock 
and  rural  residents  where  horticulture  and  livestock  production  co-exist  in  areas  around  Perth, 
Western  Australia.  The  coarse,  sandy  soils  are  an  ideal  environment  for  stable  flies  to  develop  in 
the  decomposing  residues  left  after  harvesting  most  vegetables.  Running  parallel  with  this 
research  is  an  increased  application  of  compliance  measures  under  the  Stable  Fly  Management 
Plan,  including  potential  prosecutions  that  carry  heavy  fines.  This  Plan  resides  in  the  State’s 
Biosecurity  and  Agricultural  Management  Act  (BAM)  (2007)  where  Stable  Fly  was  included  as 
a  Declared  Pest  in  2013. 

Methods:  Research  into  managing  crop  residues  has  taken  a  new  approach  using  agricultural 
machinery  for  its  rapid  deep  burial  after  harvest  to  retain  the  organic  matter  in  the  residues, 
obviate  the  need  for  pesticides  and  increase  productivity  for  vegetable  producers  with  less  soil 
tillage.  Burial  of  residues  and  pupae  at  different  depths  (5-3 0cm)  are  being  tested  to  determine  if 
stable  flies  can  access  the  residues  and/or  survive  deep  burial  as  larvae.  Community  expectations 
are  high  that  the  BAM  Act  will  enable  prosecution  of  recalcitrant  vegetable 
producers.  Significant  social  division  exists  between  those  affected  by  the  stable  fly  and  the 
major  contributors  to  this  pest,  which  are  principally,  but  not  exclusively,  vegetable  producers. 

Results/Conclusion:  This  talk  overviews  both  the  latest  research  into  deep  burial  of  residues  and 
summarizes  the  numbers  and  levels  of  compliance  metered  out  to  enforce  compliance  with  the 
Stable  Fly  Management  Plan  in  dealing  with  stable  flies  around  Perth,  Western  Australia. 
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Abstract  text: 

Introduction:  Stable  flies  have  been  impacting  agroecosystems  of  Costa  Rica’s  primary 
agricultural  crops,  pineapple  and  banana,  for  the  last  15  years  and  more  recently,  they  have  been 
observed  developing  in  oil  palm  fruits. 

Methods:  Field  observations  and  studies. 

Results/discussion:  Pineapple  crop  residues  can  produce  up  to  1,500  adult  stable  flies  /  m2 
resulting  in  150  -  250  outbreaks  per  year  in  Costa  Rica.  One  ha  (2.3  acres)  of  mature  pineapple 
crop  land  has  250  MT  of  plant  residues  and  can  produce  nearly  10  million  stable  flies  in  about  16 
days.  Fifteen  thousand  ha  of  pineapple  crop  lands  are  interred  and  replanted  each  year.  Gravid 
flies  are  observed  laying  eggs  on  postharvest  pineapple  plants  within  minutes  of  chopping  for 
interment.  Eighty  percent  of  females  arrive  within  five  days  of  chopping.  Chemical  control  using 
benzylurea  (IGR)  insecticides,  mass  trapping  and  cultural  methods  are  integrated  as  management 
strategies.  Outbreaks  can  result  from  banana  rachises  left  in  the  field  as  well  as  oil  palm  fruit 
residues  (milled  fruits)  spread  in  fields  after  composting  for  25  days.  Livestock  in  outbreak  areas 
are  heavily  stressed  throughout  the  day  with  biting  counts  in  excess  of  1,500  flies  per  animal  that 
seriously  impacts  animal  welfare  and  productivity.  Social  impacts  include  reduced  income  for 
livestock  producers  and  animosity  between  agricultural  sectors. 
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Abstract  text: 

Introduction:  Stomoxys  calcitrans  (stable  fly)  has  historically  been  a  pest  of  dairy  cattle  and 
feedlots  due  to  the  availability  of  decaying  plant  matter  mixed  with  animal  excrements  in  such 
production  systems.  In  the  last  few  decades,  S.  calcitrans  outbreaks  have  also  been  reported  in 
different  situations.  Population  explosions  of  S.  calcitrans  flies  may  also  have  natural  causes, 
affecting  not  only  domestic  and/or  wild  animals  but  also  humans. 

Methods:  Field  investigations 

Results/Conclusion:  In  Brazil,  annual  losses  directly  caused  by  this  fly  may  reach  up  to  US$  335 
million,  excluding  the  impact  caused  by  recent  outbreaks  reported  in  distinct  regions  of  Brazil. 
Outbreaks  have  generally  been  concentrated  in  the  Mid-west  and  Southeast  regions  of  the 
country,  reaching  five  different  states.  Sugarcane  and  alcohol  production  wastes,  particularly 
sugarcane  filter  cake  and  mulch  mixed  with  vinasse,  are  the  most  suitable  substrates  for  the 
development  of  stable  fly  larvae.  A  close  relationship  has  been  observed  between  sugarcane  mill 
wastes  and  mass  production  of  S.  calcitrans.  The  lack  of  appropriate  management  methods  for 
preventing  the  development  of  S.  calcitrans  in  sugarcane  mills,  as  well  as  the  lack  of  sanitary 
management  in  livestock  facilities,  has  contributed  significantly  to  the  multiplication  of  larval 
habitats  in  these  areas.  Several  recommendations  have  been  put  forward  to  prevent  and  control 
stable  flies  at  sugarcane  mills  and  cattle  ranches,  mostly  involving  environmental  management 
practices  aiming  to  eliminate  developmental  sites.  Only  coordinated  and  integrated  actions  will 
effectively  reduce  both  frequency  and  intensity  of  stable  fly  outbreaks  until  effective  solutions 
can  be  devised. 
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Abstract  text: 

Introduction:  Species  diversity  and  seasonal  abundance  of  muscoid  flies  (Diptera:  Muscidae) 
developing  in  biosolid  cake  (dewatered  biosolids)  stored  at  a  wastewater  treatment  facility  in 
northeastern  Kansas  were  evaluated. 

Methods:  Emergence  traps  were  placed  on  biosolid  deposits  19  May  through  20  October  2009 
(22  wk)  and  27  May  through  18  November  2010  (25  wk). 

Results/Conclusion:  In  total,  1 1,349  muscoid  flies  were  collected  emerging  from  the  biosolid 
cake.  Stable  flies  (Stomoxys  calcitrans  (L.))  and  house  flies  ( Musca  domestica  (L.)),  represented 
80  and  18%  of  the  muscoid  flies,  respectively.  An  estimated  550  stable  flies  and  220  house  flies 
per  square-meter  of  surface  area  developed  in  the  biosolid  cake  annually  producing  450,000 
stable  flies  and  175,000  house  flies.  Stable  fly  emergence  was  seasonally  bimodal  with  a  primary 
peak  in  mid-July  and  a  secondary  peak  in  late  August.  House  fly  emergence  peaked  with  the  first 
stable  fly  emergence  peak  and  then  declined  gradually  for  the  remainder  of  the  year.  House  flies 
tended  to  emerge  from  the  biosolid  cake  sooner  after  its  deposition  than  did  stable  flies.  In 
addition,  house  fly  emergence  was  concentrated  around  midsummer  whereas  stable  fly 
emergence  began  earlier  in  the  spring  and  continued  later  into  the  fall.  Biosolid  age  and 
temperature  were  the  most  important  parameters  affecting  emergence  for  house  flies  and  stable 
flies,  whereas  precipitation  was  not  important  for  either  species.  This  study  highlights  the 
importance  of  biosolid  cake  as  a  larval  developmental  habitat  for  stable  flies  and  house  flies. 
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Abstract  text: 

Introduction:  Stable  flies,  Stomoxys  calcitrans  (L.),  are  one  of  the  most  serious  livestock  pest  fly 
species  that  feed  mainly  on  cattle  and  cause  significant  economic  losses  in  the  cattle  industry 
worldwide.  They  sometimes  attack  pet  animals  and  humans  in  cosmopolitan  areas.  Similar  to 
other  biting  flies,  host  seeking  behavior  of  stable  flies  is  partially  mediated  by  host  and  host 
environment  associated  odorants. 

Methods:  Volatiles  were  isolated  and  identified  via  SPME  collection  and  GC-MS  analyses. 
Electrophsiological  active  compounds  were  further  demonstrated  in  both  laboratory  behavioral 
assays  and  field  trapping  studies. 

Results/Conclusion:  Stable  flies  use  volatiles  associated  with  cow  manure/urine  and  their 
potential  oviposition  sites  (post-harvest  pineapple  plantation  and  ethanol  byproduct  residues 
from  sugar  canes)  for  host  location  and  oviposition  site  searching.  The  identification  of 
attractants  mediating  stable  fly  behavior  will  be  further  deployed  together  with  repellent 
compounds  for  integrated  fly  management  via  Push-Pull  strategies. 
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Abstract  text: 

Introduction:  Stable  flies  are  among  the  most  damaging  pests  of  livestock  worldwide  costing 
producers  in  excess  of  $2  billion  in  lost  productivity  annually  in  the  US  alone.  Discrepancies 
between  observations  of  adult  and  immature  population  dynamics  have  been  observed 
frequently.  In  many  cases,  larval  developmental  sites  responsible  for  adult  fly  outbreaks  have 
been  elusive  giving  rise  to  speculation  on  long  distance  migrations  and  estivation.  Although 
stable  fly  developmental  sites  are  usually  associated  with  livestock  wastes  and  production  sites, 
recent  observations  of  stable  fly  outbreaks  arising  from  agronomic  crop  lands  in  semitropical 
regions  may  offer  a  new  paradigm. 

Methods:  Laboratory  and  field  observations  as  well  as  review  of  the  literature  and  modeling  were 
used  to  evaluate  the  potential  for  stable  flies  to  be  developing  in  agronomic  systems  in  the  US 
and  other  temperate  regions. 

Results/Discussion:  Small  numbers  of  immature  stable  flies  were  observed  in  “non-traditional” 
habitats;  however,  large  scale  developmental  sites  were  not  found  in  agronomic  crop  residues  in 
temperate  regions.  It  remains  possible  that  unusual  weather  conditions  combined  with 
accumulations  of  plant  residues  may  produce  stable  fly  outbreaks.  The  potential  for  low-density, 
high-area  developmental  sites  to  contribute  significantly  to  temperate  stable  fly  populations  will 
be  discussed. 
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Abstract  text: 

Introduction:  Recent  data  suggest  that  insecticide  based  malaria  vector  control  has  been  the 
major  contributor  to  the  stunning  falls  in  the  malaria  morbidity  seen  in  sub-Saharan  Africa. 
Sustaining  these  gains  will  likely  require  more  targeted,  focal  vector  control  as  transmission 
becomes  more  heterogeneous  and  malaria  “hot  spots”  become  increasingly  important.  To  date 
genetics  and  genomics  have  played  a  very  limited  role  in  the  vector  control  targeting,  monitoring 
and  evaluation  strategies. 

Methods:  Whole  genome  sequence  data  from  the  Anopheles  gamhiae  1000  genome  project 
reveals  how  in  diverse  transmission  scenarios  in  sub-Saharan  Africa,  encompassing  many  of  the 
ICEMR  study  sites,  vector  control  is  directly  impacting  genome  structure  and  diversity. 

Results/Conclusion:  I  will  discuss  how  we  may  be  able  to  utilize  these  data  prospectively,  to 
improve  vector  control  monitoring  and  evaluation. 
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Abstract  text: 

Introduction:  Nchelenge  district  in  northern  Zambia’s  Luapula  Province  lies  across  Lake  Mweru 
from  the  Democratic  Republic  of  the  Congo.  Despite  almost  a  decade  of  malaria  control 
interventions,  including  implementation  of  long-lasting  insecticide -treated  nets  (LLINs)  and 
indoor  residual  spraying  (IRS),  malaria  transmission  remains  hyperendemic  and  largely 
uncontrolled.  Recent  scale-up  of  control  measures  included  focal  IRS  using  insecticide  selection 
based  on  resistance  data.  Our  aim  was  to  evaluate  the  impact  of  these  interventions  on  vector 
populations  and  malaria  transmission. 

Methods:  An  IRS  campaign  using  an  organophosphate  (pirimiphos-methyl)  as  the  residual 
insecticide  was  implemented  in  2014  and  2015.  The  campaign  was  focused  primarily  to 
households  where  malaria  incidence  was  the  greatest.  In  association  with  the  Southern  Africa 
International  Centers  for  Excellence  in  Malaria  Research  project,  Centers  for  Disease  Control 
light-trap  collections  have  been  ongoing  in  Nchelenge  for  several  years,  both  in  houses  where 
IRS  was  conducted  and  those  remaining  unsprayed.  These  and  additional  pyrethroid  spray  catch 
collections,  were  combined  with  epidemiology  data  to  evaluate  impact  on  mosquito  abundance, 
foraging  behaviors  and  malaria  incidence  that  may  have  resulted  from  control  interventions. 

Results/Conclusion:  Anopheles  funestus  and  An.  gambiae  serve  as  the  primary  and  secondary 
vectors  of  malaria,  respectively,  in  Nchelenge  district.  Preliminary  analysis  suggests  that  focal 
IRS  had  only  limited  impact  on  the  vectors  and  malaria  transmission  in  this  ecological  and 
epidemiological  setting.  These  findings  are  likely  explained  through  the  temporal  and  spatial 
bionomics  of  the  vector  mosquitoes.  These  data  and  conclusions  speak  to  the  need  for  robust 
vector  data  for  planning  successful  control  interventions. 
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Abstract  text: 

Introduction:  Anopheles  darlingi  is  the  main  vector  of  malaria  in  the  Brazilian  Amazon.  Several 
studies  show  great  variability  of  habits  of  this  vector,  but  yet  it  is  considered  as  representing  only 
one  species. 

Methods:  This  study  analyzed  samples  of  An.  darlingi  collected  in  different  locations,  seasons, 
and  biting  times,  in  a  region  of  rural  settlements  in  the  state  of  Acre.  Collected  mosquitoes  were 
genotyped  by  ddRAD-Seq  methodology. 

Results/Conclusion:  1.  ddRAD-Seq  is  an  efficient  methodology  to  genetically  characterize  An. 
darlingi ,  even  between  closely  related  populations.  2.  An.  darlingi  seems  to  represent  an 
incipient  species  complex,  with  one  lineage  presenting  nocturnal  biting  that  does  not  enter 
houses  (exophagic);  and  another  lineage  with  a  preference  for  biting  in  the  early  morning  and 
preferentially  enters  the  houses  (endophagic).  This  speciation  process  is  selecting  a  mosquito 
population  with  different  behavior,  more  adapted  to  human  habitats  and  probably  important  in 
malaria  transmission. 
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Abstract  text: 

Introduction:  Determining  the  feeding  and  resting  behaviors  of  malaria  mosquito  vectors  is 
important  for  understanding  patterns  of  malaria  transmission  and  for  optimizing  control 
strategies.  Here  we  report  on  a  study  to  investigate  the  abundance,  resting  and  feeding  behaviour 
of  two  major  anopheline  vector  species  in  northeastern  Odisha,  India. 

Methods:  This  study  was  conducted  over  a  period  of  one  year  in  8  villages  encompassing  plain, 
riverine  and  forest  habitats.  Adult  Anopheles  mosquitoes  were  collected  from  human  and  animal 
shelters  using  hand-held  aspirators.  Samples  were  sorted  and  identified  based  on  morphological 
features,  with  sibling  species  and  blood  meal  identification  determined  subsequently  using  PCR. 

Results/Conclusion:  In  total,  5504  female  anopheline  mosquitoes  representing  16  species  were 
collected.  An.  culicifacies  (32.2%)  was  the  dominant  species,  followed  by  An.  annularis  (26.1%) 
and  An.  pallidus  (18.1%).  The  percentage  of  An.  fluviatilis  was  3.1%  (although  was  seasonally 
constrained  so  had  higher  relative  abundance  during  its  transmission  season).  Key  vectors 
preferred  to  rest  in  animal  shelters  and  exhibited  mixed  feeding.  Human  blood  index  (HBI) 
for  An.  culicifacies  and  An.  fluviatilis  from  human  dwellings  was  44.4%  and  23.1%,  respectively. 
Equivalent  HBI  for  these  species  collected  from  animal  shelters  was  8.1%  and 
2.1%.  Implications  of  these  findings  for  development  of  improved  control  strategies  will  be 
discussed. 
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Abstract  text: 

Introduction:  The  boule  ( bol )  gene  is  the  most  ancient  member  of  the  Deleted  in  Azoospermia 
{DAZ)  gene  family,  which  plays  an  important  role  in  meiosis  (reductional  maturation  divisions) 
in  a  spermatogenesis-specific  manner  in  animals.  The  DAZ  family  genes  are  thought  to  regulate 
translation  of  the  downstream  cell  division  cycle  25  ( cdc25 )  mRNA.  The  bol  orthologues  are 
found  in  the  genomes  of  hymenopteran  insects,  in  which  the  general  mode  of  reproduction  is 
haplodiploidy:  female  is  diploid  and  male  is  haploid.  In  haploid  males,  the  maturation  division 
during  spermatogenesis  is  altered  and  haploid  sperm  are  produced  through  non-reductional 
maturation  divisions.  The  question  thus  arises  if  whether  the  bol  gene  functions  during 
spermatogenesis  in  haploid  males. 

Methods:  The  bol  functions  in  haploid  males  of  the  sawfly,  Athalia  rosae  ( Ar )  (Hymenoptera) 
were  examined  by  RNAi  and  flow  cytometry. 

Results/Conclusion:  Two  transcriptional  isoforms  of  bol  orthologues  ( Arbol  and  Arbol-2)  were 
identified,  and  Arbol  was  expressed  exclusively  in  the  testis  when  maturation  divisions  occurred, 
while  Arbol-2  was  expressed  ubiquitously.  Knockdown  of  both  bol  transcripts  resulted  in  the  cell 
cycle  arrest  before  maturation  divisions  and  a  lack  of  mature  sperm,  whereas  knockdown  of 
Arbol-2  alone  resulted  in  production  of  a  small  number  of  mature  sperm.  Although  no  mature 
sperm  was  produced  when  A.  rosae  cdc25  transcript  was  knocked  down  but  sperm  differentiation 
was  observed.  These  findings  indicate  that  the  bol  gene  is  essential  for  the  entry  and  progression 
of  non-reductional  maturation  divisions  and  sperm  differentiation  in  haploid  males.  This  is  the 
first  evidence  demonstrating  bol  functions  in  haploid  organisms. 
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Abstract  text: 

Introduction:  Tick-borne  diseases  affect  many  regions  of  the  world  and  constitute  serious  health 
problems.  Ticks  transmit  more  than  20  emerging  and  resurging  pathogens,  all  capable  of  causing 
significant  diseases  in  both  humans  and  animals.  The  Gulf-Coast  tick  ( Amblyomma  maculatum) 
is  a  competent  vector  for  Rickettsia  parkeri ,  a  pathogen  related  to  Rickettsia  rickettsii ,  the 
causative  agent  of  Rocky  Mountain  spotted  fever.  R.  parkeri ,  a  spotted  fever  group  rickettsiae,  is 
maintained  in  tick  population  through  both  transstadial  (pass  through  larvae  to  adult)  and 
transovarial  (through  egg  to  next  progeny)  transmission.  The  life  cycle  of  R.  parkeri  in  A. 
maculatum ,  including  how  pathogen  is  transovarially  transmitted  from  an  infected  female  to  her 
offspring  has  been  barely  investigated.  Invasion  of  tick  ovaries  by  intracellular  R.  parkeri  is  an 
essential  step  in  the  bacterial  life  cycle  and  how  R.  parkeri  modulates  tick  gene  expression 
during  vertical  transmission  remains  unclear. 

Methods:  In  this  study,  we  used  RNA-Seq  and  proteomic  approaches  to  identify  differentially 
expressed  tick  genes  in  uninfected  and  R.  parkeri- infected  tick  ovarian  tissues. 

Results/Conclusion:  The  relative  transcript  levels  of  selected  tick  antioxidant  genes  were 
validated  by  qRT-PCR  and  our  results  showed  differential  regulation  of  target  tick  genes.  Next 
RNAi  was  used  to  determine  the  functional  role  of  selected  tick  antioxidant  genes  in  both 
hematophagy  and  vertical  transmission  of  pathogenic  microbe.  This  study  serves  as  stepping 
stone  for  developing  a  focused  high-throughput  functional  genomics  approach  to  identify  new 
and  novel  targets  in  the  tick  reproductive  system  for  developing  intervention  strategies  to  prevent 
vertical  transmission  of  tick-borne  pathogens. 


Symposium 

Presentation  Title:  Differential  reproductive  strategy  in  two  wing-morphs  of  the  brown 
planthopper,  Nilaparvata  lugens  Stal  (Hemiptera:  Delphacidae) 

Author  Name:  Muhammad  Tufail 


Author  Institution:  King  Saud  University 


Session  Title:  Symposium:  Molecular  Strategies/Mechanisms  of  Insect  Reproduction 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2892 

DOI:  10.1 603/ICE. 20 1 6.94420 

CANCELLED 

Symposium 

Presentation  Title:  Integration  of  midgut-fat  body-gonadal  axis  in  Periplaneta  americana : 
Monoamine  and  peptide  regulation 

Author  Name:  Makio  Takeda 

Author  Institution:  Kobe  University 

Session  Title:  Symposium:  Molecular  Strategies/Mechanisms  of  Insect  Reproduction 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2893 

DOI:  10. 1603/ICE.2016. 94434 

Abstract  text: 

Abstract 

Introduction:  Neuro secretion  regulates  insect  growth,  development  and  reproduction,  releasing 
neuropeptides  and  neurotransmitters.  We  here  focused  on  CCAP/sNPF  and  indoleamines  in 
terms  of  JH/  ecdysteroid  synthesis  and  vitellogenin  production  in  Periplaneta  americana. 

Methods:  First,  effects  of  these  peptides,  amines,  JH  and  ecdy steroids  (20E)  as  well  as  feeding, 
starvation  and  refeeding  were  observed  on  Vg  synthesis.  Second,  RNAi  against  relevant  genes 
were  conducted. 

Results/Conclusion:  The  results  show  that  (1)  serotonin,  N-  acetylserotonin  and  melatonin 
inhibited  Vg  synthesis,  while  tryptamine  and  V-acetyltriptamine  stimulated.  (2)  CCAP 
stimulated,  while  sNPF  suppressed  oocyte  maturation  and  affected  ecdy  steroids  synthesis,  (3) 
dsRNAs  against  aaNAT,  a  key  enzyme  in  indolamine  metabolism,  and  putative  melatonin 
receptor  suppressed  JHAMT  and  FAMeT  that  are  key  enzymes  of  JH  sysnthesis.  The  results 
indicate  crosstalks  among  these  regulatory  routes  of  reproduction  and  JH/ecdy steroid  synthesis 
in  this  species. 
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Abstract  text: 

Introxuction:  Lepidopterans  are  the  major  insect  pests  which  damage  50%  of  agricultural  crops 
throughout  the  country.  In  the  lepidopteron  insects  the  major  haemolymph  proteins  such  as 
storage  protein,  30kDa  protein,  Vitellogenin  (Vg)  and  lipophorin  are  considered  to  be  vital 
proteins.  Vg  is  a  female  specific,  major  yolk  precursor  protein,  which  supplies  nutrition  to  the 
developing  oocytes.  The  site  of  Vg  synthesis  is  fat  body  of  the  insect  and  it  gets  released  into  the 
circulatory  system  for  subsequent  transport  to  the  ovaries.  During  the  reproduction  process  Vg 
binds  to  the  membrane  bound  Vitellogenin  Receptor  (VgR)  and  sequestered  by  the  ovary 
through  receptor  mediated  endocytosis  pathway.  The  VgR  belongs  to  low  density  lipoprotein 
family.  Though  Vg  and  VgR  are  phylogenetically  related  from  helminthus  to  human  beings,  the 
binding  sites  are  varying  not  only  in  the  phyla  and  also  in  the  species  of  the  same  order. 

In  the  present  investigation,  we  have  studied  the  Vg  and  VgR  interaction.  The  N-terminal  Ligand 
Binding  Domain  (LBD)  of  VgR  is  responsible  for  the  transportation  of  vital  protein 
(Vitellogenin)  for  developing  oocyte  through  receptor  mediated  endocytosis  pathway.  LBD 
sequence  of  B.  mori  noted  to  be  completely  different  with  that  of  Spodoptera  litura  though  these 
two  insects  are  coming  under  the  lepidopteran  group.  LBD  were  amplified  and  cloned  in  pET 
30a+  vector  for  over  expression  for  structural  studies.  This  result  will  be  much  useful  not  only  to 
improvement  of  silkworm  reproduction  but  also  to  predict  new  drug-  target  interaction. 
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Introduction: Oocytes  arrest  the  meiotic  cell  cycle  until  their  fertilization  in  animals  and  in  insects 
as  well.  The  cell  cycle  arrest  prevents  parthenogenetic  development  of  oocyte,  and  is  a  crucial 
mechanism/step  for  formation  of  normal  zygote.  Upon  fertilization,  oocytes  restart  meiosis  and 
generate  haploid  pronucleus  to  become  fully  matured  oocytes.  Stage  of  the  arrest  depends  on  the 
species,  and  is  typically,  metaphase  of  meiosis  I  (meta-I)  in  insects.  Mos,  the  c-mos 
protooncogenic  protein  and  a  key  regulator  of  meiosis  in  vertebrates,  plays  central  roles  in  this 
process  as  a  serine/threonine  protein  kinase.  It  phosphorylates  and  activates  MEK/MAPK 
pathway,  that  is  a  key  catalytic  component  of  cytostatic  factor  (CSF).  Recent  findings  revealed 
that  Mos  is  conserved  in  insects,  such  as  the  fruit  fly  Drosophila  melanogaster ,  the  sawfly 
Athalia  rosae  and  the  mosquito,  Anopheles  stephensi.  Thus,  it  is  implicated  that  a  general  role  of 
Mos  is  regulation  of  CSF-arrest  in  insect's  oocytes.  Involvement  of  the  Mos/MEK/MAPK 
pathway  in  the  CSF-arrest  has  been  demonstrated  in  the  sawfly  and  the  mosquito;  however,  Mos 
is  not  considered  to  be  essential  for  meiosis  in  the  fruit  fly.  In  contrast  to  these  species,  no  Mos 
orthologue  is  identified  in  the  silkworm,  Bombyx  mori.  Therefore,  it  is  of  interests  whether  the 
pathway  of  CSF-arrest  and  factors  involved  in  are  shared  in  insects.  In  this  talk,  we  show 
whether  the  meta-I  arrest  depends  on  the  MEK/MAPK  pathway  in  the  silkworm.  We  will  discuss 
the  mechanism  of  oocyte  maturation  comparing  silkworm  with  other  insects. 
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Introduction:  Termites  are  afforded  pest  status  in  agricultural,  forestry  and  urban  habitats 
because  their  feeding  habits  affect  human  endeavors.  The  majority  of  pests  worldwide  are 
recognized  in  the  urban  setting  because  of  the  damage  they  cause  to  wooden  structures.  Termites 
are  also  pests  in  agriculture  and  plantations  of  woody  crops. 

Methods:  In  urban  situations  the  majority  of  termite  pests  belong  to  the  subterranean  termite 
family  Rhinotermitidae  and  construction  practices  play  a  role  in  incidence  of  infestation  and 
tactics  aimed  at  management.  The  Rhinotermitidae  are  pestiferous  due  to  cryptic  habits  and  lack 
of  a  central  nest  that  obviates  targeting  the  nest  site  in  an  action  plan.  The  current  paradigm  holds 
a  zero  tolerance  action  threshold  for  subterranean  termite  management  although  it  is  questionable 
that  their  damage  potential  is  always  worthy  of  a  pesticidal  intervention.  Information  on  termite 
entry  points  into  buildings  is  the  key  to  effective  management  of  subterranean  termites  in  the 
urban  habitat  because  entry  points  are  dictated  by  construction  practices. 

Results/Conclusion:  Pesticides  aimed  at  preventative  control  usually  involve  soil  treatments  and 
local  or  spot  treatments  that  can  move  the  point  of  entry  rather  than  eliminate  infestation.  The 
use  of  termite  baiting  or  treatment  of  elements  of  construction  also  have  the  limitations.  In 
agriculture  and  forestry  termite  management  is  complicated  by  the  need  to  protect  dispersed 
commodities.  This  presentation  will  highlight  efforts  to  integrate  information  on  the  biology  and 
behavior  of  termites  with  a  pragmatic  approach  to  adopting  effective  interventions  against  these 
pests. 
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Introduction:  Arthropod  pests  have  been  associated  with  various  food  borne  illnesses. 


Methods:  In  the  recent  years  there  is  a  significant  global  initiative  to  protect  food  from  diseases 
transmitted  by  insect  pest  infestation  and  contamination. 

Results/Conclusion:  This  presentation  is  designed  to  provide  insights  and  information  on  various 
global  standards  ranging  from  ISO  9000  to  GFSI  (Global  Food  Safety  Initiative)  accepted 
standards  to  the  global  impact  of  the  recently  passed  Food  Safety  Modernization  Act  in  the  USA. 
Emphasis  will  be  on  the  requirements  for  initial  assessment  of  a  food  facility  to  establishing 
threshold  levels,  monitoring  and  trending  pest  activity,  and  designing  a  pest  management 
program  that  meets  or  exceeds  various  food  safety  audit  requirements  including  training  and 
documentation. 


Symposium 

Presentation  Title:  Training  and  certifications  internationally 
Author  Name:  Chris  Stelzig 

Author  Institution:  Entomological  Society  of  America 

Session  Title:  Symposium:  Global  Challenges  in  Applied  Urban  Entomology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  2900 

DOI:  10. 1603/ICE.2016. 95443 
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Introduction:  Around  the  globe  and  across  many  business  sectors,  a  well-educated  consumer  is 
fast-becoming  the  norm  in  today’s  economy.  From  internet  review  sites  to  professional 
credentialing,  as  the  public  becomes  more  discriminating  in  their  choices,  service  professionals 
are  becoming  increasingly  aware  of  the  need  for  market  differentiation.  And  while  the 
consumer’s  position  is  ultimately  enhanced  by  this  drive  toward  education  and  professionalism, 
the  number  and  diversity  of  credentialing  options  can  prove  to  be  dizzying  for  everyone. 

Methods:  Professional  credentialing  began  to  emerge  as  a  business  practice  in  the  pest 
management  industry  in  the  1970’s  with  the  development  of  the  American  Registry  of 
Professional  Entomologists  (ARPE)  program,  which  later  was  absorbed  by  the  Entomological 
Society  of  America  (ESA)  and  morphed  into  the  Board  Certified  Entomologist  (BCE) 
certification.  Now,  with  the  development  of  ESA’s  Associate  Certified  Entomologist  (ACE) 
program  for  non-degreed  professionals  and  other  program  and  building  certifications  from  other 


organizations-including  for-profit,  non-profit,  and  government  institutions-professionalism  in 
pest  management  is  approaching  an  apex. 

Results/Conclusion:  This  session  will  focus  on  the  primary  certification  and  IPM  training  options 
for  urban  pest  professionals,  whether  they  are  located  in  Orlando,  Ontario,  or  Oman.  We  will 
discuss  what  drove  the  inception  and  formalization  of  the  credentialing  programs,  provide  an 
overview  of  the  primary  training  sessions  available  globally,  and  identify  ways  for  pest 
management  professionals  to  differentiate  themselves  from  the  competition  through  training  and 
credentialing. 
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Abstract  text: 

Introduction:  Phytophagous,  heamatophagous  arthropod  pests  have  been  of  concern  to  humans 
for  as  long  as  can  be  remembered  and  there  is  a  general  understanding  that  introductions  and 
establishment  of  pest  populations  is  an  ongoing  process. 

Methods:  However,  there  is  a  consensus  emerging  among  urban  entomologists  that  arthropods 
that  were  once  unique  to  specific  biogeographic  regions  and  climates  are  becoming  established 
and  more  prevalent  in  new  areas  across  the  globe  at  an  accelerated  pace.  Some  of  this  pest 
activity  in  newer  ecosystems  may  be  explained  by  increased  global  trade  and  travel.  An 
understanding  of  the  biology  and  habits  of  these  pest  arthropods  is  needed  to  allow  for  the 
development  of  comprehensive  Integrated  Pest  Management  (IPM)  strategies. 

Results/Conclusion:  This  presentation  is  designed  to  provide  insights  and  information  on  a  few 
more  obscure  pests  that  pose  unique  challenges  to  urban  entomologists  and  pest  management 
professionals. 
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Introduction:  For  the  past  decade  there  has  been  an  awareness  that  pest  control  practices  in  urban 
environments  contribute  to  the  runoff  of  insecticides  into  urban  waterways.  The  use  of 
insecticide  sprays  to  control  pest  ants  and  other  arthropod  pests  such  as  spiders,  earwigs, 
cockroaches,  and  occasional  invaders  around  structures  is  considered  as  one  of  the  major  factors 
contributing  to  pesticide  runoff.  The  primary  goal  of  this  project  was  the  development  / 
implementation  of  least  toxic  IPM  strategies  to  control  perimeter  pests  in  urban  environments. 


Methods:  By  collaborating  with  several  pest  management  company  collaborators,  the  project 
team  designed  and  implemented  IPM  strategies  that  pest  management  professionals  can  adopt  for 
their  businesses.  In  particular,  the  project  focused  on  reducing  the  use  of  pyrethroids  (bifenthrin, 
cypermethrin,  cyfluthrin,  etc.)  and  fipronil,  and  reducing  the  likelihood  that  these  insecticides 
become  dislodged  and  runoff  into  urban  waterways. 

Results/Conclusion:  Also,  by  examining  the  water  samples  from  the  treated  houses,  our  project 
was  able  to  determine  if  the  modified  treatment  protocol  could  reduce  /  prevent  the  insecticide 
runoff.  The  use  of  the  pheromone  adjuvant  in  the  insecticide  spray  was  also  developed  and  field- 
tested  to  substantially  reduce  the  call  back  rates,  and  also  significant  increased  the  control 
efficacy  of  the  perimeter  spray. 
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Introduction:  Regulatory  costs  for  developing  novel  pesticides  are  very  high  relative  to  the 
market  size  for  structural  pest  control.  Most  active  ingredients  used  come  from  products 
developed  for  the  crop  protection  market,  or  occasionally  as  an  offshoot  of  drug  development. 

Methods:  Due  to  these  challenges,  coupled  with  increasing  environmental  concerns,  more 
development  emphasis  has  been  placed  upon  developing  novel  delivery  systems,  natural  or  near 
natural  active  ingredients  and  biologicals,  and  non-pesticidal  methods  such  as  traps  and 
barriers/exclusion  techniques. 

Results/Conclusion:  From  a  global  perspective,  developing  uniformity  presents  several 
challenges.  Firstly  there  are  regional  differences  in  pest  types  and  control  environments. 
Secondly,  pesticide  regulatory  frameworks  differ  from  country  to  country,  and  they  are  generally 


changing  over  time.  Thirdly,  transport  is  increasingly  regulated,  with  ongoing  changes  and 
updates,  and  differing  regulations  within  different  jurisdictions. 

This  talk  will  focus  on  the  processes  and  considerations  of  developing,  registering  and 
manufacturing  pesticides.  The  current  state  of  affairs,  general  trends,  emerging  innovations  and 
expected  future  changes  will  be  discussed. 
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Introduction:  Around  the  world,  health  standards  are  rising.  Food  safety  standards  are  rising.  On 
the  front  lines  of  this  global  initiative  is  the  pest  control  industry. 

Customers  are  also  demanding  global  protection  from  pests  and  protection  of  the  reputation  of 
their  brand  as  the  food  supply  chain  gets  more  globalized. 

Social  media  has  brought  the  world  to  real  time  and  information,  good  or  bad  news  can  be 
broadcast  instantaneously  over  the  internet. 

Methods:  Rollins/Orkin  has  embarked  on  a  global  franchise  initiative  to  meet  the  growing  global 
demand  for  pest  control  and  to  meet  the  needs  of  new  and  existing  customers.  Quality  and 
consistency  of  service  is  paramount  to  these  global  customers  that  look  to  comply  with  all 
international  standards  and  keep  a  pest  free  environment  at  all  times. 

Results/Conclusion:  To  achieve  the  high  quality  of  service,  consistent  from  country  to  country 
requires  a  sound  training  platform.  Rollins/Orkin  has  invested  heavily  in  a  training  facility  in 
Atlanta,  Georgia  USA  that  is  capable  of  training  in  a  live  environment,  around  the  world.  This 
platform  insures  the  training  is  delivered  to  all  in  the  same  manner  in  the  same  context. 


Participants  are  able  to  ask  questions  and  records  of  the  training  are  kept  for  participants.  All 
training  materials  are  also  captured  on  dvd’s  to  allow  for  continued  training. 

Franchising  allows  for  the  sharing  of  world  recognized  brands  and  their  best  practices  with  local 
owners  of  the  businessto  country  requires  a  sound  training  platform. 
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The  loss  of  traditional  agricultural  landscapes  over  the  past  decades  in  some  parts  of  Europe  has 
become  a  focus  of  attention.  In  Portugal,  land  abandonment  has  become  a  major  driver  of  habitat 
change,  particularly  in  the  mountains  of  the  north  of  the  country.  This  project  aims  to  assess  the 
impacts  of  this  major  change  in  land  use  on  bee  assemblages.  During  the  spring/summer  (May- 
August  in  2014  and  April-August  2015)  bees  were  sampled  in  the  north  of  Portugal  in  30  plots 
covering  five  different  successional  stages  (from  early  stages  of  abandonment  to  long- 
abandoned).  Sampling  of  bees  was  done  with  pan  traps  (exposed  for  24  hours)  and  a  hand  net  (a 
30  minutes  search  within  the  plot).  In  total  in  2014,  636  bees  were  recorded  in  the  pan  traps  and 
282  in  the  net,  whereas  in  2015,  1265  bees  were  recorded  in  the  pan  traps  and  576  in  the  net. 
Preliminary  results  show  that  with  both  methods  the  number  of  bees  are  higher  in  the  earlier 
successional  stages.  Ongoing  identification  of  sampled  species  will  compare  the  bee  assemblages 
between  stages,  which  can  help  inform  conservation  measures  for  a  changing  landscape. 
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Wild  blueberry  ( Vaccinium  angustifolium)  production  is  heavily  dependent  on  insect  pollination 
to  set  fruit.  Wild  bees  provide  up  to  30%  of  this  pollination  service.  The  Maine  (U.S.)  wild 
blueberry  production  landscape  consists  of  irregularly-shaped  crop  fields  that  range  widely  in 
size.  There  are  two  growing  regions;  one  has  a  simple  landscape  structure  dominated  by  large 
crop  fields  and  coniferous  forest  and  one  has  a  more  complex  landscape  structure  including 
urban  and  agricultural  areas  in  a  deciduous/mixed  forest  matrix.  We  lack  baseline  knowledge  on 
wild  bee  communities  in  non-crop  cover  types,  and  a  consistent  source  of  forage  beyond  crop 
bloom  is  unknown.  We  surveyed  wild  bee  communities  in  non-crop  land  cover,  including  power 
line  rights-of-way  (ROW),  throughout  the  growing  season  in  both  growing  regions.  Power  line 
ROW  are  a  likely  source  of  bee  forage  and  habitat  beyond  crop  bloom.  Landscape  complexity 
and  mass-flowering  crops  both  promote  wild  bee  diversity  and  abundance  in  semi-natural 
habitat,  and  we  expect  to  see  these  trends  in  our  results.  We  predict  greater  bee  diversity  and 
abundance  in  the  more  complex  growing  region  and  more  diverse  and  abundant  bee  communities 
in  power  line  ROW  near  wild  blueberry  fields  than  those  isolated  from  wild  blueberry  fields  in 
both  growing  regions.  Understanding  how  wild  bees  use  the  landscape  surrounding  Maine  wild 
blueberry  will  aid  crop  growers  and  natural  resource  managers  in  decision-making  regarding 
pollination  management,  such  as  the  use  of  honey  bee  hives,  and  inform  efforts  in  wild  bee 
conservation. 
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Many  crops  are  highly  dependent  on  animal  pollinators  for  successful  reproduction.  All  cucurbit 
crops,  including  pumpkin  ( Curcurbit  pepo),  rely  on  bee-mediated  pollination.  Our  research 
indicates  that  bumble  bees,  particularly  Bombus  impatiens,  provide  approximately  70%  of  the 
visits  to  pumpkin.  To  conserve  these  populations,  we  designed  a  floral  mixture  from  cover  crop 
species  to  synchronize  with  B.  impatiens  phenology.  Despite  growing  interest  in  the  field  of 
floral  provisioning,  little  is  known  about  the  nutrition  of  different  plant  species.  To  understand 
this  further,  we  tested  the  response  of  B.  impatiens  to  floral  provisioning  by  studying  1)  field 
level  effects  on  attractiveness,  and  2)  nutritional  effects  on  health. 

To  test  the  quality  of  commonly  used  cover  crop  species  as  floral  provisioning  we  trialed  a  two- 
stage  strategy  with  a  spring-flowering  mix  preceding  pumpkin  bloom  and  fall-flowering  mix  to 
follow.  We  compared  the  individual  plant  species  attractiveness  by  measuring  visitation  rates  of 
B.  impatiens  across  two  years.  To  understand  how  these  flowering  species  affected  B.  impatiens 
fitness,  we  performed  nutritional  bioassays.  Microcolonies  (3  caged  bees)  were  restricted  to 
individual  ad  libitum  pollen  diets  from  floral  provisioning  species  and  pumpkin.  We  compared 
the  effects  of  pollen  species  and  their  respective  macronutrients  on  wax  production,  change  in 
weight,  and  ovary  development. 

The  establishment  of  pollinator  habitat  is  of  growing  interest  nationwide.  Combining  the 
attractiveness  of  plant  species  through  visitation  rates,  and  their  influence  on  bee  health  with 
nutritional  bioassays  can  help  us  understand  how  B.  impatiens  are  utilizing  and  are  affected  by 
floral  provisioning  schemes. 
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While  largely  self-fertile,  commercial  raspberry  ( Rubus  idaeus)  cultivars  greatly  benefit  from 
insect  pollination  in  terms  of  drupelets  set,  fruit  quality,  and  fresh  berry  weight.  Wild  pollinators 
in  commercial  raspberry  orchards  are  often  insufficient  in  number  to  effectively  pollinate  the 
crop  and  farmers  typically  rent  honey  bee  ( Apis  mellifera )  hives  to  achieve  adequate  pollination. 
Recent  declines  in  commercial  honey  bee  populations  coupled  with  rapidly  increasing  prices  for 
hive  rentals  have  made  it  desirable  to  find  other  manageable  bee  species  for  raspberry 
pollination.  A  viable  candidate  species  must  be  both  an  effective  pollinator  of  the  crop  and  active 
during  the  crop's  bloom  period.  The  blue  orchard  bee,  Osmia  lignaria ,  is  an  effective  pollinator 
of  raspberry;  however,  its  natural  activity  period  occurs  prior  to  raspberry  bloom  in  most  regions. 
The  purpose  of  this  study  was  to  investigate  winter  management  strategies  that  can  be  used  to 
synchronize  O.  lignaria  emergence  with  raspberry  bloom.  Bees  overwintered  at  the  temperatures 
used  for  earlier  blooming  fruit  crops  often  show  reduced  vigor  and  survival  when  held  for 
prolonged  periods  of  time.  This  study  examines  the  effects  of  low  temperature  storage  on  O. 
lignaria  survival,  longevity,  and  reproductive  success.  Bees  were  stored  at  three  wintering 
temperature  (4°C,  0°C,  and  -3°C).  Survival,  longevity,  and  reproductive  success  were 
determined  after  180  and  225  days  of  storage.  Winter  storage  temperature  had  a  significant 
impact  on  bee  vigor  suggesting  low  temperature  storage  may  be  a  viable  management  strategy 
for  the  use  of  O.  lignaria  in  commercial  raspberry  crops. 
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Reproductive  success  of  individual  plants  can  be  influenced  by  how  pollinators  visit  flowers  and 
deposit  pollen  on  plants.  We  contrast  the  impact  of  bumblebee,  honeybee  and  alfalfa  leafcutting 
bee  on  female  and  male  reproductive  success  in  alfalfa.  To  compare  the  respective  impact  of 
each  of  the  three  pollinators  we  conducted  separate  experiments  with  each  pollinator  type  in  a 
greenhouse  setting  with  the  same  30  alfalfa  genotypes.  Female  reproduction  success  was 
measured  by  counting  the  number  of  fruits  and  seeds  produced  on  a  plant.  To  measure  male 
reproductive  success,  we  genotyped  all  30  mothers  and  potential  fathers  and  24  offspring  (seeds) 
per  mother  using  16  microsatellites  loci.  We  estimated  the  most  likely  father  for  each  seed  using 
a  paternity  exclusion  analysis  model.  We  used  these  data  to  estimate  the  number  of  seeds  sired 
by  each  of  the  30  plants  in  the  experiment.  This  is  one  of  the  few  studies  to  contrast  the  impact 
of  distinct  pollinators  on  plant  reproductive  success  via  male  and  female  functions. 
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Synthetic  organic  insecticides  such  as  pyrethroids  have  been  widely  successful  in  managing 
many  pest  species.  However,  the  impact  of  these  chemicals  often  extends  beyond  target  species 
to  affect  non-target  organisms  (NTOs).  The  honey  bee  ( Apis  mellifera )  arguably  has  become  the 
poster  species  of  NTOs,  due  to  the  heavy  reliance  on  bee  pollination  for  many  of  the  world’s 
crops,  but  because  of  behavioral  and  morphological  differences  among  bee  species,  it  should  not 
be  the  only  species  of  study.  We  examine  risks  to  the  alfalfa  leafcutting  bee  (ALCB)  ( Megachile 
rotundata),  which  is  responsible  not  only  for  pollinating  alfalfa  in  the  western  U.S.,  but  also  for 
serving  as  a  surrogate  for  other  solitary  bee  pollinator  species.  To  test  the  susceptibility  of  adult 
female  ALCBs  to  pyrethroids  used  in  mosquito  management,  laboratory  LD50  values  were 
determined  and  ground-based  ultra-low- volume  field  applications  on  alfalfa  plots  were 
conducted.  Eight  pyrethroid concentrations  ranging  from  3.75-38  |ig/mL  were  dosed  dorsally  on 
ALCB  thoraces.  Preliminary  findings  suggest  that  permethrin  and  etofenprox  are  less  acutely 
toxic  to  ALCBs  than  honey  bees.  For  the  field  applications,  pyrethroids  were  applied  at  the 
maximum  labeled  rate,  then  honey  bees  and  ALCBs  were  exposed  to  treated  alfalfa  for  48  hr. 
Preliminary  results  suggest  that  there  is  no  statistically  significant  increase  in  mortality  of  honey 
bees  or  ALCBs  after  field  exposure  to  permethrin  and  etofenprox.  Additional  experiments  will 
be  conducted  in  the  summer  of  2016.  These  experiments  will  improve  our  knowledge  of  the 
risks  of  pyrethroids  to  ALCBs  compared  to  honey  bees. 
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Biomass  is  expected  to  serve  an  increasingly  important  role  as  a  source  of  renewable  energy  to 
meet  global  energy  demands.  Shrub  willow  ( Salix  spp.)  short  rotation  coppice  (SRC)  is  a  widely 
planted  bioenergy  crop.  Willow  has  been  used  for  a  variety  of  additional  applications  including 
windbreaks,  phytoremediation,  and  soil  erosion  mitigation.  Willows  have  also  been  documented 
to  provide  an  early-spring  source  of  pollen  and  nectar  for  flower-visiting  insects.  We  sampled 
with  pan  traps  and  aerial  net  in  a  common-garden  field  experiment  to  document  bees  (Apoidea: 
Anthophila)  visiting  willow  biomass  crops.  Pollen  was  extracted  from  captured  bees  to 
determine  primary  sources  of  foraging  of  the  bees  caught  in  willow.  Pollen  and  nectar  from  the 
shrub  willow  were  extracted  and  compared  between  willow  utilized  for  phytoremediation  and 
willow  grown  in  a  standard  conventional  agricultural  setting.  A  high  abundance  and  diversity  of 
bees  foraging  on  willow  was  detected. 
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Abstract  text: 


Tomato  yellow  leaf  curl  virus  (TYLCV)  is  a  plant  pathogen  that  causes  serious  disease  in  tomato 
crops.  The  virus  is  transmitted  in  a  persistent  and  circulative  manner  by  the  sweetpotato  whitefly, 
Bemisia  tabaci.  The  majority  of  literature  states  the  virus  is  only  acquired  through  feeding  on 
infected  plants.  The  virus  is  considered  non-propagative  and  not  transmissible  transovarially  or 
through  mating.  However,  very  few  recent  studies  show  that  the  virus  is  transmitted 
transovarially  and  through  mating,  and  that  the  virus  propagates  for  a  short  period  of  time  within 
the  whitefly.  With  acquisition  and  transmission  studies,  we  have  tested  for  transovarial  and 
sexual  transmission  of  TYLCV.  We  also  tested  the  propagative  qualities  of  the  virus  within  the 
whitefly  after  an  acquisition  access  period  using  real-time  PCR.  We  have  found  only  a  low  rate 
of  TYLCV  transmission  transovarially  and  through  mating  suggesting  a  negligible  impact  on 
virus  epidemics.  The  COI  sequence  from  our  local  B.  tabaci  and  sequence  of  our  complete 
TYLCV  genome  have  been  compared  to  those  from  other  areas  to  see  if  genetic  variation  can 
explain  the  differences  in  the  properties  of  these  vector-virus  interactions. 
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Onion  thrips  ( Thrips  tabaci )  is  the  major  insect  pest  of  onions  in  North  America.  Adults  and 
larvae  feed  on  leaves  and  while  they  are  known  vectors  of  viruses,  they  have  more  recently  been 
identified  as  potential  vectors  of  onion  bacterial  leaf  blight,  caused  by  Pantoea  agglomerans. 

This  is  a  relatively  new  pathogen  to  Michigan’s  onion  industry  and  is  becoming  an  important 
production  problem.  In  2015  and  2016,  we  surveyed  onion  production  fields  across  Michigan 
and  documented  the  incidence  and  severity  of  bacterial  leaf  blight  and  onion  thrips  abundance. 
Our  objectives  were  to  determine  the  temporal  and  spatial  relationship  between  bacterial  disease 
and  thrips  population  dynamics  over  the  course  of  two  growing  seasons  and  assess  the  efficacy 
of  combining  insecticides  and  bactericides  for  managing  thrips  and  bacterial  leaf  blight.  Five 
onion  plants  were  collected  from  10  plots  from  two  production  fields  from  each  of  four  farms 


weekly  from  June  through  August.  Thrips  were  collected  from  each  sampled  plant  and  screened 
for  P.  agglomerans  with  qPCR  using  species-specific  primers.  Onion  plant  samples  were  also 
visually  assessed  for  bacterial  leaf  blight.  A  field  trial  which  compared  three  different 
bactericides  combined  with  an  insecticide  program  was  carried  out  over  both  growing  seasons. 
Positive  correlations  between  thrips  population  density,  thrips  positive  for  P.  agglomerans  and 
bacterial  leaf  blight  in  the  field  were  established.  In  the  bactericide  trial,  treatments  which 
contained  insecticide  had  lower  leaf  blight  severity  compared  to  those  that  did  not,  suggesting  T. 
tabaci  as  a  vector  of  bacterial  leaf  blight. 
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Arthropod  transmitted  plant  pathogens  are  a  serious  threat  to  global  food  security.  The  y- 
proteobacterium  Xylella  fastidiosa  is  one  of  the  most  devastating  of  these  pathogens  infecting 
more  than  150  plant  species,  including  grapevines.  Xylella  infections  in  grapevines  result  in 
Pierce’s  Disease  (PD).  The  glassy- winged  sharpshooter  (GWSS,  Homalodisca  vitripennis)  is  the 
most  important  insect  vector  of  Xylella.  The  spread  of  Xylella  is  often  kept  under  check  by 
controlling  the  vector  population  with  insecticides.  However,  insecticide  applications  have 
serious  consequences  to  the  environment,  and  can  lead  to  resistance  in  vectors.  Alternative 
strategies  to  control  spread  of  Xylella  by  GWSS  are  a  priority.  The  paratransgenic  strategy 
utilizes  genetically  engineered  vector  symbionts  to  deliver  anti-pathogen  molecules  within  the 
insect  gut.  These  molecules  make  the  vector  gut  inhospitable  to  the  pathogen,  thereby  decreasing 
vector  competence.  Here  we  report  on  the  utilization  of  paratransgenesis  to  control  PD.  The 
GWSS  commensal,  Pantoea  agglomerans  was  transformed  to  express  the  antimicrobial  peptides 
(AMPs)  that  exhibited  higher  toxicity  against  Xylella  compared  to  Pantoea:  melittin  or  scorpine- 
like  molecule  (SLM).  Paratransgenic  GWSS  were  generated  by  feeding  the  insects  on  melittin  or 
SLM-expressing  Pantoea.  When  challenged,  these  insects  acquired  significantly  less  Xylella 


compared  to  the  control  insects.  Importantly,  paratransgenic  GWSS  failed  to  transmit  Xyle lla  to 
naive  grape  plants.  This  work  represents  the  first  instance  of  paratransgenesis  utilization  for  the 
control  of  a  plant  disease.  This  model  system  can  serve  as  a  platform  for  the  development  of 
paratransgenic  strategies  for  control  of  other  vector  borne  plant  diseases. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Competition  with  non- vectors  mediates  virus- vector  interactions 

Author  Name:  Paul  Chisholm 

Author  Institution:  Washington  State  University 

Session  Title:  Graduate  Student  Oral  Competition:  Agricultural  and  Forest  Entomology:  Vectors 
and  Others 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  2917 
DOI:  10.1603/ICE.2016.1 15741 
Abstract  text: 

Plant  viruses  often  induce  behavioral  changes  in  herbivores,  but  most  research  has  focused  on 
vectors.  To  determine  how  infection  with  pea  enation  mosaic  virus  (PEMV)  influences  feeding 
behavior  in  pea  leaf  weevil  ( Sitona  lineatus ),  a  non- vector,  we  conducted  a  series  of  field 
observations  and  greenhouse  assays.  In  commercial  pea  fields,  infected  plants  exhibited  higher 
levels  of  S.  lineatus- associated  defoliation.  In  controlled  experiments,  peas  damaged  by  S. 
lineatus  did  not  exhibit  higher  titers  of  PEMV,  and  in  single-plant  assays  infected  plants  were  not 
defoliated  at  a  higher  rate  than  healthy  plants.  However,  in  dual-choice  assays  S.  lineatus 
individuals  preferentially  fed  on  PEMV-infected  plants.  Additionally,  infective  pea  aphid 
( Acyrthosiphon  pisum)  individuals,  the  main  vector  of  PEMV,  showed  an  increased  preference 
for  S.  lineatus- damaged  plants  over  undamaged  plants.  As  a  result,  the  increased  defoliation  rate 
observed  in  infected  plants  from  the  field  may  be  a  function  of  both  1)  the  preference  of  S. 
lineatus  for  infected  plants  and  2)  the  preference  of  infective  vectors  for  S.  lineatus -damaged 
plants.  This  study  demonstrates  the  potential  for  pathogens  to  induce  behavioral  shifts  in  both 
vector  and  non- vector  members  of  the  community,  and  also  highlights  the  role  non- vectors  may 
play  in  shaping  pathosystem  dynamics.  Consequently,  we  suggest  that  non- vector  community 
members  be  considered  when  predicting  pathogen  outbreaks. 
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European  honeybees  ( Apis  mellifera )  are  critical  pollinators  for  crops  worldwide.  They  are 
currently  under  threat  from  many  pests  and  diseases,  including  the  small  hive  beetle  {Aethina 
tumida).  Beetle  larvae  feed  on  hive  products  and  contaminate  them  with  the  yeast  Kodamaea 
ohmeri.  The  hive  products  are  then  destroyed  through  fermentation.  Adult  beetles  are  highly 
attracted  to  these  fermentation  odours  and  aggregate  and  oviposit  in  the  yeast-infected  substrate. 
The  close  and  persistent  association  between  this  yeast  and  A.  tumida  suggests  a  symbiotic 
relationship.  Laboratory  studies  indicate  that  K.  ohmeri  is  transmitted  vertically  through  the  A. 
tumida  host  population.  High  densities  of  K.  ohmeri  (>15,  000  colony  forming  units 
(CFU)/insect)  can  be  isolated  from  final  instar  larvae.  Much  lower  K.  ohmeri  densities  are 
detected  in  pupae  (1.3  CFU/male  pupa;  as  yet  undetected  in  female  pupae).  However,  directly 
after  eclosion  K.  ohmeri  densities  of  180  CFU/adult  unmated  female  and  63  CFU/adult  unmated 
male  are  detected.  We  suggest  that  this  multiplication  of  yeast  cells  functions  to  increase  the 
likelihood  of  transmission  via  the  inoculation  of  eggs  and  the  oviposition  substrate.  These  data 
form  the  basis  of  ongoing  investigations  into  the  contribution  of  yeast  symbiosis  to  A.  tumida 
ecology.  These  investigations  are  being  used  to  provide  information  for  a  model  to  better 
understand  the  role  of  symbiotic  microbes  in  the  evolution  of  insects  and  their  exploitation  of 
certain  niches  in  ecological  systems. 
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Due  to  the  exponential  increase  in  computer  power,  statistical  analyses  are  becoming  more 
sophisticated  every  day  and  more  user-friendly.  It  is  time  now  to  start  testing  the  different 
approaches  researchers  normally  use  to  analyze  agricultural  data  and  determine  if  these 
sophisticated  approaches  really  make  a  difference  in  our  understanding  of  the  biological 
processes  we  normally  study.  Generalized  Linear  Mixed  Models  (GLMM's)  are  flexible  and 
powerful  statistical  tools  that  can  be  used  to  model  a  wide  set  of  distributions  that  are  commonly 
found  in  field  studies.  We  used  simulations,  based  on  budworm  data  from  tobacco  in  NC,  to  test 
how  different  methodologies  can  change  our  estimates.  We  were  particularly  interested  in  testing 
how  data  transformations  (square-root  arcsine  for  proportion  data)  affect  our  final  results  and 
how  they  compare  with  an  analysis  using  binomial  distribution.  We  discuss  the  implications  of 
our  work  in  agricultural  efficacy  tests. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Towards  lower-cost,  user  friendly  acoustic  detection  systems  for  hidden 
insect  infestations  in  trees 

Author  Name:  Barukh  Rohde 

Author  Institution:  University  of  Florida 

Session  Title:  Graduate  Student  Oral  Competition:  Agricultural  and  Forest  Entomology:  Vectors 
and  Others 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  2920 


DOI:  10.1603/ICE.2016.1 15333 


Abstract  text: 


The  larvae  of  insects  such  as  the  red  palm  weevil  (RPW),  Rhynchophorus  ferrugineus  (Olivier) 
(Coleoptera:  Dryophthoridae),  and  Asian  longhorned  beetle  (ALB),  Anoplophora  glabripennis 
(Motschulsky)  (Coleoptera:  Cerambycidae),  damage  trees  by  burrowing  and  feeding  inside  the 
trunks.  RPW  infests  50%  of  all  date  palm-growing  countries,  including  Saudi  Arabia.  Asian 
longhorned  beetles  have  devastated  both  old-  and  new-growth  North  American  forest,  resulting 
in  a  massive  eradication  effort,  and  some  $3.5  billion  in  annual  damage  in  the  U.S.  ALB  tend  to 
fly  from  tree  to  tree  only  over  short  distances,  and  only  after  its  base  tree  has  a  high  ALB 
population.  RPW  spend  months  as  larvae  in  infested  trees  before  emerging  as  flying  adults  and 
spreading  to  other  trees.  Pre-emergent  detection  methods  are  therefore  very  useful  for  these 
insects.  In  these  species  as  well  as  in  many  others,  larvae  and  adults  produce  sound  when  they 
feed  and  move.  Vibrations  produced  by  RPW  in  palm  trees  in  Saudi  Arabia,  Spain,  and  Aruba, 
and  ALB  in  America,  were  recorded  using  the  AED-2010  preamplifier  and  field  recorder.  The 
recordings  were  analyzed  using  a  lab-developed  program,  DAVIS,  to  assess  insect  presence  from 
spectral  and  temporal  patterns.  Once  detected,  infested  trees  are  treated  or  removed  to  prevent 
pest  spread.  We  are  currently  optimizing  and  porting  DAVIS  to  new,  lower  cost  embedded- 
system  platforms,  developing  fully-automated  devices  for  the  detection  of  these  invasive  insect 
species. 


Student  Paper  (Oral)  Presentation  Competition 

Presentation  Title:  Host  switching  by  ecological  fitting  generates  oscillations  in  diet  breadth 

Author  Name:  Mariana  Braga 

Author  Institution:  Stockholm  University 

Session  Title:  Graduate  Student  Oral  Competition:  Agricultural  and  Forest  Entomology:  Vectors 
and  Others 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  2921 
DOI:  10.1603/ICE.2016.1 13735 
Abstract  text: 

Variation  in  diet  breadth  and  in  diet  composition  have  been  shown  to  mediate  several  ecological 
and  evolutionary  processes.  The  diversification  of  phytophagous  insects,  for  instance,  is  driven 
partly  by  plasticity  in  diet  breadth,  according  to  the  Oscillation  Hypothesis.  Oscillations  in  diet 
breadth  should  be  produced  when  transient  periods  of  polyphagy  are  followed  by  re¬ 
specialization  and  speciation.  Results  from  a  previous  model  showed  that  host  colonization  by  a 


single  parasite  (e.g.  insect)  lineage  is  influenced  mainly  by  opportunity  and  compatibility 
between  associates.  Given  opportunity,  and  by  accumulation  of  non-optimally  adapted 
phenotypes,  ecological  fitting  allows  even  highly  specialized  parasites  to  explore  the  available 
resources,  increasing  host-ranges.  Now  we  developed  a  second  individual-based  model  that 
allows  speciation  in  parasite  lineages,  producing  a  dynamic  sympatric  community.  Parasite 
phenotype  is  determined  by  a  binary-string  genome  which  also  determines  recognition  of  mating 
partners.  Hosts  are  uniformly  distributed  in  the  fitness  space  and  the  optimum  phenotype  to  use 
each  host  represents  a  fitness  peak,  where  parasite  survival  is  maximum.  Besides  host 
colonizations,  this  new  model  produced  host-range  expansions  through  parasite-phenotype 
generalization,  followed  by  specialization  through  disruption  of  reproduction  between  parasites 
in  different  fitness  regions,  which  led  to  speciation.  We  suggest  that  oscillation  in  host  range  is  a 
spontaneous  outcome  of  the  interaction  between  acquisition  of  evolutionary  novelties  and 
selection.  We  are  currently  in  the  process  of  testing  if  such  oscillations,  and  their  extent,  are 
important  drivers  of  diversification. 
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Apis  mellifera  and  Bombus  huntii  are  two  important  pollinators  in  the  western  North  America. 
The  biology  of  these  social  bees  differs  in  nest  structure  and  colony  size  and  that  A.  mellifera  has 
been  introduced  into  the  native  range  of  B.  huntii.  However,  because  both  species  are  social, 
corbiculate  bees  used  for  commercial  pollination  we  desire  to  know  to  what  degree  the  pollen 
diets  for  each  species  overlap.  Our  study  compares  pollen  foraging  preferences  of  the  two 
species  when  co-located  over  the  course  of  two  foraging  seasons.  The  objectives  of  our  study 
were  1)  to  identify  the  dominant  pollen  sources  collected  by  each  species  2)  to  compare 
dominant  sources  over  time  and  3)  to  compare  dominant  sources  between  hives  within  each 
species.  Corbicular  loads  were  collected  weekly  from  individual  hives  of  two  bee  species  with 


pollen  sources  identified  microscopically  and  verified  with  DNA  sequences.  A.  mellifera  and  B. 
huntii  foraged  on  the  same  dominant  plant  families;  however,  several  pollen  sources  were 
collected  by  only  one  of  the  bee  species,  indicating  a  degree  of  resource  partitioning  within  the 
ecosystem.  Identifying  the  dominant  pollen  sources  for  these  two  important  pollinators  can  be 
used  to  select  supplementary  pollen  sources  within  agricultural  settings  or  in  establishing 
primary  foraging  grounds  for  naturalized  areas.  Additionally,  understanding  the  pollen  diet 
choices  of  each  species  can  illuminate  fundamental  biological  differences  in  nutritional 
requirements  of  the  bees. 
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Introduction:  We  aimed  at  explaining  the  role  of  male  part  in  the  hermaphrodite  flowers  of  the 
andromonoeceous  muskmelon,  a  cross-pollinated  crop. 

Methods:  Pollen  from  the  two  flower  types  were  compared  for  density,  size,  viability,  pollination 
potency  and  influence  on  the  pollinator. 

Results/Conclusion:  Although  pollen  density  was  higher  in  staminate  than  in  hermaphrodite 
flowers  (4,967.78±397.70  and  2,71 1.8±135.19,  respectively),  size  of  individual  pollen  was 
comparable.  Further,  pollen  from  the  hermaphrodite  flower  did  not  fertilize  the  ovules  (tested  by 
bagging,  selfmg  and  crossing).  Though  the  ratio  between  staminate  and  hermaphrodite  flowers  in 
the  field  was  19:1,  visitation  frequency  of  bees  was  approximately  7:1.  Interestingly,  bees  spent 
more  time  on  hermaphrodite  flowers.  Apis  cerana  spent  1 1.04±2.37  and  8.47±2.49  seconds  and 
Apis  florea  spent  12.45±3.08  and  9.22±2.94  seconds  on  hermaphrodite  and  staminate  flowers, 
respectively.  Additionally,  they  stayed  longer  on  non-emasculated  than  emasculated 
hermaphrodite  flowers  — A.  cerana  spent  11.04±2.37  and  2.21±0.79  seconds  and  A.  florea  spent 


12.45±3.08  and  2.44±0.08  seconds,  respectively.  Consequently,  A  cerana  deposited 
378.57±64.91  pollen  in  10.45±1.29  seconds  on  non-emasculated  and  126.09±21.55  pollen  in 
2.30±0.62  seconds  on  emasculated  flowers,  while  A.  florea  deposited  335  pollen  in  1 1.68±1.21 
seconds  on  non-emasculated  and  125.3 1±0. 73  pollen  in  2.67±0.73  seconds  on  emasculated 
flowers.  There  was  100%  fruit  set  with  257. 77±3 1.33  seeds  in  non-emasculated  flowers  and  80% 
fruit  set  with  129.5±67.88  seeds  in  emasculated  flowers.  Pollen  in  hermaphrodite  flowers  may 
enhance  plant  fitness  by  retaining  bees  for  longer  time. 
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Pollinators  are  experiencing  declines  due  to  habitat  loss.  Part  of  this  loss  is  due  to  increased 
agricultural  land  use,  and  it  is  vital  to  understand  how  pollinators  utilize  agricultural  areas. 
Surrounding  landscape  complexity  affects  non-pollinator  insect  communities  in  soybeans,  but 
the  extent  to  which  landscape  complexity  affects  wild  and  managed  pollinators,  and  resulting 
pollination  to  soybean,  is  unknown.  It  is  also  not  yet  known  if  managed  honey  bee  hives  near 
soybean  fields  will  increase  visits  by  honey  bees  (Hymenoptera:  Apidae,  Apis  mellifera )  to 
soybean  flowers  nor  the  effects  of  these  hives  on  wild  bee  abundance  and  diversity.  To  better 
understand  the  dynamics  between  wild  and  managed  pollinators,  the  surrounding  soybean 
landscape,  and  pollination  services,  we  identified  commercial  soybean  fields  surrounded  by 
either  a  simple  (73%  or  greater  comprised  of  soybean  and  corn  within  1.6  km  radius)  or  complex 
(46%  or  less  corn  or  soybean  habitat  within  1.6  km  radius)  landscape  in  central  Iowa.  On  a 
subset  of  each  landscape  type,  we  placed  four  honey  bee  hives  adjacent  to  soybean  fields.  Pan 
traps  (“bee-bowls”)  were  used  to  estimate  the  diversity  and  abundance  of  pollinators,  with  a 
focus  on  bees  and  flies.  In  addition,  we  also  examined  whether  the  presence  of  honey  bee  hives 
positively  affected  soybean  yield.  Preliminary  results  from  the  first  year  of  a  three  year  study 


suggest  managed  honey  bee  hives  are  associated  with  increased  honey  bee  foraging  activity  and 
increased  yield. 
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Bees  provide  critical  pollination  services  to  87%  of  angiosperm  plants;  however,  the  reliability  of 
these  services  may  become  threatened  as  many  wild  and  managed  bee  populations  are  threatened 
or  in  decline.  Agricultural  intensification,  resulting  in  the  simplification  of  environments  at  the 
landscape  scale,  greatly  changes  resource  quality  and  quantity  available  for  female  bees  to 
provision  their  offspring.  These  changes  may  alter  or  constrain  the  tradeoffs  in  maternal 
investment  allocation  between  offspring  size,  number  and  sex  required  to  maximize  fitness. 
Recently,  much  attention  has  been  focused  on  management  strategies,  including  hedgerows  and 
wildflower  strips,  aimed  at  conserving  bee  populations  and  pollination  services;  however,  the 
effectiveness  of  these  strategies  in  supporting  pollinator  populations  remains  poorly  understood. 
Here  we  investigate  the  relationship  between  landscape  scale  agricultural  intensification, 
perennial  wildflower  strips  and  the  size  of  individuals  within  several  native  bee  species.  We 
show  that  agricultural  intensification  at  the  landscape  scale  was  associated  with  a  reduction  in  the 
average  size  of  field  collected  adults  in  many  species.  Small  females  carried  significantly  smaller 
pollen  loads  than  large  females  and  are  expected  to  have  smaller  average  foraging  ranges,  which 
is  likely  to  have  consequences  for  subsequent  offspring  production  and  fitness.  However, 
individuals  collected  from  plots  with  an  adjacent  perennial  wildflower  strip  did  not  experience 
the  same  reductions  in  body  size.  Thus,  landscape  simplification  is  likely  to  constrain  allocation 
of  resources  to  offspring  through  a  reduction  in  the  overall  quantity,  quality  and  distribution  of 
resources. 
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Soybean  nectar  attributes  to  a  large  percentage  of  the  nectar  used  in  honey  production  in  honey 
bee  systems.  The  amount  of  nectar  produced  in  each  cultivar  differs  between  those  cultivars. 
Previous  research  has  been  done  in  the  past  to  identify  which  certain  cultivars  produce  the 
highest  quantity  of  nectar.  The  objective  of  these  tests  was  to  identify  which  modern  cultivars 
produced  the  highest  amount  of  nectar  based  on  a  series  of  cultural  mechanisms.  Tests  were 
conducted  during  the  2016  growing  season  in  the  hills  and  delta  region  of  Mississippi.  The  tests 
were  also  separated  by  planting  date  as  well  as  being  irrigated  and  nonirrigated.  Flowers  were 
pulled  at  peak  nectar  hours  and  weighed.  After  which  the  samples  were  centrifuged  and  placed  in 
cold  storage  until  analyzed  by  spectrophotometry. 
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Abstract  text: 

Honey  bee  ( Apis  mellifera  L.)  populations  have  declined  in  the  United  States  in  recent  years,  and 
one  probable  factor  in  these  declines  is  nutritional,  due  to  reduced  access  to  diverse  flowers.  The 
landscape  of  the  Midwest  region  now  consists  mostly  of  corn  and  soybean  monocultures  and 
non-native,  weedy  flowers.  Recently,  movements  have  grown  both  to  help  honey  bee 
populations  and  to  restore  native  prairie  ecosystems.  To  determine  whether  native  prairies  can 
attract  and  benefit  non-native  honey  bee  foragers,  we  placed  honey  bee  colonies  near  large, 
reconstructed  prairies  and  identified  the  sources  of  pollen  and  nectar  that  they  collected.  We  first 
collected  pollen  loads  and  unripe  honey,  and  then  examined  the  pollen  grains  in  these  samples  at 
400x  magnification  and  identified  them  by  comparing  their  structure  to  slides  of  reference 
pollen.  We  also  extracted  DNA  from  the  same  samples  and  sequenced  the  ITS  region  using  the 
Illumina  MiSeq  platform.  Operational  taxonomic  units  were  BLASTed  against  the  nucleotide 
database  to  identify  taxa  as  specifically  as  possible.  The  results  from  sequencing  and  microscopy 
were  then  combined  to  give  the  proportion  of  food  coming  into  the  colony  from  each  taxon. 
Additionally,  we  decoded  the  dance  communications  between  returning  foragers  and  mapped  the 
locations  advertised  to  determine  how  frequently  foragers  recruit  their  nestmates  to  sites  within 
prairies.  The  results  indicate  that  bees  recruit  nestmates  to  and  forage  mostly  on  native  trees  and 
non-native  roadside  weeds,  especially  Trifolium  sp.,  but  also  collect  from  a  number  of  native 
prairie  taxa,  particularly  during  the  early  fall. 
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Bee  communities  are  influenced  by  many  factors,  including  floral  diversity  and  habitat 
availability,  which  affect  bees  on  local  and  landscape  scales.  Recently,  extensive  work  has  been 


done  to  understand  how  landscape  complexity  affects  the  diversity  of  bee  communities,  but  less 
is  understood  about  how  these  factors  affect  the  health  of  bee  individuals  and  communities. 
Furthermore,  the  primary  focus  of  research  has  been  dedicated  to  managed  bees  like  honey  bees, 
but  little  has  been  done  to  help  understand  how  wild  bees  respond  to  these  variables.  Bumble 
bees  are  wild  pollinators  that  require  diverse  diets  to  provide  lipids,  proteins,  and  carbohydrates, 
with  a  balanced  diet  leading  to  high  lipid  body  content.  Feeding  on  a  variety  of  flowers  allows 
the  bees  to  gather  necessary  nutrients,  but  also  increases  the  exposure  rate  to  pathogens  common 
to  bees.  We  analyzed  floral  visitation,  lipid  content,  and  pathogen  load  ( Nosema  ceranae)  of  the 
yellow  faced  bumble  bee  ( Bombus  vosnesenskii )  and  the  European  honey  bee  ( Apis  mellifera) 
across  a  gradient  of  landscape  complexity  on  farms  that  vary  in  floral  diversity  and  management 
practices.  We  found  that  bumble  bees  have  more  diverse  floral  visitation  patterns  than  honey 
bees.  Honey  bee  and  bumble  bee  presence  was  equivalent  across  landscape  types,  but  both 
groups  prefer  more  complex  areas.  Our  lipid  and  pathogen  analyses  are  ongoing.  Our  results 
suggest  that  landscape  complexity  can  affect  the  health  and  foraging  patterns  of  bees,  and  should 
be  included  in  a  suite  of  factors  studied  in  bee  conservation,  rather  than  the  singular  focus  on  bee 
biodiversity. 
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Declining  populations  of  monarch  butterflies  ( Danaus  plexxipus)  and  their  host  plants  {Asclepias 
spp.)  has  led  to  the  establishment  of  the  Iowa  Monarch  Conservation  Consortium  to  support  the 
implementation  of  a  sustainable  conservation  initiative  for  Iowa.  Iowa  State  University  members 
of  the  consortium  are  conducting  a  project  that  focuses  on  whether  D.  plexxipus  oviposition  rates 
are  influenced  by  host  plant  density  and  habitat  type.  The  effects  of  plant  density  on  oviposition 
preference  were  examined  by  monitoring  monarch  eggs  on  2m2  plots  of  1,  5,  or  10  plants  of 
common  milkweed  (A.  syriaca)  and  swamp  milkweed  (A.  incarnata).  A.  syriaca  and  A. 


incarnata  plants  were  transplanted  from  the  greenhouse  into  riparian  buffer  strips,  prairies,  and 
conservation  reserve  program  lands  on  collaborating  farms  in  central  Iowa.  Each  plot  of  1,  5,  or 
10  plants  was  arranged  10m  apart  in  an  equilateral  triangle  with  four  replicates  at  least  100m 
apart  at  each  farm.  Preliminary  results  indicate  that  for  all  triangles  (replicates)  with  at  least  one 
egg  there  is  no  significant  difference  between  host  plant  densities  of  1,  5,  or  10  plants.  However 
there  is  a  preference  for  riparian  habitat  in  the  beginning  of  the  season  as  the  monarch  butterfly 
completes  its  journey  north  from  the  overwintering  sites  in  Mexico.  If  this  is  the  case,  focusing 
on  implementing  monarch  habitat  (including  milkweed  and  companion  plants)  into  riparian 
zones  may  be  effective  as  a  monarch  conservation  strategy. 
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Abstract  text: 

The  monarch  butterfly  is  an  iconic  North  American  species  which  has  experienced  dramatic 
population  declines  in  the  last  two  decades.  Until  recently,  common  milkweed  was  widespread  in 
Midwestern  field  crops,  allowing  these  landscapes  to  support  a  large  late  summer  population 
forming  the  bulk  of  the  overwintering  generation  in  Mexico.  But  since  the  late  1990s  adoption  of 
herbicide-resistant  corn  and  soybean  has  nearly  eliminated  milkweeds  from  millions  of  acres  of 
the  Midwest.  To  compensate  for  the  losses  of  milkweed  in  crops,  conservation  habitats  for 
monarchs  must  be  highly  productive.  During  the  summer  of  2016  we  investigated  factors 
influencing  the  productivity  of  monarch  breeding  habitat  by  monitoring  ovipositioning  rates  and 
survival  of  eggs  and  larvae  on  milkweed  grown  in  experimental  plots  of  crop  (corn  and  soy)  and 
non-crop  habitats  (bare  soil,  turf  grass,  and  mixed  grass  and  forbs).  Within  these  treatments  we 
also  measured  natural  enemy  communities  and  tested  the  effect  of  predation  using  exclosures. 

We  observed  evidence  for  differential  productivity  of  monarch  habitat  as  a  function  of 
attractiveness  for  ovipositioning  and  predation  pressure  on  eggs  and  larvae.  Additional  research 


is  needed  to  assess  the  landscape-level  implications  for  these  findings  and  optimize  the  design  of 
monarch  conservation  habitat. 
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Urbanization  affects  ecosystems  around  the  world,  leading  to  habitat  loss,  fragmentation,  and 
degradation.  These  factors  have  been  identified  as  contributing  to  the  decline  of  the  eastern 
monarch  butterfly  population  (Danaus  plexippus).  Furthermore,  altered  landscapes  can  influence 
the  interactions  between  host  organisms  and  their  parasites  by  changing  the  distribution  and 
abundance  of  habitat  resources.  Monarchs  rely  exclusively  on  milkweeds  as  a  host  plant,  and  can 
be  infected  with  several  parasites,  providing  an  opportunity  to  evaluate  these  interactions.  The 
objectives  of  this  study  were  to  compare  parasitism  rates  to  landscape  context  (remotely  sensed 
data)  and  host  plant  and  floral  resource  availability  (field  collected  data).  Experimental  plots 
were  established  at  garden  sites  around  Stillwater,  Oklahoma  by  planting  three  tropical  milkweed 
(Asclepias  curassavica)  plants  at  each  location.  Sites  were  monitored  for  monarch  larvae  during 
the  fall  (mid- August  through  October)  of  2015.  To  quantify  parasitism  rates,  4th  and  5th  instar 
monarch  caterpillars  were  collected  and  reared  individually  in  the  lab.  Late  instar  monarch 
caterpillars  were  collected  from  91.7%  of  our  sites,  and  either  Ophryocystis  elektroscirrha  or 
tachinid  fly  parasitism  was  observed  at  81.8%  of  these  sites.  There  was  no  association  between 
the  amount  of  flowering  resources  and  the  parasitism  rate  per  location.  However,  sites  that  had  a 
higher  percentage  of  developed  land  cover  types  had  lower  parasitism  rates  than  natural  areas. 
Examining  how  additional  landscape  characteristics  and  environmental  factors  influence 
monarch-milkweed-parasite  interactions  will  provide  insights  into  the  contribution  of  urban  areas 
to  support  the  monarch  population,  with  important  implications  for  urban  wildlife  ecology  and 
conservation. 
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Abstract  text: 

Increasing  human  population  and  habitat  degradation  is  heightening  the  stress  on  the 
environment,  forcing  many  species  towards  extinction.  Endangered  or  threatened  species 
management  is  often  based  on  practices  that  offer  ease  of  resources,  accessibility,  and 
implementation.  These  compromises  can  lead  to  an  inadequate  understanding  of  species 
dynamics.  Instead,  we  must  understand  the  species’  appropriate  response  to  particular 
management  efforts.  Using  population  models,  age-specific  demography  and  individual 
energetics  can  provide  a  better  understanding  of  these  dynamics. 

Our  model  aims  to  understand  the  adaptive  capacity  of  the  endangered  Karner  Blue  Butterfly 
{Lycaeides  melissa  samuelis,  KBB)  with  its  local  environment  and  potential  climatic  changes. 
With  life  stage  transition  probabilities  gathered  from  our  long-term  captive  rearing  colony,  we 
formulated  a  stage-based  matrix  model  to  identify  data  most  critical  to  understanding  life  stage 
sensitivity.  We  incorporated  this  explicitly  derived  simpler  model  into  an  individual-based  model 
to  examine  the  relations  between  the  individual  and  the  population.  The  parameter  estimates, 
spatial  scales,  heterogeneities,  and  stochastic  events  are  estimated  from  previous  field,  lab,  and 
computer  simulation  studies  on  the  KBB.  Population  projections  were  used  to  perform  a 
sensitivity  analysis  under  various  imposed  management  and  climate  change  situations.  Current 
management  actions  have  been  focused  on  larvae  and  their  obligate  host  plant,  wild  blue  lupine 
(. Lupinus  perennis).  Our  results  show  that  protection  efforts  should  be  directed  towards  an 
alternative  critical  life  stage,  in  order  to  best  protect  the  endangered  species  continued 
persistence. 
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Abstract  text: 

Mountains  of  southwestern  North  America  provide  a  natural  laboratory  to  test  hypotheses  related 
to  biodiversity  in  fragmented  habitats.  Within  Arizona,  the  convergence  of  temperate  and 
subtropical  biota,  highly  variable  topography,  and  an  abundance  of  different  microclimates 
create  a  uniquely  biodiverse  region.  We  utilized  the  genus  Neophasia  to  test  hypotheses  relating 
to  dispersal  and  genetic  divergence  of  butterflies  in  fragmented  and  continuous  ponderosa  pine 
habitats.  Neophasia  menapia ,  the  pine  white  butterfly,  ranges  from  central  Arizona,  central  New 
Mexico,  and  southwest  Texas  northward  to  British  Columbia.  Neophasia  terlooii ,  the  Mexican 
pine  white  butterfly,  ranges  from  the  northernmost  Sky  Islands  in  southeastern  Arizona 
southward  to  central  Mexico.  We  investigated  the  phylogeography  of  Neophasia  in  Arizona  at 
the  ecotone  between  the  temperate  Rocky  Mountain  ecoregion  to  the  north  and  the  subtropical 
Madrean  ecoregion  to  the  south.  Butterflies  were  collected  from  multiple  locations  along  their 
southern  ( N .  menapia)  and  northern  ( N .  terlooii )  range  boundaries.  We  utilized  ddRADseq  and 
the  NextSeq  Illumina  platform  to  generate  up  to  18,000  SNPs  for  phylogenomic  and  population 
genomic  analyses.  Specifically,  we  determined  population  structure  and  generated  population- 
level  phylogenies.  The  Sky  Islands  are  dispersal  barriers,  as  N.  terlooii  forms  monophyletic 
clades  and  discrete  populations  respective  to  each  mountain  range.  N.  menapia  is  largely 
panmictic  in  Arizona,  but  the  Grand  Canyon  may  act  as  a  dispersal  barrier.  The  outcome  of  this 
study  will  infer  how  climate  and  habitat  changes  influence  the  distribution  and  diversification  of 
butterflies  restricted  to  periodically  fragmented  mountain  habitats. 
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Abstract  text: 

Fender’s  blue  butterfly,  Plebejus  icarioides  fenderi  (Macy),  is  a  federally  endangered  species 
which  survives  in  remnant  native  prairie  habitat  in  Oregon’s  Willamette  Valley.  Less  than  1%  of 
historic  Fender’s  habitat  remains  and  much  of  that  has  been  degraded  by  invasive  grasses  and 
forbs.  To  date,  research  involving  habitat  restoration  for  Fender's  blue  has  focused  primarily  on 
how  invasive  vegetation  affects  the  adult  stage,  but  recent  work  suggests  ant  tending  may 
significantly  increase  survivorship  in  Fender's  blue  larvae,  resulting  in  a  higher  population 
growth  rate.  Fender's  blue,  like  ~45%  of  all  lycaenids,  maintains  a  facultatively  mutualistic 
relationship  with  ants.  Our  work  indicates  that  Fender's  blue  larvae  are  tended  by  at  least  seven 
ant  species  in  as  many  genera.  Here,  we  systematically  document  ant  tending  in  post-diapause 
Fender's  blue  larvae  by  its  ant  mutualists  during  the  active  larval  feeding  season  in  2015  and 
2016.  We  examine  biotic  and  abiotic  factors  associated  with  ant  tending  in  the  West  Eugene 
population  with  a  specific  focus  on  the  vegetation  structure  gradient  among  nine  sites  grouped 
into  three  areas  of  observation.  We  also  attempt  to  quantify  specific  tending  behavior  associated 
with  each  ant  species.  Our  results  aim  to  inform  restoration  efforts  relative  to  the  potential 
influence  of  invasive  species  on  vegetation  structure  during  the  Fender’s  blue  larval  phase,  a 
stage  that  may  be  more  significant  than  previously  documented. 
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Knowing  the  distribution  of  a  certain  species  is  a  crucial  factor  in  applying  effective  conservation 
measures.  The  Predictive  Distribution  Modeling  method  is  a  computational  technique  that  can  be 
very  useful  for  species  conservation  because  it  can  estimate  the  distribution  of  new  populations 
of  a  rare  species  based  on  known  points  of  occurrence.  This  study  aims  to  analyze  the  state  of 
conservation  of  the  Riodinidae  butterfly  Stichelia  pelotensis  Biezanko,  Mielke  &  Wedderhoff, 
[1979],  which  is  on  the  Red  List  of  Threatened  Fauna  Species  of  Rio  Grande  do  Sul  State 
(Southern  Brazil),  in  the  “CR”  (Critically  endangered)  category.  After  performing  an  ensemble 
of  the  Distribution  Predictive  Models  generated  by  the  algorithms  Envelope  Score  and 
Environmental  Distance,  it  was  observed  that  there  is  a  high  probability  of  finding  S.  pelotensis 
in  the  eastern  region  of  the  Rio  Grande  do  Sul  State,  especially  along  the  inland  coast  of  the 
Lagoa  dos  Patos.  Additionally,  it  was  found  that  four  conservation  lands  are  located  in  areas  of 
high  environmental  suitability  for  this  species.  In  conclusion  we  point  to  the  importance  of  more 
field  samplings  with  the  goal  of  finding  new  populations  in  this  indicated  auspicious  region  for 
the  species. 
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Odonates,  as  charismatic  insects  with  aquatic  larval  stages,  are  present  in  many  museum 
collections  and  can  serve  as  indicators  of  habitat  health.  The  Frost  Entomological  Museum  at 
Penn  State  University  is  in  the  process  of  digitizing  the  George  H.  and  Alice  F.  Beatty  collection 
of  60,000  odonate  specimens.  Digitization  of  this  collection  has  liberated  data  associated  with 
thousands  of  specimens,  including  rarely  collected  species,  which  can  be  utilized  for  generating 
niche  models  to  identify  patterns  of  species  distributions  over  time.  The  addition  of  these 
digitized  records  and  associated  location  data  from  field  notes  to  the  TaxonWorks  database  has 
increased  and  sometimes  doubled  the  number  of  records  of  georeferenced  odonates  available 
online.  Compiled  with  georeferenced  specimens  currently  available  in  databases,  ecological 
niche  models  were  generated  for  10  species  in  25  year  increments  for  the  first  time,  tracking  the 
shift  of  odonate  habitats  over  the  past  75  years.  Identification  of  the  edaphic  and  climatic  factors 
driving  odonates  can  be  used  for  sampling  efforts  to  reduce  bias  in  museum  collections.  The 
models  generated  for  species  found  in  Pennsylvania  were  tested  by  sampling  at  several  locations 
that  fit  the  predicted  niches. 
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Stilt-legged  flies  in  the  genus  Micropeza ,  while  also  found  across  the  Holarctic,  are  particularly 
diverse  in  the  Neotropical  region,  with  the  known  Central  American  fauna  surpassing  every 
ecozone  besides  South  America.  Previous  studies  have  reported  a  total  of  21  described  species  as 
occurring  in  the  region,  however  little  work  has  been  done  on  this  fauna  since  the  1930s.  By 
examining  nearly  a  century's  worth  of  accumulated  material  from  several  major  natural  history 
museums,  and  using  a  combination  of  comparative  morphology  and  molecular  phenetics,  a  new 
estimate  of  the  diversity  of  the  genus  in  Central  America  will  be  discussed  and  new  taxa 
introduced,  while  unusual  and  unique  morphological  characteristics  known  only  from  this  region 


will  be  used  to  illustrate  why  further  field  work  is  necessary,  particularly  the  continued  study  of 
natural  history  using  field  observations. 
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High  Nature  Value  (HNV)  farmland  represents  a  new  approach  to  the  identification  and 
monitoring  of  areas  of  conservation  importance  in  farming  landscapes  throughout  Europe.  In  the 
West  of  Ireland,  many  of  these  areas  are  contained  within  wet  grassland  habitats  which  can 
sustain  a  high  diversity  of  invertebrates.  Broad  scale  conservation  planning  generally  overlooks 
invertebrates  due  to  constraints  surrounding  the  rapid  identification  of  large  samples.  More 
recently  however,  the  molecular  identification  of  bulk  arthropod  samples  has  been  proposed  as  a 
possible  method  for  generating  species  richness  values  for  habitats  of  interest.  Given  that  the  cost 
of  implementing  molecular  analysis  on  a  site-by-site  basis  for  HNV  identification  is  currently  not 
realistic,  invertebrate  surrogates  of  biodiversity  will  be  required  to  facilitate  future 
selection/monitoring  of  sites.  With  this  in  mind  we  collected  invertebrates  from  ten  wet  grassland 
habitats  and  identified  two  known  invertebrate  bioindicators  (Diptera:  Sciomyzidae  and 
Syrphidae)  to  species  level  using  traditional  taxonomy.  We  also  identified  nine  other  families  of 
Diptera  using  parataxonomy  and  are  currently  employing  molecular  methods  to  identify  the 
remaining  invertebrates  within  the  by-catch.  Our  work  will  compare  the  species  richness  of  each 
using  cross  taxon  congruence  between  the  groups  and  identify  environmental  variables  which 
contribute  towards  invertebrate  species  richness.  Preliminary  data  analysis  has  already  shown 
important  relationships  between  invertebrate  species  richness  and  environmental  variables  with 
implications  for  HNV  selection.  This  research  will  provide  a  means  by  which  invertebrates  could 
be  included  in  future  HNV  conservation  strategies. 
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A  revision  of  the  NZ  Pselaphini  will  constitute  one  of  the  few  efforts  to  resolve  a  taxon  of 
pselaphines  above  the  level  of  genus.  Revising  the  NZ  fauna  is  critical  to  understanding  global 
pselaphine  diversity  because  1)  it  represents  one  of  the  most  poorly  documented  assemblages  of 
genera,  and  2)  the  long  history  of  faunal  isolation  has  led  to  diversification  of  phylogenetically 
basal  taxa  (Leschen  et  al.  2003,  2010).  Almost  66%  of  NZ  pselaphine  species  were  described  by 
Thomas  Broun  (1883-1922),  highlighting  the  need  for  updated  revisions.  The  Pselaphini 
constitutes  321  species  in  22  genera  worldwide.  In  NZ,  it  contains  19  species  in  four  genera, 
most  in  the  Eurocentric  genus  Pselaphus.  Questions  surrounding  boundaries  of  Pselaphus  in  NZ 
relative  to  congeners  in  other  regions  make  resolution  of  the  NZ  regional  fauna  critical  to 
modernizing  the  tribal  framework,  globally.  Based  on  the  revision  of  NZ  Faronini  (Park  and 
Carlton  2013),  numerous  new  species  and  synonomies  are  expected. 

Approximately  1200  specimens  of  NZ  Pselaphini  have  been  examined  to  date.  These  represent 
the  entirety  of  U.S.  holdings,  mainly  from  the  Louisiana  State  Arthropod  Museum  (LSAM, 
Baton  Rouge,  LA)  and  the  Field  Museum  of  Natural  History  (FMNH,  Chicago,  IL).  Preliminary 
observations  of  material  at  the  New  Zealand  Arthropod  Collection  (NZAC),  Auckland,  suggest 
that  approximately  the  same  number  of  Pselaphini  specimens  are  present  in  that  collection.  The 
majority  of  holotypes  are  held  in  the  British  Museum  of  Natural  History  (BMNH, 

London).  Plans  are  in  place  to  visit  those  collections  in  the  near  future. 
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Burying  beetles  in  the  genus  Nicrophorus  are  carrion  feeding  beetles  that  display  cooperative 
brood  care  behavior.  Historically,  the  American  burying  beetle  (ABB)  (Olivier)  (Coleoptera; 
Silphidae)  was  ubiquitous  across  the  eastern  United  States.  It  is  currently  limited  to  three  viable 
populations:  Southeast  OK,  Block  Island,  RI,  and  Central  NE.  The  McAlester  Army 
Ammunition  Plant  (McAAP),  located  in  SE  OK,  continues  to  have  high  ABB  activity  levels 
within  its  boundaries.  This  population’s  density  is  being  estimated  through  intensive  sampling 
using  mark  and  recapture  techniques. 

During  the  first  two  years  of  the  study  ABB  were  relocated  from  development  sites  to  the  James 
Collins  Wildlife  Management  Area  (JCWMA)  to  an  area  with  a  known  ABB  population.  During 
the  two  years  of  relocation  and  the  following  year,  the  local  population  was  monitored  to  assess 
the  impact  of  continual  introduction  of  individuals  to  an  established  population. 
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Introduction:  Chitin  deacetylases  (CD As)  are  extracellular-modifying  enzymes  that  deacetylate 
chitin  to  produce  chitosan.  In  insects,  this  modification  may  contribute  to  the  affinity  and/or 
cross-linking  of  chitin/chitosan-like  polysaccharides  for  a  variety  of  structural  proteins,  which 
may  lead  to  diverse  mechanical  properties  of  the  cuticle.  Insect  CDAs  are  divided  into  five 
groups  based  on  phylogenetic  analysis.  Group  I  includes  DmCDAl  ( serpentine )  and  DmCDA2 
(vermiform)  from  D.  melanogaster ,  which  play  roles  in  development  and  morphology  of 
embryonic  tracheal  tubes.  We  previously  reported  the  functional  importance  of  two  group  I 
CDAs,  TcCDAl  and  TcCDA2,  from  Tribolium  castaneum  in  molting,  morphology  of  cuticle, 
and  movement  of  legs.  In  this  study,  we  further  analyze  ultrastructural  defects  of  the  cuticles  and 
leg  joints  in  TcCDAl-  and  TcCDA2-deficient  insects. 

Methods:  Immunohistochemistry  and  immunogold  labeling  TEM  were  performed  to  analyze 
TcCDAl  localization.  Ultrastructural  defects  of  the  cuticles  and  morphology  of  the  femoral-tibial 
joints  were  observed  by  TEM  and  CLSM. 

Results/Conclusions:  TcCDAl  is  mainly  present  in  the  innermost  procuticle  region  called  the 
“assembly  zone”.  Loss  of  function  of  TcCDAl  and  TcCDA2  causes  disorganized  chitinous 
horizontal  laminae  and  vertical  pore  canals  of  rigid  adult  cuticle  (e.g.  elytron).  Both  proteins  are 
also  required  for  laminal  organization  in  soft  cuticle  (e.g.  hindwing).  The  hypomorphic  adult 
phenotype  produced  by  RNAi  for  TcCDAl  exhibits  a  defect  in  movement  of  femoral-tibial  joints 
similar  to  that  observed  in  TcCDA2a-deficient  adults.  Ruptured  tendons  between  femur  and  tibia 
were  evident.  Group  I  CDAs  are  critical  for  molting,  morphology  and  mobility  in  insects. 

This  work  was  supported  by  NRF  (NRF-2015R1A2A2A01006614). 
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Locusts  are  grasshoppers  showing  density-dependent  phase  polyphenism.  Solitary,  cryptically 
colored  individuals  transform  to  a  conspicuously  colored  gregarious  form  in  response  to  high 
population  densities,  resulting  in  the  formation  of  dense  migratory  swarms.  Upon  low  population 
density,  the  reverse  process  takes  place.  In  contrast  to  the  morphological  and  behavioral 
characteristics  of  this  phase  polyphenism,  its  molecular  basis  is  not  well  known.  Up  to  now,  only 
two  locust  species  are  well  studied:  the  migratory  locust  ( Locusta  migratoria)  and  the  desert 
locust  ( Schistocerca  gregaria).  In  these  species,  EST  libraries  and  RNA  sequencing  were  used  to 
shed  a  first  light  on  the  molecular  differences  between  both  locust  phases.  In  our  study,  we 
continue  the  search  for  genes  involved  in  density-dependent  phase  polyphenism  in  another  locust 
species,  the  Central  American  locust  (S.  piciefrons ),  and  two  closely  related  grasshoppers:  S. 
americana  and  S.  serialis  cubense.  These  two  species  are  not  known  to  swarm  in  the  wild,  but 
show  clear  characteristics  of  density-dependent  phase  plasticity  in  the  lab.  We  performed  RNA 
sequencing  in  this  interesting  set  of  three  closely  related  species.  This  gives  us  the  opportunity  to 
compare  the  expression  of  RNA  between  both  the  two  locust  phases  and  between  species 
showing  different  degrees  of  density-dependent  phase  plasticity  and  swarming. 
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In  the  majority  of  insect  lineages,  development  begins  as  a  syncytial  embryo.  This  means  that 
there  is  a  series  of  nuclear  divisions  and  movements  within  a  single  shared  cytoplasm.  First,  the 
nuclei  move  through  the  viscous  fluid  of  the  cytoplasm,  becoming  a  single  layer  around  the  yolk. 
Then,  the  nuclei  undergo  coordinated  flows  at  the  periphery  of  the  egg,  physically  segregating 
distinct  lineages  of  tissues.  Such  nuclear  movements  are  poorly  understood,  even  in  the  well 


studied  Drosophila  melanogaster.  Moreover,  those  aspects  of  post-blastoderm  dynamics  that 
have  been  elucidated  in  Drosophila  are  unlikely  to  be  representative  of  all  insects.  We  are 
therefore  examining  these  developmental  events  in  an  insect  that  branches  basally  with  respect  to 
the  most  well-studied  model  species.  We  use  light  sheet  microscopy  to  live-image  transgenic 
embryos  of  the  cricket  Gryllus  bimaculatus  with  high  temporal  resolution.  We  automatically 
detect  and  track  nuclei,  and  then  quantitatively  characterize  early  divisions  and  movements  of 
thousands  of  nuclei  in  3D  space  for  up  to  12  hours  at  a  time.  This  has  enabled  us  to  uncover  early 
differentiation  of  cellular  behaviors  in  the  absence  of  gene  expression  information.  We  also 
describe  how  the  geometric  organization  of  nuclei  changes  over  time,  prefiguring  the  spatial 
arrangement  of  newly  formed  embryonic  cells.  Taken  together,  this  work  sheds  light  on  how 
early  nuclear  movements  contribute  to  the  formation  of  the  insect  embryo. 
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The  seabuckthorn  carpenter  moth  (SBCM)  Eogystia  hippophaecolus  (Hua  et  al.)  (Lepidoptera: 
Cossidae)  is  the  major  threat  to  seabuckthorn  plantations  in  China.  Currently, a  highly  efficient 
artificial  sex  pheromone  trap  is  used  to  control  the  adult  population.  However,  the  molecular 
basis  involved  in  pheromone  recognition  has  not  been  studied.  We  established  the  antennal 
transcriptome  of  SBCM  and  constructed  the  expression  profile  of  olfactory  proteins.  15 
transcripts  encoding  putative  odorant-binding  proteins  (OBPs),  17  putative  chemosensory 
proteins  (CSPs),  63  odorant  receptors  (ORs),  13  gustatory  receptors  (GRs),  10  ionotropic 
receptor  (IR)  and  2  sensory  neuron  membrane  proteins  (SNMPs)  were  identified.  A  vast  majority 
of  OBPs  showed  highest  expression  in  antennae,  and  OBP5,  OBP6,  OBP9  and  OBPIO  were 
extremely  antennal  biased,  which  revealed  that  the  primary  functions  of  OBPs  were  binding  and 
transporting  odor  in  antennal  reorganization  progress.  OBP7  showed  biased  expressed  in  male 
external  genitalia;  this  was  the  direct  molecular  evidence  that  HhipOBBl  may  be  responsible  for 
pheromone  binding  and  recognition  and  helpful  in  mating  with  females.  Only  OBP1  was  most 


highly  expressed  and  biased  in  the  foot,  which  may  have  a  relationship  with  identification  the 
plant  volatiles  of  host.  Phylogenetic  analysis  showed  that  HhipORAl  maybe  the  Oreo,  and  that 
HhipGR\3  may  detect  sugar.  These  results  establish  the  basis  of  the  olfactory  system  and  may 
facilitate  the  revelation  of  olfactory  receptive  mechanisms,  further  providing  a  theoretical  basis 
for  new  pest  control  methods. 
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MicroRNA  (miRNA)  plays  a  role  in  nearly  all  biological  pathways  and  therefore  may  provide 
opportunities  to  develop  new  means  to  combat  the  Hessian  fly,  Mayetiola  destructor ,  a 
destructive  pest  of  wheat.  This  study  presents  a  comprehensive  analysis  of  miRNA  species  via 
deep-sequencing  samples  from  different  stages  of  Hessian  fly.  A  total  of  921  unique  miRNA 
species  were  identified.  Putative  miRNA-encoding  genes  were  also  analyzed  for  each  miRNA 
species.  The  majority,  594  miRNA  species,  have  only  one  putative  coding  gene,  and  the  three 
largest  families  had  14,  23  and  34  putative  coding  genes,  respectively.  In  addition,  putative 
target  genes  potentially  regulated  by  individual  miRNAs  were  identified  for  490  miRNA  species 
based  on  known  criteria  for  miRNA  targets.  The  putative  target  genes  are  involved  in  a  wide 
range  of  processes  from  nutrient  metabolism  to  encoding  effector  proteins.  Expression  analysis 
of  isogenes  in  a  gene  family  revealed  differential  expression  patterns  specific  to  different 
developmental  stages,  suggesting  that  different  isogenes  are  regulated  by  different  mechanisms, 
or  pre-miRNAs  had  other  functions  in  addition  to  being  an  intermediate  for  miRNA 
biogenesis.  The  large  set  of  miRNA  species  identified  here  provides  a  foundation  for  future 
research  on  miRNA  functions  in  Hessian  fly  and  for  comparative  studies  in  other  species.  The 
differential  expression  patterns  between  pre-miRNA  and  its  encoded  mature  miRNA  in  a  multi¬ 
gene  family  is  an  initial  step  toward  understanding  the  functional  significance  of  isogenes  in  the 
dramatically  expanded  miRNA  families. 
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Sterile  Insect  Technique  (SIT)  is  a  successful  autocidal  biological  control  method  that  uses 
ionizing  radiation  to  sterilize  insects.  Irradiation  effectively  sterilizes  insects  by  causing 
dominant  lethal  double  stranded  DNA  breaks,  but  irradiation  also  has  side  effects  including 
substantial  oxidative  stress  that  reduces  the  mating  success  of  sterile  males.  Oxidative  stress  is  a 
pervasive  factor  that  can  influence  many  aspects  of  organismal  life  histories,  including 
reproduction.  In  this  study,  we  hypothesize  that  enhancing  antioxidant  capacity  will  reduce 
oxidative  stress  and  increase  male  mating  success  in  the  Caribbean  fruit  fly  Anastrepha 
suspensa.  By  overexpressing  a  key  antioxidant  enzyme,  the  mitochondrial  superoxide  dismutase 
(MnSOD),  in  A.  suspensa ,  we  can  test  whether  increasing  antioxidant  capacity  will  decrease 
oxidative  stress  and  increase  mating  success  after  irradiation  sterilization.  We  successfully 
produced  seven  transgenic  lines  that  overexpress  SOD  and  showed  superoxide  dismutase 
enzymatic  activity  up  to  130%  more  than  wild-type  flies.  Our  results  suggest  that  at  least  two 
SOD  lines  exposed  to  radiation  had  greater  mating  success  than  irradiated  wild  type  flies.  Future 
investigations  will  evaluate  whether  overexpression  of  SOD  is  correlated  with  decreased 
oxidative  damage  to  DNA,  lipids,  and  proteins.  The  results  from  this  research  can  help  us  to 
better  understand  both  the  evolution  of  female  mate  choice  and  improve  insect  pest  management 
techniques,  such  as  the  SIT. 
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Abstract  text: 

Little  is  known  about  the  role  of  learning  in  the  context  of  sexual  behaviours  in  insects.  The 
existing  studies  have  been  done  on  Drosophila  melanogaster  and  suggest  that  mate  choice  and 
oviposition  substrate  selection  are  subject  to  change  based  on  previous  experience.  The  present 
study  investigated  such  learning  in  a  serious  phytopathogen  vector,  the  Asian  citrus  psyllid, 
Diaphorina  citri  (Hemiptera:  Liviidae).  In  D.  citri,  which  mate  throughout  their  lives,  learning 
in  the  context  of  sexual  behaviours  may  increase  the  likelihood  of  successful  mating.  In  females, 
two  aspects  of  behaviour  were  investigated:  the  influence  of  natal  host  species  on  adult  settling 
and  oviposition  host  preference,  and  the  effect  of  the  first  mating  experience  on  future  mate 
choice.  In  males,  we  investigated  whether  female  odour  is  learned  after  mating  experience.  The 
results  showed  that  females  appear  to  oviposit  onto  host  plants  similar  to  their  own  natal 
environment,  likely  to  avoid  plant  defensive  toxins  that  may  be  fatal  to  their  offspring.  Females 
also  demonstrate  the  ability  to  discriminate  between  males  based  on  abdominal  colour  and  later 
avoid  males  bearing  certain  traits,  perhaps  associated  with  reproductive  immaturity. 
Alternatively,  male  psyllids  appear  to  learn  about,  and  are  attracted  to,  odours  associated  with 
receptive  females.  We  conclude  that  in  D.  citri ,  learning  may  modulate  oviposition  preference 
and  mate  choice  in  females,  and  male  recognition  of  female  conspecifics.  These  data  suggest  the 
adaptive  significance  of  learning  such  that  those  individuals  that  learn  may  increase  the 
likelihood  of  successful  reproduction. 
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Biogenic  amines  regulate  the  proximate  mechanisms  underlying  most  behavior.  These 
molecules  cause  the  physiological  changes  in  the  individual  that  lead  to  a  behavior.  While  the 
role  of  biogenic  amines  is  relatively  understood  in  individuals,  how  biogenic  amine-mediated 
individual  responses  influence  group  behavior  is  not  fully  understood.  Here,  we  explore  how 
changes  in  biogenic  amines  can  modulate  the  performance  of  a  group-performed 
thermoregulatory  fanning  behavior  in  honeybees.  The  concentrations  of  two  biogenic  amines, 
octopamine  and  tyramine,  are  significantly  lower  in  active  fanners  than  in  non-fanners.  We  then 
establish  a  causal  relationship  by  demonstrating  that  honeybees  treated  with  these  biogenic 
amines  showed  decreased  fanning  responses,  but  only  when  both  amines  were  included  in  the 
treatment.  This  is  the  first  evidence  that  fanning  behavior  is  influenced  by  these  two  biogenic 
amines  and  this  finding  is  consistent  with  other  studies  of  the  role  of  these  amines  in  regulating 
insect  behavior.  This  exploration  of  the  proximate  physiological  mechanisms  that  mediate 
fanning  behavior  increases  our  understanding  of  what  triggers  individuals  to  behave  and  how 
individual  behavior  coordinates  with  group  responses. 
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The  red  imported  fire  ant  {Solenopsis  invicta )  was  introduced  to  the  U.S.  in  1930  and  has  since 
become  an  increasingly  significant  medical,  agricultural  and  economic  pest.  There  is  an  urgent 
need  to  find  novel  pest  control  strategies.  In  fire  ants,  workers  are  classified  into  morphological 
sub-castes  based  on  body  size  (major,  medium  and  minor).  Worker  ants  are  responsible  for  tasks 


related  to  foraging,  nursing  and  protecting  the  nest.  Therefore,  disruption  of  the  task  allocation 
can  be  used  to  control  fire  ants.  Our  hypothesis  is  that  brains  of  workers  allocated  to  different 
tasks  and/or  from  different  sub-castes  express  different  transcriptomes,  and  transcriptional  data 
of  the  worker  brain  during  task  allocation  could  give  insight  to  genes  involved  in  task  regulation. 
This  could  be  key  in  understanding  gene  network  interactions  in  fire  ants  and  other  social  insects. 
Transcriptomes  of  dissected  worker  brains  pursuing  a  specific  task  were  analyzed  and 
differentially  expressed  transcripts  between  morphological  sub-caste  workers  and  task  allocated 
workers  were  identified. 
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Robber  flies  are  the  third  largest  family  of  Diptera,  and  by  this  metric,  the  most  successful 
predatory  lineage  in  that  order.  Part  of  this  success  may  be  owed  to  their  use  of  venom,  a 
completely  unique  strategy  among  adult  dipterans.  However,  despite  this  species  diversity  and 
biological  novelty,  very  few  studies  have  examined  robber  fly  venom  and  almost  nothing  is 
known  about  the  proteins  or  genes  involved.  This  study  compares  transcriptomes  from  multiple 
flies  to  identify  patterns  of  selection  in  putative  venom  genes.  Results  and  conclusions  are 
pending  further  data. 
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Phytophagous  insects  are  faced  with  the  challenge  of  exploiting  suboptimal  plant  food  for  their 
nutritional  requirements  and  minimizing  the  toxicity  related  to  plant  defensive  components.  It  is 
known  that  certain  plant-manipulating  insects  use  effector  proteins  to  modify  the  nutrient  or 
structural  phenotype  of  their  host,  but  the  origin  and  taxonomic  breadth  of  these  effectors  remain 
unknown.  To  improve  our  understanding  of  how  insect  effectors  modify  plant  nutrients  or 
structure  we  sequenced  and  characterized  several  transcriptomes  within  the  hemipteran 
Phylloxeridae  family,  which  contain  species  without  stable  nutritional  endosymbionts  that  have 
diversified  in  their  ability  to  induce  various  structural  phenotypes,  i.e.,  galls.  We  also  did  a 
phylogenetic  analysis  to  compare  effector  candidate  gene  structure  identified  in  phylloxerids 
with  other  gall-inducing  insect  species.  Preliminary  results  indicated  that  gall-inducing 
phylloxerids  have  fewer  amino  acid  transporters  compared  to  a  free-living  phylloxerids  and  to 
free-living  aphid  relatives  that  maintain  endosymbionts.  This  suggests  the  ability  to  modify  the 
host  nutrient  environment  alters  gene  recruitment  for  insect  nutrition,  as  occurs  in  aphid- 
endosymbiont  relationships.  We  also  found  a  lineage-specific  expansion  in  candidate  effectors 
that  share  homology  with  secretory  peptides  found  in  other  galling  insects  and  bacteria.  Our 
results  show  that  gall  formation  constrains  insect  gene  content  similar  to  how  endosymbionts 
alter  insect  host  genomes.  Investigations  are  ongoing  to  understand  how  nutritional  symbioses 
and  host-plant  manipulation  differ  among  phylloxerids  with  several  life  histories. 
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Aphid-symbiont  interactions  are  critical  in  understanding  aphid  ecology  and  evolution.  Aphids 
can  harbor  several  secondary  symbionts  that  alter  important  aphid-related  ecological  traits,  such 
as  defense  against  natural  enemies,  heat  tolerance  and  host  plant  utilization.  One  of  these 
secondary  symbionts,  Spiroplasma,  is  one  of  the  least  known  secondary  symbionts  of  aphids, 
since  studies  with  this  symbiont  are  still  limited  geographically  and  to  a  narrow  number  of  aphid 
species.  Phenotypes  induced  by  secondary  symbionts  are  context-dependent,  thus  aphid  species, 
symbiont  strain  and  biogeography  may  change  the  outcome  of  the  interaction.  Currently, 
Spiroplasma  has  been  proven  to  influence  aphid  immune  defense  against  fungi  and  host  plant 
utilization  in  polyphagous  aphids  from  the  northern  hemisphere,  but  no  data  are  available  to 
aphid  model  systems  from  other  geographic  regions.  Here  we  investigate  the  association  of 
Spiroplasma  with  Toxoptera  citricida ,  an  oligophagous  aphid  from  tropical  regions.  We  used 
comparative  biology  and  transcriptome  analysis  to  explore  the  interaction  Spiroplasma  -  T. 
citricida  on  two  host  plants,  aiming  to  add  data  on  how  secondary  symbionts  influence  host  plant 
utilization  by  aphids.  Comparative  biology  analysis  of  Spiroplasma-infQctQd  and  uninfected 
sister  isolines  resulted  in  no  detectable  effects  of  Spiroplasma  on  host  biology  regardless  of  the 
host  plant  used.  However,  transcriptome  analysis  led  to  the  identification  of  several  differentially 
expressed  genes  depending  on  the  host  plant.  Therefore,  Spiroplasma  -  T.  citricida  interaction 
are  under  host  plant  influence  and  a  better  estimate  of  the  fitness  costs/benefits  of  such 
associations  to  the  aphid  will  require  further  selection  of  proper  stress  conditions. 
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Introduction:  Neonicotinoid  insecticides  are  under  worldwide  public  scrutiny  for  their  potential 
link  to  the  decline  of  honey  bee,  Apis  mellifera  L.,  and  other  pollinator  populations. 
Neonicotinoids  are  one  of  several  effective  seed  treatment  options  for  control  of  early  season 
insect  pests  in  cotton,  Gossypium  hirsutum  L.,  production  in  the  Mid-South. 

Methods:  A  meta- analysis  was  performed  on  102  neonicotinoid  insecticide  seed  treatment  trials 
from  Arkansas,  Louisiana,  Mississippi,  and  Tennessee  to  determine  the  value  of  neonicotinoid 
seed  treatments  in  cotton  production  systems  across  the  Mid-South  region  of  the  United  States. 
The  analysis  compared  neonicotinoid  insecticide  seed  treatments  with  a  fungicide  to  seed  only 
treated  with  fungicide.  When  analyzed  by  state,  cotton  yields  were  significantly  greater  in  all 
states  when  neonicotinoid  seed  treatments  were  used  compared  to  fungicide  only  treatments. 

Results/Conclusion:  Cotton  treated  with  neonicotinoid  treatments  yielded  86.0  kg  ha'1,  149.0  kg 
ha'1,  1 17.0  kg  ha'1,  and  140.0  kg  ha"1,  higher  than  fungicide  only  treatments  for  Arkansas, 
Louisiana,  Mississippi,  and  Tennessee,  respectively.  Across  all  states,  neonicotinoid  seed 
treatments  yielded  127.0  kg  ha'1  compared  to  fungicide  only  treated  seed.  Net  returns  from 
neonicotinoid  seed  treatment  usage  were  $1,849  per  ha'1  compared  to  $1,686  per  ha_1for 
fungicide  only  treated  seed  across  the  Mid-South.  Economic  returns  for  neonicotinoid  seed 
treatments  were  significantly  greater  than  fungicide  only  treated  seed  in  ten  out  of  fifteen  years. 
When  analyzed  by  state  economic  returns  for  neonicotinoid  seed  treatments  were  significantly 
greater  than  fungicide  only  treated  seed  in  Arkansas,  Louisiana,  Mississippi,  and  Tennessee, 
respectively. 
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Introduction:  Tobacco  thrips,  Frankliniella  fusca  (Hinds),  and  reniform  nematode,  Rotylenchulus 
reniformis  Linford  &  Oliveira,  are  important  early-season  pests  of  cotton  production 
systems.  Both  have  the  potential  to  delay  maturity  and  stunt  growth  which  can  result  in  reduced 
yields. 

Methods:  Research  was  conducted  in  2015,  in  Hamilton,  MS  to  evaluate  the  influence  of  tillage, 
seed  treatment,  and  nematicide  on  the  control  of  tobacco  thrips  and  reniform  nematodes. 
Treatments  consisted  of  two  levels  of  tillage,  (conservational  and  conventional  tillage);  six  levels 
of  seed  treatments  or  in-furrow  applications,  (imidacloprid  plus  thiodicarb,  imidacloprid, 
thiamethoxam  plus  abamectin,  thiamethoxam,  aceptate  plus  terbufos,  and  an  untreated  control); 
and  two  levels  of  nematicide,  (no  nematicide  and  1,  3-  dichloropropene). 

Results/Conclusion:  There  was  no  significant  three  way  interaction  between  nematicide 
treatment,  tillage  system,  and  seed  treatment  on  nematode  control,  thrips  control,  or  thrips 
damage.  There  was  an  interaction  between  seed  treatment  and  tillage  on  the  amount  of  thrips 
damage  sustained  where  conventionally  tilled  treatments  had  an  overall  increase  in  thrips 
damage  as  compared  to  conservationally  tilled  treatments,  and  acephate  plus  terbufos  provided 
the  greatest  control  against  thrips  damage  compared  to  other  seed  treatments.  Furthermore,  there 
was  a  main  effect  of  seed  treatment  on  thrips  populations  in  which  acephate  plus  terbufos 
provided  the  greatest  population  control.  When  variation  was  reduced  by  the  presence  of  a 
nematicide  there  was  separation  within  seed  treatment  in  respect  to  cotton  yield,  in  which 
treatments  containing  abamectin,  thiodicarb,  or  terbufos  yielded  higher  than  the  untreated 
control. 
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Frankliniella  fusca  Hinds  (Thysanoptera:  Thripidae)  is  a  serious  early  season  pest  of  seedling 
cotton  in  the  southeastern  United  States.  Historically,  thiamethoxam  and  imidacloprid  seed 
treatments  have  been  widely  used  to  confer  systemic  protection  to  cotton  seedlings  against  these 
insects.  However,  neonicotinoid  resistant  F.  fusca  populations  in  occur  commonly  in  cotton- 
producing  areas  of  the  southeastern  USA.  Imidacloprid  has  been  shown  to  deter  feeding  by  F. 
fusca.  Herein,  we  present  the  results  of  a  study  comparing  the  feeding  and  oviposition  by 
neonicotinoid-  resistant  and  susceptible  F.  fusca  on  cotton  seedlings  grown  from  thiamethoxam-, 
imidacloprid-,  and  non-treated  seed. 
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Introduction:  Peanuts  have  become  a  viable  option  in  a  producer’s  crop  rotation  on  both  irrigated 
and  non-irrigated  lighter  textured  soils.  Insect  pest  management  is  complex.  Historical  research 
has  shown  that  foliar  control  of  thrips  provides  little  benefit  in  peanut.  However,  some  pre¬ 
emergence  herbicides  can  cause  significant  injury  under  certain  environmental  conditions,  and  it 
is  not  clear  how  thrips  impact  seedling  peanuts  following  herbicide  injury.  The  objective  of  this 
study  was  to  evaluate  the  interactions  between  applications  of  Orthene  and  commonly  used  pre¬ 
emergence  and  post-emergence  herbicides. 

Methods:  Treatments  were  arranged  as  a  split-split-plot  within  a  RCBD  with  4  replications.  The 
main-plot  factor  was  flood  irrigation  at  2  levels,  flooded  and  not  flooded.  The  irrigation  factor 
was  included  to  maximize  herbicide  injury.  The  sub-plot  factor  was  herbicide  application  at  2 
levels.  They  included  a  pre-emergence  application  of  flumioxazin  (Valor®,  Valent  Co.)  or  no 


flumioxazin.  The  sub-sub-plot  factor  was  thrips  management  at  4  levels.  They  included  1,  2,  or  3 
applications  of  acephate  (Orthene  90S,  Valent  Co.)  and  an  untreated  control.  Thrips  densities 
were  determined  at  various  intervals  after  emergence  to  quantify  level  of  control.  Additionally,  5 
plants  were  removed  from  each  plot  at  23  days  after  planting  and  weighed  to  determine  biomass. 
Percent  canopy  closure  was  measured  at  64  and  75  days  after  planting.  At  the  end  of  the  season, 
plots  were  harvested  and  yields  were  determined. 

Results/Conclusion:  Applications  of  flumioxazin  and  acephate  each  impacted  plant  weights  and 
percent  canopy  closure.  Generally,  these  impacts  were  greater  where  peanuts  were  flood 
irrigated. 
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Introduction:  This  paper  will  address  reduced  insecticidal  efficacy  of  imidacloprid, 
thiamethoxam,  and  clothianidin  against  tobacco  thrips,  Frankliniella  fusca  (Hinds),  in  the  Mid- 
Southern  Region.  Over  the  past  several  years  tobacco  thrips,  have  become  an  increasing  problem 
throughout  the  cotton  cropping  systems  in  the  South.  Thrips  can  cause  a  delay  in  maturity  and 
cause  a  reduction  in  yield  if  not  controlled.  If  infestations  are  severe,  thrips  can  cause  a  loss  of 
apical  dominance  or  even  kill  plants.  Currently,  seed  treatments  are  the  primary  means  of 
controlling  tobacco  thrips  in  cotton.  It  is  critical  to  understand  the  potential  levels  of  resistance 
currently  established  in  populations  throughout  the  southern  region  of  the  U.S. 

Methods:  Dose-response  bioassays  with  the  three  commonly  used  neonicotinoid  insecticides 
were  performed  on  field-collected  adult  female  tobacco  thrips  during  May  and  June,  2014  and 


2015.  Populations  were  collected  from  agricultural  regions  in  Mississippi  from  wild  hosts  as  well 
as  from  insecticide-treated  crops. 

Results/Conclusion:  2014  results  showed  resistance  was  largely  limited  to  thiamethoxam  and 
clothianidin  in  the  Delta  region.  However,  2015  suggests  resistance  is  rapidly  increasing  to  all 
three  neonicotinoids  throughout  the  state.  Over  the  past  several  years  farmers  have  seen  a 
decrease  in  tobacco  thrips  control  from  thiamethoxam.  During  the  2015  growing  season  similar 
control  problems  with  imidacloprid  were  observed.  Further  research  is  planned  to  confirm 
findings  and  to  explore  the  mechanisms  that  are  responsible  for  resistance  to  these  insecticides. 
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Introduction:  Melon  thrips  is  a  serious  pest  of  various  vegetables,  fruits  and  ornamentals  posing 
greatest  challenge  to  control  owing  to  their  short  generation  time  with  high  reproductive  success, 
polyphagy,  cryptic  behavior,  and  less  susceptibility  to  different  classes  of  insecticides. 
Development  of  an  effective  integrated  pest  management  program  could  be  the  alternative  way 
to  control  this  insidious  pest.  The  present  study  was  conducted  to  find  out  the  host  preference  of 
melon  thrips  to  six  important  vegetable  crops  such  as  tomato,  snap  bean,  yellow  squash,  pepper, 
cucumber  and  eggplant. 

Methods:  The  crops  were  planted  on  raised  beds  which  were  covered  with  colored  mulches 
including  black  on  black,  white  on  black,  black  on  white,  silver  on  black,  silver  on  white  and  a 
control  having  no  mulch.  The  plot  size  for  each  crop  was  25  feet  long  and  were  arranged 
randomly  on  each  150  feet  long  mulch  which  was  designed  by  following  completely  randomized 
block  using  four  replications.  Sampling  was  done  by  collecting  five  full  grown  leaves  form  each 


plot.  Abundance  of  melon  thrips  in  each  square  centimeter  area  were  calculated  to  determine 
their  host  preference. 

Results/Conclusion:  Our  study  revealed  that  eggplant  was  the  most  preferable  host  followed  by 
cucumber,  bean,  squash  and  pepper,  and  tomato  was  the  least  preferable  host.  There  was  also  no 
significant  difference  in  abundance  between  no  mulch  and  regular  mulch.  However,  all  mulches 
had  significantly  less  number  of  insect  compared  to  no  mulch  in  first  sampling  date.  We  assume 
that  our  findings  will  be  helpful  to  control  melon  thrips. 
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Introduction:  The  tarnished  plant  bug  (TPB),  Lygus  lineolaris ,  and  thrips,  Franklinella  spp ,  are 
the  two  primary  pests  of  cotton.  Over  the  past  five  years,  these  two  pests  have  been  responsible 
for  nearly  75%  of  the  total  bales  of  cotton  lost  to  insect  pests  in  Tennessee.  Thrips  injure  plants 
by  sucking  juices  from  cotyledons  and  emerging  leaves.  This  can  lead  to  delayed  maturity, 
deformed  plants,  and  yield  loss.  Due  to  several  factors  including  the  loss  of  Temik  (aldicarb), 
developing  resistance  to  insecticide  seed  treatments,  and  limited  effective  alternative  treatments, 
new  technologies  are  needed  to  combat  thrips.  TPB  is  the  most  important  cotton  pest  in  the  Mid- 
South.  Most  economic  damage  is  caused  by  feeding  on  flower  buds  (squares),  blooms,  and  small 
bolls  from  first  square  through  early  bloom.  Numerous  insecticide  applications  are  needed  to 
control  this  pest. 

Methods:  Monsanto  is  developing  a  Bt  trait  for  the  control  of  thrips  and  TPB.  Two  identical  tests 
were  done  in  2016  to  determine  the  cumulative  benefit  of  this  new  technology  against  both  pests. 
The  tests  were  planted  in  early  May  in  Jackson,  TN  at  the  West  Tennessee  Research  and 


Education  Center  and  at  the  Research  and  Education  Center  in  Milan,  TN.  These  replicated 
experiments  included  three  treatment  factors:  the  Bt  trait  (or  not),  an  insecticide  seed  treatments 
for  thrips  (or  not),  and  different  insecticide  spray  regimes  for  control  of  TPB. 

Results/Conclusion:  The  data  presented  will  summarize  the  main  effects  and  interactions  of  these 
treatment  factors  on  insect  population  densities,  injury  ratings,  and  yield. 
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Introduction:  Florida  is  the  second  largest  strawberry  producer  in  the  United  States  with 
approximately  10,000  acres  harvested  annually  and  currently  valued  at  $400  million  (U.S.). 
Flower  thrips  are  pests  of  numerous  fruit  and  vegetable  crops  that  can  cause  direct  injury  by 
feeding  and  reproducing  in  the  flowers  and  fruits.  The  western  flower  thrips  ( Frankliniella 
occidental is),  F.  bispinosa ,  and  F.  triticmvQ  species  that  are  implicated  in  causing  injury  to 
Florida  strawberry  crops. 

Methods:  For  each  species,  densities  of  0,  2,  4,  8,  16  or  32  adult  females  were  confined  on  plants 
with  one  flower  for  2,  5,  or  10  days  for  a  total  of  18  treatments.  Injury  to  the  fruit  was 
characterized  and  quantified  after  about  21  days. 

Results/Conclusion:  No  significant  injury  was  observed  for  either  species,  even  at  the  highest 
density  of  32  thrips  for  a  duration  of  10  days,  indicating  that  Florida  strawberries  can  tolerate 
high  numbers  of  flower  thrips  without  economic  damage.  The  data  from  these  experiments  were 
used  to  determine  species-specific  economic  injury  levels  and  economic  thresholds  based  on 


Florida  strawberry  market  conditions.  The  economic  thresholds  are  being  used  as  part  of  an 
effective,  sustainable  integrated  pest  management  program  for  strawberries. 
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Introduction:  Onion  thrips  ( Thrips  tabaci )  is  a  significant  pest  of  onion  worldwide.  Growers  rely 
on  insecticides  for  control,  but  other  tactics  are  needed  to  improve  onion  production  profitability 
and  sustainability.  Promising  non-chemical  management  tactics  include  reducing  nitrogen 
applied  at  planting  and  selecting  cultivars  with  partial  thrips  resistance. 

Methods:  In  NY,  combinations  of  varying  levels  of  nitrogen  and  insecticide  use  were  evaluated 
for  thrips  control  in  onion  varieties  that  ranged  from  low  to  high  thrips  susceptibility,  cvs. 
‘Avalon’,  ‘Delgado’  and  ‘Bradley’.  Within  each  cultivar,  a  3  nitrogen  rate  (60,  90,  and  125 
lbs/acre)  x  3  insecticide  program  (Standard,  IPM,  and  untreated  control)  factorial  was  arranged 
in  a  RCBD  with  each  factor  replicated  5  times.  Thrips  densities  were  recorded  weekly  and  bulbs 
were  harvested  in  the  fall. 

Results/Conclusion:  Results  for  all  cultivars  indicated  that  total  thrips  densities  were  not  affected 
by  nitrogen,  but  densities  were  significantly  and  equivalently  reduced  using  Standard  and  IPM 
insecticide  programs  when  compared  to  the  untreated  control.  For  ‘Avalon’  and  ‘Delgado’, 
percent  marketable  bulb  yield  was  influenced  by  an  interaction  between  nitrogen  and  insecticide 
regime;  Standard  and  IPM  programs  paired  with  lower  rates  of  nitrogen  had  highest  percent 
marketable  bulbs.  Yield  in  ‘Bradley’  was  only  affected  by  insecticide  and  nitrogen  main  effects; 
yield  was  highest  and  similar  in  the  Standard  and  IPM  programs  compared  with  the  control, 
while  yield  was  highest  in  the  90  and  125  lbs/acre  treatments  compared  with  the  60  lbs/acre 


treatment.  Results  indicated  that  growers  can  reduce  fertilizer  and  insecticide  use  while 
maintaining  profitable  yields. 
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Introduction:  Myoporum  is  a  genus  of  hardy  flowering  plants  comprised  of  32  species  and 
several  cultivars.  In  2005,  a  new  exotic  species  of  thrips,  Klambothrips  myopori,  was  discovered 
feeding  on  Myoporum  laetum  inducing  considerable  leaf  deformation  through  its  feeding 
activities.  The  aim  of  this  study  was  to  identify  susceptible  hosts  under  laboratory  and  field 
conditions. 

Methods:  Potential  hosts  tested  include  M.  laetum,  M.  laetum  ‘Clean  ‘n  Green’,  M.  ‘Pacificum’, 
M.  parvifolium  (white  and  pink),  and  M.  parvifolium  ‘Putah  Creek’.  These  varieties  were 
selected  because  they  are  the  main  horticultural  varieties  in  production  in  California.  For  the 
laboratory  study  a  single  mated  female  thrips  was  placed  on  a  Myoporum  cutting  and  enclosed 
individually  in  mesh  bags.  The  cuttings  were  placed  in  an  environmental  chamber  at  25°  C  and  a 
photoperiod  of  LI  6:  D8  hours  and  observations  made  every  24  hours.  For  the  field  study  the 
same  varieties  were  planted  at  two  sites  in  southern  California  with  samples  taken  on  a  monthly 
basis  to  quantify  thrips  population  levels. 

Results/Conclusion:  Based  on  the  lab  studies  K.  myopori  can  complete  development  (with 
varying  development  time)  on  most  varieties,  but  prefers  M.  laetum  and  M.  ‘Pacificum’  in  the 
field. 
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Introduction:  Insects  have  evolved  mechanisms  to  evade  plant  defenses,  facilitating  their  survival 
and  proliferation.  Plant  cultivars  that  are  resistant  to  insects  (i.e.  host-plant  resistance)  are  better 
protected  from  herbivory.  Host-plant  resistance  is  used  against  the  most  damaging  insect  pest  of 
soybean:  the  soybean  aphid,  Aphis  glycines.  However,  some  populations  of  A.  glycines  can 
overcome  resistance  (i.e.  virulent),  threatening  host-plant  resistance  durability.  Our  objective  is 
to  identify  genes  that  may  play  a  role  in  A.  glycines  virulence.  We  predict  that  gene  expression 
may  differ  constitutively  between  virulent  and  avirulent  aphids,  and/or  be  induced  in  virulent 
aphids  when  fed  resistant  soybean.  From  previous  research,  we  hypothesize  that  virulent  aphids 
may  increase  expression  of  genes  coding  for  detoxification  or  putative  effector  proteins,  which 
may  facilitate  host  plant  colonization. 

Methods:  To  identify  potential  mechanisms  of  aphid  virulence,  we  performed  RNA- sequencing 
of  avirulent  and  virulent  aphids  fed  on  susceptible  or  resistant  soybean  varieties. 

Results/Conclusion:  We  found  2546  and  2078  genes  that  are  differentially  expressed  in  virulent 
(relative  to  avirulent)  aphids  on  susceptible  and  resistant  soybean,  respectively.  Of  these,  701 
genes  are  specific  to  virulent  aphids  on  resistant  soybean,  indicating  that  these  genes  may  play  a 
role  in  virulence.  Further  analysis  of  these  genes  is  required  to  understand  their  function. 
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Introduction:  Carrot  rust  fly  (CRF),  Psila  rosae  Fabricius,  is  one  of  the  primary  pests  of  carrots. 
CRF  larvae  feed  exclusively  on  apiaceous  crops  (e.g.  carrots  and  celery).  While  CRF  does  not 
cause  a  lot  of  direct  crop  damage,  because  of  the  difficulties  associated  with  grading  out 
damaged  carrots,  >5%  damage  can  result  in  the  entire  crop  being  unmarketable.  Adult  flies  live 
in  the  hedgerows  adjacent  to  the  carrot  fields  and  enter  the  field  to  oviposit  at  the  base  of  suitable 
hosts.  Larvae  mine  into  the  carrot  creating  mines  just  below  the  surface.  A  single  mine  renders 
the  carrot  unmarketable.  In  Ontario,  Canada,  foliar  applications  of  pyrethroids  are  used  to  control 
the  adult  fly  with  some  success.  A  more  effective  control  method  is  needed  for  better 
management  of  this  pest. 

Methods:  Two  trials  were  conducted  at  the  Muck  Crops  Research  Station  (Bradford,  Ontario, 
Canada)  in  2015  and  2016  to  evaluate  the  effectiveness  of  seed  treatments  (ST)  and  in-furrow 
drenches  (IF)  to  control  CRF.  In  2015,  ST  of  flupyradifurone,  cyromazine,  cyantraniliprole,  and 
clothianidin  +  Imidacloprid  (4.5 lg  a.i.  /  lOOg  seed)  and  IF  at  seeding  of  Imidacloprid  and 
thiamethoxan  +  cyantraniliprole  (250L/ha)  with  either  flupyradifurone  or  cyantraniliprole 
(400L/ha)  applied  as  a  foliar  application  were  evaluated.  Trials  were  repeated  in  2016  with  slight 
adaptations. 

Results/Conclusion:  CRF  pressure  was  low  for  both  trials  in  2015,  with  <2%  damage  in  the 
untreated  controls.  No  product  provided  significantly  greater  control  for  CRF  compared  to  the 
untreated  controls.  Results  from  2016  field  trials  will  also  be  discussed. 
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Introduction:  The  carrot  weevil  (CW),  Listronotus  oregonensis  (LeConte),  is  a  primary  insect 
pest  of  carrots  in  northeastern  North  America.  Carrot  roots  are  rendered  unmarketable  from  CW 
larval  feeding  damage.  Yield  loss  due  to  CW  can  exceed  40%  but  is  highly  variable.  In  Canada, 
the  CW  has  historically  been  univoltine  and  their  degree-day  modelled  oviposition  ends  around 
late  June,  meaning  control  efforts  are  focused  in  early  summer.  Imidan  70  WP  (phosmet)  was  the 
only  registered  product  for  CW  control  in  Canada  until  recently  and  is  still  the  primary  product 
used  despite  concerns  of  resistance.  This  project  is  re-examining  the  CW  IPM  program  in 
Canada  in  an  effort  to  ensure  consistent  control. 

Methods:  Adult  CW  were  screened  for  their  susceptibility  to  several  insecticides  in  a  direct- 
contact  toxicity  bioassay  using  a  miniaturized  Potter  spray  tower.  In  2015,  field  trials  at  the 
University  of  Guelph  Muck  Crops  Research  Station  (Bradford,  ON)  examined  the  efficacy  of 
foliar  sprays  (Matador  120  EC  -  lambda-cyhalothrin,  Imidan  70  WP  -  phosmet,  Exirel- 
cyantraniliprole,  Clutch  -  clothianidin,  Sivanto  Prime  -  flupyradifurone,  and  Delegate  - 
spinetoram)  and  seed  treatments  (Sepresto  75  WS  -  clothianidin  +  imidacloprid,  Sivanto  FS  480- 
flupyradifurone,  HGW86  -  cyantraniliprole,  Governor  50  WP  -  cyromazine)  for  CW 
management. 

Results/Conclusion:  Of  the  insecticides  examined  in  the  laboratory,  only  phosmet  and 
clothianidin  produced  high  mortality.  In  field  trials,  only  HGW86  provided  any  CW  control. 
Increases  in  crop  damage  between  August  and  October  assessment  dates  suggest  a  second  CW 
generation  may  be  occurring.  Results  from  2016  trials  will  be  discussed. 
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Introduction:  Over  1,000  recorded  species  of  carpenter  ants  (genus  Camponotus)  inhabit  diverse 
landscapes  from  rainforests  to  urban  cities  throughout  the  world.  Within  the  U.S.A., 
approximately  50  species  are  known,  several  of  which  are  notoriously  destructive  pests  of 
construction,  agriculture,  and  forest  cultivation.  The  black  carpenter  ant  pest  species, 
Camponotus  pennsylvanicus ,  is  the  most  abundant  and  widespread  in  the  United  States.  Despite 
estimated  annual  control  costs  exceeding  $250  million  dollars,  minimal  research  has  investigated 
C.  pennsylvanicus  sociogenetic  structure  largely  because  of  the  ant’s  highly  cryptic  nesting  and 
nocturnal  ecology.  To  better  understand  potential  range  expansion,  dispersal,  and  response  to 
climate  change,  this  study  characterized  the  genetic  structure,  diversity,  and  gene  flow  of  black 
carpenter  ants  at  colony,  habitat,  and  statewide  levels.  The  research  tested  assumptions 
concerning  black  carpenter  ant  dispersal;  Camponotus  pennsylvanicus  do  not  appear  to  disperse 
quickly  or  far  and  therefore  neighboring  colonies  should  be  more  closely  related  than  distant 
colonies. 

Methods:  Ant  DNA  from  over  50  colonies  within  5  counties  was  extracted  and  amplified  with  8 
microsatellite  and  2  mtDNA  primers  for  sequencing.  Sequencing  data  was  analyzed  through 
Arlequin  3.5  and  R  with  phylogenetic  reconstruction  through  Mr.  Bayes  3.2  software. 

Results/Conclusion:  Preliminary  results  suggest  geographic  proximity  is  positively  correlated 
with  increased  relatedness  at  micropopulation,  or  local  scales.  However,  metapopulation  results 
failed  to  support  slow,  unilateral  dispersal  of  carpenter  ants  across  Indiana  as  previously 
hypothesized.  Further  sociogenetic  structure,  phylogenetic  tree  reconstruction,  and  implications 
for  black  carpenter  ant  pest  management  will  be  discussed. 
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Introduction:  The  tramp  ant  species,  Trichomyrmex  destructor  (Jerdon,  1851),  usually  spreads 
with  human  commercial  transportation  and  widely  distributes  in  tropical  and  subtropical  areas  of 
the  Old  World.  Besides  stinging  or  harassing  people,  this  species  usually  nests  in  the  buildings 
and  bites  electrical  wires  and  thus  cause  troubles.  This  study  is  aimed  to  compare  the  population 
size  before  and  after  ant  controlling  management  process  at  an  elementary  school  in  Bali  Dist., 
Northern  Taiwan. 

Methods:  We  investigated  the  ant  fauna  of  the  campus  by  the  bait  traps  and  compared  the 
differences  of  ant  fauna  between  the  former  and  the  latter  of  this  management  project. 
Meanwhile,  we  set  some  boric  acid  baits  including  liquid  and  gel  to  control  the  population  of  T. 
destructor. 

Results/Conclusion:  After  the  managing  process,  the  population  size  of  T.  destructor  declined 
and  average  body  size  of  worker  became  significantly  smaller  than  that  before.  Native  ant 
species  still  inhabit  on  campus,  but  the  ant  community  structure  has  been  changed.  Sometimes, 
the  liquid  boric  acid  traps  destroyed  by  children  made  it  more  difficult  for  management.  We 
don’t  have  evidences  to  prove  that  T.  destructor  shapes  a  supercolony  on  this  campus,  because 
the  population  of  this  species  gradually  disappeared  in  different  parts  of  the  school  during  the 
management  period.  This  study  provides  a  good  method  to  control  the  population  of  T. 
destructor  by  the  boric  acid  baits  in  buildings. 
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Introduction:  Shifts  in  community  composition  in  response  to  urbanization  are  well  documented 
but  how  these  shifts  relate  to  differences  in  organismal  traits  remains  largely  unknown.  Urban 
areas  are  typically  warmer  than  the  surrounding  rural  areas,  a  pattern  known  as  the  “urban  heat 
island”.  Despite  our  understanding  of  how  morphological  and  physiological  traits  respond  to 
temperature  changes,  these  relationships  are  under  studied  in  urban  environments.  Here,  we  used 
ants  (Hymenoptera,  Formicidae)  to  link  differences  in  community  composition  with 
morphological  and  physiological  traits  across  multiple  urbanization  gradients.  Specifically,  we 
were  interested  in  whether  there  were  predictable  shifts  in  community  composition,  body  size 
and  thermal  tolerance  along  individual  urbanization  gradients,  and  whether  these  patterns  were 
repeatable  among  different  urbanization  gradients. 

Methods:  We  sampled  ant  communities  monthly  from  May  through  November  2015  along  three 
major  urbanization  gradients  in  the  Midwestern  United  States. 

Results/Conclusion:  We  found  that  ant  communities  differed  along  our  urbanization  gradients, 
with  an  overrepresentation  of  thermophilic  species  including  the  aptly  named  “pavement  ant” 
Tetramorium  caespitum  and  Formica  subsericea.  To  some  extent  these  patterns  were  repeatable 
among  cities,  although  shifts  in  community  composition  for  less  common  species  were  more 
variable  among  the  three  urbanization  gradients.  Understanding  how  shifts  in  community 
composition  relate  to  differences  in  organismal  traits  is  critical  for  developing  trait-based 
ecological  forecasts  of  responses  to  environmental  change,  and  is  becoming  increasingly 
important  with  accelerating  rates  of  urban  development. 
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Introduction:  In  studies  of  ant  behavior,  communication,  and  ecology,  laboratory-maintained 
colonies  are  commonly  utilized  for  the  majority  of  research.  However,  relatively  few  studies 
have  examined  how  the  unique  conditions  of  laboratory  rearing  may  influence  these  results. 
Compared  to  colonies  in  the  field,  lab-maintained  colonies  typically  experience  steady 
temperature  and  humidity,  homogenous  nesting  substrates,  regular  access  to  food  and  water 
sources,  and  reduced  risk  of  predation,  among  other  effects. 

Methods:  We  maintained  colonies  of  odorous  house  ant  ( Tapinoma  sessile )  in  the  lab  for  16 
weeks.  Every  two  weeks,  workers  were  collected  from  the  same  colonies  in  the  field  and  paired 
in  every  possible  combination  with  the  lab-maintained  colonies  and  the  other  field  colonies  in 
paired  single  worker  aggression  assays.  On  the  same  days,  cuticular  hydrocarbons  were  extracted 
from  three  groups  of  five  workers  from  each  colony,  including  both  fresh  field-collected  workers 
and  lab-maintained  workers.  The  relative  abundance  of  hydrocarbons  in  each  extract  were 
compared  between  lab-reared  and  field-collected  samples  using  gas-chromatography  mass- 
spectrometry. 

Results/Conclusion:  To  our  knowledge,  this  is  the  first  study  to  take  a  longitudinal  approach  and 
to  combine  behavioral  and  cuticular  hydrocarbon  extracts  in  a  single  project  on  the  effects  of  lab 
maintenance  on  ants. 
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The  Tawny  Crazy  Ant  (TCA),  Nylanderia  fulva  (Mayr)  has  emerged  as  an  invasive  ant  pest  in 
the  Gulf  Coast  region  of  the  U.S.  with  large  populations  in  both  Texas  and  Florida.  TCA  is  a 
serious  pest  in  both  urban  and  rural  environments  where  it  can  invade  homes  and  yards  in  huge 
numbers,  and  can  disrupt  ecological  communities.  This  is  mainly  due  to  the  large  number  of 
queens  found  within  a  colony,  enabling  the  production  of  a  vast  number  of  workers.  These  ants 
are  also  difficult  to  control,  as  most  of  the  colony  resides  underground.  TCA  have  also 
demonstrated  a  disinterest  in  typical  ant  baits  and  attractants.  Due  to  their  pest  status,  and  the 
ineffectiveness  of  contemporary  methods  of  controlling  them,  more  research  is  currently  needed 
to  develop  an  effective  method  of  control.  TCA  are  typically  very  active  in  the  warmer  summer 
months  and  inactive  during  the  winter.  This  makes  collection  for  studies  difficult  during  the 
winter.  Thus,  research  on  rearing  and  maintaining  these  ants  in  the  lab  is  vitally  important  to 
allow  research  year-round.  This  study  focuses  on  the  dietary  preference  of  TCA,  with  the 
objective  of  producing  a  diet  to  sustain  colonies  in  the  lab  for  extended  periods  of  time. 
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Invasive  species  are  a  growing  economic  and  ecological  threat.  Port  cities  play  a  particularly 
important  role  concerning  the  introduction  of  exotic  species  into  and  out  of  North  America. 


Recently,  the  Tawny  Crazy  ant  ( Nylanderia  fulva)  has  been  introduced  to  the  Port  of  Savannah. 
This  study  aims  to  document  its  effect  on  the  current  ant  community. 
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Introduction:  Biological  invasions  can  have  substantial  economic  and  ecological  effects.  Many 
studies  have  focused  on  how  these  invasions  impact  biodiversity  or  abundance  of  native  species, 
but  relatively  few  have  tested  the  consequences  of  invasions  on  overall  community  structure. 
Understanding  the  broader  impacts  of  an  invasive  species  can  determine  the  economic  and 
ecological  effects  of  an  invasion.  Since  their  introduction  into  the  U.S.  more  than  ten  years  ago, 
tawny  crazy  ants  (Nylanderia  fulva)  have  become  an  invasive  pest  throughout  parts  of  the 
southeastern  United  States.  They  often  reach  densities  nearly  2  times  as  high  as  the  densities  of 
all  other  ants  within  the  community  combined,  suppressing  native  arthropod  diversity  and 
displacing  the  previously  dominant  red  imported  fire  ant  (Solenopsis  invicta).  The  impacts  of  this 
invasive  ant  on  food  webs  over  time,  however,  are  poorly  understood.  One  way  of  determining 
effects  on  community  structure  is  to  quantify  diet. 

Methods:  We  used  next-generation  sequencing  gut  content  analysis  and  stable  isotope  analysis  to 
quantify  N.  fulva  diet  in  invaded  Texas  grasslands.  We  sampled  from  sites  that  varied  in  time 
since  invasion  to  estimate  how  N.  fulva  impact  invaded  communities  over  time. 

Results/Conclusion:  We  found  that  colony  diets  change  as  the  invasion  front  sweeps  through  an 
area.  This  may  be  due  to  changes  in  the  arthropod  community  associated  with  the  invasion  or  it 
may  reflect  differences  in  the  nutritional  needs  and  foraging  preferences  of  N.  fulva  colonies  at 
the  leading  edge  of  the  invasion  front  versus  those  in  areas  where  N.  fulva  colonies  are  already 
established. 
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Introduction:  One  feature  of  the  most  destructive  invasive  species  is  the  ability  to  persist  at  high 
densities  in  novel  ecosystems.  A  notorious  example  is  the  red  imported  fire  ant,  Solenopsis 
invicta  Buren  (Hymenoptera:  Formicidae),  which  has  dominated  disturbed  landscapes  across  the 
southeastern  U.S.  for  almost  100  years.  Within  a  single  colony,  the  worker  caste  can  contain 
upwards  of  250,000  individuals  and  is  continuously  polymorphic.  We  hypothesize  that  this 
variation  in  body  and  colony  size  has  facilitated  S.  invicta 's  ability  to  monopolize  a  variety  of 
food  items  and  exploit  nutritionally  heterogeneous  environments. 

Methods:  To  understand  how  S.  invicta  assimilates  these  resources,  we  measured  the  elemental 
(Carbon  and  Nitrogen)  and  isotopic  (513Carbon  and  615Nitrogen)  composition  of  different  sized 
workers  within  and  across  colonies.  We  also  estimated  trophic  position  for  each  colony  from  an 
isotopic  baseline  of  surrounding  vegetation. 

Results/Conclusion:  Within  a  colony,  we  found  that  an  individual’s  Carbon  to  Nitrogen  ratio 
decreased  (r2  =  0.346,  p  <  0.001)  and  515Nitrogen  increased  (r2  =  0.285,  p  <  0.001)  with  body 
mass.  However,  there  was  no  relationship  between  colony  size  and  a  colony’s  elemental  or 
isotopic  composition.  Instead,  colonies  of  S.  invicta  ranged  from  0.35%o  to  7.38%o  in  515Nitrogen 
and  -24.69%o  to  -16.69%o  in  513Carbon.  These  ranges  represent  the  occupation  of  three  trophic 
levels  and  assimilation  of  nutrients  from  C3  and  C4  plants,  respectively.  Together,  our  findings 
suggest  that  invasive  species  like  S.  invicta  are  adept  at  extracting  nutrients  from  a  variety  of 
sources  across  trophic  levels  and  may  occupy  multiple  niches. 
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Introduction:  The  German  cockroach,  Blattella  germanica,  is  one  of  the  most  common  indoor 
pests.  German  cockroach  infestation  in  homes  poses  risks  to  residents’  health,  as  cockroach-born 
allergens  are  triggers  to  allergy  and  asthma.  In  this  study  we  implemented  a  community-wide 
cockroach  management  program  in  apartments. 

Methods:  All  cockroach  infested  apartments  were  treated  using  an  IPM  approach,  which 
included  monitoring,  applying  both  gel  bait  and  boric  acid  dust,  and  mass  trapping.  Tenants  were 
educated  to  control  cockroaches  by  cleaning,  de-cluttering,  and  removing  unattended  food 
instead  of  using  pesticides.  Floor  wipe  samples  were  collected  before  and  after  treatment  to 
measure  pyrethroids  residue  levels. 

Results/Conclusion:  We  discuss  the  effectiveness  of  this  IPM  approach  to  eliminating 
cockroaches,  reducing  pesticide  residues,  and  the  optimum  trapping  period  for  cockroach 
elimination. 
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Introduction:  The  Turkestan  cockroach  is  a  peridomestic  pest  that  has  become  an  important 
invasive  species  throughout  the  Southwestern  United  States.  Our  study  aims  to  evaluate 
ecofriendly  management  strategies  for  this  pest. 

Methods:  We  evaluated  the  toxicity  and  repellency  of  six  botanical-derived  components;  thymol, 
trans-cinnamaldehdye,  eugenol,  geraniol,  methyl  eugenol  and  p-cymene  against  late  instar 
nymphs  of  Turkestan  cockroaches.  Essential  oils  were  chosen  for  further  studies  based  on  the 
presence  of  effective  compounds  in  those  oils.  Topical  application  and  fumigant  exposures  were 
carried  out.  Nymphal  responses  to  1%  dry  residues  of  essential  oil  components  were  recorded  for 
20  minutes  with  an  EthoVision  video-tracking  setup. 

Results/Conclusion:  Thymol  was  the  most  toxic  compound  to  nymphs  with  a  LD50  of  0.34 
mg/cockroach  and  LC50  of  27.6  mg/L  air.  Nymphs  spent  significantly  less  time  (35.8%)  in  zones 
treated  with  thymol;  the  other  five  compounds  did  not  have  a  detectable  effect  on  nymph 
behavior.  GC-MS  analysis  demonstrated  the  primary  components  were  8.02%  thymol  in  red 
thyme  oil,  2.26%  geraniol  in  java  citronella  oil  and  10.60%  eugenol  in  clove  bud  oil.  The  topical 
application  with  oils  confirmed  that  red  thyme  oil  (LD50:  1.60  mg/cockroach)  and  clove  bud  oil 
(LD50:  1.65  mg/cockroach)  were  more  toxic  than  java  citronella  oil  (LD50:  7.87  mg/cockroach). 
The  red  thyme  oil  has  a  higher  fumigant  effect  than  other  oils  with  a  LC50  value  of  160.55  mg/L 
air.  Behavioral  assays  confirmed  that  all  these  oils  are  repellents  for  nymphs,  which  might  be  due 
to  synergistic  effects  of  different  compounds  present  in  those  oils. 
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Abstract  text: 

The  ability  of  insects  to  tolerate  extreme  conditions  can  be  influenced  by  their  associated 
bacterial  community  (the  microbiome).  Understanding  the  nature  of  this  relationship  may  lead  to 
more  effective  methods  of  pest  control.  In  the  current  study,  we  used  next  generation  sequencing 
methods  to  compare  the  microbiomes  of  different  life  stages  (eggs,  larvae,  pupae  and  adults)  and 
physiological  states  (diapause,  non-diapause)  of  khapra  beetle,  Trogoderma  granarium 
(Coleoptera:  Dermestidae),  exposed  to  different  temperature  regimes.  Khapra  beetle  is  pest  of 
global  significance  affecting  stored  grain.  With  fewer  chemical  options  available,  exposure  to 
extreme  temperatures  is  being  studied  as  a  method  for  its  control. 
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Phosphine  resistance  is  a  problem  reported  in  many  parts  of  the  world  as  this  is  the  most-utilized 
fumigant  worldwide.  Research  into  phosphine  resistance  has  not  received  regional  attention  other 
than  earlier  studies  in  very  few  locations  in  the  US.  This  study  was  designed  to  determine  the 
occurrence  of  phosphine  resistance  in  different  parts  of  the  U.S.  and  Canada,  and  work  towards  a 
more  rapid  way  of  detecting  insects  resistant  to  phosphine.  At  the  end  of  the  study  34  locations 
consisting  of  5  states  from  the  U.S.  had  R.  dominica  tested  for  phosphine  resistance  whiles  four 
locations  in  three  provinces  were  tested  from  Canada.  All  but  two  of  the  localities  surveyed  had 
some  proportion  of  R.  dominica  resistant  compared  to  the  lab  susceptible  strains.  The  Canadian 
populations  recorded  lower  resistance  levels  compared  to  populations  from  the  U.S.  Dose 
response  bioassays  and  probit  analyses  determined  LC99  of  the  resistant  R.  dominica  populations. 
The  discriminating  dose  assay  relies  on  the  FAO  method  number  16  in  which  beetles  are 
exposed  to  20  ppm  phosphine  for  20  hours  and  survivorship  checked  14  days  later  to  ascertain 
the  presence  or  absence  of  resistance.  Insects  surviving  the  20  hour  fumigation  are  considered 
resistant.  This  method  is  technical,  laborious  and  takes  too  long  for  any  management  decision  to 
be  made.  At  high  concentrations  of  phosphine  insects  enter  into  a  state  of  narcosis  with  recovery, 
rather  than  die.  The  time  to  knockdown  between  resistant  and  susceptible  populations  was  used 
as  a  basis  to  design  a  new  rapid  assay. 
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Introduction:  Insects  damage  5-35%  of  stored  grain  worldwide;  damage  is  40%  or  more  in 
developing  countries  such  as  Niger  (West  Africa)  in  the  tropics.  Weevils  are  primary  pests  of 
stored  sorghum,  Sorghum  bicolor  (L.)  Moench,  and  other  grains.  Worldwide,  maize  weevil, 
Sitophilus  zeamais  Motschulsky,  causes  most  damage  to  stored  grain.  Farmers  use  pesticides  to 
control  storage  pests.  Alternatives  are  needed  to  reduce  pesticide  residue  in  food.  A  survey  found 
farmers  in  Niger  used  eight  plant  species  to  control  pests.  Botanicals  are  inexpensive  and 
environmentally  friendly  compared  to  synthetic  pesticides.  Efficacy  of  plant  species  to  control 
maize  weevils  in  stored  sorghum  was  assessed. 

Methods:  Treatments  were  four  botanicals  (neem,  Azadirachta  indica ;  eucalyptus,  Eucalyptus 
obliqua;  mesquite,  Prosopis  glandulosa  var.  glandulosa;  and  milkweed,  Asclepias  speciosa)  and 
a  check  (no  plant  material).  Weevils  were  exposed  at  3-hour  increments  to  no  plant  material 
(check)  or  five  quantities  of  each  plant  leaf  or  powder  separately  to  assess  the  number 
killed.  Leaves  or  powder  of  each  plant  were  provided  separately  to  weevils  to  determine 
oviposition  deterrence.  Number  of  eggs  laid  at  different  time  intervals  was  recorded. 

Results/Conclusion:  Results  will  help  determine  plant  substances  to  isolate  to  develop  botanical 
products  for  controlling  insect  pests  of  stored  sorghum  and  other  grains. 
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Introduction:  Cattle  and  beef  production  is  the  largest  agriculture  industry  in  the  state  of 
Wyoming.  As  of  2013,  cattle  production  was  valued  at  $706  million.  This  economic  dependency 
on  cattle  has  made  promoting  insect  protein  a  difficult  task.  The  Wyoming  Entomology  Club  at 
the  University  of  Wyoming  has  promoted  insects  as  a  food  source  for  the  past  six  years. 

Methods:  We  have  held  bake  sales,  which  included  products  such  as  meal  worm  Rice  Krispie 
Treats,  chocolate  “chirp”  cookies,  and  cockroach  flour  cupcakes  and  pumpkin  bread.  We  began 
these  sales  as  a  novelty  but  are  now  moving  towards  education  and  promoting  the  ecological 
benefits  of  utilizing  insect  protein.  The  future  of  eating  insects  relies  heavily  on  promotion  and 
education  before  cultural  norms  are  ingrained.  The  Wyoming  Entomology  Club  is  at  the 
forefront  of  this  education  movement  for  the  mountain  west. 

Results/Conclusion:  We  have  experienced  extreme  failures  as  well  as  successes  and  want  to 
share  some  of  our  experiences  of  promoting  entomophagy  in  a  primarily  beef  influenced 
community.  We  are  currently  working  with  our  university  dining  services  to  create  an  “Insects  as 
Food”  day  during  Earth  Week  to  promote  the  environmental  benefits  of  eating  insects. 
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Abstract  text: 


Cercopidae  are  found  worldwide  with  1480  described  species.  In  Madagascar  they  are 
represented  by  fifty-two  species  (Soulier-Perkins,  2016),  twenty  of  which  belong  to  the  genus 
Amberana  Distant,  1908.  This  genus  with  the  recently  described  BourgoinranaSouliQY-VQrkins , 
2012  are  endemic  to  Madagascar.  They  are  studied  as  pilot  groups  to  explore  the  historical 
biogeography  of  malagassy  taxa  within  the  Cercopid  family. 

Using  morphological  characters,  a  matrix  was  built  and  a  cladistic  analysis  performed  in  order  to 
get  a  phylogenetic  tree.  The  monophyly  of  the  genera  is  tested  and  the  possibility  that  Amberana 
and  BourgoinranasLYQ  sister  groups  is  checked. 

The  Cercopidae  are  sap-sucking  insects  and  even  if  they  are  generally  not  monophagous,  they 
show  some  preferences  for  their  host  plants  and  are  linked  to  their  biota.  Using  the  phylogeny,  as 
a  support  to  produce  historical  biogeography  scenarios,  some  hypothesis  will  be  proposed  and 
discussed.  Simultaneously,  knowing  the  actual  distribution  of  those  genera  and  their  biotopes  in 
Madagascar,  it  is  possible  to  do  some  niche  modelling  and  extrapolate  and  predict  what  may 
happen  to  them  in  a  near  future  at  the  edge  of  2080. 
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Abstract  text: 

The  Pentatomidae  (Insecta:Hemiptera:Heteroptera)  were  surveyed  as  part  of  an  ongoing  study  of 
the  insect  fauna  of  the  Franklin  Parker  Preserve,  a  9400  acre  reclaimed  cranberry  operation 
located  in  the  Pine  Barrens  of  Burlington  County,  New  Jersey.  The  Pine  Barrens  comprise  a 
unique  ecosystem  of  pitch  pine/scrub  oak  forest  with  an  ericaceous  understory  characterized  by 
nutrient-poor  sandy  soils  and  frequent  fire  disturbance.  The  Pentatomidae  contain  approximately 
49  species  in  25  genera  in  New  Jersey  (Henry  and  Froeschner  1988). 


Collection  methods  included  aerial  and  sweep  nets,  beating  sheets,  ultraviolet  lighting  and 
malaise  traps.  Sampling  occurred  across  habitats  and  seasons  from  the  spring  of  2007  to  the 
winter  of  2012.  Species  determination  relied  on  the  insect  reference  collection  of  the  Academy  of 
Natural  Sciences  of  Drexel  University  and  the  applicable  literature,  particularly  the  keys  of 
McPherson  (1982). 

Twenty-two  species  in  two  subfamilies  of  pentatomids  were  collected  -  21  species  in  the 
herbivorous  group  Pentatominae,  and  1  species,  Perillus  exaptus  (Say),  in  the  predatory  group 
Asopinae.  The  most  frequently  encountered  pentatomid,  a  wetland  species,  was  Euschistus 
ictericus  (Linnaeus).  The  Brown  Marmorated  Stink  Bug,  Halyomorpha  halys  (Stal),  appeared  at 
this  study  site  in  September  2011  in  the  most  disturbed  area  of  the  preserve,  12  years  after  first 
being  recorded  in  New  Jersey.  The  specimen  data,  images  and  mapping  can  be  queried  at 
http://svmbiont.ansp.org/ent_svmbiota/index.php 
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Abstract  text: 

Introduction:  Island  biogeography  theory  suggests  that  island  area  and  remoteness  can  be  used  to 
predict  species  richness.  However,  nutrient  transfers  from  the  ocean  (i.e.,  marine  subsidies)  can 
affect  the  abundance,  distribution,  and  diversity  of  insular  organisms,  creating  communities  that 
deviate  from  expected  species-area  relationships.  In  a  multi-year  study,  we  are  examining  spatial 
characteristics  of  islands  (e.g.,  area,  isolation),  and  analysing  these  in  conjunction  with  marine 
nutrient  inputs,  to  determine  the  effects  of  subsidies  on  terrestrial  communities. 

Methods:  In  2015,  we  sampled  invertebrates  on  30  islands  off  the  central  coast  of  British 
Columbia,  Canada.  Islands  were  selected  to  represent  a  range  of  land  areas  (1,400  to  3  million 


m2),  levels  of  exposure,  and  shoreline  traits.  We  used  pitfall  traps  to  collect  ground-dwelling 
invertebrates,  and  habitat  characteristics  were  recorded  at  each  trap. 

Results/Conclusion:  We  found  patchy  distributions  of  beetles,  myriapods,  isopods,  and 
gastropods  between  and  within  islands,  with  higher  diversity  and  abundance  on  more  sheltered 
shorelines.  Communities  display  two  main  patterns  of  trophic  dominance.  Some  islands  are 
dominated  by  predatory  ground  beetles,  and  have  comparatively  small  populations  of 
decomposers,  while  the  opposite  is  true  on  other  islands.  While  island  area  alone  is  weakly 
related  to  community  structure  and  species  richness,  the  edge-to-interior  ratio  (a  proxy  for 
subsidy  input)  and  island  exposure  proved  to  be  important.  Thus,  nutrient  subsidies  from  the  sea 
influence  predictions  from  classical  island  biogeography. 
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Abstract  text: 

The  Neotropics  is  a  center  for  global  diversity  for  many  groups  of  organisms,  including  the 
dragonflies  and  damselflies  (Odonata).  While  the  number  of  biodiversity  surveys  and  new 
species  descriptions  for  neotropical  odonates  is  increasing,  diversity  in  this  region  is  still  under¬ 
explored,  and  very  few  studies  have  looked  at  the  genetic  and  morphological  diversity  within 
taxa.  Here  we  will  present  an  overview  of  the  evolutionary  history,  species  diversity  and 
morphological  diversity  of  the  neotropical  damselfliy  genus  Polythore.  Species  in  Polythore  are 
stunningly  colourful;  their  wings  display  varying  shades  of  orange,  black  and  white  in  complex 
patterns.  Despite  this  color  diversity,  they  lack  variation  in  classical  reproductive  traits  (e.g.  male 
genitalia)  commonly  used  for  species  description.  The  genus  comprises  21 


described  morphospecies  distributed  along  the  eastern  slopes  of  the  Andes  cordillera  and  the 
Amazon  basin,  from  Colombia  to  northern  Bolivia;  they  dwell  in  small  fast  flowing  streams  with 
highly  oxygenated  waters.  Using  novel  morphological  methods  (geometric  morphometries, 
chromaticity  analysis,  and  Gabor  wavelet  transformation)  we  analyzed  the  complexity  of  the 
wing  color  patterns  present  in  this  genus;  we  also  explored  species  and  population  relationships 
through  phylogenetic  reconstructions  and  species  delimitation  analyses  incorporating 
mitochondrial  (COI,  ND1,  16S)  and  nuclear  (18S,  28S,  PMRT)  sequences.  Our  results  support 
the  monophyly  of  Polythore ,  however  the  relationships  within  the  genus  are  unresolved:  multiple 
clades  show  a  high  diversity  in  wing  coloration,  but  a  lack  of  genetic  diversity,  which  is 
congruent  with  polymorphic  species.  We  will  explore  the  evolutionary  pressures  behind  the 
diversity  within  this  group. 
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Abstract  text: 

The  Ministry  of  Environment  in  Korea  published  The  Compilation  of  National  List  of 
Indigenous  Insect  Species  of  the  Korean  Peninsula'  in  1996  including  1 1,853  species.  Many 
revised  registers  and  monographs  in  a  diverse  range  of  taxonomy  have  been  released  ever  since 
and  numerous  newly  disco veredd  species  have  been  reported  every  year.  The  National  Institute 
of  Biological  Resources  (NIBR)  originally  compiled  the  national  species  list  of  insects  to 
establish  a  national  inventory  of  endemic  biological  assets  with  the  joined  efforts  from  all 
distinguished  Korean  taxonomists  since  2008.  For  the  convenience  of  scores  of  professional 
taxonomic  groups  participating  in  the  project  concurrently,  the  NIBR  has  developed  the  NIBR 
inventory  description  method  and  inventory  system  from  2008  to  2015.  For  eight  years  in  this 
study,  the  NIBR  has  established  the  national  insect  inventory  of  16,447  species  including 
Collembola.  The  insect  fauna  of  the  Korean  Peninsula  comprises  565  families  from  30  orders. 
The  largest  orders  are  Coleoptera  (110  families,  4,318  species),  Lepidoptera  (67  families,  3,733 
species),  Hymenoptera  (61  families,  3,151  species),  Hemiptera  (88  families,  2,013  species)  and 


Diptera  (79  families,  1,944  species).  The  fractions  of  the  main  insect  orders  in  the  fauna  of  the 
Korean  peninsula  correspond  to  those  in  the  Holarctic  temperate  zone.  And  totally  13  volumes  of 
national  list  of  insect  species  in  Korea  were  published. 
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Abstract  text: 

Introduction:  Choristoneura  is  known  for  some  very  destructive  pests  in  different  parts  of  the 
world,  such  as  the  Choristoneura  fumiferana  species  complex  and  Choristoneura  rosaceana. 

The  genus  includes  30  other  species  not  considered  pests.  In  addition  to  its  economic  relevance, 
the  genus  has  interesting  biogeographical  distributions  and  host  plant 

associations.  Choristoneura  is  an  ideal  group  to  study  patterns  and  processes  of  diversification 
and  phylogenetic  relationships  within  and  between  herbivorous  species.  Methods:  We  examine 
the  origin  and  definition  of  Choristoneura  species  at  three  evolutionary  levels:  the 
biogeographical  origin  of  the  genus,  its  taxonomic  circumscription  and  definition,  and 
an  estimation  of  divergence  times  for  shifts  from  larval  feeding  on  different  plants  to  more 
specialized  feeding  on  conifers.  Results  and  Conclusion:  A  phylogeny  and  time  tree  based  on 
Bayesian  analyses  of  molecular  evidence  using  secondary  calibrations,  specifically  constructed 
for  Tortricidae,  shows  monophyly  of  the  genus  and  divergence  of  American  species  14  million 
years  ago.  However,  speciation  of  a  group  of  conifer  specialists,  the  C.  fumiferana  complex, 
occurred  during  the  Pleistocene.  These  results  support  the  hypothesis  that 
the  C.  fumiferana  species  complex  emerged  as  polyphagous  populations  that  colonized  new 
geographic  areas  after  ice  sheet  retreats  during  the  interglacial  periods.  Upon  encountering  an 
atypical  and  abundant  larval  host  resource  that  increased  its  predominance  in  forests  during  times 
of  strong  environmental  changes  at  the  beginning  of  the  Pleistocene,  these  populations  took 
on  conifer  feeding  as  a  specialized  new  role. 
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Abstract  text: 

The  province  of  British  Columbia  is  considered  one  of  the  most  biologically  diverse  provinces  in 
Canada.  Unique  habitats  in  the  province  include  oak  prairies  or  savannah,  desert  grassland, 
alpine  forests  and  parklands,  a  high  number  of  thermal  springs  and  extensive  temperate 
rainforests.  This  talk  will  focus  on  three  ongoing  arthropod  conservation  projects  within  this 
province.  The  first  project  aims  to  record  the  bee  fauna  of  the  Western  Interior  Basin  ecozone,  a 
region  in  Canada  that  less  than  55,000km2  but  with  the  highest  bee  diversity  and  endemism  in 
the  country.  Extensive  landscape  changes  from  agricultural  development  are  threatening  this 
ecozone  and  having  a  broader  understanding  of  pollinator  diversity  will  enable  the  prioritization 
of  areas  for  conservation.  The  second  project  is  an  overview  of  the  habitat  enhancement  work  for 
Taylor’s  Checkerspot  (Euphydryas  editha  taylori)  in  Garry  Oak  (Quercus  garryana)  savannah; 
the  challenges  with  captive  rearing,  habitat  restoration,  public  support  and  ecosystem 
approaches.  The  third  project  is  a  long-term  assessment  of  arthropod  diversity  within  some  of  the 
province’s  thermal  springs,  while  considering  the  threats  and  challenges  to  their  protection. 
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Abstract  text: 

Introduction:  The  South  African  Scoring  System  protocol  (SSAS5)  uses  benthic 
macroinvertebrates  at  family  taxonomic  level  to  assess  river  condition.  In  this  study  we  propose 
a  species-level  approach  to  determine  the  ecological  integrity  of  selected  sections  of  the  upper 
Mthatha  River. 

Methods:  Benthic  macroinvertebrates  were  sampled  and  environmental  variables  measured  at 
two  sites  of  varying  degrees  of  anthropogenic  impact  in  the  upper  Mthatha  River,  South  Africa, 
in  2010-201 1  using  an  adapted  version  of  the  South  African  Scoring  System  (SASS  5). 

Results/Conclusion:  Four  species,  Simulium  adersi  Pomeroy,  Baetis  harrisoni  Barnard, 
Pseudocloeon  sp.  and  Tricorythus  sp.  occurred  at  all  site  sampling  units.  Specimen  counts 


increased  from  January  to  April/May,  and  higher  numbers  of  individuals  occurred  at  Langeni. 
Species  occurrences  per  site  were  directly  or  indirectly  affected  by  season,  substrate  and  habitat 
heterogeneity.  Canonical  Correspondence  Analysis  results  showed  that  conductivity,  pH,  flow, 
substrate  and  marginal  vegetation,  were  important  in  determining  species  distribution  patterns. 
Both  rare/habitat-restricted  and  common/widespread  benthic  macroinvertebrates  identified  in  this 
study  can  be  used  as  indicators  for  assessing  the  ecological  integrity  of  the  Mthatha  River. 
Optimal  habitat  conditions  must  be  preserved,  especially  in  summer  for  immature  stages  of  most 
macroinvertebrate  species  sampled.  The  practicality  of  using  species  level  surveys  on  a  routine 
basis  can  be  challenging,  given  the  lack  of  expertise  and  time  constraints.  It  might  be  advisable 
to  select  a  few  indicator  species  and  to  monitor  them  as  surrogates  for  the  whole  community. 
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Termites  evolved  some  170  Million  years  ago  from  a  wood-feeding  cockroach  ancestor.  Among 
the  eight  modern  termite  families,  Termitidae,  or  higher  termites,  are  the  most  species  diverse 
and  include  about  80%  of  the  described  species.  Termitidae  are  particularly  abundant  in 
equatorial  and  tropical  regions,  and  their  diversity  and  abundance  vary  along  the  unusual 
sequence  Africa  ->  South  America  ->  South  East  Asia  ->  Australia.  Here,  we  intended  to  resolve 
the  historical  biogeography  of  Termitidae  using  mitochondrial  genome  phylogenetic  trees.  We 
sequenced  the  mitochondrial  genomes  of  384  species  of  Termitidae  and  show  that  they 
originated  in  African  rainforests  and  subsequently  dispersed  at  least  seven  times  in  South 
America  and  15  times  in  Southeast  Asia  since  the  end  of  the  Eocene.  This  period  coincides  with 
a  sharp  decrease  in  global  temperature  that  induced  worldwide  floral  extinctions  and  retraction  of 
tropical  rainforests  equatorward.  Unlike  in  other  continents,  higher  termites  are  absent  from  the 
relictual  Australian  tropical  rainforest,  and  colonized  the  arid  ecosystem  five  times  during  the 
middle  -  late  Miocene,  when  this  ecosystem  spread  and  became  dominant  in  Australia.  Our 


results  therefore  show  that  the  rise  of  Termitidae  as  major  ecosystem  engineers  is  relatively 
recent,  and  postdated  the  origin  of  tropical  rainforests,  in  which  they  are  the  main  plant 
decomposers. 
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On  April  20,  2010,  the  Macondo  well  blew  and  subsequently  oil  contaminated  the  saltmarsh. 
Aromatics  increased  until  May  201 1.  In  Sept  2012,  Hurricane  Isaac  remobilized  oil  in  the  marsh 
further  increasing  aromatics  once  again  and  oiled  areas  that  were  previously  uncontaminated 
with  Macondo  oil.  A  large  number  of  extracted  oil  samples  emerged  in  the  marsh  that  matched 
the  Macondo  oil,  but  differed  significantly  from  the  original  patterns  seen  which  we  started 
calling  "Pattern  A"  and  "Pattern  B."  Additionally,  in  2013  an  uptick  in  aromatic  compounds  was 
observed  at  previously-oiled  sites  and  lesser  so  at  some  previously-unoiled  sites.  Associated  with 
this  increase  in  aromatics  was  a  shift  from  mostly  Pattern  A  oil  to  more  Pattern  B  oil  or  a 
combination  of  Pattern  AB. 

Previously,  we've  shown  that  ants  in  the  marsh  are  intimately  connected  to  the  terrestrial  food 
web.  Ants  are  good  indicators  of  the  presence  of  stressors  that  affect  food  availability  for 
vertebrates  such  as  fish  and  birds.  Initially  populations  of  ants  survived  oiling  of  marshes  but  the 
population  crashed  in  the  mid-201 1  in  response  to  decreased  food  availability  in  the  marsh.  We 
started  to  see  recovery  of  ants  in  the  oiled  areas  in  August  2012,  but  populations  were  annihilated 
by  hurricane  Isaac.  Ants  largely  recovered  in  unoiled  plots,  but  not  in  oiled  plots  in  2013,  which 
matches  the  uptick  in  aromatic  compounds  measured  at  the  same  sites.  In  2015,  we  started  to 
measure  recovery  of  73%  of  the  ant  population  in  the  oiled  areas  of  the  populations  unoiled  sites. 
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After  a  bloodmeal,  mosquitoes  import  heme  into  the  midgut  epithelium.  Heme  acts  as  an 
essential  signal  for  oogenesis  in  Aedes  aegypti.  However  the  mechanisms  behind  heme  import 
in  Aedes  aegypti  are  largely  unexplored.  In  this  study,  Aedes  aegypti  cell  culture  lines  were 
treated  with  hemin  chloride  or  ferric  ammonium  citrate  (FAC)  in  both  serum  containing  media 
and  serum  free  media.  Zinc  mesoporphyrin,  a  heme  fluorescent  analog,  was  used  to  identify 
treatments  that  led  to  changes  in  heme  transport  into  the  cells  when  compared  to  the  control. 
RNA  sequencing  data  from  these  experiments  were  then  examined  to  identify  differentially 
expressed  transcripts  between  the  treatments  and  untreated  controls,  identifying  potential 
membrane  bound  heme  importers  and  exporters.  Knockdown  experiments  in  Aag2  cells  were 
then  performed  using  a  few  promising  candidates  taken  from  the  RNA  seq  results.  In  Aag2  cells, 
3402  transcripts  were  found  to  be  differentially  expressed  in  the  hemin  to  untreated  and  FAC  to 
untreated  comparisons,  p- value  0.05,  996  of  these  were  found  to  have  at  least  1  predicted 
transmembrane  domain.  Future  work  will  focus  on  generating  more  RNA  seq  datasets  from 
larva,  adult  midguts  and  cell  culture  lines  to  find  those  differentially  expressed  transcripts 
common  amongst  all  or  most  of  the  datasets  which  should  lead  to  stronger  predictions  of 
possible  heme  transporters. 
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Phylloxeridae  represents  a  small  family  of  plant-feeding  hemipterans  that  diversified  into  free- 
living,  galling,  leaf-folding,  and  host  switching  life  histories.  Effector-mediated  plant 
manipulation  is  believed  to  be  the  strategy  that  they  employ  to  suppress  plant  immunity  and 
induce  gall  formation.  To  understand  how  effector  genes  evolved  and  relate  to  the  diverse  life 
histories  of  these  insects,  we  performed  RNA-sequencing  analysis  on  several  Phylloxeridae 
species  that  cause  different  plant  phenotypes  within  and  among  hosts.  We  compared  species  that 
make  stem,  round-leaf,  and  vein-leaf  galls  to  a  free-living  species  within  the  same  genus. 
Because  effector  proteins  are  typically  secreted  by  parasites  into  host  cells  during  insect-plant 
interactions,  genes  encoding  N-terminal  secretory  signal  peptides  but  not  transmembrane 
domains  were  extracted  from  the  de  novo  assembled  transcriptomes.  Blast-based  homology 
searches  demonstrated  that  the  majority  of  the  putative  secretory  proteins  lack  orthologs  in  non- 
Phylloxeridae  species,  suggesting  a  lineage-specific  gene  evolution  associated  with  host 
manipulation.  Specifically,  a  family  of  RING-type  E3  ligase  genes  appeared  to  be  independently 
evolved  in  Phylloxeridae,  which  resemble  bacterial  effectors  used  to  hijack  host  ubiquitin 
pathways  and  conquer  host  defenses.  In  contrast,  a  number  of  putative  secretory  proteins,  e.g., 
glucose  dehydrogenases  and  peroxidase-like  proteins,  exhibit  high  sequence  similarity  to  the 
effectors  identified  in  the  closely  related  hemipteran  Acyrthosiphon  pisum.  Taken  together, 
Phylloxeridae  species  likely  evolved  unique  effectors  as  a  response  to  plant-insect  arms  race,  yet 
maintain  certain  effectors  that  are  conserved  among  plant-feeding  insects.  Investigations  are 
ongoing  to  understand  how  the  effector-mediated  plant  manipulation  specifies  life  histories  in 
Phylloxeridae. 
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Bioethanol  produced  by  fermentation  of  sugars  from  cellulose  represents  an  alternative  to  finite 
fossil  fuels.  Our  goal  is  to  identify  cellulolytic  enzymes  amenable  to  biotechnological  application 
in  improving  bioethanol  production  from  plant  biomass.  Insects  are  good  cellulase  prospecting 
candidates  due  to  their  capacity  to  digest  recalcitrant  cellulose  through  endogenous  plant  cell 
wall  degrading  enzymes  (PCWDEs)  and  other  cellulases  from  symbiotic  microbes.  Preliminary 
genomic  comparisons  supported  species  of  Zygentoma  as  producing  a  high  number  of  diverse 
endogenous  PCWDEs  compared  to  other  insect  groups.  In  this  work  we  report  data  from  a 
comparative  transcriptomic  study  of  the  gut  from  the  silverfish  Ctenolepisma  longicaudata 
Escherich  after  feeding  on  diets  of  distinct  lignocellulose  composition.  Analysis  of  expressed 
enzymes  combined  with  localization  of  expression  in  regions  of  the  digestive  tract  identifies 
PCWDEs  produced  in  the  silverfish  in  response  to  cellulose  substrates  of  increased  recalcitrance. 
These  data  advance  our  understanding  of  lignocellulose  digestion  in  basal  hexapods  and  the 
identification  of  novel  cellulolytic  enzymes  with  potential  application  in  the  biofuel  industry. 
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The  sizes  of  the  odorant,  gustatory,  and  ionotropic  receptor  gene  families  have  expanded  and 
contracted  remarkably  when  viewed  across  arthropod  evolution.  Comparisons  for  several  of  the 
newly  available  i5k  pilot  genomes  from  Baylor,  as  well  as  previous  public  projects  and  our  own 
genome  sequencing,  will  be  presented.  Most  of  these  changes  seem  clearly  related  to  the 
complexity  of  the  chemical  ecology  of  the  species,  with  specialists  generally  having  smaller 
repertoires  while  generalists  have  large  repertoires.  Species  with  obvious  dependence  of 
chemical  cues  and  signals  like  ants  have  the  largest  known  repertoires.  Over  the  span  of 
arthropod  evolution  there  has  also  been  a  transition  from  large  ionotropic  receptor  repertoires, 
such  as  in  arachnids  and  crustaceans,  to  smaller  ones  in  most  insects  (termites  are  an  exception). 
This  pattern  might  correlate  with  the  origin  and  expansion  of  the  odorant  receptor  family  within 
the  insects. 
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Genomes  of  several  important  pest  Tephritid  fruit  flies  have  been  investigated,  from  three 
important  genera,  Bactrocera ,  Ceratitis ,  and  Anastrepha.  Different  seqeuncing  strategies  were 
used  for  some  species,  depending  on  the  goals  of  the  projects,  including  strategies  for  high 
quality,  chromosome-scale  assemblies,  genome  assembly  and  the  individual  fly  level,  and  low- 
cost  approaches  for  genome  surveys.  These  will  be  described  and  compared.  In  addition, 
comparative  genomics  approaches  reveal  orthologous  genes  between  these  genomes,  conserved 
synteny,  and  genome  rearrangements  between  taxa,  including  comparisons  to  the 
model  Drosophila  melanogaster. 
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For  decades,  odour-baited  traps  have  been  the  main  tool  for  control  of  tsetse  flies  (Diptera; 
Glossinidae),  vectors  of  African  trypanosomes.  Development  of  a  universal  tool  for  control  is 
hindered  by  differences  in  responses  to  known  attractants  occur  among  tsetse  fly  species.  The 
recent  sequencing  of  full  genomes  of  five  Glossina  species  offers  opportunity  to  compare  their 


chemosensory  repertoire  and  enhance  our  understanding  on  their  biology  in  relation  to 
chemosensation.  Here,  we  identified  and  annotated  the  major  chemosensory  gene  families  in 
Glossina.  We  identified  a  total  of  1 18,  115,  124,  and  123  chemosensory  genes  in 
Glossina  austeni ,  G.  brevipalpis ,  G.f.  fuscipes ,  G.  pallidipes ,  respectively  relative  to  127 
reported  in  G.  m.  morsitans.  Our  results  show  that  tsetse  fly  genomes  have  fewer  chemosensory 
genes  when  compared  to  other  dipterans  such  as  Musca  domestica  (ri> 393),  Drosophila 
melanogaster  (n= 246)  and  Anopheles  gambiae  («>247).  Glossina  chemosensory  genes  are 
dispersed  across  distantly  located  scaffolds  in  their  respective  genomes,  in  contrast  to  other 
insects  like  D.  melanogaster  whose  genes  occur  in  clusters.  Further,  Glossina  lack  sugar 
receptors,  but  have  expanded  CO2  associated  receptors,  potentially  reflecting  Glossina's  obligate 
hematophagy  and  the  need  to  detect  hosts  that  may  be  out  of  visual  range.  We  also  identified,  in 
all  species,  homologs  of  Ir84a;  a  Drosophila- specific  ionotropic  receptor  that  promotes  male 
courtship  suggesting  that  this  is  a  conserved  trait  in  tsetse  flies.  These  findings  provide  a 
platform  for  studies  to  further  define  the  language  of  communication  of  tsetse  with  their 
environment,  and  influence  development  of  novel  approaches  for  control. 
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Much  of  the  challenge  of  studying  sociality  lies  in  the  distant  evolutionary  relationships  between 
the  advanced  eusocial  species  (e.g.  honey  bees,  ants)  and  the  most  closely  related  solitary 
species.  Often,  these  species  are  far  too  divergent  to  identify  clear  connections  between  genotype 
and  behavior.  However,  in  halictid  bees  eusociality  has  been  repeatedly  gained  and  lost, 
generating  substantial  variation  among  closely  related  species.  This  makes  the  group  an  ideal 
model  for  studying  the  proximate  factors  associated  with  the  evolution  of  social  behavior. 
Lasioglossum  is  perhaps  the  most  behaviorally  diverse  genus  in  the  family;  the  group  shares  a 
primitively  eusocial  ancestor  and  includes  at  least  six  losses  of  sociality  as  well  as  several 


socially  polymorphic  species.  To  identify  the  common  molecular  mechanisms  underlying  loss 
and  maintenance  of  social  behavior  in  this  system,  we  are  sequencing  the  genomes  of  six 
eusocial  species  and  six  closely  related,  solitary  species.  In  order  to  increase  our  power  and 
precision  to  identify  genetic  variants  associated  with  changes  in  social  behavior,  we  are 
combining  this  comparative  genomics  approach  with  population  level  sampling.  By  studying  the 
convergent  evolution  of  solitary  behavior  in  this  closely  related  group  of  species,  we  will  gain 
novel  insights  into  the  mechanisms  underlying  the  evolution  and  maintenance  of  eusociality. 
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Blowflies  and  houseflies  (Diptera)  are  well-known  mechanical  vectors  of  pathogens.  They  feed 
and  breed  in  faeces  and  decaying  organic  matter,  where  they  may  acquire  a  significant  part  of 
their  microbiome.  Blowflies  and  houseflies  are  ubiquitous  and  synanthropic,  thus  playing  an 
important  role  in  the  dispersal  of  microbes  to  humans,  animals  and  plants  in  urban  and  natural 
environments.  In  this  study  we  investigated  the  microbiome  of  these  two  major  vectors  to  great 
depth,  in  three  different  continents  in  urban,  rural  and  natural  settings.  In  total,  62  individual 
blowflies  of  the  species  Chrysomya  megacephala  and  52  houseflies  of  the  species  Musca 
domestica  were  sequenced  through  whole  genome  shotgun  (WGS).  Host  DNA  sequences  were 
computationally  removed  and  we  were  able  to  obtain  the  microbial  identification  in  species-level 
using  two  bioinformatics  approaches  with  varying  stringency:  (i)  rapsearch  against  the  non- 
redundant  NCBI  database;  and  (ii)  an  in-house  script  to  align  short  reads  against  full  microbial 
genomes.  Up  to  1401  microbial  taxa  were  assigned  to  blowflies  and  420  to  houseflies,  using  a 
cutoff  of  >500  reads  per  taxa.  A  significant  part  of  their  microbiome  was  assigned  to  potentially 
pathogenic  microbes.  Despite  the  similar  habitat  occupancy,  blowflies  showed  a  higher  read 
count  and  microbial  diversity  than  houseflies  for  both  the  core-  and  pan-microbiomes.  PCoA 
analysis  segregates  the  two  fly  species  based  on  their  pan-microbiome.  Nevertheless,  a  core 


microbiome  was  found  for  blowfly  and  housefly  populations  from  different  continents, 
consistent  with  the  idea  of  non-discriminatory  transport  that  a  mechanical  vector  provides. 
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Helicoverpa  armigera  is  an  invasive  species  that  has  established  in  South  America  and  is  a 
potential  threat  to  agriculture  in  the  U.S..  Although  the  native  bollworm,  H.  zea ,  has  not 
developed  measurable  resistance  to  transgenic  crops  expressing  Bacillus  thuringiensis 
insecticidal  toxins  (Bt.  crops),  H.  armigera  has  rapidly  developed  resistance  to  Bt.  crops  in  some 
countries  in  its  native  range  of  distribution.  Therefore,  understanding  evolutionary  tendencies  of 
H.  armigera  is  important  to  assess  potential  for  this  species  to  adapt  to  North  American  climatic 
conditions  and  evolve  resistance  to  Bt.  crops  and  insecticides.  High-throughput  nucleotide 
sequencing  of  genomic  DNA  from  H.  armigera  preserved  from  1983 -1993  and  recently  collected 
insects  were  compared  by  high-throughput  sequencing.  Polymorphisms  in  coding  regions  were 
used  to  calculate  the  proportion  of  non- synonymous  substitutions  to  synonymous  substitutions. 
Results  indicated  that  while  most  genomic  regions  were  under  stabilizing  or  purifying  selection 
pressure,  a  few  loci  were  either  selectively  neutral  or  under  positive  selection  pressure. 
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Studies  on  insect  reproduction  cross  a  wide  variety  of  fields  and  multiple  studies  have  been 
conducted  with  model  organisms,  particularly  in  Order  Diptera.  These  studies  have  shown  that 
seminal  fluid  components  can  cause  a  wide  variety  of  behavioral  and  physiological  effects  in 
females  including  reduced  longevity.  Honey  bee  queens,  due  to  development  of  instrumental 
insemination,  present  an  excellent  model  for  understanding  the  various  factors  regulating  post¬ 
mating  changes.  In  addition,  honey  bee  seminal  proteome  and  sperm  have  been  characterized. 
Studies  show  that  parasites  can  have  an  effect  on  the  seminal  fluid  of  their  hosts  which  in  turn 
has  a  negative  effect  on  offspring  development.  Understanding  how  selection  pressures  from 
parasites  have  shaped  reproductive  processes  might  help  answer  why  honey  bee  queens  are 
exhibiting  reduction  in  lifespan.  Varroa  destructor  is  an  ectoparasitic  mite  on  Apis  mellifera ;  it 
feeds  on  hemolymph  and  vectors  pathogens.  V  destructor  have  a  negative  effect  on  drone 
weight,  sperm  viability,  and  their  mating  flight  successes.  Despite  their  importance,  no  work  has 
compared  effects  of  semen  from  drones  in  V  destructor- infested  regions  versus  drones  from  as 
of  yet  V  de  struct  or -free  regions.  I  propose  to  use  proteomics  to  determine  how  V. 
destructor  mites  might  shape  the  composition  of  drone  seminal  fluids.  I  plan  to  examine  drones 
from  areas  where  V.  destructor  has  been  introduced  at  different  times  or  is  still  absent:  the 
continental  United  States  (1980s),  Hawaii  (2007  and  some  islands  are  still  without  it),  and 
Australia  (still  absent). 
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Social  insects  are  among  the  most  dominant  organisms  on  earth.  The  success  of  social  insects 
arises  from  the  caste  system,  whereby  different  individuals,  which  often  exhibit  drastically 
different  morphologies,  physiologies,  and  behaviors,  are  each  responsible  for  certain  tasks  within 
the  colony.  The  development  of  insect  castes  has  been  linked  to  differential  gene  expression  and 
epigenetic  variation.  However,  little  is  known  about  the  role  of  new  genes,  generated  by  gene 
duplication,  in  the  development  and  evolution  of  different  castes.  Gene  duplication  is  an 
important  factor  in  evolution  because  it  can  provide  novel  genetic  material  that  can  be  co-opted 
in  the  evolution  of  novel  phenotypes.  We  hypothesize  that  the  genetic  redundancy  provided  by 
gene  duplication  could  be  used  to  facilitate  biased  gene  expression  amongst  phenotypes  which 
promotes  the  evolution  of  different  phenotypes.  We  approached  this  hypothesis  by  investigating 
the  genome  of  the  Western  honey  bee,  Apis  mellifera ,  using  biased  gene  expression  as  a  proxy 
for  phenotype  specific  gene  function.  Duplicate  genes  were  found  to  have  a  higher  level  of  sex 
biased  expression  compared  to  singletons.  However,  this  was  not  found  to  be  true  for  caste 
biased  gene  expression.  We  found  that  gene  expression  patterns  amongst  duplicate  pairs  diverge 
overtime.  Also  the  proximity  of  duplicated  genes  may  play  a  role  in  whether  duplicates  diverge 
in  expression.  By  studying  the  interaction  between  gene  duplication  and  biased  gene  expression, 
we  can  further  our  understanding  of  the  genomic  factors  involved  in  evolution  of  social  insect 
castes. 
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Introduction:  The  extract  od  Acorus  calamus  was  assessed  for  biological  activity  against  the 
cabbage  cluster  caterpillar  ( Crocidolomia  pavonana ),  an  important  insect  pest  of  cabbage  in 
Indonesia. 

Methods:  Laboratory  bioassays  against  late  second  instar  larvae  were  conducted  by  dip  leaf 
methods. 

Results/Conclusion:  The  late  second  instar  larvae  fed  cabbage  leaf  treated  with  the  Acorus 
extract  inhibited  the  larval  feeding  for  about  50%  at  concentration  1.85%.  The  extract  was  found 
toxic  to  the  early  second  instar  larvae  after  72h  exposure  (LC5o=1.5%).  Treatment  of  adults  C. 
pavonana  for  24h  with  the  crude  extract  of  A.  calamus  at  sublethal  concentration  (0.4%)  found 
effected  on  life  table  parameters  of  the  insect  pest.  The  extract  showed  the  increasing  the 
mortality  of  population  in  each  stadia,  reducing  the  net  reproduction  rat  (Ro),  reducing  the 
intrinsic  rate  of  increase  (r),  and  prolong  the  insect  population  growth  into  doubled  time  (DT).  It 
had  been  found  that  the  fecundity  of  the  survived  female  adults  were  reduced  about  90%.  These 
results  suggest  that  the  extract  of  A.  calamus  should  be  further  evaluated  in  integrated 
management  Pest  (IPM)  of  cabbage  crop. 


Paper  (Oral)  Presentations 

Presentation  Title:  Toxicity  comparisons  of  10  insecticides  to  Bemisia  tabaci  (MEAM1)  and  its 
superiority  parasitoid  Eretmocerus  hayati 


Author  Name:  Deying  MA 


Author  Institution:  Xinjiang  Agricultural  University 

Session  Title:  Contributed  Papers:  Biological  Control  and  Insect  Pathology:  Plant  and  Other 
Extracts  as  Biocides 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3006 
DOI:  10.1603/ICE.2016.1 10393 
Abstract  text: 

Introduction:  Eretmocerus  hayati,  a  superiority  parasitoid  of  Bemisia  tabaci,  was  found  in 
Xinjiang  Turpan  region  in  2010.  The  chemical  control  of  whiteflies  will  inevitably  generate  toxic 
and  side  effects  to  parasitoids.  Toxicities  of  10  insecticides  against  B.  tabaci  and  E.  hayati  were 
detected  in  order  to  select  insecticides  with  high  effect  to  whiteflies  but  low  toxicity  to 
parasitoids. 

Methods:  The  leaf  dipping  bioassay  was  used  in  the  testing  of  whitefly,  and  a  residual  film 
method  was  used  in  parasitoid  detection. 

Results/Conclusion:  All  tested  insecticides  showed  high  toxicities  to  whiteflies  with  LC50  values 
between  0.05mg  L"1-208.071mg  L"1;  E.  hayati  are  very  susceptible  to  all  tested  insecticides,  and 
the  sort  order  of  toxicities  from  strong  to  weak  is  chlorpyrifos  >  sulfoxaflor  >  thiamethoxam  > 
imidacloprid  >  acetamiprid  >  }i-cyhalothrin  >  beta  cypermethrin  >  spinosad  >  spinetoram  > 
abamectin,  LC50  values  ranged  from  0.021  mgL'1-1.884mgL"1.  ^-cyhalothrin,  beta 
cypermethrin,  imidacloprid,  thiamethoxam  and  chlorpyrifos  exhibited  much  stronger  toxicities  to 
E.  hayati  than  that  of  B.  tabaci  since  LC50  values  to  E.  hayati  decreased  195.6-1,478.4  folds  to 
compare  with  B.  tabaci.  Toxicities  of  bioinsecticides,  spinosad  and  spinetoram,  to  E.  hayati  less 
than  those  former  organic  insecticides  significantly.  Only  abamectin  showed  lower  toxicity  to  E. 
hayati  than  that  of  B.  tabaci  in  all  tested  insecticides,  the  LC50  value  to  E.  hayati  increased  37- 
fold  compared  with  B.  tabaci.  Abamectin  is  the  insecticide  showed  lower  toxicity  to  parasitoids 
but  with  higher  effect  against  whiteflies,  and  it  can  be  used  for  coordinating  biological  and 
chemical  control  in  the  IPM  of  B.  tabaci. 
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Lower  termite  is  a  serious  menace  to  wood  structures.  Usage  of  pesticides  reduces  the  termite 
attack  but  these  are  not  ecofriendly,  besides  that  many  termite  species  get  resistance  to  pesticides 
under  the  changing  climate.  This  study  was  aimed  to  evaluate  the  toxicity  of  leaves  and  bark 
extracts  of  Eucalyptus  camaldulensis  and  Pongamia  pinnata  at  100,  500,  1000,  1500  and  2000 
ppm  against  Heterotermes  indicola.  100  termites  were  released  in  each  replicate  of  all 
concentrations  during  antitunneling,  antitermitic,  antifeeding  and  antiprotozoal  assays.  However, 
3  termites  from  replica  of  each  treatment  were  removed  after  every  2nd  day  of  experiment  for 
evaluation  of  in-vivo  effect  by  counting  protozoa  population.  All  extracts  showed  significant 
antitunneling  and  antitermitic  activity,  particularly  leaves  extracts  of  both  plants  showed 
antitermitic  activity  up  to  100%  and  only  10%  cellulose  film  was  consumed  at  2000ppm.  LC50 
of  leaves  and  bark  extracts  of  E.  camaldulensis  was  150  and  293ppm,  whereas,  424  and  450ppm 
for  P.  pinnata  respectively.  In  case  of  in-vivo,  extracts  of  E.  camaldulensis  exhibited  the  total 
loss  of  protozoa  in  termite  hindgut  as  compared  to  extracts  of  P.  pinnata.  These  findings  suggest 
crude  extracts  of  plants  can  be  used  as  an  effective  toxicant  to  termites  and  in  biopesticides 
formulation. 
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Silverleaf  nightshade  (Satansbos)  is  an  economically  important  alien  invader  plant.  Mechanical 
and  chemical  control  measures  tested  were  confirmed  not  to  be  consistent,  however,  a  biological 
control  agent,  Leptinotarsa  texana,  which  was  released  in  South  Africa  during  1992,  proved  to  be 
very  successful.  When  in  abundance,  damage  done  by  these  beetles  has  shown  to  suppress  the 
development  of  new  shoots  from  adventitious  buds  on  the  roots  during  the  next  season.  In  order 
to  better  understand  the  biochemical  mode-of-action  (MO A)  of  the  beetles  on  the  metabolism  of 
the  plant,  a  strategy  to  compare  compounds  present  in  extracts  of  damaged  and  undamaged 
leaves,  stems  and  roots  of  silverleaf  nightshade  is  applied.  The  metabolites  and  possible 
metabolic  pathways  of  specific  compounds  will  systematically  be  investigated. 

Preliminary  results  with  thin  layer  and  high  performance  liquid  chromatography  showed  clear 
differences  between  compounds  present  in  methanol  extracts  of  damaged  and  undamaged  plant 
parts.  Further  studies  needs  to  be  done  to  identify  specific  compounds  and  link  them  to  a 
metabolic  pathway  to  establish  the  MOA  of  the  beetles  in  controlling  silverleaf  nightshade. 
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Huanglongbing  (HLB)  is  a  disease  that  has  been  correlated  with  the  bacteria  Candidatus 
Liberibacter  spp.  The  bacteria  associated  with  this  disease  are  transmitted  by  the  Asian  citrus 
psyllid,  Diaphorina  citri.  Recently  we  evaluated  8  genotypes  of  Citrus  and  related  genera  by 
determining  whether  they  influence  oviposition  of  adults  D.  citri  in  no-choice  tests.  Considering 
all  of  the  evaluated  parameters,  it  was  concluded  that  cultivars  of  sweet  orange  are  the  most 
susceptible  genotypes  to  D.  citri ,  and  regarding  oviposition,  Poncirus  trifoliata  x  C.  sinensis 
(citrange)  showed  resistance.  The  overall  aim  of  this  study  was  to  identify  potential  volatile 
compounds  of  22  genotypes  of  Citrus ,  which  could  be  used  to  develop  olfactory  lures  for 
enhancing  Asian  citrus  psyllid  detection  and  monitoring,  as  well  as  to  identify  effective  repellent 
from  plants.  Chemometric  techniques  was  used  in  order  to  check  and  clarify  the  relationships 
between  the  22  genotypes,  and  if  possible  to  understand  their  resistance  to  D.  citri.  The 
interpretation  of  chemical  data  was  consistent  to  clarify  the  resistance  of  citrange  for  oviposition. 
The  chemical  composition  suggests  the  separation  of  citrange  with £><2ra-mentha- 1(7), 8-diene, 
(E)-(3-ocimene,  linalool  oxide,  germacrene  A  and  (2Z,6E)-farnesol,  absent  in  the  remaining 
genotypes.  The  behavioral  response  of  the  volatile  essential  oil  compounds  was  studied  in  a  Y- 
tube  olfactometer  bioassay,  allowing  confirming  that  citrange  did  not  elicited  a  significant 
attractant  response  from  the  adults  D.  citri.  But  the  best  repellence  was  obtained  with  Citrus 
reticulata  L.  x  Citrus  sinensis  L.,  which  was  not  assayed  in  oviposition. 


Paper  (Oral)  Presentations 

Presentation  Title:  Emergency  alert!  Plants  communicate  about  herbivory  through  arbuscular 
mycorrhizal  fungi 

Author  Name:  Zoe  Getman-Pickering 


Author  Institution:  Cornell  University 

Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Behavior 
Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3011 
DOI:  10. 1603/ICE.2016.1 15445 
Abstract  text: 

By  responding  to  volatile  signals  of  neighbors,  plants  avoid  costly  defenses  when  unnecessary, 
and  induce  defenses  before  insects  arrive.  However,  field  tests  have  shown  that  volatile 
communication  is  typically  limited  to  immediate  neighbors.  Recent  greenhouse  research  has 
indicated  arbuscular  mycorrhizal  fungi  can  act  as  a  conduit  for  distress  signals.  Mycorrhizal 
networks  may  allow  plants  to  communicate  over  long  distances  because  they  often  connect 
thousands  of  individuals,  but  no  experiments  have  tested  the  role  of  mycorrhizal  fungi  in 
signaling  herbivory  between  plants  in  the  field.  In  this  study,  we  tested  for  communication  about 
herbivory  between  tomato  plants  through  mycorrhizal  fungi  in  an  agricultural  setting.  Tomatoes 
were  planted  in  a  field  and  allowed  to  connect  to  the  common  mycorrhizal  network,  which  was 
augmented  by  broadcast  application  of  G.  intraradices.  Half  of  the  plants  acted  as  triggers,  while 
the  other  half  acted  as  signal  receivers.  The  receivers  were  divided  into  3  treatments: 

Mycorrhizal  exclusion,  root  exclusion,  and  control.  Trigger  plants  were  induced  by  Manduca 
sexta  for  24  hours.  Plants  in  the  root  exclusion  and  control  treatments  exhibited  higher  levels  of 
protease  inhibitors  and  endogenous  methyl  jasmonate  compared  to  plants  in  the  mycorrhizal 
exclusion  bag,  suggesting  plants  connected  via  mycorrhizae  shared  information  about  herbivory. 
Manduca  larvae  fed  on  tomato  leaves  from  the  control  and  root  exclusion  treatments  grew  less 
than  those  fed  on  leaves  from  the  mycorrhizal  exclusion  treatment,  indicating  that  mycorrhizal 
communication  led  to  reduced  herbivore  performance.  We  conclude  that  mycorrhizae  may  play 
an  important  role  in  plant  defenses  in  the  field. 


Paper  (Oral)  Presentations 

Presentation  Title:  Misdirected  courtship  in  a  community  of  colorful  Habronattus  jumping 
spiders 

Author  Name:  Lisa  Taylor 

Author  Institution:  University  of  Florida 

Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Behavior 
Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  3012 


DOI:  10. 1603/ICE.2016. 115637 
Abstract  text: 

Dramatic  and  costly  male  courtship  display  is  common  in  many  animals.  In  some  cases,  males 
engage  in  courtship  indiscriminately,  spending  significant  energy  courting  heterospecifics  with 
whom  they  have  no  chance  of  mating.  Due  to  high  costs  and  few  benefits,  we  might  expect 
mechanisms  to  evolve  to  reduce  such  misdirected  courtship.  In  Habronattus  jumping  spiders, 
females  are  large  and  voracious  predators,  posing  a  risk  to  males  who  court  indiscriminately.  In 
this  study,  we  examined  patterns  of  misdirected  courtship  in  a  natural  community  of  four 
sympatric  Habronattus  species  ( H .  clypeatus,  H.  hallani,  H.  hirsutus,  and  H.  pyrrithrix).  We 
used  direct  field  observations  to  weigh  support  for  two  hypotheses  (differential  microhabitat  use 
and  species  recognition  signaling)  to  explain  how  these  species  reduce  the  costs  associated  with 
misdirected  courtship.  While  the  four  species  of  Habronattus  showed  some  differences  in 
microhabitat  use,  all  four  species  overlapped  substantially,  and  in  three  of  the  species  individuals 
equally  encountered  heterospecifics  and  conspecifics.  Males  courted  females  at  every 
opportunity,  regardless  of  species  leading  to  aggression  and  predation  by  the  female.  These 
results  suggest  that,  while  differences  in  microhabitat  use  might  reduce  misdirected  courtship, 
co-existence  of  these  four  species  may  be  possible  due  to  complex  communication  (i.e.  species- 
specific  elements  of  a  male’s  courtship  display).  To  our  knowledge,  this  is  the  first  study  to 
examine  misdirected  courtship  in  a  system  with  such  high  risks  of  sexual  cannibalism.  To  date, 
studies  of  misdirected  courtship  in  the  field  are  limited  and  may  broaden  our  understanding  of 
how  biodiversity  is  maintained  within  a  community. 
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Sugar  in  the  form  of  extrafloral  nectar  in  tropical  systems  has  a  major  importance  for  ants  and 
parasitoids.  Such  resources  benefit  diet  and  abundance  of  ants,  and  for  parasitoids,  sugar 
resources  are  used  as  a  signal  to  find  their  hosts.  It  is  possible  that  parasitoids  of  ants  are  able  to 
find  their  hosts  as  ants  forage  near  sugar  resources.  Additionally,  previous  work  suggests  that 
nest  entrance  sizes  influences  ant  community  assembly;  therefore,  we  ask  if  sugar  resources  and 
nest  entrance  size  influences  ant  colonization,  colony  size  and  parasitism  of  arboreal  ants  in  a 
tropical  managed  system  by  experimentally  adding  sugar  on  trees.  Our  research  took  place 
within  a  shaded  coffee  agroecosystem  located  in  Chiapas,  Mexico.  We  added  a  sugar  solution  to 
Inga  micheliana  trees  through  an  experimental  device  that  slowly  released  the  solution.  We  set 
up  20  blocks  of  50x50,  consisting  of  two  trees.  In  each  block  we  assigned  one  tree  to  sugar  and 
one  to  water.  Nests  were  left  on  the  field  for  three  months  and  sugar/water  was  replenished  every 
week.  At  the  end  of  the  experiment  all  nests  were  collected  and  ant  pupae  were  reared  to  assess 
parasitism.  Our  results  show  lower  parasitism  in  sites  where  water  was  added  experimentally  to 
the  trees  and  in  nests  with  a  large  entrance  size.  The  treatment  nectar  and  the  size  large  produced 
the  largest  amount  of  ant  brood.  We  discuss  the  interactions  mediated  by  added  sugar  resources 
on  trees  with  extrafloral  nectaries  and  the  implications  to  ant  parasitism,  colonization  and 
diversity. 
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Herbivorous  insects  on  plants  that  emit  latex  or  other  exudates  commonly  sever  leaf  veins  before 
feeding,  thereby  reducing  the  outflow  of  poisonous,  sticky  exudate  at  their  distal  feeding  site. 
Surprisingly,  soybean  loopers  ( Chrysodeixis  includens)  not  only  sever  veins  of  plants  with 
exudates,  but  also  cut  veins  of  geranium,  Pelargonium  hortorum ,  which  lacks  canal-borne 
exudates.  Vein  cutting  occurred  more  frequently  on  geraniums  with  prior  feeding  damage 
compared  to  undamaged  controls  suggesting  that  damage  increases  geranium  defenses,  thus 
triggering  a  behavioral  counter-response  by  the  loopers.  In  laboratory  assays,  final  instar  soybean 


loopers  did  not  exhibit  vein  cutting  when  tested  with  two  defensive  chemicals  found  in 
geranium:  quisqualic  acid,  a  neurotoxin  that  mimics  L-glutamic  acid  and  causes  paralysis  in 
Japanese  beetles,  and  anacardic  acid,  a  long  chain  phenol  found  in  the  glandular  trichomes. 
However,  vein  cutting  was  induced  by  exudate  collected  directly  from  the  tips  of  the  tall 
glandular  trichomes.  Trichome  exudate  was  extremely  toxic  to  soybean  looper  eggs.  Neonates 
performed  poorly  on  geranium  leaves  with  intact  trichomes,  but  survivorship  increased 
substantially  when  leaves  were  rinsed  with  ethanol,  thereby  removing  the  orange  exudate  from 
the  trichomes;  survivorship  also  increased  when  both  tall  and  short  glandular  trichomes  were 
physically  removed  from  the  leaf  surface.  These  results  document  the  effectiveness  of  geranium 
chemical  defenses  against  a  generalist  folivore.  Work  in  progress  tests  if  vein  cutting  benefits 
soybean  loopers  or  if  it  is  simply  an  inappropriate  response  to  a  nonnative  plant. 
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Introduction:  The  offspring  of  subsocial  insects  are  potentially  vulnerable  to  predators  and/or 
parasitoids.  However,  they  are  effectively  protected  from  these  threats  by  their  parent(s).  Male 
giant  water  bugs,  Kirkaldyia  deyrolli  (Heteroptera:  Belostomatidae),  care  for  their  egg  masses  as 
they  rest  on  vegetation  above  the  water’s  surface  of  aquatic  environments  such  as  ponds,  rice 
fields,  and  marshes.  Previous  studies  have  shown  attending  males  supplying  the  eggs  with  water 
and  protecting  them  from  mature  females  (infanticide)  until  the  eggs  hatch.  In  addition,  previous 
studies  have  also  shown  that  ant  predation  on  egg  masses  after  the  attending  male  left. 

Methods:  In  the  present  study,  we  performed  laboratory  experiments  to  evaluate  the  effect  of 
parental  care  against  ants,  Tetramorium  tsushimae ,  by  using  four  treatments:  A,  attending  male 
with  ants  approaching;  B,  experimental  water  supply  with  ants  approaching;  C,  attending  male 
without  ants  approaching;  and  D,  experimental  water  supply  without  ants  approaching. 


Results/Conclusion:  The  hatching  rate  under  treatment  B  was  significantly  lower  than  that  under 
treatments  A,  C,  and  D.  When  ants  approached,  the  attending  male  did  not  leave  and  did  not 
discard  its  egg  mass.  On  the  other  hand,  the  proportion  of  ants  approaching  egg  masses  guarded 
by  an  attending  male  was  significantly  lower  than  that  when  approaching  an  unguarded  egg 
mass.  In  conclusion,  an  attending  male  can  protect  its  eggs  from  ant  predation,  and  therefore,  its 
care  can  play  an  important  role  in  egg  survival. 
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Introduction:  The  Ozark  Baltimore  Checkerspot  (Euphydryas phaeton  ozarkae\  Nymphalidae 
Masters)  is  an  endemic  butterfly  of  the  Ozark  regions  of  Arkansas,  Kansas,  Missouri,  and 
Oklahoma.  Currently  classified  as  a  subspecies,  differences  in  habitat  and  recently  obtained 
evidence  suggest  it  may  warrant  full  species  status.  In  Arkansas,  E.  p.  ozarkae  lay  eggs  in  large 
clusters  exclusively  on  Smooth  Yellow  False  Foxglove  (Aureolaria  flava ,  Orobanchaceae  L.), 
depositing  as  much  as  one-fourth  of  the  total  egg-load  onto  a  single  plant.  As  such,  host  plant 
selection  during  oviposition  is  critical  to  individual  fitness  and  survival. 

Methods:  We  measured  physical  plant  characteristics  (e.g.,  height,  width,  number  of  leaves)  and 
compared  plants  that  were  accepted  and  unaccepted  for  oviposition.  We  also  explored 
relationships  between  the  most  favored  plant  characteristics  and  habitat  conditions. 

Results/Conclusion:  Butterflies  actively  chose  plants  with  greater  height,  area,  and  number  of 
stalks  and  leaves.  This  finding  is  congruent  with  the  plant  vigor  hypothesis  (Price  1991)  and 
implies  more  robust  plants  provide  the  greatest  potential  for  survival.  Checkerspots  appear  to  be 
resource-limited  during  larval  stages.  Host  selection  that  favors  resource-rich  plants  may  be  a 
direct  result  of  this  observed  limitation.  Positive  oviposition-selection  characters,  as  well  as  plant 


presence,  were  associated  with  forests  that  were  open  in  both  canopy  cover  and  understory 
density.  Continued  habitat  restoration  and  perpetual  maintenance  using  prescribed  fire  may 
positively  affect  these  butterflies  by  increasing  plant  presence  and  vigor  within  areas. 
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Phototaxis  is  a  widely  recognized  behavior  among  insects,  but  its  mechanism  and  function  are 
poorly  understood.  For  the  oriental  stink  bug,  Plautia  stali ,  we  conducted  1)  trajectory  analyses 
of  phototactic  behavior  with  one  or  two  monochromatic  light  sources  and  2)  electroretinographic 
analysis  of  compound  eye  spectral  sensitivity.  Bugs  were  strongly  attracted  to  UV  (365  nm)  and 
green  (525  nm)  light  under  the  single  light  condition.  The  attraction  spectrum  paralleled  the 
spectral  sensitivity  of  the  compound  eyes,  which  peaked  at  UV  and  green.  When  two  lights  of 
different  wavelength  were  presented  at  the  same  intensity,  bugs  were  attracted  to  the  light  of 
shorter  wavelength.  The  bugs  approached  the  light  source  while  repeatedly  making  curves  and 
turns:  they  often  turned  toward  their  preferred  light  in  two-light  conditions.  We  thus  conclude 
that  1)  wavelength  preference  changes  flexibly  depending  on  the  combination  of  presented 
wavelengths,  and  that  2)  turning  toward  a  preferred  light  is  probably  the  basic  mechanism  of  the 
bug’s  phototaxis,  whereby  bugs  try  to  equal  light  inputs  to  their  bilateral  compound  eyes. 
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Caterpillars  of  Theroa  zethus  (Notodontidae)  secrete  acid  from  their  ventral  eversible  gland 
(VEG)  onto  leaf  veins  and  petioles  of  their  euphorb  hostplants.  The  VEG  in  notodontids 
ordinarily  serves  to  deter  predators;  when  threatened,  larvae  spray  acid  from  the  gland  orifice 
located  between  the  mouthparts  and  first  pair  of  legs.  By  applying  acid  to  leaf  veins,  T.  zethus 
creates  withered  furrows  that  disrupt  latex  canals  within  the  veins.  Larvae  inevitably  feed  beyond 
the  furrows  where  latex  exudation  is  greatly  diminished.  Larvae  with  their  VEG  orifice  blocked 
were  unable  to  create  furrows  and  suffered  reduced  growth  on  poinsettia.  Using  HPLC,  we 
documented  that  the  VEG  secretion  contains  primarily  formic  acid  with  smaller  amounts  of 
butyric  acid.  Histological  examination  of  cross  sections  through  midrib  furrows  in  poinsettia 
revealed  that  the  cell  walls  remained  intact,  but  were  often  highly  distorted.  Concentrated  acid 
applied  to  leaf  veins  presumably  kills  cells  near  the  surface  and  weakens  the  walls  of  interior 
cells  perhaps  by  stimulating  the  normal  acid-growth  mechanism  employed  by  plants  to  expand 
cells.  In  North  America,  notodontid  caterpillars  feed  almost  exclusively  on  hardwood  trees.  By 
exploiting  their  notodontid  weaponry,  T.  zethus  caterpillars  are  able  to  disarm  defenses  of  their 
unusual  latex-bearing  hostplants,  often  without  even  contacting  latex  exudate.  Since  the  secretion 
of  VEG  acid  in  Theroa  still  performs  its  original  anti-predator  function  but  has  also  been  co¬ 
opted  for  disabling  plant  defenses,  it  can  be  viewed  as  both  an  adaptation  and  exaptation. 
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Introduction:  Helicoverpa  armigera  Hiibner,  a  polyphagous  insect  pest  is  reported  to  feed  on  at 
least  181  plant  species  belonging  to  45  botanical  families  in  India.  This  insect  pest  has  been 
ranked  as  national  insect  pest  no.  1  because  of  huge  losses  caused  to  many  impoertant  crops  like 
pulses,  soybean,  tobacco,  cotton,  cereals  and  vegetables.  Monitoring  and  forecasting  of  the  pest 
occurrence  and  peak  activity  periods  are  the  prerequisite  for  an  economically  viable, 
environmentally  sound  and  easily  adaptable  pest  management  programme. 

Methods:  The  adult  population  of  Helicoverpa  armigera  have  been  monitored  through 
pheromone  traps  throughout  the  year  in  different  agroclimatic  zones  of  India  for  more  than  ten 
years.  The  trap  data  in  conjunction  with  egg  and  larval  population  in  the  fields,  damage  caused  to 
the  crops  and  meteorological  data,  especially  rainfall  and  temperature  were  used  to  develop 
region  specific  prediction  models  of  H.  armigera. 

Results/Conclusion:  The  pattern  of  trap  catches  at  different  locations  within  the  same 
agroclimatic  zone  were  very  much  similar,  whereas,  it  varied  in  different  agroclimatic  zones. 
There  were  changes  with  latitude  in  pattern  of  trap  catches.  The  catches  were  generally  higher 
and  had  more  sharply  defined  peaks  at  northern  locations  than  at  southern  locations. 

The  prediction  models  developed  so  far  have  been  validated  in  southern  as  well  as  northern  part 
of  India.  In  Southern  part,  rainfall  played  the  important  role  in  the  prediction  model  developed 
and  validated  for  Andhra  Pradesh  and  Karnataka.  Temperature  played  the  important  role  in  the 
prediction  model  developed  and  validated  for  Uttar  Pradesh. 
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Abstract 

Introduction:  The  Asian  citrus  psyllid,  Diaphorina  citri,  is  a  major  pest  of  citrus  crops  in  Florida. 
Therefore,  insecticide  resistance  becomes  one  of  the  most  important  problem  facing  citrus 
production.  The  objective  is  hte  development  of  an  inexpensive,  standardized  diagnostic  method 
to  monitor  insecticide  resistance  for  all  citrus  grower  against  Diaphorina  citri  in  Florida. 

Methods:  A  susceptible  laboratory  population  of  Diaphorina  citri  was  reared  in  a  greenhouse  at 
Fake  Alfred,  FF.  Tested  insecticides  were  analytical  grade  and  included  bifenthrin  (98%), 
dimethoate  (99.5%),  fenpropathrin  (99.1%),  imidacloprid  (99.9%),  cyantraniliprole  (98.%), 
sulfoxaflor  (99.5%),  fhipyradifurone  (99.5%)  and  spinetoram  (76.2%  J-2F0%  F)  representing 
several  insecticide  classes.  The  bottle  bioassay  method  was  used  to  evaluate  direct  toxicity  of 
insecticides  against  Diaphorina  citri  adults,  to  determine  the  FC50,  FC95  and  time  to  100% 
knockdown  rate.  Each  experiment  was  repeated  three  times  and  replicated  five  times.  Toxicity  of 
Diaphorina  citri  was  assessed  24  hour  after  treatment.  Time  to  100%  knockdown  rate  was 
observed  after  15,  30,  45,  60,  75,  90,  105  and  120  min. 

Results/Conclusion:  The  FC50  values  of  test  insecticides  ranged  from  0.05  to  0.84  ng/pl.  The 
time  to  100%  knockdown  rate  within  the  1  hour  period  time  was  between  1000  to  10000  ng/pl, 
with  the  exception  of  sulfoxaflor,  cyantraniliprole  and  spinetoram.  This  study  showed  that  a 
bottle  bioassay  is  suitable  for  assaying  insecticide  resistance  against  adult  Diaphorina  citri  in  the 
laboratory  ,and  might  be  useful  to  monitor  insecticide  resistance  in  the  field.  It  should  be  a 
feasible  and  flexible  tool  for  rapid  testing  of  insecticide  resistance. 
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Introduction:  At  present,  the  most  common  practice  for  Asian  citrus  psyllid  (ACP)  management 
in  southern  California  is  aggressive  use  of  insecticides  in  both  conventional  and  organic  citrus 
productions.This  helps  minimize  the  number  of  ACP,  thereby  reducing  the  risk  of  huanglongbing 
(HLB). 

Methods:This  project  focused  on  monitoring  the  changes  in  population  densities  of  ACP  (adults 
by  tap,  nymphs  and  eggs  by  flush  examinations)  before  and  after  treatments  to  determine  the 
level  of  control  achieved  by  a  grower.  Single  treatments  of  each  insecticide  were  applied  to 
entire  orchards  and  there  were  two  orchards  for  each  of  the  treatments.  During  fall  2015 
(October/November),  Actara,  Delegate  and  Entrust  were  applied  at  the  recommended  label  rates 
by  air  using  50  gallons  per  acre  (GPA).  Movento  +  oil  and  oil  alone  were  applied  at  the 
recommended  label  rates  by  ground  using  400  GPA. 

Results/Conclusions :Results  for  nymph  populations  indicated,  if  applications  are  made  by  air, 
Actara  was  the  most  effective  treatment  providing  more  than  95%  ACP  population  reduction  for 
41+  days.  Delegate  was  variable  in  its  efficacy  with  80-95%  population  reduction  in  one  site  and 
less  than  40-60%  reduction  in  another  site.  Entrust  was  ineffective  with  less  than  30%  reduction 
when  applied  by  air.  Oil  alone  or  Movento  +  oil  applied  by  ground  provided  2-4  weeks  of  control 
of  psyllid  nymphs.  This  research  enables  us  to  make  recommendations  for  the  Asian  citrus 
psyllid  control  program  in  commercial  citrus  in  southern  California. 
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Introduction:  Citrus  mealybug,  Planococcus  citri  (Risso),  is  one  of  the  most  widely  spread 
mealybugs  infesting  horticulture  crops  including  citrus.  It  is  emerging  as  a  severe  threat  to  the 
citrus  industry  in  Pakistan. 

Methods: This  study  determined  the  in-vitro  toxicity  of  water,  ethanol  and  acetone  extracts  of 
neem,  eucalyptus,  sweet  orange  and  sour  orange  against  adult  females  and  2nd  instar  nymphs  of 
citrus  mealybug.  Leaf-dip  and  twig-dip  methods  were  used  for  2ndinstar  mealybug  nymphs  and 
adult  female  individuals,  respectively,  using  9  cm  Petri-dishes.  Five  concentrations  (0,  8,  16,  32 
and  64%)  of  botanical  extracts  were  tested  in  bioassays  with  three  replications  for  each. 
Mortality  of  insects  was  observed  at  24,  48  and  72  h  post-treatment  for  nymphs  and  at  24  and  48 
h  post-treatment  for  adults. 

Results/Conclusions  :Results  revealed  that  water  and  acetone  extracts  of  neem  and  eucalyptus 
were  the  most  effective  against  mealybugs  (both  2nd  instar  and  adult  individuals),  followed  by 
sweet  orange  and  sour  orange  seed  extracts,  while  leaf  extracts  of  both  citrus  cultivars  in  all 
solvents  were  least  effective.  However,  2nd  instar  nymphs  were  found  more  susceptible  to  all 
extracts.  It  is  concluded  that  botanical  pesticides  can  play  an  important  role  in  management  of 
insect  pests  as  substitutes  of  toxic  and  hazardous  synthetic  chemicals.  Particularly,  neem 
( Azadirachta  indica )  and  eucalyptus  ( Eucalyptus  spp. )  extracts  could  be  effective  against  citrus 
mealybugs  and  should  be  incorporated  in  the  pest  management  programs  against  this  noxious 
pest  of  citrus. 
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Abstract  text: 


Introduction:  Field  populations  of  C.  rosace  ana,  were  collected  from  one  commercial  apple  and 
one  commercial  cherry  orchard  in  western  Michigan.  A  C.  rosaceanalabomtory  susceptible 
strain  was  used  as  a  reference  for  these  field  populations. 

Methods: A  baseline  toxicity  study  of  eight  insecticides  including  phosmet,  bifenthrin,  methomyl, 
indoxacarb,  chlorantraniliprole,  spinetoram,  emamectin  benzoate,  and  novaluron,  was  conducted 
on  the  12-24h  old  larvae  of  these  three  C.  rosaceanastrmns. 

Results/Conclusion:  The  commercial  apple  strain  was  resistant  to  phosmet,  bifenthrin, 
spinetoram,  emamectin  benzoate,  chlorantraniliprole,  and  indoxacard  with  5,  5,  4.3,  6.3,  4.7,  and 
620.4-fold  resistance,  respectively,  when  compared  to  the  LCso  value  of  susceptible  strain.  The 
commercial  apple  strain  was  not  resistant  to  methomyl  and  novaluron.  The  commercial  cherry 
strain  was  resistant  to  bifenthrin,  spinetoram,  emamectin  benzoate,  and  indoxacarb  with  4.9,  4.1, 
5.8,  and  21-fold  resistance  respectively,  when  compared  to  the  LC50  value  of  susceptible  strain. 
The  commercial  cherry  strain  was  not  resistant  to  phosmet,  methomyl,  chlorantraniliprole,  and 
novaluron.  Generally,  the  apple  strain  showed  more  cases  of  insecticide  resistance  than  the 
cherry  strain.  The  levels  of  resistance  against  these  insecticides  should  be  monitored  periodically 
for  further  increases  in  resistance  levels.  A  state -wise  survey  of  more  commercial  orchards 
would  help  determine  the  extent  of  insecticide  resistance  across  the  tree  fruit  production  regions. 
Two  further  studies  have  been  undertaken,  currently  in  the  data  analysis  stage,  to  identity  the 
resistance  mechanism,  field  performance,  toxicity  longevity,  and  the  correlation  between  toxicity 
and  residues  of  the  compounds  associated  with  the  resistance  levels  in  the  current  study. 
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The  minimum  number  of  genes  that  insect  resistance  management  models  must  address  is 
increasing  with  the  adoption  of  pyramided  crop  varieties.  It  is  easiliy  conceivable  that  a  pest 
population,  either  through  serial  exposure  over  the  course  of  a  year  or  by  distribution  across  a 
mosaic  of  biopesticidal  products,  could  experience  selection  at  five  or  more  loci.  A  relaxation  of 
the  assumption  of  monogenic  inheritance  of  resistance  would  further  compound  this  complexity. 
We  present  progress  in  a  project  aimed  at  expanding  the  capacity  for  multi-locus  resistance 
evolution  in  the  RAMAS  IRM  modeling  platform  beyond  its  current  limit  of  four  genes.  Our 
goal  is  to  achieve  the  same  degree  of  flexibility  offered  by  individual-based  models  at  a  fraction 
of  the  computational  cost.  Our  solution,  a  hybrid  approach  precalculates  computationally 
intensive  but  static  aspects  of  the  sexual  reproduction,  gives  a  more  accurate  depiction  of 
evolutionary  rates  than  a  simpler  gene  pool  model  for  cases  in  which  the  number  of  loci  is  still 
small  or  a  small  subset  of  loci  is  under  strong  selection. 
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Introduction:  The  sterile  insect  technique  is  an  area-wide  pest  control  method  that  reduces  pest 
populations  by  releasing  mass-reared  sterile  insects  which  compete  for  mates  with  wild 
insects.  Contemporary  genetics-based  technology  uses  insects  that  are  homozygous  for  a 
repressible  dominant  lethal  genetic  construct  rather  than  being  sterilized  by 
irradiation.  Engineered  strains  of  plant  pest  species,  including  moths  and  fruit  flies,  have  been 
developed  with  female-specific  lethality.  Transgenic  crops  producing  insecticidal  toxins  are 
widely  used;  the  benefits  of  this  method  would  be  lost  if  resistance  to  the  toxins  spread  to  a 
significant  proportion  of  the  pest  population.  The  primary  resistance  management  method  is  the 
high-dose/refuge  strategy,  requiring  toxin-free  crops  as  refuges  near  the  insecticidal  crops,  and 
toxin  doses  sufficiently  high  to  kill  not  only  wild  type  insects  but  also  insects  heterozygous  for  a 
resistance  allele,  rendering  the  resistance  functionally  recessive.  We  propose  that  mass-release 
of  toxin-sensitive  engineered  males,  as  well  as  suppressing  a  population,  could  substantially 
delay  or  reverse  the  spread  of  resistance. 

Methods:  Mathematical  modelling. 

Results/Conclusion:  We  show  by  mathematical  modelling  that  female-lethal  transgenic  insect 
strategies  could  form  an  effective  component  of  resistance  management  for  plant-incorporated 
protectants  and  other  toxins.  This  work  is  linked  to  a  range  of  empirical  laboratory  and  field 
studies  by  our  partners,  Imperial  College  London  /  University  of  Exeter  and  Oxitec  Ltd  (UK),  on 
genetic  insect  control  systems  for  diamondback  moth  Plutella  xylostella. 
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Abstract  text: 

Most  beetles  (Coleoptera)  fly  with  their  forewings  (elytra)  and  hindwings  opened  laterally  (four¬ 
winged  fliers:  4WF),  but  some  beetles  such  as  flower  chafers  (Cetoniinae)  fly  using  only  their 
hindwings,  while  their  elytra  is  almost  closed  (two-winged  fliers:  2WF).  Although  2WF  are 
reported  to  display  greater  flight  ability  than  4WF,  the  adaptive  significance  of  such  type  of 


flight  is  largely  unknown.  Herein,  we  tested  if  two-winged  flight  has  evolved  in  relation  to 
diurnality  throughout  Coleoptera.  We  found  that  two-winged  flight  has  evolved  several  times 
throughout  Coleoptera  and  that  most  of  2WF  are  diurnal.  The  correlation  between  two-winged 
flight  and  diurnality  was  also  supported  by  a  phylogenetic  comparative  analysis  in  Scarabaeinae 
(dung  beetles).  The  two-winged  flight  is  probably  advantageous  in  escaping  from  predation,  and 
preventing  water  loss  from  spiracles  and  heat  of  sunlight  during  the  day. 
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Seasonal  polyphenism  in  insects  is  the  phenomenon  whereby  multiple  phenotypes  can  arise  from 
a  single  genotype  depending  on  the  environmental  conditions  during  development.  Many 
butterflies  have  multiple  generations  per  year,  and  environmentally  induced  variation  in  wing 
color  pattern  phenotype  allows  them  to  develop  adaptations  to  the  specific  season  of  year  in 
which  they  live.  Elements  of  butterfly  color  patterns  are  developmentally  semi-autonomous, 
which  allows  for  detailed  developmental  and  evolutionary  changes  in  the  overall  color  pattern. 
This  developmental  flexibility  of  the  color  pattern  can  result  in  extremely  diverse  seasonal 
phenotypes  in  a  single  species.  Seasonal  forms  of  many  species,  such  as  Precis  octavia 
(Lepidoptera:Nymphalidae),  can  be  so  different  that  they  were  thought  to  be  distinct  species 
prior  to  laboratory  experiments  that  demonstrated  that  alternative  color  patterns  could  be  induced 
by  rearing  the  larvae  under  different  conditions  of  temperature  and  photoperiod.  In  this  study,  we 
aim  to  answer  the  following  questions:  a)  How  do  wing  phenotype  elements  such  as  shape, 
pattern,  and  coloration  vary  between  seasonal  forms?  b)  Can  this  variation  be  explained 
phylogenetically?  c)  If  so,  what  are  the  various  pattern  development  strategies  used  to  achieve 
crypsis  in  the  dry  seasonal  form?  We  analyzed  pattern  element  variation  of  60  seasonally 
polyphenic  butterfly  species  belonging  to  the  tribe  Junoniini  (Lepidoptera:  Nymphalidae).  We 
show  that  forewing  shape  and  eyespot  size  both  vary  seasonally,  and  that  the  methods  by  which 


eyespot  size  is  reduced  in  the  dry  seasonal  forms  is  different  in  different  clades  and  may 
therefore  have  independent  and  diverse  evolutionary  origins. 
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Abstract  text: 

Genetic  polymorphisms  underlie  the  divergent  and  convergent  evolution  of  various  phenotypes. 
Diverse  color  patterns  on  caterpillars,  which  are  ecologically  important,  are  good  models  for 
elucidating  the  molecular  basis  of  phenotypic  diversity.  Here,  we  show  that  a  single 
evolutionarily  conserved  gene  apontic-like  ( apt-like )  encoding  for  a  putative  transcription  factor 
accounts  for  the  silkworm  p  locus,  which  causes  at  least  1 5  different  larval  markings  involved  in 
eye-spot  formation  and  branch-like  markings,  apt-like  and  melanin  synthesis  genes  are  highly 
expressed  in  association  with  pigmented  areas  of  marking  mutants  Striped  ( ps )  and  normal  (+-P) 
but  not  in  the  non-marking  allele  plain  (p).  Functional  analyses  by  ectopic  expression,  RNAi  and 
TALEN,  demonstrate  that  apt-like  causes  melanin  pigmentation  in  a  cell-autonomous  manner. 
These  results  indicate  that  variation  in  p  alleles  is  caused  by  the  differential  expression  of  the 
gene,  apt-like ,  which  induces  targeted  elevation  of  gene  expressions  in  the  melanin  synthesis 
pathway.  Furthermore,  gene  regulatory  network  analyses  show  that  phenotypic  differences 
between  +p  and p  may  be  generated  by  their  differential  responses  to  the  Wntl  pathway.  In  the  +p 
larva,  apt-like  may  be  downstream  of  the  Wntl  pathway,  but  not  in  the  p  larva  probably  because 
the  czs-regulatory  elements  of  apt-like  is  mutated  and  does  not  respond  to  the  Wntl  pathway. 
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Abstract  text: 

Adaptation  in  response  to  plant  defense  mechanism  is  a  classic  example  of  evolutionary  changes 
driven  by  natural  selection.  Lineages  of  an  insect  pest  capable  of  overcoming  plant  resistance 
demonstrate  phenotypic  evolution  in  short  time  scales.  Soybean  aphid,  Aphis  glycines  shows 
high  intraspecific  variability  of  survivorship  in  response  to  resistant  soybean  varieties.  Attempts 
to  understand  the  genetic  architecture  underlying  such  adaptive  phenotypes  were  made  through 
genome  scan  and  comparative  genomics,  although  the  identification  of  candidate  genes  that 
control  this  trait  are  still  lacking.  Here  we  present  our  efforts  to  characterize  quantitative  trait  loci 
(QTL)  responsible  for  the  phenotypic  variance  of  virulence  observed  between  soybean  aphid 
biotypes.  A  combination  of  Illumina  and  Iontorrent®  sequencing  allowed  us  to  identify  an 
informative  set  of  markers  and  accurately  recover  each  loci  genotype  in  our  mapping  population. 
Mapping  population  was  obtained  by  crossing  each  biotype  colony  to  obtain  the  FI  populations 
(5  BlxB2  S  and  $  B2xBl  S\  and  F2  populations  were  obtained  self-mating  FI  colonies. 
Virulence  phenotypes  of  F2  colonies  were  measured  in  the  presence  of  a  resistant  {Rag  1)  and 
susceptible  soybean  variety  in  a  choice  assay  design.  A  linkage  map  was  constructed  using  an 
R/onemap  and  QTL  mapping  was  performed  using  R/QTL.  The  determination  of  marker  order 
and  linkage  allowed  us  identify  genes  and  genomic  regions  associated  with  virulence  phenotype. 
Understanding  the  genetic  basis  of  adaptive  phenotypes  will  allow  us  to  identify  putative 
molecular  markers  that  can  be  used  to  screen  for  the  presence  of  soybean  aphids  genotypes  as 
part  of  monitoring  efforts. 
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Phenotypic  plasticity  allows  diverse  environments  to  perform  a  dual  role  in  evolution,  since  it 
generates  phenotypic  variation  leading  to  a  potential  response  to  selection.  Here  our  main 
purpose  is  to  evaluate  the  expression  of  plastic  and  evolved  genes  involved  in  ecological 
speciation,  and  demonstrate  how  host  plants  might  influence  lineages  differentiation  in 
polyphagous  insects,  using  the  noctuid  moth  Spodoptera  frugiperda ,  the  fall  armyworm  (FAW), 
as  model.  FAW  is  a  polyphagous  species  and  important  pest  in  several  crops  worldwide.  It  is 
differentiated  in  host  plant  related  strains,  corn  (CS)  and  rice  strains  (RS).  RNA-Seq  and 
transcriptome  characterization  were  applied  to  evaluate  unbiased  genetic  expression  differences 
in  larvae  from  the  two  strains  fed  on  preferential  (corn)  and  alternative  (rice)  host  plants.  We 
consider  that  genes  differently  expressed  by  the  same  FAW  strain,  as  response  to  different  hosts, 
are  "plastic".  Otherwise,  differences  in  gene  expression  in  the  two  strains  fed  on  the  same  host 
are  considered  "evolved"  or  selected  differences.  Performance  parameters  (larval  and  pupae 
weight)  varied  among  conditions  (strains  vs  hosts).  3657  contigs  were  related  to  plastic  response, 
and  2395  contigs  were  differentially  expressed  in  the  two  strains  feeding  in  preferential  and 
alternative  hosts  (evolved  contigs).  Genes  related  to  oxiredutase  activity  and  metal  ion  binding 
were  up  and  downregulated  in  all  comparisons,  and  showed  both  plastic  and  evolved  responses, 
raising  the  hypothesis  that  metabolism  level  of  endogenous  substrates  and  the  use  of  those  for 
metabolizing  foreign  chemicals  are  among  the  key  players  on  the  phenotypic  variation  on  FAW 
strains. 
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Abstract  text: 


Plants  are  being  moved  around  the  world  at  an  unprecedented  scale.  In  many  cases  native  insects 
do  not  take  advantage  of  these  invaders,  possibly  due  their  novel  physical  barriers. 
Developmental  responses  in  mouthpart  shape  and  size  may  allow  immediate  use  and  rapid 
adaptation  to  new  resources.  Here,  we  present  evidence  of  developmental  plasticity  in  mouthpart 
length  in  response  to  a  novel  host  plant.  We  fed  the  leaf-footed  cactus  bug,  Narnia  femorata 
(Hemiptera:  Coreidae),  one  of  two  species  of  cactus  fruits  ( Opuntia  spp.)  that  differed  in  the 
thickness  of  their  wall.  These  insects  feed  with  straw-like  mouthparts  (=beak)  that  allow  them  to 
penetrate  the  fruits  and  get  to  the  pulp.  As  predicted,  insects  that  developed  on  the  novel  host 
with  thicker  walls  developed  relatively  longer  beaks.  Small  individuals  on  the  novel  host  grew 
especially  long  beaks  for  their  body  size.  Females  responded  differently  than  males,  growing 
longer  beaks  and  experiencing  less  reduction  in  size  in  response  to  the  novel  conditions. 
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Abstract  text: 

Acoustic  parasitoids  locate  their  hosts  by  eavesdropping  on  the  long-range,  acoustic 
communication  signals  of  other  insects.  This  efficient  host-finding  strategy  requires 
sophisticated,  finely  tuned  tympanal  hearing,  but  all  known  acoustic  eavesdroppers  belong  to 
insect  families  that  generally  lack  hearing  organs.  How,  then,  did  eavesdropping  lineages  evolve 
their  “ears”?  One  widely  discussed  hypothesis  is  that  the  need  to  locate  hosts  provided  the 
selective  pressure  to  drive  the  evolution  of  hearing  (the  “host-finding  hypothesis”).  However, 
strong  evidence  for  the  host-finding  hypothesis  has  so  far  remained  elusive,  largely  because  it 
has  been  impossible  to  rule  out  alternative  explanations.  Prior  work  on  this  problem  has  mostly 
focused  on  tachinid  acoustic  parasitoids,  but  we  instead  focused  on  sarcophagid  acoustic 
parasitoids  of  the  genus  Emblemasoma.  With  new  specimens  and  new  DNA  sequence  data, 
along  with  existing  data  from  GenBank,  we  reconstructed  the  evolutionary  history  of 


Emblemasoma  and  Sarcophagidae.  Then,  using  life  history  data  gathered  from  an  extensive 
literature  survey  and  from  new  field  studies,  we  used  a  Bayesian  statistical  approach  to  infer  the 
evolutionary  history  of  sarcophagid  hearing  and  acoustic  eavesdropping.  We  found  that 
sarcophagid  hearing  most  likely  evolved  as  a  host-finding  mechanism  and  probably  did  not  serve 
any  other  function  for  ancestral  Emblemasoma.  Our  results  provide  the  strongest  support  yet  for 
the  host-finding  hypothesis,  and  they  demonstrate  how  a  parasitoid's  need  to  reliably  and 
efficiently  find  hosts  can  lead  to  the  evolution  of  novel  senses  and  sensory  structures. 
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An  important  feature  for  the  success  of  insects  is  the  morphological  diversification  of  their 
mouthparts.  Although  most  insects  share  a  common  ground  plan,  there  is  remarkable  diversity  in 
homologous  mouthpart  appendages  among  the  different  insect  groups.  One  of  the  most 
prominent  examples  of  mouthpart  modification  can  be  found  in  the  enlargement  of  mandibles  in 
stag  beetles  (Coleoptera,  Insecta).  In  order  to  understand  the  proximate  mechanism  of 
mouthparts  modification,  we  investigated  the  function  of  appendage-patterning  genes  in 
mandibular  enlargement  using  the  extreme  growth  of  the  sexually  dimorphic,  condition- 
dependent  mandibles  of  stag  beetles  Cyclommatus  metallifer  as  a  model  case.  We  examined  the 
developmental  role  of  seven  candidate  genes  with  key  functions  in  appendage  patterning  and 
development  ( Distal-less  (Dll)  aristaless  ( al ),  dachshund  ( dac ),  homothorax  (hth),  epidermal 
growth  factor  receptor  (egfr),  escargot  ( esg )  and  Keren  (Krn))  via  expression  analyses  and 
functional  analyses  by  real-time  quantitative  PCR  and  RNA  interference  (RNAi),  respectively. 
Our  results  suggested  that  male  stag  beetle  mandibles  develop  through  dac  signaling  for 
enlargement  and  are  patterned  through  new  function  of  al  and  hth  to  generate  the  morph-specific 
inner  mandible  teeth.  Sex  and  morph  specific  function  of  dac ,  hth  and  al  suggested  that  those 


patterning  genes  might  cooperate  with  JH  signaling  and  sex-determination  for  generate  diverse 
shapes  and  sizes  of  mandibles  within  species. 
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Color  is  a  vital  signal  for  many  species,  and  while  sexual  selection  often  favors  bright  coloration, 
natural  selection  does  not,  as  it  likely  makes  individuals  more  susceptible  to  predation.  Many 
Odonata  males  are  brightly  colored,  and  may  be  trading  reduced  survival  for  increased  mating 
success.  Rather  than  make  this  compromise,  Argia  apicalis  males  possess  the  unique  ability  to 
change  colour,  from  bright-phase  (BP)  to  dark-phase  (DP),  in  response  to  copulation.  This 
allows  males  to  retain  BP  coloration  for  inter-/intraspecific  interactions,  and  adopt  DP  coloration 
to  protect  themselves  from  predation  while  mating.  To  test  if  males  receive  any  advantage,  we 
designed  an  experiment  testing  three  predators  -  domestic  chickens  ( Gallus  gallus  domesticus, 
GGD),  Northern  Green  Frogs  ( Lithobates  clamitans ,  LC),  and  North  American  Bullfrogs  ( Rana 
catasbeiana ,  RC),  to  see  if  they  exhibit  any  color  preference.  We  constructed  binary-choice 
apparatuses  that  offered  predators  the  choice  to  consume  a  BP  or  DP  male.  In  all  trials,  BP  males 
were  consumed  significantly  more  frequently  than  would  be  expected  if  predators  were  randomly 
selecting  prey.  We  tested  218  GGD,  and  159  BP/59  DP  males  were  consumed  (One-sided  Z- 
Test,  z  =  6.79,  p  <  0.001).  No  significant  difference  was  found  between  the  LC/RC  proportions, 
so  data  for  both  was  pooled,  yielding  70  frogs  that  consumed  52  BP/ 18  DP  males  (One-sided  Z- 
Test,  z  =  3.66,  p  <  0.001).  It  is  plausible  that  while  sexual  selection  was  selecting  for  BP, 
predator-mediated  natural  selection  was  selecting  for  DP  coloration,  subsequently  selecting  for 
the  individuals  that  changed  color  when  mating. 
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Female  sex  pheromone  quality  is  hypothesized  to  be  under  strong  stabilizing  sexual  selection 
because  off-blend  producing  females  do  not  attract  males.  This  poses  a  major  hurdle  to 
understanding  how  divergence  in  pheromonal  signals  and  ultimately  speciation  occur  in  species 
that  rely  heavily  on  intraspecific  pheromone  communication.  Our  previous  studies  have  shown 
that  there  is  indeed  significant  stabilizing  sexual  selection  on  female  pheromone  phenotype  in  the 
tobacco  budworm  ( Heliothis  virescens ,  Noctuidae).  Here  we  focus  on  the  corresponding 
question:  Is  there  stabilizing  selection  on  male  pheromone  quality  imposed  by  female  choice? 

Heliothine  male  moths  have  elaborate  pheromone-emitting  hairpencil  (HP)  structures 
associated  with  their  genitalia  that  are  presented  to  females  during  courtship.  We  conducted  field 
experiments  in  wind  tunnels  to  measure  selection  gradients  on  male  HP  compounds.  Virgin 
females  were  placed  in  wind  tunnels  adjacent  to  a  tobacco  field  and  allowed  to  attract  a  wild 
male.  We  recorded  copulation  success  and  analysed  HP-extracts  with  gas  chromatography.  To 
simplify  our  selection  gradient  models,  we  considered  only  HP  compounds  to  which  female 
antennae  are  most  sensitive.  This  was  accomplished  with  coupled  gas-chromatography  and 
electrophysiology. 

Our  findings  indicate  that  female  antennae  are  most  sensitive  to  four  male  HP 
compounds  and  there  is  significant  correlational  selection  between  three  of  them.  Interestingly, 
since  one  of  these  compounds  is  sequestered  from  the  diet  and  the  other  two  occur  in  both  male 
and  female  pheromone  glands,  changes  in  female  choice  have  the  potential  to  alter  her 
daughter’s  pheromone  phenotype  and  potentially  lead  to  divergence  under  the  right  ecological 
conditions. 
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Carabid  beetles  produce  a  strikingly  diverse  array  of  defensive  chemicals,  including  the  quinones 
explosively  discharged  by  several  lineages  commonly  known  as  bombardiers.  Carabids  generate 
these  compounds  using  a  single  homologous  gland  system,  presenting  an  exemplary  system  to 
investigate  defensive  chemical  biosynthesis.  Despite  extensive  documentation  of  the  presence 
and  phylogenetic  distribution  of  these  compounds,  almost  nothing  is  known  about  the  genetic 
basis  or  molecular  evolution  of  carabid  defensive  chemical  evolution.  Using  RNA-seq 
transcriptome  sequencing,  we  identified  gland-specific  transcripts  in  two  distantly  related 
bombardier  carabid  species,  Brachinus  elongatulus,  and  Goniotropis  kuntzeni,  that  were 
homologous  with  several  genes  essential  to  quinone  synthesis  in  the  model  system  Tribolium 
castaneum.  We  present  results  that  functionally  validate  the  role  of  these  genes  in  quinone 
production  by  knocking  down  their  expression  using  RNAi  and  quantifying  the  resulting 
chemical  secretions.  This  research  extends  the  use  of  RNAi  to  carabids,  provides  some  of  the 
first  comparative  molecular  data  on  the  evolution  of  insect  defensive  chemistry,  and  establishes 
the  basis  for  future  research  into  the  diversification  of  carabid  chemical  defense. 
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If  a  high-risk  exotic  pest  is  detected  in  the  United  States,  the  Plant  Protection  Quarantine  (PPQ) 
division  of  the  United  States  Department  of  Agriculture  works  cooperatively  with  stakeholders 
such  as  industry,  state  and  the  local  government  to  coordinate  an  emergency  response  that  aims 
to  contain  and  eradicate  the  newly  introduced  pest.  However,  responding  to  an  exotic  pest  that  is 
not  well-known  to  the  U.S.  creates  challenges  for  the  emergency  response  team  in  determining 
suitable  methods  for  identifying,  detecting  and  managing  the  new  introduction.  Scientific  support 
to  overcome  such  challenges  are  provided  by  the  Science  &  Technology  (S  &  T),  a  core 
functional  area  of  the  PPQ.  The  New  Pest  Response  Guidelines  documents  are  scientific  and 
technical  informational  resources  that  are  proactively  prepared  by  S  &  T  cooperators  to  support 
emergency  response  activities  during  the  introduction  of  a  high-risk  exotic  pest.  Along  the 
safeguarding  continuum  of  prevention,  preparedness,  response,  and  recovery,  NPRGs  fortify 
preparedness  to  support  the  agency’s  mission  of  protecting  agricultural  and  natural  resources  in 
the  United  States,  and  facilitate  safe  trade. 


Paper  (Oral)  Presentations 

Presentation  Title:  New  Pest  Response  Guidelines  (USDA  APHIS  NPRG):  Response  options  to 
a  potential  US  invasion  by  a  West  and  Central  Asian  pest  of  wheat  and  barley,  Eurygaster 
integriceps  Puton 

Author  Name:  Jaap  B.  van  Kretschmar 

Author  Institution:  NSF  Center  for  Integrated  Pest  Management 

Session  Title:  Contributed  Papers:  Invasive  and  Exotic  Entomology:  Diagnostics,  Methods,  and 
Responses 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3043 


DOI:  10.1603/ICE.2016. 11461 1 


Abstract  text: 


The  congressionally-mandated  mission  of  USDA  APHIS  (United  States  Department  of 
Agriculture,  Animal  &  Plant  Health  Inspection  Service)  includes  the  protection  of  US 
agricultural  and  natural  plants  from  exotic  invasive  organisms,  including  insects.  New  Pest 
Response  Guidelines  (NPRGs)  are  documents  that  are  developed  to  provide  information  about 
plant  pests  currently  outside  the  US.  The  subjects  of  NPRGs  are  individual  species  or  species 
complexes  that  have  been  identified  as  presenting  the  prospect  of  being  introduced  into  the  US 
via  global  trade  and  travel,  and  thereafter  becoming  a  pest  of  US  crops  and  native  plants.  These 
documents  summarize  available  scientific  knowledge  about  the  potentially  invasive  pest(s)  and 
include  information  that  federal  and  state  regulators  might  apply  in  efforts  to  contain,  control  or 
eradicate  the  organism(s)  following  an  introduction.  Along  the  safeguarding  continuum  of 
prevention,  preparedness,  response,  and  recovery,  NPRGs  fortify  preparedness.  In  addition  to 
providing  information  relevant  to  the  design  of  an  emergency  response  to  a  detection  of  the 
subject  organism  in  the  US  and  its  territories,  the  information  in  NPRGs  facilitates  safe  trade. 
NPRGs  are  publicly-accessible  online  at  the  USDA  APHIS  Electronic  Manuals  website.  In  this 
presentation,  the  identification,  survey,  and  control  sections  of  a  recently-developed  NPRG  for  a 
pest  of  wheat  and  barley  in  West  and  Central  Asia,  Eurygaster  integriceps  Puton  (Hemiptera: 
Scutelleridae),  Sunn  pest,  will  be  presented. 
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The  New  Zealand  Ministry  for  Primary  Industries  operates  a  national  surveillance  programme 
for  exotic  fruit  fly  (Diptera:  Tephritidae).  In  February  -  March  2015  Queensland  fruit  fly  males 
were  trapped  in  an  inner  city  suburb  in  the  city  of  Auckland.  Detection  of  larvae  in  fruit  nearby 
provided  evidence  of  a  small  establishing  population  and  an  eradication  programme  was 


initiated.  This  paper  discusses  the  outcome  of  the  programme  and  the  role  of  the  Ministry  for 
Primary  Industries  Entomology  team  in  this  response. 
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Introduction:  Oregon  Department  of  Agriculture  (ODA)  has  been  tracking  the  influx  of  exotic 
terrestrial  invertebrates  into  Oregon  since  2007. 

Methods:  A  list  of  exotic  terrestrial  invertebrate  species  newly  detected  in  Oregon  has  been 
maintained  by  ODA  since  2007  and  was  recently  analyzed. 

Results/Conclusion:  From  2007  to  2015,  88  species  of  exotic  terrestrial  invertebrates  have  been 
detected  which  are  new  to  Oregon,  the  Pacific  Northwest,  the  western  United  States,  the  United 
States,  or  North  America.  All  of  these  species  are  considered  established.  Most  are  believed  to  be 
benign  but  some  are  known  agricultural  pests  while  others  could  become  pests.  The  average  rate 
of  detection  has  been  9.8  species  per  year,  or  almost  one  a  month.  Since  the  proportion  of 
significant  exotic  pests  has  been  1  in  7  since  2007,  the  odds  are  that  Oregon  will  detect  at  least 
one  significant  pest  per  year  if  this  trend  continues.  Of  these  exotic  species,  49%  are  indigenous 
to  Europe,  19%  to  Asia,  19%  to  other  U.S.  or  North  American  regions,  and  13%  are  indigenes  of 
other  continents  or  are  of  unknown  origins.  Since  live  plants  are  recognized  as  a  major  exotic 
species  pathway,  it  is  not  surprising  that  89%  were  herbivores  or  were  likely  transported  with 
live  plants.  Of  the  remainder,  9%  were  woodborers  and  12%  were  probably  hitchhikers  or 
introduced  by  other  means.  The  majority  of  these  “new”  exotic  invertebrates,  67%,  were  detected 
via  ODA  survey,  with  30%  submitted  as  samples  from  other  agencies,  and  3%  detected  by  the 
general  public. 
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The  close  evolutionary  relationship  between  weevils  (superfamily  Curculionoidea)  and  their  host 
plants  make  them  very  important  economically,  both  as  pests  of  stored  grain,  trees,  crops  and 
shrubs,  as  well  as  biological  control  agents  used  against  invasive  weeds.  Based  on  a  recent 
checklist,  Canada  is  home  to  960  species  of  weevils.  Of  these,  approximately  125  species  (13%) 
are  adventive  (i.e.,  not  native  to  Canada,  having  arrived  either  unintentionally  or  through 
deliberate  human  action).  Working  towards  a  synthesis  of  the  biology,  host  records  and 
economic  impact  of  each  adventive  species,  we  review  their  current  distribution,  native  range 
and  dates  of  introduction  into  Canada.  General  pathways  of  entry  into  Canada  will  also  be 
discussed. 


Paper  (Oral)  Presentations 

Presentation  Title:  Disentangling  the  complex  invasion  history  of  Drosophila  suzukii  by  means 
of  ABC-Random  Forest  treatments 

Author  Name:  Antoine  Fraimout 

Author  Institution:  National  Center  for  Scientific  Research 

Session  Title:  Contributed  Papers:  Invasive  and  Exotic  Entomology:  Diagnostics,  Methods,  and 
Responses 


Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3047 
DOI:  10.1603/ICE.2016.1 13762 
Abstract  text: 

Introduction:  Almost  10  years  ago,  Drosophila  suzukii  (the  spotted- wing  drosophila)  started  to 
invade  synchronously  Europe  and  the  USA  from  its  native  Asian  range.  It  has  now  widely  spread 
in  both  continents,  causing  damages  on  crops  by  laying  eggs  in  ripening  stone  fruits.  Whereas  a 
growing  number  of  studies  have  been  carried  on  the  biology  and  ecology  of  the  species  in  the 
invasive  range,  informations  about  its  invasion  history  is  very  scarce.  Here  we  associated  multi¬ 
locus  genotyping  to  a  large  sampling  scheme  to  retrace  the  invasion  routes  of  D.  suzukii  and  infer 
the  most  probable  sources  for  the  invaded  areas. 

Methods:  Using  a  set  of  25  specific  microsatellite  markers,  we  first  describe  the  neutral  genetic 
variation  patterns  at  a  worldwide  scale  by  genotyping  23  natural  populations  representing  the 
global  distribution  of  the  species.  Multi-loci  genotypes  are  used  to  further  establish  relationships 
between  genetic  clusters  and  infer  invasion  scenarios  using  Approximate  Bayesian  Computation 
(ABC)  and  newly  developed  Random  Forest  statistical  treatment. 

Results/Conclusion:  The  results  indicate  more  than  one  source  for  the  invaded  areas,  with  clear 
genetic  structuring  and  relatively  high  Fst  levels  among  native  and  invasive  populations.  The 
ABC-Random  Forest  methodology  further  allows  us  to  unveil  the  complex  pathways  followed 
by  D.  suzukii ,  showing  several  cases  of  admixture  and  bridgehead  effects.  This  study  illustrates 
the  efficiency  of  Bayesian  inferences  to  study  invasion  routes  and  demonstrates  the  power  of 
Random-Forest  treatments  to  reliably  choose  ABC  outputs  when  analyzing  multi-loci  datasets. 
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Introduction:  The  medfly,  Ceratitis  capitata,  continues  to  pose  a  major  threat  to  the  agricultural 
sector  in  almost  every  continent.  Nowadays,  there  is  an  increasing  demand  for  finding  new 
improved  solutions  to  counteract  its  invasive  spreading  capacity.  Research  that  aims  in 
understanding  the  reproductive  biology  of  fruit  fly  pests  by  obtaining  its  genomic  profiling  can 
be  of  great  contribution  to  this  field. 

Methods:  In  this  study  we  have  generated  a  de  novo  assembly  of  the  medfly  reproductive  tract 
transcripts.  We  have  used  Transcriptomics  via  deep  RNA-sequencing  to  identify  the  transcripts 
present  in  the  sex  organs  (spermatheca,  uterus  and  accessory  glands)  of  sexually  matured  virgin 
and  24hr-freshly  mated  females  as  well  as  testes,  and  male  accessory  glands  of  C.  capitata.  In 
addition,  we  performed  a  differential  expression  analysis  between  virgin  and  mated  females  in 
order  to  elucidate  crucial  candidate  genes  that  participate  in  the  female  physiological  response  to 
the  male  seminal  input. 

Results/Conclusion:  Results  from  our  differential  expression  analysis  between  the  reproductive 
tract  of  males  and  females  revealed  817  unique  male  and  3 17  unique  female  transcripts. 
Furthermore,  the  transcriptome  profiling  of  the  mated-female  reproductive  tract  showed 
enrichment  for  transcripts  encoding  ionic  transport,  phosphatases,  oxidoreductases,  proteases  and 
signal  transduction  proteins.  As  suggested  in  previous  Drosophila  studies,  the  role  of  these 
proteins  may  enhance  sperm  quality  and  promote  optimum  sperm  storage.  The  newly  annotated 
genes  from  this  investigation  could  furthermore  contribute  to  the  ongoing  field  of  biological  and 
chemical  pest  control  of  this  detrimental  pest. 
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The  volume  of  DNA  information  useful  for  pest  identification  is  large  but  the  conversion  of 
these  resources  into  diagnostic  protocols  is  not  always  intuitive.  Adapting  research  results  and 
online  resources  to  formal  protocols  is  an  important  activity  to  ensure  transparency,  acceptance, 
and  technology  transfer  among  Plant  Protection  Organizations.  The  International  Plant 
Protection  Convention  has  a  process  for  adopting  harmonized  protocols  through  International 
Standards  for  Phytosanitary  Measures  27:  Diagnostic  Protocols  For  Regulated  Pests.  The  goal  of 
protocol  adoption  requires  that  the  method  be  fit  for  purpose  and  reproducible.  Using  true  fruit 
flies  (Tephritidae)  and  other  regulated  pests  as  examples,  this  presentation  will  navigate  the 
process  of  protocol  adaption  and  adoption.  An  important  conclusion  of  this  case  study  is  that 
experts  in  entomology  are  needed  to  evaluate  molecular  protocols. 
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Introduction:  With  an  epidemic  of  chikungunya  in  the  Americas,  and  the  numbers  of  infected 
travelers  arriving  in  Florida  increasing,  local  transmission  of  this  mosquito-borne  virus  is 
regarded  as  inevitable.  To  examine  the  emergence  potential  of  chikungunya  virus  (CHIKV)  in 
Florida  we  tested  whether  Aedes  aegypti  and  Ae.  albopictushave  a  salivary  gland  barrier  that 
limits  CHIKV  transmission. 


Methods:  Local  populations  of  mosquitoes  from  Florida  and  the  Dominican  Republic  were 
exposed  to  low  and  high  dose  CHIKV  infected  blood  using  an  artificial  membrane  feeding 
system.  Blood  fed  mosquitoes  were  tested  for  disseminated  infection  and  transmission  at  2,  5, 
and  13  days  later. 

Results/Conclusion:  Transmission  of  CHIKV  was  inhibited  at  low  doses  by  susceptibility  to 
infection  in  the  mosquito.  At  high  doses  Ae.  aegypti  and  Ae.  albopictus  had  similar  and  rapid 
rates  of  disseminated  infections,  but  differed  in  their  ability  to  transmit  CHIKV.  The  viral  titer  in 
the  saliva  of  Ae.  aegypti  was  3-fold  greater  than  Ae.  albopictus  and  transmission  efficiency  for 
Ae.  aegypti  was  greater  than  Ae.  albopictus  during  the  later  stages  of  infection.  No  differences 
were  observed  in  infection  and  transmission  efficacies  among  local  populations  in  Florida  for  Ae. 
aegypti  and  Ae.  albopictus.  Aedes  aegypti  from  the  Dominican  Republic  had  lower  rates  of 
transmission  than  Florida  Aedes,  suggesting  a  more  effective  salivary  gland  barrier(s).  Florida 
Aedes  are  highly  susceptibility  to  infection  and  transmission  of  CHIKV  after  exposure  to  high 
doses  with  declines  in  their  ability  to  transmit  CHIKV  later  during  the  infection. 
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Introduction:  Anopheles  arabiensis  is  the  primary  vector  of  malaria  in  semi-arid  of  tropical 
Africa.  Botanical  extracts  from  neem  ( Azadirachta  indica)  seed  and  leaves  were  investigated  as 
alternative  growth  inhibitors  and  larvicides  against  An.  arabiensis. 

Methods:  Toxicity  of  ethanolic,  chloroform  and  aqueous  extracts  of  neem  seed  and  leaf  powder 
were  tested  against  4th  instar  larvae  of  Anopheles  arabiensis.  Larval  mortality  and  dose  response 


effects  were  determined  24hr  after  exposure  in  the  laboratory.  Effects  of  these  extracts  on  larval 
and  adult  development  periods  in  An.  arabensis  were  also  studied  under  laboratory  conditions. 

Results/Conclusion:  Tested  concentrations  of  neem  seed  and  leaf  extracts  produced  more  than 
90%  larval  mortality  in  An.  arabiensis  strains  at  200  ppm.  Ethanolic,  chloroform  and  aqueous 
extracts  of  A.  indica  seed  and  leaf  powder  showed  considerable  larvicidal  effects.  However, 
markedly  higher  toxic  effects  were  recorded  in  ethanol  and  chloroform  extracts.  Neem  seed 
extracts  were  more  toxic  than  those  of  the  leaves.  Chloroform  and  aqueous  neem  seed  extracts 
produced  LC50  values  at  concentrations  less  than  100  ppm.  Ethanol  and  aqueous  A. 
indica  seed  extracts  at  10,  20,  and  30  ppm  reduced  survival  of  2nd  instar  larvae  of  An. 
arabiensis  to  pupation,  prolonged  the  time  to  pupation  and  adult  emergence,  reduced  percent 
adult  emergence,  and  hence  lowered  larval  growth  index  (LGI)  and  adult  growth  index  (AGI)  as 
compared  to  untreated  controls.  Neem  ( Azadirachta  indica)  seed  and  leaf  extracts  provide 
biodegradable  and  safe  alternative  botanicals  for  malaria  vector  management. 
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Aedes  aegypti  L.  is  a  mosquito  which  has  been  introduced  in  tropical  and  subtropical  regions  of 
the  world,  and  is  a  vector  of  Dengue  Fever,  Yellow  Fever,  Chikungunya  and  Zika.  This  study 
was  conducted  to  investigate  the  population  structure  and  potential  origin  of  A.  aegypti 
populations  in  different  regions  of  El  Salvador,  Central  America.  Mosquito  larvae  were  collected 
from  six  locations  in  El  Salvador  in  2014.  The  collection  locations  varied  in  elevation  and 
included  an  inland  mountainous  region  as  well  as  lowland  coastal  areas.  Larvae  were  raised  in 
the  lab  into  adults  and  identified  to  species.  Adults  identified  as  Aedes  aegypti  L.  were  used  for 
subsequent  genetic  comparisons.  Adult  female  Aedes  aegypti  were  used  from  each  population  to 


extract  DNA  for  genetic  work.  Amplified  fragment  length  polymorphisms  (AFLPs)  were 
produced  with  3  primer  combinations.  In  addition,  mitochondrial  dna  cytochrome  oxidase  (COI) 
sequences  were  produced  for  individuals  from  all  six  populations.  AFLP  data  were  used  to 
produce  a  neighbor  joining  tree.  Structure  software  found  the  AFLP  data  suggest  three 
genetically  distinct  populations.  Some  locations  had  one  dominant  genotype,  while  San  Salvador 
had  individuals  of  several  genetically  distinct  types,  possibly  due  to  movement  of  goods  to  and 
from  the  capital.  Mitochondrial  DNA  COI  sequences  were  compared  to  known  sequences  in 
GenBank.  Results  from  the  AFLPs  and  mitochondrial  DNA  will  be  discussed. 
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Introduction:  The  mode  of  transmission  of  Buruli  ulcer  (BU),  a  necrotizing  disease  caused  by 
Mycobacterium  w/cera^remains  unknown  with  speculations  of  the  involvement  of  insect  species 
and  freshwater  environment. 

Methods:  Insect  species  were  collected  from  BU  endemic  and  non-endemic  communities  in 
Nigeria  using  sweep  nets  and  light  traps.  Water  temperature,  pH  and  dissolved  oxygen  were 
measured;  case  files  were  reviewed,  and  focus  group  discussions/interviews  were  conducted. 

Results/Conclusion:  The  number  of  insects  collected  using  light  traps  and  sweep  nets  were 
similar  (^>0.05).  Insect  species  were  more  abundant  (HI =1.204;  1.164)  but  less  evenly  spread 
(j=  0.33;  0.46)  in  BU  than  non-BU  areas  (P>0.05)  with  mosquito  species  dominating  the  group 
(68.4%).  Water  pH  was  higher  in  BU  than  non-BU  areas  (P<0.05).  Infection  was  more  in  female 
children  of  school  age.  Community  awareness  of  disease  was  high,  and  cause  of  disease  was 
attributed  mostly  to  ancestry  or  witchcraft  with  herbal  or  spiritual  therapy  usually  the  first  line 
intervention  approach.  The  high  abundance  of  mosquitoes  in  BU  areas  suggests  the  involvement 


of  insect  species  in  the  spread  of  BU  disease.  This  needs  further  validation  and  calls  for 
enhanced  insect  vector  control  program  in  BU  endemic  areas. 
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Abstract  text: 


Aedes  aegypti  L.  (Diptera:  Culicidae)  originated  in  Africa  and  is  now  widely  distributed 
throughout  most  tropical  and  subtropical  regions  of  the  world.  This  highly  invasive  species  is  the 
principal  vector  of  major  emerging  viral  diseases,  including  dengue,  chikungunya  and  Zika. 
Vector  surveillance  is  essential  to  predict  and  respond  to  outbreaks  of  these  diseases,  but  public 
health  resources  are  limited.  In  2015,  in  response  to  growing  numbers  of  travel-related  dengue 
cases  and  outbreaks  just  south  of  the  U.S./Mexico  border,  research  and  public  health  agencies  in 
Arizona  developed  a  citizen  science  program  to  expand  Aedes  aegypti  surveillance  throughout 
the  state.  The  vector  is  established  in  some  southern  and  central  counties,  but  many  areas  of  the 
state  have  not  been  surveyed  for  Aedes  aegypti.  The  Great  Arizona  Mosquito  Hunt  provided 
oviposition  kits  to  every  high  school  in  Arizona.  Approximately  20%  of  schools  participated 
from  14  of  the  15  counties.  Very  few  traps  collected  eggs,  suggesting  a  need  for  changes  in  the 
kit  protocol.  The  geographic  spread  of  the  responding  schools  and  high  interest  among  students 
and  teachers,  however,  suggests  this  K-12  citizen  science  approach  may  be  a  valuable  technique 
to  increase  vector  surveillance  capacity  as  well  as  public  awareness  of  vector-borne  disease  risks. 
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Introduction:  Europe  has  been  invaded  by  Aedes  albopictus  since  >30  years,  but  the  colonization 
of  the  continent  impressively  progressed  in  the  last  years.  Italy  is  the  country  showing  the  highest 
densities  particularly  in  urban  and  peri-urban  areas,  where  the  species  is  a  source  of  severe 
nuisance  and  a  major  public  health  concern,  as  demonstrated  by  the  2007  chikungunya  virus 
outbreak.  We  here  report  the  results  of  the  seasonal  monitoring  of  the  species  abundance  in  the 
province  of  Rome  (one  of  the  most  infested  areas  in  Italy)  carried  out  to  assess  the  main 
ecological  determinants  of  its  spatial  and  temporal  distribution,  as  well  as  the  effectiveness  of 
typical  control  activities  carried  out  in  Italian  urban  areas  to  reduce  the  nuisance. 


Methods:  We  monitored  adult  female  abundance  by  sticky  traps  i)  along  a  70  km-transect  across 
and  beyond  the  most  urbanized  and  density  populated  metropolitan  area,  and  ii)  in  the  main 
University  hospital  in  Rome  where  seasonal-long  calendar-based  control  intervention  integrating 
larvicide  treatments  of  street  catch  basins  and  night-time  adulticide  ground  spraying  were  carried 
out. 

Results/Conclusion:  Results  showed  that  i)  higher  female  abundance  is  consistently  associated  to 
highly  anthropized  habitat  both  in  metropolitan  and  sub-urban/rural  areas,  with  “small  green 
islands”  corresponding  to  hot-spots  of  abundance  in  metropolitan  area  only,  and  ii)  the  combined 
effect  of  adulticide  sprayings  and  larvicide  treatments  had  an  effect  in  reducing  the  seasonal  peak 
of  the  species.  Overall,  these  results  offer  useful  indications  to  optimize  public  mosquito  control 
activities  in  temperate  urban  areas. 
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Aedes  mosquitoes  severely  affect  the  health  and  well-being  of  Pacific  island  communities  by 
transmitting  infectious  diseases  such  as  lymphatic  filariasis,  Zika  and  other  arboviruses.  They 
also  cause  significant  nuisance,  which  impacts  tourism  and  threatens  the  sustainability  of  Pacific 
island  economies.  Aedes  polynesiensis  Marks  is  widely  distributed  across  the  Pacific.  This  day 
biting,  exophilic  vector  species  uses  a  wide  range  of  domestic  and  natural  larval  containers  (e.g. 
rat-chewed  coconuts),  which  makes  classical  vector  control  intervention  impractical  and 
warrants  the  need  for  better  suited  control  methods.  A  field  trial  based  on  the  Incompatible  Insect 
Technique  (IIT)  was  recently  conducted  on  Tetiaroa,  a  populated  atoll  in  the  Society  Islands, 
French  Polynesia.  The  IIT  relies  upon  embryonic  lethality  induced  by  Wolbachia  pipientis  a 


naturally  occurring  endosymbiotic  bacteria.  Incompatible  males  produced  in  Tahiti  where 
packaged  as  pupae,  shipped  by  air  to  Tetiaroa,  and  allowed  to  emerge  on  site.  Over  40,000 
incompatible  male  mosquitoes  were  released  weekly  on  a  75-ha  populated  islet  for  a  period 
encompassing  the  rainy  season.  The  sustained  male  releases  resulted  in  the  suppression  of  the 
targeted  Aedes  polynesiensis  mosquito  as  determined  by  adult  trap  data  and  ovitrap  indices 
compared  to  an  adjacent  no-release  control  islet.  The  observed  level  of  suppression  supports  the 
implementation  of  a  larger  scale  operation.  Improved  tools  and  procedures  are  being  tested  to 
prepare  for  Aedes  polynesienis  suppression  throughout  the  atoll.  The  field  evaluation  of  novel 
genetic  control  strategies  in  tractable  tropical  island  settings  will  facilitate  their  implementation 
into  more  complex  environments. 
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Changes  in  arthropods  vector  of  disease  under  climatic  fluctuations  span  their  ecology, 
evolution,  and  the  interactions  with  pathogens  they  transmit,  all  critical  factors  for  disease 
transmission.  For  example,  it  has  been  suggested  that  climate  change  may  have  facilitated  the 
global  expansion  of  invasive  vectors,  since  range  expansions  of  several  invasive  vectors  have 
been  concurrent  with  climate  change.  Here,  we  present  results  from  observations  on  two  major 
invasive  mosquito  vectors  (Diptera:  Culicidae),  Aedes  albopictus  Skuse  and  Aedes 
japonicus  Theobald,  across  the  altitudinal  range  of  Mt.  Konpira,  Japan.  We  compared  altitudinal 
changes  in  the  distribution  of  these  two  species  by  comparing  2014  and  2015  data  with  results 
from  a  1989  study  done  at  the  same  place.  Distribution  patterns  in  Ae.  japonicus  remained 
essentially  unchanged,  but,  unexpectedly  we  found  that  while  Ae.  albopictus  has  likely  increased 
its  dispersal  range  as  an  adult  over  the  mountain,  its  larval  range  has  been  reduced  across  the 
altitudinal  gradient  likely  because  of  its  interaction  with  a  third  species,  Aedes  flavopictus 
Yamada,  a  formerly  rare  species  that  has  now  become  dominant  across  the  mountain.  The  spatial 


and  temporal  analysis  of  abundance  patterns  showed  that  Ae.  flavopictus  and  Ae.  albopictus  were 
negatively  associated,  even  when  accounting  for  differential  impacts  of  weather  and  other 
environmental  factors  on  their  co-occurrence  patterns.  Our  results  highlight  a  contingency  in  the 
expansion  of  invasive  vectors,  the  potentially  unpredictable  emergence  of  biological  interactions 
with  species  that  might  have  themselves  changed  their  biology  in  response  to  factors  that  are  not 
necessarily  restricted  to  climate  change. 
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Blood-feeding  patterns  of  mosquitoes  are  linked  to  the  spread  of  pathogens  that  they  transmit. 
Efficient  identification  of  arthropod  vector  bloodmeal  hosts  can  identify  the  diversity  of 
vertebrate  species  potentially  involved  in  disease  transmission  cycles.  To  resolve  the  diverse 
vertebrate  hosts  that  mosquitoes  potentially  feed  on  in  sub-Saharan  Africa,  we  utilized  high 
resolution  melting  (HRM)  profiles  of  both  cytochrome  b  (cyt  b)  and  16S  ribosomal  RNA  genes. 
Among  445  blood-fed  Aedeomyia ,  Aedes ,  Anopheles ,  Culex ,  Mansonia  and  Mimomyia 
mosquitoes  from  Kenya’s  Lake  Victoria  and  Lake  Baringo  regions  where  many  mosquito- 
transmitted  pathogens  are  endemic,  we  identified  33  bloodmeal  hosts  including  humans,  eight 
domestic  animal  species,  six  peridomestic  animal  species  and  18  wildlife  species.  This  resolution 
of  vertebrate  host  species  was  only  possible  by  comparing  profiles  of  both  cyt  b  and  16S 
markers,  as  melting  profiles  of  some  pairs  of  species  were  similar  for  either  marker  but  not  both. 
We  identified  mixed  bloodmeals  in  a  Culex  pipiens  from  Mbita  that  had  fed  on  a  goat  and  a 
human  and  in  two  Mansonia  africana  mosquitoes  from  Baringo  that  each  had  fed  on  a  rodent 
( Arvicanthis  niloticus )  in  addition  to  a  human  or  baboon.  We  further  detected  Sindbis  and 
Bunyamwera  viruses  in  blood-fed  mosquito  homogenates  by  Vero  cell  culture  and  RT-PCR  in 
Culex ,  Aedeomyia ,  Anopheles  and  Mansonia  mosquitoes  from  Baringo  that  had  fed  on  humans 
and  livestock.  The  observed  mosquito  feeding  on  both  arbovirus  amplifying  hosts  (including 


sheep  and  goats)  and  possible  arbovirus  reservoirs  (birds,  porcupine,  baboons,  rodents)  informs 
arbovirus  disease  epidemiology  and  vector  control  strategies. 
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Introduction:  Rift  Valley  fever  virus  (RVFV)  is  a  vector-borne  virus  causing  severe  morbidity 
and  mortality  in  susceptible  species  that  include  livestock  and  humans.  It  is  transmitted  by  many 
mosquito  species,  including  Culex  pipiens.  Until  lately,  the  virus  was  confined  to  Sub-Saharan 
Africa.  However,  the  recent  spread  of  the  virus  to  South  Africa  and  near-East  emphasised  the 
potential  of  the  virus  to  emerge  globally.  Although  the  risk  of  RVFV  introduction  into  the  UK  is 
generally  considered  to  be  low,  the  potential  consequences  of  an  outbreak  would  be  significant 
for  animal  health,  human  health,  and  the  nation’s  economy.  To  better  understand  this  risk  the 
ability  of  C.  pipiens ,  the  most  abundant  mosquito  species  in  the  UK,  to  transmit  RVFV  under  a 
variety  of  conditions  was  investigated. 

Methods:  Laboratory-reared  C.  pipiens  mosquitoes  were  orally  infected  using  sheep  blood  spiked 
with  RVFV  Clone  13.  Infected  mosquitoes  were  incubated  at  28  °C,  70%  humidity,  16:8 
light:dark  photoperiod  and  with  sucrose  ad  libitumfov  14-21  days.  The  presence  of  virus  in  the 
saliva  and  whole  body  was  assessed  by  virus  isolation  and/or  quantitative  PCR. 

Results/Conclusion:  We  will  present  the  results  of  our  study  to  estimate  the  proportion  of  UK 
Culex  pipiens  mosquitoes  which  develop  transmissible  RVFV  infections  under  standard  artificial 
infection  conditions  and  how  this  proportion  is  affected  by  variation  in  environment  and  ingested 
virus  dose.  This  is  the  first  study  to  explore  the  ability  of  UK  mosquitoes  to  transmit  RVFV  and 
will  be  used  to  inform  future  models  of  the  risk  to  Europe  from  RVFV. 
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A  well-stained  dissection  is  invaluable  when  preserving  insect  genitalia  or  other  structures.  Any 
specimen  for  which  considerable  time  and  labor  has  been  expended  is  worth  preparing  in  such  a 
manner  that  it  retains  its  utility  beyond  a  few  months  or  years.  A  perfect  dissection  can  easily  be 
ruined  if  it  isn’t  visible  due  to  improper  staining,  and  this  limits  taxonomic  utility.  Understanding 
basic  histological  techniques  is  essential  for  the  display  of  insect  tissue;  mounting  media  changes 
in  colour  as  it  ages,  staining  can  fade,  and  an  over-stained  sample  can  distort  what  we  see.  I 
explored  the  effectiveness  of  several  commonly  used  stains,  including  Eosin  Y,  Acid  Fuchsin, 
Orange  G,  Chlorozol  Black,  Safranin,  Mercurochrome,  and  Rose  Bengal.  Additionally,  the 
amount  of  time  required  for  staining  was  investigated.  Ultimately,  results  showed  that  acidified 
Eosin  Y  and  Mercurochrome  were  most  effective  whilst  also  staining  in  the  least  amount  of  time, 
30  minutes.  Double  staining  is  achieved  effectively  using  acidified  Eosin  Y  and  Chlorazol  Black. 
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Introduction:  Lepidopteran  insects  have  wings  covered  with  a  huge  number  of  scales  and 
various  wing  color  patterns  caused  by  colored  scales.  Some  species  show  aposematic  coloration 
to  escape  from  predators.  Interestingly,  some  diurnal  lepidopterans,  e.g.  the  nine-spotted  moth 
(genus  Amata)  and  the  euonymus  leaf  notcher  ( Pryeria  sinica )  look  like  color  patterns  of  wasps, 
not  only  body  coloration  but  also  wing  coloration.  Here,  we  report  morphological  structures  and 
development  of  clear  wings  in  moths. 

Materials  and  Methods:  Japanese  nine-spotted  moth,  A.fortunei  is  distributed  in  East  Asia. 
This  moth  has  clear  spots  on  black  wings  and  two  yellow  stripes  on  the  black  body.  P.  sinica  is 
native  to  Asia  and  has  clear  wing  and  yellow  and  black  body  coloration.  Using  scanning  electron 
microscope,  we  observed  precise  structures  for  colored  (including  vein  and  wing  margin)  and 
clear  region  on  the  wings.  To  observe  development  of  scales  in  pupal  stage  (0  to  120  hours  after 
pupation),  we  stained  F-actin  and  nuclei  of  wings  by  Alexa  Fluor®488  Phalloidin  and  DAPI, 
respectively. 

Results  and  Conclusion:  We  have  revealed  two  findings.  1)  Both  species  have  narrowed  scales 
on  the  clear  region.  Particularly,  A.  fortunei  has  two  different  types  of  scale  shape  between 
colored  and  clear  regions.  It  is  of  interest  that  scale  shapes  but  not  coloration  cause  the  wasp-like 
wing  pattern  in  Lepidoptera.  2)  This  difference  becomes  clear  at  the  early  pupal  stage  in  A. 
fortune,  suggesting  that  the  respective  scale  shapes  in  each  region  of  wings  are  decided  at  least 
before  the  stage. 
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Abstract  text: 

Secondary  sexual  characters  in  Lepidoptera  include  specialized  scales  in  males  that  are  known  to 
be  involved  in  production  and  dissemination  of  scents.  The  variation  of  scent  scales  and  their 
protective  pockets  is  described  for  selected  Tortricidae,  including  species  in  which  glandular  and 
dissemination  functions  are  on  separate  scales  as  well  as  associated  with  the  same 
scale.  Protective  pockets  for  scent  scales  in  Tortricidae  most  commonly  involve  forewings  with 
costal  folds  and  hindwings  with  folds  or  anal  rolls.  Scent  scales  in  Gelechiidae  have  not  been 
previously  examined  on  a  comparative  basis.  Males  of  species  in  63  genera  occurring  in 
America  north  of  Mexico  have  been  examined.  The  various  types  of  scent  scales  and  their 
distribution  on  the  body  have  been  tabulated.  Examples  of  variations  in  fine  structure  of 
Tortricidae  and  Gelechiidae  are  provided  with  scanning  electron  microscopy. 
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Introduction:  The  early  history  of  the  Lepidoptera  is  poorly  known,  a  consequence  attributable  to 
an  inadequate  preservational  potential  and  an  exceptionally  low  occurrence  of  moth  fossils  in 
relevant  mid-Mesozoic  deposits.  We  collected  and  examined  a  particularly  rich  assemblage  of 
morphologically  basal  moths  that  contribute  significantly  toward  understanding  early 
lepidopteran  biodiversity  during  the  mid-Mesozoic. 

Methods:  A  total  of  22,  well-preserved  fossil  moth  specimens  were  collected  from  the 
Jiulongshan  Formation  in  Inner  Mongolia,  Northeastern  China.  The  fossil  bed  from  which  the 
fossils  were  collected  is  considered  as  latest  Middle  Jurassic,  corresponding  to  a  late  Callovian 
age,  pegged  to  an  absolute  age  of  165-164  million  years.  We  described  eight  new  genera  and 


species  assigned  to  the  Eolepidopterigidae;  one  new  genus  encompassing  four  new  species 
assigned  to  the  Mesokristenseniidae;  three  new  genera  encompassing  three  new  species  assigned 
to  the  Ascololepidopterigidae  Zhang,  Shih,  Labandeira  et  Ren,  2013;  and  one  specimen 
unassigned  to  family.  The  assignment  of  these  taxa  is  supported  by  apomorphies  of  extant 
lineages,  including  the  Ml  vein,  which  after  separation  from  the  M2  vein,  subtends  an  angle 
greater  than  60  degrees  that  also  is  sharply  angulate  at  the  junction  with  the  r-m  crossvein 
(variable  in  Trichoptera);  presence  of  a  foretibial  epiphysis;  the  forewing  M  vein  typically 
bearing  three  branches;  and  the  presence  of  piliform  scales  along  the  wing  veins. 

Results/Conclusion:  The  diversity  of  these  latest  Middle  Jurassic  lepidopterans  supports  a 
conclusion  that  the  Lepidoptera-Trichoptera  divergence  occurred  by  the  latest  Triassic,  possibly 
earlier. 
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Nepticulidae  are  amongst  the  earliest  radiating  Lepidoptera,  with  a  fossil  record  of  larval 
leafmines  from  the  Albian  onwards.  We  present  a  phylogeny  and  analysis  of  divergence  times 
based  on  eight  molecular  markers,  a  taxonset  of  ca  350  exemplars,  representing  almost  all 
(sub)generic  groupings.  The  support  for  the  monophyly  of  most  clades  is  high,  but  not  all 
previous  groupings  are  recovered.  Ectoedemia  s.l.  with  several  subgenera  is  not  monophyletic, 
but  all  subgenera  are.  The  small  genus  Enteucha  is  sistergroup  to  all  other  Nepticulidae  in  most 
analyses,  but  close  to  Stigmella  in  others.  The  large  genus  Stigmella  is  divided  in  three  well 
supported  clades,  two  of  which  harbour  most  tropical  species.  In  our  new  classification  we 
abandon  subgenera  and  subfamilial  ranks.  The  resulting  genera  are  not  only  supported  by  several 


morphological  apomorphies,  several  have  specific  biologies,  a  limited  host  plant  choice  and  a 
limited  biogeography.  Particularly  the  Neotropics  show  separate  clades.  Using  two  fossil 
calibration  points,  we  estimate  the  divergence  times  of  genera  and  discuss  their  congruence  with 
other  recent  insights  in  Lepidoptera  diversification  dating  estimates.  The  estimated  95% 
confidence  interval  for  the  origin  of  Nepticulidae  falls  almost  completely  within  the  Early 
Cretaceous.  Almost  all  of  the  currently  recognized  genera  are  estimated  to  have  originated  before 
the  end  of  the  Cretaceous,  66  my  a.  Considering  that  Nepticulidae  are  the  first  larger  group  of 
Lepidoptera,  with  850  named  and  2000  assumed  species,  specialising  in  angiosperm  feeding,  we 
postulate  that  also  geologically  the  Nepticulidae  formed  the  first  larger  group  of  Lepidoptera, 
radiating  on  angio sperms. 
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Abstract  text: 

Understanding  how  evolutionary  patterns  and  processes  produced  Earth's  diversity  is  one  of  the 
key  objectives  in  biological  research.  Wild  silk  moths  (Saturniidae)  are  large,  charismatic  moths 
with  a  diverse  array  of  wing  shape  and  body  size  variation,  yet  few  studies  have  investigated  the 
drivers  of  this  spectacular  morphological  diversity.  Between  50-60  million  years  ago,  major 
echolocating  bat  lineages  originated,  along  with  one  of  the  largest  lepidopteran  radiations  -  the 
Macroheterocera,  a  group  of  moth  species  that  includes  saturniids.  One  intriguing  but  untested 
hypothesis  is  the  possibility  that  differences  in  wing  shape  are  associated  with  clade  diversity  and 
their  primary  nocturnal  predators  -  bats;  an  idea  that  challenges  the  conventional  hypothesis  that 
angiosperm  evolution  directly  led  to  moth  diversification.  Anti-bat  traits  are  thought  to  be  related 
to  competitive  interactions,  therefore  significant  increases  in  diversification  rate  or  trait  evolution 
would  indicate  support  for  an  ongoing  evolutionary  arms  race  between  bats  and  moths.  Our 
research  investigates  the  evolution  of  wing  shape  across  the  subfamily  Arsenurinae  and  asks 
whether  particular  traits  (i.e.  body  size,  forewing  shape,  hindwing  tails)  are  correlated  with 
extant  diversity.  To  quantify  wing  shape  of  these  large  moths,  distributed  across  the  Neotropical 
region  of  the  Americas,  we  imaged  >500  specimens  across  the  ten  genera  and  applied  Fourier 
shape  analysis  to  quantify  wing  shape.  To  infer  the  phylogeny,  we  utilized  Anchored  Enrichment 
phylogenomics  to  produce  a  robust  phylogeny  of  the  subfamily  and  establish  the  foundation 
upon  which  trait  evolution  and  diversification  rates  could  be  evaluated. 
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We  present  data  from  seven  nuclear  and  one  mitochondrial  markers  to  clarify  phylogenetic 
relationships  within  and  between  the  acronictine  and  amphipyrine  Noctuidae.  Amphipyrinae  are 
recovered  as  sister  to  Acronictinae,  but  with  weak  support — not  surprisingly  the  content  of  the 
two  subfamilies  has  often  been  mixed  in  classifications.  Balsinae,  previously  placed  near 
Acronictinae  or  within  Noctuinae,  is  recovered  within  an  unresolved  polytomy  of  Cuculliinae, 
Eustrotiinae,  Raphiinae,  and  Dilobinae.  Gerbathodes  Warren,  Moma  Hiibner,  and  Nacna 
Fletcher  are  excluded  from  Acronictinae.  Three  genera  recently  transferred  into  the  subfamily — 
Cerma  Hiibner,  Chloronycta  Schmidt  &  Anweiler,  and  Comachara  Franclemont — are  confirmed 
as  acronictines.  Lophonycta  Sugi  (the  type  genus  of  Fophonyctinae)  is  returned  to  the 
Acronictinae.  Sinocharis  Piingeler,  formerly  considered  to  be  Acontiinae  or  as  the  basis  of  its 
own  subfamily  Sinocharinae,  is  nested  within  early  diverging  Acronictinae  genera.  Both 
subfamilies  are  formally  synonymized:  i.e.,  Fophonyctinae  n.  syn.  and  Sinocharinae  n.  syn. 
Preliminary  data  reveal  that  the  Amphipyrinae  is  a  polyphyletic  assemblage  in  great  need  study 
and  reorganization.  We  also  examine  the  implications  of  the  tree  on  larval  and  life  history 
evolution  in  the  Acronictinae  and  Amphipyrinae. 
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Beach  Plum  Prunus  maritima  Marshall  1785  not  Wangenh.  1787  (Rosaceae)  represents  both  a 
new  crop  under  development  and,  probably  along  with  its  close  relatives  within  Prunus  {Prunus) 
sect.  Prunocerasus ,  an  under-acknowledged  host  plant  for  several  Fepidoptera  whose 
distributions  in  the  Northeastern  USA  are  either  confined  to  coastal  areas  or  have  contracted 
elsewhere.  The  Coastal  Heathland  Cutworm  Abagrotis  nefascia  (Smith)  and  the  Dune  Noctuid 
Sympistis  riparia  (Morrison,  1875)  are  unrelated  species  of  psammophilic  nocturnes 
(Fepidoptera:  Noctuidae)  regularly  encountered  in  coastal  southern  New  England  and  New  York 
but  whose  precise  life  history  requirements  were  undocumented.  Based  on  field  observation  and 


rearing,  we  identify  Beach  Plum  as  a  primary  larval  host  for  these  species  in  Massachusetts  and 
discuss  the  plant's  role  in  sustaining  other  moths  of  regional  interest.  Sympistis  riparia  belongs  to 
a  widely  distributed  complex  of  closely  related  species,  and  has  been  associated  specifically  with 
both  maritime  and  freshwater  dunes.  The  eastern  populations  of  Abagrotis  nefascia  represent  a 
conspicuous  eastern  disjunction,  separated  from  the  nearest  western  populations  by  more  than 
2000  miles,  and  originally  described  as  var.  benjamini  of  A.  crumbi  Franclemont,  1955.  The 
unusually  convoluted  nomenclature  surrounding  this  species  was  mostly  clarified  by  Lafontaine 
(1998)  who  synonymized  both  crumbi  and  crumbi  benjamini  with  A.  nefascia.  Following 
examination  of  types  and  an  evaluation  of  putatively  diagnostic  features  in  the  male  genitalia  and 
wing  patterning  (although  none  was  evident  from  DNA  barcodes),  the  status  of  benjamini 
Franclemont  is  revisited. 
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The  Kamehameha  butterfly,  Vanessa  tameamea ,  is  one  of  only  two  endemic  Hawaiian 
butterflies.  Until  now,  it  has  been  considered  a  single  species,  found  on  all  the  high  islands.  Our 
mtDNA  work  suggests  that  both  peripheral  islands— Kauai  and  Hawaii  Island—  may  harbor 
distinct,  cryptic,  populations  or  species.  MtDNA  also  shows  very  low  intra-island  diversity, 
surprising  in  a  large  strong-flying,  butterfly.  In  addition,  data  from  nearly  4000  nuclear  SNP 
genotypes  identified  through  ddRAD  sequencing  reveals  loci  of  high  divergence  (Fst  >  0.9)  and 
private  alleles  between  island  populations.  These  results  also  support  the  isolation  of  Kauai  and 
Hawaii  island  populations.  If  our  results  are  typical,  they  suggest  a  greater  role  for  geographic 
isolation,  as  opposed  to  ecological  divergence,  in  the  generation  of  genetic  diversity  across  the 
archipelago. 
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Abstract  text: 

Phylogenetic  relationships  and  higher  classification  at  tribal  level  of  the  family  Hesperiidae  were 
primarily  settled  by  Warren  et  al.  (2008,  2009)  based  on  morphological  and  molecular  evidence. 
Their  study  treated  mainly  American  materials,  and  over  100  Asian  and  African  genera  are  listed 
as  incertae  sedis.  The  present  study  aims  to  clarify  the  taxonomic  status  of  those  genera. 

In  order  to  reconstruct  a  phylogenetic  tree,  the  mitochondrial  COI-COII  and  16S ,  and  nuclear 
EF-la  and  wingless  were  analyzed  using  parsimony,  maximum  likelihood  and  Bayesian 
inference.  The  analysis  included  over  100  species  belonging  about  50  genera  mainly  from  China, 
Malaysia,  and  the  Philippines. 

Nine  well-supported  tribal  level  clades  were  recognized.  Fifteen  genera  treated  as  incertae  sedis 
were  assigned  to  respective  tribes  while  the  status  of  14  genera  are  remained  uncertain. 
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Abstract  text: 


All  eusocial  wasps  are  found  in  the  family  Vespidae.  A  robust  phylogeny  of  this  group  is 
required  to  understand  how  solitary  ancestors  transitioned  into  social  life.  Currently,  it  is  mostly 
argued  that  eusociality  emerged  once  within  Vespidae.  However,  it  has  become  apparent  that  the 
behavioral  and  morphological  data  are  incongruent  with  the  molecular  data.  The  molecular 
evidence  has  consistently  favored  a  hypothesis  of  eusociality  originating  twice.  Arguably, 
convergent  evolution  of  traits  surrounding  eusociality  may  explain  this  incongruence. 
Alternatively,  limited  sampling  of  genes  and  taxa  has  resulted  in  an  erroneous  estimate  of  the 
species  tree  thus  far.  We  applied  anchored  hybrid  enrichment  in  order  to  sequence  ~500  loci 
across  96  vespid  species.  With  this  comprehensive  genomic  dataset,  we  infer  the  phylogeny  of 
Vespidae  and  draw  conclusions  about  the  emergence  of  eusociality. 
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Abstract  text: 

Introduction:  Within  the  stinging  Hymenoptera  (Aculeata),  apoid  wasps  and  bees  form  a  well- 
supported  monophyletic  group,  the  Apoidea.  Apoid  wasps  and  bees  are  a  morphologically  and 
behaviorally  heterogeneous  group  whose  evolutionary  history  is  still  not  well  understood.  The 
species-rich  bees  diverged  in  the  early  Cretaceous  from  apoid  ancestors.  However,  it's  still 
unclear  what  the  sister  group  of  the  bees  is.  Several  studies  suggested  that  bees  evolved  from 
within  the  digger  wasp  family  Crabronidae  and  that  Philanthinae  and/or  Pemphredoninae  could 
represent  the  closest  extant  relatives. 

Methods:  To  infer  phylogenetic  relationships  within  the  Apoidea,  we  used  targeted  DNA 
enrichment  in  combination  with  high-throughput  sequencing.  Using  the  BaitFisher  software,  we 
developed  57,650  120-bp  baits  for  capturing  378  coding  sequences  of  282  genes  of  apoid  wasps. 
We  compiled  a  taxon  sampling  that  includes  all  major  lineages  of  apoid  wasps  and  bees, 
including  transcriptomes  from  the  1KITE  project  (www.lKITE.org).  The  final  dataset  includes 


134  apoid  wasps,  42  bees,  and  nine  outgroup  species.  We  inferred  maximum-likelihood 
phylogenetic  trees  at  both  nucleotide  and  amino  acid  level. 

Results/Conclusion:  We  were  able  to  address  the  most  pressing  questions  concerning  the 
evolutionary  history  of  apoid  wasps  ( e.g .  Who  is  the  sister  group  of  the  bees?  Do  crabronid 
wasps  represent  a  natural  group?).  Currently  we  are  estimating  divergence  times  of  apoid  wasp 
relationships  by  combining  molecular  and  paleontological  data.  Our  results  on  the  early 
evolutionary  history  of  Apoidea  provide  a  basis  for  comparative  genomic  studies  that  seek  to 
understand  molecular  changes  associated  with  e.g.  diet  shifts  evolution  of  cleptoparastism  and 
eusociality. 
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Introduction:  This  study  investigates  the  evolution  of  diet  breadth  in  the  genus  Melissodes.  There 
are  130  described  species  of  Melissodes  in  eight  subgenera,  distributed  throughout  the  western 
hemisphere.  Here,  a  phylogeny  of  100  of  these  species  is  presented  and  the  diet  breadth  of  each 
species  is  mapped  onto  the  phylogeny  to  investigate  the  frequency  and  direction  of  change  from 
specialist  to  generalist,  or  vice  versa.  The  bee  phylogeny  is  based  on  five  gene  fragments. 

Methods:  The  diet  breadth  of  each  species  of  Melissodes  was  determined  by  extracting  DNA 
directly  from  pollen  collected  from  bee  specimens  and  sequencing  the  ITS1  gene  fragment. 
Pollen  sequences  were  identified  using  the  nucleotide  BLAST  function  of  the  NCBI  database. 
For  each  bee  species,  as  many  different  specimens  that  could  be  found,  from  as  many  different 


locations,  on  as  many  different  host  plants  were  sampled.  Several  indices  of  diet  breath  are 
compared,  including  taxonomic  indices,  raw  genetic  distance,  and  phylogenetic  diversity  of  the 
host  plants. 

Results/Conclusions:  In  the  bee  phylogeny,  the  eight  subgenera  remain  monophyletic  with  two 
exceptions.  The  analysis  of  diet  breadth  is  ongoing  at  this  time. 
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Introduction:  Brood  parasitic  aculeate  species  do  not  hunt,  but  exploit  prey  caught  by  other 
species.  These  species  either  lay  an  egg  on  paralyzed  prey  being  transported  by  their  host 
species,  or  else  they  sneak  into  the  nests  of  the  hosts  and  lay  their  eggs  on  or  near  the  stored  prey. 
Hatched  larvae  of  the  parasite  then  consume  the  usurped  prey,  taking  the  place  of  the  host  larvae. 

Methods:  Because  brood  parasitic  species  are  generally  rare  in  the  field,  it  is  difficult  to  observe 
their  behavior  directly.  We  therefore  explored  brood  parasitic  pompilids  parasitizing  other 
species  that  nest  inside  bamboo  tubes,  by  investigating  the  nest  contents  of  the  latter.  Five 
parasitic  pompilid  species  were  detected  based  on  circumstantial  evidence. 

Results/Conclusions:  One  of  the  parasitic  species,  Poecilagenia  sculpturata  (Pepsinae)  was 
successfully  observed  in  petri  dishes  to  oviposit  on  spiders  stored  in  mud  cells  by  its  host 
Auplopus  carbonarius  (Pepsinae)  (18  examples  by  five  females).  The  females  made  a  hole  by 
gnawing  the  cell  wall  with  their  mandibles,  regurgitating  absorbed  water,  entered  the  mud  cell, 
laid  their  own  egg  after  eating  host’s  egg,  and  closed  the  hole  by  plastering  mud.  We  found  that 
they  did  not  lay  eggs  on  spiders  which  lacked  a  host’s  egg.  Because  it  has  a  full  behavioral 


repertoire  of  opening  and  closing  a  hole  on  the  cell  by  manipulating  mud,  we  conclude  that  P. 
sculpturata  has  evolved  from  a  non-parasitic  close  relative,  having  retained  significant  aspects  of 
its  original  hunting  and  nesting  behavior,  including  the  building  of  mud  cells. 
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A  traditional  morphological  approach  was  utilized  to  critically  examine  the  Neotropical  mutillid 
genus  Tallium  Andre.  The  unique  challenges  to  descriptive  taxonomy  inherent  to  sexually 
dimorphic  taxa,  such  as  most  Mutillidae,  are  discussed.  Eleven  new  synonyms  are  proposed  and 
five  new  species  are  described.  Two  novel  setal  types  are  discussed  and  may  be  autapomorphic 
in  Tallium  with  respect  to  Mutillidae. 
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Recently  a  series  of  studies  has  examined  the  diverse  ant  clade  known  as  the  Prenolepis  genus- 
group:  a  clade  of  over  300  described  species  in  seven  genera  that  are  found  in  most  of  the  world's 
ant  communities.  It  includes  some  of  the  most  destructive  and  widespread  invasive  ant  species, 
including  the  crazy  ants  Nylanderia  fulva  and  Paratrechina  longicornis.  Understanding  and 
control  of  invasive  species  is  difficult  without  proper  species  diagnosis,  which  requires  solid 
revisionary  taxonomy.  This  study  is  the  next  in  a  series  of  studies  targeting  the  Prenolepis  genus- 
group  and  is  necessary  for  two  main  reasons:  (1)  the  genus  is  incomplete  in  its  current 
morphological  definition  and  revision  will  allow  for  a  global  analysis  of  the  morphological  limits 
of  the  genus,  and  (2)  the  genus  is  a  tangle  of  names,  synonyms,  and  undescribed  species  and  this 
work  will  provide  a  solid  species-level  revision.  We  conduct  the  first  monographic  revision  of 
the  genus  Prenolepis  using  a  morphological  approach.  Taxonomic  synopses  and  a  key  of  worker 
morphology  are  constructed  for  the  first  time,  and  workers  of  each  species  are  imaged  in  dorsal, 
full-face,  and  lateral  views  (queens  and  males  as  available  are  also  imaged).  Species  maps  using 
locality  data  are  provided  and  a  morphology-based  phylogeny  is  constructed  using  Bayesian 
Inference  (BI)  and  maximum  parsimony  (MP). 
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Introduction:  The  ant  genus  Temnothorax ,  consisting  of  over  350  described  species,  is  a  diverse 
assemblage  with  a  primarily  Holarctic  distribution.  Several  species  from  this  genus  have  been 
used  as  model  organisms  for  social  insect  behavior,  including  studies  as  varied  as  task  allocation, 
nest  site  selection,  and  social  parasitism.  Customary  approaches  to  taxonomy  and  phylogenetics 
have  been  compromised  by  conservative  worker  morphology  and  a  paucity  of  sexual  castes  in 
collections.  In  this  study,  I  utilize  data  from  traditional  multi-gene  Sanger  sequencing,  targeted 
enrichment  of  ultra-conserved  elements  (UCEs),  and  morphological  analyses  to  estimate  the 
phylogeny,  divergence  times  and  global  biogeography  of  this  genus. 

Methods:  Taxon  sampling  was  based  on  non-formal  species  groups  recognized  in  previous 
taxonomic  studies.  Nine  genes  were  amplified  via  PCR  and  sequenced  via  traditional  Sanger 
sequencing  methods  for  109  ingroup  and  7  outgroup  taxa.  Targeted  enrichment  of  UCEs  were 
performed  for  40  species  based  on  well-supported  clades  inferred  from  the  analysis  of  the  nine- 
gene  dataset.  The  analysis  of  divergence  dating  was  calibrated  using  "total  evidence"  approach, 
in  which  placement  of  fossils  and  divergence  times  are  jointly  estimated  by  incorporating  a 
morphological  dataset  into  the  analysis. 

Results/Conclusion:  Temnothorax ,  as  currently  defined,  is  inferred  to  be  monophyletic.  The 
results  of  the  biogeographic  and  divergence  dating  analyses  suggest  that  this  genus  arose  in  the 
Nearctic  during  the  late  Eocene  era,  with  several  lineages  migrating  between  the  Nearctic  and 
Palearctic  during  the  Miocene. 
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Introduction:  Ants  (Hymenoptera:  Formicidae)  comprise  a  highly  successful  group  of  organisms 
in  many  ways.  These  insects  have  colonized  most  of  the  terrestrial  ecosystems,  where  they 
perform  fundamental  ecological  roles  and  engage  in  complex  interactions  with  many  organisms. 
In  contrast  to  advances  at  higher  taxonomic  levels,  phylogenetic  hypotheses  for  ants  at  the 
species-level  have  not  progressed  accordingly.  This  is  especially  the  case  with  the  subfamily 
Myrmicinae,  the  most  diverse  ant  group  in  terms  of  species,  morphological  traits  and  natural 
history.  Recent  changes  in  the  tribal  arrangement  of  this  subfamily  creates  the  opportunity  for 
morphology-based  ant  taxonomy  and  phylogenetics.  Latest  approaches  include  applying 
molecular  tools  to  infer  the  evolutionary  history  of  ants.  Nevertheless,  morphology  is  essential 
for  understanding  the  relationship  of  fossils  to  extant  taxa  and  for  providing  a  better  framework 
for  the  identification  of  living  species.  The  genus  Basiceros  Schulz,  1906  has  been  the  subject  of 
historical  controversy  in  terms  of  species  delimitation  among  myrmecologists. 

Methods:  We  investigated  the  phylogenetic  relationships  of  these  cryptobiotic  ants  using  a 
morphological  matrix  and  sequences  from  nine  molecular  markers. 

Results/Conclusion:  All  phylogenetic  methods  applying  molecular,  morphological  and  combined 
data  recovered  the  monophyly  of  the  genus  and  all  of  its  representatives.  Morphology  and 
molecular  hypothesis  recovered  similar  topologies.  As  part  of  the  revisionary  work,  stages, 
castes/intercastes,  and  larvae  are  described  for  the  first  time  for  different  species  of  Basiceros. 
Using  this  new  taxonomic  and  phylogenetic  framework,  future  work  can  address  the 
diversification,  biogeographic  history,  and  trait  evolution  of  this  cryptic  ant  genus  and  its 
relatives. 
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Ants  are  an  ecologically  important  and  diverse  group,  and  they  are  engaged  in  both  parasitic  and 
mutualistic  associations  with  microbes.  Turtle  ants  (genus  Cephalotes)  harbor  a  range  of 
microbial  parasites  and  mutualistic  gut  bacteria  that  likely  play  nutritional  roles.  The  diversity 
and  abundance  of  microbial  symbionts  in  turtle  ants  is  known  to  vary  among  species  and 
localities,  but  a  thorough  understanding  of  the  within-species  variation  and  structure  of  microbial 
communities  is  lacking.  The  giant  turtle  ant  provides  an  ideal  system  in  which  to  study  the 
ecology  and  evolution  of  microbial  symbionts  within  a  species.  It  is  a  common,  abundant  and 
geographically  widespread  species  in  the  Neotropics,  and  we  have  conducted  sampling  of  the 
species  throughout  its  geographic  range.  This  dense  sampling  allows  us  to  address  microbial 
diversity  and  distribution  on  a  number  of  levels,  including  within-colonies,  within-populations 
and  across  the  geographic  range  of  the  species.  Here,  we  focus  on  these  questions  using 
Wolbachia  and  Rhizobiales,  bacterial  groups  that  are  associated  with  turtle  ants  in  parasitic  and 
mutualistic  roles,  respectively. 
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Introduction:  The  widespread  limestone  caves  of  the  Appalachian  region  of  the  United  States 
support  an  impressive  diversity  of  cave-specialized  beetles  belonging  to  the  ground  beetle  tribe 
Trechini.  In  terms  of  species  diversity,  cave  trechine  beetles  are  the  dominant  terrestrial 
troglobites  in  North  America.  The  genus  Pseudanophthalmus  alone  includes  -250  species,  with 
at  least  80  species  yet  to  be  described.  The  ground  beetle  genus  Pseudanophthalmus  inhabits 
caves  only  in  the  Appalachians  of  North  America.  This  work  explores  the  inter-  and  intra¬ 
specific  phylogeography  of  populations  of  the  large  genus  Psuedanophthalmus. 

Methods:  Using  molecular  data,  we  inferred  the  evolutionary  history  of  species  in  the  genus  and 
determined  connectivity  of  caves  that  allowed  gene  flow  between  populations.  Divergence  times 
for  various  species  and  populations  were  estimated  using  DNA  sequence  data. 

Results/Conclusion:  Phylogenetic  results  indicate  there  is  a  great  deal  of  geographic  and  genetic 
structure  in  the  genus  Pseudanophthalmus.  Most  species  groups  are  monophyletic,  and  species 
and  populations  in  the  same  watershed  are  each  other’s  closest  relatives.  Molecular  divergence 
dates  suggest  most  species  of  Psuedanophthalmus  predate  the  most  recent  ice  age.  This  work  can 
serve  to  delimit  species  and  identify  cryptic  species,  both  of  which  are  of  great  value  to  the  field 
of  conservation  genetics. 
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Abstract  text: 


Tenebrionidae  is  a  morphologically  and  ecologically  diverse  group  of  beetles  containing  over 
20,000  described  species.  While  recent  phylogenetic  studies  using  PCR-derived  sequence  data 
have  begun  to  clarify  relationships  in  this  family,  boundaries  of  major  subfamilies  and 
relationships  among  the  larger  clades  still  remain  contentious.  We  describe  our  efforts  to  resolve 
the  deeper  phylogenetic  relationships  of  Tenebrionidae  using  genomic-scale  data. 
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Abstract  text: 

A  revised  classification  for  the  darkling  beetle  tribe  Amphidorini  (Coleoptera:  Tenebrionidae)  is 
presented  based  on  analyses  of  molecular  and  morphological  data.  The  genus  Nycterinus 
Eschscholtz,  from  Chile,  is  removed  from  the  tribe,  thus  making  Amphidorini  an  endemic  North 
American  radiation  of  beetles. 
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Abstract  text: 

The  pantropical  genus  Plochionus  is  of  interest  not  only  taxonomically  but  also  ecologically  and 
economically.  These  tent-caterpillar  hunters  are  predatory  on  the  egg  and  larval  stages  in  the  life- 
cycle  of  Lepidopterans  in  Lasiocampidae  and  Arctiidae  and  exhibit  this  behaviour  across  their 
known  distribution.  Not  only  is  this  life  history  fascinating,  it  may  have  future  implications  for 
bio-control  and  raising  their  status  as  beneficial  insects.  One  species,  P.  timidus  Haldeman,  has 
been  reared  under  laboratory  conditions  and  the  entire  life  cycle  documented  including 
description  of  the  larva  (Duffey,  1892).  In  order  to  understand  this  enigmatic  genus  of  Lebiines, 
a  revision  of  the  taxonomy  is  essential.  This  group  comprises  20  known  species  and  subspecies 
(including  one  extant  from  the  fossil  record)  within  2  genera  and  has  not  been  significantly 
revised  since  the  original  description  in  1821.  This  group  awaits  the  description  of  a  number  of 
new  species,  most  of  which  have  resulted  from  investigations  into  the  canopy  fauna  in  tropical 
rainforests  using  fogging  techniques.  Here  we  will  report  on  the  progress  of  this  revision 
including  distributions  of  known  species,  updates  on  life-histories  and  a  new  taxonomy  with 
provisional  new  species  descriptions. 
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Abstract  text: 


Introduction:  The  systematics  and  phylogeny  of  Cleroidea  have  made  remarkable  progress  in 
recent  years.  The  relationship  of  the  group  to  the  other  Cucujiformia,  namely  Cucujoidea  and 
Tenebroidea,  has  been  the  subject  of  numerous  morphologically-  and  molecularly-based  studies, 
or  has  been  included  in  larger  works  on  the  phylogeny  of  Coleoptera.  A  number  of  Mesozoic 
fossils  have  also  been  described  within  Trogossitidae,  Cleridae,  Prionoceridae  and  Melyridae, 
from  European,  Siberian,  Chinese  and  Burmese  deposits.  The  resulting  phylogenies  often  show 
Cleroidea  as  a  basal  cucujiform  taxon  but  differ  in  determination  of  its  sister  group.  Relations 
among  the  major  cleroid  lineages  also  remain  unclear. 

Methods:  Matrices  of  morphological  characters  of  recent  and  fossil  representatives  were 
processed  in  TNT,  NONA  and  Winclada  programs.  Some  200  characters  of  adults  and  larvae 
were  used  for  the  analyses. 

Results/Conclusion:  Three  major  clades  can  be  recognized  in  a  tree  of  Cleroidea:  trogossitid, 
melyrid,  and  clerid.  The  monotypic  or  species-poor  families  appear  thus:  Phloiophilidae, 
Acanthocnemidae,  Chaetosomatidae  in  the  trogossitid  clade;  Prionoceridae  in  the  melyrid  clade; 
Metaxinidae  at  the  base  of  the  latter;  Thanerocleridae  at  the  base  of  the  clerid  clade.  The  melyrid 
and  clerid  clades  appeared  largely  as  sister  groups,  but  the  analyses  are  somewhat  ambiguous  at 
this  point.  The  phylogeny  of  Cleridae  was  addressed  in  more  detail,  resulting  in  the  tree 
Thanerocleridae/-inae  +  (Tillinae  +  ((Epiclininae  +  Korynetinae)  +  (Clerinae  +  Hydnocerinae))). 
It  follows  from  Mesozoic  fossil  records  that  the  origin  of  cleroid  families  may  lie  in  the  early 
Jurassic,  or  earlier. 
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Abstract  text: 


The  taxonomic  history  of  the  New  World  Hydnocerinae  is  reviewed.  Longstanding 
misconceptions  and  misidentifications  are  clarified  and  explained,  problems  with  generic 
assignments  and  descriptions  are  reviewed,  and  taxonomic  changes  are  proposed  for  checkered 
beetles  in  the  genera  Isolemidia,  Phyllobaenus ,  Wolcottia  and  Isohydnocera. 
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Abstract  text: 


Introduction:  The  Australian  native  dung  beetle  fauna  of  the  tribe  Canthonini  is  diverse, 
representing  16  genera  and  116  described  species.  Defining  the  boundaries  of  many  Australian 
canthonine  genera  has  historically  been  a  difficult  task  as  numerous  taxa  share  affinities  with 
species  in  other  genera.  To  avoid  large  heterogeneous  taxa,  many  genera  have  been  retained  for 
primarily  practical  purposes  rather  than  on  the  basis  of  significant  morphological  differences. 
Given  the  subtle  morphological  boundaries  between  some  genera,  molecular  diagnostics  were 
performed  to  help  elucidate  natural  groupings. 

Methods:  DNA  was  extracted  from  12  canthonine  genera  but  taxon  sampling  focused  heavily  on 
Lepanus ,  Aptenocanthon ,  Sauvagesinella ,  Diorygopyx  and  Cephalodesmius. 

Results/Conclusion:  Results  from  the  multigene  phylogeny  indicated  that  many  genera  were 
unsurprisingly  paraphyletic,  with  species  either  being  misclassified  or  representing  new  genera. 
On  the  basis  of  genetic  results,  we  propose  2  new  genera  which  can  be  identified  using  a 
combination  of  morphological  characters  but  no  single  apomorphic  character  is  identified  for 
either  genus.  Additionally,  DNA  confirmed  the  presence  of  many  undescribed  species  within 
collections,  with  preliminary  estimates  suggesting  that  at  least  50%  of  the  Australian  native 
canthonines  remain  undescribed.  A  revision  of  Lepanus ,  including  the  description  of  60  new 
species,  is  currently  in  preparation  and  highlights  the  importance  of  investing  in  taxonomy  in  the 
age  of  digitization.  Finally,  we  explore  the  origin  and  diversification  of  Australian  canthonines 
through  molecular  dating  methods. 
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Species  in  the  genus  Batrisodes  Reitter  are  distributed  in  most  regions  worldwide,  with  tropical 
regions  as  exceptions.  In  the  United  States,  the  genus  comprises  88  species,  and  around  26  of 
these  are  present  in  the  southern  Appalachian  Mountains.  Most  members  of  Batrisodes  are 
among  the  most  common  pselaphinae  beetles  in  leaf  litter,  some  are  inhabitants  of  caves  and 
others  present  associations  with  different  ant  species.  In  addition  to  these  ecological 
characteristics,  the  morphology  of  males  in  some  species,  and  the  degree  of  sexual  dimorphism 
makes  the  species  in  this  genus  attractive  for  answering  evolutionary  questions.  This  work 
represents  the  initial  step  towards  the  phylogenetic  relationships  of  the  genus  Batrisodes  in  the 
southern  Appalachian  Mountains.  The  list  of  the  species  distributed  in  the  southern  Appalachian 
Mountains  is  presented,  as  well  as  the  phylogeny  of  the  species  in  the  region  using 
morphological  data. 
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Abstract  text: 

The  staphylinid  beetle  subfamily  Aleocharinae  contains  about  12,000  described  species 
classified  into  more  than  50  tribes.  A  molecular  phylogeny  of  the  subfamily  is  presented  based 
on  7  molecular  markers  and  a  taxon  sampling  that  includes  more  than  30  tribes.  The  newly 
established  phylogenetic  relationships  are  discussed  and  changes  in  the  aleocharine  classification 
are  proposed. 
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Abstract  text: 

One  of  the  greatest  challenges  to  accurate  phylogeny  reconstruction  and  divergence  dating  is  the 
limited  and  usually  non-representative  sample  of  morphological  and  molecular  diversity 
available  from  extant  taxa,  especially  in  lineages  that  have  experienced  high  levels  of  extinction. 
Finely  detailed,  three-dimensional  insect  fossils  preserved  in  amber  hold  great  potential  to 
overcome  this  challenge.  However,  fossilization  in  amber  is  a  natural,  imperfect  process  and 
important  characters  are  often  hidden  by  non-target  inclusions  or  other  structures  of  the 
specimen,  and  internal  characters  are  typically  unavailable  when  using  light  microscopy.  The 
completeness  of  and  signal  within  morphological  character  datasets  can  be  greatly  increased  with 
reconstruction  of  these  fossil  taxa  in  3-D  using  micro-CT.  Here  we  incorporate  new  fossil  taxa  of 
the  megadiverse  rove  beetle  tribe  Staphylinini  into  an  existing  phylogenetic  dataset  using  micro- 
CT  and  light  microscopy.  The  complementarity  of  these  two  techniques  for  acquiring 
phylogenetic  data  will  also  be  discussed.  Using  both  morphological  and  molecular  data,  new 
divergence  dates  are  estimated  for  this  lineage. 
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Abstract  text: 

Introduction:  Ticks  of  the  genus  Ixodes  serve  as  vectors  for  pathogens  that  cause  disease  in 
animals  and  humans,  including  Lyme  disease  and  tick-borne  encephalitis. 

Methods:  We  adopted  a  “systems  biology”  approach  to  discover  Ixodes  ricinus  ‘dual  antigens’, 
by  employing  Next  Generation  Sequencing  methodology  (454  and  Illumina)  coupled  to 
quantitative  Proteomics. 

Results/Conclusion:  Dual  antigens  are  known  to  confer  protective  immunity  against  tick-borne 
pathogen  transmission;  however,  the  exact  sequences  of  these  antigens  remain  elusive.  ‘Dual 
antigens’  are  tick  antigens  that  are  exposed  (found  in  tick  salivary  glands  and  come  into  contact 
with  the  vertebrate  host  immune  system)  and  concealed  (found  in  the  tick  midgut,  where  they 
play  a  role  in  tick  physiology  and  immunity  against  these  antigens  and  may  poison  the  tick)  upon 
tick  feeding  on  the  vertebrate  host.  We  focused  on  the  first  24-36  hours  of  tick  attachment 
because  vertebrate  immunity  against  tick  salivary  proteins  expressed  within  24-36  hours  thwarts 
tick  feeding  and  impairs  Borrelia  transmission.  We  describe  the  expression  pattern  of  more  than 
1,000  genes  at  the  transcriptome  and  proteome  level  in  an  organism  of  unknown  genome  and  we 
provide  an  excellent  foundation  to  develop  alternative  strategies  to  interrupt  pathogen 
transmission. 
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Abstract  text: 

Introduction:  Arthropod  saliva  possesses  anti-hemostatic,  anesthetic,  and  anti-inflammatory 
properties  that  facilitate  feeding  and,  inadvertently,  dissemination  of  pathogens.  Whether 


arthropod  salivary  proteins  inhibit  the  NLRC4  inflammasome,  a  molecular  scaffold  that  induces 
the  maturation  of  the  pro-inflammatory  cytokines  interleukin  (IL)-lp  and  IL-18,  remains  elusive. 

Methods:  Through  the  use  of  techniques  available  in  immunology,  microbiology,  biochemistry, 
and  molecular  and  structural  biology,  we  provide  the  mechanistic  delineation  of  how  the  tick 
salivary  protein  sialostatin  L2  (SL2)  inhibits  IL-lp  and  IL-18  signaling  upon  infection  with  the 
rickettsial  pathogen  Anaplasma  phagocytophilum. 

Results/Conclusion:  Annexin  A2  tethers  to  phosphorylated  forms  of  phosphatidylinositol  (PIP). 
Cytosolic  phospholipase  A2  (cPLA2)  then  cleaves  arachidonic  acid  from  the  phospholipid  PIP2, 
which  is  converted  to  prostaglandin  E2  (PGE2)  via  cyclooxygenase  2  (COX2)  leading  to  NLRC4 
inflammasome  activation,  and  IL-lp  and  IL-18  secretion.  This  signaling  cascade  is  inhibited  by 
SL2,  which  binds  annexin  a2  and  reduces  PGE2  secretion,  NLRC4  inflammasome  assembly,  and 
IL-lp  and  IL-18  maturation.  Altogether,  these  findings  present  immediate  implications  for  our 
understanding  of  microbial  immunity  and  pathogen  transmission  by  arthropod  vectors. 
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Abstract  text: 

Introduction:  Infestations  of  white-tailed  deer  (WTD)  with  cattle  fever  ticks  (CFT)  complicate 
efforts  by  the  Cattle  Fever  Tick  Eradication  Program.  Vaccinating  WTD  against  CFT  is  an 
option  that  complements  strategies  to  integrate  eradication  technologies.  Here,  we  present  results 
describing  the  immunological  response  of  WTD  to  a  vaccine  formulation  targeting  CFT  outbreak 
populations  in  the  U.S. 

Methods:  Two  groups,  each  including  4  WTD,  received:  1)  adjuvant,  or  2)  adjuvanted  vaccine 
containing  Bm86Texas.  Injections  occurred  at  weeks  1,  4,  and  7.  Blood  samples  obtained  prior  to 
the  initial  injection,  and  every  4  weeks  afterwards  for  6  months,  were  processed  to  assess 
changes  in  proportions  of  B  and  T  cell  subsets.  Antibody  titers  were  determined  with 
Bm86Texas-specific  EFISA. 

Results/Conclusion:  Bm86Texas  antibody  titers  peaked  4  weeks  after  the  third  vaccination. 
Following  a  decline  noted  by  week  15  after  the  initial  immunization,  a  minor  increase  in 
Bm86Texas  antibodies  was  noted  12  weeks  after  the  third  vaccination.  The  pre-  and  post¬ 
treatment  relative  proportions  of  T  and  B  cell  subsets  in  WTD  vaccinated  with  Bm86Texas  were 
equivalent.  The  characterization  of  the  relative  proportions  of  T  and  B  cell  subsets  in  WTD 
immunized  with  a  Bm86-based  vaccine  over  an  extended  period  of  time  are  reported  for  the  first 
time.  A  boost  in  the  specific  humoral  immune  response  was  achieved  with  the  third  vaccination. 
The  specific  and  robust  humoral  response  against  Bm86Texas  warrants  the  investment  of 
resources  for  efficacy  testing  in  WTD  infested  with  outbreak  strains  of  CFT. 
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Abstract  text: 

Introduction:  Many  animals  develop  resistance  to  tick  feeding  after  repeated  infestations,  but  the 
nature  of  this  tick  resistance  remains  poorly  understood.  We  investigated  the  cellular  and 
molecular  mechanisms  underlying  acquired  resistance  to  Haemaphysalis  longicornis  ticks  in 
mice. 

Methods:  We  have  established  Mctp8mR  mice  where  the  diphtheria  toxin  receptor  is  expressed 
only  in  basophils,  and  therefore  basophils  can  be  selectively  and  inducibly  depleted  in  vivo  by 
injecting  diphtheria  toxin.  These  mice  or  those  deficient  for  antibody  or  high-affinity  IgE 
receptor  were  infected  with  ticks  once  or  twice  at  an  interval  of  14  days.  Tick  resistance  was 
evaluated  by  the  decline  in  the  number  and  body  weight  of  engorged  ticks  in  the  second 
infestation  compared  to  the  first.  The  presence  of  basophils  in  tick  feeding  sites  was  detected  by 
immunohistochemistry  using  a  newly-developed  monoclonal  antibody  specific  to  basophil 
tryptase  mMCP8. 

Results/Conclusion:  Basophils  were  recruited  to  tick-feeding  sites  during  the  second  but  not  first 
infestation.  Ablation  of  basophils  before  the  second  infestation  resulted  in  the  loss  of  tick 
resistance  in  the  second  infestation.  IgE  and  high-affinity  IgE  receptors  expressed  on  basophils 
but  not  mast  cells  were  essential  for  the  manifestation  of  acquired  tick  resistance.  These  results 
suggest  that  IgE  are  raised  against  tick  antigens  in  the  first  infestation  and  that  IgE-armed 
basophils  are  recruited  to  tick-feeding  sites  in  the  second  infestation  and  activated  in  response  to 
tick  antigens  to  release  molecules,  which  interfere  with  tick  feeding.  Thus,  basophils  play  an 
essential  and  non-redundant  role  in  IgE-mediated  acquired  immunity  against  ticks. 
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Introduction:  In  September  2013,  the  walnut  twig  beetle  (WTB)  Pityophthorus  juglandis ,  a  bark 
beetle  vector  of  the  pathogen  Geosmithia  morbida,  was  recorded  for  the  first  time  in  Europe  in 
northeastern  Italy.  This  pest  complex  causes  thousand  cankers  disease  (TCD)  on  walnut  species 
( Juglans  spp.). 

Methods:  In  order  to  determine  the  geographic  distribution  of  the  species  and  the  details  of  its 
biology,  phenology  and  voltinism,  an  intensive  WTB  survey  was  performed  in  the  main  walnut 
plantations  occurring  in  northern  Italy.  The  monitoring  was  carried  out  annually  with  funnel 
traps  baited  with  an  aggregation  pheromone  specific  for  P.  juglandis. 

Results/Conclusion:  In  spring,  the  beetles  began  to  fly  with  a  mean  air  temperature  of  about 
18°C  and  continued  until  late  October,  producing  2  partially  overlapping  generations.  WTB  was 
found  in  most  of  the  monitored  black  walnut  plantations  of  northern  Italy,  over  at  least  3 
different  regions  (Veneto,  Lombardy,  Piedmont)  and  5  non-contiguous  administrative  provinces. 
Molecular  analysis  of  the  trapped  individuals  showed  no  molecular  differences  among  the 
sampled  populations,  suggesting  that  a  few  individual  WTB  may  have  arrived  in  Italy  through  a 
single  introduction  event  and  then  spread  over  the  territory.  Considering  the  widespread  presence 
and  its  rapid  dispersal,  P.  juglandis  might  quickly  increase  its  abundance  and  distribution  in  Italy 
and  other  European  countries,  leading  to  a  gradual  walnut  decline.  Given  the  wide  distribution  of 
P.  juglandis  in  northern  Italy,  pest  eradication  seems  to  be  unrealistic. 
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Introduction:  Certain  species  of  ambrosia  beetles  that  normally  attack  dying  or  dead  trees  have 
shifted  to  attacking  living  trees  in  non-native  habitats,  but  factors  driving  this  shift  are  not  well 
understood.  In  particular,  Xylosandrus  germanus  and  Xy l os andr us  crassiusculus  have 
traditionally  been  viewed  as  pests  of  dying  or  dead  trees,  but  rapid  and  extensive  attacks  on 
apparently  healthy  trees  have  also  been  reported.  Despite  broad  host  ranges,  X  germanus  and  X. 
crassiusculus  only  attack  certain  tree  species  and  individuals  within  a  given  year  and  location. 

Results/Conclusions:  Field  and  laboratory  studies  have  demonstrated  that  rather  than  randomly 
attacking  trees  within  non-native  habitats,  X  germanus  and  X  crassiusculus  specifically  target 
trees  emitting  stress-induced  volatiles,  particularly  ethanol.  Beetles  exhibit  an  efficient  capability 
to  locate  and  preferentially  attack  trees  emitting  ethanol  while  rarely  landing  on  or  attacking 
neighboring  trees  not  emitting  ethanol.  Host-derived  ethanol  is  induced  in  response  to  a  variety 
of  abiotic  physiological  stressors,  but  flooding,  frost  injury,  and  low  temperature  stress  play 
important  roles  in  predisposing  trees  to  attack.  Both  X  germanus  and  X  crassiusculus  efficiently 
distinguish  among  varying  host  qualities  and  rapidly  attack  living  but  weakened  trees  in  the  early 
stages  of  physiological  stress  that  may  appear  to  be  healthy.  In  contrast,  X  germanus  and  X. 
crassiusculus  are  poor  colonizers  of  unstressed  trees.  Predictions  of  increases  in  extreme  climatic 
events  that  predispose  trees  to  attack  indicates  X.  germanus ,  X.  crassiusculus ,  and  other 
opportunistic  ambrosia  beetles  could  become  even  more  problematic  in  non-native  habitats, 
particularly  within  ornamental  nurseries  and  tree  fruit  orchards. 
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Introduction:  Since  the  earliest  entomological  surveys  of  forests  in  California  until  the  latter 
stages  of  the  20th  century,  the  occurrence  and  impact  of  invasive  species  of  bark  and  ambrosia 
beetles  on  trees  and  shrubs  have  been  almost  negligible.  The  rich  endemic  fauna  seemed  to 
occupy  nearly  every  available  niche  associated  with  the  diverse  collection  of  trees  and  shrubs  in 
California’s  many  native  forest,  savanna,  and  rangeland  ecosystems. 

Results/Conclusion:  However,  museum  and  field  surveys  in  the  1990’s  and  2000 ’s  have  revealed 
22  species  of  invasive  scolytids  in  California,  with  many  of  the  species  first  detected  in  heavily 
urbanized  southern  California.  8  of  the  22  taxa  are  ambrosia  beetles;  4  are  spermophagous 
(e.g.  Coccotrypes  and  Dactylotrypes  sp.);  6  are  hardwood  bark  beetles  ( Hypothenemus  eruditus , 
Scolytus  sp.,  Phloeotribus  liminaris ,  and  Pityophthorus  juglandis);  and  4  are  coniferophagous 
bark  beetles  ( Hylurgus  ligniperda,  Ips  calligraphus,  Orthotomicus  erosus ,  and  Phloeosinus 
armatus).  5  of  the  species  have  probable  native  ranges  elsewhere  in  North  America  (indigenous 
exotic  species),  whereas  nearly  all  of  the  remaining  species  have  likely  origins  in  Eurasia.  The 
introductions  of  these  taxa  range  from  species  that  may  have  invaded  over  100-150  years  ago 
(e.g.  H.  eruditus ,  Scolytus  rugulosus ,  or  Xyleborinus  saxeseni)  to  10-15  years  ago  (10  of  the  22 
species  have  been  detected  since  2000).  Dactylotrypes  longicollis  (a  spermophage),  Euwallacea 
nr.  fornicatus,  and  H.  ligniperda  represent  new  generic  records  for  California.  Trends  and 
conditions  that  favor  future  invasions  by  other  members  of  this  group  of  insects  and  a  California 
watch  list  will  be  presented. 
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Introduction:  There  are  159  species  of  bark  and  ambrosia  beetles  in  the  Florida  peninsula,  35  of 
which  have  been  introduced  from  the  Old  World.  Also  included  are  55  Neotropical  species,  of 
which  28  are  not  found  elsewhere  in  the  United  States.  The  number  of  “Florida-only  species” 
continues  to  grow  with  several  recent  detections.  Some  have  suggested  that  these  have  been 
recently  introduced. 

Methods:  The  Florida-only  species  were  analyzed  with  regard  to  biology,  overall  distributions, 
and  dates  of  detection.  Likewise  the  history  of  collecting  effort  within  the  state  was  analyzed. 

Results/Conclusion:  The  Florida-only  species  are  also  found  in  the  Caribbean/Gulf  of  Mexico 
region.  None  are  from  distant  parts  of  the  Neotropical,  nor  are  any  specialists  on  non-native 
plants.  Wind-borne  dispersal  and  movement  along  the  northern  coast  of  the  Gulf  of  Mexico 
during  favorable  periods  can  account  for  current  distribution  patterns.  Due  to  the  small  size  and 
cryptic  habits  of  these  beetles,  they  are  seldom  encountered  by  general  collectors.  Increases  in 
the  numbers  of  Florida-only  species  can  be  related  to  the  presence  of  knowledgeable  collectors 
or  increased  sampling  efforts.  Finally,  none  of  these  species  has  demonstrated  a  rapid  spread 
similar  to  that  of  recently  introduced  Old  World  exotics.  In  summary,  the  most  parsimonious 
explanation  is  that  the  presence  of  all  of  these  species  is  due  to  natural  factors  and  does  not 
involve  human  intervention.  Given  the  recent  emergence  of  southern  Florida,  the  accumulation 
of  Neotropical  species  may  not  yet  be  complete. 
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Introduction:  The  red  turpentine  beetle  (RTB),  Dendroctonus  valens  LeConte,  native  to  North 
and  Central  America,  was  introduced  into  China  in  the  early  1980’s.  Since  1998  it  has  caused 
severe  damage  to  Pinus  tabulaeformis  in  China,  especially  in  an  outbreak  period  from  1998  to 
2002. 

Results/Conclusion:  Analyses  indicate  that  a  few  main  factors  have  influenced  the  successful 
establishment  of  this  species  in  China.  (1)  When  RTB  first  attacked  P.  tabulaeformis  there  were 
no  competitors— other  borers  colonized  the  trees  only  after  they  were  weakened  or  moribund  with 
attacks  by  RTB;  (2)  RTB  adapted  well  to  the  new  habitat  in  China  because  of  its  wide  native 
distribution  and  host  range  and  large  body  size;  (3)  the  main  host  species,  Firms  tabulaeformis , 
was  attractive;  (4)  RTB  aggregated  at  low  densities  on  the  new  host;  and  (5)  large  pure  pine 
stands  or  mixed  stands  in  China  showed  limited  resistance  to  infestation  by  RTB.  Environmental 
or  management  factors  linked  to  population  outbreaks  included  drought  in  the  spring,  illegal 
cutting,  heavy  tapping  for  resin,  and  unsuitable  management.  The  RTB  population  has  declined 
recently  because  of  elevated  rainfall,  decreases  in  host  attraction,  establishment  of  local  natural 
enemies,  and  implementation  of  various  management  measures  e.g.  mass  trapping  with 
semiochemicals,  introduction  of  natural  enemies,  prohibition  of  illegal  cutting,  and  treatment  of 
stumps  following  harvest. 
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Introduction:  The  introduction  of  exotic  ambrosia  beetles  (Coleoptera:  Scolytinae)  can  cause 
severe  damage  in  forest  ecosystems.  Understanding  the  environmental  drivers  affecting  their 
invasion  process  on  a  local  scale  is  of  utmost  importance  for  enhancing  management  strategies. 
We  investigated  how  forest  composition,  forest  structure,  and  climate  can  influence  the  invasion 
of  exotic  ambrosia  beetles  in  deciduous  temperate  forests.  We  also  evaluated  the  colonization 
success  of  these  beetles  in  different  host  tree  species  that  occur  frequently  in  the  invaded 
environment. 

Methods:  In  2013,  we  sampled  25  forest  stands  of  3  forest  types  dominated  respectively  by  hop 
hornbeam,  chestnut,  and  beech.  Both  ethanol-baited  traps  and  trap  logs  of  5  tree  species  (hop 
hornbeam,  chestnut,  beech,  manna  ash,  and  black  locust)  were  used  to  sample  exotic  ambrosia 
beetle  communities. 

Results/Conclusion:  With  baited  traps,  we  found  a  clear  effect  of  forest  composition  on  exotic 
species  richness  and  activity-density,  which  were  higher  in  chestnut-dominated  forests. 
Furthermore,  we  found  a  positive  effect  of  temperature  both  on  the  number  of  trapped  exotic 
species  and  on  their  activity-density,  with  cold  temperatures  limiting  beetle  spread  in  high 
elevation  forests.  With  trap  logs,  only  Xylosandrus  germanus  was  a  successful  colonizer,  but  the 
number  of  logs  colonized  was  higher  for  chestnut  and  chestnut-dominated  forests.  Catches  from 
both  baited  traps  and  trap  logs  indicated  that  chestnut-dominated  forests  are  exposed  to  the 
greatest  risk  of  invasion.  Given  the  economic  and  ecological  importance  of  chestnut,  ambrosia 
beetle  communities  present  in  chestnut-dominated  forests  should  be  monitored  in  order  to 
understand  where  protective  measures  must  be  taken. 
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Introduction:  Information  will  be  presented  on  Japanese  ambrosia  beetles  (tribe  Xyleborini, 
subtribe  Xyleborina)  with  a  focus  on  Euwallacea  interjectus  and  Xyleborus  pfeili.  E.  interjectus 
was  reported  in  1985  from  the  southernmost  of  the  4  main  islands  of  Japan.  However,  this 
species  has  recently  spread  throughout  Japan,  where  it  attacks  its  new  host,  Ficus  carica,  in  fig 
orchards.  It  is  not  found  in  the  northernmost  main  island.  Additionally,  E.  interjectus  has  the 
potential  to  transmit  a  plant  pathogenic  fungus,  Ceratocystis  ficicola ,  a  novel  species  in  the  C. 
fimbriata  complex,  which  causes  fig  wilt. 

Results/Conclusion:  Based  on  a  phylogenetic  analysis,  a  population  of  E.  interjectus  introduced 
into  the  USA  in  1984  likely  originated  from  Japan  (probably  the  southernmost  main  island), 
although  fig  wilt  does  not  yet  appear  to  occur  in  the  USA.  X.  pfeili  was  established  in  a  port  in 
Japan,  where  it  was  found  colonizing  imported  Douglas-fir,  Pseudotsuga  menziesii ,  logs  from 
the  USA,  subsequent  to  plant  quarantine  treatment  (fumigation  with  insecticide).  Female  adults 
ofX  pfeili  were  collected  with  traps  baited  with  ethanol  around  rafts  of  logs  floating  on  seawater 
in  the  port.  Gallery  entrance  holes  on  logs  were  found  intensively  near  the  water  surface, 
suggesting  that  high  moisture  content  may  facilitate  colonization.  Reproductive  traits  (fecundity, 
sex  ratio,  developmental  periods,  behavioral  pattern,  etc.)  are  presented  for  these  2  species  as 
measured  in  a  semi-artificial  diet  based  rearing  system. 
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Introduction:  The  success  or  failure  of  bark  and  ambrosia  beetles  in  invading  new  regions  is 
usually  attributed  to  factors  such  as  introduction  frequency,  climate,  local  breeding  resource 
availability,  and  escape  from  co-evolving  natural  enemies  and  competitors.  In  this  talk,  I  will  test 
hypotheses  relating  to  how  mating  systems,  particularly  outbreeding  and  inbreeding,  affect 
success  at  colonization,  establishment,  and  spread  of  alien  species  by  using  data  from  USA  and 
Europe. 

Results/Conclusion:  Mating  systems  in  Scolytinae  and  Platypodinae  are  extraordinarily  variable. 
Platypodinae  are  strictly  monogamous,  but  Scolytinae  species  can  be  monogamous,  bigamous, 
polygamous,  or  regularly  inbreeding.  Outbreeders  vary  in  which  sex  bears  the  costs  of  searching 
for  new  breeding  material.  Different  mating  systems  have  different  consequences  for  the  ability 
of  exotic  species  to  colonize,  establish,  and  spread.  Colonizing  should  be  easiest  for  inbreeders 
(in  which  dispersing  females  are  already  mated)  and  for  species  which  disperse  often  or  in  large 
numbers  (particularly  with  human  assistance).  Establishment  and  spread  depends  on  how  well 
species  can  survive  in  small  populations,  where  mate  location  can  be  difficult  and  where  new 
populations  become  inbred.  Regular  inbreeders  escape  both  the  costs  of  mate  location  and 
inbreeding  depression.  For  inbreeders,  the  severity  of  inbreeding  depression  will  depend 
particularly  on  recent  history,  the  effective  population  size,  and  how  long  populations  remain 
small.  Outbred  populations,  on  the  other  hand,  presumably  have  more  genetic  variability  and  can 
adapt  more  readily  to  new  conditions.  Most  outbreeding  Scolytinae  and  Platypodinae  probably 
utilize  mate  attracting  pheromones,  which  somewhat  facilitate  locating  breeding  material  and 
mates. 
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Introduction:  Introduced  bark  and  ambrosia  beetles  vectoring  fungal  phytopathogens  can 
eliminate  entire  tree  species  from  landscapes.  We  developed  a  safe  and  feasible  approach  for 
assessing  the  threat  of  exotic  wood  boring  insects  associated  with  fungi  before  their 
establishment  in  the  USA.  Our  data  enable  agencies  to  rapidly  decide  whether  each  future  non¬ 
native  bark  beetle  species  is  actionable  (needs  eradication)  or  not. 

Methods:  In  countries  that  export  a  significant  amount  of  cargo,  and  where  environments  and 
tree  communities  are  similar  to  those  in  the  USA,  we  1)  collect  bark  and  ambrosia  beetles  from 
Pinaceae  and  Fagaceae,  which  are  economically  significant  tree  families  in  the  USA;  2)  isolate 
their  fungal  associates  and  discard  the  vector  beetles;  3)  ship  the  fungi  to  a  Biosecurity  Level  II 
greenhouse  in  Florida  where  they  are  propagated  and  identified;  4)  inoculate  the  fungi  into  2  oak 
and  2  pine  species;  5)  classify  pathogenesis  into  3  categories:  a)  virulent  systemic  pathogen 
(actionable  beetle  vector),  b)  general  localized  pathogen  (surveillance  recommended  if 
intercepted)  and  c)  not  pathogenic;  and  6)  conduct  Koch’s  Postulates  for  pathogens. 

Results/Conclusion:  We  isolated  fungi  from  22  scolytine  species  of  the  highest  U.S.  invasion 
potential  from  China,  Taiwan,  Thailand,  South  Korea,  Japan,  Israel,  and  Europe  (Czech 
Republic).  The  vast  majority  of  the  fungi  displayed  no  or  negligible  pathogenicity.  5  fungi  (all 
Ophiostomatales)  were  mildly  pathogenic  to  loblolly  pine.  2  isolates  of  Grossmania  serpens 
from  Taiwan  (from  Xyleborus  pinicola ,  Dryocoetes  sp.)  appear  highly  pathogenic  to  pines.  No 
virulent  systemic  pathogen  was  found  among  the  isolates. 


Symposium 

Presentation  Title:  International  cooperation  and  earlier  detection  of  bark  and  ambrosia  beetles 

Author  Name:  Robert  Rabaglia 

Author  Institution:  USDA  -  Forest  Service 

Session  Title:  Symposium:  Invasive  Bark  and  Ambrosia  Beetles:  A  Pest  Problem  of  Worldwide 
Significance 

Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  3110 


DOI:  10. 1603/ICE.2016. 94709 


Abstract  text: 

Introduction:  Bark  and  ambrosia  beetles  have  been  moved  around  the  world  and  are  causing 
economic  and  ecological  damage  to  natural  and  urban  forests.  Several  countries  have  developed 
surveys  and  trapping  programs  to  detect  newly  introduced  or  established  populations  of  these 
beetles  before  they  cause  impacts. 

Results/Conclusion:  This  presentation  will  discuss  the  species  of  bark  and  ambrosia  beetles  that 
have  been  introduced  and  have  become  established  in  various  countries  and  the  commonalities 
among  these  species.  It  will  also  emphasize  the  species  that  have  been  most  damaging  and 
discuss  the  impacts  they  are  having  on  forests.  As  more  of  these  species  become  established  in 
more  countries,  international  cooperation  to  address  these  species  will  be  discussed. 
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Abstract  text: 

Introduction:  Mountain  pine  beetle,  Dendroctonus  ponder  osae,  is  a  major  disturbance  agent  in 
lodgepole  pine,  Pinus  contorta ,  forests  in  western  North  America  and  recent  widespread 
outbreaks  have  caused  extensive  tree  mortality.  It  has  been  suggested  that  these  outbreaks  may 
be  the  most  severe  recorded  in  terms  of  tree  mortality  and  geographical  extent. 

Methods:  Our  objective  is  to  reconstruct  the  geographical  extent  and  synchronicity  of  historical 
outbreaks  in  the  northern  Colorado  Front  Range  using  dendrochronology.  To  explore  this,  we 
sampled  old-growth  lodgepole  pine  stands  by  collecting  cross-sections  from  remnant  logs  and 


snags  of  trees  previously  killed  by  mountain  pine  beetle.  We  also  cored  adjacent  live  and  dead 
trees  to  examine  and  date  growth  releases.  We  constructed  a  ring- width  chronology  extending 
into  the  late  1500s  and  detected  three  episodes  of  historic  bark  beetle-caused  tree  mortality: 
1890-1905  at  two  sites;  1910-1916  at  four  sites,  and  1940-1943  at  two  sites. 

Results/Conclusion:  The  1910s  outbreak  appears  to  have  been  the  most  widespread.  Average  age 
of  trees  killed  by  mountain  pine  beetle  was  238  years.  Growth  releases  in  neighbor  trees  were 
uncommon  and  generally  did  not  coincide  with  historic  episodes  of  mountain  pine  beetle-caused 
tree  mortality.  Preliminary  data  suggest  that  historical  outbreaks  were  not  synchronous  across 
our  study  sites. 
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Abstract  text: 

Introduction:  Bark  beetle  distribution,  abundance,  and  spread  depend  as  much  on  the  behavior  of 
the  insect  as  on  the  scale  and  complexity  of  the  environment.  Much  is  known  about  the 
influences  of  small-  (individual  tree)  and  mid-scale  (stand  level)  host  physiology/ecology  on 
bark  beetle  population  dynamics;  much  less  is  known  about  the  influence  of  large-scale 
(landscape)  spatial  patterns. 

Methods:  Past  studies  of  spruce  beetles  (Dendroctonus  rufipennis{ Kirby))  in  Alaska  by  Holsten, 
Werner,  Berg,  and  others  have  helped  to  highlight  the  many  challenges  in  describing,  assessing 
and  predicting  the  landscape  dynamics  of  bark  beetles,  especially  related  to:  1)  quality  of  data 
used  to  describe  current  distribution  using  aerial  surveys;  2)  delineation  of  infestation  boundaries 
using  sketch  mapping;  3)  prediction  of  future  movements  and  impacts  using  risk  maps;  and  4) 
quantification  of  impacts  at  large  complex  spatial  scales  using  common  forest  metrics. 


Results/Conclusion:  Recent  work  in  Alaska  and  elsewhere  suggests  that  optimized  aerial 
sampling  could  be  a  useful  alternative  to  current  aerial  survey  procedures;  spatial  modeling 
might  offer  a  useful  way  to  determine  distribution  in  remote  unaccessible 
areas;  temperature/precipitation  transition  matrices  may  offer  a  practical  alternative  for 
predicting  insect  distributions  under  changing  environments;  and  spatial  metrics  may  become 
more  commonly  used  to  assess  current  landscape  conditions  and  to  monitor  change  in  time. 
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Abstract  text: 

Over  14  million  hectares  of  forest  has  been  severely  affected  by  mountain  pine  beetle, 
Dendroctonus  ponderosae ,  in  British  Columbia,  Canada,  in  the  largest  outbreak  in  recorded 
history.  Since  the  outbreak  began  in  the  late  1990’s,  B.C.  has  incurred  a  multitude  of  negative 
impacts  including  changed  hydrologic  response,  habitat  loss,  inefficient  nutrient  cycling  and 
carbon  sequestration,  reduced  biodiversity,  as  well  as  loss  of  timber  volume.  By  2004,  the  annual 
volume  of  lodgepole  and  ponderosa  pine  killed  by  mountain  pine  beetle  in  British  Columbia  had 
peaked  at  approximately  140  million  m3.  In  2007,  mapped  attack  surpassed  10  million  hectares 
of  affected  forest.  By  the  end  of  the  outbreak,  B.C.  is  predicted  to  lose  over  55%  of  the  pine 
volume  in  the  province  (737  million  m3).  The  events  that  triggered  this  outbreak  were  varied, 
some  well  documented,  some  not,  but  one  of  the  main  factors  was  local  weather  and  climate, 
notably  a  severe  drought  in  1998  and  increasingly  mild  winters  during  the  2000 ’s.  These  factors 
have  also  affected  other  bark  beetle  species  in  B.C.  and  their  respective  host  trees.  D.  ponderosae 
has  expanded  both  north  and  east  in  western  Canada  and  has  successfully  reproduced  within 
spruce  and  young  pine.  This  unprecedented  outbreak  has  left  a  significant  gap  in  the  province’s 
timber  supply  and  as  climate  continues  to  change,  forests  will  become  more  susceptible  to  bark 


beetle  outbreaks.  This  presentation  chronicles  the  rise  and  collapse  of  D.  ponderosae  in  B.C.  and 
highlight  events  that  were  unprecedented  and  should  inform  future  decisions. 
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Abstract  text: 

Introduction:  Natural  enemies  are  important  in  regulating  bark  beetle  populations  at  endemic 
levels,  and  have  potential  utility  in  management  programs.  In  particular,  efforts  have  focused  on 
synthetic  formulations  of  entomopathogenic  microorganisms,  such  as  fungi,  bacteria,  and 
viruses.  Montana  BioAgriculture  (MBAI)  in  collaboration  with  the  USD  A  Forest  Service, 
Northern  Arizona  University  and  the  University  of  Montana  are  developing  entomopathogenic 
fungi  as  bark  beetle  mycoinsecticides. 

Methods:  We  review  the  status  of  current  research  efforts  and  share  preliminary  results. 
Results/Conclusion:  Entomopathogenic  fungi  are  common  in  conifer  forests.  More  than  30 
pathogen  strains  were  isolated  from  forest  duff,  tree  foliage,  bark  beetle  galleries,  and  bark 
beetles  in  Montana,  Arizona  and  Utah.  Most  isolates  were  identified  as  Beauveria  bassiana 
(Bals.)  Vuill.,  although  strains  identified  as  Purpureocillium  (Paecilomyces)  lilacinus  (Thom) 
Luangsa-ard,  Houbraken,  Hywel-Jones  &  Samson  were  also  isolated.  In  bioassays  and  field  trials 
two  strains  of  B.  bassiana  showed  high  levels  of  efficacy  against  multiple  Dendroctonus  and  Ips 
species.  These  also  showed  commercial  potential  with  good  spore  production  efficiency  and 
stability,  and  limited  mortality  of  natural  enemies.  Field  studies  evaluated  efficacy  of  potential 
management  strategies  with  up  to  86%  mortality  of  adult  bark  beetles  being  observed,  and 
significant  reduction  in  larvae  in  one  study.  Some  studies  have  shown  infection  of  larvae  in  bark 
beetle  galleries,  suggesting  that  fungal  pathogens  can  colonize  galleries.  We  discuss  the 
implications  of  these  and  other  results  to  the  developoment  of  bark  beetle  mycoinsecticides  in 
North  America. 
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Abstract  text: 

Introduction:  Tree-killing  bark  beetles  tend  to  kill  large  trees  disproportionately.  It  remains 
unclear  what  traits  associated  with  large  trees  lead  to  this  pattern. 

Methods:  Here  we  examine  several  hypotheses  to  explain  the  vulnerability  of  large  trees  in 
lodgepole  pine,  Firms  contorta ,  and  white  spruce,  Picea  glauca,  in  the  context  of  mountain  pine 
beetle,  Dendroctonus  ponder osae,  and  spruce  beetle,  D.  rufipennis,  respectively,  in  western 
Canada. 

Results/Conclusion:  In  lodgepole  pine,  larger  trees  tended  to  have  thicker  and  more  nitrogen-rich 
phloem  and  produce  larger  but  not  more  numerous  beetles,  but  these  relationships  were  weak. 
Larger  pines  also  had  more  constitutive  and  induced  defenses  that  had  negative  effects  on  beetle 
survival  and  reproduction  for  beetles  in  poor  condition.  The  net  benefit  of  larger  trees  for 
mountain  pine  beetle  is  unclear,  and  the  pattern  of  large-tree  mortality  may  be  driven  by  the 
detectability  of  trees.  White  spruce  differs  from  pine  in  having  stronger  induced  defenses  than 
constitutive  defenses.  In  this  system,  larger  trees  were  also  more  likely  to  be  attacked  and  killed 
by  spruce  beetles.  The  ability  to  defend  may  depend  on  investment  in  growth  and  reproduction, 
where  larger  trees  produce  more  cones  and  potentially  less  ability  to  defend.  We  conclude  by 
contrasting  the  relationships  between  tree  size,  defenses  and  beetle-caused  mortality  in  pine  and 
spruce  to  elucidate  explanations  for  size-dependent  mortality  in  conifers. 
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Abstract  text: 

Introduction:  Spruce  beetle,  Dendroctonus  rufipennis ,  is  a  specialist  herbivore  that  completes  the 
majority  of  its  life  cycle  in  host  spruce  trees.  Most  spruces  found  within  the  geographic  range  of 
spruce  beetle  are  susceptible  to  colonization.  The  primary  host  in  the  Intermountain  Region  of 
the  United  States  is  Engelmann  spruce,  Picea  engelmanni.  Blue  spruce,  Picea  pungens ,  occurs 
across  much  of  the  same  range  but,  unlike  Engelmann  spruce,  does  not  experience  widespread 
mortality  due  to  spruce  beetle.  In  some  areas,  blue  and  Engelmann  spruce  hybridize,  indicating  a 
strong  evolutionary  history  between  species.  Understanding  and  comparing  tree  characteristics 
that  affect  spruce  beetles  throughout  their  life  cycle  may  help  explain  why  beetles  select, 
colonize  and  kill  particular  tree  species. 

Methods:  In  this  study,  we  identified  and  compared  host  tree  physiological,  physical  and 
chemical  characteristics  affecting  spruce  beetle  during  the  host  selection  and  reproduction 
processes. 

Results/Conclusion:  We  found  significant  differences  in  carbon  isotope  ratios  and  variation  in 
water  potential  between  tree  species.  When  analyzing  physical  attributes  we  found  differences 
with  host  landing  and  acceptance  related  to  bark  reflectance,  bark  thickness  and  resin  flow. 
Variation  in  tree  chemistry  also  occurred  between  tree  species,  both  in  volatile  emissions  and 
within  phloem  tissue.  In  particular,  differences  in  tree  chemistry  may  be  affecting  host  selection, 
colonization,  and  reproduction. 
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Abstract  text: 

Introduction:  Simultaneous  spruce  beetle  (SB,  Dendroctonus  rufipennis)  and  western  balsam 
bark  beetle  (WBBB,  Dryocoetes  confusus)  outbreaks  devastated  a  spruce-fir  forest  in  southern 
Arizona  in  the  early  2000s. 

Methods:  We  evaluated  the  effects  of  these  outbreaks  with  data  from  multiple  studies  in  place  for 
a  variety  of  research  objectives.  Though  both  outbreaks  began  and  peaked  at  the  same  time, 
duration  of  the  SB  outbreak  was  twice  that  of  the  WBBB  outbreak. 

Results/Conclusion:  Within  the  spruce-fir  forest,  overstory  mortality  in  the  SB-attacked 
Engelmann  spruce  and  WBBB-attacked  corkbark  fir  were  97  ±  10%  and  63  ±  43%,  respectively, 
before  most  of  the  forest  burned  in  a  high-severity  fire.  The  original  forest  originated  after  a 
high-severity  fire  that  occurred  in  1685,  and  was  dominated  (69%)  by  Engelmann  spruce  when 
the  outbreaks  began.  In  the  residual  forest,  species  composition  was  reversed  after  the  bark  beetle 
outbreaks,  comprised  of  66%  corkbark  fir  and  34%  Engelmann  spruce.  Radial  growth  in 
surviving  trees  was  often  an  order  of  magnitude  (sometimes  two)  greater  than  pre-outbreak 
growth,  and  was  approximately  40%  greater  in  corkbark  fir  than  in  Engelmann  spruce.  Survival 
of  both  species  in  the  high-severity  areas  was  zero.  These  results  indicate  that  high-severity  bark 
beetle  outbreaks  and  wildfire  disturbances  have  very  different  consequences  on  species 
composition  for  the  residual  and  recruiting  forests,  with  fire  favoring  Englemann  spruce  for 
several  hundred  years,  and  bark  beetle  outbreaks  promoting  corkbark  fir. 
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Abstract  text: 

Introduction:  A  primary  tactic  to  control  bark  beetles  and  many  other  insects  is  to  disrupt  one  of 
their  modes  of  communication  (i.e.  chemical,  visual,  acoustic).  Historically  we  have  focused  on 
chemical  communication  to  use  as  a  tool  for  manipulating  bark  beetle  behavior.  The  strides  made 
in  chemical  ecology  over  the  past  several  decades  have  been  nothing  short  of  remarkable, 
however,  this  impressive  growth  of  knowledge  has  perhaps  eclipsed  other  modes 
of  communication. 

Methods:  Recently,  enormous  bark  beetle  outbreaks  have  provided  motivation  to  improve  and 
explore  new  forms  of  control.  Also  growing  alongside  atypical  beetle  outbreaks  is  a  societal 
desire  to  develop  nontoxic  pest  control  solutions.  The  exploitation  of  acoustic  communication  of 
bark  beetles  and  other  animals  has  the  potential  to  fill  such  gaps  in  treatments.  Acoustic  control 
techniques  have  shown  mixed  results  in  the  past,  however  there  are  common  trends  when  sound 
is  employed  successfully. 

Results/Conclusion:  This  presentation  will  explore  the  efforts  of  several  labs  working  to  advance 
acoustic  pest  control  solutions.  We  will  discuss  past  research  and  look  to  the  future  for  areas  of 
growth  in  this  burgeoning  field. 


Symposium 

Presentation  Title:  Exploiting  the  chemical  ecology  of  the  mountain  pine  beetle 

Author  Name:  Robert  A.  Progar 

Author  Institution:  USDA  -  Forest  Service 

Session  Title:  Symposium:  Millions  of  Hectares  and  Counting:  Knowledge  Gained  during 
Recent  Bark  Beetle  Outbreaks  in  Western  North  America 


Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3119 
DOI:  10. 1603/ICE.2016. 95011 
Abstract  text: 

Introduction:  Mountain  pine  beetle,  Dendroctonus  ponder  os  ae  Hopkins,  is  a  primary  agent  of 
forest  disturbance  in  western  North  America.  Episodic  outbreaks  occur  at  the  convergence  of 
favorable  forest  age-  and  size  class  structure  and  climate  patterns.  Recent  outbreaks  across 
western  North  America  have  exceeded  the  historic  range  of  variability  of  D.  ponder  os  ae-caused 
tree  mortality  impacting  ecosystem  goods  and  services  at  broad  spatial  scales. 

Methods:  We  review  recent  advances  in  our  understanding  of  the  chemical  ecology  of  D. 
ponderosae ,  and  in  the  development  of  semiochemical-based  tools  and  tactics  to  protect  trees 
from  mortality  attributed  to  D.  ponderosae. 

Results/Conclusion:  Research  has  refined  the  individual  quantities  of  antiaggregant  per  releaser, 
and  developed  new  formulations  to  cover  larger  areas  and  increased  efficacy  to  deter  infestation 
and  reduce  time  and  cost  of  application.  However,  significant  research  related  to  the  applied 
chemical  ecology  of  D.  ponderosae  remains  to  be  addressed,  including  (1)  improving  the 
effectiveness  and  cost  effectiveness  of  inhibitory  blends;  (2)  redefining  selection  criteria  for 
target  areas  where  semiochemical-based  treatments  are  likely  to  be  most  effective  to  achieve 
desired  results;  (3)  improving  the  efficiency  and  cost  effectiveness  of  delivery  systems;  and  (4) 
examining  the  effects  of  forest  structure  and  climate  on  semiochemical  plumes. 
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Abstract  text: 

Introduction:  When  attacking,  bark  beetles  transport  an  array  of  associated  organisms  which 
influence  their  reproductive  success  and  their  population.  For  example,  it  is  known  that 
populations  of  the  economically  and  ecologically  important  eruptive  southern  pine  beetle 
( Dendroctonus  frontalis  Zimm.)  can  decline  in  relation  to  an  increase  in  abundance  of  a 
hyperphoretic  ophiostomatoid  fungus  carried  by  mites  that  are  phoretic  on  that  beetle. 

Methods:  From  2012  to  2013, 1  studied  fungi  transported  by  phoretic  mites  and  their  carrier,  the 
mountain  pine  beetle  ( Dendroctonus  ponder  os  ae  Hopk.),  the  most  important  eruptive  bark  beetle 
species  affecting  western  North  American  pine  forests  during  the  past  two  decades. 

Results/Conclusion:  Predatory,  omnivorous,  and  fungivorous  mite  species,  as  the  beetle,  carried 
ophiostomatoids  beneficial  to  the  insect;  however,  there  was  a  reduction  on  the  frequency  of 
beneficial  fungi  carried  by  both  disseminating  groups  of  organisms  as  beetle  population  followed 
a  declining  path.  Also,  an  omnivorous  mite  species  increased  during  the  second  year  of  the  study. 
Findings  suggest  a  relationship  exists  between  beetle  population  collapse  and  a  reduction  on 
beneficial  ophiostomatoids  on  the  beetle-mite  system  that  is  confounded,  but  may  be  synergistic, 
with  an  inversely  correlated  relationship  between  beetle  collapse  and  the  increase  of  an 
omnivorous  mite  species.  Both  of  these  factors  represent  novel  population  constraint  factors  that 
should  be  further  investigated. 
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Abstract  text: 


Introduction:  Bark  beetle  outbreaks  have  increased  in  severity  and  extent  in  recent  years  and 
have  affected  millions  of  hectares  of  trees  in  western  North  America.  These  epidemics  can  alter 
forest  fuels  with  consequences  for  the  frequency  and  intensity  of  wildfires. 

Methods:  We  measured  changes  to  tree  chemistry,  moisture,  and  flammability  induced  by 
mountain  pine  beetles  ( Dendroctonus  ponderosae)  and  spruce  beetles  ( Dendroctonus  rufipennis) 
as  tree  crowns  changed  from  green  (unattacked)  to  green-infested  (year  of  attack)  to  yellow  (year 
after  attack)  to  red  (2-4  years  after  attack),  over  the  course  of  a  fire  season. 

Results/Conclusion:  Mountain  pine  beetle  attack  of  lodgepole  pine  ( Pinus  contorta )  and  spruce 
beetle  attack  of  Engelmann  spruce  ( Picea  engelmannii)  both  significantly  altered  the  chemical 
composition  and  reduced  the  moisture  content  of  affected  trees,  especially  in  the  yellow  and  red 
stages.  Increases  in  emission  rates  of  several  terpenes  that  were  correlated  with  flammability 
were  also  detected.  These  changes  increased  foliage  flammability  with  regard  to  ignitability  and 
sustainability,  with  shorter  times  to  ignition,  lower  temperatures  at  ignition,  and  higher  heat 
yields  when  compared  with  unattacked  green  foliage.  The  implications  these  findings  have  for 
fire  management  and  firefighter  safety  will  be  discussed. 
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Abstract  text: 

Introduction:  Mountain  pine  beetles  periodically  infest  lodgepole  pine  forests  in  western  North 
America,  killing  many  or  most  overstory  pine  stems.  The  loss  of  mature  host  trees  results  in 
reductions  of  ecosystem  carbon  productivity.  Surviving  and  recruited  stems,  however,  grow 
more  quickly  in  response  to  the  reduced  competition. 


Methods:  We  review  empirical  and  simulated  data  concerning  carbon  cycling  in  forests  impacted 
by  mounatin  pine  beetle  outbreaks. 

Results/Conclusion:  Empirical  and  simulated  data  have  found  that  carbon  productivity  typically 
recovers  to  pre-outbreak  levels  within  5-60  years  depending  on  outbreak  severity,  among  other 
factors.  Moreover,  simulations  found  that  long-term  averaged  carbon  productivity  may  be 
heightened  by  beetle  outbreaks,  relative  to  that  of  uninfested  stands.  This  is  because  even-aged 
forests  reach  peak  productivity  within  a  few  decades  of  stand  establishment  and,  thereafter,  have 
continually  declining  productivity,  while  beetle  infestations  may  “reset”  affected  stands  to 
younger,  more  productive  phases  of  stand  development.  In  contrast,  beetle-caused  changes  to 
carbon  stocks  are  equivocal,  with  empirical  data  showing  little,  if  any,  impact  whereas  simulated 
data  show  long-term  reductions  ranging  from  1-30%.  This  decline  is  mostly  because  of  the 
temporary  reductions  in  carbon  productivity.  Carbon  losses  in  infested  stands  are  slow  due  to 
recalcitrance  of  snags  and  coarse  woody  debris.  Recalcitrant  dead  pools  combined  with 
recovering  live  pools  results  in  resilient  total  ecosystem  carbon  storage  despite  the  loss  of  live 
overstory  pines.  Infested  stands  may  switch  from  net  carbon  sinks  to  net  carbon  sources  but 
typically  recover  within  5-20  years. 
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Introduction:  The  red  turpentine  beetle  (RTB),  Dendroctonus  valens  LeConte  (Coleoptera: 
Curculionidae:  Scolytinae),  is  a  secondary  pest  of  pines  in  its  native  range  in  North  and  Central 
America.  Outbreaks  and  tree  mortality  attributed  to  RTB  alone  are  rare  in  its  native  range.  RTB 
was  introduced  into  China  in  the  early  1980s  and  spread  rapidly  from  Shanxi  Province  to  three 


adjacent  provinces,  infesting  over  500,000  ha  of  pine  forest  and  causing  extensive  tree  mortality 
since  1999. 

Methods:  We  provide  background  information  on  the  RTB  outbreak  history,  possible 
explanations  for  its  invasive  success,  and  the  economic  impacts  of  RTB  in  China. 

Results/Conclusion:  Several  factors,  including  genetic  variation  in  RTB,  unique  behaviors  of 
Chinese  RTB,  multiple  interactions  between  RTB  and  its  associated  fungal  species,  and  factors 
favoring  RTB  outbreaks  are  investigated  to  explain  the  invasiveness  of  this  tree  killer.  The  use  of 
semiochemicals  to  manipulate  beetle  populations  is  also  discussed,  and  holds  promise  as  a 
management  tool  and  has  well-demonstrated  efficacy. 
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Abstract  text: 

Introduction:  The  Varroa  destructor  mite  is  the  largest  threat  to  apiculture  worldwide  and  has 
been  responsible  for  devastating  losses  of  wild  honey  bee  ( Apis  mellifera)  populations  in  Europe 
and  North  America.  It  vectors  deadly  honey  bee  viruses  that  become  overt  infections  and  kill  the 
colony  within  2-3  years.  The  apiculture  industry  relies  on  mite  population  control,  that  is  often 
chemical  based,  to  keep  managed  colonies  alive.  However,  a  few  naturally  occurring  honey  bee 
populations  have  been  reported  around  the  world  to  survive  without  Varroa  mite  control  for 
extended  periods. 

Methods:  One  well-documented  population  of  naturally  surviving  honey  bees  is  found  in  Sweden 
on  the  island  of  Gotland  in  the  Baltic  Sea  and  has  survived  without  mite  control  treatment  for 
over  15  years.  Through  a  natural  process,  this  population  has  developed  a  set  of  unique 
characteristics  that  support  their  long-term  survival.  Among  their  characteristics  includes  the 
ability  to  interfere  with  the  reproductive  success  of  the  Varroa  mite,  thus  slowing  the  mite 
population  growth. 

Results/Conclusion:  These  characteristics  will  be  presented  as  well  as  current  and  future  projects 
with  the  Gotland  honey  bees.  Their  significance  for  apiculture  and  mite-resistance  breeding  will 
also  be  discussed. 
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Introduction:  Varroa  destructor  invaded  France  in  1982  and  destroyed  feral  colonies  of  honey 
bees  ( Apis  mellifera).  In  1994,  a  few  reoccurring  feral  colonies  were  discovered.  We  observed 
these  for  natural  selection  and  survival.  Since  they  were  still  alive  in  1999,  we  evaluated  the 
survival  of  other  untreated  colonies. 

Methods:  We  collected  about  70  colonies  which  were  untreated  for  >3  years  from  different 
places  in  France.  Those  colonies  survived  ~8  years  with  the  mite,  some  even  lasting  untreated  for 
14  years.  In  Avignon,  we  compared  the  population  dynamics  of  surviving  bees  to  hybrid  control 
susceptible  bees  and  found  significantly  fewer  mites  in  the  surviving  colonies. 

Results/Conclusion:  Different  hypotheses  can  explain  this  phenomenon.  Honey  bees  could  have 
become  resistant  to  the  mite.  The  mite  could  have  evolved  less  virulence  to  the  bees.  The  bees 
could  be  more  resistant  to  viruses  associated  with  the  mite.  Or  a  co-evolution  between  those 
factors  in  their  typical  biotopes  could  have  been  favoured.  Beekeeping  management  could  also 
play  a  role. 

The  search  for  Varroa- resistance  traits  associated  with  survival  can  be  helpful  for  selecting 
honey  bee  resistance  against  the  mite.  Chemical  communication  and  genomics  are  interesting 
and  potentially  useful  tools  to  understand  this  phenomenon  and  to  select  bees. 

Other  honey  bee  populations  have  been  naturally  selected  in  different  parts  of  the  world.  The 
mechanisms  of  this  tolerance  are  partly  known  and  will  be  discussed  in  the  framework  of 
selection  and  beekeeping. 
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Introduction:  The  Varroa- Sensitive  Hygiene  (VSH)  breeding  program  at  the  USDA  Agricultural 
Research  Service  laboratory  in  Baton  Rouge,  Louisiana  identified  a  trait  of  honey  bees  that  limits 
growth  of  Varroa  destructor  populations.  The  goal  of  the  breeding  program  was  to  deliver  useful 
Varroa  resistance  to  the  beekeeping  industry.  The  program  provided  highly  selected  germplasm 
that  could  either  be  introgressed  into  existing  commercial  stocks  or  outcrossed  to  produce  hybrid 
bees  that  retain  useful  resistance. 

Methods:  Initial  selection  focused  on  breeding  from  colonies  that  had  low  mite  population 
growth  (MPG)  after  10-16  weeks.  Non-genetic  variation  was  minimized  by  forming  colonies 
from  the  same  mixture  of  bees  at  the  same  time  and  within  the  same  apiary.  Genetic  differences 
among  colonies  were  enhanced  by  single  drone  inseminations  of  queens.  This  technique 
produced  workers  of  one  patriline  with  reduced  genetic  variation  within  a  colony,  which  allowed 
variation  between  colonies  of  diverse  genetic  backgrounds  to  be  more  apparent. 

Results/Conclusion:  Varroa  resistance  was  strongly  correlated  with  levels  of  non-reproduction 
(NR)  by  mites.  High  NR  resulted  from  actions  of  worker  bees,  and  this  effect  was  called 
suppressed  mite  reproduction  or  SMR  trait.  SMR  lines  were  selected  for  high  NR  rather  than  low 
MPG.  NR  in  mites  was  correlated  to  hygienic  targeting  of  mite-infested  pupae  by  adult  workers. 
This  VSH  trait  can  be  quantified,  and  selection  moved  from  NR  to  measures  of  removal  of  mite- 
infested  pupae  from  combs.  Selected  lines  are  now  sold  as  VSH  bees.  Problems  with  inbreeding, 
and  consequences  of  selecting  VSH  behavior  versus  high  NR  will  be  discussed. 


Symposium 

Presentation  Title:  Selection  in  Europe  for  VSH-based  resistance  in  Buckfast  and  Carniolan 
bees 

Author  Name:  BartJan  Fernhout 
Author  Institution:  Arista  Bee  Research 

Session  Title:  Symposium:  Breeding  Honey  Bees,  Apis  mellifera,  for  Resistance  to  Varroa 
destructor 

Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  3128 


DOI:  10.1 603/ICE.20 1 6.94094 


CANCELLED 

Symposium 

Presentation  Title:  Chemical  ecology  of  VSH 
Author  Name:  Fanny  Mondet 

Author  Institution:  INRA 

Session  Title:  Symposium:  Breeding  Honey  Bees,  Apis  mellifera ,  for  Resistance  to  Varroa 
destructor 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3129 
DOI:  10.1603/ICE.20 16. 105075 
Abstract  text: 

Introduction:  Kin  recognition  and  assessment  of  nest-mate  health-status  are  central  to  the 
collective  defenses  that  social  insects  have  evolved  to  counter  pathogenic  threats.  One  of  the 
most  important  social  immunity  defenses  in  the  honey  bee,  Apis  mellifera ,  is  hygienic  behavior, 
which  involves  the  detection  and  subsequent  removal  of  abnormal  or  diseased  brood.  When  bees 
specifically  detect  brood  infested  by  the  parasite  Varroa  destructor ,  the  behavior  is  known  as 
Varroa  Sensitive  Hygiene  (VSH).  Evidence  suggests  that  hygienic  behavior  and  VSH  in 
particular  involve  chemical  communication,  but  how  adult  bees  choose  which  brood  to  target  and 
remove  is  still  partially  unknown. 

Methods:  Using  chemical  ecology  techniques,  we  searched  for  signals  that  may  be  at  the  basis  of 
VSH  behavior  initiation.  A  transcriptomic  assay  was  also  used  to  compare  gene  expression  in  the 
antennae  of  bees  that  perform  VSH  behavior  and  those  that  do  not. 

Results/Conclusion:  We  identified  several  semiochemical  compounds  that  may  form  active 
extracts  capable  of  triggering  VSH  behavior,  and  give  insights  into  the  mechanisms  of  detection 
of  Varroa  infested  brood  by  worker  bees. 

These  findings  improve  our  understanding  of  the  mechanisms  of  VSH  behavior  and  highlight  the 
importance  of  chemical  communication  as  well  as  the  role  of  the  peripheral  nervous  system  in 
the  ability  of  honey  bee  colonies  to  fight  infestations  by  Varroa.  Current  efforts  focus  on  the 
applied  potential  of  these  findings  to  develop  methods  to  phenotype  colonies  for  the  VSH  trait, 
with  the  perspective  of  promoting  the  selection  of  Varroa- resistant  honey  bee  populations. 
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Introduction:  Two  key  behavioral  traits  of  honey  bees  have  been  identified  which  control  Varroa 
destructor  populations  in  bee  hives,  Varr oa- Sensitive  Hygiene  and  grooming  behavior.  We  and 
our  collaborators  are  focusing  on  grooming  behavior.  Crosses  between  high  and  low  groomers 
were  used  in  linkage  mapping  to  identify  loci  that  influence  this  trait  in  a  detailed  SNP-based 
genetic  map.  Neurexin-1  ( AmNrxnl )  was  identified  as  a  likely  candidate  gene  that  may  vary  in 
expression  between  high  and  low  groomers.  The  neurexinl  protein  is  critical  in  the  development 
and  function  of  synapses  and  is  linked  to  autism  spectrum  disorder  in  humans.  Marker-assisted 
selection  may  be  possible  in  honey  bees  if  it  is  determined  that  AmNrxnlplays  a  role,  but  many 
genes  influence  behavioral  traits.  Therefore,  it  is  more  effective  to  select  directly  on  the 
phenotype. 

Results/Conclusion:  We  showed  that  intensity  of  mite  grooming  of  honey  bees  correlates  with 
mite-biting  behavior.  We  selected  for  the  colony-level  trait,  the  proportion  of  chewed  mites 
falling  from  bee  nests.  Our  selection  resulted  in  an  increase  from  an  average  of  3%  to  49% 
chewed  mites.  This  trait  shows  high  variability  in  repeated  measures  and  selection  for  it  is  labor- 
intensive,  but  it  is  still  feasible  for  small-scale  queen  breeders,  especially  if  stocks  are  shared 
cooperatively.  A  blind  study  conducted  by  23  beekeepers  showed  that  colonies  with  “mite-biter” 
queens  from  the  north-central  US  had  twice  the  annual  survival  and  only  a  third  of  the  mite 
levels  of  colonies  with  queens  from  3  large  queen  producers  located  in  warmer  climates. 
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Introduction:  We  analysed  the  relationships  between  infestation  levels  of  the  parasitic  mite 
Varroa  destructor  in  honey  bee  ( Apis  mellifera )  colonies,  rates  of  damage  of  fallen  mites, 
intensity  with  which  bees  of  different  genotypes  groom  themselves  to  remove  mites  from  their 
bodies  and  expression  of  associated  genes. 

Methods:  Genotypes  that  are  presumably  susceptible  and  resistant  to  the  Varroa  mite  were 
compared  at  the  colony  level  for  number  of  mites  falling  and  for  proportion  of  damaged  mites. 
They  were  also  compared  at  the  individual  level  for  intensity  of  grooming  and  mite  removal 
success. 

Results/Conclusion:  Bees  from  the  “resistant”  colonies  had  lower  mite  population  rates  (up  to  15 
fold)  and  higher  percentages  of  damaged  mites  (up  to  9  fold)  than  bees  from  the  “susceptible” 
genotypes.  At  the  individual  level,  bees  from  the  “resistant”  genotypes  performed  significantly 
more  instances  of  intense  grooming  (up  to  4  fold),  and  a  significantly  higher  number  of  mites 
were  dislodged  from  the  bees’  bodies  by  intense  grooming  than  by  light  grooming  (up  to  7  fold) 
in  all  genotypes.  The  odds  of  mite  removal  were  high  and  significant  for  all  “resistant”  genotypes 
when  compared  with  the  “susceptible”  genotypes.  Additionally,  the  expression  of  sets  of  genes 
presumably  associated  to  this  behaviour  was  affected.  The  results  of  these  studies  suggest  that 
grooming  behaviour  and  the  intensity  with  which  bees  perform  it,  is  an  important  component  in 
the  resistance  of  honey  bee  genotypes  to  V  destructor  and  that  this  behaviour  is  at  least  in  part, 
regulated  by  genetic  effects. 
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Abstract  text: 

Introduction:  The  western  honey  bee  ( Apis  mellifera  L.)  is  a  critical  component  of  human 
agriculture  through  its  pollination  activities.  For  years,  beekeepers  have  controlled  deadly 
pathogens  such  as  Paenibacillus  larvae ,  Nosema  spp.  and  Varroa  destructor  with  antibiotics  and 
pesticides  but  widespread  chemical  resistance  is  appearing  and  most  beekeepers  would  prefer  to 
eliminate  or  reduce  the  use  of  in-hive  chemicals.  While  such  treatments  will  likely  still  be 
needed,  an  alternate  management  strategy  is  to  identify  and  select  bees  with  heritable  traits  that 
allow  them  to  resist  mites  and  diseases.  While  do  not  yet  fully  understand  the  mechanisms 
behind  social  immunity,  we  have  set  out  to  discover  protein  markers  that  correlate  with  hygienic 
behaviour  (HB),  a  trait  known  to  confer  disease  resistance  in  bees. 

Methods:  We  first  confirmed  that  HB  can  be  selectively  bred  for  and  then  we  used  quantitative 
proteomic  approaches  to  correlate  protein  expression  with  measured  behaviours  over  3  years  in  2 
geographically  distinct  sites  and  several  hundred  bee  colonies. 

Results/Conclusion:  We  identified  9  putative  biomarkers  of  HB  and  4  for  other  traits  that 
survived  stringent  control  for  multiple  hypothesis  testing.  Intriguingly,  these  proteins  were  all 
involved  in  semiochemical  sensing,  nerve  signal  transmission  or  signal  decay.  Our  data  suggest 
that  protein  expression  patterns  are  heritable  and  could  be  used  to  selectively  breed  bees.  The 
proteins  correlation  with  HB  supports  the  hypothesis  on  the  mechanism  of  this  behaviour 
involving  altered  sensitivity  to  semiochemicals  released  by  either  infected  larvae  or  the 
pathogens  themselves. 
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Introduction:  We  used  a  panel  of  protein  expression  biomarkers  to  selectively  breed  hygienic 
behaviour  in  Apis  mellifera  through  3  generations  over  a  broad  population  and  evaluated  the 
efficacy  of  these  novel  biomarkers  for  enhancing  resistance  to  American  foulbrood  disease 
(AFB),  as  well  as  to  Varroa  destructor. 

Methods:  Across  western  Canada,  635  colonies  from  38  commercial  beekeeping  operations  were 
tested  for  hygienic  behaviour  (HB).  A  portion  of  these  colonies  was  then  randomly  selected  to 
establish  an  unselected  benchmark  as  well  as  an  Fopopulation.  We  then  successively  tested, 
selected,  and  propagated  three  generations  from  201 1  to  2013,  in  a  direct  comparison  of 
proteomic-based  marker-assisted  selection  (MAS)  versus  traditional  behaviourally-based 
phenotypic  selection  (FAS)  on  HB. 


Results/Conclusion:  FAS-selected  stock  exhibited  relative  increases  in  hygienic  behaviour  of 
3 1.7%  over  benchmark  populations  in  the  F3  generation.  Similar,  though  smaller,  gains  were 
observed  for  the  MAS-selected  stock.  Both  FAS  and  MAS-selected  stocks  showed  clear 
evidence  of  improved  colony-level  resistance  in  the  Fi  and  F3  to  AFB  for  several  parameters 
including  the  expression  of  clinical  symptoms,  the  proportion  of  colonies  infected,  and 
overwintering  survival. 

Lowered  phoretic  abundance  of  V.  destructor  was  observed  in  FAS  and  MAS-selected  stocks 
compared  with  benchmarks,  and  winter  survival  was  improved.  F3  colonies  headed  by  MAS 
queens  also  had  higher  proportions  recapped  cells  than  benchmarks,  but  only  in  Varroa- 
inoculated  treatments,  indicating  MAS  selected  for  components  of  Varr oa- sensitive  hygiene. 

Our  data  are  the  first  to  show  enrichment  of  a  trait  using  proteomic  biomarkers  and  the  utility  of 
this  technology  in  bee  breeding. 
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Introduction:  Our  main  objective  is  to  establish  a  permanent  honey  bee  {Apis  mellifera) 
breeding  program  based  on  stock  performance  assessments  and  controlled  crosses  of  selected 
lines  to  improve  desirable  traits. 

Methods:  Breeding  colonies  are  selected  on  the  basis  of  multiple  criteria  and  independent 
rejections  using  a  performance  rank  and  a  character  priority  level.  Our  main  criterion  is  spring 
colony  strength  of  overwintered  colonies.  Other  criteria  are,  in  order  of  priority,  population  build 


up  from  May  to  July,  hygienic  behaviour,  honey  production,  tolerance  to  Varroa  destructor , 
aggressive  behaviour  and  wintering  weight  loss. 

The  initial  FO  genetic  selection  pool  (2010)  comprised  135  Apis  mellifera  colonies  (14  lines) 
with  queens  obtained  from  local  breeders  and  5  inbred  Buckfast  lines  from  Denmark  (Keld 
Branstrup,  Buckfast  breeder).  Selective  crosses  are  accomplished  by  rearing  queens  and  drones 
from  top  ranking  colonies.  Young  queens  are  open  mated  in  isolated  apiaries  with  drone  flooding 
or  instrumentally  inseminated.  Between  10  and  14  lines  are  produced  each  year. 

Results/Conclusion:  After  4  years,  selected  colonies  have  improved  in  the  most  important 
performance  criteria:  7%  reduction  in  winter  colony  mortality,  20%  increase  of  spring  population 
build  up,  33%  increase  in  hygienic  behaviour,  30%  increase  of  honey  production,  and  colonies 
are  gentle  and  easy  to  handle.  Improved  honey  bee  stock  is  distributed  every  year  to  participating 
queen  breeders  who  perform  a  second  evaluation  and  commercial  distribution  of  young  queens 
to  beekeepers. 
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Introduction:  In  adaptation  to  disease  and  environmental  challenges,  natural  selection  has  created 
an  enormous  variability  of  honey  bee  (Apis  Mellifera )  subspecies  and  ecotypes  throughout 
Europe.  These  rich  genetic  resources  should  be  preserved  and  exploited  to  select  for  local 
adaptation  and  Varroa  mite  resistance. 

Methods:  Within  the  European  Union  funded  Smartbees  project  (www.smartbees.eu)  about  15 
regional  groups  of  beekeepers,  representing  almost  all  European  honey  bee  subspecies,  are 


supported  to  test  and  select  local  honey  bee  populations.  As  an  enhancement  to  traditional 
selection  traits  like  productivity  and  gentleness,  the  standardized  testing  protocol  includes  brood 
hygiene  and  Varroa  mite  population  development  as  indicators  for  resistance.  Furthermore,  some 
populations  are  screened  for  SMR/VSH  (suppress  mite  reproduction/ Varroa  sensitive 
hygiene)  expression.  All  test  data  and  pedigree  information  are  collected  in  the 
www.beebreed.eu  database  which  now  includes  more  than  150,000  datasets.  A  modified  BLUP 
(best  linear  unbiased  prediction)  approach  enables  the  estimation  of  breeding  values  within  each 
separate  population. 

Results/Conclusion:  Evaluations  for  the  German  Carnica  population  show  an  impressive 
improvement  of  mite  resistance  and  other  selection  traits  due  to  long-term  cooperative  selection 
efforts  in  regional  groups.  Some  breeder  colonies  with  high  SMR/VSH  levels  (about  50%  non- 
reproductive  mites)  and  annual  survival  without  treatment  against  mites  are  available  for  further 
selection.  The  success  of  preservation  of  local  subspecies  and  ecotypes  will  largely  depend  on  its 
desirability  for  beekeeping  and  thus  on  a  combined  selection  for  resistance  and  productive  traits. 
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Introduction:  Research  at  the  USDA  Honey  Bee  Breeding,  Genetics  and  Physiology  Laboratory 
produced  2  types  of  honey  bees  ( Apis  mellifera )  with  resistance  to  Varroa  destructor.  Colonies 
of  these  bees  host  mite  populations  that  remain  small  enough  to  allow  beekeepers  to  eliminate  or 
reduce  miticide  treatments. 

Methods:  Selection  of  Russian  honey  bees  focused  on  reduced  mite  population  growth,  high 
honey  production  and  tracheal  mite  resistance.  Bees  with  enhanced  expression  of  the  trait 
“Varroa  sensitive  hygiene”  (VSH)  were  produced  by  selecting  for  suppressed  mite  reproduction. 


Results/Conclusion:  Russian  bees  and  bees  with  high  VSH  are  being  used  successfully  in  the 
U.S.,  with  some  beekeeping  operations  having  eliminated  miticide  use  for  more  than  10  years. 
Use  of  Russian  bees  currently  is  limited  by  queen  availability;  use  of  VSH  bees  is  limited  by  the 
difficulty  of  measuring  the  trait,  and  by  lack  of  breeding  into  a  recognized  stock.  Russian  bee 
genetics  have  been  incorporated  into  breeding  programs  in  Canada  and  Europe,  and  bees  with 
VSH-based  resistance  are  being  pursued  by  breeding  programs  in  Europe  and  New  Zealand.  The 
early  adopters  of  resistant  bees  tend  to  be  dedicated,  proficient,  smaller-scale  beekeepers.  There 
is  growing  interest  in  using  resistant  bees,  including  by  larger-scale  beekeepers,  as  these  early 
successes  are  recognized.  It  seems  likely,  however,  that  risks  associated  with  adopting  resistant 
bees  means  that  extensive  use  of  such  bees  in  commercial  beekeeping  likely  will  not  occur  until 
bees  with  consistently  high  resistance  are  available  or  until  miticide  treatments  become 
unreliable. 
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Introduction:  Quantifying  the  genetics  of  colony  level  traits  is  important  for  understanding  the 
evolution  of  social  behaviour  in  insects,  and  for  improving  the  health  of  managed  pollinators 
using  selective  breeding.  Although  genetic  cross-based  experiments  are  able  to  identify  broad 
genomic  loci  that  influence  social  traits,  they  rarely  lead  to  the  identification  of  causal  genes  and 
mutations.  Genome-wide  association  mapping  is  a  powerful  tool  for  studying  the  genetics  of 
colony  level  traits  especially  in  the  social  Hymenoptera  where  high  recombination  rates  result  in 
tighter  associations  between  phenotypic  traits  and  causal  mutations. 


Methods:  Here  we  use  whole-genome  sequencing  of  queens  as  well  as  colony  genomes  to 
identify  mutations  associated  with  social  immunity  and  defensive  behavior  of  honey  bee 
colonies. 

Results/Conclusion:  Using  a  variety  of  methods  we  are  able  to  detect  specific  mutations  that 
explain  differences  in  colony  level  traits  in  honey  bees.  We  discuss  how  genome  wide 
association  mapping  can  help  elucidate  the  origins  of  social  traits  (e.g.  do  social  traits  arise  from 
novel  genes,  or  the  co-option  of  conserved  tool-kit  genes)  and  how  it  can  be  applied  to  improve 
the  health  of  honey  bee  colonies  using  marker  assisted  selection. 
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Introduction:  There  is  already  long-standing  need  to  find  genetic  basis  of  honey  bee  Apis 
mellifera  resistance  to  Varroa  destructor  and  introduce  it  to  local  honey  bee  populations.  One  of 
the  promising  candidate  traits  is  drone  resistance  to  Varroa ,  which  has  been  the  emerging  causal 
trait  in  natural  selection  based  experiments  to  produce  Varroa  resistant  colonies.  As  the 
VarroamitQ  has  strong  preference  to  breed  in  drone  brood  it  is  not  surprising  that  resistance  first 
emerges  in  drones.  We  use  the  drone  resistance  as  a  test  case  to  implement  next-generation 
sequencing  tools  generated  in  our  lab. 

Methods:  RESTseq  is  a  versatile  next-generation  reduced  library  sequencing  method,  which  can 
be  tuned  depending  on  restriction  site  frequency.  In  honey  bees  the  typical  aim  is  at  ~20  000 
fragments  to  have  a  sufficient  number  of  SNPs  to  detect  patterns  of  selection.  Due  to  high 
recombination  rate  in  the  honey  bee  genome  we  may  localize  the  candidate  areas  with  great 
detail. 


Results/Conclusion:  We  explore  the  usefulness  of  next-generation  sequencing  methods  in  finding 
resistance  genes  in  honey  bee  and  how  the  appropriate  SNP  markers  could  be  used  in  marker 
assisted  selection  of  resistance  traits.  The  results  will  also  be  important  in  understanding  how 
novel  host-parasite  interactions  coevolve. 
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Abstract  text: 

Introduction:  Grooming  and  Varroa  sensitive  hygiene  (VSH)  are  behavioral  traits  of  honey  bees 
that  can  reduce  VarroamitQ  populations.  Adult  worker  bees  attempt  to  dislodge  phoretic  mites 
and  may  bite  and  damage  the  mite  through  grooming,  whereas  VSH  involves  detecting  and 
removing  mite-infested  brood  (potentially,  reproducing  mites).  Identifying  the  genes  influencing 
these  behaviors  could  allow  for  marker-assisted  selection  and  facilitation  of  breeding  of  mite- 
resistant  bees. 

Methods:  Parallel  studies  were  performed  to  investigate  associations  between  each  behavior 
(grooming  and  VSH)  and  genotype  of  workers  by  mapping  quantitative  trait  loci  (QTL).  Specific 
crosses  were  made  for  each  trait,  behavioral  assays  and  genotyping  were  performed,  genetic 
maps  were  constructed,  and  interval  mapping  was  used  to  detect  QTL.  Candidate  genes  were 
identified  and  qPCR  was  used  to  further  investigate  candidate  genes  for  grooming. 

Results/Conclusion:  One  major  QTL  was  detected  in  each  study  and  candidate  genes  were 
identified.  Lor  VSH,  the  QTL  contained  genes  involved  in  olfaction  and  aversive  learning  while 
the  grooming  QTL  included  genes  involved  in  synapses  at  neuromuscular  junctions  and  motor 
function.  The  follow  up  study  candidate  genes  for  grooming  showed  differential  relative 
transcription  of  neurexin,  a  gene  involved  in  grooming  in  mice,  between  “good”  (fast  and 
intense)  and  “poor”  (slow  and  weak)  groomers.  These  results  suggest  a  possibility  for  using 


neurexin  in  a  marker  assisted  selection  program.  We  ultimately  aim  to  use  this  gene  as  well 
genes  involved  in  Varroa  sensitive  hygiene  to  breed  for  resistance  to  phoretic  and  reproductive 
Varroa,  respectively,  and  provide  beekeepers  with  more  resilient  stocks  of  bees. 
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Introduction:  Many  parasite  infections  consist  of  multiple  parasite  strains  or  species,  leading  to 
the  opportunity  for  antagonistic  or  even  cooperative  interactions  within  a  host  during  infection. 
Moreover,  genetic  diversity  in  the  host  adds  further  complexity  in  understanding  genetically 
diverse  parasitic  infections.  The  ecological  outcomes  of  such  genetically  diverse  host-parasite 
interactions,  and  the  resulting  effects  on  host  health  are  generally  poorly  understood  due  to  a  lack 
of  empirical  data. 

Methods:  Using  the  honey  bee  Apis  mellifera,  and  multiple  strains  of  its  fungal  brood  parasite 
Ascosphaera  apis ,  as  a  model  system,  we  have  investigated  how  manipulating  genetic  diversity 
in  both  host  and  parasite  influences  the  outcomes  of  infection  in  terms  of  parasite  virulence  and 
transmission.  By  combining  experimental  biology  with  genomic  tools  to  dissect  this  genotype  by 
genotype  interaction,  we  show  how  trade-offs  in  a  parasite’s  life  history  strategy  might  influence 
the  evolutionary  trajectory  of  such  genetically  diverse  host-parasite  relationships. 

Results/Conclusion:  We  specifically  highlight  how  complexities  in  the  biology  of  this  particular 
relationship  such  as  the  mating  system  of  the  parasite,  its  method  of  infection,  as  well  as  the 
host’s  multi-layered  resistance  mechanisms  can  influence  infection  dynamics  and  host-parasite 
co-evolution.  Unraveling  such  complex  dynamics  is  a  significant  yet  often  overlooked  part  of 
understanding  disease  epidemiology,  but  something  that  has  important  consequences  for 
managing  disease  in  insect  pollinators 
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Introduction:  Parasaccharibacter  apium  (formerly  Acetobacteraceae  Alpha  2.2)  is  found  in  food 
stores,  nurse  hypopharyngeal  glands,  larvae,  worker  jelly,  and  queen  guts  and  is  specific  to  bees 
that  feed  larvae  with  hypopharyngeal  gland  secretions.  One  of  the  three  strains  of  P.  apium 
provides  a  benefit  to  the  honey  bee  {Apis  mellifera ),  increasing  larval  survival  in  vitro  and  the 
resistance  of  workers  to  Nosema  infection.  To  more  deeply  understand  the  mechanisms 
underlying  P.  apium' s  benefit  and  the  strain  variation,  we  studied  the  genomes  of  one  beneficial 
and  two  commensal  strains  of  P.  qpzwmcompared  to  bacteria  found  inside  and  outside  of  the  hive 
(hive  generalists)  and  bacteria  not  found  in  the  hive  (non-hive  bacteria). 

Methods:  The  three  P.  apium  strain  genomes  were  sequenced  with  Illumina  paired-end 
chemistry,  assembled  using  MIRA,  and  annotated  with  RAST.  The  genes  and  functions  encoded 
by  these  draft  sequences  were  compared  to  each  other  and  to  other  bacteria  using  Ortho  Venn  and 
OrthoClust. 

Results/Conclusion:  Despite  phenotypic  variation  among  P.  apium  strains,  they  exhibited  few 
functional  genomic  differences.  Closely  related  hive  generalists  were  almost  identical  to  P. 
apium ,  suggesting  that  P.  apium  has  only  recently  specialized  on  and  exploited  the  hive  niche. 
Interestingly,  P.  apium  was  enriched  for  CRISPR/Cas  genes  compared  to  the  hive  generalists, 
hinting  at  its  higher  exposure  to  bee  viruses.  Compared  to  the  non-hive  bacteria,  P.  apium  and 
the  hive  generalists  were  enriched  for  functions  including  sporulation  and  resistance  to  reactive 
oxygen  species,  which  may  protect  them  from  the  highly  antiseptic  and  selective  hive 
environment. 
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Introduction:  Varroa  destructor  mite  and  the  associated  viruses  are  among  the  major  threats  to 
managed  honey  bees.  The  mite  infests  adults  and  brood,  wounds  them  and  drains  nutrients. 
Moreover,  the  mite’s  ability  to  vector  and  spread  pathogenic  bee  viruses,  such  as  the  Deformed 
Wing  Virus,  poses  even  a  larger  hazard  to  the  hive.  If  left  untreated,  rising  levels  of  the  parasite 
and  the  accompanying  viruses  are  likely  to  result  in  colony  death.  Synthetic  miticides  are 
struggling  to  provide  sustainable  solutions,  mainly  due  to  the  narrow  safety  profile  and  rapidly 
developing  resistance.  BioDirect™  technology  utilizes  the  high  specificity  of  the  naturally 
occurring  RNAi  mechanisms,  and  could  be  used  to  design  an  effective  biological  VarroacontxoX 
product. 

Methods:  Recently  we  have  developed  a  laboratory  bioassay  to  evaluate  BioDirect™  effects  on 
Varroa  mites.  RNA  molecules  targeting  Varroa  genes  can  specifically  suppress  target  gene 
expression  and  cause  mite  mortality  in  the  bioassay.  In  2014-2015  we  conducted  large  scale  field 
experiments  to  evaluate  the  potency  of  double-stranded  RNA  molecules  targeting  Varroa.  We 
were  able  to  demonstrate  significant  mite  population  suppression  in  the  treated  colonies. 
Moreover,  the  treated  hives  showed  improved  survival  compared  to  the  non-treated  colonies. 
These  results  provide  an  encouraging  evidence  of  BioDirect™  field  efficacy  against  Varroa. 

Results/Conclusion:  The  dynamic  and  complex  nature  of  bee  colonies  and  their  interaction  with 
Varroa  destructor  makes  field  development  and  testing  of  bee  health  products  challenging.  Our 
early  stage  development  efforts  are  focused  on  expanding  the  Varroa  control  field  testing 
program  across  different  geographies  and  seasons. 
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Introduction:  Honey  bee  populations  in  the  United  States  have  been  in  decline  for  decades,  with 
beekeepers  losing  an  average  of  30%  of  their  colonies  every  winter.  Undoubtedly,  viruses  are  a 
major  contributor  of  these  honey  bee  colony  losses.  Currently,  there  are  more  than  20  viruses 
that  have  been  identified  in  honey  bees,  but  certainly  there  are  many  more  that  have  yet  to  be 
identified.  Indeed,  recent  studies  have  suggested  that  African  honey  bee  populations  host  unique 
types  of  viruses.  There  is  also  evidence  that  some  of  these  viruses  are  easily  transmitted  to  other 
bee  species,  occurring  when  infected  and  uninfected  bees  forage  on  the  same  plants.  These 
viruses  are  likely  freely  circulating  among  multiple  bee  species  in  a  particular  region, 
substantially  increasing  the  threat  of  introduction  of  exotic  viruses  into  the  US. 

Methods:  Using  next  generation  sequencing  of  virus-enriched  RNA  known  and  novel  viruses 
from  bee  (including  several  non -Apis  species)  populations  from  around  the  world.  The  data 
generated  from  the  sequencing  will  then  be  used  to  develop  molecular  based  tools  that  can  be 
used  for  rapid  and  sensitive  screening  of  biological  samples. 

Results/Conclusion:  The  identification  of  previously  uncharacterized  types  and  strains  of  viruses 
will  allow  for  the  development  of  molecular-based  approaches  to  identify  and  routinely  screen 
for  exotic  viruses  in  US  honey  bee  populations,  such  that  we  can  take  steps  to  mitigate  any  new 
virus  outbreak  before  it  threatens  US  pollinators  and  our  agricultural  systems  and  food  security. 
This  project  is  funded  by  USD  A- APHIS  and  involves  collaborators  from  8  countries. 
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Introduction:  Genomic  tools  are  increasingly  useful  for  identifying  honey  bee  genetic  traits  and 
the  responses  of  bees  to  various  events.  Recent  genome  resequencing  efforts  have  clarified  1)  the 
worldwide  movement  of  bees,  2)  integrity  (or  lack  thereof)  of  recognized  strains,  and  3)  the 
connection  from  genomes  to  behavior.  Similarly,  gene  expression  assays  shed  light  on 
development  and  the  responses  of  bees  to  abiotic  and  biotic  threats.  Both  sets  of  tools  can  be 
used  to  improve  bee  health  in  the  face  of  disease. 

Methods:  Controlled  experiments  were  used  to  expose  honey  bees  to  parasites  and  pathogens,  as 
well  as  the  primary  bacterial  symbionts  of  honey  bees.  Following  exposure,  bees  were  reared  in 
lab  or  field  settings  to  assess  microbial  interactions,  bee  responses,  and  bee  survival. 
Transcriptomic  sequencing  of  bees  and  their  microbes  showed  both  traditional  and  arguably 
novel  immune  responses  by  bees  along  with  strategies  used  by  gut  parasites  and  viruses  to  infect 
bee  hosts. 

Results/Conclusion:  Substantial  progress  has  been  made  worldwide  in  understanding  honey  bee 
threats  and  their  impacts  on  bee  health.  Much  of  this  progress  hinges  on  modern  genetic  tools, 
from  honey  bee  genome  traits  to  responses  of  bees  to  their  microbes  and  vice  versa. 
Understanding  the  ‘hologenome’  tied  to  honey  bees  is  one  approach  for  monitoring  and 
improving  the  health  of  honey  bees  and  other  pollinators  in  the  face  of  biotic  and  abiotic  stress. 
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Introduction:  Parasites  are  considered  an  important  cause  of  insect  pollinator  decline, 
threatening  the  ecosystem  service  of  pollination.  Host-parasite  relations  are  underpinned  by 
intimate  molecular  interactions.  Disparate  datasets  have  been  generated  on  the  transcriptome 
response  of  the  honeybee  Apis  mellifera  to  parasites. 

Methods:  To  examine  in  depth  host  molecular  responses  against  three  major  parasites,  namely 
the  gut  microsporidia  Nosema  spp.,  RNA  viruses,  and  the  ectoparasitic  mite  Varroa  destructor 
which  vectors  RNA  viruses,  we  synthesised  19  transcriptomes  (both  microarray  and  RNA-seq 
data)  of  experimentally  parasitized  honeybees.  Firstly,  we  identified  conserved  molecular 
responses,  including  the  regulation  of  several  immune  genes  by  all  three  parasites  -  despite  their 
phylogenetic  distances  -  and  a  general  downregulation  of  genes  involved  in  metabolic  processes. 
Secondly,  we  applied  a  new  algorithm  to  reveal  parasite-specific  responses  of  honeybees  and 
observed  that  apoptosis  was  an  important  mechanisms  against  Nosema  whilst  innate  immune 
signalling  pathways  (Toll  and  Imd)  were  important  in  the  antiviral  response. 

Results/Conclusion:  Overall,  this  synthesis  enabled  us  to  (i)  identify  several  new  candidate  genes 
involved  in  host-parasite  interactions,  including  potential  regulators  of  immunity,  (ii)  produce  a 
general  overview  of  processes  mediating  the  host-parasite  molecular  dialogue,  and  (iii)  find 
potential  molecular  targets  for  future  efforts  to  conserve  this  essential  pollinator  species. 


Symposium 

Presentation  Title:  Impact  of  biotic  and  abiotic  stressors  on  honey  bee  health  ( Apis  mellifera ) 
Author  Name:  Francesco  Nazzi 


Author  Institution:  University  of  Udine 


Session  Title:  Symposium:  Harnessing  the  Power  of  Genomics  Tools:  Functional  Genomics  of 
Pollinator  Health 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3147 
DOI:  10. 1603/ICE.20 16.934 15 
Abstract  text: 

Introduction:  Honeybee  health  is  threatened  by  a  variety  of  stress  factors,  including  parasites, 
xenobiotics,  poor  nutrition  and  adverse  environmental  conditions.  A  satisfactory  understanding 
of  such  complex  system  is  required  in  order  to  plan  appropriate  strategies  to  protect  bees  and 
maintain  their  fundamental  contribution  to  pollination.  The  study  of  the  transcriptome  of  bees 
exposed  to  a  variety  of  stressors  may  reveal  peculiarities  and  conserved  features  in  bee  response, 
allowing  to  pinpoint  some  crucial  nodes  of  the  underlying  intricate  network  of  molecular 
interactions. 

Methods:  Several  experiments  were  carried  out,  both  under  lab  and  field  conditions,  exposing 
bees  to  parasites,  pathogens,  insecticides,  unbalanced  or  poor  nutrition,  modulating  both  the 
“quality”  and  the  “quantity”  of  the  stressors.  Both  transcriptomic  and  physiological  data  were 
collected  and  analyzed. 

Results/Conclusion:  The  gathered  experimental  data,  both  at  the  gene  and  the  organismic  level, 
and  their  incorporation  in  a  comprehesive  model  of  interactions  allowed  to  describe  the  high 
degree  of  cross  talk  among  different  pathways  activated  by  concurrent  environmental  challenges 
and  immune  defences.  This  model  accounts  for  the  peculiar  dynamics  of  honeybee  health, 
characterized  by  an  increasing  vulnerability  to  interacting  stress  agents  which  may  drive  critical 
transitions  towards  dramatic  outcomes,  culminating  with  colony  collapse. 
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Introduction:  Bumble  bees  provide  critical  pollination  services  throughout  the  world.  However, 
populations  of  many  bumble  bee  species  are  declining,  evidenced  by  reduced  survival,  fertility 
and  health  of  the  queens.  The  majority  of  queen  losses  occurs  during  the  winter-diapause,  a 
critical  period  that  affects  insect  health  and  survival,  but  is  also  a  key  adaptation  allowing  them 
to  survive  extreme  conditions.  The  behavioral  and  physiological  changes  associated  with 
diapause  are  largely  conserved  across  insect  species  and  are  hypothesized  to  be  regulated  by 
insect  diapause  toolkit  genes. 

Methods:  In  order  to  identify  these  shared  mechanisms,  we  tested  the  physiological  and 
transcriptomic  changes  associated  with  diapause  in  bumble  bees  and  performed  comparative 
analysis  with  genes  regulating  diapause  in  dipteran  species.  We  identified  the  main  signaling 
pathways  underlying  diapause  and  found  a  significant  overlap  with  the  genetic  mechanisms 
regulating  diapause  in  Diptera,  reaffirming  the  existence  of  a  conserved  insect  diapause  genetic 
toolkit. 

Results/Conclusion:  Along  with  the  similarities  we  also  identified  modifications  that  are 
presumably  specific  to  the  evolution  of  social  behavior  -  such  as  changes  in  the  role  of  key 
players  regulating  diapause  in  bumble  bees  vs.  solitary  species  and  a  significant  overlap  with 
genes  regulating  caste  determination  in  bumble  bees.  The  later  suggests  that  pathways  regulating 
diapause  were  co-opted  to  regulate  the  divergence  of  castes  (sterile  workers  vs.  fertile, 
diapausing  queens)  in  social  insects.  Altogether,  our  studies  demonstrate  an  intriguing  interplay 
between  conserved  pathways  underpinning  adaptation  to  environmental  extremes  and  the 
modifications  that  occurred  in  these  pathways  during  the  evolution  of  sociality  in  insects. 
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Introduction:  Bumble  bees  are  the  single  most  economically  important  group  of  native 
pollinators  in  the  US  and  they  provide  essential  ecosystem  services  in  both  agricultural  and 
natural  landscapes.  Yet  despite  their  importance,  many  bumble  bee  populations  are  in  decline. 
One  of  the  major  factors  that  appears  to  be  involved  in  bumble  bee  decline  is  floral  food 
unavailability.  However,  relatively  little  is  known  about  the  molecular  basis  of  nutrition  and 
health  in  bumble  bees.  Here,  I  will  discuss  experimental  examinations  of  the  nutritional  basis  of 
health  and  fitness  in  bumble  bees,  using  the  model  species  Bombus  impatiens. 

Methods:  Methodology  discussed  in  the  presentation  will  include  nutritional  manipulations  of 
diet  quality  and  food  availability,  quantitation  of  macronutrient  levels,  and  transcriptomic 
analyses  related  to  nutrient  sequestration. 

Results/Conclusion:  Uncovering  the  proximate  mechanisms  underlying  nutrition  and  health  in 
bumble  bees  is  essential  for  understanding  how  nutritional  landscapes  influence  bumble  bee 
fitness  and  population  dynamics.  The  findings  of  this  research  shed  light  on  how  the  food 
resources  that  are  made  available  for  bumble  bees  might  impact  their  population  dynamics, 
including  decline. 
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Introduction:  DNA  metabarcoding  of  pollen  has  the  potential  to  transform  pollen  identification 
through  enhanced  taxonomic  resolution,  increased  speed,  and  enhanced  sample  size.  Three  key 
questions  are:  1)  understanding  sequencing  depths  needed  to  accurately  detect  species  in 
a  sample  with  marker-based  approaches;  2)  the  potential  for  whole-genome  shotgun  approaches 
to  pollen  identification;  3)  how  pollen  metabarcoding  can  be  made  quantitative,  in  terms  of 
reflecting  proportions  of  pollen  grains  present  in  a  sample. 

Methods:  We  ran  a  series  of  samples  of  constructed  pollen  “communities”  that  varied  species 
identity,  species  richness,  and  proportion  of  grains  of  different  species  to  understand  the  impacts 
of  diversity  and  rarity  on  detectability,  using  Illumina  MiSeq  technology,  followed 
by  subsampling  simulations.  We  ran  a  subset  of  those  samples  with  a  whole-genome 
shotgun  sequencing  approach  using  Illumina  HiSeq,  in  parallel  with  genomic 
sampling  simulations.  For  quantitation,  we  assessed  the  effects  of  DNA  isolation 
and  amplification  bias,  as  well  as  copy  number  of  chloroplast  and  ribosomal  barcode  markers 
using  a  sample  of  100  species  distributed  across  the  seed  plant  phylogeny. 

Results/Conclusion:  Sequencing  depth  depends  on  rarity,  sample  diversity,  contamination,  and 
pollen  grain  count,  the  last  of  which  is  not  typically  assessed.  Shotgun  sequencing  approaches 
show  promise  but  are  currently  limited  by  genomic  coverage  of  plants;  use  of  short-read  archives 
can  generate  false-positive  identifications.  Phylogenetic  patterns  of  isolation  and  amplification 
biases,  as  well  as  copy  number,  allow  for  reasonable  quantification  corrections  for 
pollen  metabarcoding.  Standardization  and  quantitation  of  pollen  DNA  barcoding  will  allow 
even  greater  power  and  applicability  of  this  transformative  technology. 
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Introduction:  One  of  the  central  factors  governing  the  success  of  an  exotic  species  entering  a 
novel  environment  is  the  ability  to  successfully  contend  with  the  resident  community  of 
predators,  pathogens,  and  competitors.  For  ants,  competition  for  food  and  nest  sites  is  a 
particularly  stringent  process,  and  successful  invaders  are  those  that  can  out  compete  members  of 
the  resident  assemblage  in  some  manner.  Thus,  understanding  the  causes  of  the  successful 
invasion  of  the  Gulf  coast  region  by  Ny lander ia  fulva  (tawny  crazy  ants)  requires  an 
understanding  of  how  these  ants  compete  with  the  current  behaviorally  and  ecologically 
dominant  ant  species  in  the  region,  Solenopsis  invicta  (red  imported  fire  ant). 

Results/Conclusion:  At  high  density,  as  N.  fulva  spreads,  it  eliminates  S.  invicta.  I  will  present 
data  quantifying  this  displacement  across  spatial  and  temporal  gradients,  at  sites  varying  in 
baseline  N.  fulva  abundances,  and  in  areas  dominated  by  different  social  forms  of  S.  invicta.  I 
will  also  discuss  experiments  testing  the  mechanisms  that  underlie  this  population-level  process: 
competition  for  food  resources  and  nest  sites.  A  unique  mechanism  discovered  in  the  process  of 
conducting  these  studies  is  the  ability  of  N.  fulva  to  detoxify  the  venom  of  imported  fire  ants  by 
self-application  of  its  own  venom,  formic  acid.  I  will  describe  a  series  of  studies  exploring  the 
nature,  ecological  importance,  and  evolutionary  breadth  of  this  behavior. 


Symposium 

Presentation  Title:  Developing  strategies  for  the  control  of  tawny  crazy  ants,  Nylanderia  fulva 

Author  Name:  David  Oi 
Author  Institution:  USDA  -  ARS 

Session  Title:  Symposium:  Invasive  Ants:  Biology  and  Control 
Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3152 
DOI:  10. 1603/ICE.2016. 95332 

Abstract  text: 

Introduction:  The  tawny  crazy  ant,  Nylanderia  fulva ,  is  an  invasive  ant  that  can  develop 
extremely  large  populations  that  overrun  landscapes.  It  currently  is  spreading  in  the  USA  among 
states  along  the  Gulf  of  Mexico.  Hence,  there  is  a  desperate  desire  to  develop  effective  methods 
to  manage  this  species.  Because  these  ants  readily  forage  on  the  liquid,  carbohydrate-rich 


honeydew  produced  by  Hemipterans,  there  is  potential  for  ant  baits  formulated  as  carbohydrate 
solutions  to  be  effective  in  suppressing  colonies. 

Methods:  Laboratory  bioassays  were  conducted  with  N.  fulva  workers  and  colonies  to  determine 
toxicity  profiles  of  liquid  ant  bait  formulations  containing  a  range  of  dinotefuran  concentrations. 
Bait  applications  to  field  populations  were  also  implemented. 

Results/Conclusion:  The  dinotefuran  bait  formulations  caused  100%  mortality  of  TV.  fulva 
workers  in  less  than  24  hours  after  access  to  bait.  This  is  much  faster  than  one  of  the  traditional 
criteria  used  for  the  selection  of  ant  bait  active  ingredients  (<15%  mortality  after  24  hours  and 
>90%  mortality  within  14  days;  Stringer  et  al.  1964).  Bait  toxicants  that  kill  too  quickly 
theoretically  preclude  their  trophallactic  spread  throughout  a  colony.  However,  in  laboratory 
colony  tests,  virtually  100%  colony  death  occurred  within  4  weeks  after  a  single  day’s  access  to 
dinotefuran  liquid  baits.  Consistent  worker  and  colony  death  occurred  over  a  100-fold  dosage 
range.  This  implied  a  liquid,  carbohydrate  bait  is  distributed  rapidly  throughout  TV.  fulva  colonies. 
Field  applications  of  this  liquid  bait  revealed  challenges  in  bait  deployment  as  well  as  limited 
consumption  by  this  invasive  ant. 
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Introduction:  The  European  red  ant,  Myrmica  rubra,  is  an  invasive,  stinging  ant  that  is 
established  along  the  coast  of  northeastern  United  States  and  Maritime  Canadian  provinces.  This 
northern  temperate  ant  is  native  to  Europe  and  Western  Asia  and  though  reported  in  the  U.S.  in 
1908,  pestiferous  populations  have  developed  over  the  past  25  years.  We  evaluated  strategies  for 
site-specific  management  of  M.  rubra  in  Acadia  National  Park  in  Maine. 


Methods:  Infestations  at  target  sites  were  sampled  and  mapped  on  a  10m  X  10m  grid.  Treatment 
plans  were  developed  based  on  site  use,  vegetation  cover,  and  intensity  of  the  infestation  within 
and  surrounding  the  designated  area.  Treatment  plans  included  the  use  of  broadcast  baits  and 
utilization  of  bait  stations  and  repellents.  Follow-up  sampling  and  mapping  were  continued  for  3 
field  seasons  with  repeat  treatments  applied  as  needed.  Surveys  were  conducted  to  determine  the 
impacts  of  the  ants,  and  ant  treatments  on  native  arthropods  in  the  area. 

Results/Conclusion:  Only  broadcast  bait  treatments  successfully  reduced  M.  rubra  activity. 
Reduced  population  levels  were  evident  1  year  post  treatment,  but  low  levels  of  ants  were 
detected  throughout  the  sites  and  populations  rebounded  quickly.  M.  rubra  presence  had  a 
negative  effect  on  the  diversity  of  native  ants  and  overall  insect  diversity  assessed  from  pitfall 
trapping,  and  their  presence  resulted  in  increased  aphid  infestations  on  native  plants.  Treatments 
for  M.  rubra  resulted  in  an  increase  in  native  ant  diversity.  Myrmica  rubra  infestations  had  more 
negative  impacts  on  native  insect  communities  than  treatments  for  this  pest. 
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Abstract  text: 

Introduction:  Over  the  last  century  Wasmannia  auropunctata  (Little  Fire  Ants)  have  spread 
throughout  the  tropics  and  elsewhere.  They  have  been  recorded  on  over  40  major  Pacific  islands, 
potentially  affecting  one  third  of  the  region’s  population  (excluding  Papua  New  Guinea),  the 
Caribbean,  Africa,  the  USA,  Australia  and  Israel.  How  did  a  small  rainforest  ant  from  south 
America  manage  to  travel  to  all  these  destinations,  and  why  are  they  so  difficult  to  control?  The 
literature  provides  clues  to  the  mechanisms  that  resulted  in  this  pan-Pacific  and  global  invasion. 
Efforts  to  develop  improved  management  techniques  against  Little  Fire  Ants  are  also  detailed. 

Results/Conclusion:  It  is  very  probable  that  early  introductions  of  this  species  were  intentional. 
Plantation  managers  in  Africa,  possibly  Florida,  New  Caledonia  and  the  Solomon  Islands  most 


likely  introduced  W.  auropunctata  as  potential  biocontrol  agents  at  these  locations.  From  these 
initial  introductions,  Little  Fire  Ants  spread  rapidly  both  within  the  initial  locations  and  into 
neighboring  islands  and  countries.  The  biology  of  W.  auropunctata  heavily  favors  human- 
mediated  spread.  Extreme  population  densities,  high  rates  of  polygyny,  shade  tolerance,  no 
requirement  for  contact  with  soil  and  their  small  size  all  contribute  to  an  ability  to  easily  travel 
with  commodities  and  establish  at  new  locations.  These  same  characteristics  make  this  species  a 
formidable  enemy  in  a  control  context. 
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Abstract  text: 

Introduction:  The  invasion  process  is  generally  viewed  as  a  sequence  of  barriers  related  to  the 
invasion  stages  of  introduction,  establishment,  spread  and  impact. 

Methods:  Here,  we  use  spatiotemporal  analyses  of  distribution  and  interception  of  ants 
(Hymenoptera:  Formicidae)  to  describe  the  invasion  process  as  a  whole  at  a  global  scale  and  test 
for  interdependencies  between  different  invasion  stages. 

Results/Conclusion:  Our  results  show  1)  a  positive  feedback  loop  between  the  introduction  and 
establishment  stage,  via  a  high  proportion  of  secondary  introductions,  and  2)  3  types  of  spatial 
spread  at  a  global  scale:  (i)  species  spreading  by  regional  colonization  of  neighbouring  countries, 
(ii)  highly  successful  exotic  species  spreading  by  intercontinental  transport  and  subsequent 
regional  spread  and  (iii)  species  that  have  been  introduced  via  intercontinental  trade  but  have 
only  colonized  a  small  number  of  countries.  The  driving  force  behind  these  complexities  was 
global  trade,  which  left  its  signature  in  the  colonization  dynamics  of  accidentally  introduced  ants. 

These  findings  show  that  the  invasion  process  in  more  complex  and  less  linear  than  previously 
thought  and  that  the  classification  of  a  species  as  ‘invasive’  is  less  static  in  time.  Based  on 


spatiotemporal  trajectory  analyses,  we  identify  a  group  of  species  with  a  high  potential  for 
increasing  their  spatial  distribution  in  the  future. 
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Abstract  text: 

Introduction:  Interspecific  competition  among  mature  colonies  is  presumed  to  be  widespread  in 
ant  communities  and  many  exotic  invasive  ant  species  appear  to  be  able  to  out-compete  native 
species.  Recent  work  with  the  imported  fire  ant,  Solenopsis  invicta,  has  shown  that  dispersal  and 
recruitment  processes  into  anthropogenic  habitats  are  more  important  factors  underlying  the 
success  and  dominance  of  fire  ants  in  their  introduced  range. 

Results/Conclusion:  A  general  review  of  competition  between  invasive  exotics  and  native 
species  suggests  that  much  more  effort  needs  to  be  put  into  understanding  how,  where  and  when 
ant  species  actually  compete  and  how  other  processes,  such  as  dispersal  and  colony  founding, 
contribute  to  the  success  of  invasive  exotic  ant  species.  Other  considerations,  such  as  island 
versus  mainland  ant  invasions,  will  also  be  discussed. 
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Introduction:  Ants  commonly  visit  flowers  but  have  only  seldom  been  documented  to  provide 
effective  pollination  services.  Floral  visitation  by  introduced  ants  may  be  especially  likely  to 
compromise  pollination  services.  A  lack  of  evolutionary  history  between  ants  and  plants,  for 
example,  can  increase  the  likelihood  of  floral  visitation  by  ants,  and  some  introduced  ant  species 
attain  high  levels  of  abundance,  exhibit  strong  preferences  for  carbohydrate-rich  nectar,  and 
interfere  with  other  floral  visitors.  Floral  visitation  by  introduced  ants  can  thus  affect  the 
reproduction  of  flowering  plants,  the  behavior  and  local  abundance  of  non-ant  floral  visitors,  and 
the  structure  of  floral  visitation  networks. 

Methods:  Here,  we  evaluate  and  synthesize  the  results  of  existing  studies  that  address  floral 
visitation  by  introduced  ants.  These  studies  include  experiments  that  manipulate  the  presence  of 
introduced  ant  species,  experiments  that  investigate  how  the  behavior  of  floral  visitors  changes  in 
response  to  ant-derived  cues,  and  comparisons  of  floral  visitation  networks  in  areas  with  and 
without  introduced  ants. 

Results/Conclusion:  We  will  then  use  this  information  to  draw  general  conclusions  regarding  the 
circumstances  under  which  floral  visitation  by  introduced  ants  may  be  an  important  conservation 
concern. 
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Abstract  text: 

Introduction:  Densities  of  the  fire  ant  Solenopsis  invicta  are  much  higher  in  invaded  habitats  in 
the  United  States  and  other  parts  of  the  world  than  they  are  in  the  native  South  American  range 
where  host-specific  pathogens  and  parasites  are  common. 

Methods:  Decapitating  flies  in  the  genus  Pseudacteon  and  a  number  of  other  parasites  have  been 
assessed  as  potential  biocontrol  agents  in  studies  of  their  life  history,  host  specificity,  and 
impacts  on  host  fire  ant  colonies  and  populations. 

Results/Conclusion:  To  date  6  species  of  decapitating  flies  have  been  successfully  released  in  the 
United  States  and  a  number  of  other  parasites  have  been  screened  as  potential  biocontrol  agents. 
This  paper  will  summarize  this  work. 
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Abstract  text: 

Introduction:  The  fire  ant,  Solenopsis  invicta ,  is  a  world-wide  invasive  pest,  first  introduced  into 
the  United  States  in  the  1930s,  probably  from  Northern  Argentina.  It  currently  occupies  >130 
million  hectares  in  14  states  in  the  southern  tier  of  the  USA.  The  fire  ant  is  an  opportunistic 
omnivore  that  thrives  in  disturbed  habitats,  which  places  the  fire  ant  in  most  places  occupied  by 
humans  and  human  activities.  Fire  ants  impact  agriculture,  human  and  animal  health  due  to  their 
painful  stings  and  life  threatening  allergic  reactions  to  their  venom.  Annual  cost  for  fire  ant 
treatment  and  damage  is  estimated  to  be  >$6  billion.  In  the  past  decade  it  has  expanded  its 
negative  impact  to  many  Caribbean  islands,  Mexico,  Australia,  Taiwan,  and  Mainland  China. 


Currently,  mound  drenches  and  toxic  baits  are  the  only  available  control  methods.  There  is  a 
need  for  biologically-based  control  methods  that  specifically  target  S.  invicta. 

Methods:  Bioassays  were  designed  to  measure  S.  invicta  worker  attraction  to  test  compounds, 
e.g.  pheromones  and  other  natural  products. 

Results/Conclusion:  The  results  are  expressed  as  time  to  first  discovery  and  percent  bait  particles 
discovered  first.  Two  compounds  were  shown  to  significantly  decrease  the  time  to  bait 
discovery,  which  is  predicted  to  result  in  more  bait  discovered  by  fire  ants  and  less  bait  available 
for  non-target  ant  species  to  find  and  consume.  The  pheromone  components  are  promising 
candidates  for  formulating  enhanced  baits  and  for  use  in  new  species-specific  surveillance 
methods. 
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Abstract  text: 

Introduction:  There  is  an  increasing  need  for  systematists  to  study  taxa  of  specific  concern  to 
21st  century  environmental,  food  security  and  public  health  challenges.  Systematics  has  an 
important  role  to  play  in  both  the  theoretical  and  applied  disciplines  of  invasion  biology.  Few 
invaders  impact  terrestrial  ecosystems  more  than  ants.  Among  the  world’s  100  worst  invasive 
species  is  the  cosmopolitan  and  highly  destructive  Pheidole  megacephala  F.  Accurate 
identification  of  P.  megacephala  is  imperative  for  the  success  of  screening,  management  and 
eradication  programs  designed  to  protect  native  ecosystems  from  the  impacts  of  this  destructive 
species.  However,  accurate  identification  of  Pheidole  species  is  difficult  because  of  their 
taxonomic  diversity,  dimorphic  worker  caste  and  the  lack  of  taxonomic  resources. 

Methods:  We  present  these  findings  by  showcasing  web-based  tools,  such  as  Antkey.org, 
Antweb.org,  Lucid3,  and  GABI,  that  can  assist  with  the  identification  and  research  of  invasive 
ant  species. 

Results/Conclusion:  The  results  of  this  work  will  facilitate  identification  of  pest  species, 
determination  of  climatic  and  habitat  requirements,  discovery  of  pest  origins,  horizon  scanning 
and  assessment  of  invasion  pathways. 
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Abstract  text: 

Introduction:  The  behaviour  of  adult  insects  contributes  significantly  to  speciation  and  is  largely 
regulated  by  responses  to  external  stimuli.  In  adult  Culicoides ,  the  antennae  support  the  bulk  of 
olfactory  and  mechano-receptors,  and  a  range  of  sensilla  for  both  stimuli  have  been  reported.  Of 
these,  only  the  distribution  of  Sensilla  Coeloconica  (SCo)  on  the  female  antenna  is  widley 
adopted  in  taxonomic  descriptions. 

Methods:  Antennal  sensilla  data  were  compiled  for  253  female  and  210  male  species  of 
Culicoides.  Data  from  109  species  with  complete  data  sets  were  analysed  using  PAUP. 

Results/Conclusion:  The  distribution  and  abundance  of  SCo  on  male  antennae  is  useful  in 
separating  species.  The  arrangement  of  Sensilla  Chaeticae  (SCh)  on  females,  Sensilla  Trichodea 
(ST)  on  males,  and  to  a  lesser  extent  females,  and  Sensilla  Ampullacea  (SA)  of  both  sexes  are 
consistent  within  many  subgeneric  groups  and  should  form  the  basis  of  subgeneric  diagnoses. 
For  males,  a  reduced  antennal  plume  is  exhibited  in  some  species  groups  which  may  reflect  a 
truncated  mating  system  similar  to  those  species  whose  males  have  a  feminised  antenna.  A 
phylogenetic  analysis  of  109  species  using  only  antennal  sensilla  data  provided  the  first 
empirical  analyses  of  the  genus.  This  analysis  indicated  support  for  several  existing  subgeneric 
groupings  which  were  all  originally  proposed  based  mainly  on  non-antennal  characters.  Workers 
are  encouraged  to  record  SCo,  SCh,  ST  and  SA  of  both  sexes  in  descriptions  of  species  in  order 
to  confirm  identifications  and  to  broaden  the  scope  of  such  studies  and  work  towards  a 
phylogenetic  analysis  of  the  genus. 
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Abstract  text: 

Introduction:  Biting  midges  in  the  genus  Culicoides  Latreille  (Diptera:  Ceratopogonidae)  display 
a  rich  diversity  in  Australasia  and  Eastern  Asia,  with  over  145  described  and  120  undescribed 
species  from  Australasia.  A  thorough  understanding  of  midge  diversity  in  these  regions  is 
essential  as  many  of  the  species  are  pests  of  humans  or  act  as  vectors  of  livestock-affecting 
viruses.  DNA  barcoding  of  the  mitochondrial  cytochrome  c  oxidase  I  (COI)  gene  can  assist 
taxonomic  campaigns  of  species  identification  and  discovery,  and  here  we  assessed  its  capacity 
to  identify  Culicoides  from  Australasia  and  Eastern  Asia. 

Methods:  Over  3,500  midges  sampled  from  Australasia  and  Eastern  Asia  were  morphologically 
identified  to  species  and  compared  at  COI  barcode  sequences. 

Results/Conclusion:  DNA  barcodes  are  reported  for  identification  of  150  Culicoides  species  in 
Australasia  and  Eastern  Asia.  We  found  limited  evidence  of  shared  DNA  barcodes  among 
species,  indicating  the  usefulness  of  this  approach  for  identifications.  Many  species  were 
genetically  monophyletic  with  shallow  genetic  diversity  (<  3%  COI  sequence  difference);  in 
contrast,  others  contained  multiple  divergent  mitochondrial  lineages  (>  3%  difference)  indicative 
of  cryptic  species  presences  and/or  profound  population  structure.  We  are  currently  using 
integrative  taxonomic  procedures  to  test  species  boundaries  at  these  potentially  cryptic  taxa,  and 
it  is  expected  that  earlier  estimates  of  Culicoides  species  diversity  in  Australasia  and  Eastern 
Asia  will  be  upwardly  revised.  The  improved  understanding  of  Culicoides  diversity  and 
distribution  provided  by  DNA  barcoding  will  be  important  for  accurately  identifying  species 
which  are  of  medical  and/or  biosecurity  concerns  across  political  boundaries. 
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Abstract  text: 

Introduction:  In  Japan,  16  arboviruses  including  5  orthobunyaviruses,  10  orbiviruses  and  1 
rhabdovirus,  have  been  isolated  from  Culicoides  biting  midges.  Of  them,  Akabane,  Aino,  and 
Chuzan  viruses  are  teratogenic  pathogens  in  ruminants  that  cause  severe  economic  losses  in  the 
livestock  industry.  In  addition,  the  prevalence  of  bluetongue  and  epizootic  hemorrhagic  disease 
viruses  pose  a  threat  to  animal  health  and  have  caused  sporadic  outbreaks  of  febrile  disease  in 
recent  years.  Many  virus  isolates  have  been  obtained  from  Culicoides  oxystoma ,  suggesting  its 
ability  to  transmit  bovine  arboviruses.  However,  several  outbreaks  caused  by  Akabane  virus  have 
been  recorded  in  northern  Japan  outside  the  known  range  of  C.  oxystoma ,  indicating  that  other 
species  are  also  responsible. 

Methods:  Livestock-associated  species  were  fed  on  a  mixture  of  Akabane  virus  and  bovine 
blood,  maintained  in  the  laboratory  for  9-11  days  and  then  tested  for  the  presence  of  virus. 

Results/Conclusion:  C.  oxystoma ,  C.  punctatus ,  C.  tainanus ,  C.jacobsoni  and  C.  asiana  were 
found  to  have  oral  susceptibility  for  the  virus.  The  relatively  high  infection  rates  were  observed 
in  the  tested  C.  oxystoma ,  C.  punctatus  and  C.  tainanus  (41.3%,  20.0%  and  53.3%,  respectively). 
The  latter  two  species  are  distributed  in  northern  Japan  and  possibly  contributed  to  the 
transmission  in  the  past  epizootics.  Molecular  studies  have  recently  confirmed  the  existence  of 
many  cryptic  Culicoides  species  in  the  world,  including  Japan,  and  comprehensive  reassessment 
of  the  Culicoides  fauna  in  Japan  is  necessary  to  clarify  the  status  of  these  potential  vectors  of 
Akabane  virus  and  fill  some  knowledge  gaps  for  Culicoides-bomQ  viruses. 
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Introduction:  Biological  invasions  are  of  major  concern  because  of  their  environmental, 
economic,  and  health  consequences.  Determining  and  understanding  the  factors  underlying 
invasion  success  of  species  allows  predicting  potential  other  biological  invasions  and  developing 
vector  control  strategies.  Culicoides  imicola  is  a  major  vector  species  of  Orbivirus ,  including  the 
bluetongue  virus  (BTV)  which  affects  domestic  ruminants.  Following  BT  emergence  in  the 
Mediterranean  basin,  C.  imicola  populations  were  recorded  in  territories  where  the  species  was 
considered  to  be  absent,  and  consequently  was  described  as  expanding  its  distribution  range  on  a 
short  period.  This  work  aimed  at  understanding  the  colonization  history  of  the  Mediterranean 
basin  by  C.  imicola  and  determining  the  factors  underlying  the  current  distribution  of  the  species. 

Methods:  We  used  a  multi-loci  approach  and  combined  population  genetics  analyses, 
Approximate  Bayesian  Computation  (ABC)  methods  and  mathematical  simulations  of  the 
atmospheric  dispersion  of  the  species. 

Results/Conclusion:  This  approach  enabled  us  to  (i)  demonstrate  that  C.  imicola  Mediterranean 
populations  originated  from  the  northern  region  of  sub-Saharan  Africa  and  are  established  in  the 
Mediterranean  basin  since  the  Pleistocene/Holocene  period,  (ii)  confirm  a  North  African  origin 
of  southwestern  European  populations  and  reveal  two  routes  of  colonization:  starting  from 
Morocco  to  the  Iberian  Peninsula  and  from  Algeria  to  France  and  Italy,  and  (iii)  highlight  the 
major  role  of  wind-mediated  dispersal  and  population  abundances  in  the  range  expansion  success 
of  the  species.  Altogether,  our  study  shed  a  new  light  on  the  evolutionary  and  demographic 
history  of  C.  imicola. 
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Abstract  text: 

Introduction:  Outbreaks  of  Culicoides- borne  viral  diseases  are  common  among  ruminants  in 
Israel,  mostly  in  early  autumn  (September-October)  when  environmental  conditions  are  optimal 
for  midges  growth  and  viral  replication.  Disease  such  as  bluetongue  and  epizootic  hemorrhagic 
disease  caused  severe  economic  and  animal  welfare  damages  to  affected  farms.  There  is  a  direct 
link  between  the  abundance  of  the  vectors  and  the  infection  rate.  Hence,  an  investigation  of  the 
parameters  and  environmental  conditions  affecting  multiplication  and  spread  of  biting  midges  is 
essential  for  prevention  means. 

Methods:  Culicoides  imicola  and  members  of  the  C.  schultzei  group,  are  the  common  vectors  of 
cattle  diseases  in  Israel.  Here,  we  investigated  their  population  dynamics  over  two  years  in  10 
different  dairy  farms. 

Results/Conclusion:  Analyses  of  population  size  and  environmental  factors  revealed  that  the 
range  of  temperatures  from  late  spring  to  the  end  of  the  summer  is  the  main  factor  associated 
with  midges'  population  size.  In  201 1,  high  early  season  temperatures  encouraged  an  early  rise  in 
population.  However,  the  population  size  was  about  4  times  smaller  than  in  2012,  possibly  due  to 
subsequent  lower  temperatures  during  the  spring  and  summer.  The  average  temperature  during 
the  summer  of  2012  was  higher  than  in  201 1,  probably  allowing  a  rapid  gonotrophic  cycle  and  a 
steeper  incline  in  population  size.  Rain  incidents  showed  no  positive  effect  on  the  population 
build  up.  Additionally,  both  species  showed  similar  dynamic  trends  over  the  two  years. 
Monitoring  temperature  during  late  summer  and  fall  may  help  to  predict  midges'  population  size 
and  risk  of  Culicoides-bomQ  diseases. 
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Introduction:  The  Central  European  outbreak  of  bluetongue  disease  hardly  affected  Switzerland 
as  its  spread  was  worn-out  at  an  early  stage  by  vaccination  campaigns,  and  it  was  not  circulating 
among  livestock  at  higher  altitudes.  Biting  midges  of  the  Obsoletus  complex  of  Culicoides 
(Diptera:  Ceratopogonidae)  which  dominate  at  lower  altitudes  in  Europe  are  the  documented 
vectors  of  the  bluetongue  virus  (BTV),  but  also  of  the  recently  emerged  Schmallenberg  virus 
(SBV)  and  most  likely  the  Toggenburg  orbivirus.  Species  of  the  Pulicaris  complex,  particularly 
C.  grisescens ,  about  which  hardly  anything  is  known  with  regard  to  their  biology  and  features  as 
potential  vectors,  prevail  at  higher  elevations  in  Switzerland.  With  this  project,  the  biological  and 
climatic  conditions  of  possible  transmission  of  several  BTV  serotypes  at  higher  altitudes  (1500 
m  asl)  shall  be  clarified,  to  serve  as  a  basis  to  develop  predictive  models  on  the  dynamics  of 
Culicoides- borne  viral  diseases  at  such  pre-alpine  areas. 

Methods:  Parameters  relevant  for  vector  capacity  (vector  competence  under  realistic  fluctuating 
temperature  regimes,  life  history  traits  such  as  sugar  feeding  behaviour  and  characterization  of 
breeding  sites,  and  population  dynamics)  are  determined  for  Culicoides  spp.  from  two  pre-alpine 
areas  (1500-2000  m  asl)  of  which  one  area  represents  the  highest  altitude  location  of  SBV 
seroconversion  in  Switzerland. 

Results/Conclusion:  This  recently  initiated  project  will  highlight  1)  whether  and  to  what  extent 
the  Culicoides  species  prevailing  at  higher  altitudes  can  act  as  vectors  for  orbiviruses,  2) 
implications  of  fluctuating  temperature  regime  for  virus  dissemination  in  Culicoides ,  and 
3)  better  knowledge  on  the  ecology  of  pre-alpine  Culicoides. 
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Introduction:  It  was  established  in  1944  that  Culicoides  (Diptera:  Ceratopogonidae)  are  involved 
in  the  transmission  of  orbiviruses  such  as  bluetongue  (BTV)  and  African  horse  sickness  virus 
(AHSV).  Of  the  more  than  110  species  in  South  Africa,  around  20  are  collected  regularly  near 
livestock.  Based  on  its  host  preference,  wide  geographical  distribution,  susceptibility,  field 
isolations,  and  abundance  at  livestock,  C.  imicola  is  considered  to  be  the  most  important  vector. 

Methods:  An  artificial  feeding  method,  developed  in  1991,  allowed  for  the  determination  and 
comparison  of  the  susceptibility  of  field-collected  midges. 

Results/Conclusion:  Cumulative  results  since  2000  have  shown  at  least  13  species  (C.  imicola ,  C. 
bolitinos ,  C.  gulbenkiani,  C.  exspectator,  C.  bedfordi ,  C.  leucostictus,  C.  pycnostictus,  C. 
magnus ,  C.  enderleini,  C.  zuluensis ,  C.  brucei,  C.  engubandei  and  C.  dutoiti ),  belonging  to  six 
subgenera,  to  be  susceptible  to  AHSV.  Except  for  the  last  three,  they  were  also  shown  to  be 
susceptible  to  BTV.  Laboratory  results  indicate  susceptibility  to  be  widespread  in  the  genus,  to 
vary  between  species  and  different  populations  of  the  same  species  and  also  the  specific  isolate 
of  AHSV  used  and  importantly,  that  attenuation  does  not  reduce  its  ability  to  infect  Culicoides 
species.  The  involvement  of  a  variety  of  species,  most  with  an  unstudied  biology,  increases  the 
complexity  of  the  epidemiology.  Field  infection  prevalence  in,  and  the  oral  susceptibly  of,  C. 
imicola  is  low  and  outbreaks  of  AHSV  are  linked  to  high  numbers  of  C.  imicola  near  horses. 
High  C.  imicola  numbers  may  however  mask  the  importance  of  low  numbers  of  more  competent 
vectors. 
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Abstract  text: 

Introduction:  Culicoides  biting  midges  are  the  primary  vectors  of  both  bluetongue  virus  (BTV) 
and  epizootic  hemorrhagic  disease  virus  (EHDV)  in  North  America  and  worldwide.  Several 
serotypes  of  BTV  and  EHDV,  which  both  affect  wild  and  domestic  ruminants,  are  enzootic  to 
the  southeastern  United  States.  However,  since  the  late  1990s  at  least  10  exotic  serotypes  of  BTV 
have  been  identified  from  infected  animals  in  this  part  of  the  country.  In  response  to  these  exotic 
serotype  incursions,  the  Southeastern  Cooperative  Wildlife  Disease  Study  (SCWDS)  began 
conducting  surveys  for  Culicoides  biting  midges  across  the  southeastern  United  States  in  late 
2007,  and  these  surveys  are  ongoing. 

Methods:  Most  survey  sites  were  chosen  for  their  proximity  to  wild  cervid  populations,  including 
Wildlife  Management  Areas,  parks,  and  private  land  with  captive  livestock.  Surveys  are 
performed  using  CDC  miniature  light  traps  equipped  with  UV  light,  and  all  Culicoides  midges 
are  identified  to  species  using  morphological  taxonomy  techniques. 

Results/Conclusion:  Since  the  surveys  began,  over  6,600  trap-nights  of  insect  collections  have 
been  examined  from  over  300  locations  across  1 1  states.  More  than  50  species  of  Culicoides 
have  been  identified  from  the  region,  with  new  county  and/or  state  records  for  at  least  1 1  species. 
Of  particular  interest  is  the  South  American/Caribbean  BTV  vector  species,  Culicoides  insignis , 
which  has  been  found  at  increasing  frequency  outside  its  historical  Neotropical  range  at  more 
northern  and  western  locations  than  previously  expected.  Also  of  note,  the  primary  North 
American  BTV/EHDV  vector,  C.  sonorensis ,  continues  to  be  a  rare  collection  in  light  trap 
surveys  across  the  southeastern  U.S. 
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Introduction:  Recent  changes  in  the  epidemiology  of  Culicoides  transmitted  viruses,  particularly 
the  emergence  of  exotic  viruses  in  Europe,  North  America,  and  the  Mediterranean  have 
highlighted  the  dynamism  of  host-vector-pathogen  interactions  in  these  systems  and  implicated 
multiple  environmental  factors  including  changes  in  climate,  land  use,  trade  and  animal 
husbandry  as  drivers.  Understanding  the  landscape-level  determinants  of  bluetongue  virus  (BTV) 
can  aid  in  mapping  high-risk  areas  and  enhance  disease  control  and  prevention  efforts. 

Methods:  This  study  analyzed  the  spatial  patters  of  BTV  in  four  areas  of  Colorado  and 
investigated  the  influence  of  land  cover,  hydrology,  soils,  irrigation,  and  elevation  by  using  a 
conditional  autoregressive  model. 

Results/Conclusion:  Land  cover,  hydrology,  soils,  and  elevation  all  influenced  BTV  risk.  The 
analysis  suggests  that  a  combination  of  specific  environmental,  landscape,  and  animal  host 
factors  create  a  favorable  ecological  niche  for  recurring  annual  seasonal  transmission  of  BTV. 
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Introduction:  In  the  southeastern  United  States,  seroprevalence  of  hemorrhagic  disease-(HD) 
associated  viruses  transmitted  by  Culicoides  spp.  is  high  in  both  wild  and  captive  cervids  (deer). 
However,  in  2014  alone  economic  losses  associated  with  HD  cost  the  state  of  Florida  a  minimum 
of  32  million  dollars.  The  drivers  of  more  frequent  die-off  events  in  recent  years  are  poorly 
understood,  especially  in  the  face  of  “endemic  stability.”  In  order  to  manage  HD  more 
effectively  on  individual  farms,  vector  distribution  and  seasonal  abundance,  as  well  as  deer 
habitat  use,  need  to  be  measured  on  a  local  scale.  This  is  particularly  important  as  Culicoides 
distribution  can  be  highly  variable  on  the  landscape,  marking  targeted  invention  paramount. 

Methods:  On  a  500  acre  captive  cervid  farm  in  North  Florida,  20  CDC  miniature  light  traps  were 
distributed  across  the  landscape  using  a  random  stratified  sampling  strategy.  To  capture  the  HD 
risk  period,  Culicoides  spp.  were  trapped  twice  weekly  from  May  2015  until  March  2016. 

During  that  period  1 1  deer  and  9  exotic  species  (elk,  Pere  David  deer,  Indian  blackbuck,  axis, 
and  fallow)  were  collared  with  GPS  devices.  Insect  density  was  measured  using  the  Getis-Ord,  or 
Gi*(d)  as  an  indicator  of  local  spatial  association.  Differences  in  distribution  and  vector 
abundance  between  traps  and  across  time  were  analyzed  in  R. 

Results/Conclusion:  The  goal  of  these  analyses  is  to  determine  how  vector  distribution  and 
abundance,  as  well  as  wildlife  density,  varies  in  order  to  implement  targeted  inventions  that  will 
reduce  vector-host  interactions. 
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Introduction:  With  the  expansion  of  bluetongue  virus  into  temperate  zones,  there  is  increased 
interest  in  Culicoides  vector  species  overwintering  and  in  modeling  pathogen  expansion  in  the 
light  of  climate  change.  Unfortunately,  almost  all  research  has  been  on  adult  Culicoides.  Because 
Culicoides  spend  the  majority  of  their  lives  as  immatures,  the  tolerances  and  needs  of  these 
stages  are  likely  to  be  one  of  the  primary  determinants  of  geographic  range. 

Methods:  In  a  series  of  studies,  we  looked  at  the  desiccation  and  low  temperature  tolerance  of  C. 
sonorensis  eggs,  larvae,  and  pupae.  We  exposed  C.  sonorensis  eggs  to  low  humidity  for  12-60h, 
and  calculated  the  supercooling  points  and  lower  lethal  temperatures  of  C.  sonorensis  immatures 
from  both  California  and  Colorado,  U.S.. 

Results/Conclusion:  When  dried,  C.  sonorensis  eggs  lose  up  to  50%  of  their  water  weight,  and 
yet  still  hatch  in  small  numbers.  Eggs  may  be  able  to  persist  for  some  time  in  the  absence  of 
suitable  development  habitat.  In  North  America,  C.  sonorensis  inhabits  a  range  of  climactic 
zones,  and  winters  in  these  areas  range  from  mild  to  harsh.  Life  stages  of  Culicoides  also  vary  in 
their  tolerance  of  low  temperatures,  and  it’s  likely  that  different  populations  of  Culicoides  vary 
as  well.  Larvae  and  pupae  vary  significantly  in  their  ability  to  withstand  low  temperatures. 
Colorado  larvae  appear  to  be  slightly,  but  not  significantly,  more  cold  tolerant  than  California 
larvae.  The  implications  for  C.  sonorensis  and  BTV  range  expansion,  and  the  possibility  of 
different  overwintering  strategies  in  geographically  distinct  populations,  will  be  discussed. 
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Abstract  text: 

Introduction:  Culicoides  species  (Diptera:  Ceratopogonidae),  known  as  biting  midges,  are  well 
known  for  being  vectors  of  several  diseases  of  ruminants,  such  as  bluetongue,  African  horse 
sickness  and  epizootic  haemorrhagic  diseases  among  others.  Due  to  their  importance  in  the 


transmission  of  diseases,  current  monitoring  programs  of  the  major  vector  species  (i.e. 
bluetongue  in  Europe)  are  still  field  implemented.  However,  nowadays  our  knowledge  about  the 
basic  ecology  of  Culicoides  spp.  is  still  limited  and  therefore,  little  is  known  about  the  chemical 
ecology  of  this  group.  For  example,  most  of  the  monitoring  and  capture  methods  are  based  on 
UV  light  traps,  while  the  use  of  lure  and  attractants  is  highly  limited.  In  addition,  response  of 
biting  midges  to  standard  haematophagous  insects  lures  and  kairomones  (i.e.:  CO2,  l-octen-3-ol, 
L  (+)-  Lactic  acid,  acetone,  butanone,  etc.)  differs  from  others  groups  such  as  mosquitoes. 

Methods:  It  has  been  demonstrated  that  animal  baited  traps  differ  in  results  when  compared  to 
light  traps  and  therefore,  semiochemicals  must  play  an  important  role  on  Culicoides  feeding 
activity.  This  limited  knowledge  importantly  precludes  the  improvement  of  monitoring  devices 
for  either  monitoring  or  mass  trapping  Culicoides  around  farm  premises.  In  addition  to  that, 
courtship  and  mating  behaviour  have  been  poorly  studied,  and  few  attempts  of  identifying 
pheromones  have  been  conducted. 

Results/Conclusion:  We  discuss  the  possible  use  of  semiochemicals  for  Culicoides  control  and 
monitoring  based  on  the  available  literature.  Current  methods  for  research  on  Culicoides 
chemical  ecology  are  also  discussed. 
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Introduction:  The  >26  known  serotypes  of  bluetongue  virus  (BTV)  have  the  same  segmented 
genome  structure.  Exchange  of  genome  segments  during  co-infection  of  individual  cells  within 
ruminant  or  Culicoides  hosts  is  known  as  reassortment.  Such  an  exchange  of  genome  segments 
between  different  parental  BTV  genotypes  is  now  known  to  occur  in  the  field  with  greater 
regularity  than  previously  thought.  Novel  reassortant  progeny  may  have  altered  biological  or 


epidemiological  properties,  such  as  rate  of  vector  competence  in  Culicoides  and  pathogenicity  in 
the  ruminant  host. 

Methods:  For  each  of  the  three  parental  and  two  reassortant  strains,  we  examined  replication  in 
cells,  phenotype  in  ruminants,  and  vector  competence.  Sheep  were  infected  with  parental  and 
reassortant  strains  by  feeding  of  Culicoides  sonorensis  infected  by  intrathoracic  inoculation.  At 
peak  viraemia,  C.  sonorensis  were  fed  directly  on  sheep  and  also  artificially  on  blood  taken  from 
each  sheep  to  assess  infection  rate  of  vectors.  Phenotypic  differences  in  the  replication  in  vitro , 
pathogenicity  within  sheep  hosts,  and  vector  competence  for  C.  sonorensis  were  observed  for 
each  strain. 

Results/Conclusion:  The  reassortant  strains  exhibited  characteristics  of  all  of  the  parental  strains 
with  which  they  shared  genome  segments,  suggesting  a  significant  difference  in  the  transmission 
and  economic  impact  between  parental  and  reassortant  strains.  This  indicates  a  need  for  policy 
makers  to  acknowledge  differences  between  strains  as  well  as  serotypes. 
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Introduction:  Culicoides  act  as  the  biological  vectors  of  several  equine  arboviruses,  including 
African  horse  sickness  virus  (AHSV)  which  affects  all  Equidae  and  causes  devastating  outbreaks 
of  the  disease  African  horse  sickness  (AHS)  with  up  to  95%  mortality  rates  in  susceptible 
populations.  While  currently  restricted  in  distribution  to  sub-Saharan  Africa,  AHSV  has  a  history 
of  emergence  into  southern  Europe.  Climate-driven  shifts  in  the  distribution  and  abundance  of 
vectors  and  increasing  global  movement  of  horses  for  racing  and  competition  make  the  equine 
industry  vulnerable  to  the  emergence  of  AHSV. 


Methods:  The  results  of  a  series  of  field  and  laboratory  studies  aimed  at  improving  parameter 
accuracy  in  modelling  of  Equine  arbovirus  outbreaks  will  be  presented,  including  studies  of 
Culicoides  biting  rates  on  equine  hosts  and  the  relative  host-preference  of  Palaearctic  Culicoides 
between  AHSV  susceptible  and  non-susceptible  hosts.  In  addition,  standardised  methodologies 
to  correlate  Culicoides-^ quine  biting  rates  to  optimised  semiochemical-baited  suction-trap 
collections,  which  enable  host-representative  estimates  of  biting  rates  to  be  made  in  a  logistically 
efficient  manner,  will  also  be  examined. 

Results/Conclusion:  The  magnitude  of  the  risk  of  an  AHSV  outbreak,  i.e.  the  estimated  basic 
reproduction  number  (Ro),  exceeding  one,  is  critically  dependent  upon  vector  abundance  and  its 
relationship  with  the  density  of  Equids  and  host  species  not  susceptible  to  infection  (e.g.  cattle), 
in  addition  to  vector  feeding  preferences  between  hosts.  The  implications  of  the  findings  of  these 
studies  on  estimates  of  AHSV  transmission  risk  in  the  UK  equine  population  will  be  evaluated 
and  placed  in  a  global  context. 
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Abstract  text: 

Culicoides  biting  midges  have  a  major  impact  on  animal  health  worldwide  through 
transmitting  arboviral  pathogens.  In  this  talk  I  will  discuss  entomological  techniques  that  have 
been  employed  to  reduce  the  impact  of  such  pathogens  and  to  predict  their  emergence  and 
spread.  This  will  include  an  examination  of  the  role  of  wildlife  in  sustaining  arbovirus  outbreaks 
in  both  temperate  and  tropical  regions.  Studies  reviewed  will  range  from  large-scale  light¬ 
trapping  surveys  of  Culicoides  fauna  to  analysis  of  vector  competence  using  genomic  and 
transcriptomic  techniques.  These  will  be  placed  in  context  with  wider  progress  on  the  analysis  of 
haematophagous  flies  including  mosquitoes.  By  understanding  the  limitations  of  study  of 
Culicoides  and  examining  recent  progress  in  research,  I  will  highlight  areas  that  are  currently 


understudied  and  those  where  technical  challanges  exist.  Foremost  among  this  will  be  a 
discussion  concerning  the  application  of  emerging  technologies  in  insect  control  to  Culicoides  in 
farm  habitats  and  how  these  can  be  applied  in  epidemic  scenarios. 
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Introduction:  The  study  of  the  biodiversity  and  biogeography  of  the  Lucayan  Archipelago  has 
long  been  explored  and  is  an  ongoing  project.  The  historical  geology  and  biogeography  of  the 
Caribbean  Basin  is  complex,  as  is  delineating  the  exchange  and  distributions  of  the  flora  and 
lepidopteran  fauna.  Due  to  their  close  association  with  plants,  Lepidoptera  are  useful 
bioindicators  of  habitat  quality.  Thus  far,  efforts  have  been  devoted  primarily  to  butterflies  in  the 
Bahamas  (83  species,  102  taxa).  Moths,  which  account  for  about  95%  of  Lepidoptera  worldwide, 
are  not  well  known,  and  there  has  never  been  a  comprehensive  assessment  of  the  moth  diversity 
published. 

Methods:  We  recently  have  been  completing  biodiversity  surveys  of  all  Lepidoptera  in  the 
Bahamas  via  standard  collecting  methods  to  determine  the  origin  of  the  fauna  and  potential  new 
species  present.  Our  sampling  methods  include  qualitative  components  (seasonal  variation, 
habitat  assessment/selection,  general  observations)  and  quantitative  with  species  richness.  Life 
histories  are  completed  as  field  time  permits. 

Results/Conclusion:  Comparative  analyses  of  biodiversity  and  biogeography  are  in  progress  to 
determine  the  endemism  within  the  Lucayan  Archipelago  versus  that  present  in  Florida,  the 
Greater  Antilles  (especially  Cuba)  and  the  Lesser  Antilles.  Some  species  originally  recorded 
from  these  fragile  ecosystems  have  resulted  in  local  extinctions  due  to  urban  development  and 
fragmentation.  Invasive  species  have  also  been  introduced  into  a  number  of  microhabitats  and 
compete  for  resources  with  native  species.  Changes  in  weather  patterns  including  hurricanes  and 


tropical  storms  also  play  a  significant  role  in  the  geographic  distribution  and  movement  of 
Lepidoptera  in  the  Caribbean  Basin. 
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Introduction:  A  survey  of  Elateridae,  Throscidae  and  Eucnemidae  (Coleoptera)  in  the  Lucayan 
Archipelago  (The  Bahamas  and  the  Turks  and  Caicos  Is.)  is  ongoing. 

Methods:  About  5,000  historical  museum  and  recently  collected  specimens  were  examined. 

Results/Conclusion:  Interim  results  demonstrate  a  minimum  12-fold  increase  in  the  diversity  of 
Elateridae  to  37  species  representing  18  genera.  At  least  12  species  are  undescribed  and  are 
probably  endemic.  The  Throscidae  are  now  represented  by  3  species  in  2  genera.  The 
Eucnemidae  are  represented  by  10  species  representing  6  genera.  Elateroid  species  from  the 
southeastern  islands  seem  most  closely  related  to  congeners  from  Hispaniola  and  the  Lesser 
Antilles,  with  those  in  the  northern  Bahamas  having  Cuban  affinities.  Paleoclimate 
reconstructions  indicate  that  an  optimum  Lucayan  colonization  period  was  the  late  Wisconsin 
Glacial  and  postglacial  Holocene  during  low  eustatic  sea  levels.  Lowest  sea  levels  provided  a  15 
km  distance  between  Cuba  and  the  Pleistocene  island  of  Paleoprovidence.  Approximately  500 
years  of  settlement  and  resource  exploitation  changed  the  terrestrial  character  of  many  of  the 
islands,  probably  causing  local  extinctions  through  reductions  in  vegetation  structure.  Projections 
of  future  sea  level  rise  is  expected  to  increase  negative  environmental  impacts  directly  and 
through  societal  relocations,  natural  resource  extraction,  salinization  of  ground  water,  inundation, 
and  storm  surge  that  is  expected  to  result  in  losses  of  elateroid  beetle  diversity.  Continued  sea 
level  rise  over  the  next  150-200  years  could  result  in  only  a  relatively  few  widely  distributed 
Antillean  waif  and  anthropo-tolerant  elateroid  species  on  only  a  few  small  remnant  islands. 
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Abstract  text: 

Introduction:  Numerous  hypotheses  on  the  evolution  of  Neotropical  biodiversity  have  stimulated 
research  to  provide  a  better  understanding  of  diversity  dynamics  and  distribution  patterns  of  the 
region.  However,  few  studies  integrate  molecular  and  morphological  data  with  complete 
sampling  of  a  Neotropical  group,  and  so  there  has  been  little  synthesis  of  the  multiple  processes 
governing  biodiversity  through  space  and  time.  Here,  a  total-evidence  phylogenetic  approach  is 
used  to  reconstruct  the  evolutionary  history  of  the  butterfly  subgenus  Heraclides. 

Methods:  We  used  DNA  sequences  for  two  mitochondrial  genes  and  one  nuclear  gene  and  coded 
133  morphological  characters  of  larvae  and  adults.  A  robust  and  well-resolved  phylogeny  was 
obtained  using  several  analytical  approaches,  while  molecular  dating  and  biogeographical 
analyses  indicated  an  early  Miocene  origin  (22  Mya)  in  the  Caribbean  Islands.  We  inferred  six 
independent  dispersal  events  from  the  Caribbean  to  the  mainland,  and  three  from  the  mainland  to 
the  Caribbean,  and  we  suggest  that  cooling  climates  with  decreasing  sea  levels  may  have 
contributed  to  these  events.  The  time-calibrated  tree  is  best  explained  by  a  museum  model  of 
diversity  in  which  both  speciation  and  extinction  rates  remained  constant  through  time. 

Results/Conclusion:  By  assessing  both  continental  and  fine-scale  biodiversity  patterns,  this  study 
provides  new  findings,  for  instance  that  islands  may  act  as  a  source  of  diversity  rather  than  as  a 
sink,  to  explain  spatio-temporal  macroevolutionary  processes  within  the  Neotropical  region. 
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Introduction:  It  is  well  known  that  the  West  Indies  have  a  complex  geological  history,  and  harbor 
a  high  level  of  endemism  across  their  diverse  fauna  and  flora.  Fireflies,  beetles  in  the  family 
Lampyridae,  have  a  worldwide  distribution  and  currently  comprise  approximately  2,200 
described  species. 

Methods:  We  will  summarize  and  discuss  the  distribution  of  these  beetles  within  the  West  Indies. 

Results/Conclusion:  The  levels  of  endemism  in  addition  to  the  ongoing  challenges  to  identify  the 
processes  that  may  have  contributed  to  these  patterns  will  be  presented. 
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Abstract  text: 

Introduction:  The  little  fire  ant  Wasmannia  auropunctata  Roger  is  considered  an  invasive  species 
worldwide.  This  tramp  species  is  native  to  South  America  and  has  invaded  almost  all  continents 
causing  damage  to  native  fauna  and  affecting  human  activities  including  agriculture.  In  the  West 
Indies,  where  it  was  first  reported  over  200  years  ago,  it  has  been  considered  an  invasive. 
Nevertheless,  it  has  never  been  clearly  determined  if  it  is  in  fact  introduced  or  native. 

Methods:  We  examined  adaptations  associated  to  its  success  as  a  tramp  species  and  evaluated 
genetic  traits  that  may  define  it  as  a  native  or  invasive  species  on  the  island  of  Puerto  Rico  in  the 
West  Indies.  We  report  behavioral  and  reproductive  adaptations  that  have  led  to  its  success  on 
the  island  as  well  as  in  its  worldwide  range. 

Results/Conclusion:  Our  studies  have  found  that  workers  and  queens  demonstrate  behavioral 
flexibility  which  seems  to  be  a  key  adaptation  for  nest  survival.  Through  genetic  analysis  we 
have  determined  that  the  population  on  the  island  shows  high  variation  among  sampled  workers 
throughout  the  island.  Microsatellite  data  demonstrate  that  queens  reproduce  clonally. 
Surprisingly  although  queens  are  not  genetically  different  within  a  sample  site,  they  are  distinct 
among  sampled  sites.  Based  on  genetic  studies  in  its  native  Brazil  and  French  Guiana,  where 
results  are  similar  to  Puerto  Rico,  our  data  supports  the  hypothesis  that  W.  auropuctata  is  native 
to  the  West  Indies. 
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Introduction:  The  Agricultural  Experiment  Station  Insect  Research  Collection  (AES-IRC)  is  the 
most  important  repository  of  Hexapoda  in  Puerto  Rico,  containing  specimens  from  every  island 
in  the  “Puerto  Rico  Bank”,  which  encompasses  an  exceptionally  rich  diversity  of  taxa  and 
ecosystems.  The  collection  holds  approximately  200,000  specimens  representing  the  23  orders  of 
insects  known  to  occur  in  Puerto  Rico  following  current  classification. 

Methods:  Groups  such  as  Diptera,  (Muscidae),  Hemiptera  (Auchenorrhyncha  and  Heteroptera), 
Thysanoptera,  Coleoptera  (Coccinellidae  and  Chrysomelidae),  and  Lepidoptera  (Pyraloidea, 
Noctuidea,  Rhopalocera)  are  generally  well  curated  and  identified.  Other  groups  remain  housed 
in  drawers  organized  by  families.  The  insect  collection  includes  190  type-specimens  and  rarely 
collected  specimens. 

Results/Conclusion:  Another  unique  aspect  of  this  entomological  collection  is  a  biologically 
invaluable  accession  number  catalogue  that  contains  documentation  of  over  20,000  specimens 
since  1910.  This  remarkable  catalogue  contains  prized  biological  information,  such  as  host  plant 
records,  behavioral  and  ecological  annotations,  climatic  and  weather  observations  going  back  a 
century. 

To  protect  this  scientific  and  biodiversity  legacy,  the  Museo  de  Entomologia  y  Biodiversidad 
Tropical  was  founded  in  1997  as  the  reservoir  and  safekeeper  of  this  biological  collection.  In  its 
new  house,  this  centenary  collection  will  continue  to  play  is  role  as  a  research  tool  through  the 
continuous  entomological  survey  of  fauna  in  the  island  and  its  documentation.  Outreach  efforts 
aim  to  prioritize  entomological  research  needs  and  facilitate  public  education  and  services. 
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Abstract  text: 

Introduction:  Beginning  in  1978,  the  West  Indian  Beetle  Fauna  Project  (WIBF)  has  amassed  a 
large  dataset  covering  as  much  as  possible  the  entire  breadth  of  the  Coleoptera  in  the  West  Indian 
Biodiversity  Hotspot. 

Methods:  Starting  with  an  in  depth  survey  of  the  Virgin  Islands  and  their  classical  Fabrician 
species,  over  50  islands  have  been  visited,  from  Cuba  to  St.  Lucia,  and  material  assembled  from 
another  20  islands  visited  by  others.  Besides  the  Virgin  Islands,  extensive  long-term  sample  plots 
have  been  established  on  Hispaniola,  Saba,  Montserrat  and  St.  Lucia,  establishing  the  utility  of 
this  system  for  greatly  increasing  the  degree  of  completeness  of  a  faunal  inventory. 

Results/Conclusion:  After  35  years,  the  patterns  emerging  are  showing  increasing  influence  of 
Pleistocene  eustastic  events  on  the  evolution  of  endemic  assemblages  and  single  island 
endemics.  We  will  review  examples  of  biogeographic  errors  resulting  from  “assumptions  of 
endemism”  (AE)  and  the  opposing  “assumptions  of  no  endemism”  (AN).  Only  relatively 
complete  sampling  of  a  large  number  of  islands  can  bring  accurate  biodiversity  patterns  to  light. 
The  over-description  of  synonyms  of  widespread  species  by  the  AE  error  masks  the  importance 
of  dispersal  and  human-mediated  transport,  while  AN  hides  important  centers  of 
endemism.  Under-sampling  leads  to  assertions  of  single-island  endemics,  and  reduces  the 
pressure  to  protect  important  portions  of  metapopulations  of  under-sampled  islands  harboring 
local  and  regional  endemics. 
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Introduction:  The  apparent  close  relationship  between  some  tribes  of  Rutelinae  and  Dynastinae 
has  confounded  the  classification  of  phytophagous  scarabs  and  our  understanding  of  the 
evolution  of  these  groups.  In  particular,  the  relationships  between  the  tribes  Anomalini 
(Rutelinae),  Rutelini  (Rutelinae),  and  Cyclocephalini  (Dyanstinae)  are  uncertain  based  on 
morphological  datasets.  New  data  types  are  needed  to  firmly  resolve  the  relationships  between 
these  large  scarab  tribes. 

Methods:  Transcriptomes  were  sequenced  on  the  Illumina  platform  from  specimens  representing 
these  three  tribes.  Additional  dynastine  scarabs  were  sampled  along  with  a  cetoniine  outgroup. 
These  data  were  phylogenetically  analyzed. 

Results/Conclusion:  These  data  offer  a  deep  look  into  the  molecular  evolution  of  the  scarab 
subfamilies  Rutelinae  and  Dynastinae.  Transcriptomic  data  can  also  be  applied  to  downstream 
processes  such  as  anchored  hybrid  enrichment  for  phylogenomic  datasets  and  incorporation  into 
larger  phylogenies. 
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Abstract  text: 


Introduction:  Despite  an  intensive  array  of  studies,  dung  beetle  phylogeny  still  remains 
unresolved.  In  this  study,  I  attempted  at  integration  of  molecular,  morphological  and  fossil  data 
to  revisit  the  phylogeny  of  dung  beetles. 

Methods:  Morphology-  and  molecular-based  phylogenetic  analyses  using  likelihood,  parsimony 
and  Bayesian  methods.  The  fossil  data  on  dung  beetles  is  revised. 

Results/Conclusion:  New  data  and  methods  of  analyses  shed  new  light  on  the  relationships  of 
dung  beetles,  which  in  turn,  suggested  new  changes  in  classification. 
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Abstract  text: 

Introduction:  Most  lineages  of  Scarabaeoidea  appeared  by  the  Mesozoic.  However  there  were 
still  no  fossil  record  of  many  extant  lineages  of  Scarabaeoidea  and  more  extinct  lineages  of 
Scarabaeoidea  were  not  found  as  well.  The  phylogenetic  reconstruction  of  Scarabaeoidea  is 
greatly  obstructed  due  to  lack  of  the  high  quality  fossil  records. 

Methods:  Cladistics,  geometric  morphometries  and  three-dimensional  reconstruction  approaches 
were  used. 

Results/Conclusion:  Three  new  extinct  families  of  Scarabaeoidea  (Alloioscarabaeidae  Bai,  Ren 
et  Yang,  2012;  Septemiventrisidae  Bai,  Ren,  Shih  et  Yang,  2013;  Passalopalpidae  Boucher  et 
Bai,  2016)  were  found  based  on  several  well  preserved  fossil  or  amber  using  cladistics  and 
geometric  morphometries  approaches.  Furthermore,  first  fossil  records  of  Dynamopodinae  and 


Athyreini  were  found  based  on  cladistics  analysis  and  three-dimensional  reconstruction. 
Additionally,  new  fossil  evidence  of  Glaresidae,  Hybosoridae,  Glaphyridae,  etc.,  were  found 
based  on  quality  fossil  specimens.  These  studies  are  of  great  interest  in  relation  to  the  knowledge 
of  Scarabaeoidea. 
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Introduction:  The  tribe  Sericini  in  North  America  currently  contains  five  genera:  Astaena, 
Symmela ,  Serica ,  Maladera ,  and  Nipponoserica.  Both  Maladera  and  Nipponoserica  are  recent 
introductions.  Serica  exhibits  the  highest  diversity  within  North  American  Sericini  with  over  100 
described  species  and  at  least  13  undescribed  species.  Sericini  possess  unique  biogeographical 
patterns  within  North  America,  but  dispersal  of  Sericini  to  North  America  remains  a  mystery. 
Here,  we  attempt  to  estimate  divergence  time  of  New  World  from  Old  World  Sericini,  thereby 
limiting  potential  dispersal  routes  from  the  Old  World.  Morphological  and  molecular  analysis 
produced  a  phylogeny  elucidating  relationships  between  North  American  genera  and  their  Old 
World  relatives. 

Methods:  A  morphological  character  matrix  was  produced  for  all  members  of  North  American 
Sericini,  from  which  a  phylogeny  was  contructed.  An  analysis  of  the  CO  1  barcoding 
mitochondrial  gene  region  and  two  nuclear  gene  regions  were  used  to  produce  a  molecular 
phylogeny. 

Results/Conclusion:  North  American  Serica  represent  a  monophyletic  group,  but  differ 
phylogentically  from  Serica  of  the  Palearctic  region.  The  previously  synonymized  name 
Stilbolemma  Harris,  1826  should  likely  be  applied  to  North  American  Serica  under  this  new 
classification. 
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Abstract  text: 

Introduction:  Flower  chafers  of  the  speciose  genus  Eudicella  White,  1839  are  broadly  distributed 
in  sub-Saharan  Africa.  The  genus  has  been  treated  by  different  authors  as  composed  by  either 
two  or  three  genera/subgenera,  but  an  overall  taxonomic  revision  is  missing.  Furthermore,  to 
date,  no  study  has  addressed  its  evolutionary  history.  This  study  aims  to  clarify  the  taxonomic 
position  of  subgenera  as  well  as  to  gain  insights  into  the  evolution  of  the  genus. 

Methods:  Genomic  DNA  from  specimens  representing  40  currently  as  valid  recognized  taxa  was 
extracted.  The  barcoding  fragment  (COI)  and  a  fragment  of  the  mitochondrial  16S  gene  were 
amplified.  Phylogenetic  trees  were  constructed  using  Maximum  Likelihood  and  Bayesian 
Inference.  Divergence  times  were  estimated  in  BEAST.  Ancestral  distributions  were  inferred 
employing  a  S-DIVA  analysis  in  RASP. 

Results/Conclusion:  The  phylogenetic  reconstruction  revealed  four  major  subgroups.  The 
common  ancestor  of  all  Eudicella  evolved  around  5  million  years  ago  (Ma).  Splits  of  main 
subgroups  and  species  were  estimated  to  date  back  between  approximately  3  Ma  and  0.5  Ma,  a 
time  when  Eastern  Africa  became  periodically  cooler  and  drier.  Moreover,  species  radiations 
correspond  to  three  phases  of  extreme  climatic  variability  between  mid-Pliocene  and  late 
Pleistocene  in  Eastern  Africa.  The  S-DIVA  analysis  revealed  Eastern  Central  Africa  as  historical 
distribution  for  the  common  ancestor  of  Eudicella  sd. 
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Introduction:  Many  species  of  beetles  exhibit  remarkably  large  and  ostentatious  male-specific 
traits  such  as  horns  and  enlarged  jaws.  These  exaggerated  male-specific  traits  are  weapons  that 
males  use  to  fight  over  access  to  females  and  ultimately,  to  sire  the  most  offspring.  We  and 
others  have  found  that  males  with  the  largest  horns  and  mandibles  win  fights  and  have  the  most 
offspring.  Our  goal  in  this  project  was  to  identify  the  genetic  and  physiological  mechanisms  that 
control  the  growth  of  beetle  horns  and  mandibles  during  development  under  different  nutritional 
conditions. 

Methods:  We  examined  gene  expression  during  specific,  critical  periods  of  beetle  development 
to  identify  these  mechanisms  in  three  different  species  of  beetles.  We  chose  these  three  species 
of  beetles  because  while  they  all  have  male-specific  exaggerated  traits,  the  type  of  trait  (head 
horn  versus  thoracic  horn  versus  enlarged  mandibles)  is  different  and  are  considered  to  have 
evolved  independently  of  each  other.  We  also  tested  the  function  of  genes  that  we  identified. 

Results/Conclusion:  Our  results  are  the  first  comprehensive  survey  of  gene  expression  from  three 
different  beetle  weapons  that  combine  function  with  form.  But  more  importantly,  we  can  now 
say  that  animal  diversity  in  form  is  not  controlled  by  single  genes  or  single  pathways  but  by 
complex  interactions  of  genes  and  physiological  signals,  even  between  relatively  closely  related 
beetle  species.  Our  results  have  important  implications  for  the  generality  of  physiological  and 
genetic  interactions  in  animal  communication  and  signaling  in  sexually-selected  traits. 
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Abstract  text: 

Introduction:  Charles  Darwin  is  best  known  for  his  founding  contributions  to  evolutionary 
theory.  Perhaps  lesser  known  was  his  life-long  passion  for  collecting  beetles.  During  the  years 
183 1-1836,  Darwin  served  as  a  naturalist  on  HMS  Beagle  and  travelled  primarily  to  southern 
South  America.  While  conducting  biodiversity  survey  and  inventory  research  on  the 
Scarabaeoidea  of  southern  South  America,  I  had  the  opportunity  to  study  numerous  specimens  of 
scarab  beetles  collected  by  Charles  Darwin  in  this  region. 

Methods:  In  August  201 1, 1  spent  three  weeks  at  The  Natural  History  Museum  in  London.  I 
carefully  searched  the  extensive  Scarabaeoidea  collection  and  found,  identified,  and  databased 
every  specimen  that  was  collected  in  southern  South  America  (consisting  roughly  of  the  southern 
half  of  Chile  and  Argentina).  Amongst  this  material,  Darwin  specimens  were  identified  by 
comparison  of  the  labels  with  previously-known  Darwin  specimens,  using  accession  records  of 
The  Natural  History  Museum,  and  by  using  published  resources  on  Darwin’s  personal 
collection.  All  specimens  examined  were  given  a  database  label  and  a  label  clearly  indicating 
that  they  were  collected  by  Darwin. 

Results/Conclusion:  More  than  50  specimens  of  Scarabaeoidea  were  discovered  in  The  Natural 
History  Museum  that  were  collected  by  Darwin  in  southern  South  America.  Darwin-collected 
specimens  were  discovered  throughout  the  collection  in  various  states  of  curation  and 
identification.  The  historical  labelling  of  Darwin  specimens  was  not  consistent,  over  half  of  the 
specimens  examined  did  not  have  Darwin’s  name  on  any  of  the  data  labels.  The  relevance  and 
importance  of  the  scarab  specimens  and  species  collected  by  Darwin  are  discussed. 
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Abstract  text: 

Introduction:  Johan  Christian  Fabricius  (1745-1808)  was  arguably  the  most  renowned  follower 
of  Linnaeus.  While  a  large  proportion  of  the  -10,000  species  he  named  are  in  his  own 
collections,  many  are  in  other  institutes  and  private  cabinets,  including  those  of  Sir  Joseph  Banks 
(1743-1820)  presented  to  the  British  Museum  in  1863. 

Methods:  The  two  drawers  of  scarabs  in  the  ‘Banks  Collection’  are  systematically  checked 
against  Fabricius’  descriptions  and  Ella  Zimsen’s  1964  catalogue  of  Fabricius’  types.  Species 
indicated  as  ‘Brit.  Mus.’  are  located,  where  possible,  in  the  main  collection.  Suspected  types  are 
verified,  compared  with  contemporary  concepts,  imaged  and  catalogued,  following  a  process 
used  by  Sekerka  &  Barclay  (2014). 

Results/Conclusion:  A  number  of  Fabricius’s  types,  including  several  not  re-examined  since  their 
description,  were  located  and  their  current  status,  and  potential  effects  on  scarab  nomenclature, 
are  discussed. 
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Abstract  text: 

Introduction:  In  the  Afrotropics,  insect  assemblages  on  carrion  have  barely  been  studied.  After 
large  scavengers  have  removed  the  majority  of  meat  and  internal  organs,  the  remaining  carcass  is 
mainly  consumed  by  scarab  beetles  and  flies. 

Methods:  From  1995  to  1998  we  studied  the  beetle  component  of  necrocenoses  in  the  Parc 
National  de  la  Comoe,  in  northeastern  Ivory  Coast.  Mainly  using  fresh  goat  skins,  we  set  up 
about  70  baits  which  were  exposed  for  one  to  seven  weeks  in  savanna  parkland,  gallery  forest, 
and  enclosed  grassland  of  the  river  valley;  some  baits  were  shaded,  some  watered,  and  there  was 
an  untreated  control.  We  collected  all  beetles  from  the  baits  three  times  a  day  resulting  in  over 
60,000  specimens  over  the  course  of  this  study. 

Results/Conclusion:  Scarabaeoidea  make  up  99.7%  of  the  necrophilous  beetle  fauna  with 
Phaeochrous  (Hybosoridae)  being  the  most  abundant  group,  followed  by  Trogidae.  Differences 
of  beetle  activities  between  times  of  day  and  between  habitats,  respectively,  could  clearly  be 
demonstrated.  The  main  factor  determining  abundance  of  necrophilous  beetles  are  single,  large 
rainfall  events.  On  the  days  after  heavy  rainfall  the  baits  were  visited  by  numbers  of  beetles  often 
magnitudes  larger  than  during  dry  periods.  Watering  the  baits  or  offering  high-quality  (fresh)  bait 
could  not  replicate  this  effect. 
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Abstract  text: 

Introduction:  There  are  approximately  100  described  species  in  the  genus  Chrysina.  They  occur 
in  montane  cloud  forests  and  dry  pine-oak  forests.  Typically  they  are  found  in  sympatric 


assemblages  of  species.  They  are  cryptically  colored  so  as  to  blend  with  their  habitat  which  is  in 
the  leaves  of  the  tree  host.  Although  some  species  are  readily  identifiable  by  unique  color 
pattern,  many  species  require  dissection  for  separation. 

Methods:  Chrysina  species  distributions  were  studied  by  systematic  surveys  using  ultra-violet 
mercury- vapor  (UV  MV)  lights  in  montane  habitats  throughout  North  and  Central  America. 

Results/Conclusion:  Cloud  forest  habitats  were  typically  more  diverse  (7-9  species)  than  dry 
pine-oak  forest  habitats  (3-4  species).  Guilds  were  organized  by  host  tree  usage.  There  also 
appeared  to  be  character  displacement  in  that  species  within  a  guild  were  always  readily 
separable  by  external  color  pattern,  suggesting  that  recognition  by  conspecifics  plays  a  role  in 
niche  competition  within  the  guild. 
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Abstract  text: 

Costa  Rica  is  a  country  with  high  endemicity  levels.  It  is  estimated  that  the  number  of  endemic 
Scarabaeinae  species  attains  38%  (versus  Dynastinae  (52%),  amphibians  (20%),  and  plants 
(11%)).  This  study  tries  to  explain  this  phenomenon  from  different  points  of  view. 
Biogeographical  studies  based  on  a  unit  area  basis  indicate  that  the  majority  of  endemisms  are 
associated  with  cloud  forests  (1000-2000  masl)  and  in  second  place  with  tropical  rain  forests. 
The  area  with  the  highest  endemicity  corresponds  to  the  volcanoes  of  the  Sierra  de  Guanacaste, 
which  although  very  limited  in  extension,  has  shown  active  volcanism  since  the  Miocene,  thus 
suggesting  that  this  mechanism  is  an  important  species  generator.  Oral  tradition  and  ancient 
indigenous  sculptures  are  presented  as  evidence  of  the  existence  of  bisons  in  Costa  Rica  in 
modern  times,  maintaining  the  presence  of  the  dung  beeetle  Copris  subpunctatus,  till  dung  bison 
replacement  by  Spanish-introduced  cattle.  Geology  and  mitochondrial  DNA  point  towards  an 


intense  endemicity  formation  process  along  the  Caribbean  and  Pacific  basins  due  to  the  uplift  of 
the  Talamanca  Cordillera.  The  use  of  dung  beetles  also  allowed  the  discovery  of  new  endemicity 
areas,  producing  a  fine-grained  mosaic  with  results  different  from  the  ones  obtained  traditionally 
using  birds  and  mammals.  Finally,  a  representativity  analysis  of  the  protected  areas  of  the 
country  shows  that  97%  of  the  Costa  Rican  endemic  species  are  under  some  form  of  protection. 
Additionally,  in  the  case  of  the  Costa  Rican  Scarabaeinae,  there  does  exist  geographic 
congruence  between  the  areas  having  high  species  richness  and  key  endemicity  areas. 
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Abstract  text: 


Introduction:  Entomopathogenic  fungi  (EPF)  are  used  to  control  black  vine  weevil  (BVW), 
Otiorhynchus  sulcatus,  and  show  promise  to  manage  other  pests  including  thrips  and  pine 
weevil.  The  use  of  EPF  in  Europe  is  expected  to  increase  due  to  EU  legislation  which  encourages 
Member  States  to  implement  the  principles  of  integrated  pest  management  (IPM)  with  priority 
given  to  non-chemical  control  methods.  The  efficacy  of  EPF  can  vary  due  to  a  range  of  biotic 
and  abiotic  factors.  However,  novel  technologies  and  strategies  (“stress  and  kill”,  “lure  and  kill”) 
which  enhance  the  efficacy  of  EPF  significantly  are  being  developed.  The  lure  and  kill  strategy 
entails  attractants  (pheromones,  kairomones)  to  lure  the  pest  to  the  control  agent.  Stress  and  kill, 
however,  entails  agents  that  stress  the  host  and  increase  its  susceptibility  to  EPF  infection.  The 
stressors  or  efficacy  enhancing  agents  (EEAs)  may  include  low  concentrations  (1-10% 
recommended  rate)  of  insecticide,  botanicals  and  entomopathogenic  nematodes.  Both  strategies 
lead  to  reduced  application  rates  and  offer  potential  savings  for  growers. 

Methods:  Here  we  summarize  our  progress  developing  EPF,  lures  and  EEAs  for  use  in 
innovative  pest  control  strategies.  Some  of  the  underlying  mechanisms  for  the  stress  and  kill 
strategy  are  outlined. 

Results/Conclusions:  EPF-EEA  combinations  have  been  identified  which  work  additively  or 
synergistically  in  the  control  of  weevil  pests  in  horticultural  and  forest  systems.  We  believe  use 
of  “lure  and  kill”  and  ‘“stress  and  kill”  pest  control  strategies  will  increase,  but  depend  on 
identification  of  compatible  synergistic  combinations. 
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Abstract  text: 

Introduction:  Historically,  several  factors  have  hindered  uptake  of  biological  control  strategies  by 
the  greenhouse  floriculture  industry:  low  tolerance  for  cosmetic  damage  and  presence  of  pests, 
the  sheer  diversity  of  ornamental  plants  grown,  ready  access  to  and  intensive  use  of  pesticides, 
and  quarantine  restrictions  on  exported  plants.  In  Canada,  though,  a  major  shift  has  occurred 
over  the  past  10  years  and  biological  control  now  underpins  most  pest  management  programs. 

Methods:  While  a  single  biocontrol  agent  (BCA)  (the  pesticide  paradigm)  rarely  provides 
satisfactory  control,  success  has  come  with  the  deliberate  selection  and  use  of  several  natural 
enemies,  including  microbial  biopesticides,  and  their  implementation  within  the  context  of  a 
floriculture  production  ‘system’.  While  microbial  biopesticides  and  microbial  extracts  are  used  to 
manage  both  insect  pests  and  plant  diseases,  here,  we  focus  on  the  use  and  integration  of 
entomopathogenic  species. 

Results:  Fungi,  e.g.  Metarhizium  brunneum  (Met52®),  Beauveria  bassiana  (Botanigard®),  and 
nematodes,  e.g.  Steinernema  feltiae  (many  trade  names),  are  widely  used  in  bio-based  IPM 
programs  for  thrips  and  whitefly.  These  are  often  strategically  applied  at  specific  stages  in  the 
crop  cycle  to  suppress  pest  population  growth;  they  are  very  compatible  with  macro-biological 
control  agents  available  via  commercial  insectaries  and  distributors  and  complement  their 
activity.  In  some  cases,  the  concurrent  use  of  microbial  biopesticides  and  macro-biological 
control  agents  enhances  the  level  of  pest  control  achieved.  This  presentation  provides  insights  on 
the  use  of  bioinsecticides  within  IPM  programs  in  commercial  greenhouses  where  biocontrol  is 
now  widely  adopted  allowing  production  of  many  ornamental  crops  with  minimal  pesticide 
inputs. 
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Certain  fungal  pathogens  are  incredibly  effective  against  particular  insect  pests  for  reasons  we  do 
not  fully  understand.  The  situation  with  coffee  green  scale  and  the  white  halo  fungus 
Lecanicillium  muscarium  is  one  such  example.  Another  is  the  effectiveness  of  Beauveria 
bassiana  against  Hypothenemus  hampei ,  the  coffee  berry  borer.  In  coffee  berry  borer,  naturally 
occurring  infections  sometimes  exceed  50%  under  conditions  of  optimal  weather  and  micro¬ 
habitat.  A  major  goal  of  our  research  is  to  use  sprays  of  this  biopesticide  to  optimize  levels  of 
infection  while  minimizing  labor  and  material  costs.  Even  during  dry  weather,  infection  levels 
associated  with  sprays  of  Beauveria  are  remarkably  high  due  to  the  dispersal  and  feeding  habits 
of  the  beetle.  Although  significant  numbers  of  viable  spores  persist  within  the  canopy  of  coffee 
trees  for  weeks  after  applications  of  Beauveria  sprays,  the  role  of  these  spores  in  beetle  infection 
is  not  clear.  Apparently  most  beetles  are  infected  either  at  the  time  of  spraying  or  shortly  (within 
a  few  days)  thereafter.  Local  (native?)  strains  of  Beauveria  bassiana  are  easily  recovered  from 
both  natural  areas  and  the  coffee  agroecosystem  in  Hawaii.  Certain  of  these  strains  are  dominant 
and  widespread,  and  are  candidates  for  commercialization. 
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Introduction:  Biopesticides  are  making  inroads  into  the  product  portfolios  of  several 
multinational  agrochemical  businesses  and  are  receiving  consideration  for  use  in  large-acreage 
crops.  This  trend  is  reflected  in  both  sales  forecasts  and  the  proportion  of  projected  new 
registrations.  Currently,  over  half  of  new  pesticide  registrations  in  the  USA  are  considered 
biopesticides.  Biopesticides  may  thus  help  farmers  meet  demands  from  consumers  for  pesticide- 
residue  free  food,  and  crop  protection  specialists  implementing  integrated  pest  management  and 
insecticide  resistance-management  programs. 

Methods:  Here  we  provide  an  overview  of  the  biopesticide  industry  in  the  United  States.  We 
look  at  new  product  registrations  and  the  categories  of  biopesticides  that  are  receiving  the  most 
interest  in  different  agricultural  sectors. 

Results/Conclusions:  Traditional  microbial-based  products  are  gaining  traction  but  also  being 
supplemented  by  industrial  fermentation  of  new  microorganisms  and  improvements  in  mass 
screening  procedures.  The  larger  research  and  development  budgets  of  multinational 
agrochemical  companies  may  ensure  that  this  trend  continues  in  the  coming  decades.  Advances 
in  storage  and  fermentation  techniques  also  offer  prospects  to  decrease  the  cost  of 
entomopathogenic  fungi  and  other  entomopathogens.  The  rise  in  the  macro-biological  control 
markets  might  synergize  with  the  rise  in  biopesticides  to  offer  new  solutions  to  existing  pest 
problems. 
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Introduction:  The  use  of  synthetic  insecticides  has  been  the  primary  approach  in  modem 
agriculture  for  controlling  insect  pests  on  crops  and  ornamentals  in  the  developed  and  developing 
world.  The  overreliance  on  chemical  based  pesticides  has  resulted  in  a  series  of  problems, 
including  risk  of  environmental  contamination,  loss  of  biodiversity ,  development  of  insecticide- 
resistant  pest  populations,  resurgence  of  certain  pests,  outbreaks  of  the  secondary  or  related  niche 
pests,  increase  in  inputs  of  chemistries  and  environmental  and  human  toxicological  hazards  due 
to  the  potential  for  accumulation  of  pesticide  residues  in  the  food  chain. 

Methods:  Biological  pesticides  offer  alternative  modes  of  action  and  materials  with  limited  if  any 
toxicological  effects  or  humans,  animals  or  the  environment.  Biopesticides  are  developed  from 
natural  plant,  microbial  (including  viruses)  and  biochemicals  as  classified  by  the  US  EPA.  They 
are  beneficial  as  stand-alone  pest  control  or  suppression  agents  and  in  combination  or  rotation 
with  chemical  pest  control  materials. 

Conclusions:  Baculo virus,  including  granulosis  viruses  (GV)  and  nucleopolyhedro virus  (NPV) 
are  alternatives  to  chemical  insecticides.  The  use  of  baculovirus  as  insecticides  is  based  on  a  set 
of  useful  properties,  such  as  pathogenicity,  specificity,  narrow  host  range,  environmental 
persistence,  suitability  to  add  to  other  bio-agents  with  synergism,  and  ability  to  induce 
epizootics.  Two  NPVs,  Helicoverpa  armigera  nucleopolyhedro  virus  (HearNPV)  and  Spodoptera 
exigua  nucleopolyhedro  virus  (SeNPV)  have  achieved  registration  in  the  USA  in  late  2015.  This 
presentation  will  review  these  baculovirus,  their  modes  of  action  against  corn  earworm  and  beet 
armyworm  and  their  utility  in  fruit  and  vegetable  production. 
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Introduction:  My  copesticides  comprise  environmentally-friendly  components  in  IPM  programs 
that  minimize  reliance  on  chemical  insecticides  and  mitigate  insecticide  resistance.  Organic 
agriculture  is  expanding  in  Brazil,  offering  new  opportunities  to  exploit  microbial  agents  of 
arthropod  pests.  Brazil  has  the  largest  microbial  control  program  worldwide  using  the  fungal 
pathogen  Metarhizium  anisopliae  for  controlling  spittlebugs  on  over  3  million  hectares  of  pasture 
and  sugarcane.  Additionally,  the  anamorphic  ascomycetes  Beauveria  bassiana ,  Isaria  spp.,  and 
Lecanicillium  spp.  are  expanding  their  use  throughout  the  country  targeting  a  wide  range  of 
pests.  Other  fungal  entomopathogens  are  little  explored  owing  to  their  limited  range  of  targets  or 
difficulties  in  large  scale  production.  Advances  in  mass  production  and  formulation  play  an 
important  role  in  this  commercialization.  However,  most  mycopesticides  (>70%)  encompass 
unformulated  technical  concentrates  (active  biomass+substrate),  which  may  result  in  inconsistent 
results  and  hinder  further  commercial  development. 

Methods:  Here  we  summarize  our  progress  in  innovative  liquid  fermentation  and  formulation 
technologies  that  produce  stable,  infective  fungal  propagules  for  use  in  biocontrol  of  arthropod 
pests. 

Results/Conclusions:  Although  solid-substrate  produced  conidia  remain  the  predominant 
propagule  used  as  mycopesticides,  vegetative  propagules  consisting  of  blastospores  or 
microsclerotia  are  gaining  interest  for  the  biocontrol  of  above  and  below  ground  pests.  We 
believe  that  the  selection  and  production  of  virulent  and  environmentally  stable  fungal  products 
will  foster  increased  acceptance  by  stakeholders  contributing  to  a  more  sustainable  agricultural 
system  in  Brazil. 


Symposium 

Presentation  Title:  Overview  of  microbial  control  programmes  in  South  Africa 

Author  Name:  Justin  Hatting 

Author  Institution:  Agricultural  Research  Council 

Session  Title:  Symposium:  Regional  Status  of  Microbial  Control  Programs 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3205 

DOI:  10. 1603/ICE.2016. 95014 


Abstract  text: 


Introduction:  SA  legislation  banning  or  limiting  the  use/sale  of  several  insecticides  has  been 
tabled  since  the  late  1970s,  with  recent  interventions  including  the  withdrawal  of  monocrotophos 
in  2005,  chlorpyrifos  (products  for  home-use)  in  2010,  and  both  endosulfan  and  aldicarb  in  2012. 
Moreover,  with  >150  cases  of  human  poisoning  due  to  chemical  insecticides  reported  annually  in 
SA,  the  need  for  safer,  environmentally- sound  insect  control  options  intensifies.  This  notion  is 
underscored  by  a  rapidly  growing  (global)  market  for  biopesticides;  valued  at  $1.8  billion  in 
2013  and  expected  to  reach  $4.4  billion  by  2019. 

Methods:  The  SA  Bioproducts  Association  (www.sabo.org.za)  (established  2013)  seeks  to 
develop  the  bioproduct  industry  and  to  regulate  the  activities  of  participants  in  accordance  with 
ethical,  legal  and  science-based  standards.  Nationally,  the  launch  of  the  country's  Bio-Economy 
strategy  in  January  2014,  provided  a  road-map  for  developing  South  Africa's  natural  biological 
resources  into  commercial  products  in  health,  agriculture  and  industry  (www.dst.gov.za).  In 
support  of  this  initiative,  the  Department  of  Agriculture,  Forestry  and  Fisheries  (DAFF),  has 
recently  (June,  2015)  published  new  guidelines  on  data  required  for  registration  of 
biological/biopesticidal  remedies  in  SA. 

Results/Conclusion:  Bioinsecticides  now  sold  in  SA  include  viruses  (Cryptex®,  Bolldex®, 
Madex®,  Helicovir®,  Cryptogran®),  Bacillus  thuringiensis  products  ( e.g .,  DiPel®,  Florbac®, 
Vectobac®),  entomopathogenic  nematodes  (Cryptonem®),  as  well  as  entomopathogenic  fungi 
(Eco -Bb®  and  Broadband®).  Companies  selling  microbial  insecticides  include  Madumbi 
Sustainable  Agriculture,  Plant  Health  Products,  River  Bioscience,  BASF,  Dagutat  and  Agro 
Organics.  The  presentation  will  elaborate  on  the  markets  for  these  products  and  new  research 
initiatives,  with  special  focus  on  EPNs. 
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Introduction:  Arthropod  pests  are  important  limiting  factors  to  enhancing  food  and  nutritional 
security  in  East  Africa,  thus  hindering  economic  development.  The  control  of  these  arthropods 
has  relied  almost  exclusively  on  the  use  of  synthetic  chemical  pesticides.  This  practice  is  not 
sustainable,  and  endangers  biological  diversity  and  environment.  Biological  control  using 
entomopathogens  is  one  of  the  alternatives  in  reversing  agriculture’s  hazardous  dependence  on 
synthetic  pesticides  and  establishing  a  more  environmentally  friendly  paradigm. 

Methods:  For  the  last  four  decades,  these  microorganisms  have  been  extensively  studied  in  East 
Africa  and  some  developed  into  microbial  insecticides  or  biopesticides  targeting  key  insect  pests 
and  disease  vectors  such  as  fruit  flies,  thrips,  desert  locust,  Malagasy  migratory  locust,  red  spider 
mites,  aphids,  termites,  tsetse  flies,  ticks,  etc.  The  steps  that  pose  great  challenge  include  mass 
production,  formulation,  safety,  registration  and  commercialisation.  However,  due  to  stringent 
measures  on  minimal  residue  level  (MRL)  being  imposed  by  importing  countries  and  the 
increased  awareness  by  the  public  for  “green  produce”,  a  window  of  opportunity  exist  for 
biopesticides  in  East  Africa.  Activities  included  screening  and  selection  of  potent  isolates, 
assessing  effects  of  biotic  and  abiotic  constraints,  formulation,  development  of  application 
strategies,  field  suppression,  and  establishing  public  private  partnerships  for  product 
commercialization. 

Results/conclusion:  In  partnership  with  a  number  of  African-based  private  sector  companies, 
ICIPE  has  developed  several  microbial-based  products  some  of  which  are  commercially 
available  and  registered  in  various  African  countries  to  manage  the  above  listed  arthropod  pests. 
Challenges  and  outcomes  of  these  biopesticide  development  and  commercialization  initiatives 
will  be  presented. 
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Introduction:  Biopesticides  are  needed  to  control  endemic  and  invasive  pests  impacting  New 
Zealand’s  primary  agricultural  sectors,  including  pests  that  are  emerging  as  a  result  of  climate 
change  and  farming  intensification.  Products  developed  in  New  Zealand  are  usually  based  on 
endemic  strains  of  microbes,  including  new  species/strains  identified  from  New  Zealand  with 
novel  modes  of  action.  For  example,  Invade  and  BioShield  were  developed  using  endemic 
strains  of  bacteria  for  use  in  New  Zealand  only.  Historically,  most  of  these  biopesticide  products 
have  struggled  for  market  share  and  remained  in  small  niche  markets,  but  more  recently  the 
numbers  of  products  registered  for  use  has  been  steadily  increasing  in  response  to  consumer 
demand. 

Methods:  Factors  limiting  past  use  of  biopesticides  in  New  Zealand  are  reviewed  and  an  update 
provided  on  new  approaches  in  biopesticide  research,  commercialization,  and  registration 
processes. 

Results/Conclusions:  New  approaches  to  biopesticide  development  are  leading  to  novel  products 
with  international  applications  and  the  launch  of  several  new  startup  companies  suggest  a 
brighter  future  for  biopesticide  use  in  New  Zealand. 
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Introduction:  Insects  have  emerged  as  one  of  the  most  responsive  groups  to  anthropogenic 
climate  change,  and  some  of  the  more  noticeable  societal  impacts  of  global  warming  have  been 
mediated  by  insects.  Insects  demonstrate  the  extremes  of  responses  observed  across  the  natural 
world.  Some  species  have  suffered  population  extinctions  and  range  contractions,  while  others 
have  exhibited  population  booms  and  range  expansions.  Responses  have  sometimes  stemmed 
from  a  direct  effect  of  climate,  but  in  other  cases  are  almost  entirely  caused  by  climatically- 


driven  alterations  of  interactions  among  species.  With  detailed  observational  records  on 
distributions,  abundances,  life  histories  and  phenologies  going  back  as  far  as  250  years,  insects 
are  also  one  of  the  best  documented  groups  of  wild  species.  Further,  many  insects  are  known 
pests  or  vectors  of  human  diseases. 

Methods:  Methods  included  high  level  syntheses  of  impacts  of  anthropogenic  climate  change  on 
wild  species  (from  meta-analyses  and  climate  assessment  reports). 

Results/Conclusion:  I  will  provide  an  overview  of  responses  of  insects  to  recent  climate  change 
and  summarize  how  this  information  has  been  incorporated  into  the  Intergovernmental  Panel  on 
Climate  Change  reports  as  well  as  into  national-level  impact  assessments.  Insects  have  emerged 
as  important  indicator  species,  providing  scientists  with  more  general  insights  into  how  climate 
change  is  impacting  the  natural  world.  In  northern-temperate  regions,  warming  winters  have 
reduced  insect  mortality  and  increased  generation  time.  This,  together  with  expansion  of  insect 
ranges  poleward  and  upward,  has  led  to  insects  also  playing  an  important  role  in  assessment  of 
health,  forestry  and  agricultural  impacts  of  anthropogenic  climate  change. 
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Introduction:  Population  growth  rates  derive  from  component  vital  rates  of  fecundity  and 
survival.  Understanding  the  relationship  between  climate  drivers  of  vital  rates  and  of  resulting 
population  growth  rates  is  critical  to  understanding  how  climate  change  will  affect  populations. 
We  hypothesized  that  drivers  of  population  growth  rates  are  a  linear  combination  of  drivers  of 
component  population  vital  rates. 

Methods:  We  calculated  vital  rates  for  a  population  of  Euphydryas  gillettii  in  Colorado,  U.S. 
from  data  from  the  1980s  and  2002-2014.  These  rates  included  fecundity,  survival  from  egg  to 


diapausing  larva,  and  survival  from  diapausing  larva  to  adult.  Using  multiple  regression,  we 
determined  the  climate  drivers  for  these  vital  rates  and  for  overall  population  growth  from  one 
generation  of  adults  to  the  next.  We  also  examined  changes  in  the  means  and  variances  of  the 
significant  climate  drivers  and  of  the  vital  rates  and  population  growth  rates. 

Results/Conclusion:  A  different  set  of  climate  drivers  affected  each  vital  rate,  and  only  the 
drivers  affecting  survival  from  diapausing  larva  to  adult  drove  the  overall  population  growth  rate. 
Means  of  the  climate  parameters  were  unchanged  across  the  study,  but  variances  increased  for 
climate  parameters  affecting  late  larval  stage  survival  and  overall  population  growth  rate.  In  the 
context  of  other  work  on  insects,  we  conclude  that  changes  in  the  variance  of  climate  parameters 
may  be  just  as  important  as  changes  in  the  means.  Also,  for  species  with  life  stages  that  are 
inaccessible  to  study,  conclusions  about  the  effects  of  climate  change  on  population  trajectories 
may  be  misleading. 


Symposium 

Presentation  Title:  Relative  importance  of  climate,  habitat,  and  species'  traits  on  population 
dynamics 

Author  Name:  Georgina  Palmer 
Author  Institution:  University  of  York 

Session  Title:  Symposium:  Climate  Change  Impacts  and  Insect  Population  Dynamics 
Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3210 
DOI:  10. 1603/ICE.20 16. 107379 

Abstract  text: 

Introduction:  Species’  responses  to  recent  environmental  changes  have  been  highly 
heterogeneous,  showing  variation  in  abundance  trends,  geographic  range  size  changes,  and 
directions  of  range  shifts.  Here,  we  investigate  the  causes  of  such  variation  among  species  in 
their  population  changes. 

Methods:  Using  distribution  and  abundance  data  collected  for  British  Lepidoptera,  we  quantify 
species’  population  changes  since  the  late  1960s  (moths)  and  early  1970s  (butterflies).  We  also 


quantify  species’  sensitivity  and  exposure  to  climate  over  the  same  time  period,  and  then  go  on 
to  describe  species’  habitat  specialism  and  availability  across  our  study  area  (Great  Britain). 

Results/Conclusion:  We  describe  the  relative  importance  of  climate  and  habitat,  as  well  as 
species’  traits,  in  driving  the  variation  among  species  in  their  population  changes.  We  conclude 
that  variation  in  species’  responses  to  recent  climate  change  may  be  more  predictable  than 
previously  recognized. 
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Introduction:  Extreme  low  air  temperatures  in  winter  are  increasing  disproportionately  relative  to 
temperatures  during  the  rest  of  the  year.  Conversely,  exposure  to  extreme  low  temperatures  is 
increasing  for  organisms  that  overwinter  beneath  snow,  due  to  ongoing  reductions  in  snow  cover 
and  its  associated  thermal  buffering.  To  predict  the  impacts  of  climate  change  on  insect 
populations,  we  must  understand  how  alterations  in  low  temperature  exposure  will  impact 
physiology  and  life  histories.  A  mechanistic  understanding  can  inform  us  of  potential 
evolutionary  responses  to  climate  change. 

Methods:  We  studied  adaptation  of  Drosophila  melanogaster  to  acute  low  temperature  exposure. 

Results/Conclusion:  Adaptation  of  Drosophila  melanogaster  to  acute  low  temperature  exposure 
increases  rates  of  growth,  activity,  respiration,  catabolism  and  anabolism.  In  addition,  flies  that 
recover  rapidly  from  cold  stress  have  greater  metabolic  plasticity,  and  maintain  metabolic 
homeostasis  more  effectively  during  cold  exposure.  We  suggest  that  selection  pressures  imposed 
by  acute  low  temperature  exposure  can  induce  shifts  in  life-history  strategies,  unpinned  by 
remodeling  of  pathways  of  central  metabolism.  Acute  low  temperature  exposure  may  be  an 


under-appreciated  force  leading  to  the  development  and  maintenance  of  elevational  and 
latitudinal  clines  in  metabolic  traits. 
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Introduction:  Elevated  temperature  associated  with  global  warming  impacts  diverse  organisms 
not  only  directly  but  also  indirectly  via,  for  example,  other  organisms  they  are  interacting  with.  It 
is  known  that  global  warming  may  substantially  affect  biodiversity  and  ecosystem  via  disrupting 
mutualistic/parasitic  associations  between  species.  Here  we  report  an  unequivocal  experimental 
demonstration  that  global  warming  can  affect  an  insect  via  suppression  of  its  obligate  bacterial 
symbiont. 

Methods:  Nymphs  and  adults  of  the  southern  green  stink  bug  Nezara  viridula  L.  (Hemiptera- 
Heteroptera:  Pentatomidae)  were  reared  inside  and  outside  of  a  simulated  warming  incubator 
inside  of  which  temperature  was  controlled  at  2.5°C  higher  than  that  outside.  This  was  done  at 
five  constant  temperatures  in  the  laboratory  (25  to  30°C).  Symbiotic  bacteria  population  was  also 
suppressed  by  an  antibiotic  treatment. 

Results/Conclusion:  Nezara  viridula  depends  on  a  specific  gut  bacterium  for  normal  growth  and 
survival.  The  insects  reared  in  the  incubator  exhibited  severe  fitness  defects  (i.e.,  retarded 
growth,  reduced  size,  abnormal  color,  etc.)  and  significant  reduction  of  symbiont  population, 
particularly  in  the  mid-summer  season,  whereas  the  insects  reared  outside  did  not  have  these 
symptoms.  Rearing  at  >30°C  produced  similar  defective  phenotypes  of  the  insects.  Experimental 
symbiont  reduction  by  an  antibiotic  treatment  also  induced  similar  host  symptoms.  These  results 
strongly  suggest  that  high  temperature  primarily  damages  the  insects  not  directly  but  indirectly 


via  the  heat- vulnerable  obligate  bacterial  symbiont,  and  illuminates  the  practical  relevance  of 
mutualism  collapse  in  the  context  of  global  warming. 


Symposium 

Presentation  Title:  Hybridization  in  the  context  of  a  changing  climate 

Author  Name:  Sean  Ryan 

Author  Institution:  University  of  Notre  Dame 

Session  Title:  Symposium:  Climate  Change  Impacts  and  Insect  Population  Dynamics 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3213 

DOI:  10. 1603/ICE.20 16. 106132 

Abstract  text: 

Introduction:  Hybrid  zones  have  long  been  studied  for  their  insights  into  the  abiotic  and  biotic 
factors  driving  or  maintaining  divergence  between  species.  In  response  to  climate  change,  these 
patterns  of  divergence  in  hybrid  zones  may  shift  due  to  changing  selective  pressures  and 
introgression.  To  date,  few  studies  have  documented  climate-mediated  movement  of  hybrid 
zones  and  even  fewer  have  explored  and  quantified  climate-mediated  changes  at  the  genomic 
level. 

Methods:  A  genome-wide  set  of  genetic  markers  and  a  species-diagnostic  morphological  trait 
from  historical  and  contemporary  specimens  collected  from  across  a  butterfly  ( Papilio  glaucus 
and  Papilio  canadensis )  hybrid  zone  were  used  to  assess  how  introgression  has  changed  over  a 
30  year  period  of  warming. 

Results/Conclusion:  The  P.  glaucus  and  P.  canadensis  hybrid  zone  has  shifted  northward  by  ~38 
km  between  1980  and  2012  and  appears  to  be  shifting  as  a  whole,  with  little  evidence  of 
discordance  among  the  highly  divergent  portions  of  the  genome.  A  lengthening  growing  season 
is  the  most  likely  explanation  for  this  movement.  The  amount  of  melanization  within  a  portion  of 
the  hind  wing  also  appears  to  be  changing,  but  differentially  between  species  -  getting  smaller  in 
P.  canadensis  and  larger  in  P.  glaucus ,  possibly  due  differential  warming  that  has  occurred  in 
different  portions  of  the  hybrid  zone.  Our  results  provide  strong  evidence  of  a  climate-mediated 


movement  of  an  insect  hybrid  zone  and  also  suggest  that  voltinism  transition  zones,  not  just 
hybrid  zones,  may  be  ideal  regions  to  study  the  response  of  arthropods  to  climate  change. 
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Introduction:  Climate  change  is  expected  to  lead  to  gradual  temperature  increases  but  with 
increased  short-term  variability  leading  to  more  extreme  weather  events.  This  can  lead  to 
complex  effects  on  population  dynamics,  challenging  our  ability  to  make  predictions. 

Methods:  I  discuss  research  assessing  the  impacts  of  both  climate  (long-term  averages)  and 
weather  (short-term  perturbations)  on  butterfly  population  dynamics.  I  will  use  examples 
gathered  from  both  spatial  analyses  across  species’  climatic  ranges,  and  temporal  analyses  using 
long  term  monitoring  data. 

Results/Conclusion:  Results  suggest  that  incorporating  the  impacts  of  short-term  weather 
variability  is  crucially  important,  and  can  lead  to  very  different  predictions  compared  with 
considering  only  long-term  changes  in  climatic  means.  Land  use  can  also  have  important 
interactions  with  the  impacts  of  weather  and  climate.  This  presents  both  additional  risks  for 
species  persistence,  but  also  opportunities  for  climate  change  adaptation. 
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Abstract  text: 

Introduction:  The  12  million-year  (my)  interval  from  the  transient,  10,000-year-long  Paleocene- 
Eocene  Thermal  Maximum  (PETM)  to  mid  early  Eocene  is  associated  with  pronounced  global- 
climate  change  characterized  by  episodic  elevation  in  temperature  from  5°  to  7°C  and  tripling  or 
more  of  atmospheric  CO2  levels.  This  period  is  associated  with  significant  increases  and 
fluctuations  in  insect  herbivory. 

Methods:  Insect  herbivory,  as  measured  by  damage  types  (DTs)  on  dicot  leaves,  were  analyzed 
for  22  floras  spanning  the  PETM  of  the  Paleocene-Eocene  boundary  at  56  Ma  in  the  Bighorn 
Basin  of  Wyoming,  U.S.  A  second  study  evaluated  two  lake  sites  from  the  middle  Eocene  in 
western  Germany:  Messel  at  47.8  and  Eckfeld  at  44.3  Ma.  In  the  Wyoming  study,  nine 
stratigraphic  levels  from  22  sites  representing  a  6.5  my  duration  yielded  9,071  leaves  with  71 
DTs.  The  two  German  sites  collectively  contained  16,082  leaves  and  89  DTs. 

Results/Conclusion:  Sudden  PETM  climate  change  resulted  in  a  major,  stationary  shift  in  floral 
latitudinal  zones  such  that  the  warm-temperate  flora  of  Wyoming  became  compositionally 
subtropical.  Increased  herbivory  with  elevated  temperature  and  atmospheric  CO2  levels  is 
explained  by  greater  herbivore  consumption  rates  as  plant  nitrogen  became  limited.  The  German 
sites  also  occurred  during  exceptionally  warm  periods  and  displayed  considerably  higher  levels 
of  insect  herbivory,  but  greater  than  contemporaneous  North  and  South  American  floras. 
Evergreen  plant  hosts  experienced  greater  herbivory  levels  over  deciduous  ones  at  older  Messel, 
but  not  younger  Eckfeld,  explained  by  earlier  increases  in  atmospheric  CO2  levels  that 
overwhelmed  evergreen  plant  anti-herbivore  defenses. 
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Abstract  text: 

Introduction:  For  many  species,  geographical  ranges  are  expanding  toward  the  poles  in  response 
to  climate  change,  while  remaining  stable  along  range  edges  nearest  the  equator. 

Methods:  Using  long-term  observations  across  Europe  and  North  America  over  110  years,  we 
tested  for  climate  change-related  range  shifts  in  bumblebee  ( Bombus )  species  across  the  full 
extents  of  their  latitudinal  and  thermal  limits  and  movements  along  elevation  gradients.  We 
tested  also  for  land  use  change  and  pesticide/neonicotinoid  impacts.  Analyses  used  phylogenetic 
generalized  least  squares. 

Results/Conclusion:  We  found  cross-continentally  consistent  trends  in  failures  to  track  warming 
through  time  at  species  northern  range  limits,  range  losses  from  southern  range  limits,  and  shifts 
to  higher  elevations  among  southern  species.  These  effects  are  independent  of  changing  land 
uses  or  pesticide  applications  and  underscore  the  need  to  test  for  climate  impacts  at  both  leading 
and  trailing  latitudinal  and  thermal  limits  for  species.  Factors  limiting  range  expansion  from 
bumblebee  species  historical  northern  range  and  cold  thermal  niche  limits  need  to  be  investigated 
urgently.  The  evolutionary  origins  of  bumblebees,  combined  with  niche  conservatism  in  their 
tolerance  to  warm  conditions,  provides  a  novel  mechanism  that  plausibly  explains  why 
bumblebee  responses  to  rapid,  anthropogenic  climate  change  differ  dramatically  from  responses 
observed  among  most  other  taxa.  Yet,  within  some  species'  ranges,  distinct  impacts  of 
intensifying  land  uses,  particularly  in  terms  of  extremely  high  neonicotinoid  applications, 
represent  an  additional  threat  that  is  "hollowing  out"  some  species'  ranges.  Bumblebee  decline 
due  to  these  aspects  of  global  change  are  likely  to  lead  to  extinctions  in  short  order. 


Symposium 


Presentation  Title:  Winners  and  losers  of  Arctic  climate  change  —  insect  and  spider  abundance 
variation  across  two  decades  in  high-arctic  Greenland 

Author  Name:  Toke  Hoye 

Author  Institution:  Aarhus  University 

Session  Title:  Symposium:  Climate  Change  Impacts  and  Insect  Population  Dynamics 
Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3217 
DOI:  10. 1603/ICE.20 16. 105033 

Abstract  text: 

Introduction:  Tracking  long-term  abundance  changes  of  individual  species  through  periods  of 
climate  change  offers  an  opportunity  to  identify  how  climate  change  alters  ecological 
communities  through  gradual  changes  in  abundance. 

Methods:  Sampling  of  arthropods  was  carried  out  with  pitfall  traps  on  a  weekly  basis  through 
each  year  from  1996  to  2014  as  part  of  the  Greenland  Ecosystem  Monitoring  program  at 
Zackenberg,  NE  Greenland.  We  identified  30,078  Araneae,  22,408  Muscidae  and  4,476 
butterflies  (Nymphalidae  and  Pieridae)  to  the  species  level.  We  tested  how  the  abundance  of 
individual  species  has  changed  in  response  to  climate  change.  We  employed  a  novel  approach  to 
the  separation  of  activity  and  abundance  and  related  abundance  to  lagged  effects  of  temperature 
and  timing  of  snowmelt. 

Results/Conclusion:  Our  results  demonstrate  that  population  declines  are  more  prevalent  than 
population  increases  at  our  site.  Specifically  among  the  Muscidae  many  species  are  declining  in 
abundance.  The  changes  were  unevenly  distributed  across  habitat  types,  with  most  of  the 
declines  observed  in  wet  tundra.  There  was  a  strong  signal  of  density-dependence  and 
temperature  and  timing  of  snowmelt  in  the  previous  season  was  important  for  some  species. 
Community  shifts  were  largely  due  to  changes  in  abundance  and  point  to  the  importance  of 
dispersal  limitation  as  a  critical  determinant  of  future  changes  in  the  diversity  and  composition  of 
ecological  communities. 
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Abstract  text: 

Introduction:  Given  concerns  regarding  food  security  in  Africa,  understanding  how  pest  insects 
are  likely  to  respond  to  future  change  is  imperative.  Land  managers  often  require  information 
regarding  how  local  climates  affect  the  phenology,  abundances,  distributions,  and  performance 
of  key  traits  of  insects,  variables  that  can  be  attained  more  readily  with  process-based, 
mechanistic  modelling  approaches  than  other  approaches  commonly  employed. 

Methods:  Here,  we  present  a  process-based  (mechanistic)  modelling  framework  that  incorporates 
spatially-explicit  climatic  datasets,  coupled  with  degree-day  models  and  species'  physiological 
tolerances,  to  predict  the  relative  performance  and  survival  of  African  agricultural  pest  insects. 
Using  this  framework  we  explore  how  different  characteristics  of  the  insect  and  the  landscape 
(e.g.  topography,  altitude)  inherently  affect  predictions  of  pest  responses  to  climate  change. 

Results/Conclusion:  Simulations  of  species  responses  for  the  African  continent  reveals  that 
species  differing  in  thermal  tolerance,  desiccation  resistance  and  developmental  rates,  will  need 
to  respond  in  radically  different  ways  to  climate  change  to  maintain  performance  and  fitness, 
implying  that  local  adaptation  or  plasticity  of  key  traits  will  be  increasingly  relied  upon.  At 
smaller  spatial  extents,  the  spatial  resolution  of  the  model  simulation  dramatically  influences 
predictions  of  core-body  temperature,  and  any  predictions  of  trait  or  species  responses  based 
thereon.  The  specific  inclusion  of  behavioural  thermoregulation  into  the  mechanistic  modelling 
framework  may  further  alter  predictions  of  potential  climate  change  impacts  for  crop  pests. 

These  findings  highlight  important  caveats  and  discrepancies  in  current  modelling  approaches, 
and  provide  much  needed  insights  into  how  African  agricultural  insect  pests  might  respond  to 
future  climate  change. 
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Abstract  text: 

Introduction:  Recently,  large-scale  phenological  changes  (i.e.  the  seasonal  timing  of  biological 
events)  in  marine,  freshwater  and  terrestrial  environments  have  been  linked  to  climate  change. 
Species  are  evidently  responding  to  a  changing  climate  by  advancing  their  phenologies  (e.g. 
timing  of  reproduction,  migration  etc.),  although  not  necessarily  at  the  same  rate.  We  present  the 
latest  findings  on  aphid  migration  to  show  how  species  respond  to  temperature  and  atmospheric 
patterns  and  give  an  indication  how  parasitoids,  as  regulators  of  aphid  pests,  are  responding. 

Methods:  Migrating  aphids  were  sampled  using  a  12.2m  suction-trap  network  that  covers  most 
regions  within  the  UK.  For  our  main  analyses,  we  studied  55  species  of  aphid  using  a  50  year 
time  series  using  the  most  comprehensive,  standardised  dataset  on  terrestrial  invertebrates  in  the 
world.  The  effect  of  temperature  (accumulated  day  degrees  >16°C)  and  the  winter  North  Atlantic 
Oscillation  (NAO)  on  aphid  phenology  and  annual  counts  were  analysed  using  mixed  models. 
The  host-parasitoid  study  used  simple  linear  regressions  to  study  the  synchrony  between  seasonal 
peaks  in  migration. 

Results/Conclusion:  Aphids  are  showing  some  of  the  fastest  responses  to  climate  change:  all  55 
species  studied  had  earlier  first  flights  and  most  species  are  also  lengthening  their  flight  season. 
However,  aphid  migrations  are  not  necessarily  getting  larger  and  the  last  flight  in  the  season 
seems  somewhat  stationary.  Braconid  parasitoids  appear  to  be  synchronised  with  the  migration 
peak  of  their  host:  the  mean  number  of  parasitoids  reached  the  highest  in  the  period  when  the 
mean  number  of  aphids  was  also  maximised. 
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Abstract  text: 

Introduction:  Warming  climate  alters  phenological  relations  between  interacting  species. 
However,  existing  meta-analyses  are  in  disagreement  about  the  influence  of  recent  warming  on 
phenological  synchrony  between  insects  and  the  plants  with  which  they  interact  as  herbivores  or 
pollinators.  Some  individual  studies  show  plants  and  insects  advancing  their  spring  phenologies 
at  the  same  rate;  others  show  either  increasing  or  decreasing  assynchrony.  Some  insects  are 
highly  vulnerable  to  phenological  changes,  while  others  manifest  considerable  resilience,  for 
example,  by  being  able  to  survive  for  several  weeks  without  food,  waiting  for  resources  to 
become  available.  When  the  historical  baseline  for  climate-change  impacts  is  precise  synchrony 
between  plants  and  insects,  changes  of  synchrony  can  be  detrimental  to  one  or  both  partners. 

Such  a  circumstance  is  common  between  bumblebees  and  the  spring-flowering  plants  that  they 
pollinate.  On  the  other  hand,  when  the  baseline  condition  is  phenological  asynchrony  climate 
warming  may  be  just  as  likely  to  decrease  asynchrony  as  to  increase  it.  This  situation  has  been 
documented  in  time-constrained  herbivorous  insects  that  experience  trade-offs  between  fecundity 
and  mortality. 

Methods:  The  importance  of  phenological  synchrony  is  deduced  from  observations  and 
experiments  and  the  phenomena  observed  are  discussed. 

Results/Conclusion:  When  traditional  asynchrony  is  decreased,  there  is  a  risk  of  unprecedented 
outbreaks,  especially  of  tree-feeding  insects.  Our  own  work  documents  the  causes  of  traditional 
asynchrony  between  Edith's  checkerspot  butterfly  (Euphydryas  editha )  and  its  ephemeral  annual 
hosts.  Our  long-term  studies  over  45  years  across  several  populations  reveal  the  role  that 
phenological  synchrony  with  different  potential  hosts  has  played  in  evolution  of  the  insect's  diet. 
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Introduction:  Spatial  synchrony,  the  tendency  of  distant  populations  to  fluctuate  similarly,  is  a 
major  concern  in  ecology  and  climate  change  research.  Spatial  synchrony  in  ecological  systems 
may  be  attributable  to  the  Moran  effect:  the  tendency  of  spatially  synchronous  environmental 
drivers  to  produce  spatially  synchronous  variability  in  phenology,  count,  etc. 

Methods:  We  examine  the  fluctuations  in  seasonal  temperatures  in  the  UK  and  UK  seas.  Both 
land  and  sea  surface  temperatures  exhibit  spatial  synchrony:  multi-year  fluctuations  occur 
together  at  widely  separated  locations,  correlated  with  the  North  Atlantic  Oscillation  climate 
index.  We  also  observe  synchrony  in  UK  aphid  recordings  made  by  the  Rothamsted  insect 
survey,  and  plankton  counts  made  by  the  Continuous  Plankton  Recorder  survey.  Working  with 
wavelet  methods  to  disaggregate  different  timescales  of  fluctuation,  it  is  possible  to  show  that 
local  long  timescale  variability  of  first  flight  dates  in  UK  aphids  depends  on  corresponding 
variability  in  winter  temperatures.  This  effect  was  found  in  18  of  20  species  examined,  including 
important  crop  pests.  The  same  methods  can  be  extended  to  understand  drivers  of  long  timescale 
synchrony  in  phytoplankton  abundance  fluctuations  (PCI  index). 

Results/Conclusion:  When  the  spatial  synchrony  of  winter  temperatures  fell  during  the  period  of 
measurement  (1976  to  2010),  the  synchrony  fell  in  all  18  aphid  species.  This  demonstrates  the 
importance  of  changing  climate  synchrony.  We  find  that  the  observed  dependencies  of  the  PCI 
on  local  sea  surface  temperature  and  Calanus  finmarchicus  (a  major  predator)  together  explain 
60%  of  its  spatial  synchrony.  This  demonstrates  how  multiple  drivers  of  synchrony  can  reinforce 
each  other. 
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Introduction:  There  is  a  large  body  of  evidence  showing  that  species  are  responding  to  recent 
climate  change  by  expanding  their  distributions  and  colonising  new  sites  where  the  climate  is 
improving  for  them.  However,  there  is  considerable  variation  in  the  responses  of  species  over 
time,  and  species’  range  changes  in  one  time  period  do  not  predict  changes  in  another  time 
period.  We  examine  these  apparently  idiosyncratic  responses,  and  the  role  of  population 
dynamics  in  driving  these  changes.  We  also  compare  the  population  dynamics  of  species  that  are 
expanding  versus  those  species  that  are  contracting  their  ranges. 

Methods:  We  capitalise  on  the  extensive  butterfly  data  that  are  available  in  the  UK,  and  the  fact 
that  many  species  reach  either  a  leading-edge  (cool)  or  trailing-edge  (warm)  range  margin  in  the 
UK.  Using  distribution  and  abundance  data  over  the  past  three  decades  we  assess  relationships 
between  population  dynamics  and  range  changes  for  British  butterflies,  and  examine  which 
climate  variables  are  associated  with  species  responses. 

Results/Conclusion:  We  show  that  stable  (or  positive)  abundance  trends  are  crucial  for  range 
expansion,  and  we  conclude  that  variation  in  species’  abundance  trends  over  time  explains  some 
of  the  variation  in  responses  to  recent  climate  change. 
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Abstract  text: 


Introduction:  The  western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera  LeConte,  is  a 
key  pest  of  field  corn,  Zea  mays  L.  in  the  United  States.  Feeding  by  WCR  larvae  can  cause 
substantial  injury  that  may  result  in  annual  economic  losses  of  more  than  a  billion 
dollars.  Currently,  WCR  is  one  of  the  more  challenging  pests  to  manage  in  corn.  . 

Methods:  Here  we  will  describe  the  process  for  evaluating  fields  reporting  challenges  to  Bt  corn 
and  discuss  current  best  management  recommendations  for  WCR  management 

Results/Conclusion:  n/a 
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Abstract  text: 

Introduction:  SmartStax®  PRO  corn  represents  the  first  three-mode  of  action  product  for  control 
of  corn  rootworm  (CRW),  combining  Cry34/35Abl  and  Cry3Bbl  Bt  proteins  with  a  novel  RNAi 
mode  of  action  targeting  the  DvSnf7  gene. 

Methods:  Field  research  trials  were  conducted  to  assess  the  effects  of  SmartStax®  PRO  com 
hybrids  on  root  protection  and  adult  CRW  beetle  emergence  against  near-isoline  hybrids 
containing  single  or  dual  Bt  traits  under  heavy  infestations  of  western  and  northern  CRW 
( Diabrotica  virgifera  virgifera  LeConte  and  Diabrotica  barberi  Smith  &  Lawrence, 
respectively). 

Results/conclusion:  SmartStax®  PRO  corn  hybrids  provided  an  increase  in  root  protection  and 
reduction  in  CRW  beetle  emergence,  which  will  play  a  critical  role  in  extending  trait  durability 
by  significantly  reducing  the  opportunity  for  insect  resistance  development. 
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Abstract  text: 

Vestaron  is  a  leading  pioneer  in  peptide  based  insect  control  technology  developing  both 
biopesticides  and  plant  incorporated  insect  protectant  traits.  Vestaron  is  focused  on  cystine-knot 
insecticidal  peptides  which  are  chosen  for  their  benign  toxicological  profiles  against  humans  and 
the  environment.  Vestaron  is  launching  its  first  EPA  and  California  approved  product,  SPEAR™ 
in  2016  for  control  of  thrips  in  greenhouses.  Future  launches  will  target  control  of  Colorado 
potato  beetles  and  caterpillars  in  open  fields.  This  presentation  will  include  recent  testing  data  of 
SPEAR™  against  honeybees  and  several  beneficial  insects.  Data  will  also  be  presented  showing 


that  insecticidal  efficacy  of  this  new  environmentally  friendly  biopesticide  meets  or  exceeds 
performance  of  recently  launched  synthetic  insecticides. 
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Western  corn  rootworm  (WCR;  Diabrotica  virgifera  virgifera  LeConte)  can  cause  high  yield 
losses  in  corn  and  has  remarkable  ability  to  adapt  to  a  broad  array  of  management  strategies. 
Currently  deployed  plant  incorporated  proteins  may  have  a  limited  lifetime,  thus  there  is  a  need 
for  a  continuous  pipeline  of  new  insecticidal  proteins.  In  this  regard,  a  new  toxin  consisting  of 
two  proteins  AflP-lA  (16kDa)  and  AflP-lB  (77kDa)  was  isolated  from  the  soil  bacterium 
Alcaligenes  faecalis.  When  combined  in  artificial  diet  bioassays,  these  proteins  exhibited  high 
potency  in  killing  WCR  larvae.  However,  neither  AflP-lA  or  AflP-lB  exhibited  insecticidal 
activity  when  tested  alone.  Transgenic  maize  events  expressing  AflP-lA/lB  showed  strong 
protection  from  rootworm  damage  under  greenhouse  and  field  conditions.  AflP-lB  bound 
specifically  to  WCR  midgut  tissue,  but  only  in  the  presence  of  AflP-lA.  Interestingly,  AflP-lA 
exhibited  specific  binding  in  the  absence  of  AflP-lB.  The  interaction  of  AflP-lA  and  -  IB  with 
WCR  midgut  tissue  has  similarities  to  what  has  been  described  for  binding  of  Bt  toxins  to  WCR 
midgut  tissue  (Li  et  al. ,  2013,  PLoS  ONE  8(1):  e53079).  On-plant  assays  using  lab-selected 
resistant  WCR  populations  suggested  no  similar  mode  of  action  exists  between  AflP-lA/lB  and 
mCry3A.  However,  the  mode  of  action  of  AflP-lA/ IB  may  be  similar  to  that  of 
Cry34Abl/35Abl.  Overall,  our  studies  suggest  non-Bt  sources  represent  a  good  source  for  new 
protein  actives  against  agronomically  important  insect  pests  such  as  WCR,  and  protein  actives 
from  non-Bt  sources  may  possess  some  similar  functional  characteristics  as  that  of  Bt  proteins. 
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Abstract  text: 

Introduction:  A  number  of  key  insect  pests  threaten  the  productivity  of  temperate  orchards. 
Microbial  control  tactics  can  offer  a  viable  option  for  integrated  control  of  pests  in  these  systems. 
As  a  model,  I  will  describe  advances  in  microbial  control  of  several  major  pests  in  pecan  and 
peach,  including  pecan  weevil  ( Curculio  caryae ),  plum  curculio  ( Conotrachelus  nenuphar ), 
peachtree  borer  ( Synanthedon  exitiosa)  and  lesser  peachtree  borer  ( Synanthedon  pictipes). 

Methods:  For  C.  caryae ,  entomopathogenic  nematodes  (EPNs,  e.g.,  Steinernema  carpocapsae) 
and  fungi  (e.g.,  Beauveria  bassiana)  applied  to  the  soil,  and  Chromobacterium  subtsugae  applied 
to  the  canopy,  provide  high  levels  of  control. 

Results/Conclusion:  Entomopathogenic  nematodes  such  as  Steinernema  riobrave  are  also  highly 
virulent  to  C.  nenuphar ,  and  a  trap  tree  is  showing  great  promise  as  a  control  measure.  The 
application  of  S.  carpocapsae  for  control  of  S.  exitiosa  has  shown  equal  levels  of  control 
compared  with  standard  chemical  insecticide  applications.  Furthermore,  S.  carpocapsae  can  be 
used  in  fall  applications  to  prevent  S.  exitiosa  damage  or  in  curative  spring  applications  to  clean 
up  any  remaining  infestations.  Unlike  the  other  pests  discussed,  S.  pictipes  does  not  have  a  soil¬ 
dwelling  stage  and  therefore  aboveground  applications  of  microbial  agents  are  limited  due  to 
sensitivity  to  UV  and  or  desiccation.  However,  the  use  of  EPNs  against  aboveground  pests,  (e.g., 
S.  pictipes)  can  be  greatly  enhanced  by  applying  a  protective  formulation  such  as  the  firegel, 
Barricade®.  Although  this  paper  focuses  on  advances  in  microbial  control  in  pecan  and  peach, 
the  methodology  presented  may  be  broadly  applicable  to  various  cropping  systems. 
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Abstract  text: 

Introduction:  The  goal  of  this  project  is  to  modify  a  toxin  with  a  basal  level  of  toxicity  against 
Asian  citrus  psyllid  (ACP):  Diaphorina  citri ,  with  an  ACP  gut-binding  peptide.  It  is  expected 
that  increased  binding  to  the  gut  will  be  associated  with  increased  toxicity  as  demonstrated 
previously  (Chougule  et  al.,  2013,  PNAS). 

Methods:  Bacillus  thuringiensis  isolates  from  the  collection  housed  at  USDA-ARS  Beltsville, 
Maryland,  were  screened  to  identify  strains  with  toxicity  against  ACP.  Five  strains  that  show 
basal  toxicity  on  feeding  of  adult  ACP  at  500ug  /ml  of  proteolytically  activated  toxin  were 
identified,  and  the  trypsin  proteolytic  profile  of  the  toxic  strains  characterized.  One  of  the  toxic 
strains  was  selected  for  MS/MS  identification  of  the  individual  Cry  toxins  expressed,  and  one  of 
these  Cry  toxins  was  selected  for  modification  with  ACP  gut-binding  peptide  to  enhance  toxicity 
against  ACP.  ACP  gut-binding  peptides  were  isolated  by  feeding  adult  psyllids  on  a  loop- 
constrained  heptapeptide  (Ph.D.-C7C)  library.  Psyllids  were  dissected  and  bound  peptides  eluted 
from  the  gut  epithelium.  Three  rounds  of  ACP  gut-binding  peptide  selection  using  increasingly 
stringent  conditions  were  conducted.  Sequences  encoding  four  of  the  selected  peptides  were 
cloned  for  production  of  mCherry-peptide  fusion  proteins.  A  peptide  selected  based  on  relative 
binding  strength  under  both  in  vivo  and  in  vitro  conditions,  was  used  to  engineer  the  selected 
toxin.  Following  engineering,  the  stability  of  the  modified  toxin  was  evaluated  by  trypsin 
digestion  and  the  impact  of  modification  on  toxicity  against  ACP  assessed. 

Results/Conclusion:  N/A 
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Abstract  text: 

Introduction:  Western  honey  bees  are  important  pollinators  of  food  crops  and  contributors  to 
ecosystem  health  globally.  Yet,  this  key  pollinator  species  is  under  constant  threat  from  a  range 
of  pests  and  pathogens  seeking  to  exploit  individual  honey  bees  or  their  colonies.  The  notable 
arthropod  pests  of  honey  bees  include  small  hive  beetles  ( Aethina  tumida),  tracheal  mites 
( Acarapis  woodi ),  Tropilaelaps  ( Tropilaelaps  clareae),  and  Varroa  ( Varroa  destructor ),  with  the 
latter  widely  considered  a  leading  cause  of  honey  bee  colony  losses  worldwide.  Furthermore, 
honey  bees  are  plagued  by  a  number  of  pathogens  including  American  ( Paenibacillus  larvae) 
and  European  ( Melissococcus  plutonius)  foulbroods  (both  bacteria),  chalkbrood  ( Ascosphaera 
apis ,  a  fungus),  Nosema  apis  and  N.  ceranae  (microsporidia  fungi),  Acute  Bee  Paralysis  Virus, 
Black  Queen  Cell  Virus,  Deformed  Wing  Virus,  Israeli  Acute  Paralysis  Virus,  Kashmir  Bee 
Virus,  Sacbrood  Virus,  and  multiple  other  viruses. 

Methods:  n/a 

Results/conclusiomln  general,  the  beekeeping  industry  has  been  reliant  on  a  limited  number  of 
available  chemotherapeutic  active  ingredients  to  control  the  most  damaging  pests  and  have  had 
no  remedies  available  at  all,  beyond  management-centric  ones,  for  controlling  many  of  the  bee 
pathogens,  most  notably  the  viruses.  Thus,  the  industry  seems  ready  to  embrace  new 
technologies,  such  as  RNAi  and  improved  breeding/selection  tools,  that  can  be  used  to  lower 
pest/pathogen  populations  and,  subsequently,  overall  colony  loss  rates.  This  remains  true  only  if 
the  remedies  prove  safe  for  bees,  are  economic  to  employ,  and  are  efficacious  controls. 
Ultimately,  honey  bee  pest/pathogen  control  will  be  accomplished  best  when  integrating  multiple 
management  tools  to  achieve  maximum  efficacy. 
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Filth  flies  are  among  the  most  important  pests  in  livestock  and  poultry  production  systems  where 
they  are  responsible  for  damage  and  control  costs  in  excess  of  $1  billion  dollars  per  year  in  the 
U.S.  alone.  Filth  flies  can  also  be  a  considerable  burden  in  urban  environments,  where  the 
nuisance  and  potential  for  pathogen  transmission  associated  with  these  flies  warrants  their 
management. 

REDUCING  FIFTH  FEY  PRODUCTION 

Novel  methods  to  reduce  filth  fly  production  in  animal  feces  include  acidification  of  feces  or 
dissemination  of  growth  inhibitors  to  feces  by  adult  female  flies  exposed  to  these  growth 
inhibitors  in  the  pre-oviposition  period.  Acidification  of  animal  feces  alters  feces  microbiota  and 
perhaps  also  directly  impacts  filth  fly  survival.  Growth  inhibitors,  such  as  pyriproxifen,  may  be 
transferred  to  adult  female  flies  using  attractive  stations  which  adult  flies  contact,  with  adult 
female  flies  then  depositing  growth  inhibitors  directly  to  oviposition  sites. 

SURVEIFF AN CE  AND  MONITORING 

Recent  advances  in  automated  monitoring  of  filth  flies  includes  development  of  the  FlySpotter 
Program  using  computer  vision  technology  to  count  and  record  fecal  and  regurgitation  spots 
deposited  onto  white  cards  by  house  flies.  More  recently,  laser  sensors  combined  with  computer 
algorithms  have  been  developed  to  identify  and  count  insects  flying  between  laser  emitter  and 
sensor,  allowing  users  to  monitor  the  activity  of  many  pest  species  simultaneously. 

ADUFT  FEY  CONTROF 

Novel  technologies  for  managing  adult  flies  include  attract  and  kill  devices,  particularly  those 
using  newly  identified  attractants.  Biting  flies  have  been  successfully  reduced  using  an 
automated  aspiration  system  called  the  Cow  Vac. 
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Abstract  text: 

Introduction:  Agricultural  pests  cost  farmers  billions  of  dollars  a  year  in  control  expenses  and 
production  losses.  Meanwhile,  concerns  about  chemicals  drive  consumers  increasingly  away 
from  conventionally-grown  produce.  Genetic  pest  management  practices  seek  to  address  both  of 
these  concerns,  and  new  tools  have  recently  made  gene  drive  a  scientific  reality  for  use  as  a  pest- 
control  strategy.  Our  lab  works  with  three  pest  species,  the  western  corn  rootworm,  Diabrotica 
vergifera  vergifera ,  the  spotted-wing  fruit  fly,  Drosophila  suzukii ,  and  the  red  flour  beetle, 
Tribolium  castaneum ,  in  the  hopes  of  developing  novel  methods  of  genetic  control. 

Methods:  We  are  the  first  to  have  successfully  transformed  Diabrotica ,  and  are  now  working  on 
using  transformed  beetles  to  study  resistance  development.  For  Drosophila ,  we  are  in  the  process 
of  building  a  CRISPR-based  gene-drive  aimed  at  the  elimination  of  females  from  local 
populations.  However,  synthetic  gene  drives  are  susceptible  to  breakdowns  due  to  mutation  or 
recombination.  The  Medea  element,  found  in  Tribolium  operates  like  a  natural  gene  drive,  and 
appears  to  resist  such  instabilities.  By  elucidating  Medea's  mode  of  action,  we  hope  to  provide 
the  pest  control  community  with  a  more  stable  and  reliable  gene  drive  tool. 

Results/Conclusion:  Our  progress  towards  developing  novel  pest-management  tools  will  be 
presented  in  the  context  of  the  increasing  ease  and  importance  of  gene  drive  in  pest  control. 
Proper  employment  of  gene  drives  will  require  clear,  effective  targets,  and  stable,  efficient 
drivers.  These  questions  can  only  be  answered  through  basic  genetic  research. 
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Integrated  management  of  urban  pests  requires  the  development  of  trapping  devices  that  can  be 
effective  either  for  monitoring  or  controlling  pest  populations.  New  traps  have  been  developed 
and  tested  for  control  of  container-breeding  mosquitoes  (Aedes  spp.)  and  bed  bugs  ( Cimex 
lectularius),  pests  of  increasing  importance  in  urban  areas  throughout  the  world. 

A  durable  dual-action  lethal  ovitrap  (DDALO)  has  been  developed  to  include  both  and  adulticide 
(bifenthrin)  and  a  larvicide  (pyriproxyfen)  embedded  into  a  polymer  formulation  applied  as  a 
coting  to  the  internal  walls  of  a  specially  designed  bottle.  Female  container-breeding  mosquitoes 
are  attracted  to  the  oviposition  site  and  killed  as  they  land  on  the  walls  of  the  trap.  Any  larvae, 
which  may  eclose  from  eggs  deposed  before  the  female  mosquitos  die,  are  killed  by  the  larvicide 
in  the  water.  Similar  polymer  formulation  has  also  been  applied  to  small  tiles  to  be  added  to 
small  bodies  of  water  to  create  larval  killing  traps. 

For  bed  bug  control,  interceptor  traps  have  bee  used  extensively  for  monitoring  and  control  of 
populations  in  residences  and  commercial  establishments.  A  new  version  of  interceptor  traps  was 
created  to  minimize  the  possibility  of  bed  bugs  escaping  the  trap  due  to  accumulation  of  debris, 
dust,  and  other  contaminants  that  normally  prevent  continuous  use  of  interceptor  traps. 

Use  of  these  traps  allow  control  and  monitoring  of  mosquito  and  bed  bug  populations  with 
minimal  use  of  pesticides,  and  applications  of  active  ingredients  under  protected  conditions  to 
allow  extended  effectiviness. 
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Abstract  text: 

Introduction :Evogene  has  a  long  standing  and  successful  strategy  for  identifying  valuable  genes 
to  improve  a  variety  of  plant  traits;  from  nematode  resistance  to  yield  and  abiotic  stresses.  Over 
the  past  year,  Evogene  has  established  a  new  discovery  program  focused  on  insect  control  traits. 
The  new  operations,  located  in  the  US,  are  focused  on  trait  discovery  for  Coleopteran  and 
Lepidopteran  control.  In  2016  operations  will  expand  to  include  Hemipteran  pest  control 
discovery. 

Methods :Evogene’s  strategy  is  based  on  innovative  experimental  designs  generating  unique 
genetic  data  combined  with  powerful  computational  discovery  to  mine  that  data. 

Results/ConclusiomThis  talk  will  outline  the  challenges,  general  approaches  and  early  proof  of 
concept  results  for  this  program. 


Symposium 

Presentation  Title:  An  overview  of  the  potential  impact  of  climate  change  on  mosquitoes 
Author  Name:  Ephantus  Muturi 
Author  Institution:  University  of  Illinois 

Session  Title:  Symposium:  Effect  of  Global  Climate  Change  on  Vector-Borne  Disease 
Transmission 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3235 
DOI:  10.1 603/ICE.20 16.1 06659 
Abstract  text: 

Introduction:  Mosquitoes  are  sensitive  to  environmental  change  and  are  likely  to  be  impacted  by 
climate  change. 

Methods:  Here  the  various  ways  in  which  climate  change  may  influence  mosquito  biology  will 
be  reviewed. 


Results/Conclusion:  The  aim  is  to  demonstrate  that  climate  change  may  have  both  positive  and 
negative  impacts  on  mosquito  biology  and  the  risk  of  human  exposure  to  mosquito-borne 
pathogens. 
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Introduction:  Our  understanding  of  vector-borne  disease  ecology  and  geographic  distribution  has 
improved  in  recent  years.  Yet,  knowledge  gaps  remain  on  the  spatial  distribution  patterns  of 
arthropod  vectors  that  transmit  microbes  causing  infectious  diseases  in  trans-boundary  regions. 
Our  research  collaboration  focuses  on  Chagas  and  Lyme  disease  along  the  Texas-Mexico  border 
where  we  have  documented  human  populations  that  are  at  risk  of  acquiring  zoonotic  vector- 
borne  diseases. 

Methods:  In  this  research  update  we  forecast  present  and  future  distributions  of  vectors  that 
transmit  Chagas  (Triatomine  species)  and  Lyme  disease  ( Ixodes  scapular  is )  by  correlating 
geographic  data  with  climatic  variables  using  a  maximum  entropy  approach.  Three  different 
general  circulatory  models  (CCCMA,  CSIRO,  and  HANDLEY)  and  two  IPCC  scenarios  (A2 
and  B2)  were  used.  Ten  models  were  developed  and  evaluated  via  cross  validation  for  each 
target  species,  dividing  the  present  data  into  60  and  40%  using  the  Area  Under  the  Curve  (AUC) 
in  an  ROC  plot.  The  final  model  and  AUC  are  the  average  of  10  models.  Models  with  AUC 
>0.80,  were  considered  robust. 

Results/Conclusion:  Our  findings  show  future  distribution  shifts  for  the  arthropod  vectors  under 
study.  We  hypothesize  that  results  from  our  ongoing  studies  will  help  determine  the  identity  of 


reservoir  hosts  involved  in  the  maintenance  of  the  zoonotic  vector-borne  infectious  agents 
causing  Chagas  and  Lyme  disease  in  the  U.S. -Mexico  transboundary  region. 
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Introduction:  Dengue  virus  transmission  at  the  edge  of  the  natural  range  of  the  vector  and  the 
virus  is  unstable.  Climatic  influences,  particularly  in  arid  regions,  have  not  been  fully  explored 

Methods:  As  part  of  an  ongoing  project  in  the  Arizona- Sonora  border  region  on  the  U.S. -Mexico 
border,  Ae.  aegypti  were  collected  and  aged  using  molecular  aging  techniques.  A  dynamic  model 
of  the  dengue  transmission  process  was  constructed  and  parameterized  for  the  region  to  explore 
the  influence  of  current  weather  patterns  and  projections  under  climate  change  scenarios. 

Results/Conclusion:  In  these  areas  at  the  margins  of  transmission,  intra-  and  inter-annual 
variability  in  weather  appears  to  have  a  significant  influence  on  the  longevity  of  the  vector,  the 
extrinsic  incubation  period,  and  resulting  transmission  of  the  dengue  virus. 
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Introduction:  A  new  approach  to  the  simulation  of  rural  malaria  transmission  will  be  presented. 

Methods:  During  the  last  decade,  we  pioneered  the  development  of  a  new  class  of  models  that 
integrates  numerical  simulators  of  environmental  processes,  with  agent  based  models  of 
entomological  processes,  and  spatially  explicit  models  of  immunological  processes  within  the 
human  body.  These  were  created  to  simulate  explicitly  the  process  of  disease  transmission, 
especially  vector  borne  diseases  such  as  malaria  and  dengue. 

Results/Conclusion:  The  new  modeling  framework  as  well  as  specific  examples  for  applications 
in  Africa  will  be  presented. 
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Abstract  text: 


Introduction:  In  early  assessments,  vector-borne  diseases  were  considered  likely  to  increase 
globally  with  climate  change.  Now  there  is  much  disagreement  amongst  scientists  and  policy 
makers  on  whether  this  is  true. 

Methods:  I  will  review  the  biology  of  climate  and  climate  change  impacts  on  tick-borne  diseases 
focusing  on  Lyme  disease. 

Results/Conclusion:  Recent  assessments  of  potential  effects  of  climate  change  on  the  emergence 
of  Lyme  disease  in  Canada  will  be  described,  as  will  our  current  knowledge  of  what  is  actually 
occurring  in  terms  of  Lyme  disease  emergence,  and  the  significance  for  the  wider  debate  on 
effects  of  climate  change  on  vector-borne  diseases  will  be  discussed. 
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Introduction:  Climate  change  has  considerable  potential  to  impact  the  geographic  distributions 
and  abundances  of  medically  important  insect  species.  Of  particular  interest  are  changes  in 
mosquito  populations  that  affect  human  and  animal  health  via  pathogen  transmission. 
Interdisciplinary  approaches  that  combine  spatial  environmental  data  with  mosquito  collection 
data  provide  an  ideal  platform  from  which  to  model  and  anticipate  potential  effects  of  climate 
change  on  mosquito  populations. 

Methods:  We  present  two  case  studies  demonstrating  different  modeling  approaches,  the  first 
investigating  key  mosquito  vectors  of  dengue  virus  and  chikungunya  virus,  and  the  second 


focusing  on  a  primary  vector  of  Rift  Valley  fever  vims  in  East  Africa.  We  use  ecological  niche 
modeling  (ENM)  approaches  to  predict  potential  changes  in  the  global  geographic  distribution  of 
Aedes  aegypti  and  A.  albopictus  under  future  climate  change  scenarios,  and  a  zero-inflated 
negative  binomial  (ZINB)  regression  approach  to  understand  the  contribution  of  different  climate 
variables  to  A.  mcintoshi  abundances  in  Kenya. 

Results/Conclusion:  ENM  results  suggested  the  potential  for  local  changes  in  geographic 
distributions  of  A.  aegypti  and  A.  albopictus ,  but  do  not  anticipate  a  general  shift  toward  more 
extreme  latitudes,  suggesting  that  a  more  comprehensive  approach  to  surveillance  and  control 
will  be  needed  in  the  future.  ZINB  results  suggested  a  positive  relationship  between  A.  mcintoshi 
abundances  and  a  combination  of  landscape  features,  high  land  surface  temperature  values,  and 
cumulative  precipitation  values  three  weeks  prior  to  and  up  to  sampling  dates.  These  results 
provide  key  information  for  future  surveillance  in  a  region  predicted  to  experience  more  frequent 
extreme  weather  events  resulting  from  climate  change. 
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Abstract  text: 

Introduction:  The  spatial  distribution  of  different  mosquito  vectors  of  disease  is  determined  by 
climate  at  a  regional  scale  and  habitat  at  a  local  scale. 

Methods:  In  this  paper,  we  explore  the  importance  of  underlying  habitat  in  determining  which 
mosquito  species  are  found,  and  where  on  a  landscape.  This  may  have  important  implications  for 
disease  transmission,  and  we  examined  the  risk  of  transmission  of  dog  heartworm,  Dirofilaria 
immitis ,  across  a  heterogeneous  landscape  by  different  mosquito  vectors. 

Results/Conclusion:  We  find  a  close  association  between  habitat  and  mosquito  species,  with 
implications  for  pathogen  transmission. 
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Introduction:  The  Atlantic  Forest  is  a  typical  biome  of  Brazilian  coast  and  one  of  the  hot  spots  of 
the  world.  It  presents  high  species  diversity  and  high  number  of  flora  and  fauna  endemisms.  This 
biome  comprises  several  phytophysiognomies,  where  gall  inventories  have  been  developed: 


seasonal  forest,  altitudinal  grassland,  restinga,  dense  ombrophilous  forest,  and  mixed 
ombrophilous  florest. 

Methods:  Based  on  literature  (inventories  and  catalogs),  data  on  insect  galls  from  Atlantic  Forest 
were  gathered  to  create  an  overview  of  its  richness  and  patterns. 

Results/Conclusion:  Most  inventories  were  developed  in  “restingas”  of  the  Southeastern  Region 
of  Brazil,  where  461  host  plants  are  identified  to  species.  Also,  there  are  records  of  136  plant 
genera  and  25  families  whose  species  and  genera,  respectively,  are  not  determined.  The  richness 
of  galls  ranges  from  29  to  265.  The  lowest  richness  was  found  in  a  disturbed  area  of  Minas 
Gerais  and  the  highest  in  a  preserved  area  of  Espirito  Santo,  both  in  the  Southeastern  Region. 
Restinga  was  the  most  investigated  phytophysiognomy  with  more  than  500  gall  morphotypes. 
The  galling  insects  belong  to  Diptera,  Lepidoptera,  Coleoptera,  Hemiptera,  Thysanoptera  and 
Hymenoptera,  with  a  great  predominance  of  Cecidomyiidae  (Diptera).  Hymenoptera  are  the  less 
frequent  gallers.  The  taxonomic  knowledge  of  the  gallers  is  still  incipient,  as  many  records  are  in 
family  or  order  level.  Myrtaceae  were  the  most  galled  plant  family,  followed  by  Asteraceae, 
Melastomataceae,  and  Fabaceae.  All  plant  organs  are  galled,  but  there  is  a  clearly  predominance 
of  leaf  galls. 
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Abstract  text: 

Introduction:  Gall  morphotypes  are  fundamental  for  assessing  the  abundance  and  richness  of 
galling  herbivores  in  the  Neotropics  due  to  the  lack  of  taxonomical  knowledge.  The  concept  of 
the  extended  phenotype,  and  the  fact  that  most  of  the  morphotypes  is  unique  and  derived  from  a 
species-specific  interaction  give  confidence  to  gall  morphotypes  as  taxonomic  tools.  In  Brazilian 
flora,  the  globoid,  fusiform,  and  lenticular  morphotypes  are  common  tridimensional  shapes 


developed  under  galling  stimuli.  Such  shapes  are  repetitive  and  constant  in  nature,  and  set  galls 
as  elegant  models  for  developmental  studies. 

Methods:  Histochemical  tests  for  the  detection  of  auxins,  citokinins,  reactive  oxygen  species  and 
phenolics  were  performed  in  an  effort  to  correlate  shapes  and  developmental  patterns. 

Cytological  and  immunocytochemical  analyses,  together  with  the  mapping  of  sites  of  cell 
hypertrophy  and  hyperplasia  in  gall  tissue  layers  were  done  to  elucidate  functional  aspects  of  gall 
maintenance. 

Results/Conclusion:  Each  gall  morphotype  has  a  pattern  of  accumulation  of  growth  regulators 
related  to  the  development  of  the  specific  shape.  Cytological  responses  are  independent  of  gall 
shape,  and  the  formation  of  lamellar  and  multivesicular  bodies  help  maintaining  cell  integrity. 
The  remodeling  of  cell  wall  components  defines  functional  adjustments  in  specialized  tissue 
layers,  guaranteeing  the  maintenance  of  gall  metabolism.  Anyhow,  the  categorization  of  gall 
morphotypes  must  consider  the  age  of  the  host  organ  by  the  time  of  oviposition,  the  sex  of  the 
inducer,  and  the  switch  of  oviposition  sites  for  such  events  may  cause  misinterpretations  in 
superhost  occurrences,  and  the  overestimation  of  the  associated  fauna  of  galling  herbivores. 
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Introduction: 

Galls  are  structures  in  plant  tissues  that  can  occur  in  different  plant  organs  following  their 
induction  by  an  insect  or  mite.  The  occurrence  of  the  galls  in  angiosperms  is  better  documented 
than  ferns.  The  aims  of  this  study  were  1-to  record  the  galls  and  inducing  insects  in  Brazilian 


ferns;  2-to  analyze  the  chemical  profile  of  phenolic  substances  and  cyanogenesis  in  galled  and 
non-galled  tissues  of  Microgramma  vacciniifolia. 

Methods: 

Fern’s  galls  samples  were  collected  in  the  Brazilian  Atlantic  Forest  of  Rio  de  Janeiro  state, 

Brazil.  The  chromatographic  profile  was  obtained  through  HPLC  of  the  methanolic  extracts  and 
the  cyanogenesis  by  the  picrate  paper  test. 

Results/Conclusion: 

The  galls  were  recorded  in  thirteen  ferns,  which  is  1%  of  the  Brazilian  fern  flora.  Only  in  three 
species  the  gall  inducing  insects  were  identified  at  the  species  level.  In  the  literature  we  find  few 
records  about  galls  in  Brazilian  ferns  and  their  inducing  insects  among  them,  Cyathea  sp. 
(Cecidomyiidae,  Diptera)  Hymenophyllum  ciliatum  (Diptera),  Hymenophyllum 
lineare  (Diptera),  Microgramma  squamulosa  (Lepidoptera),  Pteridium 
arachnoideum  (Diptera),  Salpichlaena  volubilis  (Eriophyidae)  and  Serpocaulon  sp. 
(Thysanoptera).  In  Cyathea  dichromatolepis  and  Pleopeltis  hirsutissima  were  registrated  galls 
induced  by  midge  (Cecidomyiidae)  not  yet  identified.  The  gall  inducing  insects  in  Niphidium 
crassifolium ,  Campyloneurum  nitidum  and  Serpocaulon  catharinae  weren’t  identified.  In  the 
stems  of  the  Microgramma  vacciniifolia  were  recorded  two  morphotypes  of  the  galls,  one 
induced  by  a  midge  ( Primadiplosis  microgrammae)  and  another  by  a  micromoth  ( Tortrimosaica 
polypodivora).  The  chromatographic  profile  taken  from  the  non-galled  stems  was  similar,  while 
each  of  the  chromatograms  of  the  extracts  obtained  from  the  galls  were  different.  With  regards  to 
cyanogenesis,  the  micromoth  demonstrates  a  preference  for  non-cyanogenic  stems  and  it  was  not 
observed  for  the  midge. 
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Introduction:  Brazilian  tropical  dry  forest,  commonly  known  as  “caatinga”,  is  a  suitable 
ecosystem  covering  most  of  the  Northeastern  of  Brazil.  It  is  one  of  the  most  neglected  areas  in 
relation  to  the  study  of  insect  galls. 

Methods:  In  this  work  we  gathered  all  data  published  for  the  region  and  we  report  new  records  of 
galls  for  some  states.  Until  now,  5  states  have  been  surveyed:  Pernambuco,  Bahia,  Alagoas, 
Sergipe  and  Paraiba,  being  the  first  and  second  ones  the  most  studied. 

Results/Conclusion:  Among  these  areas,  we  found  125  morphotypes  of  galls  in  28  botanic 
families,  58  genera  and  79  plant  species.  Fabaceae,  Euphorbiaceae,  and  Myrtaceae  were  the  most 
galled  families.  Leaves  and  stems  were  the  more  affected  organs,  and  green  was  the  predominant 
color  among  the  galls.  Five  of  the  six  insect  orders  were  recorded  in  this  study,  only 
Hymenoptera  was  not  found  as  galling  group,  but  this  taxon  was  present  in  many  galls  as 
parasitoids.  Cecidomyiidae  (Diptera)  was  the  predominant  family,  and  in  approximately  30%  of 
the  galls  was  not  possible  determining  the  inducer.  Neolasioptera,  Lopesia,  Asphondylia, 
Iatrophobia ,  Schismatodiplosis ,  and  Schizomyia  were  the  Cecidomyiidae  genera  determined.  The 
associated  fauna  found  inside  the  galls  was  composed  by  parasitoids,  inquilines,  predators  and 
successors  which  belong  to  Hymenoptera,  Coleoptera,  Hemiptera,  Thysanoptera,  Collembola, 
and  Pseudoescorpiones.  The  total  of  galls  showed  here  based  only  in  a  few  studies  available  for 
this  region  highlight  the  importance  of  these  arid  areas  to  the  knowledge  of  the  biology  and 
ecology  of  gall  inducing  insects  in  the  Neotropical  region. 


Symposium 


Presentation  Title:  Insect  galls  from  the  Amazonian  rainforest 

Author  Name:  Barbara  do  Nascimento 

Author  Institution:  Universidade  Federal  do  Rio  de  Janeiro 

Session  Title:  Symposium:  Neotropical  Insect  Galls 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3248 

DOI:  10. 1603/ICE. 2016. 105246 

Abstract  text: 

Introduction:  Despite  the  great  diversity  and  richness  of  fauna  and  flora,  little  is  known  about  the 
galling  insects  of  the  Amazonian  rainforest.  This  biome  comprises  nine  Brazilian  states 
(Tocantins,  Amazonas,  Roraima,  Rondonia,  Para,  Amapa,  Acre,  Maranhao  and  Mato  Grosso), 
but  the  galls’  diversity  is  only  recorded  from  two  of  them:  Para  and  Amazonas. 

Methods:  Data  about  insect  galls,  host  plants,  insect  gallers  and  associated  fauna  were  collected 
from  studies  in  the  Amazonian  rainforest  areas.  It  was  considered  only  studies  in  which  the  host 
plant  was  identified. 

Results/Conclusion:  So  far  there  is  a  record  of  580  insect  galls’  morphotypes  and  409  host  plants 
for  the  Amazonian  rainforest.  Fabaceae  and  Burseraceae  were  the  plant  families  with  the  greatest 
number  of  galls  morphotypes.  Leaves  and  stems  were  more  attacked  by  the  gallers  than  the 
others  plant  organs,  the  majority  of  the  galls  was  glabrous  and  the  morphotypes  discoid, 
ellipsoids  and  globose  were  the  most  frequent.  The  Cecidomyiidae  was  the  most  frequent  galler, 
with  a  record  of  13  species  in  1 1  genera:  Alycaulus ,  Asphondylia ,  Bruggmannia,  Dactylodiplosis , 
Frauenfeldiella ,  Haplopalpus ,  Iatrophobia ,  Lopesia ,  Macroporpa ,  Megaulus ,  and  Uleia.  This 
record  is  minimal  compared  to  the  known  richness  of  gall  midges  in  Neotropical  areas.  These 
scarce  data  confirm  the  need  to  intensify  the  research  in  both  ecological  and  taxonomic  levels  for 
these  understudied  areas. 
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Abstract  text: 


Introduction:  Active  learning  is  a  teaching  technique  defined  by  students  actively  working  with 
the  subject  to  develop  skills  and  knowledge.  Inquiry-based  learning,  in  which  students  conduct 
experiments  to  investigate  a  concept,  is  form  of  active  learning  that  is  effective  at  conveying 
scientific  concepts. 

Methods:  At  our  university  many  non-entomology  degree  programs  require  taking  General 
Entomology,  but  students  often  have  limited  enthusiasm  for  insects.  To  increase  motivation,  we 
devised  an  inquiry-based  lab  exercise  that  uses  aquatic  macroinvertebrate  assemblages  as 
bioindicators  of  river  health. 

Results/Conclusion:  We  found  that  the  exercise  enabled  students  to  recognize  aquatic  insects, 
increased  their  appreciation  of  insect  indicator  species,  and  improved  student’s  perceptions  of  the 
relationship  between  humans  and  insects.  Our  data  suggest  this  inquiry-based,  constructivist 
teaching  strategy  increases  student’s  appreciation  for  entomology  and  contributes  to  student 
learning.  We  will  conclude  with  an  open  discussion  about  how  active  learning  can  be 
incorporated  into  our  teaching,  outreach,  and  extension  programs. 
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Introduction:  Why  should  educators  bother  to  design  and  implement  programming  for  students 
with  disabilities?  Science  educators  have  a  legal  and  moral  obligation,  and  unique  opportunity  to 
teach  and  inspire  all  students.  In  designing  entomology  classes  or  outreach  events,  entomologists 
may  feel  lost  at  designing  and  adapting  programs  for  students  with  disabilities. 


Methods:  We  will  review  disability  categories,  child  development,  and  other  factors  that  cause 
students  to  struggle  in  our  programs  based  on  current  policies  and  knowledge.  We  will  also 
review  survey  data  from  science  educators  about  their  experiences  and  strategies  for  working 
with  students  with  disabilities. 

Results/Conclusion:  Based  on  this  information,  evidence  based  strategies  will  be  discussed.  You 
will  be  able  to  implement  these  strategies  in  your  own  programs.  Do  you  have  a  specific  idea  or 
question  about  teaching  students  with  disabilities?  Come  share  it! 
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Introduction:  The  public  uses  modern  technologies  like  social  media,  mobile  applications,  and 
portable  media  production  devices.  As  entomologists,  we  have  embraced  use  of  these 
technologies  to  reach  learners  of  all  ages.  While  we  use  these  technologies,  less  work  has  been 
done  looking  at  the  efficacy  of  these  tools  in  improving  entomology  literacy  and  arthropod 
conservation  practices. 

Methods:  This  presentation  will  provide  examples  of  technology-enhanced  programs  and 
impacts  on  entomology  literacy  and  conservation  behaviors.  Data  on  educational  outcomes  will 
be  presented. 

Results/Conclusion:  We  will  discuss  the  impact  of  this  work  on  teaching  entomology  to  the 
masses. 
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Introduction: 

Bess  beetles  ( Odontotaenius  disjunctus ),  also  called  horned  passalus  beetles,  are  large,  non¬ 
threatening,  user-friendly  insects  that  fascinate  students  of  all  ages.  We  revisit  a  classic  activity, 
bess  beetle  strength,  widely  used  in  science  classes  to  demonstrate  the  supposedly  superior 
strength  of  insects  relative  to  human  beings.  We  challenge  this  assumption,  present  suggestions 
for  more  pedagogically  useful  approaches,  and  demonstrate  hands-on  ways  to  extend  the  basic 
penny  pull  activity  to  engage  students  at  deeper  levels. 


Methods:  This  popular  activity  is  most  often  presented  as  a  demonstration  and/or  challenge  for 
students  to  complete  using  a  prescribed  set  of  materials,  but  it  has  the  potential  to  be  so  much 
more.  Using  the  5E  learning  cycle  approach  (Engage,  Explore,  Explain,  Extend,  Evaluate)  we 
show  how  the  lab  can  be  transformed  through  dynamic  and  highly  engaging  guided  inquiry.  In 
particular,  we  illustrate  how  the  Extension  phase  of  the  cycle  presents  numerous  student  research 
possibilities  that  effectively  integrate  science,  technology,  engineering  and  mathematical 
(STEM)  concepts. 

Results/Conclusion:  Working  with  students  and  teachers,  we  have  developed  expansions  of  the 
basic  penny  pull  activity  that  are  rich  with  options  adaptable  to  all  levels.  These  lead  students  to 
integrate  important  principles  across  the  biological  and  physical  sciences,  and  incorporate  STEM 
concepts  in  highly  relevant  ways.  Moreover,  students  engaged  in  designing  and  implementing 
hands-on,  minds-on  experiments  with  these  fascinating  beetles  unhook  from  their  technology 
crutches  to  experience  true  learning  and  genuine  scientific  inquiry. 
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Abstract  text: 

Introduction:  Invertebrates  are  one  of  the  most  diverse  groups  of  animals  on  the  planet.  Many  are 
small  in  stature,  can  live  in  huge  colonies,  and  spend  their  whole  life  in  the  space  of  a  10  gallon 
aquarium.  However,  there  is  a  fine  line  between  surviving  and  thriving. 

Methods:  With  a  little  expense  and  a  lot  of  imagination  you  can  create  wonderful  habitats  that 
are  visually  stunning  as  well  as  functional  for  day  to  day  maintenance.  This  presentation  will 
cover  tips  and  tricks  for  exhibition,  including  fabrication  of  enclosures  and  “furniture”,  and 
selection  of  lighting  and  plants.  An  extensive  list  of  resources  that  will  encourage  further 
development  of  these  skills,  as  well  as  purchasing  options,  will  be  explored. 


Results/Conclusion:  An  extensive  list  of  resources  that  will  encourage  further  development  of 
these  skills,  as  well  as  purchasing  options,  has  been  compiled  and  will  be  discussed. 
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Abstract  text: 

The  experience  of  growing  up  in  the  woods  with  an  interest  in  insects  was  formative  in  my 
decision  to  become  the  entomologist  I  am  and  has  led  me  to  graduate  school  in  forest 
entomology.  A  middle  school  insect  collection  sparked  my  interest,  leading  to  attending  MSU’s 
Bug  and  Plant  camp.  There  I  received  my  first  real  entomological  knowledge  and  skills.  This 
started  my  journey  in  earnest  and  opened  the  doors  to  many  experiences  and  people  that  have 
helped  me  on  the  way.  Dr.  John  Guyton  provided  my  first  teaching  experience  at  BugFest.  Dr. 
Jerome  Goddard  and  his  student  Wendy  Varnado  helped  me  prepare  my  first  professional  paper. 
From  there  I  worked  with  Dr.  Natraj  Krishnan  on  my  first  research  experience,  with 
Drosophilaand  my  first  conference  poster  for  ESA  received  the  Presidents  Outstanding 
Undergraduate  Poster  Award.  Dr.  Richard  Brown  provided  my  first  professional  experience  in 
entomology,  a  summer  position  at  the  Mississippi  Entomological  Museum.  Dr.  John  Riggins 
provided  me  with  the  best  of  both  worlds  becoming  my  major  professor  in  forest  entomology 
and  is  guiding  me  into  the  newest  phase  of  my  entomology  experience,  graduate  school.  Many  of 
the  experiences  I  had  from  middle  school  through  high  school  shaped  me  and  guided  my 
entomological  thinking  on  my  journey  into  graduate  school. 
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Introduction:  A  lifelong  interest  in  entomology  and  a  week  spent  at  a  truly  one  of  a  kind  camp 
led  to  a  girl  from  a  small  Mississippi  town  spreading  a  love  of  insects  and  spiders  to  people  of  all 
ages.  Now  an  undergraduate  at  Mississippi  State,  that  passion  continues  to  provide  new 
opportunities  to  learn  and  to  teach. 

Methods:  With  the  Arthropod  Adventures  team,  the  Mississippi  State  Entomology  and  Plant 
Pathology  Club  and  MSU’s  Linnaean  Games  team,  I  have  been  able  to  attend  and  participate  in 
many  outreach  events.  From  summer  camps  and  school  groups  to  community  markets  and  field 
days,  there  have  been  some  really  incredible  opportunities  to  teach  people  about  insects  and 
spiders. 

Results/Conclusion:  Over  the  past  few  years  as  an  undergraduate  student  at  Mississippi  State 
University,  I  have  been  able  to  diversify  my  learning  about  entomology  as  well  as  spread  that 
information  to  the  community.  Through  the  experiences  I  have  had,  and  the  programs  that  I  have 
participated  in,  I  believe  there  are  many  ways  for  undergraduate  students  to  become  heavily 
involved  in  outreach  and  teaching  programs. 
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Introduction:  The  need  for  arthropod  education  has  never  been  greater,  and  it  has  the  potential  to 
enrich  all  types  of  lesson  plans  (science,  math,  art,  social  studies,  language  arts,  music,  etc.).  The 
Arthropod  Project'  will  be  a  website  containing  links  to  lesson  plans,  demonstrations,  and  other 
useful  resources  for  educators. 

Methods:  The  Arthropod  Project  links  will  be  managed  by  the  ESA  and  accessed  by  a 
comprehensive  index  that  will  allow  teachers  to  enter  parameters  to  find  the  specific  information 
or  lesson  plans  they  need. 

Results/Conclusion:  The  greatest  benefit  of 'The  Arthropod  Project'  will  be  a  more  informed 
population,  globally,  on  beneficial  and  pest  arthropods.  We  also  expect  to  see  improved  student 
performance  in  all  subjects,  as  well  as  greater  satisfaction  with  the  material.  Research  has 
suggested  such  lessons  contribute  to  greater  enjoyment  by  students  and  teachers  alike,  resulting 
in  fewer  disciplinary  problems  and  improved  test  scores. 
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Introduction:  Insects  are  often  an  overlooked,  but  important  part  of  our  everyday  life.  Many 
entomologists  receive  requests  for  educational  programs  for  a  variety  of  age  groups  and  venues. 


Whether  you  are  an  educator  in  formal  or  informal  settings,  having  a  “Bug  Box”  is  an  easy  way 
to  be  prepared  for  giving  education  and  outreach  presentations.  We  will  share  ideas  and 
resources  that  will  prepare  you  for  your  next  education  event. 

Methods:  Some  educational  standards  that  will  be  covered  from  first  through  fifth  grade  include: 
making  observations  that  plants  and  animals  closely  resemble  their  parents,  but  variations  exist 
among  individuals  within  a  population;  all  plants  and  animals  need  air,  water,  food,  and  space; 
major  stages  in  the  life  cycles  of  plants  and  animals;  classification  of  animals  into  major  groups; 
recognizing  ways  plants  and  animals  can  impact  the  environment;  adaptations  displayed  by 
animals  and  plants  that  enable  them  to  survive  in  different  environments. 

Results/Conclusion:  "Bug  Boxes"  are  a  great  way  to  organize  your  materials  for  outreach 
programs  in  a  grab  and  go  fashion  and  encompass  a  multitude  of  information  to  present  to 
audiences. 
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Abstract  text: 

Introduction:  The  Invertebrates  in  Education  and  Conservation  Conference  (IECC)  is  a  yearly 
meeting  of  the  Terrestrial  Invertebrate  Taxon  Advisory  Group  (TITAG)  and  is  attended  by  any 
number  of  organizations  that  specialize  in  invertebrate  husbandry  and  the  use  if  invertebrates  in 
formal  and  informal  educational  settings.  ESA  members  would  benefit  from  the  vast  knowledge 
this  conference  offers. 

Methods:  The  IECC  is  a  week-long  festival  of  papers,  workshops,  and  collecting  trips  that  draws 
interested  people  from  around  the  world  to  meet  and  share  their  successes  and  failures  in  the 
rearing,  display,  and  use  of  invertebrates  as  museum  exhibits,  educational  displays,  and  in-class 


learning  tools.  For  more  than  20  years,  insect  keepers  and  entomological  educators  have  met  to 
communicate  all  the  minutia  required  to  maintain  thriving  invertebrate  colonies  at  Insect  Zoos, 
Butterfly  Conservatories,  and  other  institutions. 

Results/Conclusion:  Since  many  entomologists  around  the  world  need  the  skill  of  husbandry  to 
successfully  maintain  research  and  outreach  programs,  the  ESA  membership  benefit  greatly  from 
an  increase  in  mutual  awareness  and  cooperation  between  these  2  organizations. 
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Abstract  text: 

Control  of  arthropods  of  public  health  importance  such  as  mosquitoes,  bed  bugs,  lice,  ticks,  sand 
flies,  kissing  bugs,  fleas,  etc.  is  very  important  to  the  public  throughout  the  world.  Historically, 
vector-borne  diseases  have  had  a  tremendous  impact  on  global  human  societies.  This 
presentation  will  give  an  overview  of  the  important  role  of  an  entomologist  in  preventing,  and 
controlling  vector-borne  diseases  by  coordinating  and  collaborating  with  other  public  health 
professionals  such  as  epidemiologists,  physicians,  veterinarians,  environmentalists,  etc.  to  protect 
the  health  of  communities. 
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Abstract  text: 

Bringing  together  epidemiologists  and  entomologists  can  open  the  door  to  new  control  methods 
for  diseases  such  as  malaria  and  leishmaniasis.  An  understanding  of  the  broader  epidemiological 
context  of  a  vector-borne  disease  can  direct  the  focus  from  just  reducing  numbers  of  insect 
vectors  to  a  more  targeted,  meaningful  approach  that  may  not  significantly  impact  the  overall 
vector  population,  but  that  can  interrupt  the  transmission  of  pathogens.  Conversely,  a  more 
comprehensive  understanding  of  the  biology  and  ecology  of  an  insect  vector  can  lead  to  new 
breakthroughs  to  combat  vector-borne  diseases  for  which  control  programs  have  stalled. 
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Abstract  text: 

The  CDC  is  the  premier  public  health  body  in  the  United  States.  There  are  a  wide  variety  of 
professionals  assembled  to  tackle  complex  health  issues,  including  vector-borne  diseases. 
Entomologists  work  across  the  institution  alongside  medical  doctors,  veterinarians, 
immunologists,  and  microbiologists,  to  name  a  few.  Two  examples  of  how  multidisciplinary 


teams  work  will  be  presented.  Within  the  Arbo viral  Diseases  Branch,  our  scientists  track  both 
human  and  environmental  samples  for  the  most  important  vector-borne  diseases  in  the  U.S.  This 
work  is  key  in  understanding  risk  factors  that  can  drive  prevention  activities  before  human  cases 
are  seen.  Entomologists  are  also  part  of  the  team  that  is  working  to  identify  the  vector(s)  and 
reservoir  of  the  newly  discovered  tick-borne  arbovirus  from  Midwestern  states.  Understanding 
nuances  in  the  biology  of  similar  vectors  can  mean  the  difference  between  success  and  failure  of 
control  measures. 
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Rickettsia  rickettsii,  the  etiologic  agent  of  Rocky  Mountain  spotted  fever,  is  widely  spread  across 
the  Americas.  In  North  America,  Dermacentor  spp.  ticks  are  considered  the  primary  vectors  of 
R.  rickettsii,  and  the  brown  dog  tick,  Rhipicephalus  sanguineus,  has  been  implicated  in 
transmission  of  this  pathogen  in  specific  locations  in  the  U.S.  and  Mexico.  Ticks  of  the  genus 
Amblyomma  are  recognized  vectors  of  R.  rickettsii  in  Central  and  South  America.  Despite 
sporadic  findings  of  DNA  related  to  R.  rickettsii  in  North  American  Amblyomma  spp.  ticks,  their 
vector  competence  has  not  been  studied.  Using  laboratory  animals,  we  assessed  abilities  of  A. 
americanum,  A.  maculatum,  A.  mixtum,  and  Rk  sanguineus  in  acquisition  of  R.  rickettsii  from 
infected  hosts  and  transmission  of  the  pathogen  to  a  susceptible  animal.  These  were  compared  to 
the  vector  competence  of  D.  variabilis.  A.  americanum  demonstrated  vector  competence 
comparable  to  that  of  D.  variabilis ,  whereas  A.  maculatum  and  A.  mixtum  appeared  to  be 
incapable  of  maintaining  or  transmitting  R.  rickettsii  infection. 
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Abstract  text: 

Over  the  past  two  decades  we  have  seen  an  increase  in  numerous  diseases  transmitted  by  insects 
across  country  and  continent  borders  that  can  infect  humans  and  other  animals.  Understanding 
the  medical  and  psychological  effects  of  these  diseases  will  be  important  both  for  entomologists 
and  medical  professionals  alike.  In  the  U.S.,  medical  personnel  are  not  adequately  trained  on 
invasive  insects  and  the  diseases  they  carry.  From  head  lice,  to  bed  bugs,  to  kissing  bugs,  and 
mosquitoes,  most  health  professionals  lack  the  knowledge  to  properly  diagnose  insect  bites. 
Entomologists  can  assist  their  medical  community  by  providing  outreach  materials,  and  taking 
the  time  to  reach  out  to  local  medical  schools  to  offer  training  on  vector-borne  diseases.  This 
session  will  help  entomologists  find  the  right  information  and  how  to  make  the  necessary 
contacts  with  the  medical  community  to  help  convey  their  message. 
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Abstract  text: 

Every  state-  or  province-level  public  health  department  needs  a  medical  or  public  health 
entomology  section,  consisting  of  one  or  more  entomologists.  In  most  states  or  provinces,  they 
are  housed  in  the  epidemiology/communicable  disease  group,  the  vector-borne  disease  group,  the 
environmental  health  group,  or  some  combination  thereof.  The  state/provincial  or  local  health 
officer,  along  with  the  state  epidemiologist  or  public  health  veterinarian,  are  charged  with 
defining  and  clarifying  for  the  entomologist  the  collaboration  with  other  groups  within  the  public 
health  unit.  Often,  during  investigations,  the  entomologist  is  accompanied  by  an  epidemiologist 
or  nurse  to  answer  clinical  questions,  while  the  entomologist  is  there  to  answer  environmental  or 
entomological  questions.  The  entomological  and  environmental  aspects  should  not  overlap  the 
clinical  aspects  of  a  case.  Due  to  the  nature  of  the  position,  the  public  health  entomologist  should 
have  extensive  expertise  and  training  in  the  following  core  areas:  1)  identification,  biology,  and 
control  of  insects  and  rodents  of  public  health  importance,  2)  commonly  used  insecticides  and 
rodenticides  in  the  control  of  insects  and  rodents  of  public  health  importance,  3)  integrated  pest 
management  (IPM)  techniques  in  the  control  of  insects  and  rodents  of  public  health  importance, 
and  4)  understanding  zoonotic  diseases  of  public  health  importance  that  are  transmissible  to 
humans  from  insects  and  rodents  and  the  associated  risks  of  transmission  to  humans.  Since  many 
vector-borne  zoonotic  diseases  are  increasing  in  incidence  and  geographic  distribution,  there  is  a 
great  need  for  more  effective  collaboration  between  public  health  officials,  veterinarians,  and 
entomologists. 
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Abstract  text: 


Monitoring  adult  Aedes  aegypti  abundance  with  fixed  position  traps  has  been  considered  as  an 
alternative  surveillance  method  that  shows  promise  for  directing  vector  control  and  predicting 
when  and  where  dengue  outbreaks  will  take  place.  A  partnership  between  a  University  and  a 
“spin-off’  company  was  established,  and  the  partners  co-developed  the  Mi-Dengue  Platform. 

The  Platform  consists  of  an  integration  of  continuous  vector  monitoring,  at  fine  spatial  and 
temporal  scales,  and  provides  an  informational  technology  platform  for  near  real-time  data 
collection,  analysis,  and  decision-making.  The  surveillance  data  generated  from  the  system  is 
used  to  calculate  weekly  vector  indices  and  easily  discernible  geographical  hot  spots  to  target 
vector  control  resources.  Once  identified,  directing  control  efforts  to  high  priority  areas  with 
virus  detection  may  reduce  future  virus  circulation.  Citywide  analysis  also  facilitates  the 
detection  of  novel  serotype  introduction  to  the  city,  which  can  be  an  indicator  for  dengue 
epidemics.  Furthermore,  the  viral  analysis  of  mosquitoes  is  low-cost  and  can  be  implemented 
with  a  simple  laboratory  protocol.  Results  from  21  cities  in  Minas  Gerais  State,  Brazil,  indicated 
that  over  27,000  dengue  cases  were  prevented  (2.7  times  lower  than  conventional  methods)  and 
about  $7  million  dollars  (U.S.)  were  saved  in  direct  and  indirect  costs.  Mi-Dengue  Platform  is  an 
alternative  for  monitoring  other  urban  vector  diseases  such  as  Chikungunya  and  Zika  virus. 
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Abstract  text: 

Introduction:  Plague  is  a  zoonotic  disease  caused  by  infection  with  Yersinia  pestis,  a  gram¬ 
negative  bipolar-staining  bacillus.  The  disease  is  maintained  naturally  in  rodent  populations  and 
transmitted  to  humans  through  the  bite  of  infected  fleas.  Plague  occurs  worldwide  with  enzootic 
foci  in  parts  of  Asia,  Africa,  and  North  and  South  America.  Uganda  has  enzootic  plague  and 
occasionally  experiences  outbreaks,  which  occur  primarily  in  the  West  Nile  region  in  the 
northwest  corner  of  Uganda.  A  1997  report  states  that  the  number  of  suspect  cases  treated  in  that 
region  from  1990  to  1995  ranged  from  103  to  545  per  year,  with  a  case-fatality  rate  of  12%  to 
41%. 


Methods:  CDC  has  collaborated  with  the  Uganda  Ministry  of  Health  and  the  Uganda  Virus 
Research  Institute  to  enhance  surveillance,  diagnosis,  and  control  of  plague  in  the  West  Nile 
region.  Program  elements  include:  (1)  evaluation  of  a  CDC-developed  rapid  diagnostic  test,  (2) 
establishment  of  an  enhanced  surveillance  program  focused  on  identifying  potential  human 
plague  cases  and  rodent  die-offs  in  villages,  (3)  determination  of  risk  factors  for  disease 
occurrence  and  poor  clinical  outcome,  and  (4)  prevention  and  control  efforts  based  on  early  and 
accurate  diagnosis,  effective  antibiotic  treatment,  and  community-based  prevention  activities. 

Results/Conclusion:  In  the  districts  where  the  measures  above  have  been  implemented  5 
confirmed  cases  occurred  with  no  secondary  transmission  and  no  deaths  in  the  period  of  time 
from  2013  to  2015.  These  results  suggest  that  plague  morbidity  and  mortality  can  be  reduced 
using  multi-disciplinary  prevention  methods. 
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The  West  Nile  region  in  northwestern  Uganda  is  a  focal  point  for  human  plague,  a  highly 
virulent  zoonotic  disease,  which  peaks  in  boreal  autumn  and  is  spread  by  fleas  that  infest  rodent 
hosts.  Although  plague  occurs  worldwide,  the  overwhelming  burden  is  in  rural,  impoverished 
areas  of  sub-Saharan  Africa  where  the  case  fatality  rate  is  often  >50%.  In  northwest  Uganda,  an 
ongoing,  interdisciplinary  project  is  aimed  at  reducing  risk  of  plague  through  collaboration 
among  the  Centers  for  Disease  Control  and  Prevention  (CDC),  the  National  Center  for 
Atmospheric  Research  (NCAR),  and  the  Uganda  Virus  Research  Institute  UVRI).  The  primary 
aims  of  this  collaborative  research  are  to  advance  knowledge  of  the  climatic  conditions  that  may 
be  required  to  maintain  enzootic  cycles  and  to  trigger  epizootic  cycles  that  lead  to  human  plague 
cases,  and  to  enhance  surveillance  to  improve  health  outcomes.  The  CDC,  NCAR  and  UVRI 
undertook  a  unique  pilot  program  to  enroll  and  train  traditional  healers  in  the  regions  of  West 
Nile  above  1300  meters  which,  compared  to  surrounding  areas,  have  cooler  and  wetter  climatic 
conditions  that  are  associated  with  elevated  risk  for  plague  transmission.  Healers  were  trained  to 
recognize  and  refer  plague  patients  to  local  health  clinics  in  support  of  a  broader  active  plague 
surveillance  program  in  collaboration  with  the  CDC  and  UVRI.  Results  of  ensemble  weather  and 
climate  data  coupled  with  epidemiological  data  and  a  successful  training  module  bringing 
traditional  healers  and  clinicians  together  to  reduce  risk  will  be  presented. 
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Introduction:  In  our  current  age  of  digital  photography  almost  anything  seems  possible.  We  have 
great  cameras,  computer  designed  lenses  and  software  available  to  do  things  that  we  could  never 
have  done  in  the  past.  All  of  these  make  creating  good  images  for  personal  use,  research  and 
publication  possible  for  most  entomologists.  One  thing  that  has  not  changed  in  this  digital  age  is 
that  good  field  techniques  in  macro  photography  are  still  a  much  needed  skill  if  we  hope  to 
create  natural  images  or  record  insect  behavior  while  in  the  field. 

Methods:  Getting  it  right  “in  camera”  is  always  better  than  having  to  spend  hours  in  front  of  a 
computer  monitor.  Various  field  techniques  will  be  shown  and  their  merits  discussed.  Camera 
support  systems,  both  conventional  and  nonconventional,  help  to  reduce  camera  movement  and 
lead  to  sharper  images.  Lighting  control  systems  and  strategies  help  reveal  details  in  your  subject 
that  may  be  important  in  identification  or  documentation  of  what  is  occurring.  Techniques  in 
altering  and  improving  the  background  will  help  make  your  subject  stand  out  in  the  photo  for 
maximum  affect. 

Results/Conclusion:  Good  techniques  lead  to  the  capture  of  better  images. 
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Introduction:  Mosquitoes  are  understandably  much  maligned  for  their  propensity  for  nuisance 
biting  and  the  ability  to  transmit  a  range  of  human  and  veterinary  pathogens  of  disease. 
However,  the  reality  is  that  only  a  small  number  of  this  group  are  of  a  public  health  concern, 
whereas  most  pose  little  threat  to  humans  and  are  an  essential  part  of  natural  ecosystems.  Many 
mosquitoes  are  in  fact  extremely  beautiful,  and  possess  a  range  of  unique  adaptations  for  their 


environment.  Through  digital  imaging  it  is  possible  to  uncloak  the  mask  of  ignorance  around 
mosquitoes  and  reveal  the  true  extend  of  the  majesty  of  their  existence. 

Methods:  Techniques  for  capturing  both  larval  and  adult  mosquitoes  will  be  discussed.  This 
includes  details  on  the  specialised  equipment  required  in  order  to  confine  the  mosquitoes  in  order 
to  capture  them,  as  well  as  the  photographic  equipment  employed. 

Results/Conclusion:  To  date  over  80  unique  Australian  mosquito  species  have  been  digitally 
captured.  This  includes  individuals  infected  with  a  range  of  parasites  or  with  various  commensals 
attached.  The  work  has  culminated  in  ‘A  Guide  to  Mosquitoes  of  Australia’,  which  is  available 
from  www.publish.csiro.au/pid/6391.htm. 
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Abstract  text: 

Introduction:  I  will  provide  an  introduction  to  high  speed  flash  photography,  using  strobe  flashes 
to  expose  images  at  up  to  1/50,000  second. 

Methods:  I  will  discuss  its  history,  how  it  works,  and  applications  for  its  use  in  entomology. 

Results/Conclusion:  The  ability  to  stop  the  motion  of  quick  moving  arthropods  and  flying  insects 
through  this  technique,  allows  you  to  explore  many  lines  of  questioning  that  are  otherwise 
difficult  to  answer.  This  talk  will  focus  primarily  on  how  to  capture  insects  in  flight  and 
examples  of  the  science  that  can  be  done  using  this  specialized  area  of  photography. 
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Introduction:  Few  aspects  of  photography  are  as  important  as  precise  control  of  light.  Light 
direction,  intensity,  and  color  each  exert  dramatic  effects  on  the  stories  told  by  successful 
photographs 

Methods:  Light  direction,  intensity,  and  color  each  exert  dramatic  effects  on  the  stories  told  by 
successful  photographs 

Results/Conclusion:  I  discuss  techniques  in  both  ambient  and  strobe  lighting  to  produce 
compelling  arthropod  photographs. 
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Introduction:  The  arrival  of  affordable,  high  resolution  3D  printers  adds  a  new  dimension  to 
insect  photography. 

Methods:  Richard  Naylor  will  take  us  through  the  entire  process,  beginning  with  photographing 
the  subject  and  focus- stacking  to  achieve  the  required  depth  of  field.  We  will  learn  about  some  of 
the  challenges  associated  with  lighting  the  subject,  and  how  to  overcome  them.  We  will  see  how 
a  collection  of  images  can  be  processed  into  a  3D  model  using  a  variety  of  software  options. 

Results/Conclusion:  Once  a  good  quality  3D  computer  model  is  achieved,  it  can  be  sent  to  the 
printer. 
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When  it  comes  to  photography,  entomologists  have  it  tough: 

•  High  magnification:  Tiny  subjects  dictates  narrow  depth  of  field.  So,  you  employ  focus 
stacking  to  get  around  this  issue,  but  creating  an  image  stack  is  tedious,  time-consuming, 
and  error-prone. 

•  Behavior:  How  to  capture  insects  in  flight?  Mammologists  have  it  easy  -  large  lumbering 
quadrupeds...  Bugs  are  fast,  tiny,  and  elusive. 

•  Curators  have  reference  collections:  Old,  precious  and  fragile  holotypes  that  every 
budding  E.  O.  Wilson  wants  to  get  their  hands  on  to  see  whether  the  ant  they  just  found 
might  be  new  to  science. . . . 

We  can  help... 


Enter  Cognisys  StackShot  -  an  automated  focus  stacking  system  which  provides  precision, 
repeatability,  and  ease  of  use  in  an  affordable  package.  If  you  are  focus  stacking,  StackShot  will 
save  you  time!  StackShot  is  a  proven  technology,  already  being  utilized  by  universities  and 
museums  around  the  world. 

Cognisys  will  also  have  their  “Insect  Rig”  on  hand,  a  system  that  enables  high  speed  capture  of 
both  stills  and  video  of  anything  that  flies  -  from  Drosophila  to  bats.  The  rig  employs  a  shutter 
with  a  response  time  of  less  than  6mS.  Very  useful  to  find  what  bugs  are  outside  at  night  —  in 
your  backyard  or  a  rainforest. 

Cognisys  has  also  developed  a  system  to  facilitate  ‘Virtual  Object  Creation’:  A  highly  detailed, 
rotatable  3D  image  of  an  insect  that  anyone  with  a  computer  can  access.  The  creation  of  these  3D 
virtual  images  can  be  complex  and  time-consuming,  but  the  recently  released  StackShot  3X 
automates  the  process. 
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Abstract  text: 

Introduction:  Various  imaging  techniques  have  been  used  to  record  a  range  of  scientific 
materials.  The  higher  resolving  capabilities  of  the  electron,  confocal  and  x-ray  microscopes  have 
classified  these  as  the  industry  standards  for  imaging;  however,  new  focus- stacking  technologies 
relating  to  digital  macro  photography  have  since  simplified  and  advanced  the  use  of  standard 
light  imaging  in  order  to  achieve  higher  resolving  powers  down  to  0.4  pm.  The  images  generated 
from  these  technologies  show  highly  magnified  details  of  colors  and  structures  that  represent 
samples  in  their  most  natural  form. 

Methods:  Photomacrography  is  the  process  of  capturing  and  stitching  together  multiple 
exposures  along  the  z-axis  of  an  object  in  order  to  render  an  accurate  image  that  is  entirely  in 
focus.  The  rigorous  testing  of  various  small,  large,  wet,  dry,  animate  and  inanimate  specimens 
has  led  to  the  development  of  refined  techniques  and  solutions  that  allow  for  oo-100x  single¬ 
frame,  panoramic,  time-lapse  and  3D  imaging  using  transmitted,  reflected  and  fluorescent 
illumination.  These  systems  are  non-destructive  and  require  no  preliminary  preparations  to  the 
sample.  They  also  permit  the  use  of  high-defmition  video  and  3D  modeling  using 
photogrammetry  software,  which  converts  focus-stacked  imagery  into  polygons  for  VR  and  3D 
printing  applications. 

Results/Conclusion:  Focus  stacking  techniques  and  technologies  produce  data-rich  information 
that  is  more  closely  associated  with  human  perception.  This  natural  representation  of  scientific 
objects  has  more  profound  implications  for  the  way  students  understand  complex  observations, 
are  more  likely  to  resonate  with  the  general  public  and  can  increase  the  level  of  exposure  and 
outreach  of  academic  programs  and  natural  history  museums. 
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Introduction:  In  social  societies  where  reproduction  is  not  divided  evenly,  rankings  within  the 
group  can  have  marked  consequences  on  individual  fitness.  It  would  therefore  be  an  asset  to 
achieve  the  highest  rank  possible,  or  maintain  the  flexibility  to  capitalize  on  higher  ranking 
positions.  The  eastern  carpenter  bee  Xylocopa  virginica  is  a  facultatively  social  species  which  is 
common  throughout  eastern  North  America.  Females  in  social  X  virginica  nests  assume  1  of  3 
reproductive  strategies:  primary  females  monopolize  both  foraging  and  reproduction,  secondary 
females  may  attain  some  reproduction  and  wait  in  the  queue,  and  tertiary  females  do  not  forage 
or  lay  eggs  but  remain  in  the  nest  as  guards. 

Methods:  To  test  the  flexibility  of  each  reproductive  strategy,  we  conducted  detailed  behavioural 
observations  and  bee  removal  experiments  within  nests  over  the  summers  of  2011-2013.  Using 
non-lethal  DNA  sampling,  we  used  species  specific  microsatellite  loci  to  examine  relatedness 
among  social  groups. 

Results/Conclusion:  Our  results  show  that  while  secondaries  are  quick  to  assume  the  position  of 
the  primary  once  she  is  removed,  tertiary  females  almost  never  change  reproductive  strategies, 
remaining  inactive  even  if  she  is  the  only  female  in  the  nest.  By  sitting  still,  tertiary  females  are 
able  to  overwinter  a  second  time  and  can  become  primary  females  in  their  second  summer. 
Relatedness  among  nestmates  was  very  low  and  was  not  explained  by  reproductive  strategy 
comparisons.  This  lack  of  relatedness  was  explained  by  females  reducing  competition  among  kin 
through  spring  dispersal. 
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Introduction:  All  animals  form  intricate  associations  with  microorganisms  present  in  their 
environment.  These  relationships  range  across  a  spectrum  from  beneficial  for  both  parties 
(mutualism)  to  detrimental  to  one  party  while  benefitting  the  other  (parasitism).  The  interplay 
between  insect  hosts,  symbionts,  and  physiological  processes  have  been  highlighted  as  areas  of 
interest  for  understanding  coevolution,  as  a  means  to  identify  enzymes/biomaterials  for  applied 
purposes,  and  due  to  implications  for  pest  control.  Termites’  intimate  relationship  with 
symbionts  provides  a  great  model  to  understand  this  type  of  collaborative  physiology  between  an 
insect  host  and  their  associated  microbiota. 

Methods:  Using  a  metatranscriptomic  approach,  we  investigated  bacterial  contributions  in 
general  and  in  response  to  fungal  pathogen  challenge  within  the  guts  of  Reticulitermes 
flavipes  workers. 

Results/Conclusion:  We  were  able  to  annotate  >20,000  bacterial  genes  from  the  termite  gut, 
many  of  which  encode  proteins  important  for  digestion,  transport,  and  amino  acid  biosynthesis. 
Additionally,  differential  gene  expression  analysis  allowed  us  to  identify  a  candidate  enzyme  for 
bacterial  symbiont-mediated  antifungal  defense  in  termites.  Together  these  results  highlight  the 
importance  of  bacteria  in  the  lower  termite  biology  and  lay  the  foundation  for  future  work 
investigating  the  intracacies  of  the  physiological  collaborations  within  the  termite  gut. 
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Introduction:  Mountain  pine  beetles,  Dendroctonus  ponderosae ,  have  long  been  observed  to 
have  female-biased  sex  ratios  at  maturity.  Although  this  has  been  attributed  to  male-biased 
mortality  during  development,  the  hypothesis  has  not  been  directly  tested. 

Methods:  In  field  and  lab  studies,  we  determined  that  mortality  is  indeed  male-biased  in  nature  in 
response  to  winter  conditions  as  well  as  in  benign  lab  environments.  To  better  understand 
possible  underlying  selective  processes,  we  explored  patterns  of  sex  allocation  and  mortality  in 
individual  broods. 

Results/Conclusion:  As  predicted,  egg  sex  ratios  were  male-biased  while  adult  sex  ratios  were 
more  female-biased  with  greater  mortality.  Further,  maternal  quality  may  influence  the  number, 
size  and  sex  of  offspring  produced  and,  in  turn,  their  survival.  Trivers  and  Willard  predict  biased 
allocation  according  to  maternal  state.  Sex  allocation  differed  among  females  in  relation  to  body 
size  and  laying  order.  Larger  mothers  laid  larger  eggs  earlier  while  smaller  mothers  laid  larger 
eggs  later.  Hatch  rates  were  high  especially  for  larger  eggs.  Smaller  mothers  were  more  likely  to 
lay  female  offspring  early,  while  larger  mothers  were  more  likely  to  lay  males  early.  As  eggs 
were  laid,  the  probability  of  laying  males  increased  for  mothers  of  all  sizes.  Hatch  rates  were 
high  for  early  laid  eggs  of  both  sexes,  but  hatch  rates  of  male  eggs  declined  rapidly  further  along 
the  gallery.  Thus  patterns  of  allocation  reflect  Fisher’s  prediction  that  mothers  should 
compensate  for  biased  mortality  by  increasing  allocation  to  that  sex. 
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Introduction:  Termites,  the  oldest  eusocial  insects,  have  evolved  various  defense  mechanisms  to 
resist  microbial  infections. 

Methods:  We  investigated  antimicrobial  production  by  eastern  subterranean 
termites,  Reticulitermes  flavipes,  against  a  panel  of  8  bacteria  including  3  important  multidrug 
resistant  (MDR)  bacteria.  In  addition,  two-dimensinal  gel  electrophoretic  analyses  were  used  to 
investigate  the  hemolymph  protein  alternations. 

Results/Conclusion:  We  determined  that  the  crude  extract  of  naive  termites  had  a  broad-spectrum 
activity  against  the  5  non-MDR  bacteria  but  it  was  ineffective  against  the  3  MDR 
pathogens  Pseudomonas  aeruginosa ,  methicillin-resistant  Staphylococcus  aureus  (MRSA), 
and  Acinetobacter  baumannii.  Trypsin  treatment  resulted  in  a  complete  loss  of  activity, 
suggesting  that  antibacterial  activity  was  proteinaceous  in  nature.  The  antimicrobial  activity 
changed  dramatically  when  the  termites  were  fed  either  heat-killed  P.  aeruginosa  or  MRSA. 
Heat-killed  P.  aeruginosa  induced  activity  against  P.  aeruginosa  and  MRSA,  and  enhanced 
activity  against  all  but  1  non-MDR  bacterium.  Heat-killed  MRSA  induced  activity  specifically 
against  MRSA,  altered  activity  against  3  Gram-positive  bacteria,  and  inhibited  activity  against  3 
Gram-negative  bacteria.  Neither  the  naive  nor  the  heat-killed  pathogen-challenged  termites 
produced  antibacterial  activity  against  A.  baumannii.  Further  investigation  demonstrated  that 
hemolymph,  not  the  hindgut,  was  the  primary  source  of  antibiotic  activities.  Two-dimensional 
gel  electrophoretic  analyses  of  493  hemolymph  protein  spots  indicated  that  a  total  of  38  and  65 
proteins  were  differentially  expressed  at  least  2.5-fold  upon  being  fed  P.  aeruginosa  and 
MRSA,  respectively.  Our  results  provide  the  first  evidence  of  constitutive  and  inducible 
activities  produced  by  R.  flavipes  against  human  pathogens,  and  specific  inducible  activities 
against  MDRs. 
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Introduction:  Host  manipulation  is  a  strategy  often  employed  by  parasites  for  their  own  benefits. 
This  seems  to  be  true  also  for  the  microsporidian  gut  pathogen  Nosema  ceranae ,  which  is 
commonly  found  in  honey  bees  ( Apis  mellifera )  and  other  bee  pollinators  worldwide.  Extensive 
selection  efforts  by  Danish  beekeepers  resulted  in  a  Nosema  tolerant  honey  bee  lineage. 

Methods:  To  understand  the  mechanisms  underlying  this  tolerance,  we  compare  Nosema 
infections  between  sensitive  (from  France)  and  tolerant  honey  bees.  We  visualize  apoptotic 
processes  in  the  gut  epithelium  using  TUNEL;  relate  this  to  the  expression  levels  of  key  genes  in 
the  apoptotic  cascade;  and  discuss  this  with  results  from  differential  proteomic  analyses. 
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Introduction:  The  most  common  arbovirus  in  Australia,  Ross  River  virus  (RRV)  causes 
polyarthritic  disease  in  about  5,000  people  each  year  and  the  malingering  symptoms  result  in 
significant  financial  and  social  burden.  Previous  studies  of  this  pathogen  have  documented  that 
patterns  of  transmission  and  disease  are  driven  by  many  ecological  variables  which  operate  on 
multiple  spatial  scales.  However  few  studies  have  investigated  the  spatial  scale  at  which  these 
ecological  variables  acts  and  how  the  relationship  between  ecology  and  disease  changes  across 
the  landscape. 

Methods:  Here  we  combine  the  results  of  field,  laboratory,  remotely  sensed  and 

publically  available  data  into  generalized  additive  models  to  elucidate  the  important 

factors  influencing  human  risk  of  infection  and  the  scale  at  which  those  variables  influence  risk. 

Results/Conclusion:  Our  results  show  that  RRV-infected  mosquitoes  are  more  abundant  in  South 
Australia,  especially  in  urban  areas,  than  hospital  and  public  health  reports  previously  suggested. 


Mapping  standardized  morbidity  ratios  of  human  RRV  infections  show  variation  on  a  finer  scale 
than  previously  known.  Bloodmeal  analysis  results  show  that  mosquito  feeding  patterns  vary 
widely  in  different  habitats  across  the  state.  We  combine  these  original  data  with  other, 
publically  available  datasets  to  explain  patterns  of  RRV  disease  across  the  state  and  to  identify 
the  ecological  variables  driving  these  patterns.  We  find  that  different  variables  are  important  in 
different  regions  of  the  state  and  are  operating  at  different  spatial  scales.  The  findings  here  can 
be  used  to  inform  vector  control  and  disease  mitigation  for  RRV  and  other  vector-borne  endemic 
and  emerging  diseases. 
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Introduction:  Cotton  bollworm  larvae  (Lepidoptera:  Noctuidae,  Helicoverpa  spp.)  that  survive  on 
genetically  modified  Bt  cotton  contribute  to  the  risk  of  widespread  resistance  to  Bt  toxins.  Wolf 
spiders  (Araneae:  Lycosidae)  as  ground  predators  can  kill  Helicoverpa  larvae  as  they  descend 
from  the  plant  to  pupate  in  the  soil,  or  moths  emerging  from  underground. 

Methods:  Using  ecological,  molecular  and  behavioral  methods,  I  examine  the  impact  of 
biological  control  from  wolf  spiders  on  ground  dwelling  stages  of  Helicoverpa  as  a  strategy  for 
Bt  resistance  management  in  cotton  fields. 

Results/Conclusion:  Predation  events  of  general  prey  were  rare  to  observe  in  the  field,  and  gut 
content  tests  revealed  that  a  low  proportion  of  wolf  spiders  (2. 1%)  killed  IgG-marked 
Helicoverpa  larvae  in  cotton  plots,  but  this  is  likely  due  to  the  low  rate  of  spider  recapture.  In 
enclosed  containers,  the  3  largest  and  most  abundant  species  of  wolf  spiders  killed  high 
proportions  of  larvae.  In  the  presence  of  another  wolf  spider,  Hogna  crispipes  (intraguild 
predator),  and  the  ground  cricket  Teleogryllus  commodus  (common  field  prey),  Tasmanicosa  still 


killed  high  proportions  of  Helicoverpa  larvae  in  laboratory  containers.  In  glasshouse  enclosures, 
a  single  Tasmanicosa  reduced  by  38%  the  number  of  larvae  surviving  to  pupation,  and  by  66% 
the  number  of  larvae  surviving  to  moth  emergence,  but  the  additive  effect  of  2  spider  species  was 
hindered  by  intraguild  interactions.  Given  the  high  proportion  of  Helicoverpa  larvae  that  spiders 
killed  even  with  the  presence  of  alternative  prey,  wolf  spiders  should  be  considered  as  effective 
biological  control  agents  when  implementing  pest  and  Bt  resistance  management  strategies. 
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Introduction:  Because  insects  are  poikilothermic  organisms,  temperature  is  a  key  driver  of  their 
physiological  processes  and  life  history  traits.  As  a  consequence,  an  insect’s  seasonal  pattern  of 
phenology  might  be  influenced  by  temperature  as  well  as  interactions  between  different  trophic 
levels,  which  in  turn  can  induce  changes  in  population  dynamics.  One  of  the  most  important 
outbreaking  insects  in  conifer  forests  of  eastern  North  America  is  the  spruce  budworm 
Choristoneura  fumiferana  (Lepidoptera:  Tortricidae).  Population  dynamics  of  this  forest  pest 
have  been  linked  to  parasitoids  as  an  important  mortality  factor.  One  larval  parasitoid, 

Tranosema  rostrale  (Hymenoptera:  Ichneumonidae),  is  particularly  effective  in  low-density 
populations  of  the  spruce  budworm.  This  parasitoid  is  associated  with  a  symbiotic  polydnavirus, 
which  affects  the  host’s  immune  system. 

Methods:  We  reared  spruce  budworm  larvae  parasitized  by  T.  rostrale  in  growth  chambers  at 
different  temperatures  ranging  from  5-30°C.  Survival,  developmental  time,  longevity  and  female 
fecundity  of  the  parasitoid  were  analysed  at  different  temperatures. 

Results/Conclusion:  The  overall  performance  of  the  parasitoid  was  severely  reduced  at  high 
temperatures.  Dissections  of  parasitized  and  plastic  bead  injected  host  larvae  revealed  that  T. 


rostrale  development  is  constrained  and  the  host’s  immune  system  improved  at  high 
temperatures.  RNA  analysis  (qPCR)  of  parasitized  larvae  confirm  the  results  on  the  molecular 
level:  the  expression  of  T.  rostrale' s  polydnavirus  genes  is  poor  at  high  temperature,  whereas  the 
expression  of  genes  related  to  spruce  budworm’s  immune  system  is  increased.  The  use  of 
Individual  Based  Models  will  give  insight  into  the  role  of  temperature  on  this  parasitoid-host 
relationship  under  field  conditions. 


Symposium 

Presentation  Title:  The  science  of  natural  history 

Author  Name:  Piotr  Naskrecki 

Author  Institution:  Harvard  University 

Session  Title:  Symposium:  Orthopteroids  Without  Borders 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3290 

DOI:  10.1 603/ICE.20 1 6.94360 

Abstract  text: 

Introduction:  The  last  thirty  years  saw  the  development  of  groundbreaking  methods  in 
phylogenetic  reconstruction,  and  we  are  now  closer  than  ever  to  a  complete  evolutionary  tree  of 
orthopteroid  insects  and  other  organisms.  At  the  same  time  new  technologies  allow  biologists  to 
capture  previously  impossible  to  document  behaviors,  document  fleeting  physiological 
processes,  and  vastly  expand  the  time  scales  on  which  we  can  study  organismal  behavior  and 
interactions.  Techniques,  such  as  stable  isotopes  and  quantitative  PCR  allow  us  to  examine 
ecological  roles  of  individual  organisms  and  species,  while  automated  acoustic  signal  recognition 
allow  us  to  get  an  immediate  picture  of  orthopteran  diversity  in  previously  unexplored  habitats. 

A  comprehensive  phylogenetic  framework  and  a  powerful  research  toolbox  make  it  possible  to 
answer  almost  any  question  an  inquisitive  biologist  might  ask.  But  will  there  be  more  interesting 
questions? 

Methods:  In  1985,  orthopterist  Theodore  H.  Hubbell  lamented  over  the  diminishing  role  natural 
history  observations  were  playing  in  the  fields  of  insect  ethology  and  systematics. 

Results/Conclusion:  The  last  three  decades  have  not  seen  much  improvement  in  the  standing  of 
natural  history  among  biologists,  despite  the  fact  that  it  was  natural  history  that  has  led  to  the 
formulation  of  evolutionary  theory,  island  biogeography,  sociobiology,  and  countless  other 


milestones  in  organismal  biology.  It  is  important  that  current  and  future  generations  of  biologists 
pay  more  attention  to  the  natural  history  aspects  of  their  study  organisms,  preferably  in  their 
quickly  vanishing  natural  habitats.  If  not,  then  we  run  the  risk  of  losing  the  ability  to  ask 
biologically  meaningful  questions. 
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Introduction:  Orthopteroid  Insects,  sometimes  known  as  Polyneoptera  Martynov,  1923, 
constitute  an  apparently  heterogeneous  group  of  orders.  Currently,  it  is  composed  of  the 
following  orders:  Blattodea  (+Isoptera),  Mantodea,  Zoraptera,  Plecoptera,  Embioptera, 
Grylloblattodea,  Dermaptera,  Phasmatodea,  Orthoptera  and  Mantophasmatodea.  Most  of  them 
were  originally  included  in  the  Orthoptera  by  Carl  Linnaeus  and,  for  many  years,  entomologists 
studied  this  group  as  a  unit,  normally  excluding  the  Plecoptera,  the  sole  order  with  aquatic 
members.  The  terrestrial  orders  assigned  to  orthopteroids  have,  however,  extremely  different 
habits  and  ecological  needs  and,  consequently,  the  study  of  these  orders  requires  collecting 
techniques  absolutely  peculiar  for  each  of  them. 

Methods:  For  millennia,  men  of  science  have  gone  through  various  breaches  of  human 
knowledge;  they  were  erudites.  Only  in  recent  centuries  has  specialization  in  science  made  its 
appearance  with  a  strong  acceleration  in  the  last  few  decades.  This  phenomenon  is  due  obviously 
to  the  huge  body  of  knowledge  accumulated  over  time.  By  analyzing  the  literature  of  the  last 
three  centuries  it  can  be  seen  that  this  specialization  has  resulted  in  a  move  away  from  “real” 
nature  to  improve  global  and  theoretical  knowledge.  The  biologist,  the  naturalist,  the 
entomologist,  is  no  longer  the  man  who  studies,  in-depth,  a  given  environment  at  a  given  time. 


Results/Conclusion:  The  study  at  the  local-regional  level  of  a  group  of  orders  like  orthopteroid 
insects  that,  locally,  do  not  consist  of  a  large  number  of  taxa,  may  facilitate  the  understanding  of 
many  phenomena,  enabling  the  transfer  of  scientific  knowledge  into  concrete  actions  to 
safeguard  biodiversity. 
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Introduction:  Since  1944,  federal,  state,  and  local  agencies  have  conducted  yearly  grasshopper 
(Orthoptera:  Acridoidea)  surveys  throughout  the  state  of  Wyoming.  This  database  consists  of 
records  from  200  permanent  sites  that  are  annually  surveyed  for  grasshopper  (all  species 
together)  population  densities.  Since  1993,  the  surveys  also  include  information  on  species 
present  and  densities  of  each  species.  We  used  this  grasshopper  survey  information  and  overlaid 
it  with  high  resolution  digital  vegetative,  soil,  precipitation,  slope,  and  elevation  (DEM)  maps  to 
find  correlation  between  ecological  factors  and  grasshopper  outbreaks  as  well  as  the  grasshopper 
assemblages  of  the  outbreaks. 

Methods:  Wyoming  grasshopper  outbreak  maps  were  generated  based  on  a  22  year  (1993-2013) 
survey  data  using  ArcGIS  ArcMap  10.2.  Soil,  vegetation,  DEM,  precipitation,  and  slope  layers 
were  projected  in  NAD  1983  spheroid  projection.  ArcGis  Geostatistics  with  multivariate 
regression  analysis  was  conducted  to  reveal  ecological  layers  pertinent  to  grasshopper  outbreaks. 

Results/Conclusion:  Preliminary  results  indicate  that  previous  year’s  precipitation,  soil  type,  and 
vegetation  type  are  primary  drivers  for  fluctuations  of  grasshopper  densities.  Species 
composition  of  grasshopper  outbreaks  changes  dramatically  from  year  to  year.  Similarities  and 
differences  between  the  results  of  our  analysis  (1993-2013)  and  a  similar  analysis  conducted  by 
Schell  (1994)  for  the  period  between  1944  and  1992  are  discussed. 
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Abstract  text: 

Introduction:  The  tettigoniid  Leptophyes  punctatissima  is  a  flightless  European  phaneropterine.  It 
has  an  acoustic  communication  system  that  has  a  number  of  features  that  are  counter-intuitive. 
Our  studies  are  designed  to  provide  explanations  of  the  selective  advantage  of  these  features.  The 
sound  producing  apparatus  seems  to  have  evolved  separately  in  the  sexes.  The  male  song  is 
ultrasonic  and  very  brief,  consisting  of  a  few  syllables  each  of  1  ms  duration.  Females  respond 
to  male  calls  with  an  even  briefer  ultrasonic  call  lasting  around  1  ms,  but  unless  the  male 
receives  the  reply  within  a  narrow  time  window  the  female  is  ignored.  The  calls  would  appear  to 
offer  only  a  limited  prospect  of  mate  selection  by  acoustic  means. 

Methods:  The  behaviour  and  ecology  of  the  species  has  been  investigated  in  the  UK  and 
Germany  both  in  the  field  and  in  the  laboratory  using  wild  caught  and  laboratory  reared 
individuals. 

Results/Conclusion:  The  results  of  detailed  acoustic  and  ecological  observations,  together  with  a 
range  of  experiments,  have  provided  insights  into  the  life  history  of  the  species  and  the  possible 
selective  pressures  that  have  shaped  its  evolution.  However,  as  our  studies  show,  the  acoustic 
communication  system  remains  something  of  an  enigma. 
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Abstract  text: 

Introduction:  The  Central  American  Locust  Schistocerca  piceifrons  (Orthoptera:  Acrididae)  is 
one  of  the  most  harmful  plant  pests  in  Mexico.  The  Yucatan  Peninsula  is  an  important  gregarious 
zone  where  S.  piceifrons  oviposits,  develops,  and  gregarizes  to  swarm.  The  present  work  was 
carried  out  to  associate  plant  species  abundance  with  S.  piceifrons  density,  in  solitary  phase,  in 
different  localities  of  the  gregarious  zone  in  the  Yucatan  Peninsula,  as  well  as  to  discover  the 
migration  direction  of  S.  piceifrons  swarms. 

Methods:  The  plant  abundance  and  locust  density  were  obtained  by  field  surveys.  Seven  sites 
were  sampled  in  three  seasons  (Summer,  Winter,  and  Spring)  and  predictive  models  with 
multiple  regressions  were  established.  In  the  next  generations,  the  swarms  were  followed  and 
geopositioned,  before  control  by  the  Locust  Campaign  of  Yucatan  Plant  Health,  and  displayed  in 
a  distribution  map. 

Results/Conclusion:  A  partial  positive  correlation  was  observed  between  the  S.  piceifrons  density 
and  the  grass  Panicum  maximum  abundance.  The  migration  direction  of  the  first  generation  was 
NE  and  the  second  SW.  In  conclusion,  in  solitary  phase,  the  density  of  S.  piceifrons  was 
correlated  with  the  plant  abundance  of  grass  P.  maximum ,  which  provides  shelter  and,  in 
gregarious  form,  the  swarm’s  migration  behavior  is  opposite  between  the  first  and  second 
generation. 


Symposium 

Presentation  Title:  Transcriptomic  profiling  of  the  chemosensory  organs  in  grasshoppers  with 
diverse  feeding  strategies 


Author  Name:  Tyler  Raszick 


Author  Institution:  Texas  A&M  University 

Session  Title:  Symposium:  Orthopteroids  Without  Borders 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3295 

DOI:  10.1 603/ICE.20 1 6.94369 

Abstract  text: 

Introduction:  Chemosensory  organs  in  herbivorous  insects  play  a  critical  role  in  providing 
information  about  the  suitability  of  potential  host  plants.  Among  these  organs  in  grasshoppers  are 
the  mouthparts  (labrum,  hypopharynx,  maxilla,  and  labium),  which  have  high  densities  of 
gustatory  receptors  essential  to  the  detection  of  nutrients  and  plant  secondary  compounds.  These 
secondary  compounds  may  act  as  attractants,  feeding-stimulants,  or  deterrents  to  insects  with 
different  feeding  strategies.  Foraging  behavior  and  perception  of  host  plant  quality  is  likely 
mediated  by  differential  transcription  of  chemosensory  genes.  Gustatory  receptor  (GR)  genes  in 
particular  may  play  a  central  role  in  determining  grasshopper  diet  breadth  and  nutritional  intake. 
Thus,  it  is  likely  that  the  number,  type,  and  expression  of  GR  genes  will  vary  across  species  with 
diverse  feeding  habits.  Here,  we  present  the  first  comparative  transcriptomic  study  of  RNA-seq 
data  from  an  assemblage  of  grasshoppers  in  central  Texas  including  forb-feeding  and  grass- 
feeding  taxa. 

Methods:  Wild  insects  were  collected  during  late  morning-early  afternoon  (normal  grasshopper 
foraging  hours)  from  a  number  of  locations  in  central  Texas.  Total  RNA  was  extracted  from  the 
mouthparts  of  nine  individuals  per  taxon  in  three  pools  of  three  (three  biological  replicates). 
RNA-seq  was  carried  out  on  the  Illumina  platform  at  the  Texas  A&M  Genomics  and 
Bioinformatics  Service.  Gene  expression  was  quantified  and  analyzed  using  NGS  tools 
integrated  into  the  Galaxy  interface. 

Results/Conclusion:  RNA-seq  revealed  patterns  of  gene  expression  in  the  mouthparts  for  each 
taxon.  Transcriptomic  profiles  of  taxa  with  different  feeding  strategies  were  compared.  GR  genes 
are  highlighted  in  the  analysis. 
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Abstract  text: 

Introduction:  Embiopterans  construct  domiciles  by  releasing  silk  from  glands  in  their  front 
feet.  Depending  on  habitat,  they  use  silk  to  stitch  leaves,  line  burrows,  or  create  coverings  where 
they  gain  protection  from  the  elements  and  predators.  Reliance  on  silk  appears  to  relate  to  the 
colonial  tendency  of  females  and  to  care  for  young  who  develop  more  quickly  when  sharing  silk 
with  their  mothers.  Their  silk  displays  features  typical  for  this  type  of  biopolymer:  repeat  motifs 
and  beta-sheets  aligned  along  the  fiber  axis.  Our  research  seeks  to  characterize  chemical 
properties  of  silk  and  how  those  properties  relate  to  embiopteran  natural  history. 

Methods:  We  used  a  variety  of  analytical  tools  including  electron  microscopy,  Fourier-transform 
infrared  spectroscopy,  wide  angle  X-ray  diffraction  and  solid-state  nuclear  magnetic  resonance 
techniques  to  elucidate  protein  structure  and  the  nature  of  surface  coatings  of  embiopteran  silks. 

Results/Conclusion:  Silk  fibers  are  coated  with  a  hydrocarbon-rich  layer-likely  used  as 
waterproofing.  FTIR  data  suggest  that  their  silk  is  dominated  by  beta-sheet  secondary  structures 
similar  to  spider  and  silkworm  silk  fibers.  NMR  data  and  WAXD  results  revealed  a  large 
crystalline  fraction  (70%),  the  highest  reported  for  any  animal  silks,  and  the  smallest  diameter  of 


any  silks  studied.  Embiopteran  silk  proteins  also  display  intriguing  adaptations  at  the  nano-  and 
micro-structure  level.  For  example,  water  sits  in  high-relief  droplets  and  sticks  on  silk  produced 
by  a  rainforest  species.  This  interaction,  known  as  the  rose-petal  effect,  keeps  the  insects  dry  but 
also  may  provide  a  way  to  store  drinking  water. 


Symposium 

Presentation  Title:  Effects  of  precipitation  manipulation  and  biotic  factors  on  grasshopper 
populations:  Implications  for  responses  to  climate  change 

Author  Name:  David  Branson 

Author  Institution:  USDA  -  ARS 

Session  Title:  Symposium:  Orthopteroids  Without  Borders 
Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3298 
DOI:  10. 1603/ICE.2016. 94363 

Abstract  text: 

Introduction:  Global  climate  change  is  predicted  to  significantly  modify  patterns  of  precipitation, 
making  it  critical  to  develop  a  better  understanding  of  how  this  will  modify  biotic  interactions. 
Short  term  to  decadal  scale  weather  patterns  can  impact  grasshopper  population  dynamics,  but 
drought  impacts  on  grasshoppers  have  rarely  been  studied  in  manipulative  experiments. 

Methods:  Three  cage  experiments  were  conducted  in  eastern  Montana  to  examine  the  impact  of 
competition,  herbivory,  predation  and  precipitation  manipulation  treatments  on  grasshopper 
population  dynamics.  Two  experiments  manipulated  precipitation  and  grasshopper  density,  while 
the  third  experiment  manipulated  precipitation  and  spider  predation  to  examine  the  impact  of 
drought  on  trophic  cascades. 

Results/Conclusion:  In  studies  manipulating  drought  and  grasshopper  densities,  drought  typically 
had  stronger  negative  effects  on  individual  body  size  and  future  reproduction  than  survival,  with 
abundant  late  summer  precipitation  enhancing  reproduction.  Spider  predation  interacted  with 
drought  to  affect  grasshopper  survival,  but  the  presence  of  trophic  cascades  was  not  affected  by 
an  interaction  between  precipitation  reduction  and  predation.  The  results  of  the  studies  reinforce 
the  need  to  examine  drought  manipulations  to  better  predict  grasshopper  population  changes  due 
to  changing  climate  conditions. 
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Abstract  text: 

Introduction:  Genitalia  are  rapidly  evolving  morphological  structures  most  likely  under  sexual 
selection.  Males  of  certain  bushcrickets  possess  sclerotized  internal  genital  devices  termed 
titillators.  We  comparatively  studied  the  relationship  between  copulation  duration,  complexity  of 
titillators,  spermatophore  mass  and  male  body  mass.  Additionally,  we  studied  the  role  of  the 
titillators  during  copulation,  in  the  context  of  four  a  priori  hypotheses  for  their  function:  (1)  act 
as  anchors  to  secure  matings;  (2)  facilitate  sperm  removal;  (3)  stimulate  females  during 
copulation;  and/or  (4)  assure  an  accurate  spermatophore  transfer. 

Methods:  For  the  comparative  analysis  we  assembled  data  from  published  papers.  For  the 
possible  function  during  copulation,  we  studied  the  bushcricket  Metrioptera  roeselii  (Hagenbach, 
1822)  using  a  novel  combination  of  independent  techniques  and  manipulations.  We  took  video 
recordings  of  unrestrained  copulating  pairs.  Furthermore,  copulating  pairs  were  snap-frozen  and 
scanned  by  X-ray  micro-computed  tomography  (mCT).  We  also  studied  the  impact  of  multiple 
male  characters  including  titillators  on  the  mating  success  in  M.  roeselii. 

Results/Conclusion:  We  found  comparative  evidence  for  longer  copulation  duration  in  species 
with  titillators  than  those  without,  but  complexity  had  no  influence  on  mating  duration.  Within  a 
species,  male  titillators  were  rhythmically  inserted  into  the  female’s  genital  chamber  during 
copulation.  Titillator  manipulation  reduced  the  capacity  of  a  male  to  attach  the  spermatophore 
and  led  to  female  resistance  behaviours.  We  therefore  conclude  that  titillators  function  as  tools  to 
stimulate  the  females  and  accurately  place  the  spermatophore.  Additionally,  we  found  that  larger, 
heavier  males  bear  longer  titillators. 
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Abstract  text: 

Introduction:  The  Family  Phalangopsidae  occurs  in  tropical  areas  of  the  world  and  stands  as  one 
of  the  major  lineages  of  crickets.  It  is  considered  the  largest  taxon  of  crickets  in  the  Neotropical 
Region.  In  the  Neotropics,  Luzarinae  comprises  the  most  diverse  taxon  in  number  of  species  and 
ecological  adaptations.  However,  the  evolutionary  relationships  between  its  groups,  due  to  the 
lack  of  phylogenetic  hypothesis  proposed,  are  unknown.  Based  on  these  issues,  this  study  aims  to 
perform  the  first  cladistic  analysis  of  Phalangopsidae  using  morphological  and  genital  characters, 
in  order  to  propose  a  suprageneric  classification  for  this  group. 

Methods:  The  study  of  the  male  phallic  complex  allowed  the  proposition  of  83  genital  characters. 
The  cladistic  analysis  was  performed  using  142  characters  (83  genital  +  59  morphology)  and  60 
species,  and  five  species  were  used  as  outgroups.  The  analysis  was  performed  in  TNT  using  both 
equal  weights  and  implied  weights  for  the  morphological  +  genital  characters  and  only  genital 
characters. 

Results/Conclusion:  The  following  taxonomic  alterations  were  proposed:  the  genus 
Endophallusia  de  Mello,  1990  is  considered  a  junior  synonym  of  Eidmanacris  Chopard,  1956; 
the  species  Strinatia  teresopolis  Mesa,  1999  was  not  grouped  with  the  other  species  of  Strinatia 
and  it  is  transferred  to  a  new  genus,  to  be  defined;  the  genus  Endecous  now  comprises  two 
subgenera,  Endecous  and  Notendecous ;  a  new  tribe  Aracambini  trib.  nov.  is  proposed;  the 
elevation  of  status  of  subtribe  Lernecina  to  tribe  Lernecini  status  nov.  is  proposed;  and  is 
proposed  the  tribe  Luzarini  status  nov. 
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Abstract  text: 

Introduction:  The  state  of  Louisiana  has  both  temperate  and  subtropical  climates  while 
containing  six  distinct  ecoregions.  Two  ecoregions  that  comprise  the  central  southern  part  of  the 
state  were  surveyed.  This  faunistic  survey  of  cockroaches  was  done  to  gain  a  better 
understanding  of  the  morphology,  diversity,  life  histories,  and  also  taxonomy  of  both  adults  and 
nymphs.  Blattodea,  excluding  the  newly  included  epifamily  Termitoidae,  is  an  understudied 
order  of  insects  in  spite  of  the  importance  of  infamous  peridomestic  pest  species.  Complete 
information  on  life  histories  is  lacking  for  the  majority  of  species. 

Methods:  Survey  methods  used  included  hanging  Malaise  traps,  pitfall  traps,  mercury  vapor 
light  traps,  and  hand  collecting.  These  methods  were  utilized  monthly,  spring  through  fall,  with 
first  collections  from  summer,  2014.  To  date,  505  field-collected  specimens  representing  16 
species  have  been  examined  and  identified.  These,  along  with  specimens  examined  from  the 
Louisiana  State  Arthropod  Museum  collection,  have  been  used  to  re-describe  species  with  out- 
of-date  descriptions  and  create  a  key  to  adult  males,  adult  females,  and  nymphs  of  all  cockroach 
species  statewide. 

Results/Conclusion:  Significant  findings  include  an  expanded  distribution  of  Euthlastoblata 
gemma  (Hebard),  which  had  previously  been  recorded  only  from  Orleans  Parish  and  detailed 
documentation  of  the  life  cycles  of  species  viewed  in  the  field  and  reared  in  the  lab.  This 
research  on  central  southern  Louisiana  cockroaches  will  contribute  to  the  global  knowledge  of 
the  diversity  and  life  history  of  insects  that  are  increasingly  being  viewed  as  model  organisms. 
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Abstract  text: 

Introduction:  Farming  endemic  resources  offers  a  profitable  alternative  to  resource  harvesting. 
We  compare  the  income  earned  and  ecological  value  of  sustainable  farming  of  cocoons  and 
caterpillars  to  sustainable  collection  of  pupae  and  cocoons. 

Methods:  Over  about  4  years,  we  taught  farmers  to  grow  caterpillar  host  plants  and  to  tend  the 
larvae  on  existing  farms.  In  the  collection  sites,  we  taught  collectors  to  wash  and  prepare 
cocoons  for  transport.  In  both  cases  villagers  needed  to  learn  how  to  protect  pupae  until  ecolsion 
to  ensure  the  next  season's  crop.  Farmers  who  produced  200  of  cocoons  received  invitations  for  a 
female  member  of  the  family  to  sew  cocoon  textiles.  No  collectors  had  access  to  textile 
production. 

Results/Conclusion:  Subsistence  farmers  must  earn  immediate  income  to  engage  in  new 
activities.  We  designed  the  program  to  earn  money  with  small  targets  leading  to  subsequent 
earning  opportunities.  In  2014,  farmers  earned  an  average  of  $15  from  farming  caterpillars  and 
women  sewers  earned  an  average  of  $64.  In  contrast,  collectors  earned  an  average  of  $58  but  had 
no  opportunity  to  sew  textiles.  Farmers  planted  over  30,000  fast  growing  trees  and  150  primary 
forest  trees.  All  individuals  that  farmed  silkworm  could  profited  from  the  program  but  cocoon 
collectors  benefited  only  if  the  lived  in  or  knew  the  collecting  sites.  Artisans  who  profited  from 
making  textiles  encouraged  family  members  to  increase  their  farming  efforts  or  began  farming 
themselves.  Some  collectors  ate  pupae  regularly;  none  of  the  farmers  acknowledge  having  eaten 
pupae  nor  where  they  interested  in  eating  them. 
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Abstract  text: 

Introduction:  Silk  contributes  to  the  world  of  textile  in  its  unique  way.  Classified  as  natural  fibers 
with  unique  luster,  silk  is  produced  in  nearly  63  countries  and  has  contributed  greatly  in  shaping 
up  the  rural  livelihood  needs  and  economy. 

Methods:  Production  trends  of  silk  over  the  years  in  major  silk  producing  countries  has  been 
analysed.  Silk  consumption  and  major  issues  in  declining  demand  -  with  threats  from  other 
textiles  -  presented.  A  critical  review  of  various  factors  affecting  silk  consumption  and  impact  of 
climate  change  on  silk  production  are  examined. 

Results/Conclusion:  The  present  production  of  178057  metric  tons  of  silk/yr  (2014)  is  mainly 
contributed  by  22  countries  across  the  world.  China  and  India  together  contributes  over  90%  of 
silk.  The  main  consumers  of  silk  comprising  12  countries  play  vital  role  -  unstable  economic 
status  and  the  climate  change  effects  are  issues  of  complexities  in  production  and  declining 
market.  The  paper  discusses  various  issues  -  both  in  production  and  consumption  -  based  on  the 
changing  global  priorities  which  is  coming  in  the  way  of  expanding  the  silk  activity.  Tips  also 
given  on  how  to  effectively  strategize  the  silk  production  and  utility  for  the  betterment  of  human 
being. 
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Abstract  text: 

Introduction:  Sericulture  in  China  has  long  history  -  as  the  largest  silk  producer  -  practiced  in 
1,500  counties  by  15  million  households.  Sericulture  is  contributing  a  lot  of  new-products  for 
edible  and  medicinal  utility. 

Methods:  A  brief  review  of  silkworm  larvae,  moth  and  pupae  as  edible  and  medicinal  resources 
for  human  in  China  is  reviewed.  Various  products  and  utility  are  discussed. 

Results/Conclusion:  Utilizing  silkworm  pupae  mainly  as  flavored  food,  nutrition  addictive  or  as 
extract  silkworm  pupa  protein,  which  is  furthermore  processed  into  albumen  or  is  to  separate  into 
amino  acids.  The  silkworm  pupa  oil  can  be  separated  into  fatty  acids  and  refined  as  edible  oil; 
additionally,  it  can  treat  hyperlipemia  and  currently  silkworm  pupa  oil  can  be  formulated  as  a 
soft  capsule  for  health  care  products  is  being  promoted.  Chitin  used  in  the  food  industry  as  a 
juice  flocculation  clarifying  agent,  tackifier,  antiseptic  and  emulsifier  etc.  Silkworm  powder 
containing  b  1-deoxynojirimycin  (DNJ)  with  anti-cancer  properties  is  also  used  to  treat  diabetes. 
Silkworm  exuviae  are  used  to  treat  metrorrhagia  and  metrostaxis,  gynaecological  diseases, 
dysentery  and  hematemesis.  Silkworm  larva  infected  by  Beauveria  bassiana  Vuillemin,  are  used 
in  traditional  Chinese  medicine  to  increase  resistance,  reduce  cholesterol,  prevent  coagulation, 
treat  asthma,  pseudobulbar  palsy  after  cerebral  apoplexy  etc.  Chitin  and  chitosan  contained  in  the 
silkworm  pupa,  are  effective  to  restrict  gastrohelicosis,  protect  liver,  increase  the  body  immunity, 
prevent  blood  coagulation,  reduce  blood  pressure  and  blood  sugar,  increase  resistance  and  treat 
cancer.  The  major  functions  of  male  silkworm  moths  are  to  benefit  vital  essence  and  potency. 
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Abstract  text: 

Introduction:  Northeastern  India  consists  of  eight  states  and  is  inhabited  by  over  100  ethnic 
groups  with  diverse  cultures.  Entomophagy  is  common  with  over  100  species  of  insects. 
Silkworm  larvae  and  pupae  are  the  delicacies  of  the  region. 

Methods:  Silkworm  entomophagy  practices  were  surveyed  among  40  ethnic  groups,  and  nutritive 
values  were  evaluated  by  AO  AC  methods. 

Results/Conclusion:  The  eri  silkworm,  Samia  cynthia  ricini,  has  the  highest  consumption 
percentage  (58.82%)  among  the  ethnic  groups,  followed  by  mulberry  silkworm,  Bombyx 
mori  (32.35%)  and  muga  silkworm,  Antheraea  assamensis  (23.52%).  Selling  larvae  and  pupae 
for  edible  purposes  contributed  additional  income  to  the  silk  growers,  and  Samia  cynthia 
ricini  contributed  the  most  (US  $10,880/500gm).  Silkworm  larvae  and  pupae  are  consumed  as 
curry/fried  form/chutney  along  with  herbs.  They  are  also  consumed  simply  by  baking  and 
roasting.  The  acceptability  of  silkworms  as  a  traditional  food  was  highly  correlated  with  its 
nutritive  value.  Samia  cynthia  ricini,  Bombyx  mori ,  and  Antheraea  proylei  revealed  significant 
differences  in  their  proximate  composition.  Total  protein  content  ranged  from  29.09  ±  1.55  to 


40.95  ±  2.20%;  fat  from  7.75  ±  0.92  to  9.25  ±  0.92%;  iron  from  74.4  ±  2.45  to  160  ±  1.78 
mg/lOOgm;  calcium  from  22.6  ±  0.24  to  64.8  ±  1.34  mg/lOOgm;  and  magnesium  from  317  ± 
2.54  to  556  ±  1.45  mg/lOOgm.  Samia  cynthia  ricini  also  possessed  more  antioxidant  properties 
(64pg/ml)  than  other  silkworm  species.  Silk  worm  pupae  can  be  eaten  directly  or  as  a  powder 
mixed  in  complementary  foods  to  treat  under-nutrition,  iron  deficiency,  and  anemia,  which  are 
prevalent  in  children  in  the  NE  states  of  India. 
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Abstract  text: 

Introduction:  Around  the  world  there  are  more  than  20  species  of  silkworms  that  are 
reared/harvested  for  the  production  of  different  types  of  silk.  In  addition  to  the  lustrous  fibre, 
silkworms  are  also  being  reared  as  food  and  animal  feed  and  rarely  for  biomaterials. 

Methods:  Economic  viability  of  silkworm  usage  for  fibre,  which  is  well  known,  has  been 
compiled  from  primary  and  secondary  sources  from  different  regions  across  the  world.  Major 
silkworm  types  that  are  reared  and  their  economic  utility  was  analyzed  using  the  sample  survey 
data.  With  the  new  findings  coming  out  on  nutrient  richness  and  byproducts,  utility-added  values 
were  calculated. 

Results/Conclusion:  Asia,  being  the  major  silk  producing  region  has  varied  levels  of  silkworm 
utility  from  region  to  region  for  fibre  and  food  in  varied  levels.  Among  the  types  of  silk 
produced,  rare  yamamai  and  muga  silk  ranked  on  top  for  economic  returns.  The  finding  on 
exploitation  of  silkworms  for  food  as  a  byproduct  and  as  seasonal  insect  from  the  wild  has  been 
an  intersting  phenomenon  in  specific  pockets  of  Asian  and  African  countries.  Economic  models 
from  India  -  the  second  major  silk  producers  projected  region-specific  value  realization  and  on 
proper  utility  of  byproducts  can  boost  high  returns.  The  optimized  usage  of  silkworms  as  an 


economic  product  for  fibre,  food  and  feed  in  China,  as  food  and  fibre  in  Thailand  and  other 
South  East  Asian  countries  is  projected.  The  possibility  of  production  in  South  American  and 
African  countries  is  discussed. 
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Abstract  text: 

Introduction:  Malaria  continues  to  be  the  biggest  killer  of  children  under  5  years  and  pregnant 
women,  with  Africa  carrying  the  highest  burden.  Approximately  90%  of  the  estimated  600,000 
deaths  in  2013  occurred  in  the  Afrotropical  Region.  Yet  many  African  countries  are  proposing  to 
eliminate  malaria  within  the  next  5-10  years. 

Problems  facing  malaria  control  programmes:There  are  three  main  aspects  to  a  malaria 
control  programme:  1)  mosquito  control;  2)  accurate  diagnosis;  and  3)  prompt  and  effective 
treatment.  With  the  advent  of  long-lasting  insecticides  after  the  Second  World  War,  these 
chemicals  were  enthusiastically  adopted  for  wide-scale  application  to  fight  every  pest  that 
plagued  the  human  population.  As  a  result,  it  was  not  long  before  insecticide  resistance  appeared 
and,  in  malaria  vector  mosquitoes,  this  was  first  recorded  in  Africa  in  1956.  Accurate  diagnosis 
of  malaria  is  often  lacking  in  many  countries  and  parasite  resistance  to  all  the  drugs  used  for 
treating  malaria  has  occurred  over  the  past  40  years. 

The  situation  today:  Pyrethroids  are  the  only  class  of  insecticide  permitted  for  use  on  bed  nets. 
In  the  past  5  years,  pyrethroid  resistance  has  increased  exponentially  in  all  four  major  malaria 
vector  species  in  Africa,  accompanied  in  many  instances  by  resistance  to  the  other  three 
approved  classes  as  well.  With  the  current  global  efforts  directed  at  malaria  control  and 
elimination,  there  continues  to  be  an  imperative  need  for  baseline  entomological  surveys  to  be 
carried  out  prior  to  implementation  of  control  interventions,  which  should  be  aimed  at  insecticide 
resistance  management  using  all  available  tools. 
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Abstract  text: 

Introduction:  Female  mosquitoes  orienting  upwind  to  a  prospective  host  and  male  moths 
orienting  to  a  calling  female  face  similar  navigational  challenges,  but,  compared  to  the  female 
moth’s  signal,  the  odor  source  for  mosquitoes  is  a  much  larger  and  chemically  more  complex 
bouquet.  Aedes  aegypti ,  the  yellow  fever  and  dengue  mosquito,  orients  upwind  to  carbon  dioxide 
and  to  human  skin  odor,  which  unlike  a  moth  pheromone,  is  a  complex  and  somewhat  variable 
blend  of  hundreds  of  constituents.  Females  orient  well  to  either  carbon  dioxide  or  skin  odor,  but 
the  spatial  presentation  and  interaction  of  these  two  cues  influences  the  mosquito’s  moment-to- 
moment  maneuvers  and  odor  threshold. 

Methods:  This  presentation  will  focus  on  how  the  spatial  structure  of  the  odor  plume  mediates 
moth  tracking  along  pheromone  plumes  and  mosquitoes  along  host-odor  plumes  as  documented 
in  wind-tunnel  manipulations.  The  challenge  is  defining  what  odors  flying  insects  encounter 
moment-to-moment  and  establishing  how  these  inputs  coupled  with  visual  cues,  govern 
navigation  and  eventual  landing  at  or  near  the  odor’s  source. 

Results/Discussion:  The  mechanism  of  male  moth  flight  along  pheromone  plumes  is  relatively 
well  understood,  but  for  mosquitoes  the  spatial  and  chemical  complexity  of  host-odor  plumes 
makes  matching  navigational  response  with  stimulus  input  difficult.  In  proximity  to  the  odor 
source,  landing  follows  and  this  maneuver  is  dictated  by  visual  inputs  and  possibly  changes  in 
the  odors  encountered. 
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Abstract  text: 

A  major  challenge  to  science  and  society  is  to  increase  agricultural  productivity  by  an  estimated 
70%  to  feed  an  additional  2.3  billion  people  by  2050.  Strategies  to  increase  crop  production  must 
be  resilient  and  environmentally  sustainable,  requiring  a  paradigm  shift  in  current  practices. 
Developing  insecticides  that  are  efficacious,  but  pose  negligible  risks  to  beneficial  organisms, 
such  as  pollinators  and  those  involved  in  biological  control,  is  therefore  both  desirable  and 
timely.  Targetting  calcium  voltage-gated  ion  channels  represents  a  novel  approach  for 
development  of  biopesticides.  One  strategy  is  to  use  recombinant  fusion  proteins  containing 


neuroactive  peptides/proteins  linked  to  a  ‘carrier’  protein  that  confers  oral  toxicity.  Hvla/GNA, 
containing  an  insect-specific  spider  venom  calcium  channel  blocker  (co-hexatoxin-Hvla)  linked 
to  snowdrop  lectin  (GNA)  as  a  ‘carrier’,  is  an  effective  oral  biopesticide  towards  various  insect 
pests  of  the  orders  Hemiptera,  Lepidoptera  and  Coleoptera.  If  this  approach  is  to  play  a  useful 
role  in  crop  protection,  it  should  be  compatible  with  IPM  systems.  Biosafety  studies  of 
Hvla/GNA  against  the  honeybee,  Apis  mellifera,  and  the  parasitic  wasp,  Eulophus pennicornis , 
show  no  acute  toxicity  towards  these  beneficial  insects,  in  contrast  to  chemical  insecticides.  In 
addition  to  toxicological  studies  currently  required  for  registration,  more  subtle  effects  of 
Hvla/GNA  on  behaviour  will  also  be  considered.  Calcium  and  other  ion-channels  in  pest  insects 
can  also  be  targetted  by  an  RNAi  approach  to  down-regulate  expression  of  their  encoding  genes, 
which  has  the  potential  for  increased  specificity  compared  to  fusion  proteins.  Studies  using 
administration  of  suitable  dsRNAs  to  insect  pests  will  also  be  presented. 
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Abstract  text: 

Sex  determination  is  a  universal  developmental  process  resulting  in  2  sexes,  female  and  male. 
The  genetic  mechanisms  of  sex  determination  are  very  diverse  and  evolutionary  dynamic.  Insects 
exhibit  a  variety  of  mechanisms  at  the  chromosomal  and  gene  level.  Many  groups  possess  sex 
chromosomes  that  carry  sex-specific  sex  determining  genes.  Male  heterogamety  (females  XX, 
males  XY  or  XO)  is  most  abundant,  but  female  heterogamety  (females  ZW  or  ZO,  males  ZZ) 
occurs  in  some  groups,  e.g.  Lepidoptera.  Haplodiploidy  (females  diploid,  males  haploid)  is 
present  in  Hymenoptera  and  Thysanoptera.  The  chromosomal  constitution  functions  as  a  primary 
signal.  Sex  chromosomes  can  carry  a  dominant  male  (e.g.  Y  chromosome)  or  female  (e.g.  W 
chromosome)  determining  gene  or  their  number,  relative  to  autosomes,  is  counted  (e.g.  XX/XO 
system).  Insect  sex  determination  pathways  consist  of  genes  that  regulate  each  other  in  a 
hierarchical  fashion.  In  most  insects,  transformer  processes  the  primary  signal  and  regulates  the 
sex-specific  splicing  of  the  binary  switch  gene  doublesex  at  the  bottom  of  the  cascade.  Many 
insects  are  infected  by  endosymbionts  that  manipulate  their  host’s  reproduction  in  a  variety  of 


ways.  Recent  evidence  shows  that  endosymbionts  can  interfere  directly  with  the  host  sex 
determination  pathway.  The  diversity  of  mechanisms  and  manipulation  types  will  be  illustrated 
with  examples  from  Diptera  and  Hymenoptera. 
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Introduction:  Understanding  the  evolution  of  biological  pathways  and  the  driving  processes 
shaping  them  still  belongs  to  the  central  questions  in  biology.  The  common  principle  of  sex 
determination  in  Hymenopteran  species  (bees,  wasps,  ants)  is  haplodiploidy  in  which  haploid 
males  arise  from  unfertilized  eggs  and  females  from  fertilized  eggs.  The  molecular  mechanism  of 
this  pathway  is  well  understood  for  the  genus  Apis  (honey  bees),  in  which  the  multiallelic  gene 
complementary  sex  determiner  ( csd)  acts  as  primary  signal  to  initiate  female  development  by  csd 
heterozygotes.  The  csd  gene  originated  by  a  tandem  gene  duplication  followed  by  diversifying 
selection  from  its  paralog  gene  feminizer  {fern). 

Methods:  Taking  advantage  of  several  newly  sequenced  genomes  of  bee  species,  we  follow  the 
evolutionary  history  of  key  regulators  for  sex  determination.  Furthermore,  we  obtained 
contrasting  numbers  of  alleles  from  fern  paralogs  among  populations  of  Apis  and  Bombus  species 
using  various  molecular  approaches. 

Results/Conclusion:  Highly  divers  csd-alleles  (>100  csd  alleles  worlwide)  in  the  honey  beesH^/s 
mellifera  contrast  to  low  numbers  found  in  the  phylogenetically  basal  Apis  florea ,  whereas 
negative  frequency-dependent  selection  and  high  originating  rates  are  present  in  both  species. 
Duplications  of fern  are  restricted  to  certain  bee  lineages  and  signs  of  coevolution  with  other 
genes  involved  in  sex  determination  can  be  observed.  These  findings  stand  as  remarkable 
example  for  the  evolutionary  flexibility  of  initial  signals  in  this  regulatory  pathway. 
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Abstract  text: 

Introduction:  Insects  have  a  remarkable  diversity  of  sex  determination  mechanisms  and  sexual 
dimorphisms,  but  the  molecular  basis  of  this  diversity  is  poorly  understood.  The  conserved  gene 
doublesex  sets  the  switch  to  male  or  female  development  in  all  insects.  Little  is  known,  however, 
of  the  downstream  target  genes  that  doublesex  regulates  to  shape  sex-specific  traits.  Additionally, 
closely  related  species  sometimes  have  completely  different  reproductive  strategies.  Particularly 
asexual  reproduction  results  in  loss  of  sexual  traits  and,  possibly,  even  in  degeneration  of 
doublesex.  Many  of  these  sexual  traits  are  candidate  doublesex  targets  genes,  and  elucidating 
these  targets  in  different  species  will  show  the  extent  of  evolutionary  conservation  of  sex 
determining  mechanisms.  Also,  it  will  provide  us  with  knowledge  to  understand  how  sex 
determination  links  to  the  sex-specific  life  histories  and  the  evolutionary  forces  that  shape  it. 

Methods:  I  use  2  closely  related  parasitic  wasp  genera,  Nasonia  and  Muscidifurax.  Nasonia  has 
an  extensive  molecular  toolbox,  while  Muscidifurax  is  used  for  biological  pest-control.  Some 
Muscidifurax  species  reproduce  sexually,  but  others  reproduce  asexually  under  Wolbachia 
infection.  The  first  step  is  to  characterize  and  compare  doublesex  in  Nasonia  and  Muscidifurax 
using  RACE  and  RT-PCR  and  to  quantify  transcript  levels  in  different  developmental  stages, 
followed  by  RNAi  and  whole  transcriptome  sequencing. 

Results/Conclusion:  Nasonia  doublesex  has  additional  splice  variants  compared  to  the  published 
transcripts.  The  role  of  these  splice  variants  in  Nasonia  sex  determination  are  currently  being 
studied  and  compared  to  Muscidifurax  doublesex  splice  variants.  I  will  show  how  doublesex  has 
changed  in  sexual  and  asexual  reproducing  species. 
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Introduction:  The  common  housefly,  Musca  domestica  is  a  perfect  model  to  investigate  how 
changes  in  the  regulation  of  the  key  sex-determining  switch  transformer  can  explain  transitions 
between  male  and  female  heterogamety  and  maternal  sex  determination.  Here  we  present  our 
recent  findings  on  the  polymorphic  pathway  in  the  housefly,  which  may  help  to  understand  the 
evolutionary  diversification  of  sex  determination  mechanisms  in  other  insects. 

Methods:  We  investigated  changes  in  the  regulation  of  transformer  and  analyzed  the  genomic 
regions  containing  the  male  determiner  in  different  populations  of  the  housefly  combining 
several  genomic  and  transcriptomic  based  strategies.  We  are  testing  candidate  genes  for  a  male 
determining  function  employing  molecular  techniques  to  modulate  gene  functions  by  RNAi  and 
misexpression. 

Results/Conclusion:  Male  heterogamety  is  the  consequence  of  the  presence  of  a  dominant  male 
determiner  M,  which  can  reside  at  different  genomic  locations  in  natural  populations.  A 
preliminary  analysis  of  these  male-specific  regions  suggests  that  the  different  autosomal  Ms 
arose  from  translocations  of  an  ancestral  Y-linked  M.  Generally,  M  prevents  the  zygotic 
activation  of  transformer ,  which  is  turned  on  by  maternally  provided  Transformer.  Female 
heterogamety  occurs  in  the  presence  of  an  allelic  variant  of  transformer  which  acts  as  a  gain-of- 
function  allele  that  cannot  be  repressed  by  M.  A  maternal  sex  determining  system  in  Musca 
evolved  from  a  dominant  mutation  Ag  which  prevents  expression  of  maternal  transformer  in  the 
female  germline.  We  conclude  that  the  different  mechanisms  in  Musca  arose  from  singular 
changes  in  the  regulation  of  the  key  determiner  transformer. 
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Introduction:  Sex  determination  genes  are  popular  targets  for  transgenic  applications  of  sterile 
insect  technique,  but  sex  determination  pathways  also  evolve  rapidly.  Transgenic  manipulation 
of  sex  determination  could  therefore  result  in  pest  control  approaches  that  chase  a  moving  target. 
Muscid  flies  are  ideal  models  for  studying  how  the  evolutionary  dynamics  of  sex  determination 
may  affect  the  implementation  of  transgenic  control  strategies  because  of  their  roles  as  pests  and 
their  diversity  of  sex  determination  mechanisms  and  sex  chromosomes. 

Methods:  We  have  implemented  comparative,  population,  and  functional  genomic  approaches  to 
study  variation  in  sex  determination  and  sex  chromosomes  within  and  between  species  in  house 
fly  ( Musca  domestica ),  stable  fly  ( Stomoxys  calcitrans ),  and  horn  fly  ( Haematobia  irritans). 

Results/Conclusion:  We  found  that  the  polygenic  sex  determination  system  of  house  fly  produces 
stable  sex  ratios  in  multiple  populations  despite  differences  in  allele  frequencies  in  each 
population.  These  results  suggest  that  polygenic  sex  determination  can  be  maintained  as  an 
evolutionary  equilibrium.  We  have  used  RNA-Seq  experiments  to  identify  phenotypic  variation 
between  house  fly  sex  determining  genotypes  that  could  be  associated  with  the  evolution  of  sex 
determination  in  the  species.  We  additionally  identified  evolutionary  transitions  of  sex 
chromosomes  between  muscid  species  that  demonstrate  how  sex  chromosome  turnover  can  be 
driven  by  both  karyotypic  rearrangements  and  evolution  of  the  sex  determination  pathway. 
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Introduction:  The  New  World  screwworm  Cochliomyia  hominivorax  (Coquerel)  (Diptera: 
Calliphoridae)  and  its  close  relative  the  Australian  sheep  blowfly  Lucilia  cuprina  (Weidemann) 
(Diptera:  Calliphoridae),  are  devastating  pests  of  livestock.  The  sterile  insect  technique  (SIT) 
was  used  to  eradicate  C.  hominivoraxfxom  North  and  Central  America  and  sterile  insects  are 
regularly  released  in  southern  Panama  to  prevent  re-introduction  from  South  America.  SIT  is 
more  efficient  if  only  sterile  male  flies  are  released  but  to  date  this  has  not  been  possible  in  the 
screwworm  program. 

Methods:  Transgenic  strains  of  C.  hominivorax  and  L.  cuprina  were  made  using  the piggyBac 
transposase.  These  strains  carry  a  dominant  tetracycline  repressible  female  lethal  genetic  system. 
Lethality  is  due  to  overexpression  of  an  auto-regulated  tetracycline  repressible  transactivator 
(tTA)  gene  and  occurs  mostly  at  the  pupal  stage.  Only  females  die  as  the  tTA  gene  carries  the 
sex-specifically  spliced  intron  from  the  transformer  gene.  Females  survive  if  fed  tetracycline, 
which  inhibits  tTA. 

Results/Conclusion:  Several  of  the  C.  hominivorax  strains  show  production  characteristics 
( e.g .  egg  hatch,  pupal  weight)  and  mating  competitiveness  comparable  to  the  current  mass  reared 
strain.  Second  generation  systems  designed  to  be  lethal  to  females  at  the  embryo  stage  have  been 
developed  and  are  currently  being  evaluated.  The  systems  developed  for  C.  hominivorax  and  L. 
cuprina  are  advantageous  for  genetic  control  programs  and  should  be  readily  transferrable  to 
other  major  calliphorid  livestock  pests  such  as  the  Old  World  screwworm. 
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Introduction:  Adult  reproductive  behaviors  in  Drosophila  melanogaster  males  and  females  are 
vastly  different.  Despite  these  differences,  homologously  positioned  neurons  that  express  sex- 
specifically  spliced  fruitless  transcripts  (fru  PI)  underlie  these  behaviors  in  both  sexes.  How  the 
same  set  of  neurons  can  drive  such  different  behaviors  is  an  unresolved  question. 

Methods:  fru  PI -expressing  neurons  comprise  only  2-5%  of  the  adult  nervous  system  and  so  to 
understand  their  function  it  is  important  to  perform  cell-type  specific  experiments.  Translating 
Ribosome  Affinity  Purification  (TRAP)  identifies  the  actively  translated  pool  of  mRNAs  from 
fru  PI  -expressing  neurons  and  allowed  us  to  conduct  a  sensitive,  cell-specific  assay  of  gene 
expression.  The  male  and  female  fru  PI  -expressing  neurons  have  a  shared  set  of  thousands  of 
genes  with  enriched  TRAP  transcripts  that  form  a  distinct  repertoire  relative  to  TRAP  analyses  of 
all  neurons  in  the  adult  head.  Further,  there  are  a  large  number  of  genes  that  have  sex-biased 
TRAP  enrichment  in  fru  PI -expressing  neurons  and  the  majority  of  these  genes  have  only  male- 
biased  TRAP  enrichment.  This  suggests  an  underlying  mechanism  to  generate  dimorphism  in 
behavior,  with  the  transcript  repertoire  that  specifies  female  behaviors  present  in  both  sexes  and 
a  large  additional  set  of  genes  with  expression  in  the  male  altering  the  pattern. 

Results/Conclusion:  These  additional  genes  invoke  the  male-specific  behaviors  by  establishing 
cell  fate  in  largely  the  same  context  of  gene  expression  observed  in  females.  These  results 
suggest  a  possible  global  mechanism  for  how  distinct  behaviors  can  arise  in  different 
environments  from  a  shared  set  of  neurons. 
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Introduction:  Ceratitis  capitata  (medfly)  is  a  major  agricultural  pest  that  can  be  controlled  by  the 
release  of  excessive  numbers  of  sterile  males  in  infested  areas.  However,  the  current  strategies 
used  for  sorting  males  from  females  in  Sterile  Insect  Technique  (SIT)  production  sites  are 
laborious  and  costly.  Male  determination  in  Ceratitis  is  based  on  repression  of  the  key  switch 
transformer  ( Cctra )  by  a  hitherto  unidentified  male  determiner  M  on  the  Y  chromosome.  Here, 
we  present  our  attempts  to  molecularly  identify  the  M  factor  in  order  to  devise  new  genetic 
strategies  to  generate  male-only  progeny. 

Methods:  Illumina  and  PacBio  reads  were  generated  from  the  male  genome  of  the  Ceratitis 
FAM18  strain,  which  contains  a  shortened  Y  chromosome  carrying  the  M  factor.  Transcriptomes 
of  XX  and  mixed  XX/XY  embryos  were  assembled  and  screened  for  male-biased  transcripts.  To 
test  candidate  Mgenes,  we  are  establishing  a  CRISPR/CAS9  editing  protocol  using  purified 
CAS9  protein  and  in  vitro  transcribed  sgRNA. 

Results/Conclusion:  Our  transcriptome  analysis  identified  a  list  of  transcripts  that  are 
significantly  male-biased  in  three  replicates.  These  candidates  are  being  presently  tested  whether 
they  are  Y-linked  using  the  de  novo  assembled  male  FAM18  genome.  One  of  the  promising  Y- 
linked  candidate  genes  is  being  investigated  at  the  functional  level  using  RNAi  and 
CRISPR/CAS9  techniques.  Initial  CRISPR  attempts  to  target  the  phenotypic  eye  marker  white  in 
Ceratitis  highlights  that  genome  editing  can  be  readily  used  in  the  medfly  to  introduce  and 
rapidly  and  effectively  spread  artificial  M  constructs  in  natural  populations. 
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Parasites  often  manipulate  the  behaviour,  physiology  or  even  reproduction  of  their  hosts  to 
enhance  their  own  transmission.  Some  hymenopteran  insects  are  manipulated  into  asexual 
reproduction  by  endosymbiotic  bacteria.  The  molecular  details  of  how  this  manipulation  is 
achieved  remain  largely  unknown.  The  parasitoid  wasp  Asobara  japonica  (Hymenoptera, 
Braconidae)  has  sexual  reproduction  in  some  populations,  but  reproduces  by  thelytoky  in 
populations  infected  with  a  Wolbachia  endosymbiont.  In  Wolbachia-infQctQd  wasps,  individuals 
with  a  Wolbachia  titer  above  a  certain  threshold  develop  as  females.  Thelytokous  females  treated 
with  antibiotics  can  produce  haploid  males  after  removal  of  Wolbachia  infection.  Orthologs  of 
transformer  ( tra )  and  transformer 2  ( tra2 )  were  identified  in  A.  japonica.  The  Wolbachia 
infection  is  associated  with  tra  maternal  input  of  the  female-specific  splice  variant,  which  is  not 
provided  by  thelytokous  mothers  cured  of  their  Wolbachia  infection  or  by  sexual  mothers.  The 
lack  of  female-specific  tra  provision  by  the  mother,  a  feature  found  in  other  insect  sex 
determination  mechanisms,  could  provide  an  opportunity  for  Wolbachia  to  overrule  the  sex 
determination  mechanism  of  sexually  reproducing  wasps.  Tra2  shows  unique  female-specific 
splice  variants  in  A.  japonica  that  are  maternally  provided  by  both  asexual  and  sexual  mothers, 
indicating  that  Wolbachia  does  not  interact  with  this  element  of  the  sex  determination  cascade. 
The  female-specific  tra2  maternal  input  suggests  a  switch  in  role  from  tra  to  tra2  as  a  female- 
specific  activator  of  the  sex  determination  cascade. 
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Introduction:  Only  female  mosquitoes  feed  on  blood  and  transmit  infectious  diseases.  Thus, 
“maleness”  is  the  ultimate  disease-refractory  trait.  Anopheles  mosquitoes  have  well- 
differentiated  heteromorphic  Y  chromosomes.  On  the  other  hand,  Aedes  mosquitoes  have 
homomorphic  sex-determining  chromosomes  with  a  Y-like  male-determining  locus  (M-locus).  In 
both  Anopheles  and  ^edesmosquitoes,  male  development  is  initiated  by  a  male-determining 
factor  (M  factor)  that  resides  either  on  the  Y  chromosome  or  in  the  M-locus. 

Methods:  N/A 

Results/Conclusion:  We  have  identified  7  Y  genes  that  are  expressed  in  the  early  embryos  and 
adult  testis  in  Anopheles  mosquitoes.  Functional  analysis  showed  that  one  of  these  genes  is  likely 
involved  in  sex-determination  or  dosage  compensation  in  the  Asian  malaria  mosquito  An. 
stephensi.  Transgenic  lines  are  established  in  which  all  transgenic  individuals  are  males.  We 
have  recently  discovered  an  M-locus  gene  and  named  Nix  in  Aedes  aegypti.  We  showed  that  Nix 
is  required  to  initiate  male  development  and  it  functions  upstream  of  doublesex  and  fruitless. 
Transient  ectopic  expression  of  Nix  resulted  in  genetic  females  with  nearly  complete  male 
genitalia.  Thus,  Nix  is  the  first  M  factor  reported  in  mosquitoes.  Studies  on  these  M-locus  and  Y- 
chromosome  genes  will  improve  our  understanding  of  the  sex-determination  pathway  in 
mosquitoes  and  provide  opportunities  for  novel  mosquito  control  measures  through  the 
manipulation  of  sexual  dimorphism  and  fertility. 


Symposium 

Presentation  Title:  The  splice  is  right:  Probing  the  evolutionary  origins  of  an  insect  sexual 
differentiation  pathway  based  on  alternative  RNA  splicing 

Author  Name:  Judy  Wexler 

Author  Institution:  University  of  California 

Session  Title:  Symposium:  Insect  Sex  Determination 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3327 

DOI:  10. 1603/ICE.20 16. 107656 

Abstract  text: 

Introduction:  Holometablous  insects  are  the  only  animals  known  to  use  sex-specific  RNA 
splicing  to  control  male  and  female  differentiation.  In  most  of  these  organisms,  sexually 
dimorphic  alternative  splicing  of  the  gene  transformer  renders  the  male  transcript  non-functional. 


In  females,  a  functional  transformer  protein  facilitates  female  specific  splicing  of  the 
transcription  factor  doublesex.  doublesex ,  in  turn,  directs  either  male  or  female  development 
depending  on  the  sex-specific  isoform  present. 

Methods:  To  understand  when  and  how  this  developmental  mechanism  evolved,  I  am  testing 
whether  transformer  and  doublesex  have  sex-specific  isoforms  in  hemimetabolous  insects. 

Results/Conclusion:  By  cloning  these  genes  from  cDNA,  I  found  conservation  of  sexually 
dimorphic  spliceforms  of  transformer  and  doublesex  in  the  cockroach  Blatella  germanica  and 
conservation  of  sex-specific  splicing  of  transformer  in  the  kissing  bug  Rhodnius  prolixus. 
Additionally,  I  am  cloning  transformer  and  double  sex  from  the  stickbug  Timema  cristinae.  To 
test  whether  the  function  of  the  male  and  female  isoforms  of  these  genes  is  conserved  in 
hemimetabolous  insects,  I  used  RNAi  to  knock  down  transformer  and  doublesex  in  cockroaches 
(B.  germanica ).  Thus  far,  I  have  found  that  transformer  is  necessary  for  female  cockroach 
differentiation  and  doublesex  is  necessary  for  male  differentiation.  I  am  currently  studying  the 
direct  regulation  of  doublesex  by  transformer  in  B.  germanica.  These  investigations  into  the 
basic  biology  of  hemimetabolous  insects  will  allow  us  to  identify  developmental 
synapomorphies  of  holometabolous  insects  and  of  insects  as  an  entire  class. 
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Introduction:  Moths  and  butterflies  (Lepidoptera)  have  sex  chromosome  systems  with  female 
heterogamety  (WZ/ZZ  or  derived  variants).  In  the  silkworm  ( Bombyx  mori ),  the  W  chromosome 
encodes  Fern  piRNA,  which  promotes  femaleness  by  downregulation  of  the  expression  of  a  Z- 
linked  gene,  Masculinizer ,  promoting  male  development  in  the  absence  of  the  W  chromosome. 
However,  little  is  known  about  the  role  of  W  chromosome  in  other  Lepidoptera.  Here  we  present 


our  findings  on  the  role  and  sequence  composition  of  W  chromosomes  in  wild  silkmoths  ( Sarnia 
cynthia  ssp.)  and  diamondback  moth  (Plutella  xylostella). 

Methods:  In  wild  silkmoths,  we  performed  crosses  between  geographical  subspecies  with 
different  sex  chromosome  constitutions,  S.  c.  pryeri  (WZ/ZZ)  and  S.  c.  walkeri{nQO-WnQO- 
Z/neo-Zneo-Z)  and  examined  sex  chromosome  constitution  in  their  hybrids  using  FISH 
(fluorescence  in  situ  hybridization)  with  W-chromosome  painting  probes  and  Z/neo-Z  derived 
fosmid  probes.  In  the  diamondback  moth  (WZ/ZZ),  we  prepared  DNA  samples  of  the  W 
chromosome  by  laser  microdissection  for  next-generation  sequencing.  The  obtained  W-sequence 
reads  were  used  for  read  mapping  on  a  PacBio  female  genome  assembly  to  identify  large  W- 
contigs. 

Results/Conclusion:  The  W/neo-W  chromosome  in  the  Bi  and  F2  hybrids  of  wild  silkmoths  was 
inherited  by  both  sexes  without  any  effects  on  fitness,  clearly  suggesting  that  it  plays  no  role  in 
sex  determination  of  this  species.  In  the  diamondback  moth,  the  read-mapping  with  the 
microdissected  W-sequences  produced  a  high  quality  PacBio  W-chromosome  assembly  of  9.6 
Mb,  mainly  composed  of  repetitive  DNA  sequences,  but  also  of  genes  of  viral  and  eukaryotic 
origin,  most  notably  tandemly  arranged  truncated  copies  of  Masculinizer. 
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Introduction:  The  W  chromosome  of  the  silkworm  Bombyx  mori  was  shown  to  determine 
femaleness  more  than  80  years  ago.  However,  the  W-linked  feminizing  gene,  Fem,  has  not  been 
molecularly  identified  due  to  the  structure  of  the  W  chromosome  that  is  occupied  with  repeat 
elements. 


Methods:  Bioinformatic  analyses  of  RNA-seq  and  piRNA-seq  data  were  performed  to  identify 
sex-specific  or  sex-biased  transcripts.  Embryonic  RNAi  experiments  were  performed  to 
investigate  the  functions  of  genes  of  interest. 

Results/Conclusion:  We  revealed  that  Fem  is  a  female-specific  piRNA  precursor,  which  is 
transcribed  from  the  sex-determining  region  of  the  W  chromosome  at  the  early  embryonic  stage 
(Kiuchi  et  al. ,  Nature ,  2014).  Fem  is  processed  into  a  single  female-specific  piRNA  {Fem 
piRNA).  Fem  piRNA  forms  a  complex  with  one  of  the  silkworm  PIWI  proteins  Siwi,  and  this 
complex  then  cleaves  a  single  mRNA  species  transcribed  from  the  Z  chromosome.  This  Z-linked 
gene,  Masc ,  was  shown  to  encode  a  protein  required  for  masuculinization  and  dosage 
compensation.  To  know  the  Masc  protein-dependent  sex  determination  cascade  is  conserved 
within  the  family  Bombycidae,  we  cloned  a  Masc  homologue  ( TvMasc )  from  Trilocha  varians 
(Lepidoptera:  Bombycidae)  and  found  that  TvMasc  plays  a  role  in  masculinization  (Lee  et  al. , 
Insect  Mol.  Biol.,  2015),  suggesting  that  Masc  is  commonly  used  in  sex  determination  pathways 
in  Bombycidae.  Moreover,  we  obtained  direct  evidence  that  Wolbachia  establishes  male-specific 
death  in  Ostrinia  furnacalis  (Lepidoptera:  Crambidae)  by  decreasing  Masc  mRNA  level  during 
embryogenesis  and  hijacking  the  dosage  compensation  cascade  (Lukui  et  al .,  PLoS  Pathog., 
2015). 
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Introduction:  In  the  pillbug  Armadillidium  vulgar e  (Crustacea,  Isopoda),  sex  determination 
follows  female  heterogamety  (ZZ  males/ZW  females).  However,  many  pillbug  populations 
harbor  maternally-inherited  Wolbachia  bacterial  endosymbionts  which  convert  genetic  males 
into  phenotypic  females,  leading  to  progenies  with  female-biased  sex  ratios.  The  native  W  sex 
chromosome  was  lost  in  Wolbachia-mfQ<ztQ&  lines  and  all  individuals  are  genetic  males.  Female 


sex  is  determined  by  Wolbachia  infection  of  the  individual.  Surprisingly,  some  pillbug  lines 
exhibit  sex  ratio  biases  despite  the  lack  of  Wolbachia ;  females  are  thought  to  be  genetic  males 
carrying  an  unknown  feminizing  factor  termed  /element. 

Methods:  To  elucidate  the  genetic  basis  of  female  sex  determination  in /- carrying  lines,  we 
sequenced  a  female  genome. 

Results/Conclusion:  We  identified  the / element  as  a  large  genomic  piece  of  a  feminizing 
Wolbachia  strain  that  was  laterally  transferred  to  the  nuclear  genome  during  recent  pillbug 
evolution;  it  shows  perfect  linkage  to  the  female  sex  and  is  located  in  a  hemizygous  genomic 
region.  We  further  demonstrate  that  the  / element  occurs  in  a  ZZ  genetic  male  background. 
Therefore,  the  / element  is  now  acting  as  the  female  sex-determining  region  of  the  genome  in  f- 
carrying  pillbug  lines.  We  conclude  that:  (i)  sex  determination  in  these  pillbug  lines  is  under 
control  of  nuclear  gene(s)  of  bacterial  origin,  and  (ii)  the  chromosome  in  which  the  / element  is 
inserted  has  effectively  become  a  new  W  sex  chromosome.  Our  results  emphasize  that  bacterial 
endosymbionts  are  powerful  sources  of  evolutionary  novelty,  e.g.  by  driving  shifts  in  sex 
determination  mechanisms  in  their  animal  hosts. 
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Introduction:  Guts  of  adult  honey  bee  workers  contain  8-10  bacterial  species  that  have  coevolved 
with  their  hosts  and  one  another  and  that  likely  impact  host  health.  These  bacteria  live  only  in 
bees  and  are  transferred  among  hosts  through  social  interactions.  Bumble  bees  contain  related 
bacteria,  but  strains  are  largely  specific  to  particular  host  species.  Most  bacteria  cannot  colonize 
bee  guts,  probably  due  to  host  immune  mechanisms.  These  observations  indicate  that  stability  of 
characteristic  gut  communities  reflects  specialized  mechanisms  enabling  persistence  of  specific 
symbiont  strains  within  a  particular  host  species. 


Methods:  We  conducted  experiments  to  characterize  genes  essential  for  gut  colonization  by 
Snodgrassella  alvi,  a  dominant  member  of  the  ileum  community.  Transposon-based  mutagenesis 
combined  with  high-throughput  sequencing  (Tn-Seq)  was  used  to  characterize  genes  required  in 
guts  but  not  required  on  culture  plates.  Additionally,  RNA-Seq  was  used  to  identify  symbiont 
and  host  genes  that  are  overexpressed  upon  gut  colonization.  The  roles  of  several  genes  were 
verified  by  examining  competitive  ability  of  mutants  within  guts. 

Results/Conclusion:  We  identified  symbiont  and  bee  genes  that  appear  critical  for  colonization. 

In  S.  alvi ,  gut  colonization  requires  genes  underlying  pilin  biogenesis  and  biofilm  formation,  as 
well  as  genes  involved  in  metabolism  and  stress  response  pathways.  Both  transcriptome  and  Tn- 
seq  analyses  give  information  about  challenges  within  gut  environments.  Identifying  the  basis  for 
formation  of  characteristic  gut  communities  will  yield  a  better  understanding  of  how  coevolved 
gut  communities  are  maintained  and  how  invasive  organisms  are  excluded. 
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Introduction:  The  JAK/STAT  pathway  is  a  key  signaling  pathway  in  the  regulation  of 
development  and  immunity  in  metazoans.  In  contrast  to  the  multiple  combinatorial  JAK/STAT 
pathways  in  mammals,  only  one  canonical  JAK/STAT  pathway  exists  in  Drosophila.  It  is 
activated  by  three  secreted  proteins  of  the  Unpaired  family  (Upd):  Updl,  Upd2  and  Upd3. 

Methods:  We  used  mutations  in  upd2  and  upd3  to  investigate  the  role  of  the  JAK/STAT  pathway 
in  the  systemic  immune  response. 

Results/conclusion:  Our  study  shows  that  haemocytes  express  the  3  upd  genes  and  that  injury 
markedly  induces  the  expression  of  upd3  by  the  JNK  pathway  in  haemocytes,  which  in  turn 
activates  the  JAK/STAT  pathway  in  the  fat  body  and  the  gut.  Surprisingly,  release  of  Upd3  from 


haemocytes  upon  injury  can  remotely  stimulate  stem  cell  proliferation  and  the  expression  of 
Drosomycin-like  genes  in  the  intestine.  Our  results  also  suggest  that  a  certain  level  of  intestinal 
epithelium  renewal  is  required  for  optimal  survival  to  septic  injury.  While  haemocyte-derived 
Upd  promotes  intestinal  stem  cell  activation  and  survival  upon  septic  injury,  haemocytes  are 
dispensable  for  epithelium  renewal  upon  oral  bacterial  infection.  It  also  reveals  that  release  of 
Upds  by  haemocytes  coordinates  the  wound-healing  program  in  multiple  tissues,  including  the 
gut,  an  organ  whose  integrity  is  critical  to  fly  survival. 
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Introduction:  The  midgut  epithelium  of  most  insects  is  lined  with  the  peritrophic  matrix  (PM), 
which  consists  primarily  of  chitin  fibrils  and  associated  proteins  (PMPs).  The  PM  is  thought  to 
provide  protection  from  pathogens  abrasive  food  particles  and  toxic  compounds,  and  it  facilitates 
digestion  by  partitioning  digestive  enzymes  and  dietary  substrates.  We  addressed  the  structure 
and  function  of  the  PM  by  analyzing  the  roles  of  chitin  synthase  2  (CHS2)  and  various 
peritrophic  matrix  proteins  (PMPs)  in  larvae  of  the  model  beetle  Tribolium  castaneum  ( Tc ). 

Methods:  RNAi 

Results/Conclusion:  RNAi-mediated  silencing  of  TcCHS2  expression  resulted  in  a  complete  loss 
of  the  PM  barrier,  and  -  in  line  with  its  presumed  function  in  digestion  -  in  a  reduction  in  body 
weight  and  a  depletion  of  the  fat  body.  RNAi  to  silence  individual  TcPMPs  revealed  no 
abnormal  developmental  phenotypes  for  most  of  the  tested  genes.  However,  RNAi  for  2  TcPMP 
genes  encoding  mucin-like  proteins  resulted  in  the  depletion  of  the  fat  body,  growth  arrest, 
molting  defects  and  mortality.  In  situ  permeability  assays  after  oral  administration  of  different- 
sized  FITC-dextrans  demonstrated  that  the  knock-down  of  these  two  mucin-like  TcPMPsleads  to 


the  disruption  of  the  PM’s  anterior-to-posterior  permeability  gradient.  The  established  methods 
were  further  extended  to  analyze  PM  properties  in  immune-challenged  larvae.  Our  study 
provides  new  insights  into  the  various  functions  of  the  PM  in  the  midgut  of  T.  castaneum  and 
may  help  to  establish  new  target  sites  for  insect  control. 
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Introduction:  The  bacterial  cell  envelope  is  located  at  the  host-bacteria  interface  and  plays 
important  roles  in  the  interaction  of  the  bacteria  with  the  host.  While  the  molecular 
characteristics  of  the  cell  envelope  are  pivotal  to  understanding  host-bacteria  interactions,  these 
characteristics  remain  limitedly  understood  in  gut-microbe  symbiosis  due  to  the  complexity  of 
the  gut  microbiota  and  the  difficulty  in  applying  biochemical  approaches  to  the  naive  gut 
symbionts.  The  bean  bug  ( Riptortus  pedestris),  which  has  been  recognized  as  a  useful 
experimental  insect  gut  symbiosis  model  system,  has  an  unprecedented  advantage  in 
obtainability  of  a  large  quantity  of  homogeneous  gut  symbionts  (genus  Burkholderia)  from  the 
host. 

Methods:  Using  the  naive  gut  symbiont  of  bean  bug,  we  directly  compared  in  vivo  symbiotic  and 
in  vitro  cultured  Burkholderiacells  and  found  striking  differences  in  their  cell  envelope 
structures. 

Results/Conclusion:  The  bacterial  lipopoly saccharide  O-antigens  was  lost  in  the  symbiotic 
Burkholderia  cells  examined  by  biochemical  assays  including  gel  electrophoretic  and  mass 
spectrometric  analyses,  and  the  bacterial  membranes  of  the  symbiotic  Burkholderia  cells  were 
more  sensitive  to  the  detergent  lysis.  These  changes  in  the  gut  symbiont’s  cell  envelope  seem  to 
be  induced  by  host-derived  factors,  and  they  resulted  in  increased  susceptibility  of  the 
Burkholderia  symbiont  to  the  purified  Riptortus  antimicrobial  peptides  and  the  in  vivo  innate 


immune  responses.  The  biological  consequences  of  the  cell  envelope  changes  further  support  the 
effective  host  management  for  the  Burkholderia  gut  symbiont  that  was  intrinsically  resistant  to 
antimicrobials  through  the  changes  in  the  bacterial  cell  envelope. 
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Introduction:  The  Gram-negative  bacterial  pathogen  Yersinia  pestis ,  the  cause  of  bubonic  plague, 
cycles  between  flea  and  mammalian  hosts  during  its  life  cycle.  The  bacteria  experience  an  abrupt 
change  when  they  enter  the  flea  digestive  tract  (an  unfavorable  environment  for  most  enteric 
Gram-negative  bacteria)  but  they  are  able  to  react  appropriately  and  produce  a  transmissible 
infection  by  forming  a  biofilm  in  the  foregut.  The  flea  also  has  an  immune  response  to  oral 
infection,  but  few  details  are  known  about  it  or  how  Y.  pestis  resists  it. 

Methods:  Xenopsylla  cheopis  rat  fleas  were  infected  with  wild-type  or  mutant  Y.  pestis.  Infection 
rates,  bacterial  loads,  and  biofilm  development  were  monitored  after  the  infectious  blood 
meal.  Bacterial  and  flea  DNA  and  RNA  were  collected  and  used  to  characterize  gene  expression 
during  infection. 

Results/Conclusion:  Y.  pestis  exhibits  distinctive  life  stages  in  the  flea  and  mammal.  In  the  flea, 
expression  of  virulence  genes  is  downregulated  and  biofilm  development  pathways  are 
upregulated.  A  phospholipase  D  enzyme  of  Y.  pestis  is  essential  for  survival  in  the  flea  midgut, 
and  bacterial  metabolism  shifts  to  concentrate  on  relatively  few  amino  acids  as  carbon  and 
energy  sources.  The  Y.  pestis  PhoPQ  gene  regulatory  system,  which  results  in  increased 
resistance  to  cationic  antimicrobial  peptides,  is  induced  in  the  flea  gut. 
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Introduction:  The  insect  midgut  is  a  highly  compartmentalized  organ  and  a  major  site  of 
interaction  between  the  host  and  microbes,  both  benign  and  pathogenic.  In  response  to  bacterial 
infection,  the  Drosophila  midgut  relies  on  2  complementary  mechanisms  for  survival:  a  potent 
immune  response  to  eliminate  bacteria  and  repair  mechanisms  to  cope  with  infection-induced 
damage.  This  damage  is  repaired  by  an  acceleration  of  epithelium  renewal  that  combines 
increased  delamination  of  enterocytes  with  reprogramming  of  intestinal  stem  cells  (ISC)  to 
proliferate  and  regenerate  the  gut  epithelium.  In  homeostatic  conditions,  the  gut  is  exposed  to 
dietary  microbes  that  also  modulate  epithelial  dynamics  at  lower  level.  Finally,  microbes  also 
alter  the  balance  of  differentiated  cells  in  the  midgut.  Epithelium  renewal  and  ISC  proliferation 
are  partially  controlled  by  a  feedback  loop  initiated  by  the  loss  of  enterocytes. 

Methods:  Using  Drosophila  genetics,  infection  with  pathogenic  and  benign  microbes,  and 
genomics,  we  have  investigated  the  molecular  mechanisms  that  control  epithelial  homeostasis  in 
response  to  microbes. 

Results/Conclusion:  A  major  cytokine,  Upd3,  is  induced  in  enterocytes  in  response  to  microbes 
and  triggers  a  cascade  of  signaling  events  controlling  ISC  proliferation  and  differentiation.  In  this 
talk,  we  will  present  new  data  on  the  mechanisms  that  control  Upd3  expression,  cell  dynamics 
upon  infection,  and  how  the  gut  epithelium  is  altered  by  exposure  to  microbes. 
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Abstract  text: 

Introduction:  Cockroaches  include  numerous  insect-herbivores  that  play  pivotal  roles  in 
degradation  of  plant  material  in  terrestrial  ecosystems.  These  roles  depend  on  well-regulated 
nutritional  relationships  that  they  have  evolved  with  their  gut  microbiota  over  millions  of  years. 
Compared  to  the  gut  microbiota  associated  with  most  other  model  insects,  those  of  cockroaches 
are  considerably  more  complex,  and  have  been  observed  to  be  as  diverse  as  communities 
harboured  in  mammalian  guts.  Despite  a  growing  interest  in  cockroach  gut  microbiota,  a  firm 
understanding  of  the  factors  shaping  these  complex  communities  is  still  lacking. 

Methods:  We  investigated  the  gut  microbiota  of  several  species  by  deepsequencing  amplified 
16S  rRNA  genes.  In  order  to  experimentally  test  the  role  of  the  host  in  determining  gut 
community  structure  in  cockroaches,  we  inoculated  germ-free  cockroaches  with  complex  gut 
microbiota  from  multiple  origins,  including  mammals,  and  determined  the  composition  of  the 
resulting  communities  using  the  same  deepsequencing  approach. 

Results/Conclusion:  The  analysis  revealed  the  importance  of  diet-related  factors  in  the  gut 
habitat  in  determining  gut  community  structure  in  cockroaches.  It  also  brought  to  light 
unexpected  similarities  in  community  composition  between  the  gut  microbiota  of  litter-feeding 
cockroaches  and  those  of  termites  and  mammals.  Irrespective  of  the  inoculum,  the  exposure  of 
germ-free  cockroaches  to  diverse  gut  microbiota  resulted  in  xenomicrobiota  that  structurally 
resembled  natural  gut  communities  of  cockroaches,  further  underscoring  the  role  of  the 
cockroach's  gut  habitat  in  shaping  these  complex  microbiota. 
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Introduction:  It  is  increasingly  recognized  that  the  phenotype  of  insects  is  influenced  by  the 
presence  and  composition  of  microorganisms  in  the  insect  gut,  and  that  the  effect  of  the 
microbiota  on  host  phenotype  varies  with  host  genotype.  Immune-related  insect  genes  are 
predicted  to  contribute  to  the  interactive  effect  of  host  genotype  and  microbiota,  but  the  details 
are  not  well-understood. 

Methods:  The  phenotypic  traits  of  panels  of  inbred  Drosophila  lines  with  sequenced  genomes 
were  quantified  using  germ-free  flies  and  flies  containing  unmanipulated  gut  microbiota  and 
specific  combinations  of  gut  microorganisms.  Significant  correlations  between  phenotypic  trait 
and  genome  SNPs  were  identified. 

Results/Conclusion:  Our  genome-wide  association  studies  are  offering  new  insights  into  the 
genetic  basis  of  insect-gut  microbiota  interactions.  Our  analyses  of  multiple  phenotypic  traits, 
including  nutritional  indices  and  microbiota  abundance,  are  revealing  phenotypic  correlations 
with  natural  genetic  variation  in  multiple  Drosophila  genes.  The  contribution  of  immunity  - 
related  genes  to  these  interactions  is  being  established  by  experimental  analyses  of  mutants 
colonized  with  different  gut  microorganisms.  We  conclude  that  insect  immunity  and  intraspecific 
variation  in  immunological  function  make  important  contributions  to  the  microbiota-dependent 
phenotype  of  insects,  acting  through  their  effects  of  microbiota  abundance,  composition  and 
function. 
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Introduction:  The  strength  and  severity  of  disease  epidemics  depend  on  both  the  genotypic 
composition  of  host  populations  and  on  ambient  biotic  and  abiotic  environmental  conditions. 
Controlled  laboratory  experiments  have  helped  us  dissect  the  role  of  environment  and  host 
genotype  on  infection  phenotypes.  However,  even  small  levels  of  ecological  complexity  can 
dramatically  influence  environment-mediated  effects  on  epidemics;  this  highlights  the 
importance  of  identifying  the  mechanisms  through  which  environment  affects  disease  at  the 
population  level. 

Methods:  We  examined  the  effects  of  ambient  temperature  and  population  mixing  on  disease 
dynamics  in  replicate  outdoor  populations  of  the  crustacean  Daphnia  magna  (almost  an  insect) 
and  its  natural  sterilizing  pathogen  Pasteuria  ramosa.  Since  Daphnia  reproduce  both  sexually 
and  asexually,  we  were  able  to  establish  twenty  replicate  Daphnia  populations  with  an  identical 
genetic  composition. 

Results/Conclusion:  Epidemics  were  larger  in  unmixed  populations  than  in  mixed  populations, 
and  increased  temperature  led  to  increases  in  both  host  investment  in  sexual  reproduction  and 
parasite-mediated  selection  for  pathogen-resistant  host  genotypes.  Peak  parasite  prevalence 
occurred  before  peak  investment  in  sexual  reproduction  in  the  warmest  populations.  So,  whilst 
warming  caused  increased  selection  for  host  resistance  to  parasitism  in  the  short  term,  it  reduced 


host  population  genetic  diversity,  potentially  making  populations  vulnerable  to  larger  disease 
epidemics  in  the  long-term. 
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Abstract  text: 

Introduction:  Previous  studies  have  suggested  that  malaria  (. Plasmodium )  parasites  can 
manipulate  mosquito  feeding  behaviors  such  as  probing,  persistence,  and  engorgement  rate  in 
order  to  minimize  mosquito  mortality  and  to  enhance  transmission  success  and  parasite 
fitness.  It  is  unclear  if  this  phenomenon,  however,  is  a  specific  response  to 
Plasmodium  manipulation  or  a  more  general  behavioral  alteration  due  to  immune  activation. 

Methods:  Using  the  Asian  malaria  vector,  Anopheles  stephensi ,  and  the  rodent  P.  yoelii  model 
system,  we  studied  host  attraction  and  neurophysiological  responses  when  the  mosquitoes  were 
infected  with  either  Plasmodium  or  with  a  heat-killed  bacteria. 

Results/Conclusion:  Using  the  Asian  malaria  vector,  Anopheles  stephensi ,  and  the  rodent  P. 
yoelii  model  system,  we  also  demonstrate  that  mosquitoes  with  early  stage  infections  (non- 
infectious  oocysts)  exhibit  reduced  attraction  to  a  human  host,  whereas  those  with  late-stage 
infections  (infectious  sporozoites)  exhibit  increased  attraction.  However,  we  also  found  that  both 
the  behavior  and  neurophysiological  responses  could  be  generated  solely  through  an  immune 
challenge  with  heat-killed  Escherichia  coli  in  a  dose-dependent  fashion,  and  thus  were  not  tied 
explicitly  to  the  presence  of  the  malaria  parasites.  Our  results  support  the  hypothesis 
that  Plasmodium  infection  alters  mosquito  feeding  behavior,  but  questions  the  extent  to  which 
this  phenotype  is  caused  by  active  manipulation  of  host  behavior  by  malaria  parasites.  Instead, 
we  suggest  that  the  manipulation  phenotype  is  host-mediated  through  potential  trade-offs 
between  immune  activation  and  reproduction. 
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Abstract  text: 

Introduction:  Hormesis,  the  response  to  low-level  stress,  is  thought  to  extend  lifespan  in  a  variety 
of  organisms  in  the  absence  of  detrimental  side-effects,  thus  evading  the  fundamental  principles 
of  life  history  theory.  However,  few  studies  have  assessed  the  hidden  costs  to  these  treatments  in 
a  wider  physiological  context.  In  this  presentation,  I  will  demonstrate  that  hormesis  can  be 
induced  by  a  pathogen  challenge,  that  it  leads  to  immune  trade-offs,  and  that  the  survival  benefits 
generated  by  the  expression  of  candidate  genes  underlying  hormesis  are  only  temporary. 


Methods:  We  induced  hormesis  in  the  fruit  fly,  Drosophila  melanogaster  from  a  single  topical 
dose  of  dead  spores  of  the  entomopathogenic  fungus,  Metarhizium  robertsii,  and  assess  stress 
resistance,  lifespan,  fecundity,  and  survival  post- infection  in  these  organisms.  Using  the 
Drosophila  RNAi  targeted  gene  knockdown  approach  in  conjunction  with  large-scale 
demography  and  maximum  likelihood  model  fitting  procedures,  we  identify  the  role  of  several 
immune  and  stress  genes  in  determining  this  physiological  response. 

Results/Conclusion:  We  find  that  the  hormetic  response  from  a  pathogen  challenge  enhances  the 
heat  resistance,  survival  and  fecundity  of  wild-type  fruit  flies,  but  also  increases  their 
susceptibility  to  live  fungal  infections.  Additionally,  we  show  that  the  expression  of  Turandot  C, 
Hsp83,  Dif,  and  Turandot  M  influence  pathogen-induced  mortality  benefits  at  early  ages  but  also 
lead  to  higher  age-specific  mortality  at  late  ages.  These  results  provide  insights  into  the 
mechanisms  underlying  life  history  trade-offs  and  they  indicate  that  temporary  benefits  and 
reduced  immune  function  may  be  ironic  side-effects  of  the  elixirs  of  life. 
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Abstract  text: 

Introduction:  Selection  should  favour  phenotypically  plastic  reproductive  strategies  wherein 
males  and  females  adaptively  respond  to  variation  in  fitness-limiting  resource  availability.  This 
hypothesis  posits  that  neither  sex  is  expected  to  possess  intrinsically  superior  immune  function 
but  rather  immunological  sex  differences  vary  with  respect  to  the  prevailing  environment. 

Methods:  I  use  a  sexually-dimorphic  orthopteran  insect  that  is  native  to  New  Zealand,  the 
Wellington  tree  weta  ( Hemideina  crassidens ),  to  test  the  prediction  that  males  suppress 
immunity  under  increased  sexual  activity  whereas  females  do  not.  Immunity  was  assessed  in  this 
field  experiment  as  the  ability  to  melanize  a  piece  of  monofilament.  Male  Wellington  tree  weta 
exhibit  three  different  mating  morphotypes  that  include  small  sneakers  and  harem-holding  males 


with  large  weapons.  I  also  explore  whether  investment  in  melanization  ability  varies  with  mating 
strategy  and  sexual  activity. 

Results/Conclusion:  I  find  evidence  for  an  interaction  between  sex  and  immunity. 
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Introduction:  Insect  immune  defense  is  not  static,  and  dynamic  changes  in  immunity  will  not  be 
without  their  consequences.  Heterogeneity  of  environments  across  space,  with  an  element  of 
continuity  across  time  can  select  for  environment-dependent  plasticity  in  ecologically  relevant 
traits,  including  immunity.  In  bumblebees,  a  social  insect,  exposure  to  infectious  diseases  fits  this 
scenario.  Congruent  with  predictions,  bumblebees  exhibit  trans-generational  immune  priming, 
with  offspring  from  bacterial  challenged  mother  queens  showing  elevated  antibacterial  activity. 
While  this  system  of  induced  increased  investment  persisting  across  generations  can’t  be  cost 
free,  consideration  of  important  evolutionary  and  ecologically  relevant  costs  of  trans- 
generational  immunity  in  insects  has  largely  taken  a  back  seat  during  demonstrations  of  the 
phenomenon  itself. 

Methods:  Whole  organism,  physiological,  and  transcriptomic  approaches  are  taken  to  investigate 
key  costs  underlying  trans-generational  immune  priming,  and  hence  its  evolution  and  ecological 
impacts,  in  the  bumblebees  Bombus  terrestris  and  B.  impatiens. 

Results/Conclusion:  Gene  expression  work  shows  that  primed  bumblebee  offspring  are  ready  for 
a  similar  pathogen  assault  that  their  mothers  experienced,  with  a  constitutive  upregulation  of 
costly  immune  effectors.  While  this  will  have  a  benefit  when  offspring  are  faced  with  a  similar 
pathogen,  it  comes  at  a  collateral  cost  to  defense  against  a  distinct  non-target  parasite. 
Intriguingly,  this  cost  may  materialize  through  a  reconfiguration  of  the  beneficial  microbe 


community  associated  with  the  bumblebee  gut.  Trans-generational  immune  priming  of 
antibacterial  activity  in  bumblebees  will  have  ecologically  and  evolutionary  relevant 
consequences  for  host-parasite  interactions,  non-target  parasite  dynamics,  and  critical  beneficial 
microbes. 
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Introduction:  Leaf-cutting  ants  (LCA)  are  key  ecological  players  spanning  a  wide  range  of 
ecosystems  and  climates.  Recently,  these  ants  have  been  spotlighted  by  contemporary  ecological 
research  because  of  their  remarkable  benefit  from  and  synergistic  amplification  of  anthropogenic 
disturbance.  Exhibiting  a  rich  set  of  life  history  attributes,  such  as  polyphagy  and  highly  flexible 
foraging  systems,  LCA  are  able  to  proliferate  in  human-modified  landscapes  (HML)  and  operate 
as  herbivores,  seed  dispersers  and  ecosystem  engineers  with  tangible  impacts  at  multiple  levels 
of  biological  organization  and  spatial  scales. 

Methods:  Causes  behind  LCA  proliferation  include  the  release  from  both  bottom-up  (more 
palatable  food  plants)  and  top-down  (fewer  parasitoids  and  predators)  control  in  HML.  Major 
consequences  are  driven  by  a  positive  feedback  between  human  and  LCA-induced  changes.  In 
fact,  pioneer  proliferation  in  disturbed  habitats  supports  higher  LCA  density,  which  in  turn 
favors  pioneer-type  tree  species  via  a  combination  of  ecosystem  engineering  (nest  construction) 
and  trophic  impacts  on  forest  structure,  microclimate,  edaphic  conditions,  as  well  as  the  floristic 
and  functional  signature  of  plant  assemblages. 

Results/Conclusion:  LCA  thereby  amplify  environmental  homogeneity  and  favor  early  - 
successional  systems.  This  working  hypothesis  of  a  detrimental  anthropogenic-biogenic 
synergism  contrasts  with  the  traditional  view  of  LCA  as  promoters  of  environmental 
heterogeneity  and  species  diversity. 
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Abstract  text: 

Introduction:  Ant-mediated  seed  dispersal  is  a  climate-dependent  interaction.  We  focus  on  the 
keystone  seed-dispersing  ant  in  North  American  forests,  Aphaenogaster  rudis.  Foraging  by  A. 
rudis  is  limited  by  spatial  (moisture)  and  temporal  (temperature)  constraints. 

Methods:  As  such,  ant-dispersed  plants  (myrmecochores)  must  set  seed  when  and  where  ants  are 
foraging  or  dispersal  fails  and  seedlings  aggregate  near  parents,  making  them  susceptible  to  the 
natural  enemies  in  abundance  around  the  parent  plants.  Changing  climate  patterns  can  disrupt  the 
synchrony  between  plants  and  A.  rudis ,  presumably  because  winged  queen  ants  disperse  further 
and  faster  than  the  plants,  which  rely  on  wingless  worker  ants  for  dispersal,  allowing  the  ant 
species  but  not  plants  to  track  changing  climate  through  range  shifts. 

Results/Conclusion:  Warming  temperatures  also  favor  several  forest-dwelling  invasive  ant 
species  that  may  displace  A.  rudis  without  providing  similar  seed  removal  services.  Hence, 
declining  plant  abundances  can  arise  through  direct  responses  of  their  ant  dispersers  to  changing 
climate,  or  indirect  responses  caused  by  climate  change  promoting  invasive  ant  competitors. 
Conversely,  climatic  shifts  likely  pose  little  direct  threat  to  A.  rudis  because  they  can  disperse 
efficiently  and  also  they  do  not  appear  dependent  on  their  plant  partners  for  population  fitness. 
Thus,  climate  change  may  disproportionately  influence  one  partner  -  the  ant-dispersed  plants  - 
over  the  other  in  the  ant-plant  interaction,  raising  questions  over  the  extent  to  which  their 
relationship  might  be  considered  a  mutualism. 
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Abstract  text: 

Introduction:  In  tropical  biomes,  ants  commonly  attend  fallen  fruits  that  are  primarily  dispersed 
by  vertebrates.  While  ants  gain  from  eating  the  nutritious  fleshy  parts,  plants  may  benefit  by 
increased  germination  and  directed  dispersal  to  soil-enriched  ant  nests. 

Methods:  Since  habitat  loss  and  fragmentation  have  pervasive  impacts  on  components  of  such 
multispecies  systems,  the  outcome  of  these  interactions  is  also  expected  to  be  affected.  Here  we 
describe  how  human-induced  disturbance  can  affect  the  interactions  between  ants  and  fleshy 
fruits  in  two  Brazilian  biodiversity  hotspots,  Atlantic  rainforest  and  Cerrado  savanna. 

Results/Conclusion:  Compared  to  fragmented  sites,  continuous  tracks  of  Atlantic  rainforests 
present  higher  numbers  of  fruit-attending  ant  species,  higher  fruit  removal  rates  by  ants,  and 
greater  dispersal  distances.  Moreover,  “feces-embedded”  and  “mandibulated”  fruits  (previously 
ingested  or  manipulated  by  frugivores)  attract  more  ants  than  “intact”  fruits,  suggesting  that 
decline  of  vertebrate  frugivores  in  disturbed  sites  may  trigger  a  subsequent  decrease  in  ant-fruit 
interactions.  In  Cerrado,  small-sized  granivorous  ants  (Myrmicinae)  predominate  in  the  hotter 
and  drier  conditions  of  fragment  edges,  whereas  large  seed-dispersing  ants  (Ponerinae)  are  more 
common  in  the  interior  of  the  savanna.  Seedlings  growing  in  nests  of  ponerines  survive  better 
than  those  growing  away  from  nests.  Such  beneficial  effect,  however,  disappears  at  cerrado 
edges  where  persistence  of  ponerine  nests  is  decreased.  Despite  the  negative  effect  of 
anthropogenic  disturbances  on  ant-fruit/seed  interactions,  endurance  of  many  ant  species  in 
disturbed  habitats  suggests  that  ants  may  inherit  many  plant-animal  interactions  in  vertebrate- 
impoverished  environments.  Plant  regeneration  processes  in  such  areas  may  thus  increasingly 
depend  on  ants. 


Symposium 


Presentation  Title:  Myrmecochory  in  brazilian  Caatinga  and  its  response  to  chronic 
anthropogenic  disturbance 

Author  Name:  Inara  Leal 

Author  Institution:  Universidade  Federal  de  Pernambuco 

Session  Title:  Symposium:  Ant-Plant  Interactions  in  a  Changing  World 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3349 
DOI:  10. 1603/ICE.2016. 91853 
Abstract  text: 

Introduction:  Tropical  biodiversity  is  threatened  not  only  by  habitat  loss  and  fragmentation,  but 
by  ongoing  anthropogenic  disturbance  in  remaining  habitat,  including  altered  fire  regimes, 
grazing  by  livestock,  firewood  collection  and  the  exploitation  of  non-timber  forest  products. 
Such  chronic  anthropogenic  disturbance  (CAD)  can  have  negative  impacts  ranging  from 
population  collapse  to  forest  replacement  by  shrub  vegetation. 

Methods:  Here  we  summarize  CAD  effects  on  myrmecochory  in  Caatinga,  a  semi-arid 
ecosystem  of  north-eastern  Brazil  marked  by  the  presence  of  dense  and  low-income  rural 
populations  highly  dependent  on  the  exploitation  of  forest  resources  for  livelihood. 

Results/Conclusion:  Myrmecochory  is  one  of  the  most  important  seed  dispersal  types  in 
Caatinga,  with  more  than  100  plant  species  from  Euphorbiaceae  family  having  diaspores  that  are 
specialized  for  dispersal  by  ants.  Myrmecochory  is  strongly  associated  with  small  plant  stature, 
suggesting  that  the  primary  benefit  to  plants  concerns  distance  of  dispersal,  which  reduces 
parental  and  sibling  competition.  CAD  negatively  affects  the  interaction  between  high-quality 
seed  dispersers  and  diaspores,  decreasing  seed  removal  and  dispersal  distance  in  disturbed  sites. 
Despite  high  overall  ant  diversity  there  is  very  limited  functional  redundancy  in  disperser  ant 
species,  resulting  in  low  disperser  resilience  in  relation  to  disturbance.  This  is  likely  to  have 
important  implications  for  recruitment  by  myrmecochorous  plants,  and  therefore  on  vegetation 
composition  and  structure,  at  sites  subject  to  high  anthropogenic  disturbance. 
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Abstract  text: 

Introduction:  Ants  are  extremely  abundant  in  the  canopies  of  lowland  tropical  forests,  where  they 
play  complex  ecological  roles  in  insect-plants  food  webs.  Although  a  range  of  interactions 
between  ants  and  their  plant  hosts  have  been  studied,  comparative  analysis  of  diversity  and 
specificity  of  these  interactions  at  the  level  of  whole  forest-plots  with  different  disturbance 
history  is  lacking. 

Methods:  The  complete  arboreal  ant  fauna  was  sampled  within  one  plot  of  primary  and  one  plot 
of  secondary  forest  in  New  Guinea  (0.4  ha  each).  The  diversity  and  composition  of  the 
communities  was  explored  for  all  arboreal  ant  species  and  their  nests  in  all  trees  with  DBH  >  5 
cm.  Nesting  preferences  of  ant  communities  in  each  of  the  two  forests  were  assessed  using  host- 
specificity  and  multivariate  analyses  with  variation  partitioning. 

Results/Conclusion:  Species  diversity  of  secondary  forest  ants  and  trees  was  only  half  of  that  in 
primary  forest.  The  significant  environmental  predictors  explained  a  similar  proportion  (-12%) 
of  the  variance  in  ant  communities  in  both  forests.  Most  of  the  variance  was  linked  to 
microhabitats  (nest  sites,  tree  size),  whereas  the  separate  effect  of  tree  species  on  ants  was  very 
low  (1%).  The  primary  forest  communities  were  not  more  specialized  to  particular  nest  sites  or 
tree  species.  However,  they  used  a  greater  variety  of  microhabitats  than  secondary  forest 
communities.  Therefore,  a  strategy  to  protect  primary  vegetation  with  an  emphasis  on 
maximizing  microhabitat  structural  diversity  is  recommended  to  conserve  the  species-rich 
arboreal  ant  fauna  in  the  tropics. 
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Abstract  text: 

Introduction:  Symbiotic  mutualisms  between  ants  and  plants  are  those  in  which  plants  provide 
living  space  in  specially  adapted  structures  for  ant  inhabitants.  In  return,  the  ants  provide 
protection  from  herbivory,  food,  or  competition  from  other  plants,  while  plants  also  sometimes 
provide  food  for  the  ants.  Critically,  because  the  ants  inhabit  the  plant  (symbiosis)  reproductive 
interests  are  often  (but  not  always)  more  strongly  tied  than  in  non-symbiotic  mutualisms.  These 
symbioses  are  particularly  diverse  in  tropical  forests,  a  habitat  under  severe  threat  from  human 
exploitation  around  the  world. 

Methods:  Understanding  responses  of  ant-plant  symbiotic  mutualisms  to  tropical  habitat  change 
is  important,  because  both  ants  and  their  plant  hosts  can  play  key  roles  in  the  wider  ecosystem. 
Here  we  summarise  the  current  state  of  knowledge  of  the  impacts  of  habitat  change  on  ant-plant 
symbioses  in  tropical  forests.  We  take  as  a  case  study  the  two-way  by-product  mutualism 
between  bird’s  nest  ferns  and  ants  in  SE  Asian  rain  forest,  and  the  response  of  this  system  to 
logging  and  conversion  to  oil  palm  plantation. 

Results/Conclusion:  We  conclude  that  ant-plant  symbioses  are  surprisingly  robust  to  habitat 
change,  although  while  the  interaction  often  persists,  some  partners  from  pristine  habitats  may 
not  survive,  with  their  roles  being  filled  by  non-native  species. 
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Abstract  text: 

Introduction:  In  addition  to  the  various  direct  defenses  against  herbivores  that  plants  have 
evolved  (including  physical  defense  via  trichomes  and  tough  leaves  and  chemical  defense  via 
secondary  metabolites),  many  plants  use  indirect  biotic  defense  provided  by  ants.  In  such  ant- 
plant  protection  mutualism,  plants  often  provide  food,  such  as  extrafloral  nectar  (EF-nectar)  and 
food  bodies  (lipid-rich  particles:  FBs),  to  visiting  ants,  which  in  return  protect  the  plants  against 
herbivores.  Ant-plant  protection  mutualisms  are  found  in  many  pioneer  plant  species,  which 
must  cope  with  temporal  and  spatial  variations  in  abiotic  habitat  conditions  associated  with 
vegetation  succession  or  disturbance. 

Methods:  To  clarify  the  relations  between  plant  defense  traits  and  abiotic  factors  such  as  light 
intensity,  soil  water  and  nutrients  in  the  field,  we  investigated  the  abiotic  factors  and  the 
plasticity  of  multiple  defense  traits  in  young  Mallotus  japonicus  growing  in  three  habitat 
conditions:  open  sites,  forest  edges  and  tree  fall  gaps. 

Results/Conclusion:  The  plants  used  multiple  defense  traits  differently  in  three  habitats.  At  open 
sites,  trichomes,  pellucid  dots  (chemical  defense)  and  EFN  expression  was  higher  than  at  the  tree 
fall  gaps,  but  FBs  were  fewer.  These  variations  correlated  with  the  abiotic  factors.  Chemical  or 
physical  defenses  were  more  effective  in  the  open  sites.  The  effect  of  ants  on  herbivore  exclusion 
was  readily  apparent  at  forest  edge  and  tree  fall  gaps.  Each  plant  can  change  its  combination  of 
defense  traits  in  response  to  abiotic  habitat  conditions. 
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Abstract  text: 


Introduction:  A  better  understanding  of  the  functional  ecology  of  extrafloral  nectary-mediated 
ant-plant  interactions  requires  focusing  on  the  spatial  (i.e.  interhabitat)  and  temporal  variation  in 
the  production  of  extrafloral  nectar  (EFN)  within  and  among  plant  species  and  its  effect  on  the 
associated  ant  community. 

Methods:  In  seasonal  tropical  landscapes  in  Mexico,  we  characterized  EFN  production  and 
activity,  nectar  sugar  content,  morphology  and  distribution  of  nectaries,  as  well  as  correlates  with 
the  associated  ant  community  in  terms  of  species  composition  and  visitation  frequency,  both  at 
habitat  (i.e.  plant  communities)  and  seasonal  levels.  At  a  more  specific  level  we  studied  Cedrela 
odorata ,  a  tropical  timber  tree  and  its  interhabitat  variation  (forests  and  plantations)  in  EFN 
attributes,  while  the  community-level  approach  included  several  EFN-bearing  plant  species  at 
different  habitats. 

Results/Conclusion:  Three-year  census  of  EFN-mediated  ant-plant  interactions  resulted  in  54  ant 
species  attending  76  plant  species  with  information  on  gland  morphology  and  distribution.  Field 
information  of  nectar  activity  and  sugar  content  was  obtained  for  a  one-year  period  at  community 
level  and  in  detail  for  C.  odorata.  Results  show  high  variation  in  nectar  activity,  sugar  content, 
gland  distribution,  ant  species  composition  and  frequency,  with  important  site-season  effects.  For 
C.  odorata ,  we  showed  that  EFN  quality  differed  among  forests  and  plantations,  as  a  result  of 
differential  water  balance  derived  from  site  conditions.  Season  also  affected  the  sugars  content  in 
EFN,  with  direct,  site-dependent  impact  on  the  abundance  of  ants  foraging  on  EFN.  Emerging 
patterns  suggest  induced  biotic  defense  strategies  for  some  EFN-bearing  plant  species  provided 
by  specific  ant  assemblages. 
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Abstract  text: 


Introduction:  Native  plant  species  with  extrafloral  nectaries  interact  with  ants  in  natural  areas, 
but  what  becomes  of  these  interactions  in  fragmented  natural  areas,  gardens,  and  other  urban 
places?  Ants  are  attracted  to  extrafloral  nectaries  of  native  legumes  in  many  genera  (including 
Chamaecrista,  Senna,  Lysiloma,  and  Pithecellobium)  and  in  several  cases  we  have  evidence  that 
the  ants  may  benefit  plants  by  deterring  herbivory  by  phytophagous  insects.  Many  other  species 
of  these  native  plant  genera  grow  as  ornamentals  or  invasive  species  in  the  same  area,  and  serve 
as  host  plants  for  some  of  the  same  herbivore  species  as  do  the  native  plant  species. 

Methods:  We  compare  and  contrast  the  ant  species  associated  with  these  plants  in  natural  and 
urban  areas,  their  interactions  with  herbivores,  and  their  roles  ranging  from  opportunists  to  plant 
protectors. 

Results/Conclusion:  In  many  cases,  coevolved  facultative  mutualisms  predispose  exotic  species 
to  interactions  with  similar  partners  in  new  locations.  These  interactions  may  facilitate  the 
establishment  and  spread  of  ornamental  plant  species  which  may  then  become  invasive.  We  have 
studied  some  interactions  in  detail,  and  with  this  knowledge  can  extrapolate  and  predict  patterns 
of  facultative  interactions  among  legumes,  ants,  and  herbivores  in  natural  and  urban  habitats. 
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Abstract  text: 

Introduction:  Invasive  species  are  changing  species  interactions  globally  both  directly  and 
indirectly.  In  extreme  cases,  these  changes  can  ripple  through  the  ecosystem  and  change  the 
functioning  of  the  ecosystem,  as  has  been  seen  with  the  yellow  crazy  ant  ( Anoplolepis  gracilipes ) 
invasion  of  Christmas  Island.  Australia’s  borders  have  been  penetrated  by  all  of  the  globally 
recognized  worst  invasive  ant  species  and  dozens  more  tramp  ant  species,  with  consequences  for 
ant-plant  interactions. 


Methods:  Here  I  provide  summarize  evidence  and  identify  research  gaps  in  our  understanding  of 
how  invasive  species  are  affecting  ant-plant  interactions  in  Australia.  I  focus  on  two  recent 
bodies  of  work:  1)  shelter-for-nutrient  myrmecophytes,  and  2)  the  role  of  carbohydrates  in  A. 
gracilipes  invasions. 

Results/Conclusion:  1)  The  endemic  vulnerable  epiphytic  ant-plant,  Myrmecodia  beccarii, 
typically  hosts  the  native  ant,  Philidris  cordata ,  but  is  sometimes  inhabited  by  the  invasive  ant 
Pheidole  megacephala.  Phi.  cordata  and  Phe.  megacephala  differ  in  their  response  to  plant 
volatiles  and  in  the  provisioning  of  nitrogen  to  the  plant.  2)  The  availability  of  honey  dew  is 
correlated  with  A.  gracilipes  activity  and  also  increases  worker  longevity.  Macronutrient 
preferences  vary  across  space  and  time  and  may  affect  the  efficacy  of  control  measures. 
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Abstract  text: 

Introduction:  Ant-plant  protection  mutualisms  are  often  defined  simply  as  “+  /  +”  interactions, 
indicating  that  species  on  each  side  of  the  interaction  have  a  net  positive  effect  on  the  per  capita 
growth  rate  of  their  partner.  But  that  simple  representation  belies  potentially  great  complexity; 
each  “+”  sign  represents  the  net  balance  of  the  interaction’s  costs  and  benefits,  and  these  costs 
and  benefits  shift  both  spatially  and  temporally  with  environmental  conditions,  with  variation  in 
the  guild  of  mutualist  partners,  and  with  variation  in  the  community  of  interacting  species 
outside  of  the  mutualism.  As  these  conditions  change,  so  too  may  the  strength  of  mutualism,  with 
consequences  that  may  dramatically  influence  the  communities  in  which  these  interactions  are 
embedded. 


Methods:  Using  the  East  African  Acacia  drepanolobium  -  ant  mutualism  as  a  case  study,  I 
explore  how  temporal  and  spatial  variation  in  environment,  mutualist  partners,  and  the  broader 
community  integrate  to  influence  the  fitness  consequences  of  this  widespread  interaction. 

Results/Conclusion:  The  implications  of  anthropogenic  change  (e.g.,  invasion  of  the  system  by 
Pheidole  megacephala ,  changes  in  rainfall  regime)  are  many  on  the  stability  of  this  association. 
Changes  in  the  ant-plant  mutualism  may  strongly  impact  the  structure  and  function  of  the 
broader  savanna  community. 
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Abstract  text: 

Introduction:  Ants  are  tremendously  diverse  and  abundant  in  tropical  tree  crops.  Their  role  in 
these  agroecosystems  has  been  recognized  early  on,  and  management  by  farmers  of  particular 
species  to  control  insect  pests  has  a  long  history.  It  is  not  until  recently  that  the  complex 
interactions  through  which  ants  affect  the  crop  plants,  and  how  they  are  mediated  by  species-  and 
community-level  characteristics  has  been  addressed  more  comprehensively. 

Methods:  A  major  question  is  how  the  current  context  of  global-scale  intensification  from 
agroforests  towards  shade-tree-less  tree  crop  monocultures,  with  frequent  insecticide-use  and 
invasions  by  tramp  species,  translates  into  ant-mediated  changes  in  ecosystem  service  and 
disservices.  Recent  studies  manipulating  ant  communities  have  shown  that  ants  impact  yield 
much  more  strongly  than  previously  thought. 

Results/Conclusion:  They  also  show  that  the  ants  can  intervene  at  all  stages  of  yield  formation 
through  direct  and  indirect  impacts  on  losses  of  flowers,  leaf  material  and  fruit  to  herbivorous 
pests,  the  pollination  of  flowers  and  the  incidence  of  plant  disease.  We  discuss  recent  findings 
and  emphasize  that  management  by  the  farmers  can  significantly  impact  ant  communities,  their 


trophic  role  in  the  ecosystem,  and,  most  importantly  from  an  agricultural  perspective,  their 
impact  on  yield. 
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Abstract  text: 

Introduction:  In  the  last  decades  agricultural  human  path  has  increasingly  and  widely  penetrated 
almost  all  neotropical  landscapes  through  a  “green  revolution”  model  for  food,  feed  and  fiber 
production.  The  result  has  been  a  increasing  trend  to  landscape  homogeneity  and  the  loss  of 
associated  biodiversity  such  as  ants,  herbivores  and  their  associated  host  plants  which  used  to 
interact  differently  in  former  agroecosystems  of  the  tropical  Americas. 

Methods:  The  intensification  of  agriculture  has  created  different  ecological  conditions  in  the 
intensified  agroecosystems  which,  in  turn,  has  affected  ant-plant-herbivore  interactions  such  as 
predation  and  seed  movement.  On  the  one  hand,  the  diversity  and  composition  of  ants  and  hence 
their  interactions  become  simplified  and  certain  species  gain  protagonic  roles  in  the  ant-plant- 
herbivore  interactions;  on  the  other  hand,  the  loss  of  biodiversity  and  the  changes  in  these 
interactions  do  not  benefit  the  interests  of  the  farmers. 

Results/Conclusion:  These  disruptions  may  exacerbate  with  climate  change  because  generalist- 
physiologically  resistant  ants  might  benefit  from  biodiversity  loss  and  changing  conditions.  The 
use  of  agroforesty  in  the  Neotropics  might  allow  ant-plant-herbivore  interactions  to  restablish 
and  to  recover  ecological  internal  controls  inside  the  agroecosystems. 
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Abstract  text: 

Introduction:  Extrafloral  nectar  (EFN)  mediates  food-for-protection  mutualisms  between  plants 
and  ants.  Such  mutualisms  exist  within  a  complex  web  of  biotic  interactions,  and  in  a  framework 
provided  by  the  abiotic  environment.  Both  biotic  and  abiotic  factors,  therefore,  affect  the 
outcome  of  ant-plant  interactions.  We  conducted  an  experiment  to  determine  the  effects  of  ant 
activity,  and  light  intensity,  on  herbivory  rates,  growth,  and  reproductive  fitness  in  Senna 
mexicana  var.  chapmanii ,  a  perennial  legume  native  to  south  Florida  pine  rockland  habitats. 

Methods:  Forty  plants  were  divided  among  four  treatments  in  a  factorial  experimental  design 
with  two  independent  variables:  ant  activity  and  light  intensity.  Plants  were  divided  equally 
between  sunny  and  shady  habitats,  and  ants  were  excluded  from  half  of  the  plants  in  each  habitat 
type. 

Results:  In  shaded  habitats,  the  presence  of  ants  had  no  effect  on  herbivory  rates,  seed  set,  or 
plant  size.  In  sunny  habitats,  however,  plants  with  ants  suffered  less  herbivore  damage,  produced 
more  seeds,  and  grew  larger  over  the  duration  of  the  one  year  study. 

Conclusions:  Ants  represent  an  important  biotic  defense  against  herbivores  in  S.  chapmanii\ 
however,  their  effects  on  plant  fitness  are  dependent  on  light  conditions.  Pine  rockland  habitats 
in  south  Florida  have  been  widely  destroyed  or  mismanaged.  In  fragments  that  remain, 
disruption  of  fire  regimes  has  led  to  increased  canopy  closure  and  shading  of  the  understory. 
These  changes  will  likely  negatively  impact  ant-plant  interactions.  We  highlight  the  importance 
of  conservation  efforts  to  preserve  the  pine  rocklands  and  their  many  native  plant  species. 
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Abstract  text: 

Introduction:  Life  table  is  the  basis  of  effective  population  ecology  and  pest  management.  Only 
age-stage,  two-sex  life  table  can  precisely  describe  the  population  growth  with  stage 
differentiation  of  pests  and  natural  enemies,  the  consumption  (damage)  of  pest  populations,  and 
predation  capacity  of  predator  population. 

Methods:  We  identified  problems  associated  with  applying  traditional  female  age-specific  life 
tables  in  population  ecology  and  pest  management.  We  then  used  the  age-stage,  two-sex  life 
tables  of  both  pest  and  natural  enemy  populations,  the  age-stage  consumption  (damage)  rate  of 
the  pest,  the  age-stage  predation  rate  of  the  predator,  and  computer  simulation  to  develop  mass¬ 
rearing,  IPM  and  biological  control  program. 

Results/Conclusion:  By  linking  the  age-stage,  two-sex  life  table  and  the  predation  rate,  we  can 
predict  the  growth  of  pest  and  predation  populations,  mass  rearing  the  predators,  time  the  release 
of  predators,  quantify  the  number  of  predators  required,  determine  the  number  of  predator 
releases  needed,  and  estimate  the  cost  of  control. 
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Abstract  text: 

Introduction:  The  green  lace  wing,  Chrysoperla  carnea  (Stephens),  is  a  common  natural  enemy 
of  the  mealy  plum  aphid  (MPA),  Hyalopterus  pruni ,  an  important  pest  of  stone  fruit  trees  in  Lake 
Van  Basin,  Turkey.  We  investigated  the  population  growth  rate  and  predation  capacity  of  the 
green  lacewing  fed  on  MPA  using  the  age-stage,  two-sex  life  table. 

Methods:  The  life  table  and  consumption  rate  studies  of  the  green  lace  wing  were  carried  out 
under  laboratory  conditions  at  25  ±  1°C,  60  ±  10  %  RH,  and  a  photoperiod  of  14:10  (L:D)  h. 

Raw  data  were  analyzed  using  the  age-stage,  two-sex  life  table  in  order  to  accurately  depict  the 
population  growth  and  predation  rate  while  taking  the  stage  differentiation  and  both  sexes  into 
consideration. 

Results/Conclusion:  Results  for  the  population  parameters,  i.e.,  the  net  reproductive  rate  (. Ro ), 
intrinsic  rate  of  increase  (r),  finite  rate  of  increase  (2),  mean  generation  time  ( T)  and  net 
predation  rate  (Co)  of  green  lacewings  fed  on  MPA  were  204.98  offspring,  0.1094  d"1,  1.1 157  d"1, 
48.62  d  and  339.12  prey  MPAs,  respectively.  The  finite  predation  rate  ( co )  of  18.27  prey/d  was 
calculated  by  combining  the  growth  rate  and  predation  rate.  These  findings  will  be  useful  in 
developing  an  IPM  and  biological  control  program  for  the  MPA. 
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Abstract  text: 

Introduction:  Lasioderma  serricorne  (F.)  (Coleoptera:  Anobiidae)  is  an  important  pest  in  the 
stored  product  industry,  especially  in  the  tobacco  industry.  As  a  persistent  problem  in  farms, 
factories,  warehouses  as  well  as  with  individual  consumers,  further  understanding  of  this  species 
can  help  improve  measures  used  to  control  L.  serricorne  infestations. 

Methods:  A  laboratory  strain  of  L.  serricornew as  cultured  at  32°C,  and  70%  relative  humidity. 
The  life  table  data  were  collected  and  analysed  based  on  the  age-stage,  two-sex  life  table.  The 
variances  and  standard  errors  of  the  population  parameters  were  estimated  using  the  bootstrap 
technique  and  compared  by  using  the  paired  bootstrap  test. 

Results/Conclusion:  The  development  time  of  the  immature  stages  was  5.76  ±  0.14  d  for  eggs; 
8.40  ±  0.48  d  for  first  instar  larva;  8.36  ±  0.59  d  for  second  instar  larva;  7.88  ±  0.46  d  for  third 
instar  larva;  4.08  ±0.81  d  for  fourth  instar  larva;  and  4.68  ±0.13  d  for  pupa.  The  total 
development  time  of  the  immature  stages  was  54.69  ±  1.04d,  with  no  significant  differences 
between  the  immature  males  and  females.  However,  the  lifespan  of  adult  males  (13.56  ±  0.40d) 
was  significantly  different  compared  to  the  lifespan  of  adult  females  (18.60  ±  1.82d).  The  mean 
fecundity  of  females  was  39.60  ±  4.74  eggs.  The  intrinsic  rates  of  increase  (r),  net  reproduction 
rates  (Ro),  and  mean  generation  time  ( T)  of  L.  serricorne  was  0.0582  ±  0.0061  d'1,  15.23  ±  4.18 
offspring,  and  46.62  ±  1.31  d,  respectively. 
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Abstract  text: 

Introduction:  The  green  peach  aphid,  Myzus  persicae  (Sulzer)  (Homoptera:  Aphididae),  is  one  of 
the  most  important  aphid  pests  of  pepper  in  Turkey.  Chrysoperla  carnea  (Stephen)  (Neuroptera: 
Chrysopidae)  is  an  important  predator  of  aphids.  In  this  study,  both  the  growth  potential  and 
predation  capacity  of  C.  carnea  fed  on  M.  persicae  were  examined  to  obtain  information  that  can 
be  used  in  pest  management  programs. 

Methods:  Life  table  and  predation  rate  data  were  collected  at  25  ±  1  °C  temperature,  60  ±  5% 

RH,  and  a  photoperiod  of  16:8  (L:D)  h  (5,000  lux)  in  a  climate  cabinet.  Raw  data  were  analyzed 
using  the  age-stage,  two-sex  life  table  to  calculate  population  parameters  and  the  predation  rate. 

Results/Conclusion:  The  intrinsic  rate  of  increase  (r),  finite  rate  of  increase  (2),  net  reproductive 
rate  (i?o),  and  mean  generation  time  ( T)  of  the  predator  were  0.1 14  d'1,  1.1 19  d'1,  122.5  offspring 
and  40.48  d  respectively.  To  evaluate  the  predation  potential  of  C.  carnea  fed  on  M.  persicae,  the 
net  predation  rate  (Co)  and  finite  predation  rate  (a>)  obtained  by  combining  the  growth  rate  and 
predation  rate  were  calculated  and  determined  as  324.674  aphids  and  14.25  aphids/d, 
respectively.  Results  obtained  in  this  study  can  be  used  in  pest  management  programs  for  M. 
persicae. 
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Abstract  text: 

Introduction:  More  than  one -third  of  insect  species  harbor  heritable  endo symbionts.  The 
significance  of  these  facultative  endosymbionts  to  these  insects  has  drawn  increasing  attention 
recently.  Little  is  known,  however,  about  changes  in  ecological  parameters  caused  by  secondary 
endosymbionts  in  the  English  grain  aphid,  Sitobion  avenae.  It  is  unknown  whether  unrelated 
secondary  endosymbionts  can  generate  similar  ecological  changes  in  their  hosts  since  some 
endosymbionts  are  capable  of  exchanging  genetic  information  with  each  other. 

Methods:  We  investigated  the  effects  of  the  bacterial  symbiont,  Regiella  insecticola,  on  the 
development,  survival  and  fecundity  of  S.  avenae  populations  by  establishing  an  age-stage,  two- 
sex  life  table. 

Results/Conclusion:  Our  results  showed  that  Regiella  insecticola  decelerates  the  normal 
development  of  Sitobion  avenae  populations.  Consequently,  Regiella  insecticola  can  decrease 
the  intrinsic  rate  of  increase  (r),  net  reproductive  rate  ( R0 ),  finite  rate  of  increase  (L),  birth  rate, 
and  fecundity  (F),  while  increasing  the  mean  generation  time  (T),  pre-adult  duration,  and  total 
longevity  of  Sitobion  avenae  populations.  Finally,  a  population  projection  showed  that  Regiella 
insecticola  decelerated  the  growth  of  the  studied  Sitobion  avenae  population. 
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Abstract  text: 

Introduction:  Our  field  studies  revealed  that  the  infection  rate  of  a  bacterial  symbiont, 

Cardinium ,  in  the  whitefly  Bemisia  tabaci  Q  (also  known  as  biotype  Q)  population  was  low  in 
Shandong,  China  during  2006-2015.  Our  previous  study  revealed  that  the  Cardinium-infQctQd  B. 
tabaci  Q  population  could  not  efficiently  compete  with  the  C ardinium-\mmf Qctzd  B.  tabaci  Q 
population,  and  the  Cardinium-unmfQcted  population  had  higher  fitness  than  the  Cardinium- 
infected  population. 

Methods:  To  reveal  the  potential  effects  of  Cardinium  on  its  host  whitefly,  we  established  a 
Cardinium-xminfQcted  population  with  the  same  genetic  backgrounds  (C-)  as  the  Cardinium- 
infected  population  (C+)  via  introgression.  Then,  we  determined  the  competitive  ability  of  C- 
and  C+  individuals,  and  compared  the  fitness  differences  of  the  two  groups  using  the  two-sex  life 
table  method.  The  results  showed  that  C-  whiteflies  can  displace  those  that  are  C+  over  a  period 
of  several  generations.  Using  the  two-sex  life  table  method,  the  values  for  the  intrinsic  rate  of 
increase  (r),  net  reproductive  rate  (Ro),  and  finite  rate  of  increase  (X)  of  the  C-  whiteflies  were  all 
significantly  higher  than  those  of  the  C+  population.  The  mean  generation  time  (T)  of  the  C+ 
population  was  significantly  longer  than  that  of  the  C-  population. 

Results/Conclusion:  Our  data  showed  that  C+  individuals  have  weaker  competitive  ability  and 
fitness  than  C-  whiteflies,  demonstrating  that  Cardinium  infection  had  negative  effects  on  the 
host  whitefly  population.  The  effects  of  this  symbiont  on  host  whiteflies,  however,  may  be 
conditional  (Chu  D,  unpublished  data),  which  should  be  further  explored  in  future  research. 
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Abstract  text: 

Introduction:  Chenopodium  quinoa  Willd.  is  a  grain  rich  in  protein,  essential  amino  acids,  fibers, 
vitamins  and  minerals,  whose  consumption  has  increased  dramatically  since  2013  when  that  year 
was  declared  by  the  United  Nations’  Food  and  Agriculture  Organization  (FAO)  as  the 
International  Year  of  Quinoa.  Its  attributes  include  having  a  significant  effect  as  an  anti-aging 
agent,  being  an  ideal  animal  feed,  as  a  source  for  pharmaceutical  raw  materials,  as  well  as  being 
a  natural  insect  repellent. 

Methods:  Drosophila  melanogaster  Meigen  (Diptera:  Drosophilidae)  larvae  were  fed  with 
quinoa  flour  (0.25  mg/F-1  g/F)  until  pupation.  The  effects  of  quinoa  on  the  survivorship, 
development,  and  sex  ratio  of  D.  melanogasterwere  investigated. 

Results/Conclusion:  Our  findings  showed  that  larvae  of  D.  melanogaster  fed  on  low 
concentrations  of  quinoa  had  higher  survival  and  faster  developmental  rates  during  the  immature 
stages.  However,  lethal  effects  were  observed  at  higher  concentrations.  Because  quinoa  will  be 
used  as  a  dietary  supplement,  it  will  be  necessary  to  pay  attention  to  storage  conditions  and  to 
focus  on  potential  adverse  effects. 
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Abstract  text: 

Introduction:  Two  closely  related  predatory  mites,  Neoseiulus  womersleyi  (Schicha)  and  N. 
longispinosus  (Evans),  have  different  -  but  overlapping  -  distribution  areas:  N.  womersleyi 
occurs  ‘longitudinally’,  from  Russia  to  Australia  along  the  Pacific  Coast  region  of  East  and 
Southeast  Asia  and  Oceania,  whereas  N.  longispinosusi s  spread  Tatitudinally’,  around  the  globe 
between  ca.  30°S  and  30°N.  Although  both  species  are  effective  indigenous  predators  of  spider 
mites,  their  life  history  traits  have  never  been  compared  under  the  same  laboratory  conditions. 

Methods:  In  this  study,  we  examined  the  developmental  and  reproductive  traits  of  both  species  at 
10  constant  temperatures  (15-37.5°C).  We  sampled  a  population  of  each  species  in  Taiwan, 
where  they  occur  sympatrically,  to  minimize  any  geographical  effect  on  their  biological  traits. 

Results/Conclusion:  Development,  reproduction  and  demographic  parameters  differed 
significantly  between  the  two  species:  N.  womersleyi  performed  well  in  a  wider  temperature 
range,  especially  at  lower  temperatures,  compared  with  N.  longispinosus.  This  may  partly 
explain  why  N.  womersleyi  is  also  found  from  tropical  to  subarctic  regions.  On  the  other  hand,  N. 
longispinosus  performed  better  than  N.  womersleyi  at  higher  temperatures,  matching  its 
adaptation  to  subtropical  and  tropical  regions. 
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Abstract  text: 


Introduction:  Environmental  stresses  are  very  important  factors  in  evolution.  Due  to 
environmental  pollution,  the  aphid  populations  have  been  severely  affected,  and  are  undergoing 
dramatic  changes  in  order  to  adapt  to  environmental  changes. 

Methods:  The  life  tables  have  been  determined  for  the  grain  aphid,  Sit obion  avenae  (Fabricius) 
(Hemiptera:  Aphididae),  to  evaluate  the  effects  and  provide  a  theoretical  basis  for  detecting  the 
mechanisms  of  environmental  stress  factors  such  as  UV-B,  heavy  metals,  electrical  field,  and 
magnetic  field. 

Results/Conclusion:  High-intensity  UV-B  stress  on  individuals  fed  on  wheat  can  undermine  the 
growth  development  and  feeding  behavior  of  the  grain  aphid  and  affect  expression  of  the 
COI/COII/SOD  gene.  Host  plants  accumulated  heavy  metal  from  contaminated  soil.  The  growth, 
development  and  population  parameters  of  S.  avenae  were  inhibited  by  Cd  and  Zn.  S.  avenae 
could,  however,  adapt  and  compensate  for  the  adverse  effects  of  low-level  heavy  metals  through 
equilibrium  mechanisms  and  metabolism.  Under  the  high-level  stress,  metabolic  confusion 
occurred  without  compensation.  Under  long-term  exposure  to  higher  concentration  of  heavy 
metals,  the  defense  mechanism  of  antioxidant  enzymes,  CarE  and  AchE  would  be  restricted. 
Electrical  fields  exert  long-term  significant  effects  on  the  development,  enzyme  activity  and  gene 
variation  in  S.  avenae.  High  magnetic  fields  showed  biological  effects  on  the  development  and 
reproduction  of  S. avenae.  The  two-sex  life -table  is  an  important  tool  for  analyzing  overall  effects 
of  environmental  stress  factors  on  aphids  at  the  population  level,  while  also  providing  many 
other  useful  biological  insights. 
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Abstract  text: 


Introduction:  Beauveria  bassiana  is  a  species  of  soil-borne  entomopathogenic  fungi.  In  this 
study,  we  tested  the  effects  of  different  temperatures  on  control  of  the  Western  flower  thrips 
(WFT),  Frankliniella  occidentalis  (Pergande)  by  B.  bassiana. 

Methods:  We  collected  the  life  table  data  of  F.  occidentalis  and  determined  the  mortality  of  each 
life  stage  of  F.  occidentalis  infected  by  B.  bassiana  at  different  temperatures  (15,  20,  25,  30°C). 
We  then  used  computer  simulation  to  calculate  the  optimal  time  for  applying  B.  bassiana  for 
maximum  control  of  F.  occidentalis. 

Results/Conclusion:  The  results  showed  that  pre-adult  duration  time  (egg  through  pupal  stage) 
decreased  from  32.72  d  at  15°C  to  7.94  d  at  30°C.  Females  produced  the  most  eggs  at  25°C.  The 
intrinsic  rate  of  increase  (r)  of  population  peaked  at  25°C  (0.264  d"1).  The  mean  generation  time 
decreased  with  temperature  (from  46.6  to  11.1  d).  The  pathogenicity  of  B.  bassiana  also  varied 
with  temperature  and  developmental  stage  of  the  insect.  Adult  thrips  were  most  sensitive  to 
fungal  infection,  followed  by  first  instar  nymphs,  second  instar  nymphs,  prepupae  and  pupae. 
The  cumulative  mortality  due  to  fungal  infection  increased  with  temperature  from  15°C  to  25°C 
and  stabilized  at  30°C.  Population  projection  demonstrated  that  a  number  of  applications  and 
intervals  of  applying  Beauveria  bassiana  to  control  WFT  were  required  at  different  temperatures 
to  achieve  optimal  control  efficiency.  These  findings  will  be  useful  to  growers  for  determining 
timing  applications  of  the  entomopathogenic  fungus  B.  bassiana  in  managing  F.  occidentalis 
during  different  greenhouse  growing  seasons. 
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Abstract  text: 


Introduction:  Turkey  leads  the  world  in  hazelnut,  Corylus  avellana  (L.),  production  with 
approximately  525000  tons  harvested  per  year  between  the  years  1993-2013.  The  filbert  aphid, 
Myzocallis  coryli  (Goetze),  is  a  serious  pest  of  hazelnut  in  North  America,  Italy,  Spain,  and 
Turkey.  Breeding  hazelnut  cultivars  resistant  to  pests  is  critical  to  successful  production.  Life 
tables,  which  are  an  essential  tool  for  understanding  the  ecology  of  insect  pests  on  their 
hostplants,  are  useful  in  evaluating  hazelnut  cultivar  resistance  to  filbert  aphids. 

Methods:  We  collected  life  table  data  of  M.  coryli  reared  on  the  five  major  cultivars  of  hazelnut 
(Tombul,  Palaz,  (Jakildak,  Fo§a,  and  Mincane)  under  laboratory  conditions.  For  each  cultivar, 
one  hundred  newly  hatched  aphids  were  used  to  initiate  the  life  table  study  on  leaf  disks.  The 
developmental  stage  and  survival  were  observed  and  recorded  daily.  After  the  emergence  of 
adults,  the  number  of  newly  hatched  nymphs  were  recorded.  The  raw  data  for  the  developmental 
time,  survival  rate,  and  fecundity  were  analyzed  using  the  age-stage,  two-sex  life  theory. 

Results/Conclusion:  By  using  the  age-stage,  two-sex  life  table,  the  stage  differentiation  could  be 
described.  Due  to  the  variable  developmental  rate  among  individuals,  significant  overlapping 
was  observed.  Results  of  demographic  characteristics  and  pest  growth  potential  on  different 
hazelnut  cultivars  is  discussed  and  compared  in  terms  of  population  parameters  using  computer 
simulation. 
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Abstract  text: 

Introduction:  The  western  flower  thrips  (WFT),  Frankliniella  occidentalis  (Pergande),  is  an 
important  worldwide  pest  that  has  caused  serious  damages  to  fruits  and  vegetables.  Although  the 
WFT  can  produce  offspring  using  arrhenotokous  and  bisexual  reproduction,  the  effect  of  these 
two  reproductive  strategies  on  population  growth  is  unclear. 

Methods:  We  collected  life  table  data  for  bisexual  and  arrhenotokous  populations  of  WFT.  We 
then  analyzed  the  life  history  raw  data  using  the  age-stage,  two-sex  life  table.  The  age-stage, 
two-sex  life  table  was  used  because  it  is  capable  of  precisely  describing  population  growth  while 
also  taking  stage  differentiation  and  both  sexes  into  account. 

Results/Conclusion:  The  results  indicated  that  virgin  females  of  WFT  can  establish  new  colonies 
either  by  arrhenotokous  reproduction,  oepidal  or  sibling  mating.  Compared  to  populations  with 
bisexual  reproduction,  inbred  populations  had  shorter  female  adult  longevity,  as  well  as  lowered 
fecundity,  intrinsic  rate  of  increase  (r),  finite  rate  of  increase  (Z),  net  reproductive  rate  ( Ro ),  and  a 
shorter  mean  generation  time  ( T ).  Our  results  showed  that  the  highest  daily  fecundity  (male 
offspring  per  female)  occurred  in  the  population  with  arrhenotokous  reproduction.  After  oepidal 
mating,  females  began  to  produce  bisexual  offspring  with  the  proportion  of  female  offspring 
increasing  with  age. 
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Abstract  text: 

Introduction:  Life  tables  represent  a  brief  life  history  of  an  organism.  When  derived  under 
similar  environmental  conditions,  comparisons  of  life  table  parameters  from  representative 
populations  can  be  used  for  many  species  and  the  results  incorporated  into  strategies  involving 
various  population  dynamic  practices.  In  this  study,  we  calculated  life  tables  for  Myzus  persicae 
(Sulz.)  reared  on  the  following  five  different  commercial  pepper  ( Capsicum  annuum) varieties: 
Amiral,  Erciyes,  Mert,  Mertcan  and  Naz. 

Methods:  The  study  was  conducted  under  uniform  laboratory  conditions  at  25±1  °C,  60±5%  RH, 
16:8  (D/L)  h  using  potted  pepper  plants  and  plexiglas  clip-cells  (20  x  10  mm)  with  their  upper 
side  covered  with  muslin.  Developmental  time,  survival  and  fecundity  data  were  collected  daily. 
To  take  the  variable  developmental  time  and  stage  differentiation  into  consideration,  life  table 
parameters  were  calculated  according  to  the  Euler-Lotka  equation  by  using  two-sex  method. 

Results/Conclusion:  Our  results  showed  that  M.  persicae  had  the  highest  value  for  the  intrinsic 
rate  of  increase  (r  =  0.332  d'1),  finite  rate  of  increase  (X  =  1.39  d'1),  and  net  reproductive  rate  (Ro 
=  62.68  offspring)  when  reared  on  the  Erciyes  variety.  These  values  were  significantly  higher 
than  those  of  other  treatments.  When  reared  on  the  Amiral  variety,  the  values  of  r  (0.246  d"1),  X 
(1.28  d'1),  and  Ro  (3 1.98  offspring)  were  the  lowest,  but  were  not  significantly  different  than 
those  reared  on  the  Mertcan  and  Naz  varieties. 
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Introduction: 

The  sugarcane  aphid  ( Melanaphis  sacchari )  was  one  of  the  most  important  insect  pests  on  grain 
sorghum  in  17  southern  U.S.  states  in  2015.  The  aphid  infestations  are  causing  crop  loss  or  yield 
loss  depending  on  the  timing  of  the  aphid  infestations  occurring  at  either  pre-  or  post-anthesis. 
Few  markers  are  available  for  studying  genetic  diversity  of  sugarcane  aphid.  Our  goal  was  to 
develop  a  large  set  of  microsatellites  for  M.  sacchari  from  genome  sequencing  and  identify  the 
associated  symbionts. 

Methods: 

We  sequenced  genomic  DNA  from  a  single  sugarcane  aphid  using  the  Ion  Torrent  PGM™.  After 
quality  trimming,  a  total  of  1.44  Gb  was  generated.  Because  almost  all  aphid  species  have 
associations  with  microbes  inside  their  eukaryotic  cells  we  filtered  the  M.  sacchari  reads  with  the 
reference  genome  sequences  of  the  known  symbiont  genomes  associated  with  aphid  species. 

Results/Conclusions : 

After  filtering  of  the  symbiont  reads,  78.4%  of  the  reads  were  M.  sacchari.  The  largest  percent  of 
the  symbiont  reads  were  Verticillium  spp.  (6.0%)  and  Buchera  aphidicola  (5.6%).  Contigs  >  10X 
coverage  (; n  =  2,424)  from  M.  sacchari  were  screened  for  microsatellites  and  1,455  were 
identified,  and  1,179  primer  pairs  were  designed.  Microsatellites  were  only  detected  in  B. 
aphidicola,  Hamiltonella  defensa,  Regiella  insecticola,  and  Serratia  symbiotica,  and  34  primer 
pairs  were  designed.  We  are  currently  utilizing  the  micro  satellites  to  characterize  the  sugarcane 
aphid  populations  collected  from  multiple  locations  in  the  US  and  expect  these  markers  to  be 
valuable  for  monitoring  genetic  diversity  of  this  new  pest  on  sorghum. 
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Introduction:  The  anholocyclic  aphid  Melanaphis  sacchari  is  a  pest  of  sugarcane  and  sorghum 
which  originated  in  the  old  world,  was  introduced  into  the  Americas,  and  is  now  distributed 
worldwide.  It  causes  feeding  damages  on  sorghum  and  is  the  vector  of  the  Sugarcane  yellow  leaf 
virus  on  sugarcane. 

Methods:  The  worldwide  genetic  diversity  and  structuring  of  populations  of  M.  sacchari  was 
analyzed  according  to  host  and  locality  (57  samples  from  15  countries),  using  microsatellite 
genotyping  and  partial  sequencing  of  the  mitochondrial  COI  gene. 

The  genotypic  variability  of  sugarcane  resistance  to  M.  sacchari  was  field  assessed  within  a  181 
sugarcane  cultivar  panel.  Analysis  of  variance  revealed  significant  genetic  variance.  A  Genome 
Wide  Association  Study  was  carried  out  with  this  cultivar  panel,  using  3,327  genetic  markers. 

Results/Conclusions:  Results  revealed  the  existence  of  five  multilocus  lineages,  with 
distributions  strongly  influenced  by  geography  but  not  by  host  plant.  A  further  field  and 
laboratory  study  carried  out  in  Reunion  Island  revealed  the  existence  of  host  plant  specialization, 
either  on  sorghum  or  sugarcane,  despite  low  genetic  differentiation. 

No  marker  significantly  associated  with  the  resistance  to  M.  sacchari  was  detected.  Nevertheless, 
twenty-two  aphid  resistant  cultivars  were  identified  in  the  panel.  A  laboratory  study  of  the 
development  of  M.  sacchari  on  four  of  these  22  resistant  cultivars  confirmed  the  resistant  status 
of  three  of  them.  Resistance  was  further  characterized  in  one  of  these  resistant  cultivars,  R  365, 
using  the  electrical  penetration  graph  technique.  Delayed  aphid  salivation  in  phloem  and 
inhibition  of  passive  phloem  sap  uptake  was  detected  in  R  365. 
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Introduction:  The  sugarcane  aphid  (SCA),  Melanaphis  sacchari ,  was  reported  as  a  damaging  pest 
of  sorghum  in  the  United  States  (U.S.)  for  the  first  time  in  2013.  However,  this  aphid  is  not  new 
to  the  US.  Since  the  1920s  up  until  2013  SCA  have  occurred  on  sugarcane  in  Florida  and  later  in 
Louisiana,  causing  minimal  damage  to  this  crop.  Soon  after  SCA  populations  were  reported  in 
the  U.S.  sorghum,  this  pest  rapidly  expanded  its  range  across  the  southern  region.  Today,  SCA 
can  be  found  from  Texas  to  Florida.  In  order  to  fully  understand  what  may  have  caused  the  host- 
switch  from  sugarcane  to  sorghum  the  population  genetics  of  SCA  on  its  three  most  common 
host  plants  (i.e.,  sorghum,  sugarcane,  and  Johnson  grass)  was  characterized  across  its  distribution 
in  the  continental  U.S. 

Methods:  Sugarcane  aphid  nymphs  from  33  counties  and  8  states  were  collected  and  stored  in 
95%  ethanol  until  DNA  extraction  was  perfomed.  To  maximize  genetic  variation  20  aphids  per 
host  plant  and  state  were  extracted  using  a  Qiagen  DNeasy  kit.  Genetic  characterization  was 
done  with  AFLP-PCR. 

Results/Conclusion:  We  did  not  detect  any  significant  genetic  differences  among  populations  on 
different  host-plants  or  geographic  locations  within  the  continental  US.  These  findings  agree 
with  previous  work  on  this  aphid  that  have  found  them  to  occur  as  superclones  over  broad 
geographic  regions. 
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Abstract  text: 

Introduction:  Populations  of  sugarcane  aphid,  Melanaphis  sacchari,  in  the  U.S.  were  restricted  to 
sugarcane  in  Florida  and  Louisiana  until  a  new  biotype  capable  of  feeding  on  sorghum  emerged 
as  a  major  pest  in  Texas  and  Louisiana  in  2013,  and  subsequently  spread  throughout  much  of  the 
Southeast.  Genetic  evidence  to  date  shows  that  the  M.  sacchari  populations  from  sorghum  and 
sugarcane  in  the  U.S.  are  genetically  related,  but  are  phenotypically  distinct  with  respect  to  host 
plant  utilization;  the  new  sorghum  biotype  no  longer  feeds  on  sugarcane.  The  factors  responsible 
for  the  recent  host  switch  from  sugarcane  to  sorghum  are  unknown,  however,  obligate  and 
facultative  endosymbionts  have  been  shown  to  influence  host  plant  utilization  and  host  plant 
range  in  other  aphid  species.The  overall  objective  of  this  research  is  to  identify  and  compare  the 
endosymbiont  communities  of  the  sugarcane  and  sorghum  biotypes  of  M.  sacchari. 

Methods:  Endosymbiont  specific  primers  and  Sanger  sequencing  will  be  used  to  identify 
endosymbionts  present  in  both  biotypes,  and  generate  sequences  to  examine  genetic  relatedness 
of  the  endosymbionts  identified. 

Results/Conclusions:  Will  be  presented. 


Symposium 

Presentation  Title:  Sugarcane  aphid  resistance  in  sorghum  and  its  potential  bioenergy  grass 
hosts 

Author  Name:  Karen  Harris-Shultz 

Author  Institution:  USDA  -  ARS 

Session  Title:  Symposium:  Prom  Genes  to  Grains:  The  Current  Sugarcane  Aphid  Outbreak  on 
Sorghum  in  the  Southern  U.S. 

Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  3379 


DOI:  10.1 603/ICE.20 16.1 08432 
Abstract  text: 

Introduction:  The  sugarcane  aphid  (SCA),  Melanaphis  sacchari ,  has  been  present  in  the  United 
States  primarily  on  sugarcane  (Saccharum  spp.)  in  Florida,  Hawaii,  and  Louisiana  until  2013 
where  it  was  found  on  grain  sorghum  ( Sorghum  bicolor)  near  Beaumont,  Texas.  Since  2013,  the 
SCA  has  been  rapidly  spreading  and  overwintering.  Depending  on  the  plant  stage  of  when  the 
infestation  occurs  and  the  duration,  the  sorghum  response  to  the  SCA  can  range  from  plant  death 
to  difficulty  in  harvesting  the  grain  due  to  the  stickiness  of  the  honey  dew  clogging  harvesting 
equipment.  Thus,  utilization  of  sorghum  lines  with  resistance  to  the  SCA  would  be  beneficial. 
We  have  identified  a  line,  Entry  22,  which  has  post-anthesis  SCA  resistance. 

Methods:  The  major  resistance  gene  appears  to  be  recessive  and  selections  were  made  from  two 
F2  populations  to  identify  plants  with  superior  SCA  resistance  than  Entry  22.  Plants  were  inbred 
until  the  F4-F5  stage  and  planted  in  the  late  summer  of  2015.  Infestation  occurred  at  heading  and 
aphid  damage  ratings  were  taken  at  weekly  intervals. 

Results/Conclusions:  Two  selections  were  identified  that  had  superior  post-anthesis  SCA 
resistance  as  compared  to  Entry  22.  Updates  on  these  selections  as  well  as  a  host  study  using 
bioenergy  grasses  will  be  presented. 
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Abstract  text: 


Introduction:  Sugarcane  aphid  (SC A),  Melanaphis  sacchari  (Zerhntner),  is  typically  known  as  a 
key  pest  to  sorghum  and  sugarcane  in  tropical  and  subtropical  regions  around  the  world.  In  2013, 
this  new  invasive  pest  was  found  on  grain  sorghum  plants  in  South  and  East  Texas,  and  now  it 
has  already  spread  over  17  states  and  417  counties  of  the  U.S.  and  has  become  a  significant 
threat  to  sorghum  production.  Host  plant  resistance  should  form  the  backbone  of  the  pest 
management  in  sorghum. 

Methods:  To  better  manage  sugarcane  aphids,  a  core  collection  of  the  U.S.  sorghum  germplasm 
has  been  evaluated  with  this  new  pest.  The  newly  identified  resistant  sources  are  being 
characterized  to  determine  the  genetic  control  of  the  host  resistance.  Then,  sources  of  the 
resistance  have  been  crossed  into  adapted  sorghum  lines  or  breeding  materials;  thus  several 
populations  have  been  developed  for  either  breeding  SCA-resistant  sorghum  and/or  mapping  the 
resistance  genes  in  sorghum. 

Results/Conclusion:  A  number  of  sorghum  germplasm  lines  with  resistance  to  SCA  were 
identified.  The  newly  identified  sources  of  the  SCA  resistance  have  been  used  in  our  breeding 
program  to  develop  SCA-resistant  varieties.  Furthermore,  molecular  mapping  with  one  of  the 
sorghum  populations  is  being  genotyped  towards  both  the  placement  of  the  QTLs  on  sorghum 
chromosomes  and  the  identification  of  genetic  control  of  sugarcane  resistance  in  sorghum. 
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Abstract  text: 

Introduction:  The  sugarcane  aphid  (SCA)  ( Melanaphis  sacchari  (Zehtner))  has  been  a  key  pest 
of  United  States  sorghum  production  since  2013.  Initially  identified  in  Louisiana  and  South 
Texas,  SCA  is  reported  in  417  counties  in  17  states,  plus  Mexico.  SCA  occurs  in  sorghum 
production  regions  including  Africa,  the  Far  East,  and  Australia.  Tolerant  germplasm  has  been 


identified  in  greenhouse  and  field  evaluations  at  several  locations  world- wide.  Tolerance 
mechanisms  have  been  identified.  There  are  three  objectives  of  this  research:  (i)  evaluate 
germplasm  for  tolerance  to  SCA,  (ii)  evaluate  the  effect  of  SCA  on  grain  quality  and  yield,  and 
(iii)  identify  and  evaluate  traits  that  may  be  associated  with  tolerance. 

Methods:  To  identify  lines  tolerant  to  SCA,  over  700  Texas  A&M  AgriLife  Research  lines  have 
been  evaluated  in  greenhouse  (juvenile)  and/or  field  (juvenile  and/or  adult)  trials.  Juvenile  plant 
evaluations  are  conducted  at  Stillwater,  OK  and  Canyon,  TX,  and  field  trials  at  Weslaco,  College 
Station,  and  Corpus  Christi,  TX.  Plants/lines  were  visually  scored  for  resistance  when  the 
susceptible  checks  were  100%  necrotic  (greenhouse)  or  at  the  appropriate  mature  plant  stage. 
Other  phenotyping  techniques  are  being  evaluated. 

Methods/Conclusion:  Research  has  identified  numerous  tolerant  sources  in  both  greenhouse  and 
field  trials.  Two  released  lines,  Tx3408  and  Tx3409,  exhibit  excellent  field  tolerance.  Tx2783  is 
the  most  widely  used  tolerance  source  in  the  U.S.  An  early  generation  Tx2783  derivative  is  the 
source  of  tolerance  in  Tx3408  and  Tx3409.  Additional  tolerance  sources  have  been  identified  in 
greenhouse  trials  and  tolerance  will  be  confirmed  in  field  trials  in  2016. 
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Introduction:  We  discuss  approaches  and  issues  involved  with  developing  optimal  monitoring 
methods  for  sugarcane  aphid  infestations  (SCA)  in  grain  sorghum.  We  discuss  development 
of  sequential  sampling  methods  that  allow  for  estimation  of  the  number  of  aphids  per  sample 
unit,  and  statistical  decision  making  relative  to  an  economic  threshold.  We  also  discuss  the 


application  of  multispectral  remote  sensing  for  detecting  and  monitoring  SCA  infestations  at  the 
sub-field,  field,  and  multi-field  scales. 

Methods:  We  explore  various  sampling  strategies  including  tally  threshold  per 

plant,  presence/absence  infested  sample  unit,  and  enumerative  tally  threshold  per  sample  unit. 

We  also  explore  the  use  of  airborne  multispectral  remote  sensing  data  subjected  to  spatial  pattern 
analysis  as  an  approach  to  monitoring  SCA  infestations. 

Results/Conclusion:  Although  results  described  here  are  preliminary,  they  indicate  that  cost  and 
time  efficient  methods  for  monitoring  SCA  infestations  for  pest  management  purposes  can  be 
developed  using  the  methodologies  described  in  the  presentation. 
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Introduction:  The  sugarcane  aphid,  Melanaphis  sacchari ,  is  a  new  invasive  pest  of  sorghum  in 
the  southern  U.S.  2015  was  the  first  full  season  of  occurrence  in  Georgia. 

Methods:  A  series  of  replicated  field  trials  was  conducted  to  develop  and  integrated  management 
approach  for  this  pests. 

Results/Conclusion:  Several  neonicotinoid  insecticide  seed  treatments  and  two  foliar 
insecticides,  sulfoxaflor  and  flupyradifurone,  were  the  most  effective  insecticides.  Yield  loss 
relationships  and  economic  damage  were  studied  and  infestations  exceeding  50  aphids  per  leaf 
cause  economic  losses.  The  prebooot  and  boot  stage  of  sorghum  growth  were  the  most  sensitive 
to  sugarcane  aphid  injury.  Several  grain  sorghum  hybrids  exhibited  moderate  levels  of  tolerance 


or  resistance  to  this  aphid.  An  integrated  management  plan  for  sugarcane  aphid  is  presented  but 
cost-effective  control  will  be  difficult. 
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Introduction:  The  sugarcane  aphid,  Melanaphis  sacchari,  began  infesting  grain  sorghum  at 
damaging  levels  in  Arkansas  in  the  summer  of  2014.  Its  rapid  population  increases,  coupled  with 
a  limited  number  of  effective  insecticide  options,  have  made  management  of  this  pest 
challenging.  Furthermore,  its  new  status  as  a  pest  has  lead  to  uncertainty  among  growers  and 
consultants  on  proper  techniques  for  management,  contributing  to  a  growing  need  for  unbiased, 
research-based  recommendations. 

Methods:  A  series  of  field  experiments  was  conducted  from  2014-2016  to  evaluate  management 
practices  for  the  sugarcane  aphid.  Insecticide  materials  and  application  methods  (e.g., 
adjustments  to  spray  volume  and  the  use  of  adjuvants)  were  compared  based  on  their  initial  and 
residual  control  of  sugarcane  aphids.  Commercially  available  hybrids  with  reported  resistance  to 
sugarcane  aphid  and  other  aphids  were  screened  for  both  their  effectiveness  in  slowing  aphid 
population  development  and  their  yield  potential  in  production  systems  used  in  Arkansas.  The 
effect  of  sorghum  planting  date  was  evaluated  in  a  series  of  field  trials.  Additional  field 
experiments  were  conducted  to  relate  various  densities  and  timings  of  sugarcane  aphid 
infestations  with  reductions  in  sorghum  yield. 

Results/Conclusion:  The  results  of  these  experiments  were  combined  with  observations  from 
commercial  sorghum  production  in  Arkansas  and  incorporated  into  Extension  recommendations 
for  integrated  pest  management  of  sorghum.  Current  recommendations  for  sugarcane  aphid 
management  in  Arkansas  include  applying  an  insecticide  application  at  a  threshold  of  30%  of 
plants  infested  with  at  least  50  aphids  on  a  leaf,  and  planting  as  early  as  possible  within  the 
appropriate  agronomic  window  for  sorghum. 
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Abstract  text: 


Sugarcane  aphids  were  first  detected  in  one  county  in  the  state  of  Mississippi  in  2013.  Since  the 
initial  detection,  sugarcane  aphids  have  infested  nearly  every  acre  of  grain  sorghum  in  the  state 
with  many  acres  requiring  multiple  foliar  applications  of  insecticides  to  avoid  economic  loss. 
Research  from  Mississippi  has  suggested  yield  losses  up  to  100%  in  untreated  fields  for 
populations  infesting  prior  to  heading.  Yield  losses  of  20%  have  been  documented  as  late  as 
initial  populations  infesting  fields  at  the  soft  dough  stage.  This  paper  will  address  specific 
research  findings  regarding  insecticidal  efficacy  at  various  temperature  ranges,  effects  of  plant 
population,  and  planting  dates  on  efficacy  and  occurrence  of  sugarcane  aphids  in  grain  sorghum. 
Additionally  information  will  be  provided  on  current  thresholds,  sampling  procedures,  and  IPM 
based  programs  for  producers  in  Mississippi  to  avoid  or  minimize  damage  by  this  devastating 
pest. 
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Abstract  text: 

Introduction:  Sugarcane  aphid  ( Melanaphis  sacchari  (Zehntner))  has  recently  emerged  as  an 
economically  important  sorghum  pest  in  the  southern  part  of  the  United  States  capable  of 
producing  high  yield  losses.  Development  of  sustainable  biology-based  management  practices  is 
critical  in  mitigating  this  destructive  pest.  Information  on  sugarcane  aphid  biology  on  sorghum 
and  alternative  hosts  is  limited.  Understanding  how  abiotic  and  biotic  factors  influence 
survivorship  and  dispersion  is  fundamental  to  creating  an  integrated  pest  management  plan. 
Foundational  knowledge  on  how  host,  temperature,  and  nitrogen  influence  M.  sacchari  biology 
will  allow  for  development  of  phenological  models  to  predict  population  growth  rates. 

Methods:  We  conducted  life  table  studies  to  understand  the  effects  host  and  nitrogen  would  have 
on  population  dynamics.  We  also  modelled  development  of  M.  sacchari  under  constant 
temperatures  to  determine  lower  and  upper  developmental  thresholds. 


Results/Conclusion:  Sorghum  was  the  optimal  host  indicated  by  lower  nymphal  mortality,  higher 
total  and  daily  reproduction,  and  increased  longevity.  Life  table  studies  demonstrated  that  M. 
sacchari  can  survive  and  reproduce  on  rice,  Johnsongrass,  and  wheat;  maintaining  populations  in 
the  absence  of  sorghum.  Preliminary  Lactin  models  indicated  development  to  be  fastest  at 
24.6°C.  Upper  developmental  threshold  is  estimated  at  36.6°C  and  lower  developmental 
threshold  is  estimated  at  9.6°C.  The  results  indicate  that  this  aphid  does  not  do  well  at  high 
constant  temperatures  but  can  maintain  its  populations  at  32°C.  Nitrogen  experiments  are 
ongoing  and  will  be  reported  here. 
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Introduction:  The  sugarcane  aphid  has  become  a  persistent  pest  of  grain  sorghum  in  south  and 
central  Texas  and  into  Louisiana,  causing  injury  from  vegetative  growth  through  heading.  Based 
on  initial  field  observations,  we  hypothesized  that  commerical  sorghum  hybrids  varied  in 
susceptibility  to  the  aphid,  and  natural  enemy  activity  contributes  to  a  reduction  in  injury  to  the 
plant. 

Methods:  In  replicated  small  plots  over  two  years  in  South  Texas,  we  evaluated  aphid  and  natural 
enemy  population  increase  from  early  vegetative  to  reproductive  growth  stage  of  four  sorghum 
hybids  with  differences  in  susceptibility  to  the  aphid. 

Results/Conclusion:  Aphids  arrived  pre-boot  stage  of  sorghum  development  and  increased 
through  head  development  until  natural  plant  senescence  or  decline  from  aphid  activity. 
Abundance  of  Aphelinus  mummies,  lady  beetles,  hoverfly  larvae,  and  lacewing  larvae  were 
proportionate  to  the  differences  in  aphid  abundance  found  on  the  sorghum  hybrids.  The  hybrids 


differed  significantly  in  yield,  consistent  with  the  expectation  of  differences  in  aphid- 
susceptibility.  From  a  plant  perspective,  there  were  no  indications  of  in-season  negative  or 
postive  interactions  of  natural  enemy  activity  with  host  plant  resistance.  At  this  stage  of 
experimentation,  the  data  support  complementary  action  of  biocontrol  and  host  plant  resistance 
in  aphid  management  that  currently  does  not  result  in  yield  enhancement.  Additional 
experimentation  is  underway  to  better  detect  and  characterize  potential  joint  benefits  in  these 
management  approaches. 


Symposium 

Presentation  Title:  Chemical  ecology  of  egg  parasitoids  associated  with  heteropterans: 
Implication  for  crop  protection 

Author  Name:  Stefano  Colazza 

Author  Institution:  University  of  Palermo 

Session  Title:  Symposium:  Impact  of  Native  and  Invasive  Alien  True  Bug  Species  in  Agro- 
Ecosystems:  Range  Expansion,  Pest  Status,  and  Control  Tactics 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3389 

DOI:  10. 1603/ICE.2016. 93791 

Abstract  text: 

Egg  parasitoids  associated  with  Heteroptera  are  represented  in  the  families  of  Platygastridae  (= 
Scelionidae),  Mymaridae,  and  Encyrtidae.  Several  species  of  heteropteran  egg  parasitoids  play 
an  important  role  for  biological  pest  control.  Successful  parasitism  of  insect  herbivores  by  insect 
parasitoids  arises  through  several  phases  of  host  searching,  which  lead  female  wasps  to  the 
vicinity  of,  or  in  contact  with,  their  hosts.  During  the  host  location  process,  egg  parasitoids  can 
rely  on  cues  originated  from  the  host  eggs  (=direct  host-related  cues)  and/or  cues  from  different 
sources  associated  with  the  host  egg  (=indirect  host-related  cues).  Female  parasitoids  are  under 
selection  pressure  to  efficiently  invest  their  limited  time  on  the  location  and  exploitation  of  host- 
derived  stimuli.  In  general,  the  levels  of  reliability  and  detectability  of  a  particular  stimulus  are 
inversely  correlated.  Female  parasitic  wasps  adopt  different  strategies  to  solve  this  dilemma  and 
locate  their  hosts. 

Here  the  various  host  selection  strategies  employed  by  heteropteran  egg  parasitoids  are  discussed 
and  possible  strategies  based  on  chemically-mediated  behavior  of  these  wasps  are  presented 
highlighting  how  they  can  enhance  biological  pest  control. 
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Abstract  text: 

Introduction:  One  of  the  great  challenges  in  Neotropical  Agriculture  is  the  development  of  new 
technologies  to  control  pests  that  reduce  the  indiscriminate  use  of  pesticides.  Semiochemicals 
can  be  applied  in  the  field  to  manage  pests  and  natural  enemies. 

Methods:  In  this  study,  different  semiochemicals  were  evaluated  to  manage  natural  enemies. 
Methyl  salicylate  (MeSa)  and  (£,£)-a-farnesene  (EEFar)  attracted  and  retained  natural  enemies 
in  behaviour  assays  and  cA-jasmone  (cAJ),  when  sprayed  onto  soybean  plants,  induced  the 
soybeans’  indirect  defences.  These  3  compounds  were  evaluated  in  field  conditions  aiming  to 
enhance  and  retain  the  population  of  egg  parasitoids  in  crop  areas.  The  experiments  were 
conducted  in  a  small  area  of  1  hectare,  which  was  divided  into  2.5  x  3.0  m2  parcels;  each  parcel 
had  25  soybean  plants.  cA-Jasmone  was  sprayed  onto  soybean  plants  and  EEFar  and  MeSa  were 
impregnated  on  rubber  septa. 

Results/Conclusion:  The  results  show  that  areas  treated  with  cAJ  attracted  a  higher  number  of 
Platygastridae  parasitoids  than  untreated  parcels  and  EEFar,  alone  or  combined  with  MeSa,  also 
attracted  a  higher  number  of  parasitoids  than  untreated  parcels.  These  results  suggest  that  the  use 
of  semiochemicals  to  manage  natural  enemies  is  feasible.  It  is  necessary  to  develop  new  devices 
to  take  semiochemicals  to  the  field  in  a  manner  that  is  safer  for  non-target  species  and  the 
environment;  sentinel  plants,  instrumentation,  and/or  nanotechnology  could  be  developed  to 
reach  this  goal. 
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Semiochemicals  are  central  to  success  of  the  Pentatomoidea,  as  the  name  “stink  bug” 
implies.  Pentatomoid  semiochemistry  includes  sex,  aggregation,  and  alarm  pheromones; 
allomones;  kairomones  used  by  parasitoids  and  predators  of  stink  bugs;  and  tritrophic 
interactions.  Of  the  ~45  pentatomoid  species  with  identified  pheromones,  all  are  male-produced; 
approximately  half  are  sex  pheromones  (attracting  females  only),  and  half  are  aggregation 
pheromones  (attracting  both  sexes  and,  where  tested,  nymphs).  The  pheromone  chemical 
structures  are  very  diverse,  ranging  from  acyclic  straight-chain  and  terpenoid  molecules  with 
typically  one  functional  group,  to  cyclic  sesquiterpenoids  with  up  to  4  chiral  centers,  posing 
significant  analytical  and  synthetic  challenges.  Most  stink  bug  pheromones  probably  consist  of  2 
or  more  components:  of  32  species  with  clearly  defined  pheromones,  14  have  multiple 
components;  7  species  apparently  have  a  single  component;  the  remaining  1 1  may  be  single  or 
multiple,  requiring  further  stereochemical  analysis,  synthesis,  and/or  behavioral  bioassays. 
Detailed  studies  of  pheromone  emissions  indicate  complex  variation  by  individual,  age, 
population  density,  time  of  day,  and  other  environmental  stimuli.  The  cross-attraction  of  several 
species  to  pheromones  of  other  species  occurs  for  both  adults  and  nymphs.  In  some  cases,  it 
represents  known  or  probable  overlap  in  pheromone  chemistry;  in  other  cases,  it  does  not,  for 
reasons  that  are  not  yet  clear.  Pentatomoid  pheromones  can  potentially  be  exploited  for  detection 
or  monitoring,  and  in  attract-and-kill  or  other  pest  control  tactics,  but  are  currently  used  almost 
exclusively  for  monitoring  a  few  important  species.  We  assess  the  requirements  and  prospects 
for  expanded  use  in  future  pest  management. 
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Introduction:  Synthetic  aggregation  pheromone  has  been  commercialized  and  used  in  traps  both 
to  monitor  and  mass-capture  Riptortus  pedestris  (F.)  (Hemiptera:  Alydidae),  an  important 
soybean  pest  in  Korea.  From  a  series  of  field  evaluation,  we  have  found  that  synthetic 
aggregation  pheromone  trap  doesn’t  reduce  R.  pedestris  population  in  soybean  fields  and  even 
increases  it  during  fall  period.  As  an  explanation  for  this  phenomenon,  it  suggests  that  female  R. 
pedestris  is  more  responsive  to  synthetic  aggregation  pheromone  during  the  fall  period  when 
male  R.  pedestris  in  reproductive  diapause  doesn’t  produce  aggregation  pheromone. 

Methods:  We  compared  behavioral  response  to  synthetic  aggregation  pheromone  of  R. 
pedestris  collected  seasonally  from  fields  and  that  of  R.  pedestris  reared  in  short  day  length  in 
laboratory. 

Results/Conclusion:  Female  R.  pedestris  collected  from  fields  in  September  and  October 
responded  more  to  synthetic  aggregation  pheromone  than  those  collected  in  July.  In  laboratory, 
female  R.  pedestris  kept  in  short  day  length  thus  being  in  reproductive  diapause  also  showed 
higher  response  to  synthetic  aggregation  pheromone  than  that  not  in  diapause.  In  the  comparison 
of  reproduction  biology,  both  males  and  females  in  reproductive  diapause  mated  less  frequently 
than  those  not  in  diapause.  In  conclusion,  aggregation  pheromone  trap  increases  field  population 
of  R.  pedestris  significantly  especially  during  the  fall  period.  The  higher  population  level  of  R. 
pedestris  was  observed  as  female  in  reproductive  diapause  is  more  responsive  to  synthetic 
aggregation  pheromone  during  fall  period.  Reliability  of  aggregation  pheromone  trap  for  the 
management  of  R.  pedestris  and  future  research  plan  are  discussed. 
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Abstract  text: 

Cuticular  hydrocarbons  (CHCs)  are  of  great  importance  for  chemical  communication  in 
insects.  They  function  as  intraspecific  signals  in  mating  partner  selection  and  enable  nest  mate 
recognition  in  social  insects.  Interspecifically,  CHCs  serve  natural  enemies  as  contact  host 
recognition  cues  and  indicate  the  presence  of  a  host  when  deposited  as  chemical  traces  on  a  leaf 
surface.  This  is  the  case  e.g.  in  the  invasive  harlequin  bug,  Murgantia  histrionica  and  its 
biocontrol  agent,  the  egg  parasitoid  Trissolcus  brochymenae.  Good  knowledge  of  an  insect’s 
CHC  composition  is  therefore  required  to  fully  understand  the  nature  of  such  interactions. 

In  this  talk  we  use  M.  histrionica  to  present  an  improved  method  for  CHC  analysis.  Our  data 
revealed  higher  amounts  of  several  major  chemical  groups  as  for  instance  methyl-alkanes  but 
also  the  presence  of  other  groups  such  as  primary  and  secondary  alcohols  that  could  not  be 
detected  by  standard  methods. 

Furthermore,  we  demonstrate  that  it  is  possible  to  analyse  only  the  outermost  layer  of  the  bug’s 
CHCs  which  is  desirable  as  deeper  layers  may  differ  in  CHC  composition,  while  only  the  outer 
layer  may  be  ecologically  important. 
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Introduction:  Piercing-sucking  mouthparts  permit  extremely  selective  feeding.  To  assess  the 
damage  potential  of  heteropteran  crop  pests  and  develop  effective  control  methods,  one  must 
understand  and  characterize  the  mode  of  feeding;  however,  assessing  target  tissue  and  damage 
once  the  stylets  have  entered  the  plant  is  problematic.  Different  species  may  damage  a  variety  of 
plant  parts  while  ingesting  from  phloem,  xylem,  vascular  parenchyma,  mesophyll,  or  tissues  of 
the  ovary  and  seed.  Electrical  penetration  graphing  (EPG),  originally  developed  for  small 
Sternorrhyncha,  has  recently  been  adapted  for  Heteroptera.  This  technique  permits  visualization 
of  probing  behaviors  as  changes  in  electrical  resistance  within  a  plant-insect  circuit;  these  are 
viewed  as  “waveforms”. 

Methods:  EPG  techniques  were  used  to  characterize  feeding  of  three  species,  Nezara  viridula 
(L.)  (Pentatomidae)  first/fifth  instars  and  adults;  Megacopta  cribraria  (F.)  (Plataspidae)  adults; 
and  Leptoglossus  phyllopus{L.)  (Coreidae)  third,  fourth,  fifth  instars  and  adults.  Waveforms  were 
quantified  and  correlated  with  feeding  behaviors.  Paraffin  histology  was  used  to  confirm 
penetration  to  vascular  tissues.  Variables  measured  included  time  until  first  probe,  probing 
frequency,  and  probe  and  waveform  durations  during  each  9-hour  trial. 

Results/Conclusion:  First  instar  Nezara  viridula  primarily  hydrate  from  leaf  xylem;  other  stages 
also  ingest  nutrients  from  pods.  Leptoglossus  phyllopus  nymphs  differ  significantly  from  adults 
in  several  feeding  parameters,  and  produce  more  varied  waveforms  than  the  pentatomid. 
Megacopta  cribraria  mouthparts  terminate  in  the  phloem  of  soybean  stems.  We  compare  our 
results  with  published  information  for  other  heteropteran  species.  Our  data  may  permit 
assessment  of  resistant  soybean  varieties  and  an  understanding  of  pathogen  transmission. 
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Introduction:  Ecologists  define  local  dispersal  by  movement  that  is  omnidirectional,  short  in 
duration  and  ending  with  feeding  or  mating  opportunities.  Understanding  local  dispersal  can 
assist  with  developing  innovative  pest  management  strategies.  Phytophagous  stink  bugs, 
including  the  North  American  native  Euschistus  servus  and  introduced  Nezara  viridula ,  disperse 
into  cotton  fields  to  feed  on  developing  cotton  bolls. 

Methods:  Field  studies  were  conducted  using  a  mark  and  recapture  technique  to  estimate  local 
dispersal.  Replicated  plots  were  established  with  approximately  0.6  ha  of  cotton  planted  between 
similar  sized  plots  of  peanut  and  soybean.  Starting  when  the  cotton  began  flowering,  markers 
including  egg  whites,  cow’s  milk,  and  soymilk  were  applied  using  standard  spray  equipment  to 
peanut,  cotton,  and  soybean,  respectively.  Stink  bug  movement  distance  and  direction  were 
assayed  by  collecting  marked  bugs  in  a  sweep  net,  while  boll  injury  was  estimated  by  examining 
soft  developing  bolls.  Yield  and  lint  quality  parameters  were  collected  to  buttress  the  insect 
movement  data. 

Results/Conclusion:  Data  show  that  stink  bug  populations  and  corresponding  boll  injury  always 
started  on  the  edges  of  cotton  plots  that  were  adjacent  to  peanut  and  soybean.  Generally 
speaking,  dispersal  distances  were  less  than  10  meters  when  sampling  48  h  after  marking. 
Movement  into  cotton  initiated  with  the  onset  of  boll  development  and  continued  through 
flowering  until  the  bugs  moved  into  soybean.  Analyses  of  seedcotton  indicated  that  lint  yield  and 
lint  color  were  negatively  affected  on  the  edges  of  the  plots  relative  to  similar  samples  obtained 
11m  from  the  plot  edge. 
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Abstract  text: 

Introduction:  Phytophagous  stink  bugs  (Hemiptera:  Pentatomidae)  are  economically  important 
pests  in  orchard,  row,  vegetable,  and  grain  crops  worldwide.  Stink  bugs  move  between  closely 
associated  hosts  throughout  the  growing  season  in  response  to  the  deteriorating  suitability  of 
their  current  hosts,  and  an  edge  effect  in  dispersal  of  stink  bugs  occurs  at  host-to-host  interfaces 
as  they  colonize  a  host.  Even  though  stink  bugs  are  polyphagous,  they  can  exhibit  a  preference 
for  a  host,  and  so  a  preferred  host  can  be  used  to  trap  them.  Male-produced  pheromones  are 
attractive  to  stink  bugs,  and  when  stink  bug  traps  are  baited  with  pheromones  attractive  to  these 
stink  bug  species,  they  effectively  capture  these  bugs  in  the  field.  A  diversity  of  parasitoid 
species  parasitize  stink  bugs,  and  nectar  is  an  important  food  source  for  them. 

Methods:  A  physical  barrier,  soybean  trap  crop,  nectar-producing  plant,  and/or  pheromone- 
baited  traps  were  strategically  placed  at  peanut-to-cotton  interfaces  to  determine  their  ability  to 
manage  these  pests  in  cotton. 

Results/Conclusion:  A  physical  barrier  reduced  stink  bug  density  and  boll  injury  in  cotton. 
Soybean  was  an  effective  trap  crop  for  stink  bug  species  in  cotton  regardless  if  used  alone  or  in 
combination  with  stink  bug  traps.  Stink  bug  density  in  cotton,  though,  was  numerically  lower  for 
soybean  with  traps  than  without  them,  and  stink  bug  traps  within  soybean  killed  stink  bugs. 
Incorporation  of  a  nectar-producing  plant  in  combination  with  soybean  increased  efficacy  of 
stink  bug  parasitoids  in  cotton.  In  conclusion,  multifunctional  strategies  can  be  used  to  manage 
these  pests. 
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Abstract  text: 

Native  to  east  Asia,  the  brown  marmorated  stink  bug,  Halyomorpha  halys  (Stal),  has  become  a 
serious  invasive  species,  especially  in  the  United  States.  It  is  also  emerging  as  a  global  pest, 
recently  becoming  established  in  Canada  and  several  European  countries.  It  is  rapidly  expanding 
its  range  in  both  North  America  and  Europe.  In  the  Mid- Atlantic  Region  of  the  U.S.,  where  the 
invasive  bug  was  first  detected  in  the  mid-1990s,  H.  halys  has  become  a  serious  nuisance  pest 
invading  human  dwellings  by  the  thousands  to  seek  overwintering  shelters.  During  the  summer, 
both  nymphs  and  adults  are  highly  polyphagous,  feeding  on  the  reproductive  structures  (fruit, 
pods,  and  buds),  but  also  stems  and  leaves  of  numerous  plant  species.  Serious  injury  and  crop 
losses  occur  frequently  in  tree  fruit,  sweet  corn,  pepper,  tomato,  beans,  okra,  as  well  as  field 
crops  including  corn,  sorghum,  and  soybean.  The  invasive  bug  also  damages  tree  nuts,  grapes, 
berries,  cotton,  and  ornamental  trees.  As  scientists  are  currently  working  hard  to  study  the 
biology  and  ecology  of  this  invasive  species  with  hopes  of  developing  sound  integrated  pest 
management  strategies,  chemical  control  remains  the  most  effective  and  efficient  strategy  to 
combat  this  pest  in  most  commodities.  Unfortunately,  virtually  all  of  the  insecticides  that  are 
efficacious,  including  many  pyrethroids,  neonicotinoids,  and  a  few  remaining  organophosphates, 
pose  risks  to  non-target  organisms,  especially  natural  enemies  and  pollinators,  and  are  disrupting 
IPM  programs.  A  number  of  alternative  pest  management  tactics  have  been  investigated  in 
vegetables  and  field  crops  in  recent  years,  and  will  be  discussed. 
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Abstract  text: 

Introduction:  Specialists  and  generalists  are  usually  distinguished  by  the  breadth  of  their  diet  and 
for  herbivorous  insects;  dietary  breadth  is  often  gauged  by  the  number  of  plant  taxa  consumed.  In 
its  native  and  invaded  ranges,  Halyomorpha  halys  feeds  on  more  than  100  species  of  plants  in 
Asia,  North  America,  and  Europe.  Literature  accounts  regularly  classify  this  stink  bug  as  a 
generalist. 

Methods:  By  sampling  more  than  250  taxa  of  woody  ornamental  plants  in  nurseries  in  Maryland 
we  documented  patterns  of  host  use  and  tissue  use  for  all  life  stages  of  H.  halys  and  plant 
phenological  events. 

Results/Conclusion:  H.  halys  demonstrates  a  shifting  pattern  of  specialization  for  plant  tissues 
throughout  its  development  with  changing  seasonal  phenology  of  hosts.  Highly  mobile  late  instar 
nymphs  and  flight-capable  adults  show  strong  preference  for  fruits  throughout  much  of  the 
growing  season.  Plant  taxa  lacking  a  shared  coevolutionary  history  with  H.  halys  may  be  more 
susceptible  to  attack.  Adult  H.  halys  engage  in  autumnal  bark  feeding  on  subtending  sugar-rich 
vascular  tissues,  tissue  specialization  heretofore  undescribed.  Polyphagy  exhibited  by  adults  is 
countermanded  when  gravid  females  seek  oviposition  sites.  Field  surveys  and  laboratory 
manipulations  demonstrate  that  eggs  are  laid  on  only  a  subset  of  available  plants.  Narrow  leaved 
plants  receive  few  eggs  and  broad  leaved  plants  receive  many.  Despite  the  inclusion  of  many 
plant  taxa  in  its  dietary  repertoire,  H.  halys  specializes  on  different  plants  and  tissues  throughout 
its  life  history.  This  knowledge  can  be  used  to  design  landscapes  refractory  to  H.  halys. 
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Abstract  text: 

Introduction:  First  identified  in  the  U.S.  in  2009,  Megacopta  cribraria  has  become  a  damaging 
pest  of  soybean  in  the  Southeastern  U.S..  A  series  of  studies  were  conducted  from  2012  to  2015 
in  Georgia. 

Methods:  The  phenology  of  M.  cribraria  in  soybean  and  kudzu  was  examined  with  the  use  of 
flight  intercept  traps  and  additional  relative  sampling  methods.  The  effects  of  planting  date  and 
maturity  group  on  grain  yield  were  also  examined  at  multiple  locations  across  the  state.  Soybean 
in  maturity  group  5  and  7  were  planted  monthly  from  April  to  July  and  sampled  weekly  for  all 
stages  of  M.  cribraria.  How  M.  cribraria  management  interacts  with  management  of  defoliating 
insects  in  soybean  was  examined.  A  broad  spectrum  insecticide  (lambda-cyhalothrin)  was 
applied  for  M.  cribraria  control  and  a  targeted  insecticide  (chlorantraniliprole  and  indoxacarb) 
was  applied  for  control  of  defoliating  lepidopterans.  Two  generations  completed  development  on 
kudzu  and  soybean  depending  on  planting  date. 

Results/Conclusion:  Selected  yield  components  are  significantly  affected  by  planting  date  and 
insecticide  treatment.  The  effect  of  maturity  group  on  yield  was  not  significant  though  planting 
date  had  a  highly  significant  effect.  Early  planted  soybean  is  at  greater  risk  of  yield  reducing 
infestations  than  late  planted  and  double  crop  soybean.  Control  of  defoliators  and  M.  cribraria 
was  successful  though  no  insecticide  effects  was  seen  on  yield. 
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Abstract  text: 


Introduction:  Tarnished  plant  bug,  Lygus  lineolaris ,  (Miridae:  Hemiptera)  is  currently  the 
primary  pest  of  cotton  in  the  mid-southern  United  States.  Insecticide  applications  are  currently 
the  primary  management  strategy,  but  this  approach  is  not  sustainable  due  to  increasing  costs  and 
insecticide  resistance. 

Methods:  To  make  tarnished  plant  bug  management  and  cotton  production  more  sustainable  and 
more  profitable,  an  integrated  approach  using  host  plant  resistance  and  cultural  controls  along 
with  insecticides  is  required.  Field  trials  were  conducted  to  evaluate  potential  components  of  an 
integrated  management  system. 

Results/Conclusion:  Finally  the  most  promising  components  were  incorporated  into  an  integrated 
pest  management  system  and  compared  to  the  standard  insecticide-only  approach.  The  integrated 
system  improved  yields  and  economic  returns  while  reducing  insecticide  applications  in  high 
insect  pressure  situations. 
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Abstract  text: 

The  painted  bug,  Bagrada  hilaris,  is  an  invasive  stinkbug  that  is  rapidly  spreading  throughout  the 
southwestern  United  States.  Native  to  parts  of  Africa  and  Asia,  this  insect  was  detected  in  Los 
Angeles,  California  in  2008.  Since  that  time  it  has  spread  northward  in  California,  and  eastward 
into  Arizona,  Nevada,  New  Mexico,  Texas,  and  northern  Mexico.  As  it  spreads,  it  continues  to 
cause  serious  crop  damage,  particularly  in  the  brassicaceous  cole  crops. 

This  presentation  will  review  the  current  pest  status  of  B.  hilaris ,  and  will  review  the  research 
that  has  been  conducted  in  the  U.S.  since  its  arrival.  Specific  information  that  will  be  covered 


includes  biology  and  seasonal  life  cycle,  relationship  of  painted  bug  development  to  temperature, 
host  preference,  impact  of  feeding  on  a  range  of  host  plants,  and  management  strategies.  In  the 
area  of  management,  the  presentation  will  cover  the  advances  and  challenges  related  to 
monitoring,  and  current  studies  on  chemical  and  cultural.  Furthermore  this  presentation  will 
present  climate  matching  models  that  are  being  used  in  conjunction  with  host  range  to  predict  the 
spread  of  B.  hilaris  in  the  U.S..  In  addition,  these  models  are  being  used  to  target  regions  for 
foreign  exploration  of  painted  bug  parasitoids,  with  the  intent  of  collecting  in  areas  that  have 
climates  similar  to  where  the  bugs  are  causing  serious  damage  in  the  U.S..  Concomitant  with  this 
work,  is  the  search  for  genetic  markers  that  can  distinguish  populations  in  the  U.S.  and  determine 
whether  they  came  from  one  or  several  foreign  locations. 
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Abstract  text: 

Introduction:  Redbanded  stink  bug  (RBSB),  ( Piezodorus  guildinii  Westwood)  has  recently 
emerged  as  an  economic  pest  of  soybean,  Glycine  max( L.)  Merrill  in  the  southern  U.S..  Having 
only  recently  emerged  as  a  pest  in  the  U.S.,  little  information  exists  on  RBSB  in  this  country. 
Research  was  undertaken  to  gather  information  which  will  help  achieve  the  long  term  goal  of 
developing  an  integrated  pest  management  (IPM)  program. 

Methods:  Field  surveys  were  conducted  to  determine  stink  bug  species  composition  in  Texas 
soybean.  Relationship  between  infestation  of  RBSB  and  the  occurrence  of  soybean  delayed 
maturity  was  studied  using  field  cage  studies.  Insecticide  trials  and  laboratory  bioassays  were 
performed  to  evaluate  the  susceptibility  of  RBSB  field  populations  to  chemical  insecticides. 


Results/Conclusion:  3  year  field  survey  showed  RBSB  as  the  most  abundant  stink  bug  species 
attacking  soybean  in  Texas,  accounting  for  65%  of  the  entire  population  of  the  stink  bug  pest 
complex.  RBSB  density  was  found  to  have  a  significant  positive  correlation  with  the  occurrence 
of  soybean  delayed  maturity.  Finally,  results  from  insecticide  field  trials  and  laboratory  bioassays 
showed  that  RBSBs  are  more  susceptible  to  neonicotinic  and  pyrethroid  insecticides  than  to  the 
widely  used  organophosphate,  acephate.  Our  research  provides  valuable  information  in  regard  to 
RBSB  and  soybean,  which  will  help  develop,  and  establish  an  IPM  program  for  this  emergent 
pest  of  U.S.  soybean. 
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Abstract  text: 

Introduction:  The  piercing  and  sucking  feeding  mechanism  utilized  by  Hemiptera  insects  is  a 
prime  possible  conduit  for  transmission  of  infectious  cotton  bud  and  boll  rot  pathogens.  Probing 
and  feeding  by  insects  not  carrying  pathogens  does  not  result  in  substantial  damage. 

Methods:  Previously,  we  directly  defined  the  capacity  of  the  southern  green  stink  bug,  Nezara 
viridula  (L.),  to  acquire,  retain  and  transmit  microbial  boll  rot  pathogens.  The  research  has 
expanded  to  analyze  the  vector  potential  of  the  brown  stink  bug,  Euschistus  servus  (Say),  cotton 
fleahopper,  Pseudatomoscelis  seriatus  (Reuter),  and  the  verde  plant  bug,  Creontiades  signatus 
(Distant),  using  opportunistic  bacterial  strains  of  Pantoea  agglomerans  (Ewing  and  Fife),  P. 
ananatis  (Serano)  and  a  Serratia  sp.(Bizio),  respectively.  Using  high  throughput  sequencing 
technology,  the  genomes  of  both  Pantoea  species  were  sequenced  and  a  draft  genome  of  the 
Serratia  sp.  has  been  generated.  Annotation  of  the  genomes  has  uncovered  certain  putative 
pathogenicity  and  virulence  genes  contained  in  all  3  genomes  that  may  be  involved  in  cotton 


infection.  Examples  include  coding  sequences  for  both  bacterial  type  IV  and  VI  secretion 
systems  that  are  known  to  deliver  toxins  in  other  disease  paradigms. 

Results/Conclusion:  This  information  will  provide  gene  targets  to  conduct  epidemiological 
research  to  identify  insect  carriers  in  the  field  along  with  potential  pathogen  reservoirs.  The 
genome  knowledge  will  also  assist  in  the  development  of  novel  disease  management  approaches. 
The  strategies  will  indicate  when  piercing-sucking  insect  vectors  (i.e.,  stink  bugs,  and  the  verde 
bug)  harboring  a  pathogen(s)  are  present  in  a  field  and  prompt  the  application  of  pesticides. 
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Introduction:  An  intelligent,  variable-rate  air-assist  spray  system  has  been  developed  to  increase 
spray  application  efficiency  in  nursery  production  systems.  The  air-assisted  system  utilized  a 
high  speed,  270°  radial  and  30m  range  laser  scanning  sensor  to  measure  plant  structure  and 
foliage  density  in  order  to  match  nozzle  outputs  to  the  crop  structures. 

Methods:  Field  trials  to  evaluate  the  air- assist  sprayer  were  conducted  at  a  shade  tree  nursery  in 
Boring,  Oregon  during  2013  and  2014.  Pest  management  efficacy  was  assessed  in  plots  treated 
with  the  air-assisted  sprayer  (Intelligent  sprayer)  with  the  variable-rate  function  on;  with  the 
same  sprayer  with  the  variable  rate  function  disabled  or  a  constant  rate  application  (Non- 
intelligent  sprayer);  and  with  a  conventional  air-blast  sprayer. 

Results/Conclusion:  When  the  Intelligent  sprayer  was  compared  to  conventional  or  constant  rate 
application  there  was  no  significant  difference  in  the  total  number  of  pear  sawflies,  Caliroa 
cerasi,  on  cherry,  Prunus  avium  ‘Mazzard’;  presence  of  damage  from  honeylocust  pod  gall 
midge,  Dasineura  gleditschiae,  on  honeylocust  trees,  Gleditsia  triacanthos ;  presence  of  Pacific 


Coast  pear  rust,  Gymnosporangium  libocedri,  on  2-year  and  3-year  old  Pyrus  calleryana  ‘Jack’ 
pears;  and  improved  management  of  powdery  mildew,  Phyllactinia  marissalii  on  Norway 
maple,  Acer  platanoides ,  ‘Crimson  King’.  Reductions  in  spray  volume  of  the  variable  rate  spray 
applications  compared  to  the  constant  rate  applications  ranged  from  54%-77%  in  the  four  trials 
in  2013  and  34%-60%  in  the  two  trials  in  2014.  Compared  with  the  air-blast  sprayer,  the 
intelligent  sprayer  reduced  chemical  costs  for  pear  rust  by  59%  and  by  32%  for  pear  sawfly 
control. 
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Termidor®  products  have  been  significant  players  in  the  termite  control  market  for  more  than  a 
decade,  and  continuous  innovation  has  allowed  pest  control  professionals  to  become  more 
efficient,  environmentally  conscious,  and  successful  in  business.  BASF's  newest  innovations 
provide  pest  control  professionals  an  even  more  efficient  means  of  applying  termiticides  that 
continues  the  efficiency  and  time  savings  that  directly  impact  pest  control  companies'  bottom 
lines.  The  latest  product  in  the  Termidor  line  further  reduces  the  amount  of  trenching  and  water 
required  to  perform  an  effective  termiticide  treatment. 
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Ensuring  operator  safety  and  minimizing  worker  exposure  potential  are  key  drivers  during 
planning,  handling,  and  application  of  new  agro-chemicals.  Typically,  mixers  and  loaders  handle 
pesticides  in  the  most  concentrated  form  as  neat  formulations,  and  face  the  greatest  risk  of 
exposure.  Several  technologies  including  closed  handling  and  closed  transfer  systems  have  been 
developed  to  safeguard  the  mixer/loader  and  the  applicator.  Closed  handling  systems  transfer 
pesticides  from  the  original  packaging  to  the  application  equipment,  keeping  the  pesticide 
contained  at  all  times  to  prevent  contact  with  the  operator  and  to  reduce  spills  or  splashes.  This 
paper  gives  an  overview  of  the  purpose  and  safe  use  of  closed  systems  developed  at  Syngenta 
and  other  agro-chemical  manufacturers  for  the  safe  handling  of  liquid  pesticides.  Comparison  of 
different  equipment,  advantages  of  a  closed  system,  and  recent  advances  in  efforts  to  design  a 
completely  closed  transfer  and  rinsing  system  are  discussed.  These  systems  incorporate  many 
unique  features,  such  as  complete  closed  handling,  central  fill,  direct  injection,  1 -touch  closed- 
calibration,  precision  metering,  and  row-to-row  accuracy.  Efforts  needed  in  creating  awareness 
and  the  end  user  training  of  complement  technologies  such  as  direct  injection  applications  are 
discussed.  Recommendations  for  best  management  practices  are  also  provided  to  illustrate  the 
importance  of  regular  maintenance  and  repair  procedures. 
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Abstract  text: 

Sugarcane  planting  technology  has  evolved  from  a  time  consuming  process  involving  intensive 
use  of  labor  to  an  increasingly  automated  system.  However,  heavy  machinery  causes  significant 
damage  to  seedlings.  AgMusa  is  part  of  an  open  innovation  model  which  involves  a  joint  effort 
between  BASF,  third-party  collaborators  and  the  Cane  Technology  Center  for  the  production  of 
healthy,  pest  and  disease  free  sugarcane  seedlings.  This  process  offers  a  flexible  business  model 
leading  to  a  simplified  planting  process  resulting  in  reduced  fuel  consumption,  lower  CO2 
emissions  and  decreased  soil  compaction  and  erosion. 
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Dow  Agro Sciences  has  developed  a  new  drift  reduction  technology  (DRT)  that  significantly 
reduces  the  fraction  of  driftable  fines  in  ground  applications  of  pesticides.  The  technology  can  be 
built  into  a  pesticide  formulation  or  utilized  as  a  standalone  technology  that  can  be  tank  mixed 
with  many  pesticide  products.  Spray  chamber,  wind  tunnel  and  field  drift  trials  have  shown  > 
50%  drift  reduction  with  conventional  flat  fan  and  hollow  cone  nozzles.  Additionally,  the 
technology  has  shown  similar  drift  reductions  with  low-drift  air  induction  flat  fan  and  hollow 
cone  nozzles.  The  DRT  technology  has  demonstrated  that  it  works  with  a  broad  range  of 
herbicides,  insecticides,  and  fungicides  and  formulation  types.  Efficacy  trials  have  shown  no 
reduction  in  efficacy  when  the  DRT  technology  is  used  in  standard  or  air  induction  nozzles.  The 
new  DRT  technology  will  offer  growers  and  pesticide  applicators  greater  flexibility  to  reduce 
pesticide  drift  when  choosing  modes  of  action  across  all  pesticides  and  crop  types. 
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Abstract  text: 

Gelsura®  Fruit  Fly  Bait  is  the  most  recent  innovation  by  BASF  for  the  management  of  tephritid 
fruit  flies,  such  as  Bactrocera  oleae  in  olives  and  Ceratitis  capitata  in  citrus,  which  are  2  key 
pests  in  European  orchards.  BASF  has  created  a  new  formulation  combining  a  proprietary  blend 
of  polymers,  pheromone  attractants,  and  alpha-cypermethrin  that  can  be  applied  at  ultralow 
volumes.  It  is  applied  as  a  single  10  ml  droplet  per  tree  aimed  directly  at  the  canopy  at  a  spacing 
of  2  to  4  trees.  This  system  provides  superior  control  when  compared  to  current  management 
methods.  Gelsura  Fruit  Fly  Bait  increases  efficacy  and  environmental  and  worker  safety  by 
enhancing  attraction,  palatability,  and  control  while  reducing  the  application  time.  The  minimal 


amount  of  active  ingredient  and  low  volume  of  water  needed  will  contribute  to  monetary  savings 
and  increased  safety  for  growers  and  their  customers. 
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Pesticide  use  is  often  a  contentious  issue  because  of  the  potential  for  various  unintended  effects. 
Organisms  or  areas  unintended  for  their  use  are  referred  to  as  “non-target  receptors”  and  may 
include  human  bystanders  and  residents,  livestock,  and  terrestrial  or  aquatic  ecosystems.  There  is 
a  substantial  body  of  knowledge  regarding  the  factors  affecting  spray  drift  and  the  effectiveness 
of  certain  drift  reduction  technologies  (DRTs).  However,  knowledge  is  still  lacking  on  how  tank 
mix  (formulation  type  and  formulation/adjuvant  combinations)  contributes  to  the  reduction  in 
spray  drift.  The  relationship  between  the  drift  reduction  potential  of  a  tank  mix  and  its  biological 
efficacy  also  has  not  been  fully  characterized.  In  addition,  exposure  assessments  of  pesticides 
could  be  refined  by  incorporating  more  realistic  exposure  scenarios  by  including  off-site  spray 
characteristics  of  actual  environmental  concentrations.  And  finally,  it  is  still  unclear  if  pesticide 
drift  data,  generated  from  wind  tunnel  experimentation,  could  be  substituted  for  more  expensive 
field  trials.  To  investigate  the  relationship  between  insecticide  formulation  type  and 
formulation/adjuvant  combinations  field  experiments  were  conducted  during  the  summers  of 
2014-2016.  Analysis  of  off-target  deposition  data  suggests  that  the  tested  formulation  types  do 
not  have  a  significant  effect  on  drift  reduction  potential.  Actual  environmental  concentrations 
were  estimated  from  ground  deposition  measurements  as  well  as  rotary  droplet  impingers,  which 
provided  spray  droplet  size  distributions  at  different  heights  and  distances  from  the  spray  source. 
Environmental  concentrations  are  used  to  estimate  exposure  and  risk  to  non-target  insects. 
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Abstract  text: 

Dominated  by  pyrethroid  chemistries  the  utility  of  Long  Lasting  Insecticidal  Nets  (LLINs)  create 
a  potential  resistance  firestorm  for  malaria  interdiction  in  affected  regions  of  the  world.  The 
ability  to  combine  textile  development  and  novel  chemistry  is  extremely  challenging.  Interceptor 
G2,  a  chlorfenapyr-alpha-cypermethrin  combination  treated  LLIN  creates  a  new  paradigm  for 
malaria  interdiction  because  it  is  the  first  exclusively  non-pyrethroid  net  demonstrated  to  be 
effective  at  killing  metabolically  resistant  mosquitoes.  This  collarborative  effort  between  the 
Innovative  Vector  Control  Consortium  (IVCC)  and  BASF  has  fostered  this  breakthrough 
technology  that  will  save  hundreds  of  thousands  of  lives,  many  of  them  children.  The  advantage 
of  this  combination  affords  enhanced  protection  to  sleepers  while  leveraging  the  novel  mode  of 
action  of  the  uncoupler  pro-insecticide  chlorfenapyr,  which  has  no  known  resistance  in 
mosquitoes.  Furthermore,  its  slow  mode  of  action,  robbing  energy  from  malarial  mosquito 
species  affords  a  reduced  likelihood  of  resistance  development.  Unique  testing  modalities, 
special  considerations  for  testing  in  the  laboratory  and  field  settings  will  be  discussed. 
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Introduction:  Decision  makers  tasked  with  planning  the  surveillance  of  invasive  species  are 
often  confronted  with  scant  information  regarding  long-distance  introductions  of  an  invader,  and 
face  the  dilemma  of  having  scarce  resources  available  to  conduct  surveillance  but  the  aspiration 
to  cover  all  possible  pathways  of  entry.  During  the  planning  process,  decision  makers  typically 
must  rely  on  derived  estimates  of  an  invader's  propagule  pressure,  such  as  spread  rates  or 
probabilities  of  pest  arrival  computed  using  a  diffusion  model.  However,  such  estimates  are 
highly  uncertain,  especially  with  respect  to  long-distance  (and  commonly  human-mediated) 
spread  events. 

Methods:  We  present  a  new  pathway-based  spread  modelling  and  survey  planning  methodology 
that  utilizes  elements  of  robust  optimization.  The  methodology  shows  a  more  stable  performance 
than  other  planning  approaches,  especially  when  estimates  of  human-assisted  dispersal  are 
generated  with  stochastic  pathway  models  that  can  reasonably  predict  the  long-distance  spread 
potential  of  a  species  of  concern.  We  demonstrate  the  approach  by  assessing  risk  of  human- 
mediated  spread  of  Asian  longhorned  beetle  (ALB,  Anoplophora  glabripennis)  in  Greater 
Toronto,  Ontario,  Canada.  One  of  the  most  threatening  invasive  forest  insects  in  North  America, 
ALB  could  cause  catastrophic  damage  to  forests  if  not  controlled. 

Results/Conclusion:  Overall,  our  methodology  offers  a  workable  approach  for  dealing  with  a 
lack  of  knowledge  about  long-distance,  human-mediated  spread  of  invasive  pests,  and  in 
particular,  makes  surveillance  campaigns  less  subject  to  possible  errors  in  an  invader’s  spread 
estimates.  The  concept  can  be  applied  in  many  practical  situations  where  surveillance  must  be 
done  under  tight  budget  constraints  despite  substantial  uncertainty. 
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Introduction:  The  pine  processionary  moth,  Thaumetopoea pityocampa ,  occurs  in  large  parts  of 
southern  Europe,  Asia  Minor  and  North  Africa  and  is  currently  extending  its  range.  This  insect 
species  causes  phytosanitary  problems  especially  in  pine  forests,  but  it  also  affects  human  health 
because  late  instars  larvae  are  urticating  and  can  also  occur  in  urban  areas  on  ornamental  pine 
trees.  In  France,  valuable  historical  datasets  on  the  species  occurrence  and  population  dynamics 
are  available  since  the  1970s,  providing  a  solid  baseline  to  compare  with  ongoing  changes. 

Methods: The  northern  edge  of  the  species  distribution  was  surveyed  at  large  scales:  at  country 
scale  in  France  over  an  8-km  grid  (at  5-year  intervals:  2006,  2011,  and  2016)  and  at  continental 
scale  across  its  range  over  a  16-km  grid  (in  2012).  We  developed  a  spread  model  accounting  for: 
(1)  larval  survival  in  winter  and  observed  climate  warming,  and  (2)  human-mediated  dispersal. 
This  model  was  applied  in  France  to  test  various  hypotheses  and  make  predictions  under  IPCC 
climate  change  scenarios. 

Results/Conclusion:  The  spread  model  shows  that  the  pine  processionary  moth  started  to  extend 
its  distribution  in  France  in  the  early  1990s  with  higher  winter  minimum  temperature  and  human- 
mediated  dispersal  has  accelerated  the  spread.  The  species  may  continue  to  spread  in  the  future 
despite  some  uncertainties.  Until  now  changes  in  phenology  and  prolonged  diapause  have  been 
ignored  whereas  they  could  potentially  alter  the  species  distribution.  The  challenge  is  now  to 
consider  stage-specific  thermal  thresholds  of  subsequent  life  stages  and  inter-populational 
heterogeneity  in  phenology. 
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Introduction:  The  apple  maggot  (AM),  Rhagoletis pomonella  (Walsh)  (Diptera:  Tephritidae),  is 
a  major  quarantine  pest  of  apples  ( Malus  domestica )  in  the  United  States.  As  an  invasive  pest, 
AM  negatively  impacts  the  apple  industry  in  the  Pacific  Northwestern  U.S.  by  reducing  grower 
access  to  export  markets,  as  it  directly  impacts  the  marketability  of  commercial  apples.  An 
assessment  of  potential  risk  of  establishment  of  AM  is  required  because  it  is  found  only  in  North 
America  and  all  export  markets  understandably  want  to  keep  it  out  of  their  countries. 

Methods:  We  used  a  correlative  niche  model  MaxEnt  and  a  mechanistic  model  CLIMEX  to 
model  global  potential  risk  of  establishment  of  apple  maggot.  MaxEnt  model  was  developed  by 
integrating  AM  occurrences  with  climatic  variables.  Occurrences  of  apple  (major  host  of  AM) 
orchards  was  used  to  include  species  interactions  in  MaxEnt  model.  CLIMEX  model  was 
developed  using  AM  physiological  tolerance  thresholds. 

Results/Conclusion:  Our  models  predicted  global  potential  risk  of  establishment  of  AM  with 
high  accuracy  (AUC  =  0.95,  low  omission  rate).  Model  predictions  closely  matched  the  observed 
distribution  patterns  of  AM  in  the  North  America.  Locations  of  apple  orchards,  degree  days  at 
6.7°C,  and  precipitation  of  coldest  quarter  were  most  important  predictors  associated  with  AM 
distribution.  A  model  with  apple  orchard  locations  as  a  predictor  performed  better  than  the  model 
without  it.  Our  results  can  be  used  to  make  science-based  international  trade  decisions  by  policy 
makers,  and  for  monitoring  AM  potential  introductions  in  countries  where  it  currently  does  not 
occur. 
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Introduction:  The  red  palm  mite  (RPM),  Raoiella  mdzc<2(Tenuipalpidae),  was  described  in  India 
and  has  recently  been  introduced  into  the  Americas,  causing  severe  damage  in  coconut  and 
banana.  This  mite  has  spread  rapidly  to  several  Caribbean  countries,  USA,  Mexico,  Venezuela, 
Colombia  and  Brazil.  In  Brazil,  RPM  is  a  quarantine  pest  reported  in  Roraima,  Amazonas,  Sao 
Paulo,  Mato  Grosso  do  Sul  and  Ceara  states.  The  potential  geographical  distribution  of  RPM  was 
modelled  using  the  maximum  entropy  model  (MaxEnt). 

Methods:Maxent  software  was  used  to  project  the  potential  geographic  distribution  of  RPM  onto 
South  America.  The  RPM  occurrence  data  were  obtained  from  literature,  online  databases  and 
held  sampling.  Twenty  environmental  variables,  obtained  from  the  WorldClim  database  (1950- 
2000),  were  considered  as  potential  predictors.  The  jackknife  approach  was  used  to  assess 
variables  that  better  explain  the  distribution. 

Results/Conclusion:  The  environmental  variables  that  most  influenced  the  RPM  prediction  were 
minimum  temperature  of  coldest  month  (22.5%),  mean  temperature  of  coldest  quarter  (20.4%), 
altitude  (17.7%),  and  temperature  seasonality  (5.1%).  The  model  predicted  suitable  areas  for 
RPM  in  northern  Colombia,  central  and  northern  Venezuela,  Guyana,  Suriname,  east  French 
Guiana  and  many  parts  of  Brazil,  including  Roraima,  eastern  Amazonas,  northern  Para,  Amapa 
and  the  coastal  zones,  from  Para  to  Rio  de  Janeiro.  The  extensive  suitable  habitat  and  the 
likelihood  of  human  spread  indicate  that  RPM  could  have  a  large  economic  impact  in  South 
America,  especially  in  Brazil.  Our  results  can  be  useful  to  adoption  of  phytosanitary  measures  to 
prevent  the  RPM  dispersion. 
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Abstract  text: 

Introduction:  Biological  invasions  and  insect  pests  represent  a  major  threat  to  human  health  and 
ecosystem  functioning.  Estimations  of  climatic  similarity  between  a  species’  native  range  and 
potential  zones  of  invasion  can  be  useful  for  preventing  new  invasions,  spreads  and  ulterior 
contacts  among  populations  from  multiple  invasions. 

Methods:  We  estimated  areas  climatically  favourable  for  the  establishment  of  the  western  corn 
rootworm  {Diabrotica  virgifera  virgifera ),  an  insect  pest  of  maize  Zea  maysm  in  North  America 
that  has  invaded  Europe  through  multiple  invasions,  and  it  has  the  potential  to  invade  mainly  in 
the  Northern  Hemisphere.  We  used  complementary  techniques  to  assess  the  biological  relevance 
of  predictors  and  obtain  areas  of  climatic  favourability.  Model  outputs  and  predictor  relevance 
were  independently  assessed  in  the  invaded  region  of  Europe,  and  through  the  spatial  projection 
of  empirical  physiological  thresholds.  As  examples  of  application,  we  fed  back  model  outputs 
with  maize  data  for  a  10-year  period  in  Europe,  and  refined  global  risk  maps  with  the  main  maize 
zones  for  the  year  2000. 

Results/Conclusion:  The  northern  and  north-west  range  limits  predicted  by  the  climatic 
envelope  in  the  native  range  mirrored  physiological  limits.  Model  outputs  explained  some  of  the 
patterns  observed  in  Europe  supporting  the  validity  of  our  procedures.  Our  study  highlights  the 
combination  of  holistic  and  reductionist  approaches  as  a  useful  protocol  to  evaluate  models 
and/or  infer  causality.  Our  methodology  can  be  an  efficient  tool  in  combating  potential 
invasions,  spreads  and  secondary  contact  zones  of  insect  pests  by  reducing  uncertainty  regarding 
where  to  allocate  prevention  and/or  eradication  efforts. 
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Introduction:  Predictions  about  how  invasive  species  will  behave  under  climate  change  have 
seen  limited  uptake  by  decision  makers  due  to  vast  uncertainty  in  climate  projections.  More  than 
a  dozen  global  circulation  models  (GCMs)  are  used  regularly  in  combination  with  several 
CCEemission  scenarios,  and  this  abundance  of  projections  yields  a  wide  range  of  possible 
outcomes.  Such  uncertainty  places  pressure  on  decision  makers  who  must  consider  climate 
change  when  developing  monitoring  and  management  programs.  New  analytical  tools  are  needed 
that  can  incorporate  the  uncertainty  directly  into  decision  support  products. 

Methods:  We  applied  the  concept  of  stochastic  efficiency  to  characterize  the  suitable  range  of  a 
hypothetical  insect  invader  to  North  America  under  different  GCMs  and  emissions  scenarios, 
and  at  different  future  time  horizons.  We  utilized  CLIMEX  to  estimate  climatic  suitability  under 
numerous  GCM/scenario/horizon  combinations,  and  then  compiled  these  results  into 
distributions  of  possible  suitability  values  for  locations  in  our  study  area.  We  then  used  a 
hypervolume  approach  to  rank  locations  based  on  their  distributions.  The  hypervolume  metric  is 
a  continuous  comparative  measure  that  accounts  for  uncertainty  in  sets  of  input  information. 

Results/Conclusion:  Because  climate  change  will  have  non-linear  and  potentially  hidden 
impacts  on  invader  ranges,  failing  to  address  uncertainty  in  predictions  could  lead  to  surprises 
and  improper  decisions.  Furthermore,  it  is  impossible  to  determine  which  predicted  trajectory  for 
an  invader  will  most  resemble  the  eventual  outcome.  Unlike  conventional  multi-model  ensemble 
approaches,  our  hypervolume  approach  allows  decision  makers  to  hedge  their  bets  in  this  regard 
by  including  the  uncertainty  in  the  outputs. 
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Introduction:  In  the  Azores  archipelago,  a  significant  proportion  of  buildings  are  infested  with 
the  urban  exotic  dry  wood  termite  Cryptotermes  brev  is Walker  (Isoptera:  Kalotermitidae),  causing 
major  economical  and  patrimonial  losses.  This  work  aims  to  understand  the  potential  spread  of 
this  termite  species  in  the  Azores  and  estimate  the  costs  for  both  treatment  and  reconstruction  of 
infested  buildings  in  the  entire  archipelago. 

Methods:  A  maximum  entropy  niche  modeling  process  was  used  to  determine  the  potential 
occurrence  of  the  species  on  each  island.  Different  scenarios  were  built  using  independent  global 
and  regional  incidence  and  environmental  data. 

Results/Conclusion:  Both  projections  revealed  the  same  pattern.  Generally,  the  probability  of 
occurrence  was  higher  near  the  coast  line,  where  in  Azores,  the  majority  of  the  towns  and 
villages  are  located.  We  also  predict  that  the  infestation  has  potential  to  spread  to  yet  unaffected 
towns  and  islands.  It  is  estimated  that  the  cost  of  treating  all  currently  infested  buildings  in  the 
archipelago  is  €5 1  million,  while  reconstruction  of  the  same  buildings  would  rise  the  costs  to 
€175  million.  We  predict  that  the  absence  of  a  control  strategy  will  cause  a  further  expansion  of 
the  pest  to  more  localities  in  the  Azores.  An  estimate  for  future  scenarios  implies  higher  costs, 
with  treatment  and  rebuilding  values  rising  up  to  eight  times  the  current  values. 
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Abstract  text: 

Introduction:  The  spread  of  invasive  species  continues  to  provide  significant  challenges  to 
researchers  and  those  government  biosecurity  agencies  charged  with  protecting  a  country’s 
borders.  The  Asian  gypsy  moth  ( Lymantria  dispar )  is  one  such  organism  with  the  potential  to 
spread  via  the  international  shipping  network.  Females  lays  eggs  on  ships,  which  can  then 
potentially  be  spread  around  the  world.  However,  these  eggs  must  complete  diapause  before  they 
are  viable  and  the  time  required  for  completion  can  be  considerable.  As  such,  a  ship  that  arrives 
into  a  port  with  eggs  may  not  actually  present  a  threat. 

Methods:  Here  we  present  our  work  to  develop  a  risk  assessment  tool  that  will  model  diapause 
completion  and  identify  in  real  time  those  ships  approaching  an  Australian  port,  which  present  a 
threat  from  this  insect. 
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Introduction:  Adult  spotted  wing  Drosophila,  Drosophila  suzukii,  were  monitored  at  367-686 
trap  sites  per  year,  2010-2014,  using  traps  with  lures  of  apple  cider  vinegar  or  yeast.  The  traps 
were  placed  in  various  crops  and  non-crop  locations,  across  137,500  km2  of  the  Okanagan  and 
Columbia  River  Basins  in  Oregon,  Washington,  USA,  and  British  Columbia,  Canada. 

Methods:  Trap  records  were  subjected  to  a  spatially  explicit  analysis  using  a  geographic 
information  system  (GIS).  Results  are  presented  for  berry,  cherry,  stone  fruit,  grape,  non-crop 
host  plants,  and  non-host  sites  and  for  conventional,  organic,  backyard,  and  feral  sites  by  region 
and  year.  After  removal  of  duplicate  traps,  at  each  site  we  calculated  Daymet  daily  weather 
(from  NOAA),  25  geomorphometric  layers  (SAGA  software),  and  the  distances  to  water,  and 
other  spatial  variables  for  each  site  using  Spatial  Analyst  toolbox  (ESRI). 

Results/Conclusion:  Emergence  from  overwintering  (week  of  first  catch  of  D.  suzukii )  in  2010- 
14  was  highly  related  (R2=0.49)  to  year,  pesticide  treatment,  and  number  of  winter  days  with 
temperatures  <-5  °C,  in  1505  site-years  of  records  from  cherry  trees,  in  a  spatially  explicit 
statistical  analysis.  Similarly,  emergence  from  overwintering  in  201 1-14  was  significantly  related 
(R2=0.42)  to  the  year,  pesticide  treatment  at  the  site,  logarithm  of  the  prior  year  population  of  D. 
suzukii  during  the  Fall,  latitude,  elevation,  and  topographic  wetness  index,  in  1136  site-years  of 
records  from  berry,  cherry,  stone  fruit  and  grape  habitats.  The  results  are  leading  to  improved 
understanding  of  the  ecology  of  this  invasive  insect  and  informed  management  strategies. 
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Abstract  text: 


Introduction:  Insects  are  attracted  by  chemical  signals  that  guide  them  to  food,  mates,  egg-laying 
sites  or  other  targets  of  interest.  However,  attraction  is  dependent  on  signal  quality  and  factors 
related  to  the  individual’s  sex  and  physiological  state.  Chemical  signals  therefore  differ  in  their 
specificity  and  target  different  insect  species  or  subgroups  of  insect  populations.  Understanding 
the  ecological  and  physiological  mechanisms  underlying  insect  attraction  is  of  relevance  for 
application  of  semiochemicals  in  pest  control. 

Methods:  The  application  of  semiochemicals  for  control  of  the  spotted  wing  drosophila, 
Drosophila  suzukii  lacks  a  detailed  understanding  of  factors  regulating  fly  behavior.  Therefore, 
our  aim  is  to  identify  chemical  signals  of  behavioral  and  ecological  relevance  for  D.  suzukii. 
Furthermore,  we  try  to  understand  the  extent  to  which  fly  behavior  is  driven  by  internal  state  and 
sex-specific  factors. 

Our  chemo-ecological  approach  is  based  on  behavioral  assays,  headspace  sampling,  chemical 
analyses  and  electroantennography. 

Results/Conclusion:  We  found  sex-specific  differences  in  the  attraction  of  D.  suzukii  to  fruit  and 
yeast  and  a  modulation  of  fly  behavior  by  mating.  Combining  results  from  attraction,  feeding  and 
egg-laying  assays  reveals  that  different  behaviors  are  interconnected.  Yeasts  have  been  shown  to 
manipulate  male  and  female  D.  suzukii  behavior  in  various  contexts.  Yeast  odors  therefore  are 
promising  tools  to  attract  or  confuse  D.  suzukii  in  the  field  and  prevent  the  damage  on  fruit  crops. 
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Abstract  text: 

Introduction:  Drosophila  suzukii,  spotted  wing  drosophila  (SWD)  is  absent  from  New  Zealand. 
Host  fruit  from  D.  suzukii- infested  areas  are  subject  to  Import  Health  Standards  to  prevent  SWD 


establishment.  Trade-offs  between  quarantine  measures  and  trade  and  tourism  leaves  residual 
risk  of  leakage  at  borders  requiring  incursion  response  planning.  Better  Border  Biosecurity 
(www.b3nz.org)  supports  collaborative  biosecurity  research  and  its  extension  between  partner 
research  organisations  and  end-users  seeking  new  ways  to  predict,  manage  pathways,  diagnose, 
detect  and  eradicate  risk  organisms. 

Methods:  We  investigated  ways  in  which  different  population  control  tools  interact  with  each 
other  and  on  Drosophila  population  dynamics  to  determine  the  best  suite  of  tools  to  consider  for 
a  potential  Drosophila  spp.  eradication.  Since  SWD  has  not  been  detected  in  New  Zealand, 
resident  D.  simulans  were  used  as  a  proxy  species  for  experiments.  Data  from  interactions 
between  population  dynamics  and  various  control  tools  from  D.  simulans  were  then  applied  to 
SWD  population  growth  data. 

Results/Conclusion:  As  many  detections  of  new  organisms  are  associated  with  human  activities, 
use  of  some  potential  tools  may  be  hampered  because  of  the  perceived  risk  to  humans.  We 
discuss  the  suitability  of  tools  for  use  in  urban  and  non-urban  areas,  and  the  probability  of 
successful  eradication  using  single  or  multiple  tools.  Eradication  of  SWD  would  be  facilitated  by 
early  detection  and  synergistic  use  of  different  control  tools.  Interactions  between  tools  need  to 
be  better  understood.  This  type  of  hybrid  model,  using  parameters  from  related  species,  may 
offer  a  useful  way  of  investigating  complex  biology  where  data  gaps  exist. 
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Abstract  text: 

Introduction:  Spotted  wing  drosophila,  Drosophila  suzukii ,  is  a  globally  important  insect  pest  of 
small  and  stone  fruits.  Given  its  economic  importance,  researchers  have  been  investigating 
juvenile  development,  adult  reproduction,  and  seasonal  variation  in  life  history  parameters,  as 


well  as  the  abiotic/biotic  factors  that  influence  these  processes.  Additionally,  there  is  a  growing 
literature  on  the  complex  interactions  D.  suzukii  have  with  microorganisms,  which  provide  an 
opportunity  for  developing  novel  pest  management  strategies. 

Methods:  We  will  provide  an  overview  of  recent  published  studies  in  the  above  mentioned  areas 
as  well  as  discuss  their  implications  for  pest  management. 

Results/Conclusion:  Abiotic  and  biotic  conditions  affect  developmental  times  from  egg  to  adult, 
survivorship,  longevity  and  fecundity.  Development  can  take  from  10-17  days,  the  pre- 
oviposition  period  is  1  to  8  days,  and  lifetime  fecundity  varies  from  <100  to  >400  eggs.  D. 
suzukii  exhibit  diel  periodicity  in  courtship,  oviposition,  and  locomotion;  and  D.  suzukii  may 
exhibit  seasonal  phenotypes  and  reproductive  diapause.  Microbes  have  a  strong  impact  on  insect 
physiology  and  D.  suzukii  respond  both  positively  and  aversively  to  microbial  volatiles.  To 
develop  viable  IPM  programs  for  D.  suzukii,  knowledge  of  abiotic  and  biotic  conditions  that 
impact  D.  suzukii  life  history  parameters  and  population  dynamics  is  critical. 
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Abstract  text: 

Introduction:  Since  its  introduction  to  Europe  in  2008,  the  Spotted  Wing  Drosophila  (SWD)  has 
become  an  enormous  threat  to  a  broad  range  of  fruit  crops.  High  economic  losses  have  been 
reported.  Winter  and  early  spring  are  critical  periods  for  survival  and  population  development. 
Availability  of  host  plants,  landscape  structure,  and  temperature  limits  are  important  factors 
influencing  the  spread  of  SWD  and  its  population  built-up. 


Methods:  We  monitored  flight  activity  in  orchards  and  on  landscape  level  year-round  with  the 
aim  to  identify  habitats  during  winter  and  early  spring  in  order  to  gain  knowledge  about 
overwintering  strategies.  To  understand  the  attraction  of  SWD  to  mistletoe  parasitized  trees,  we 
analyzed  the  volatile  organic  compounds  collected  from  the  headspace  of  mistletoe  berries  by 
GC-MS  and  identified  the  main  components.  Additionally,  we  focused  on  food  resources  on 
early  reproduction  hosts  using  classical  ecological  and  molecular  methods.  Such  information  is 
essential  to  develop  forecasting  models  estimating  the  potential  threat  to  fruit  crops. 

Results:  In  fall  to  early  winter,  SDW  catches  decreased  in  orchards  while  increasing  in  forests 
and  forest  edges.  Significantly  higher  numbers  of  SWD  were  caught  in  forest  treetops  compared 
to  the  standard  height.  We  identified  mistletoe  berries  as  an  early  spring  reproduction  host.  We 
succeeded  in  detecting  DNA  of  consumed  plants  using  general  plant  primers  in  whole  body 
DNA  extracts  of  field-caught  SWD,  which  can  be  utilized  for  identifying  their  food  sources  in 
the  future.  The  results  will  be  used  to  develop  innovative  management  strategies. 
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Abstract  text: 

Introduction:  Drosophila  suzukii  (Diptera:  Drosophilidae)  is  a  major  pest  of  soft  fruits  including 
blueberry.  Females  of  this  species  possess  a  drill-shaped  ovipositor  which  allows  them  to  lay 
eggs  in  immature  fruits.  Blueberry  was  initially  introduced  into  Japan  in  the  1950s  and  its 
cultivation  has  spread  widely  since  the  1990s.  No  severe  pests  had  been  observed  prior  to  the 
rapid  increase  in  cultivation  area  in  Japan,  but  recently  D.  suzukii  has  caused  serious  economic 
damage  to  blueberry  fruits.  Two  species  of  blueberry  are  common  in  Japan.  Highbush  blueberry 
( Vaccinium  corymbosum ),  harvested  in  July,  can  receive  serious  damage  from  D.  suzukii  but  the 
other  species,  Rabbiteye  blueberry  (V.  virgatum),  harvested  in  August,  suffers  little  damage. 


Methods:  To  elucidate  the  reasons  for  this  difference  in  damage,  we  examined  whether  two 
factors,  temperature  and/or  blueberry  variety,  influenced  the  extent  of  damage  by  D.  suzukii  to 
blueberry  cultivation. 

Results/Conclusion:  Mating,  female  oviposition  and  egg  hatching  rate  were  reduced  as 
temperature  increased.  More  eggs  tended  to  be  laid  in  berries  of  Highbush  cultivars,  which  have 
softer  skin,  than  in  berries  of  Rabbiteye  cultivars,  which  have  harder  skin.  Thus,  Rabbiteye 
blueberries  appear  to  escape  serious  damage  by  D.  suzukii  because  the  harvest  season  coincides 
with  peak  temperatures  in  August  and  because  their  fruit  surface  is  harder  than  that  of  Highbush. 
Recently,  a  nudivirus  (DNA  virus)  has  been  reported  from  Drosophilidae  spp.,  and  we  are 
currently  using  PCR  to  search  for  nudivirus  in  field-captured  D.  suzukii  populations  as  a 
candidate  microbial  control  agent. 
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Abstract  text: 

Introduction:  Drosophila  suzukii  (Matsumura)  is  a  global  pest  attacking  various  berry  crops 
including  grape;  with  its  serrated  ovipositor,  it  is  able  to  lay  eggs  on  unwounded  ripening  wine 
grape  berries. 

Methods:  Laboratory  bioassays  were  performed  to  assess  the  ability  of  D.  suzukii  to  attack 
winegrapes.  We  additionally  determined  the  role  of  D.  suzukii  as  a  vector  spoilage  bacteria  to 
intact  wine  grape  and  to  trigger  sour  rot  development.  Pinot  noir  and  Cabernet  intact  and 
sterilized  berries  were  offered  as  oviposition  substrate  to  D.  suzukii  adults  from  a  lab-colony 
previously  exposed  to  a  suspension  of  bacteria.  After  a  defined  exposition  time,  berries  were 
crushed  and  the  homogenized  materials  were  deposited  onto  sterile  Petri  plates  containing  a 


suitable  synthetic  growth  media  to  perform  qualitative  and  quantitative  characterization  of 
microflora  developed  on  the  grape  berries. 

Results/Conclusion:  Field  and  laboratory  assessments  showed  that  oviposition  intensity  increases 
during  the  ripening  period  and  is  correlated  to  physiological  changes  during  grape  berry 
development,  i.e.  increase  in  sugar  content,  decrease  of  acidity  levels  and  penetration  force.  We 
can  expect  that  those  cultivars  displaying  penetration  force  values  near  40  cN  before  harvest 
might  be  a  suitable  substrate  for  D.  suzukii  oviposition  and  significantly  increase  their 
susceptibility  to  be  infected  with  spoilage  bacteria.  Results  demonstrate  that  even  though  not  all 
eggs  hatch  and  develop  into  larvae,  the  injury  caused  by  the  insertion  of  the  eggs  and  subsequent 
larval  development  result  in  inoculation  points  for  bacteria  and  yeasts  responsible  for  sour  rot. 
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Abstract  text: 

Introduction:  The  spotted  wing  drosophila  (SWD),  Drosophila  suzukii ,  is  an  economic  pest  of 
small  fruits  and  stone  fruits  worldwide.  Knowledge  of  when  and  which  crop  fruits  are  most 
susceptible  is  needed  to  optimize  insecticide  applications,  and  identifying  wild  hosts  will  enable 
targeted  management  in  the  landscape. 

Methods:  A  variety  of  host  suitability  tests  were  conducted  in  the  laboratory  to  determine  which 
ripeness  stages,  cultivars,  and  fruit  types  were  most  suitable  for  SWD  development.  Moreover, 
the  physical  characteristics  of  fruit  such  as  Brix°,  pH  and  skin  penetration  force  have  studied  in 
relation  to  SWD  infestation.  Field  studies  have  confirmed  some  trends.  A  combination  of 
laboratory  and  field  surveys  have  identified  wild  and  ornamental  fruits  that  can  be  utilized  as 
alternative  hosts. 


Results/Conclusion:  Small  fruits  and  cherries  generally  increase  in  susceptibility  as  fruit  ripens. 
Softer  skin  cultivars  have  been  less  susceptible  to  SWD  infestation.  In  several  studies,  SWD 
were  more  likely  to  oviposit  or  develop  on  fruit  as  its  skin  penetration  force  decreased  (got 
softer).  At  least  23  fruiting  species  have  been  identified  as  hosts  for  SWD  in  North  America,  and 
62+  hosts  worldwide,  these  hosts  were  naturally  infested  by  wild  populations. 
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Abstract  text: 

Introduction:  Drosophila  suzukii  is  a  devastating  invasive  pest  in  the  U.S.  and  many  parts  of  the 
world.  It  causes  substantial  economic  losses  to  small  and  stone  fruits,  forcing  farmers  to  apply 
broad-spectrum  insecticides  frequently.  This  could  lead  to  the  development  of  insecticide 
resistance,  thus  jeopardizing  their  efficacy.  Strategies  to  manage  resistance  are  generally 
developed  after  it  has  appeared  in  the  field,  which  is  often  too  late. 

Methods:  In  order  to  proactively  assess  the  risk  of  insecticide  resistance  development,  we 
determined  the  susceptibility  of  field-collected  D.  suzukii  and  their  response  to  insecticide 
treatments  at  the  transcriptome  level  using  next-generation  sequencing  technology.  The 
LC50  values  of  commonly  used  insecticides  including  zeta-cypermethrin,  spinosad,  and 
malathion  were  significantly  higher  in  field-collected  populations  when  compared  to  lab-reared 
populations,  indicating  that  field  populations  are  less  susceptible  to  these  insecticides. 

Results/Conclusion:  The  RNA  sequencing  at  the  transcriptome  level  revealed  differentially 
expressed  genes  (DEGs)  in  D.  suzukii  that  survived  LD50  doses  of  zeta-cypermethrin,  spinosad, 
and  malathion  and  gene  classes  that  are  overrepresented  in  DEGs.  A  high  number  of 
significantly  DEGs  are  involved  in  detoxification  and  reduced  cuticular  penetration,  especially  in 
field  population,  thus  providing  potential  molecular  mechanisms  for  the  higher  LC50  values  for 


field-collected  population.  These  results  indicate  a  substantial  risk  of  insecticide  resistance  and 
cross-resistance  development  in  D.  suzukii  in  the  field.  Implications  of  these  results  for 
sustainable  management  of  D.  suzukii  will  be  discussed. 
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Abstract  text: 

Introduction:  Drosophila  suzukii  (Matsumura,  SWD)  utilizes  a  widerange  of  uncultivated  plant 
species  (wild  hosts),  many  of  which  grow  in  proximity  to  small  fruit  crops.  A  better 
understanding  of  SWD’s  seasonal  biology,  alternative  host  use,  and  methods  for  enhancing 
insecticide  efficacy  are  needed  to  develop  best  management  practices.  Here  we  provide  an 
overview  of  some  of  our  published  and  unpublished  research  addressing  these  issues. 

Methods:  We  reared  Drosophila  from  ripe  fruit  collected  from  candidate  wild  host  species.  Plant 
species  surveyed  included  several  species  of  Rubus ,  Cornus  amomum  Mill.,  C. 
racemosa  Lam.,  Rhamnus  cathartica  L.,  Phytolacca  americana  L.,  Solarium 
dulcamara  L.,  Prunus  virginiana  L.,  P.  serotina  Ehrh. ,  Lonicera  morrowii  A.  Gray, 
and  Viburnum  opulus  var.  opulus  L.  with  ripe  fruit  ranging  from  mid-June  to  November. 

Results/Conclusion:  We  conclude  that  multiple  inter-related  factors  combine  to  determine  the 
impact  of  wild  hosts  on  SWD  population  dynamics  including  the  degree  to  which  fruit  is 
attractive  to  SWD  for  oviposition  and  is  a  good  larval  host.  We  investigated  the  influence  of 
sugar  on  insecticide  efficacy  under  laboratory,  semi-field  and  field  conditions.  Modest,  but 
significant  increase  in  mortality  and  decrease  in  field  infestation  relative  to  insecticide  without 
sugar  for  several  classes  of  insecticides  were  found.  To  better  time  insecticide  applications  and 
reduce-risks  of  developing  insecticide  resistance,  we  evaluated  alternative  adult  monitoring 


systems  relative  to  fruit  infestation  in  several  berry  crops.  In  more  northern  locations  where  adult 
SWD  are  rare  or  non-existent  in  the  spring  due  to  harsh  winter  conditions,  adult  monitoring 
provided  early  warning  of  pending  infestation. 
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Abstract  text: 

Introduction:  The  invasive  pest,  Drosophila  suzukii,  was  first  detected  in  the  UK  in  2012  where 
it  has  become  a  damaging  pest  primarily  of  cane  and  stone  fruits.  Female  D.  suzukii  have  a 
serrated  ovipositor  enabling  them  to  lay  eggs  in  fruit  as  it  begins  to  ripen  on  the  plant.  This  is 
unlike  native  Drosophila  species  that  can  only  lay  eggs  in  overripe  fruit.  D  suzukii  larvae  cause  a 
rapid  degradation  in  fruit  quality  rendering  the  fruit  unmarketable.  Currently  control  methods 
rely  on  the  regular  application  of  protective  insecticides. 

Methods:  In  an  AHDB  and  Defra  funded  project  we  are  continuing  to  explore  the  biology, 
distribution  and  behaviour  of  D.  suzukii  in  the  UK  landscape  in  order  to  exploit  ways  in  which 
non-chemical  controls  can  be  integrated  with  pesticide  programmes  to  better  target  life  stages 
and  increase  the  efficacy  of  control  programmes.  To  date,  we  have  focused  on  D.  suzukii  life 
history,  including  winter  and  summer  form  morphs,  occurrence  and  movement  of  the  pest  both 
nationally  and  on  farm,  monitoring  approaches,  crop  hygiene  and  waste  disposal,  physical 
barriers  and  alternative  pesticide  control  approaches. 

Results/Conclusion:  By  using  a  combination  of  tactics  UK  growers  are  keeping  fruit  damage 
levels  to  a  minimum.  At  this  meeting  we  will  discuss  the  latest  progress  with  D.  suzukii  control 
in  the  UK,  how  to  target  the  pest  at  every  level  of  the  lifecycle  in  order  to  mitigate  fruit  damage 
and  potential  ways  forward  for  future  control. 
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Abstract  text: 

Introduction:  The  invasive  spotted  wing  drosophila,  Drosophila  suzukii ,  is  a  native  of 
Southeastern  Asia  and  is  now  widely  established  in  North  America  and  Europe,  where  it  is  a 
serious  invasive  pest  of  small  fruit  crops.  Here  we  will  discuss  the  current  importance  of  D. 
suzukii  in  South  Korea. 

Materials:  D.  suzukii  populations  were  assessed  in  both  cultivated  and  wild  habitat  in  various 
regions  of  S.  Korea  using  both  sentinel  baits  as  well  as  collections  of  fruit.  These  regions  were 
from  the  North,  Seoul,  and  as  far  south  as  Jinju. 

Results/Conclusion:  D.  suzukii  was  found  in  all  collected  materials  and  all  locations  sampled  in 
S.  Korea  during  2013  and  2014.  These  results  indicate  that  this  pest  undoubtedly  impacts  fruit  in 
most  regions.  Several  parasitoids  were  found  attacking  D.  suzukii  in  all  locations. 
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Abstract  text: 

Introduction:  Successful  pathogens  and  parasitic  arthropods  require  genes  coding  for  effector 
proteins  that  compromise  the  hosts’  ability  to  defend  themselves,  and  also  require  the  ability  to 
change  these  proteins  in  response  to  a  detrimental  change  in  a  host.  The  gall  midge  Mayetiola 
destructor ,  also  called  the  Hessian  fly  and  one  of  the  most  destructive  pests  of  wheat,  is  very 
successful  in  adaptation  to  changes  in  host  plants. 

Methods:  Genomic,  transcriptomic,  and  proteomic  analyses  of  genes  expressed  in  the  salivary 
glands  of  Hessian  fly  larvae  were  utilized  for  discovering  new  genes  coding  for  effector-like 
proteins. 

Results/Conclusion:  Multiple  members  of  effector  gene  families  are  clustered  within  short 
chromosomal  regions  in  the  Hessian  fly  genome.  Diversifying  selection  on  the  clustered 
members  has  resulted  in  proteins  with  diverse  functions.  A  synchronized  mechanism  appears  to 
regulate  the  effector  genes  exclusively  expressed  in  the  salivary  glands  of  the  first  instar  larvae,  a 
critical  stage  that  determines  whether  an  interaction  with  a  specific  wheat  cultivar  is  compatible 
or  incompatible.  The  unusual  structure,  unique  expression  profile,  and  highly  polymorphic 
nature  of  these  effector  genes  suggest  that  they  are  likely  the  determinants  of  virulent/avirulent 
phenotypes  associated  with  different  Hessian  fly  biotypes.  In  addition,  the  super-diversity 
specific  to  the  protein  coding  regions  among  family  members  and  the  unique  arrangement  of 
these  members  within  the  genome  indicated  a  programmed  mechanism  to  generate  super¬ 
diversification  in  elicitor  genes  to  overcome  changes  in  host  plants. 
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Abstract  text: 

Introduction:  Immunosuppressive  molecules  and  therapies  focusing  lymphocytes  are  beneficial 
to  treat  autoimmunity,  hypersensitivity  reactions,  transplant  rejection  and  lymphomas.  Based  on 
this  concept,  we  have  identified  and  characterized  an  immunomodulator  present  in  the  saliva  of 
Aedes  aegypti  mosquito  that  selectively  kills  murine  lymphocytes  by  apoptosis. 

Methods:  To  assess  apoptosis  of  total  spleen  cells,  annexin  V  staining  was  performed  in  total 
spleen  cells  of  B ALB/c  mice  and  evaluated  by  flow  cytometry.  The  cleavage  of  pro-caspase-3 
(an  executor  caspase)  and  pro-caspase-8  (an  initiatior  caspase)  was  evaluated  by  Western  blot. 
Isolation  and  characterization  of  the  lymphocyte  killing  molecule  present  in  the  salivary  gland 
extract  (SGE)  were  performed  by  HPLC  and  mass  spectrometry,  respectively.  The  biological 
function  of  the  identified  protein  was  determined  in  salivary  gland  preparations  silenced  in 
vivoby  RNAi. 

Results/Conclusion:  A.  aegypti  SGE  is  able  to  induce  apoptosis  in  murine  lymphocytes  (CD4+ 
and  CD8+  T  cells  and  CD19+  B  cells)  in  a  concentration-response  manner  by  a  mechanism 
involving  both,  caspase-3  and  caspase-8.  A  high  molecular  weight  protein  (~  400  kDa)  was 
identified  as  the  killing  molecule  and  the  silencing  of  its  activity  in  the  mosquitoes  by  RNAi 
abrogated  the  induction  of  apoptosis  by  the  salivary  preparation.  Together,  our  findings  uncover 
a  novel  immunomodulatory  protein  in  the  A.  aegypti  saliva  presenting  therapeutic  potential  to 
treat  lymphocytes-related  pathologies. 
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Abstract  text: 

Introduction:  Dengue  is  the  most  prevalent  mosquito-borne  viral  disease,  caused  by  dengue  virus 
(DENV),  an  enveloped  positive  single-stranded  RNA  virus  of  the  family  Flaviviridae.  The 
disease  is  transmitted  by  Aedes  aegypti  and  Ae.  albopictus  that  inject  DENV  in  the  skin  of  the 
human  host,  together  with  saliva  during  blood  feeding.  Various  proteins  present  in  Ae.  aegypti 
saliva  will  help  the  mosquito  successfully  obtain  a  blood  meal  by  counteracting  the  physiological 
responses  by  the  host  aimed  to  prevent  blood  loss  and  to  combat  infection. 

Methods:  Following  a  functional  proteomic  analysis  of  salivary  glands  of  female  Ae.  aegypti 
mosquitoes,  we  have  identified  several  proteins  that  are  abundantly  present  in  mosquito  saliva 
and  that  have  been  characterized  for  their  capacity  to  modulate  DENV  replication. 

Results/Conclusion:  Expression  levels  of  DENV  transcripts  in  infected  human  primary 
keratinocytes,  as  determined  by  real-time  PCR,  were  increased  in  the  presence  of  salivary  gland 
extracts,  as  compared  with  DENV  infection  alone.  Enhanced  DENV  replication  was  found  to  be 
specifically  mediated  by  a  34-kDa  protein,  via  the  suppression  of  innate  immune  responses  in  the 
earliest  stages  of  infection.  Taken  together,  our  data  demonstrate  that  human  epidermal 
keratinocytes  are  permissive  to  DENV  infection  and  that  DENV  replication  in  these  cells 
contributes  to  the  establishment  of  antiviral  innate  immunity  that  occurs  in  the  early  times  after 
the  bite  of  mosquito.  Our  results  also  identify  a  prominently  expressed  protein  in  Ae.  aegypti 
saliva  that  could  serve  as  a  target  for  the  control  of  DENV  replication  in  mammalian  hosts. 
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Abstract  text: 


Aphids  (Aphididae,  Hemiptera)  are  insects  with  piercing-sucking  mouthparts  (stylets),  which 
probe  various  plant  cells  and  feed  long-term  from  the  plant  vascular  phloem  sap.  Aphid  pests  can 
cause  dramatic  yield  losses  of  crops,  both  by  draining  plant  resources  and  via  the  vectoring  of 
plant  viruses.  Fortunately,  most  plants  have  developed  effective  defense  responses  to  discourage 
aphid  attack.  These  responses  are  triggered  via  specific  plant  receptors,  named  pattern 
recognition  receptors  (PRRs),  which  recognize  conserved  pathogen/pest  molecules,  named 
PAMPs,  leading  to  signal  transduction  and  the  induction  of  PAMP  triggered  immunity  (PTI).  We 
found  that  aphids  can  evoke  typical  PTI  defense  responses  such  as  calcium  and  reactive  oxygen 
species  (ROS)  bursts  and  callose  deposition.  However,  we  discovered  that  the  green  peach  aphid 
(GPA,  Myzus  persicae  Sulzer,  also  known  as  the  peach-potato  aphid)  is  effective  at  suppressing 
PTI  and  modulating  other  plant  processes  via  the  secretion  of  specific  salivary  gland  proteins 
(named  effectors)  into  plant  cells.  RNA  interference  (RNAi)  of  GPA  effector  genes  leads  to 
greater  plant  resistance  to  GPA,  whereas  transgenic  plants  that  produce  GPA  effectors  are  more 
susceptible  to  this  aphid.  As  well,  the  effectors  suppress  calcium  and  ROS  bursts  and  interfere 
with  processes  in  the  PTI  signaling  pathway.  Taken  together,  our  data  show  that  aphids  are 
actively  modulating  plant  processes  to  increase  plant  susceptibility  and  promote  aphid 
colonization. 
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Abstract  text: 

Introduction:  During  blood  feeding,  salivary  proteins  act  to  inhibit  processes  of  hemostasis  and 
inflammation  in  the  host.  The  proteins  themselves  are  derived  from  numerous  families,  and  since 
blood  feeding  has  arisen  independently  many  times,  various  taxa  have  developed  completely 
different  molecular  antagonists  for  the  same  targets.  Here  I  discuss  how  the  molecular  structures 
of  salivary  proteins  have  been  structurally  adapted  to  modulate  host  defensive  systems. 


Methods:  Sequences  identified  in  libraries  of  salivary  gland  transcripts  are  expressed  in 
heterologous  systems  and  purified.  These  recombinant  proteins  are  analyzed  by  a  variety  of 
functional  assays  and  crystallized.  Protein  structures  are  determined  using  X-ray  diffraction. 

Results/Conclusion:  We  have  determined  the  structures  and  functions  of  a  number  of  salivary 
proteins  from  a  variety  of  species.  From  these  studies  we  have  elucidated  some  of  the  key 
functions  of  the  salivary  secretion  and  have  gained  insight  into  the  relationships  and  origins  of 
salivary  proteins.  The  results  have  important  implications  for  the  transmission  of  pathogens  by 
vector  arthropods. 
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Abstract  text: 

Introduction:  Mosquito  saliva  is  endowed  with  a  large  number  of  bioactive  molecules  that  not 
only  play  crucial  roles  in  blood  feeding  but  may  also  affect  pathogen  transmission  and  host 
immune  response. 

Methods:  The  availability  of  the  genome  sequence  of  several  anopheline  species  from  the  three 
subgenera  Cellia ,  Anopheles  and  Nyssorhynchus  offered  the  unique  opportunity  to  get  insight 
into  diversification,  evolution  and  functions  of  anopheline  salivary  gland  genes  and  gene 
families.  A  selected  set  of  salivary  proteins  previously  identified  in  Anopheles  gambiaev/QYQ  used 
to  search  orthologues  in  the  genomes  of  seventeen  anopheline  species. 

Results/Conclusion:  Comparative  analysis  highlighted  a  scenario  of  high  plasticity,  strengthening 
previous  indications  that  genes  encoding  salivary  proteins  evolve  at  a  very  fast  rate  and  are 
subjected  to  a  strong  selective  pressure.  An  evolutionary  perspective  on  the  anopheline  salivary 
repertoires,  along  with  a  few  examples  of  gain/loss  of  salivary  gene  and  gene  families  during 
anopheline  radiation,  will  be  provided.  Finally,  mechanisms  leading  to  evolution  of  novel 
salivary  functions  and  potential  implications  for  malaria  epidemiological  studies  will  be 
discussed. 
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Abstract  text: 

Introduction:  Arboviral  diseases  are  a  major  public  health  burden  worldwide.  The  traditional 
means  of  control  of  arboviruses  are  either  inaccessible  or  have  become  ineffective.  It  is  therefore 


necessary  to  develop  new  methods  to  block  the  transmission  of  vector-borne  diseases,  based  on 
the  complex  interaction  between  the  vector,  the  pathogen  and  the  vertebrate  host.  In  particular, 
vector- vims  interaction  remains  poorly  understood  although  it  could  provide  key  information 
about  the  virus  epidemiology,  physiopathology  and  virulence.  Moreover,  it  is  now  accepted  that 
the  arthropod  saliva  influences  the  transmission  of  pathogens  contained  therein. 

Methods:  Aedes  mosquitoes  were  infected  by  artificial  feeding  on  rabbit  blood  containing 
chikungunya  (CHIKV)  and /  or  dengue  (DENV)  viruses.  Salivary  glands  were  dissected  at 
different  time  points  post-infection.  Comparative  proteomic  analyses  of  pools  of  infected  and 
non-infected  salivary  glands  were  analyzed  by  various  proteomic  approaches.  Mice  were 
infected  with  CHIKV  or  Rift  Valley  fever  (RVF)  virus  and  their  dissemination  was  followed 
based  on  the  presence  of  salivary  components  during  infection. 

Results/Conclusion:  Quantitative  analysis  revealed  a  high  number  of  differentially  expressed 
proteins  in  CHIKV  and  DENV  infected  salivary  glands  respectively.  Interestingly,  we  found  a 
high  proportion  of  downregulated  saliva  proteins.  On  the  other  hand,  we  showed  that  Aedes 
saliva  is  able  to  increase  the  pathogenicity  of  RVF  in  mice  and  modify  the  dissemination  of 
CHIKV.  In  addition,  Clone  13,  a  naturally  attenuated  clone  of  RVF  was  shown  to  play  a 
protective  role  against  RVF  when  present  in  mosquito  salivary  glands.  These  approaches  should 
allow  the  identification  of  new  targets  for  inhibiting  transmission. 
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Abstract  text: 

Introduction:  Mosquito  salivary  glands  have  been  studied  for  their  roles  in  blood  feeding  and 
pathogen  transmission  to  the  vertebrate  hosts.  This  salivary  secretion  contains  a  complex  mixture 
of  vasodilators,  inhibitors  of  blood  coagulation  and  platelet  aggregation,  kratagonists  and 


immunomodulators  among  other  compounds;  however,  the  biological  function  of  some 
components,  many  of  them  interacting  with  each  other,  remains  unclear. 

Methods:  Advances  in  transcriptome  and  proteome  research  have  shed  light  to  the  complexity  of 
salivary  gland  compounds,  indicating  that  their  molecular  diversity  is  larger  than  previously 
thought.  A  combination  of  functional  proteomics  and  assay  development  was  utilized  to  study 
the  function  of  mosquito  salivary  proteins. 

Results/Conclusions:  An  efficient  and  rapid  mechanism  for  stopping  the  vertebrate  hemostatic 
response  at  the  biting  site  is  fundamental  for  survival  of  blood-sucking  mosquitoes.  We 
demonstrate  the  relevance  of  platelet  aggregation  inhibitors  (Aegyptin,  D7-related  proteins),  fXa- 
directed  anticoagulant  (Cufaxapin,  Alboserpin)  and  small  molecule  scavengers  (D7-related 
proteins)  in  blood  feeding.  Gene-silencing  (transgene-  and  dsRNAi-based)  approaches 
demonstrated  in  vivo  that  salivary  secretions  are  essential  for  the  mosquitoes  to  obtain  a  blood 
meal. 
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Abstract  text: 

Aedes  aegypti  represents  a  threat  to  humans  as  it  spreads  dengue  fever,  chikungunya,  and  zika. 
There  is  currently  no  effective  treatment  or  preventative  vaccine  for  these  illnesses.  New 
molecularly  informed  strategies  to  prevent  mosquito  host-seeking  behavior  are  needed  to  block 
disease  transmission.  Mosquitoes  use  olfaction  as  a  primary  means  of  detecting  their  human  and 
plant  hosts,  but  our  understanding  of  this  sensory  modality  is  far  from  complete.  We  have 
previously  identified  a  family  of  131  olfactory  receptors,  the  odorant  receptors  (ORs),  which  are 
necessary  for  mosquitoes  to  detect  human  odor  by  eliminating  the  function  of  their  obligate  co¬ 
receptor  ORCO.  However,  loss  of  these  receptors  was  not  sufficient  to  eliminate  human  host¬ 
seeking.  This  suggests  the  olfactory  receptors  that  remain  intact  in  orco  mutants,  the  ionotropic 


receptors  (IRs),  are  playing  a  significant  role  in  human  host  detection.  A  functional  IR  odor¬ 
gated  ion  channel  consists  of  an  odor-tuned  IR  and  one  or  more  IR  co-receptors.  To  address  the 
role  of  IRs  in  mosquito  host  detection,  we  have  pursued  a  genome  editing  strategy  using  the 
CRISPR/Cas9  system  to  disrupt  IR  co-receptors.  We  are  also  cataloging  the  expression  of  the 
IRs  in  the  Aedes  olfactory  system.  Using  a  combination  of  behavioral  genetics  and  expression 
analysis,  we  are  validating  which  IRs  are  suitable  molecular  targets  for  vector  control. 
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Abstract  text: 

The  United  States  Department  of  Agriculture  (USDA)  has  developed  repellents  and  insecticides 
for  the  U.S.  military  since  1942.  A  small  component  of  this  research  program  has  been  focused 
on  the  discovery  of  attractants  that  can  be  used  to  produce  potent  lures  for  haematophagous 
arthropods,  especially  mosquitoes  and  other  medically  important  biting  flies.  Research  in  the 
late  1960s  led  to  the  discovery  of  L-lactic  acid  as  one  of  the  attractants  for  Aedes  aegypti  (L.) 
mosquitoes.  In  the  mid  and  late  1990s,  studies  on  the  skin  chemistry  of  multiple  human 
volunteers  led  to  the  report  of  277  endogenous  skin-produced  compounds.  From  the  compounds 
identified  in  this  study,  mosquito  attractant  lures  were  developed  and  shown  to  be  effective  at 
trapping  Ae.  aegypti  in  laboratory  bioassays.  An  unexpected  finding  from  this  research  occurred 
in  2000.  It  was  discovered  that  some  compounds  inhibited  that  ability  of  mosquitoes  to  detect 
and  orient  towards  a  source  of  human  odors.  The  results  of  this  study  determined  that 
heterocyclic  nitrogen  compounds  present  on  human  skin  at  trace  levels  caused  this  inhibition  of 
attraction.  When  larger  quantities  of  these  “attraction-inhibitors”  were  presented  concurrently 
with  human  odors,  they  produced  anosmia  (inability  to  detect  odors)  and  hyposmia  (decreased 
ability  to  detect  odors)  in  the  test  mosquitoes.  This  presentation  will  cover  the  research  that  led 
to  this  discovery  of  a  novel  means  to  prevent  mosquitoes  from  finding  hosts. 
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Abstract  text: 

The  propensity  of  some  species  of  Anopheline  mosquitoes  to  blood  feed  preferentially  and 
frequently  on  humans,  has  long  been  appreciated  as  a  key  entomological  factor  driving  the 
transmission  of  malaria  parasites.  We  have  recently  established  a  research  program  studying 
neural  circuitry  that  underpins  attraction  of  the  major  malaria  vector  Anopheles  coluzzii  to  human 
scent.  To  obtain  a  high-resolution  picture  of  how  this  mosquito  species  perceives  human  odor, 
we  are  initially  developing  techniques  for  imaging  patterns  of  odor-evoked  activity  in  the 
antennal  lobe  -  the  first  relay  station  for  olfactory  processing  in  the  mosquito  brain.  Progress 
towards  developing  this  system,  and  identifying  a  suite  of  human  volatiles  actively  perceived  by 
the  mosquito  olfactory  system  will  be  discussed. 
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Abstract  text: 


Background:  Females  of  most  mosquito  species  (Insecta:  Culicidae)  have  2  hosts:  plants  for 
sugar  and  vertebrate  animals  for  blood.  This  is  true  even  for  anthropophilic  species  that  are 
efficient  at  converting  human  blood  into  both  energy  reserves  and  eggs.  In  addition  to  nectar, 
opportunistically  acquired  foods  include  honeydew,  decaying  fruit,  plant  sap,  tissue  fluids,  and 
secondary  metabolites.  Plant  hosts  are  located  both  by  visual  and  olfactory  cues.  Even  in  total 
darkness,  mosquitoes  fly  toward  sources  of  volatile  organic  compounds  (VOCs)  emitted  by 
preferred  plants. 

Selected  Topics:  The  chemical  ecology  of  plant-mosquito  relations  includes  these 
interrelated  issues:  1)  What  classes  of  plant  VOCs  have  salience  for  mosquitoes.  What  is  the 
molecular  basis  of  plant  odorant  detection?  Are  mosquito  receptors  broadly  or  narrowly  tuned? 

2)  Are  mosquitoes  qualified  generalists?  Is  that  confirmed  by  their  behavior?  3)  Which  VOCs  are 
most  attractive,  behaviorally:  a)  single  token  chemicals?  b)  preferred-host  blends?  c)  unique 
super  blends?  4)  Does  sugar  availability  shape  responsiveness  to  particular  plant  species  and 
their  VOCs?  5)  Do  mosquito  species  have  innate  plant-host  preferences  throughout  their 
geographical  ranges?  Or  are  they  locally  adapted?  6)  Is  associative  learning  of  VOCs,  according 
to  sugar  pay-off,  restricted  to  certain  classes  of  compounds? 

Other  questions  have  practical  significance  for  pathogen  transmission:  1)  If  plant-host 
utilization  determines  local  mosquito  bionomics,  is  olfactory  host  preference  irrelevant?  2)  In  the 
field,  does  access  to  sugar-profitable  plant  hosts  significantly  affect  vectorial  capacity?  3)  Is  the 
foraging  range  for  sugar  smaller  than  that  for  blood  hosts  and  oviposition  sites? 
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Abstract  text: 


The  nature  of  the  mosquito  lifestyle  requires  them  to  approach  large,  potentially  dangerous  prey 
and  acquire  blood.  Success  at  this  delicate  task  depends  upon  considerable  stealth,  such  as  flight 
paths  that  home  in  on  a  target  while  minimizing  the  chance  of  detection.  They  must  coordinate 
these  paths  using  tiny  brains.  But  because  steering  during  flight  induces  optic  flow,  which  in  turn 
affects  steering,  it  is  difficult  to  understand  in  detail  how  free  flying  mosquitoes  are  processing 
and  responding  to  visual  stimuli.  To  address  this  we  adapted  a  series  of  tethered  flight  assays.  By 
affixing  a  rigid  tether  to  the  dorsal  thorax  and  positioning  the  wings  over  photodetectors,  we 
measured  the  amplitude  of  each  wingbeat  to  infer  the  steering  intent  of  flying  but  immobile 
mosquitoes.  This  apparatus  was  surrounded  by  back-projection  video  that  allowed  high-speed 
control  of  perspective-corrected  images  in  both  open  and  closed-loop  paradigms.  We  displayed 
wide-field  visual  perturbations  to  simulate  unintended  self-motion  and  measured  the 
compensating  flight  responses.  By  modulating  the  directions  with  a  white-noise  sequence  we 
extracted  the  linear  filters  that  control  fundamental  flight  perturbations.  These  were  slow 
compared  to  flies,  consistent  with  stabilization  optimized  for  flight  in  dim  light.  Further,  when 
put  in  closed  loop  feedback,  such  that  their  own  wing  beats  moved  them  through  the  virtual 
world,  mosquitoes  actively  approached  vertical  targets.  These  visual  behaviors  likely  support  the 
identification  and  covert  approaches  to  finding  prey. 
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Abstract  text: 

An  ancestral,  forest  form  of  the  Dengue  Fever  Mosquito,  Aedes  aegypti ,  prefers  the  odor  of  non¬ 
human  animals,  while  a  recently  evolved,  domestic  form  strongly  prefers  human  odor.  Classic 
work  from  the  1970’s  and  1980’s  showed  that  these  forms  coexist  in  several  places  in  coastal 
East  Africa,  where  they  maintain  ecological  differences  despite  being  interfertile.  More  recently, 
we  confirmed  the  continued  coexistence  of  these  populations  in  Rabai,  Kenya,  and  established  a 
tight  link  between  preference  evolution  and  natural  variation  in  the  odorant  receptor  AaegOr4. 
Human-preferring  females  tended  to  carry  AaegOr4  alleles  that  were  highly  expressed  and 


highly  sensitive  to  the  human  odorant  sulcatone.  This  result  was  controversial  given  previous 
studies  indicating  that  sulcatone  may  be  repellent  to  Ae.  aegypti  and  other  mosquitoes  at  certain 
concentrations.  I  will  talk  about  our  continuing  work  on  the  role  of  AaegOr4  and  sulcatone  in  the 
evolution  of  preference  for  human  odor. 
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Abstract  text: 

Aedes  aegypti  is  the  mosquito  vector  of  viral  pathogens  causing  significant  human  morbidity  and 
mortality,  including  the  viruses  causing  dengue,  yellow  fever,  zika  and  chikungunya.  Ae.  aegypti 
is  highly  unusual  among  mosquitoes:  it  has  co-evolved  with  its  human  host.  This  species  relies 
on  humans  for  food,  shelter  and  habitat  throughout  its  range  across  the  tropical  and  subtropical 
regions  of  the  world.  Ae.  aegypti  biology  and  unique  behaviors  enabling  a  life  among  humans 
will  be  presented.  Data  will  be  presented  on  the  extent  of  Ae.  aegypti  reliance  on  frequent 
human  blood  meals  and  how  this  specific  feeding  pattern  is  likely  reinforced  by  greater  mosquito 
fitness.  Additional  research  on  heterogeneous  preferences  of  Ae.  aegypti  for  individual  humans 
will  be  presented  in  the  context  of  dengue  virus  epidemiology  and  spatial  dynamics. 
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Abstract  text: 

Prior  to  the  advent  of  next  generation  sequencing  (NGS),  the  genomic  tool  kit  of  medical 
entomologists  was  largely  constrained  by  its  reliance  on  inferential  information  gleaned  from 
“academic  model”  insect  species,  most  notably  the  fruit  fly  Drosophila  melanogaster.  Recently, 
the  decreasing  costs  of  massively  parallel  sequencing  technologies  have  facilitated  the  agnostic 
interrogation  of  insect  vector  genomes,  providing  access  to  an  ever-expanding  volume  of  high 
quality  genomic  and  transcriptomic  data.  These  resources  have  broadened  the  scope  of  functional 
and  evolutionary  studies  and  have  provided  new  insights  into  the  biology  of  human  and 
veterinary  disease  vectors. 

Genomic,  RNAseq  and  functional  data  will  be  discussed  concerning  the  identification  and 
characterization  of  several  large  super-families  of  receptors  that  together  make  up  essential 
elements  of  the  peripheral  chemosensory  signal  transduction  cascades  across  vector  and  non¬ 
vector  mosquitoes.  These  include  conserved  and  highly  divergent  odorant  receptors  (AgORs), 
variant  ionotropic  glutamate-like  ionotropic  receptors  (AgIRs)  and  gustatory  receptors  (AgGRs) 
associated  with  olfactory  signaling  pathways  in  An.  gambiae  and  other  mosquitoes.  Recent 
studies  of  the  chemosensory  apparatus  in  An.  gambiae  and  other  Anopheline  mosquitoes  relative 
to  host-selection/location,  oviposition  preference  and  reproduction  along  with  increasingly 
detailed  functional  studies  of  AgORs  and  AgIRs  will  be  presented.  These  data  have  implications 
for  the  mechanistic  elements  of  signaling  as  well  as  provide  a  role  of  peripheral  signaling  in  this 
system.  Understanding  of  the  olfactory  system  of  An.  gambiae ,  is  informing  efforts  to  develop 
next  generation  repellents  and  attractants  for  anti-malarial  programs  that  target  chemosensory 
receptors  and  the  behaviors/processes  they  control  in  vector  mosquitoes. 
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Abstract  text: 


Introduction:  Genus  level  identification  of  North  American  Elateridae  remains  difficult  because 
of  incomplete  phylogenetic  understanding  and  incomplete  exploration  of  the  morphological 
diagnostic  character  systems.  Digital  interactive  keys  offer  an  efficient  and  versatile  route  to 
diagnostics  even  where  existing  classifications  include  logical  inconsistencies. 

Methods:  We  coded  more  than  90  genera  of  North  American  Elateridae  into  a  matrix-based 
identification  tool  using  both  readily-observed,  and  phylogenetically-informative  characters.  We 
made  further  refinements  during  the  testing  stage  to  avoid  common  sources  of  identification 
failure. 

Results/Conclusion:  The  richly  illustrated  key,  on  a  LUCID  platform,  offers  quick  reliable 
identification  of  elaterid  genera.  We  find  that  this  tool  is  more  rapid  and  user-friendly  than 
existing  dichotomous  keys  because  users  have  more  choice  about  which  characters  to  use, 
including  easily-observed  characters  like  body  length  and  colour  pattern.  Our  key  includes 
updated  generic  concepts  in  the  Cardiophorinae,  and  species  group-information  for  the  Athouini. 
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Introduction:  The  Valdivian  forests  are  extremely  limited,  originally  covering  about  0.2%  of  the 
Earth's  land  area.  They  are  considered  to  be  the  most  biologically  diverse  terrestrial  ecosystem 
outside  of  the  tropics.  The  Valdivian  forests  contain  many  unusual  species  and  higher  taxa,  and 
represent  a  unique  assemblage  of  species,  both  floral  and  faunal,  which  today  persist  as  relicts  of 
Gondwana.  Such  species  are  often  key  to  understanding  evolution  in  many  taxonomic  groups. 
This  region  is  extremely  vulnerable  to  deforestation  and  development  and  Valdivian  forests  are 
in  critical  danger  of  disappearing  over  the  next  decade  carrying  with  them  all  the  natural  history 
of  the  species  they  supported. 


Methods:  Elateridae  from  Chile  and  abroad  were  examined  for  phylogenetic  placement. 

Results/Conclusion:  While  describing  the  Chilean  elaterid  fauna  we  discovered  several  genera 
related  to  Sharon  Arias-Bohart  &  Elgueta  that  are  also  of  Gondwanan  origin.  Based  on 
morphological  characters,  Sharon  genus  appears  to  be  related  to  Parasaphes  Candeze,  1881; 
Wynarka  Calder,  1986;  and  Tasmanelater  Calder,  1996;  and  other  closely  related  genera  all  from 
Australia,  suggesting  such  Gondwanan  relationships.  We  are  presenting  several  coleopteran  taxa 
and  their  Gondwanan  origin  and  the  urgency  of  conserving  the  Chilean  Valdivian  forests  and 
their  fauna  to  reconstruct  the  history  of  Gondwana. 
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Abstract  text: 

Introduction:  With  about  4,600  described  species  the  family  Lycidae  Laporte  1836  is  included  in 
the  superfamily  Elateroidea  Leach  1815,  and  it  is  the  second  largest  family  in  the  former  group 
'Cantharoidea'.  Though  the  most  recent  phylogenies  support  the  monophyly  of  Lycidae,  the 
internal  relationships  of  many  groups  still  need  to  be  studied,  notably  in  the  Neotropical  region, 
where  the  knowledge  of  taxonomy  of  Lycidae  is  incipient  and  mostly  composed  by  the  original 
descriptions  of  the  nineteenth  and  early  twentieth  centuries  taxonomists.  Among  these  groups  are 
the  Leptolycini,  a  group  characterized  by  the  adults  with  the  body  very  slender,  small  to  medium 
sized,  mouthparts  strongly  reduced  and  mostly  unknown  neotenic  females,  confined  to  Central 
America,  the  Greater  Antilles,  and  the  northern  and  southern  part  of  South  America.  Subject  to  a 
complex  and  confused  taxonomic  history  and  a  confused  phylogenetic  position,  dozens  of 
undescribed  species  from  the  West  Indies,  Central  America  and  Southeastern  Brazil  are  known. 

Methods:  In  this  work  the  association,  comparison,  and  description  of  neotenic  females  with  the 
male  adults  using  COI  Barcoding  molecular  data,  a  taxonomical  review  using  adults  and 
immatures  as  well  as  a  morphological  and  a  molecular  phylogeny  is  in  progress.  The  aim  is  to  of 
clarify  the  internal  relationships  of  the  tribe  and  to  promote  the  correct  identification  of  the 
genera  and  species  of  this  tribe 

Results/Conclusion:  Recent  progress  is  presented. 
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Abstract  text: 


Introduction:  The  genus  Hemicrepidius  is  a  mainly  Holarctic  genus  of  Elateridae  in  the 
subfamily  Dendrometrinae.  There  are  approximately  90  recognized  species  currently  placed  in 
the  genus.  Up  until  the  late  1970s,  the  genus  was  considered  to  be  limited  to  the  New  World. 

Due  to  the  late  recognition  of  the  genus  in  the  Old  World,  a  parallel  classification  system 
developed,  with  no  single  generic  concept  available.  This  was  made  even  more  difficult  since  the 
most  recent  key  to  the  whole  genus  in  the  New  World  is  from  1863.  Only  limited  comparisons 
havce  been  made  between  Old  and  New  World  species.  Due  to  unforeseen  difficulties  with  the 
Hemicrepidius  generic  concept  in  the  Old  World,  a  full  species-level  revision  of  these  species 
will  not  be  attempted  at  this  time. 

Methods:  Representatives  of  the  genera  that  make  up  the  subtribe  Hemicrepidina  and  the 
Japanese  subgenera  of  Hemicrepidius  have  been  examined  and  compared  to  New  World  species 
to  develop  a  world- wide  generic  concept.  A  full  species  level  revision  has  been  done  for  the  New 
World  species. 

Results/Conclusion:  Most  Neotropical  species  have  been  moved  to  other  genera,  and  three 
species  groups  have  been  recognized  for  the  Nearctic  species.  Male  genitalia  has  been  helpful  for 
broad  generic  concepts  as  well  as  species  identification.  Female  genitalia  have  been  the  most 
helpful  for  forming  species  groups.  As  has  been  suggested  by  other  authors,  internal  genitalia  has 
been  the  best  character  to  separate  out  species  groups  and  to  determine  generic  limits. 
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Introduction:  One  of  the  subfamilies  within  Elateridae  that  has  received  less  attention  is 
Cebrioninae  (Cebrionates  Latreille,  1804.  Hist.  Nat.  Crust.  Et.  Ins.,  3:  97).  Within  this  subfamily 
is  Scaptolenus  genus,  which  is  composed  of  35  described  species.  Its  distribution  is  restricted  to 
the  Americas,  ranging  from  North  America,  Oklahoma  and  Arizona,  to  Panama  (Johnson,  2013). 


Methods:  This  work  presents  an  analysis  of  systematics  of  the  genus  Scaptolenus  where 
characteristics  of  internal  and  external  morphology,  ecological  information,  and  phylogenetic 
relationships  are  discussed. 

Results/Conclusion:  This  work  contributes  to  development  of  taxonomic  knowledge  of  the 
subfamily  Cebrioninae. 
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Introduction:  The  larvae  (wireworms)  of  three  Elaterid  species  ( Agriotes  obscurus ,  A.  sputator, 
and  A.  lineatus)  are  crop  pests  in  the  United  Kingdom,  but  little  is  known  of  their  distribution 
because  of  the  opaque  nature  of  their  soil  habitat  and  difficulties  with  species  identification.  Data 
on  the  genetic  relatedness  of  wireworms  within  and  between  fields  over  time  would  provide 
much  needed  information  on  distribution,  dispersal  and  female  oviposition  preferences.  The 
main  objective  of  this  research  was  to  develop  a  robust  genetic  method  using  microsatellite 
markers  for  the  investigation  of  the  fine-scale  genetic  relatedness  of  wireworms. 

Methods:  DNA  was  extracted  from  several  individuals  of  each  species  collected  in  agricultural 
land  in  the  UK  and  sequenced  on  a  454  GS  FLX  platform.  Microsatellite  loci  were  identified 
from  contiguous  sequences  produced  from  the  raw  genomic  data,  and  primers  were  designed  for 
a  selected  panel  of  loci  (25-27  per  species).  These  loci  were  tested  and  optimised  for  reliable 
amplification  and  their  ability  to  distinguish  between  larvae  from  different  locations  within  the 
three  species  (initially  four  samples  per  species). 

Results/Conclusion:  Overall,  93,  181,  and  231  microsatellite  loci  were  identified  for  A.  obscurus, 
A.  lineatus ,  and  A.  sputator ,  respectively.  ForX.  obscurus ,  11  primer  pairs  were  subsequently 


found  to  be  variable  enough  for  further  optimisation.  For  A.  sputator,  all  25  primer  pairs 
amplified  successfully,  while  for  A  lineatus,  20  were  successful,  but  further  optimisation  is 
needed  for  these  species  to  assess  intra-specific  variation  and  in  order  to  apply  them  in  future 
studies. 
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Introduction:  Wireworms  are  often  referred  to  as  a  single  group,  particularly  in  pest 
management.  This  is  somewhat  misleading,  however,  as  there  are  approximately  20  species  of 
economic  importance  in  Canada,  which  vary  in  behavior,  life  history,  susceptibility  to 
insecticides,  and  distribution.  Species  identification  is  frequently  based  on  larval  morphology, 
but  this  is  complicated  by  the  limited  number  of  species  whose  larvae  have  been  described. 

Methods:  Since  2004  we  have  collected  and  received  wireworm  samples  from  fields  where  crop 
damage  was  observed.  These  samples  originate  from  all  agricultural  areas  across  Canada,  and 
permit  us  to  determine  what  species  are  currently  of  economic  importance  and  how  these  are 
distributed.  Identifications  were  based  on  morphology  and  confirmed  with  barcode  analysis. 

Results/Conclusion:  In  this  talk  we  discuss  how  the  composition  and  distribution  of  the 
wireworm  pest  complex  in  Canada  has  changed  since  previous  surveys,  and  possibly  why,  and 
comment  on  the  behavioural  and  genetic  variability  within  some  widely  distributed  species. 
Where  known,  the  behaviour  and  ecology  of  the  current  pest  species  are  discussed,  as  well  as  the 
implications  of  co-occurring  species  for  pest  management. 
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Abstract  text: 

Introduction:  Metopiinae  parasitoid  wasps  are  a  group  with  cosmopolitan  distribution,  in  the 
hyper-diverse  family  Ichneumonidae.  Despite  their  spectacular  diversity,  metopiines  (760 
species  and  28  genera)  remain  exceptionally  poorly  known,  especially  in  the  tropics.  Metopiinae 
may  have  arisen  from  within  the  Ctenopelmatinae;  based  on  potential  synapomorphies  within  the 
group,  the  subfamily  is  likely  to  be  recovered  as  monophyletic.  Currently,  there  are  four  genera 
—  Scolomus,  Ischyrocnemis,  Lapton ,  and  Bremiella  —  uncertainly  placed  within  Metopiinae. 
Accordingly  to  recent  studies  these  genera  are  no  longer  believed  to  be  metopiines,  although 


Scolomusis  deserving  of  further  investigation  in  a  cladistic  framework.  The  aim  of  this  work  is  to 
reconstruct  the  evolutionary  history  of  the  subfamily  Metopiinae. 

Methods:  Morphological  phylogenetic  methods  were  used  to  formulate  hypotheses  on  the 
evolution  of  this  subfamily  and  place  the  subfamily  in  a  larger  framework  within  Ichneumonidae. 
Parsimony  analysis  will  be  performed  using  NONA  (ver.  2.0)  and  TNT. 

Results/Conclusion:  In  previous  analyses  Scolomus  was  recovered  as  the  sister  group  to  the 
Metopiinae,  and  was  consider  a  member  of  the  ‘ctenopelmatine’  tribe  Pionini.  By  contrast,  here 
Scolomus  nested  well  within  Metopiinae.  The  genus  Chorinaeus  was  found  paraphyletic,  and  the 
Trieces  and  Chorinaeus  species  should  be  subsumed  in  a  single  genus. 
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Abstract  text: 

Introduction:  Primary  phytophagy  is  rare  within  Ichneumonoidea  and  is  known  for  only  a 
handful  of  braconid  species  in  unrelated  genera.  Mesostoine  braconids  were  first  reported  as 
being  associated  with  galls  in  1989  with  the  description  of  Mesostoa  austini ,  then  for  a  second 
species,  M.  kerri,  reared  from  Banksia  galls  and  postulated  to  be  an  inquiline.  However,  the  latter 
species  was  confirmed  as  being  cecidogenic  on  Banksia  some  years  later.  Since  then  several  taxa 
have  been  reared  from  Banksia  galls  which  cannot  be  accommodated  in  the  nominal  genus. 

Methods:  Fieldwork  to  obtain  galls  was  undertaken  at  various  locations  in  southern 
Australia.  Galls  were  dissected  and  wasp  larvae/adults  removed  into  100%  etOH.  Sequence  data 
were  obtained  for  several  mitochondrial  and  nuclear  loci  using  standard  techniques  and  the  data 
analysed  using  Bayesian  and  Likelihood  methods. 


Results/Conclusion:  Two  new  species,  one  from  stem  galls  on  Banksia  attenuata  in  the  Perth 
region  and  the  other  from  leaf  galls  on  B.  media  from  Western  Australia,  are  morphologically 
very  different,  and  are  described  in  separate  genera.  Extensive  collecting  confirms  that 
mesostoines  are  rare  with  M.  kerri  only  found  on  0.05%  of  B.  marginata  trees,  and  the  new 
genus  from  Perth  on  about  5%  of  trees.  However,  trees  with  galls  are  often  heavily  infested, 
indicating  that  females  do  not  disperse  readily  and/or  that  trees  are  resistant  to  gall 
initiation.  Preliminary  phylogenetic  results  point  to  a  small  radiation  on  the  endemic  plant  genus 
Banksia  that  is  likely  to  be  only  distantly  related  to  other  genera  recently  transferred  to  the 
subfamily. 
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Abstract  text: 

With  most  hymenopteran  parasitoid  lineages,  the  host  relationships  are  poorly  known.  Thus, 
making  inferences  about  host  range  evolution  is  considered  an  intractable  problem.  Aphidiine 
braconids  are  endoparasitoids  of  aphids,  which  are  major  pests  of  important  plants  for  both 
agriculture  and  horticulture.  Aphidiines  are  special  among  parasitic  wasps  in  that  the  tritrophic 
assemblages  among  host  plants,  aphids,  and  their  parasitoids  are  relatively  well  documented,  and 
therefore  suitable  for  exploratory  analysis  of  the  evolution  of  host  range.  Here  we  examine  the 
evolution  of  host  range  among  Aphidiinae  and  test  hypotheses  on  how  host  range  influences 
rates  of  diversification. 
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Abstract  text: 

Introduction:  With  64  genera,  almost  3,000  described  species,  and  an  estimated  20-40,000  more 
undescribed,  Microgastrinae  is  the  second  largest  subfamily  of  Braconidae  and  the  most 
important  group  of  parasitoid  wasps  attacking  lepidopteran  caterpillars.  The  limits  between 
genera  are  in  numerous  cases  poorly  understood,  many  species  are  morphologically  cryptic,  and 
information  on  host/parasitoid  relationships  is  lacking  for  most  species.  In  spite  of  the  numerous 
challenges  presented,  study  of  these  wasps  has  advanced  considerably  within  the  past  50  years, 
and  a  relatively  solid  foundation  is  now  available. 


Methods:  Some  of  the  largest  collections  of  Microgastrinae  worldwide  were  studied,  including 
samples  from  large-scale  inventories.  Over  40,000  DNA  barcode  sequences  have  been  obtained. 
Biological  information  (host  data)  for  hundreds  of  wasp  species  is  being  amassed.  Morphological 
characters  were  examined  and  reassessed  when  needed.  Different  taxonomic  arrangements 
proposed  for  the  subfamily  were  critically  analyzed. 

Results/Conclusion:  A  framework  for  future  work  is  presented.  The  extensive  collections  of 
Microgastrinae  worldwide  must  be  studied  via  collaborative  efforts.  Description  of  several  new 
genera  (including  the  reclassification  of  some  taxa  previously  described),  production  of  regional 
checklists,  and  the  preparation  of  an  illustrated  key  to  world  genera  of  Microgastrinae  are  badly 
needed.  Taxonomic  revisions  should  be  based  on  integrative  taxonomy  (including  but  not  limited 
to  morphology,  biology,  and  sequence  data).  Examples  of  successful  cases  are  discussed  and  a 
proposal  for  worldwide  studies  is  made. 
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Abstract  text: 

Introduction:  Cryptine  wasps  are  a  dominant  but  poorly  known  group  of  ichneumonids 
parasitizing  immature  stages  of  moths,  beetles  and  other  insects.  These  hosts  are  usually 
variously  concealed,  in  leaf  rolls  and  twigs  to  hard  clay  nests  or  wood.  Therefore,  several  taxa 
have  developed  morphological  adaptations  to  find  and  assess  deeply  concealed  hosts.  Such 
features  include  a  specialized  antennal  tip  to  tap  hard  substrates,  producing  pulses  of  sound; 
swollen  mechanoreceptor  organs  to  detect  vibrations;  a  stout,  hardened  ovipositor;  and  enlarged 
ovipositor  muscles.  All  these  traits  make  cryptines  ideal  for  studying  the  evolution  of  parasitism 
life  strategies.  This  work  presents  the  first  comprehensive  phylogenetic  analysis  of  Cryptini, 


often  considered  “taxonomically  difficult”  and  “challenging”  because  of  their  overwhelming 
diversity  and  intense  morphological  homoplasy. 

Methods:  Data  from  seven  molecular  loci  and  150  phenotypic  characters  were  compiled  for  300 
species  in  190  genera  from  all  biogeographic  regions  and  analyzed  with  a  suite  of  phylogenetic 
and  statistical  methods. 

Results/Conclusion:  The  resulting  phylogeny  shows  little  correspondence  to  the  current 
classification,  highlighting  the  need  for  systematic  revision  in  the  tribe.  It  also  demonstrates  that 
host  location  adaptations  evolved  several  times  among  cryptines.  Statistical  methods  were  used 
to  (1)  reconstruct  ancestral  states  for  the  studied  characters;  (2)  investigate  the  hypothesis  that 
host  location  characters  form  a  complex  morpho-functional  system  by  testing  hypotheses  of 
correlation  among  life  history  traits  and  multiple  phenotypic  characters;  and  (3)  test  the 
hypothesis  that  convergent  life  strategies  impose  constraints  in  the  morphospace  occupied  by 
lineages,  assessed  by  the  overlap  of  evolutionary  trajectories  in  the  morphospace. 
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Abstract  text: 

Introduction:  Ophion  is  a  commonly  collected  nocturnal  genus  of  Ichneumonidae  that  is  most 
diverse  in  temperate  regions.  Within  the  genus,  a  few  species-groups  had  been  proposed; 
however,  the  vast  majority  of  species  (and  virtually  all  of  the  Nearctic  species)  were  lumped  into 
a  single,  presumably  paraphyletic  species-group,  the  Ophion  luteus  species-group.  The  Nearctic 
diversity  within  this  group  was  estimated  at  around  50  species,  mostly  undescribed.  All  previous 
hypotheses  regarding  phylogeny  or  diversity  within  the  genus  were  based  on  morphology;  prior 
to  this  work,  Ophion  had  not  been  examined  with  molecular  data. 


Methods:  Nearctic  and  western  Palearctic  species  were  sequenced  for  three  genetic  markers 
(COI,  ITS2,  and  28S).  A  phylogeny  was  constructed  using  parsimony  and  likelihood  methods. 
The  species  diversity  was  assessed  using  several  automated  species  delimitation  methods  under  a 
range  of  parameters,  based  on  COI  and  ITS2  data. 

Results/Conclusion:  Based  on  the  molecular  phylogeny,  Ophion  from  this  study  can  be  divided 
into  thirteen  species  groups,  with  a  few  individuals  remaining  unassociated.  Most  of  these 
species-groups  are  monophyletic  lineages  within  the  former  O.  luteus  s.l.  species-group.  A  single 
clade  included  all  species  except  for  three,  which  were  more  strongly  associated  with  other 
genera  within  the  Ophion  genus-group.  There  were  wide  discrepancies  between  the  various 
species  delimitation  methods  in  terms  of  total  number  of  species;  however  they  all  agreed  that 
species  diversity  in  Ophion  is  very  high.  The  Nearctic  diversity  is  likely  twice  the  estimated 
morphology-based  diversity,  and  even  among  the  relatively  well-known  British  fauna,  there  are 
several  undescribed  species. 
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Abstract  text: 

Introduction:  Data  on  the  hosts  of  insect  parasitoids  is  incomplete  and  erroneous.  Most  of  the 
macro-moths  and  butterflies  in  eastern  North  America  have  been  bar-coded,  i.e.,  COI  sequence 
data  has  been  obtained  and  deposited  on  the  BOLD  system  in  at  the  University  of  Guelph  in 
Ontario,  Canada.  We  will  take  advantage  of  these  data  to  assemble  a  database  of  trophic 
interactions  for  eastern  macro-Lepidoptera  and  their  parasitoids. 

Methods:  Caterpillars  will  be  collected  over  a  2-year  period  along  a  latitudinal  transect  in  eastern 
North  America.  A  mini-barcode  region  of  COI  will  be  amplified  for  lepidopteran  and  paras itoid 


DNA  from  homogenized  caterpillars  using  general  primers.  Parasitoid  16S  that  may  be  present  in 
caterpillars  will  be  amplified  using  3  multiplexed  primer  pairs  designed  to  exclude  Lepidoptera 
16S.  Primers  will  be  tagged  with  unique  tag  combinations  that  will  allow  tracing  sequences  back 
to  specimens.  16S  and  the  aforementioned  mini-barcode  region  of  COI  will  be  obtained  for  adult 
parasitoids  captured  with  Malaise  traps  and  sweep  nets.  PCR  products  will  then  be  sequenced  on 
a  MiSeq  (2x300  PE)  platform.  The  database  Specify  will  be  used  to  organize  the  data,  e.g.,  geo- 
referenced  date/locality  info,  specimen  images,  DNA  sequences  and  primer  tag  combinations. 

Results/Conclusion:  We  will  obtainl6S  and  COI  minibarcodes  as  well  as  trophic  data  for  several 
thousand  parasitoids.  The  resulting  data-rich  collections  will  allow  us  to  answer  a  plethora  of 
ecological  questions  based  on  trophic  interactions  and  facilitate  revisionary  work  that  can 
address  phylogenetic  questions  on  the  evolution  of  host-preference  and  diet-breadth. 
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Abstract  text: 

Introduction:  Some  subgeneric  groups  of  Aleiodes  have  been  disputed  previously  based  mostly 
upon  Palearctic  species,  while  others  have  been  confirmed.  Groups  such  as  the  apicalis- group, 
Chelonorhogas,  “suspended-mummies”,  praetor-gYowp  and  Tetrasphaeropyx  show  conservation 
of  host  families,  while  others  such  as  the  pulchripes,  compressor  and  seriatus- groups  attack  a 
great  array  of  host  families.  The  few  compressor- group  species,  whose  hosts  are  semi-concealed, 
are  notable  by  attacking  up  to  four  families  each.  Here  we  revise  the  subdivisions  of  Aleiodes. 

Methods:  This  study  is  based  on  a  detailed  analysis  of  current  knowledge  and  incorporated 
morphological  and  biological  evidence  from  Neotropical  species. 


Results/Conclusion:  Group-defining  characters  selected  by  previous  authors  such  as  flattened 
setae  on  hind  tibia  and  relative  ocelli  size  may  be  homoplasious  rendering,  for  instance,  a 
possibly  polyphyletic  seriatus -group.  New  morphological  and  biological  evidence  for 
the  seriatus- group  support  this  view.  Amalgamation  of  the  circumscriptus-gastritor  groups  is 
still  debatable  considering  their  host  families,  despite  blurred  morphological  distinctiveness  in 
the  Neotropical  fauna.  Even  though,  most  groups  are  easily  recognizable  and  some  are  natural.  A 
possible  relation  of  Tetrasphaeropyx  with  Afrotropical  “suspended-mummies”  group  suggests  a 
major  clade  specialized  on  Geometridae.  A  relationship  between  these  two  clades  and  a  set  of 
Neotropical  gastritor-growp  species  that  also  attacks  Geometridae  should  be  tested.  Studying  the 
most  common  groups  in  the  Neotropics,  i.e.  gastritor-  and  seriatus- group,  in  which  some  species 
present  exceptions  to  ubiquitous  postero-dorsal  emergence,  is  essential  for  a  better 
comprehension  of  evolution  within  Aleiodes.  Phylogeny,  morphology  and  biological  relations  are 
not  straightforward  in  Aleiodes ,  but  patterns  are  gradually  being  revealed. 
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Abstract  text: 

Introduction:  My  research  focus  is  on  the  Euphorinae,  one  of  the  most  difficult  and  species-rich 
of  the  braconid  subfamilies.  Euphorinae  is  characterized  by  great  diversity  in  host  association 
accompanied  by  a  similarly  large  morphological  diversity.  While  most  braconid  subfamilies 
parasitize  a  single  host  insect  order,  euphorines  attack  many:  Orthoptera,  Hemiptera,  Psocoptera, 
Neuroptera,  Coleoptera,  Lepidoptera  and  Hymenoptera.  Many  euphorines  also  attack  adult 
insects,  a  trait  that  is  extremely  rare  among  the  parasitic  Hymenoptera.  Outside  the  Euphorinae, 
adult  parasitism  is  only  found  in  the  Aphidiinae  and  Neoneurinae  among  braconids. 

Methods:  In  recent  work  we  have  used  a  combined  morphological  and  molecular  approach  to 
study  the  systematics  of  the  tribes  within  the  Euphorinae  where  217  taxa  were  sequenced. 


Results/Conclusion:  Our  phylogenetic  analysis  reveals  several  interesting  relationships  amongst 
the  Euphorinae.  We  reinstate  the  genus  Microctonus  belonging  to  the  tribe  Perilitini,  and 
synonymize  Ussuraridelus  with  Holdawayella ,  Sinuatophorus  with  Eucosmophorus.  We  propose 
the  following  tribal  rearrangements:  Spathic opis  and  Stenothremma  are  transferred  to  Perilitini; 
Tuberidelus ,  Eucosmophorus  and  Plynops  to  Cosmophorini;  Ecclitura  to  Dinocampini; 
Chrysopophthorus ,  Holdawayella  and  Wesmaelia  to  Helorimorphini;  Proclithroporus  and  Heia 
to  Townesilitini.  The  monotypic  tribe  Cryptoxilonini  is  synonymized  with  Cosmophorini.  The 
genera  Pygostolus  and  Litostolus  are  placed  in  a  separate  tribe,  Pygostolini,  previously 
recognized  as  a  subtribe  among  the  Centistini.  Further,  host  preferences  show  interesting 
evolutionary  steps. 
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Abstract  text: 

Introduction:  The  phylogeny  of  Microgastrinae  has  been  notoriously  difficult  to  resolve. 

Previous  studies  have  suffered  from  both  limited  taxon  sampling  and  insufficient  amounts  of 
data.  Published  studies  have  used  a  maximum  of  7  genes,  and  well  under  100  taxa  for  a  group 
with  over  50  genera  and  possibly  as  many  as  40,000  species  worldwide.  Next-Generation 
Sequencing  methods  have  brought  within  range  the  use  of  data  from  up  to  500  genes.  Taxon 
sampling  then  becomes  the  primary  issue.  The  vast  majority  of  known  genera  are  now  available 
in  forms  suitable  for  genomic  sequencing,  and  powerful  phylogenetic  analyses  are  becoming 
possible.  Preliminary  results  are  shown  using  roughly  500  genes  of  data  obtained  from  anchored 
phylogenetic  methods. 

Methods:  Taxa  were  accumulated  and  selected  from  large-scale  rearing  inventories  in  Costa  Rica 
and  Ecuador,  supplemented  by  representatives  of  additional  worldwide  genera.  Genomic  DNA 
was  extracted  at  the  University  of  Illinois,  and  anchored  phylogenomic  data  were  obtained  at 
Florida  State  University.  Phylogenetic  analyses  were  conducted  at  the  University  of  Illinois,  and 
compared  to  results  from  previous  studies. 

Results/Conclusion:  Preliminary  phylogenetic  results  show  the  power  of  additional  sequence 
data  (in  this  case  roughly  500  phylogenomically  selected  genes)  to  resolve  generic  relationships 
among  genera  with  stronger  statistical  support.  It  is  still  clear  that  sampling  including  at  least  500 
taxa  will  be  needed  to  strongly  test  both  generic  relationships  and  monophyly  of  the  larger 
genera. 
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Abstract  text: 

Introduction:  Widely  distributed  groups  of  organisms  are  particularly  useful  to  elucidate  global 
biogeographic  patterns.  The  doryctine  tribes  Spathiini  and  Rhaconotini  are  two  excellent  models 
to  explore  historical  biogeographic  patterns  due  to  their  cosmopolitan  distributions.  Species  of 
these  two  groups  occur  on  all  continents  except  the  poles,  although  their  highest  diversity  is 
known  for  the  Oriental  and  South-eastern  Palaearctic  regions.  Moreover,  their  generic-level 
taxonomy  needs  to  be  thoroughly  revised. 

Methods:  Molecular  phylogenetic  and  biogeographic  analyses  were  performed  including 
approximately  90  and  100  species  of  the  Rhaconotini  and  Spathiini,  respectively,  as  well  as  a 
large  number  of  members  of  other  doryctine  tribes.  Specimens  were  collected  up  to  20  years  ago, 
covering  localities  situated  in  all  biogeographic  regions  where  ingroup  taxa  occur.  Three  gene 
markers  were  examined,  two  nuclear  {wingless,  28S)  and  one  mitochondrial  (COI). 

Results/Conclusion:  The  topologies  obtained  recovered  the  Spathiini  as  non-monophyletic  with 
respect  to  some  African  and  Australasian  genera.  The  large  genus  Rhaconotus  (Rhaconotini), 
also  consistently  appeared  as  non-monophyletic,  being  instead  divided  into  two  unrelated, 
morphologically  congruent  clades.  Based  on  the  relationships  recovered,  various  taxonomic 
changes  are  proposed  for  the  two  tribes.  Moreover,  the  results  derived  from  the  biogeographic 
analyses  led  us  to  suggest  the  existence  of  some  vicariant  and  dispersal  events  during  the 
evolutionary  history  of  the  tribes. 
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Abstract  text: 


The  oldest  Sternorrhyncha  date  back  to  the  Permian,  but  the  group  may  have  originated  in  the 
Carboniferous.  There  is  a  considerable  diversity  of  Permian  hemipterans  but  their  relationships 
are  obscure.  The  Archescytinidae,  from  the  Early  Permian  to  the  Late  Triassic,  are  believed  to  be 
the  most  basal  Hemipteran  and  basal  Sternorrhyncha.  The  evolutionary  histories  of  each 
sternorrhynchan  lineage  -  the  aphids,  coccids,  psyllids  and  whiteflies  -  are  far  from  complete. 
These  insects  are  rarely  fossilized  because  they  have  small  and  delicate  bodies;  known  fossils  are 
preserved  mostly  in  Cretaceous  and  Tertiary  ambers.  The  Aphidomorpha  is  traceable  to  the 
Permian,  with  several  records  from  the  Triassic,  and  have  a  much  richer  record  of  evolutionary 
change  from  the  Jurassic  and  Cretaceous  as  well  as  the  Cenozoic.  The  enigmatic  Naibioidea 
(‘intermediate’  between  aphids  and  coccids)  date  from  the  Triassic  to  the  Eocene.  Coccoidea 
appear  suddenly  as  an  important  fossil  component  in  the  Early  Cretaceous,  already  a  highly 
specialized  and  diverse  group.  The  oldest  scale  marks  on  plants  are  from  the  Triassic,  but  scale 
insects  are  probably  of  Permian  origin.  The  earliest  radiation  of  the  neococcoids  coincided  with 
the  rise  of  Cretaceous  flowering  plants.  Protopsyllidiidae  are  reported  from  the  Late  Permian  to 
Cretaceous,  and  Malmopsyllidae  and  Liadopsyllidae  from  the  Jurassic  to  Cretaceous.  Modern 
psyllid  families  appear  in  the  Eocene,  but  they  probably  diversified  in  the  Cretaceous.  The  fossil 
record  of  the  Aleyrodoidea  extends  back  to  the  Jurassic.  Modern  subfamilies  probably  diverged 
during  the  Cretaceous,  whereas  the  Aleyrodoidea  may  have  originated  in  the  Late  Permian. 
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Abstract  text: 

Aphids  (Hemiptera:  Aphidoidea)  are  an  extraordinary  phytophagous  insect  group  numbering 
approximately  5000  extant  species.  Due  to  their  fascinating  biological  characteristics  (e.g. 
complicated  life  cycles,  elaborate  polyphenisms,  gall  formation,  and  harboring  diverse 
endosymbionts),  aphids  are  becoming  useful  research  models  for  studying  the  evolution  of 
phytophagous  insect  diversity.  To  date,  the  high-level  phylogenetic  relationships  within 
Aphididae  are  unstable  by  using  a  limited  number  of  routine  molecular  markers.  We  sequenced 


the  mitochondrial  genomes  of  representatives  from  major  aphid  lineages  and  reconstructed 
Aphididae  phylogeny  based  on  mitogenome  data.  Most  subfamilies  were  retrieved  as 
monophyletic  and  four  main  clades  were  recovered  within  Aphididae.  To  better  understand  the 
evolutionary  history  of  specific  aphid  lineages,  we  investigated  the  phylogenies  and  evolution  of 
key  biological  characterisctis  of  several  aphid  groups  using  multiple  data  sources.  The  nutrition 
hypothesis  for  gall  evolution  was  supported  in  Eriosomatinae  and  Hormaphidinae.  Galling 
aphids  were  inferred  to  have  evolved  towards  a  better  ability  to  manipulate  the  host  plants,  thus 
achieving  higher  reproductive  success,  by  enlarging  gall  volume,  changing  galling  sites,  or 
forming  complicated  gall  structures.  Tribal  diversifications  of  Hormaphidinae  and  Greenideini 
were  revealed  to  be  coincident  with  the  appearances  of  their  host  plants,  and  colonization  of 
novel  hosts  might  have  driven  speciation  in  Greenideini.  Lachnine  aphid  ancestor  was  inferred  to 
feed  on  an  angiosperm  host.  The  host  shift  to  conifers  was  correlated  with  a  subsequent  increased 
aphid  diversification  in  the  Paleogene. 
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Abstract  text: 

The  Lachninae  are  unusual  among  aphids  because  they  occupy  both  leafy  and  woody  niches  on 
both  angiosperm  and  conifer  hosts.  The  genus  Cinara  is  speciose  on  coniferous  hosts.  To 
evaluate  the  significance  of  this  unusual  biology  on  their  evolution,  we  reconstructed  the 
ancestral  host  and  feeding  site  of  the  lachnine  aphids,  estimated  important  host  shifts  during  their 
evolution,  and  assessed  the  species  diversity  and  the  host-associated  evolution  of  Cinara  in  one 
of  the  hot  spots  of  biodiversity  in  the  world — the  mountains  of  southwest  China.  We  sampled  78 
species  representing  14  of  the  18  genera  of  Lachninae  from  Asia  and  North  America  and  304 
samples  representing  Cinara  from  high-altitude  coniferous  forests.  Our  results  suggest  the 
Lachninae  common  ancestor  fed  on  a  woody  parts  of  an  angiosperm  host  in  the  mid-Cretaceous; 
a  subsequent  switch  to  leafy  host  tissues  did  not  engender  a  similar  burst  of  diversification  as 
with  the  switch  to  conifer  hosts.  We  conclude  our  study  with  a  discussion  of  the  time-scale 


evolution  of  various  Lachninae  lineages  in  the  context  of  their  host  plants  and  formalize  the 
subfamily’s  taxonomic  classification.  Results  also  revealed  Cinara  species  display  high  alpha- 
diversity  in  the  mountains  of  southwest  China,  with  as  many  as  94  candidate  species,  and  86.2% 
of  the  species  collected  had  not  been  previously  recorded.  Following  the  uplift  of  the  Qinghai- 
Tibetan  Plateau  during  the  Pleistocene,  the  changes  in  the  climate,  ecology  and  host  habitats 
were  likely  the  most  important  factors  that  drove  the  rapid  process  of  evolutionary  radiation  in 
Cinara. 
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Abstract  text: 

The  role  of  ecological  factors  and  biological  adaptations  on  species  formation  has  gained  strong 
support  in  the  last  decades.  However,  the  precise  steps  involved  in  the  accomplishment  of 
ecological  specialization  and  reproductive  isolation  are  not  fully  understood,  neither  is  the 
evolutionary  time  needed  for  such  an  accomplishment.  In  addition,  the  genomic  architecture 
underlying  adaptive  traits  is  poorly  known,  especially  in  the  case  of  replicated  events  of  adaptive 
divergence.  Here,  I  will  present  the  recent  progress  we  made  on  these  issues,  taking  advantage  of 
the  pea  aphid  species/biotype  complex,  which  conveniently  shows  a  continuum  of  genetic 
divergence  from  sympatric  host  races  to  incipient  species.  By  deeply  exploring  the  evolutionary 
genetics  of  plant  adaptation  and  ecological  speciation  using  a  multidisciplinary  approach,  we 
showed  in  particular  that  the  pea  aphid  complex  underwent  a  recent  and  rapid  ecological 
diversification  through  multiple  host  shifts.  Crosses  between  and  within  pea  aphid  biotypes 
adapted  to  different  host  plants  showed  that  hybrids,  rather  than  being  intrinsically  deficient,  are 
maladapted  to  their  parents’  hosts.  Even  though  host- independent  deficiencies  are  not  excluded, 
hybrid  maladaptation  to  parental  hosts  supports  the  hypothesis  of  ecological  speciation  in  this 
complex.  We  also  identified  genomic  regions  putatively  involved  in  ecological  specialization  and 
speciation  by  performing  a  genome  scan  analysis  with  high  throughput  genotyping  technologies. 


Interestingly,  these  genomic  regions  include  chemosensory  or  salivary  genes,  both  of  which  are 
possible  gene  candidates  responsible  for  plant  specialization  in  the  pea  aphid  complex. 
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Abstract  text: 

Bemisia  tabaci  species  complex  poses  a  considerable  threat  to  a  broad  range  of  agriculture 
and  horticulture  food  and  fiber  crops  and  is  named  in  International  Union  for  the  Conservation 
of  Nature  and  Natural  Resources  (IUCN)  list  of  ‘A  hundred  of  the  World's  Worst  Invasive  Alien 
Species’.  Australia,  Africa,  China,  USA  and  the  EU  regard  them  as  a  regulated  species  because 
of  the  threats  they  pose  to  their  agriculture.  There  are  hundreds  of  papers  a  year  published  on  the 
members  of  B.  tabaci  complex,  many  failing  to  either  correctly  identify  the  species  involved  or 
confusing  identity.  The  nomenclature  used  within  the  whitefly  research-community  for  different 
putative  species  within  B.  tabaci  (sensu  Russell)  remains  highly  variable.  Our  global  team  is 
working  to  provide  a  species  tree  framework  for  the  B.  tabaci  species  complex,  including  a 
unified  nomenclature,  by  utilizing  multiple  genes  identified  through  whole  genome  sequencing 
and  individual  whitefly  transcriptomes.  We  present  an  approach  we  call  ‘tip  to  roof  for  species 
delimitation  that  involves  the  synthesis  of  several  existing  approaches.  The  analytical  approaches 
included  are  the  commonly  used  Kimura  two-parameter  (K2P)  distance,  as  well  as  four  more 
stringent  measures  of  taxon  distinctiveness:  1)  Rosenberg’s  reciprocal  monophyly  P(AB)  2) 
Rodrigo’s  P(randomly  distinct),  3)  Genealogical  sorting  index,  gsi,  and  4)  General  mixed  Yule- 
coalescent  (GMYC).  A  comparative  analysis  of  the  methods  shows  that  the  K2P  distance  method 
does  not  capture  the  same  level  of  species  distinctiveness  as  the  other  measures.  A  consensus  of 
the  results  from  P(AB),  P(randomly  distinct)  and  gsi  offers  greater  confidence  as  to  where 
genetic  limits  might  be  drawn  allowing  for  a  revision  of  the  B.  tabaci  complex,  including  a 
unified  nomenclature. 
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Abstract  text: 

The  systematics  of  the  agriculture  pest,  whitefly  Bemisia  tabaci ,  began  by  synonymisation 
of  over  20  different  names  in  the  20th  century,  followed  by  identification  of  at  least  36  biotypes 
at  the  beginning  of  21st  century.  However,  the  biotype  classification  was  inconsistent  and  lacked 
the  biological  or  systematic  value.  With  the  increased  use  of  molecular  genetic  data,  it 
became  clearer  that  Bemisia  tabaci  is  a  complex  comprising  of  at  least  34  cryptic  species.  Most 
of  the  phylogenetic  analyses  to  date  relied  on  partial  sequence  of  one  mitochondrial  gene 
(mtCOI)  because  of  its  availability  from  samples  collected  worldwide.  The  species  status  of  most 
of  the  putative  species  was  well  supported  by  five  different  species  delimitation  measures  in 
silico  and  also  by  reproductive  incompatibility  revealed  by  laboratory  crossing  experiments  and 
field  population  genetics  studies.  One  of  the  putative  species,  currently  called  Mediterranean 
(MED),  became  a  threat  because  of  its  invasiveness  and  resistance  to  commonly  used 
insecticides.  Relatively  high  intraspecies  genetic  variability  of  MED  was  described,  leading  to 
identification  of  at  least  four  populations  which  harbour  specific  combinations  of  secondary 
endo symbionts.  The  aim  of  our  work  is  to  relate  the  phylogenetic  species  concept  to  the 
biological  concept  by  studying  the  gene  flow  between  closely  related  putative  species  and 
populations  and  their  different  utilisation  of  host-plants.  Our  goal  is  also  to  move  towards  using 
multiple  genes  in  phylogenetic  analyses  and  focus  on  the  genes  involved  in  ecological 
adaptations.  This  will  be  facilitated  by  producing  highly  inbred  lines  and  generating  whole 
genome  and  transcriptome  sequences. 
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Abstract  text: 

Resolving  the  phylogeny  of  superfamily  Psylloidea  has  presented  many  challenges  to 
systematists.  The  two  largest  families  have  long  been  acknowledged  as  problematic,  with  a 
number  of  polyphyletic  genera,  and  the  circumscription  of  natural  groups  has  remained  fluid.  We 
present  the  best  resolved  phylogenetic  hypothesis  to  date  for  the  Psylloidea.  A  shot-gun 
sequencing  approach  using  mixed  pool  DNAs  and  Illumina  sequencing  of  >450  species  resulted 
in  recovery  of  near  complete  mitogenomes  (>10kb)  for  >350  species  from  de  novo  assemblies. 
The  resulting  phylogeny  improves  and  clarifies  the  family  classification  and  resolves  some  of  the 
long  standing  uncertainties  in  relationships  within  and  between  genera  in  Psyllidae  and 
Triozidae.  In  addition,  we  highlight  areas  of  remaining  uncertainty  that  require  further  sampling 
and/or  additional  sources  of  data. 
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Abstract  text: 

Currently,  there  is  no  comprehensive  and  well-resolved  phylogeny  of  the  scale  insects 
(Hemiptera:  Sternorrhyncha:  Coccoidea).  Analyses  of  morphological  characters  have  largely 
resulted  in  phylogenies  lacking  resolution  or  with  poorly  supported  nodes,  and  molecular  data 


have  also  failed  to  provide  good  resolution,  largely  because  multiple  nuclear  genes  have  not  been 
able  to  be  obtained  from  across  most  families.  The  variable  regions  of  the  nuclear  ribosomal 
genes  cannot  be  aligned  unambiguously  across  families  and  the  highly  conserved  regions  lack 
information,  and  protein-coding  genes  are  frequently  multi-copy  and  paralogous.  Nevertheless, 
several  relationships  are  consistent  across  analyses:  the  neococcoids  form  a  monophyletic  group, 
supporting  a  single  origin  of  the  paternal  genome  elimination  chromosome  system,  and  the 
Eriococcidae  are  non-monophyletic.  Major  unresolved  questions  concern  the  relationships 
among  many  of  the  neococcoid  families,  and  whether  the  archaeococcoids  are  monophyletic  or 
not.  A  well  resolved  phylogeny  of  the  scale  insects  is  going  to  require  next-generation 
sequencing  approaches  to  obtain  sufficient  data,  possibly  including  whole  transcriptomes  and 
targeted  gene  capture. 
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The  armored  scale  insects  (Diaspididae)  are  nearly  ubiquitous  associates  of  woody  plants  and 
among  the  world's  most  invasive  insects.  They  comprise  over  2500  species,  of  which  almost 
10%  are  economic  pests.  Here  we  report  the  results  of  a  recent  comprehensive  molecular 
phylogenetic  study  of  the  family  using  4  loci  and  including  317  described  species  and  42 
undescribed  species.  We  discuss  problems  that  have  bedevilled  diaspidid  systematics,  including 
polyphenism  and  convergence,  and  we  outline  a  revised  classification  of  the  family. 
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Abstract  text: 

All  four  Super-Families  belonging  to  the  Sternorrhyncha  (ca.  18,600  spp)  are  covered  by 
online  taxonomic  databases: ScaleNet  (Coccoidea,  ca.  8,000  spp.),  Aphid  Species  File 
(Aphidoidea,  ca.  5,200  spp.),  PsyThst  (Psylloidea,  ca.  3,850  spp.)  and  the  White-Files 
(Aleyrodoidea,  ca.  1,560  spp.).  The  Primary  aim  of  these  databases  are  to  provide  users  with  up- 
to-date  nomenclatural  information,  that  is,  exhaustive  catalogues  of  valid  species  names, 
nomenclatural  histories  and  currently-accepted  classifications.  In  addition,  to  various  extents, 
each  of  these  databases  also  models  the  biological  diversity  of  species,  using  information  from 
the  primary  literature  about  geographic  ranges,  ecological  associations,  life  histories,  and 
phenotypes.  These  data  have  the  potential  to  be  very  useful  in  comparative  studies  of  plant¬ 
feeding  insect  evolution  and  ecology;  in  point  of  fact,  several  recent  papers  have  done  just 
that. This  is  why  more  interoperability  is  crucial  between  published  relational  databases.  The 
developers  of  these  resources  should  better  use  available  standards,  identify  important  gaps  in  the 
data,  and  develop  data  extraction  tools  which  satisfy  the  diverse  demands  of  users.  A  step  further 
would  be  to  connect  these  taxonomical  backbones  to  specimen  databases  in  order  to  enhance  the 
intrinsic  scientific  value  of  these  sources. 
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Abstract  text: 

Almost  no  phylogenetic  studies  have  focused  on  the  Sternorrhyncha  despite  the  fact  that  they 
include  a  dominant  proportion  of  the  most  important  plant  disease  vectors.  Most  of  our 
phylogenetic  knowledge  of  the  group  stems  from  work  focused  at  a  higher,  ordinal  level  (i.e., 
Hemiptera)  or  at  lower  levels  of  the  four  component  groups  of  Sternorrhyncha:  aphids,  psyllids, 
scale  insects,  and  whiteflies.  The  presentation  will  summarize  the  current  knowledge  of 
Sternorrhyncha  phylogenetics,  including  new  phylogenomic  research,  and  synthesize  the 
diversity  of  new  knowledge  in  Sternorrhyncha  systematics. 
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Abstract  text: 

Researchers  first  discussed  the  origin  of  insect  wings  in  an  evolutionary  context  in  the  1870s: 
Gegenbaur  suggested  that  wings  evolved  from  gills  and  Muller  proposed  a  paranotal  origin.  For 
most  of  the  20th  century,  the  paranotal  lobe  theory  was  more  widely  accepted;  in  the  1970s, 
Wigglesworth  and  Kukalova-Peck  advocated  for  an  elaborated  gill  theory.  Fully-winged,  flight- 
capable  insects  are  abundant  in  the  fossil  record  from  the  mid-Carboniferous,  but  fossils  of 
insects  of  any  kind  are  vanishingly  rare  prior  to  that  time.  The  tiny  handful  of  earlier  fossils  are 
from  primitively  wingless  insects.  The  enigmatic,  isolated  mandibles  of  RhyniognathaiydxXy 
Devonian)  hint  that  pterygotes  may  have  been  present  much  earlier,  but  the  question  remains 
open.  In  the  late  20thcentury,  Kingsolver  and  Koehl  used  models  to  study  the  interaction  of  body 
and  protowing  size  on  solar  collecting  and  gliding  abilities.  Wootton  and  Ellington  studied  the 
stability  and  glide  effectiveness  of  models  with  many  tiny  adjustable  winglets  versus  a  single, 
large  pair  of  immobile  winglets.  Inspired  by  the  behavior  of  living  stoneflies,  Marden  proposed 
the  surface-skimming  theory,  which  provides  a  mechanism  to  bridge  between  aquatic  gills  and 
flapping  wings.  The  serendipitously  discovered  phenomenon  of  directed  aerial  descent  suggests  a 


likely  route  to  the  early  origin  of  insect  flight.  Combined  with  studies  on  the  efficacy  of  weak 
flapping,  it  provides  a  biomechanically  feasible  sequence  from  guided  falls  to  fully-powered 
flight. 
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Abstract  text: 

Introduction:  Wingless  arboreal  arthropods  frequently  fall  or  jump  from  tree  crowns  and  "rain" 
into  the  understory,  where  they  may  become  lost  or  depredated.  Many  species  avoid  this  fate  by 
aerodynamically  directing  their  falls  to  tree  trunks  (i.e.,  directed  aerial  descent,  or  DAD)  before 
landing  in  the  understory.  Although  best  documented  in  ants,  DAD  also  occurs  in  certain 
arboreal  bristletails  and  recently  was  discovered  in  spiders. 

Methods:  We  used  controlled  drop  tests  from  tree  crowns  and  canopy  platforms  in  the  field  to 
quantify  the  aerial  performance  (as  glide  success  rates  and  glide  indices)  of  various  arboreal 
arthropod  taxa.  We  subsequently  conducted  field  experiments  to  determine  the  fate  of  ants 
landing  in  leaf  litter  or  a  flooded  understory. 

Results/Conclusion:  DAD  behavior  is  broadly  distributed  among  arthropod  taxa,  suggesting 
parallel  evolution  in  response  to  strong  selection  pressure  associated  with  living  in  tree 
crowns.  Glide  indices  rarely  exceeded  0.5  in  tested  arthropods,  decreased  with  increasing  body 
size,  and  varied  among  taxa.  Up  to  40%  of  canopy  ants  experimentally  released  in  the 
understory  were  killed  by  litter-inhabiting  or  aquatic  predators  in  the  understory.  Collectively, 
these  results  and  results  of  related  studies  reveal  the  myriad  mechanisms  used  by  wingless 
arboreal  animals  to  avoid  landing  in  the  unfamiliar  and  hazardous  forest  floor. 
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Abstract  text: 

Introduction:  Insects  generate  more  lift  than  predicted  based  on  aerodynamic  theory  developed 
for  aircraft.  Presence  of  a  stable  tornado-like  vortex  parallel  to  the  leading  edge  of  the  wing 
stably  attached  to  insect  wings  has  long  mystified  biologist  and  engineers  alike.  Remarkably  the 
leading  edge  vortex  is  a  convergent  solution  for  high  lift  generation  in  insects,  bats,  birds  and 
even  spinning  maple  seeds. 

Methods:  We  measured  airflow  and  forces  generated  by  flapping  and  spinning  wings  that  model 
the  airflow  around  a  fly  wing  at  the  scale  (Reynolds  number)  of  a  fruit  fly,  housefly,  and 
hummingbird  using  a  robot  insect.  Similarly  we  measured  the  flow  around  an  autorotating  seed. 


Next  we  measured  the  airflow  and  forces  generated  by  the  wings  of  12  species  of  hummingbird 
using  a  wing  spinner,  and  contrast  these  with  model  wing  measurements  that  span  a  range  of 
wing  aspect  ratios  and  Reynolds  numbers  that  are  representative  of  small  birds,  bats  and  insects. 

Results/Conclusion:  The  wings  of  insects  and  other  organisms  can  generate  a  stable  leading  edge 
vortex  when  their  wing  radius  with  respect  to  the  center  of  revolution,  the  ‘shoulder  joint’,  is 
smaller  than  about  four  times  the  width  of  the  wing.  This  finding  can  explain  why  the  majority  of 
insects,  birds,  bats  and  autorotating  seeds  have  a  wing  aspect  ratio  around  3  or  4.  Not  only  is  the 
resulting  lift  higher,  this  wing  design  enables  organisms  to  operate  reliably  at  much  higher  angles 
of  attack  at  which  aircraft  stall,  which  is  poised  to  improve  flight  in  the  turbulent  atmospheric 
boundary  layer. 
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Abstract  text: 

The  insect  flight  motor  forms  ones  of  the  most  complex  mechanical  systems  found  in  nature. 
Small,  linear  strains  produced  by  the  indirect  power  muscles  are  amplified  and  transformed  into 
the  large,  nonlinear  flapping  motion  of  the  wings,  through  deformations  of  the  insect  thorax  and 
wing  hinge.  We  still  have  a  poor  understanding  of  how  this  intricate  mechanism  works  or  how  it 
is  controlled  by  the  array  of  tiny  steering  muscles.  Our  lack  of  knowledge  stems  at  least  in  part 
from  the  extraordinary  difficulty  in  measuring,  or  even  visualizing,  micrometre-scale  muscle 
movements  in  vivo  at  frequencies  in  excess  of  100  Hz.  Matters  are  made  more  problematic  as  the 
many  flight  muscles  are  hidden  from  view  behind  the  thick  thoracic  shell,  which  itself  forms  an 
integral  part  of  the  flight  motor.  Here,  I  will  present  some  of  the  latest  techniques  for  visualizing 
and  measuring  the  internal  and  external  movements  of  the  insect  thorax  during  flight.  This 
includes  time-resolved  microtomography,  which  allows  us  to  visualize  the  inside  of  the  insect 
thorax,  and  high-speed  macro  filming,  which  allows  us  to  visualize  the  subtle  interaction 


between  the  wing  hinge  components  during  the  wingbeat.  These  methods  provide  new  insights 
into  the  structure  and  function  of  the  myriad  components  that  form  the  insect  flight  motor. 
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Abstract  text: 

Introduction:  The  appearance  of  wings  is  considered  as  the  key  innovation  in  insect  evolution 
along  with  the  holometabolous  metamorphosis.  In  spite  of  considerable  scientific  effort  during 
the  last  2  centuries  the  origin  of  wings  remained  an  unresolved  issue  of  entomology.  The  oldest 
fossil  records  of  Pterygota  based  on  fully  developed  wings  are  known  from  close  to  the  transition 
period  between  the  Mississippian  and  Pennsylvanian,  approximately  323  million  years  ago.  This 
indicates  that  the  group  originated  significantly  earlier,  perhaps  in  the  earliest  Carboniferous  or, 
even  more  likely,  in  the  Late  Devonian.  Surprisingly,  the  divergence  of  Pterygota  based  on 
molecular  data  is  estimated  to  have  occurred  as  early  the  latest  Ordovician  to  the  late  Silurian. 

Methods:  Our  application  of  optical  stereomicroscopy  together  with  modern  non-invasive 
techniques  like  ESEM  and  micro-CT  resulted  in  a  more  comprehensive  view  of  external 
morphology  of  Carboniferous  insects  revealing  new  details  in  microstructure. 

Results/Conclusion:  The  talk  will  introduce  the  earliest  pterygote  fossils  and  sum  up  their 
significance  in  regard  to  their  systematical  position.  On  the  basis  of  current  discoveries,  the 
postembryonic  development  with  emphasis  on  the  wing  growth  is  newly  reconsidered  for 
members  of  Palaeodictyoptera.  Moreover,  the  rarely  preserved  wing  joints  of  Palaeozoic 
members  were  analyzed  to  clarify  the  disparity  of  the  flight  apparatus  and  the  relationships 
between  the  extinct  and  the  extant  winged  insects. 

Both  authors  acknowledge  the  support  of  their  bilateral  research  project  by  the  Grant  Agency  of 
the  Czech  Republic  (No.  14-03847J)  and  the  Deutsche  Forschungsgemeinschaft  (No.  HO 
2306/12-1  &  HO  2306/6-2). 
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Abstract  text: 

Introduction:  The  origin  of  insect  flight  and  early  diversification  of  winged  insects  is  still  subject 
of  a  controversial  discussion.  Recent  investigations  on  Paleozoic  insects,  including  the  re¬ 
descriptions  of  Carbotriplura  kukalovae  (Insecta:  Carbotriplurida)  and  Bojophlephia  kukalovae 
(Hydropalaeoptera:  Bojophlebiidae)  as  well  as  the  first  cladistics  analysis  of  fossil  Palaeoptera 
provide  new  insights  into  the  phylogeny  of  early  Pterygota.  Valuable  clues  to  a  better 
understanding  on  the  phylogeny  of  winged  insects  may  also  come  from  basal  extant  mayflies 
such  as  Siphluriscus  chinensis,  which  not  only  enhance  our  knowledge  on  the  groundplan  of 
Ephemeroptera,  but  also  give  insights  into  the  evolution  of  its  fossil  stem  line  (Insecta: 
Ephemerida). 

Methods:  Fossil  Hydropalaeoptera  and  extant  Ephemeroptera  were  investigated  by  conventional 
light  microscopy.  Additionally,  external  and  non-invasive  internal  microCT  investigations  of 
fossil  and  extant  mayflies  were  undertaken,  using  a  Bruker  Sky  Scan  1272  desktop  high 
resolution  micro-CT. 

Results/Conclusion:  The  enigmatic  fossil  Carbotriplura  kukalovae ,  originally  described  as 
nymph  of  the  alleged  Paleozoic  mayfly  Bojophlebia  prokopi  and  later  evaluated  as  silverfish, 
may  be  the  fossil  sistergroup  of  Pterygota,  thus  elucidating  the  origin  of  flight  in  insects.  The 
adult  winged  insect  Bojophlebia  prokopi  lacks  any  autapomorphy  of  Ephemerida  and  is  re¬ 
evaluated  as  sistergroup  of  Hydropalaeoptera.  The  first  cladistic  analysis  of  fossil  palaeopterous 
insects  reveals  Palaeodictyopterida  as  sistergroup  to  Neoptera.  A  revised  phylogeny  of 
Hydropalaeoptera  and  the  stem  line  of  Ephemeroptera  are  suggested.  The  development  and  the 
phylogenetic  value  of  the  costal  brace,  a  wing  character  and  crucial  autapomorphy  of 
Ephemerida,  is  discussed. 
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Abstract  text: 

Introduction:  Of  all  evolutionary  events  that  are  discussed  as  novelties,  the  origin  of  insect  wings 
is  perhaps  the  most  frequently  cited.  Yet  until  now,  discussions  have  widely  neglected  the 
involvement  of  the  circulatory  system  despite  its  mandatory  function  in  the  development  and 
maintenance  of  the  wings.  The  talk  gives  an  outline  of  the  multiple  roles  of  the  thoracic  wing 
circulatory  organs.  Moreover,  the  origin  of  the  remarkable  morphological  disparity  of  these 


organs  is  discussed  in  the  light  of  evolutionary  novelty. 

Methods:  light  microscopy,  TEM,  SEM,  immunohistochemistry,  developmental  genetics,  GFP 
reporter,  laser  ablation 

Results/Conclusion:  A  modification  of  parts  of  the  dorsal  vessel  is  the  simplest  type  of  wing 
circulatory  organ.  It  undoubtedly  represents  the  plesiomorphic  character  state  from  which 
separate  and  completely  autonomous  wing-hearts  evolved  multiple  times  independently.  Only 
these  autonomous  wing-hearts  are  considered  to  represent  morphological  novelties  in  a  strict 
sense.  This  conclusion  is  supported  by  developmental  studies  in  Drosophila  whose  wing-hearts 
originate  from  an  independent  pericardial  cell  lineage  and  are  not  individualized  parts  of  the 
myocardium,  as  previously  assumed.  Remarkably,  the  regulatory  gene  network  underlying  wing- 
heart  formation  is  unique,  in  that  it  is  mainly  somatic  muscle-like,  but  also  includes  genes  typical 
for  cardiomyogenesis.  Further,  we  point  out  that  the  involvement  of  tergal  elements  in  the 
evolution  of  wing  circulatory  organs  supports  the  hypothesis  of  a  paranotal  origin  of  wings. 
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Abstract  text: 

Introduction:  The  origin  of  the  innovative  insect  wing  is  still  enigmatic  after  long  time 
discussion.  Since  fossil  records  that  clearly  display  transitional  forms  from  non-winged  to 
winged  insects  are  currently  missing,  the  evo-devo  approarch  based  on  comparison  of 
developmental  system  among  living  insects  would  have  significant  impact  on  this  issue.  The 
wing  disc  development  in  the  fruit  fly  Drosophila  melanogaster  has  been  intensively 
investigated  as  a  model  system  to  study  organ  growth  and  patterning,  including  wing  /  body  wall 
tissue  identity  formation.  In  contrast,  patterning  process  of  non-winged  segments  remains 
unclear.  In  this  study,  we  compared  the  role  of  wing/body  wall  formation  genes  in  the  contexts  of 
both  wing  and  its  serial  homologs  development  to  clarify  their  evolutionary  history. 

Methods:  in  situ  hybridization/RNAi/Histological  and  morphological  analysis 


Results/Conclusion:  Some  wing/body  wall  gene  expression  pattern  suggested  conserved 
developmental  mechanism  in  the  pattern  formation  between  winged  and  non-winged  segments. 
The  lateral  parts  of  non-winged  segments  have  developmental  potential  to  form  wing-like 
outgrowths.  Gene  functional  analysis  revealed  unknown  roles  of  wing/body  wall  patterning 
genes  in  non-wing  structures. 
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Introduction:  Variation  in  wing  venation  is  one  of  the  most  characteristic  features  of  insect 
species.  Due  to  their  aerodynamic  importance,  variations  in  the  spacing  and  number  of  veins  are 
thought  to  be  highly  selected  characteristic  that  are  relevant  to  the  evolution  of  the  diverse  flight 
modes.  Venation  is,  therefore,  undeniably  a  key  factor  of  species-specific  functional  traits  of  the 
wings;  however,  the  mechanism  underlying  wing  vein  formation  among  insects  largely  remains 
unexplored.  Our  knowledge  of  the  genetic  basis  of  wing  development  is  solely  restricted  to 
Drosophila  melanogaster ,  where  the  Decapentaplegic  (Dpp)/Bone  morphogenetic  protein  (BMP) 
signal  plays  a  critical  role  in  wing  vein  formation  during  the  pupal  stages. 

Methods:  To  investigate  how  BMP  signal  is  utilized  for  wing  vein  formation  among  insects,  we 
use  Drosophila  and  the  sawfly  Athalia  rosae,  which  has  distinct  venation  patterns  in  the  fore- 
and  hindwings.  We  investigate  BMP  signaling  and  its  functional  implication  during  wing 
development. 

Results/Conclusion:  In  Drosophila  a  key  mechanism  of  wing  vein  development  is  Dpp  transport 
from  the  longitudinal  veins  (LVs)  to  the  posterior  crossvein  (PCV)  by  the  BMP-binding  proteins. 
In  the  sawfly,  Dpp  transport  system  is  also  required  to  specify  fore-  and  hindwing  vein  patterns. 
Given  that  Dpp  redistribution  via  transport  is  likely  to  be  a  key  mechanism  for  establishing  wing 


vein  patterns,  this  raises  the  interesting  possibility  that  distinct  wing  vein  patterns  are  generated, 
based  on  where  Dpp  is  transported.  Further  thoughts  on  mechanism  behind  diversification  of 
wing  vein  patterns  will  be  discussed. 
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Abstract  text: 

Introduction:  Despite  the  fact  that  insect  wings  are  often  used  as  an  example  of  morphological 
novelty,  the  origin  of  insect  wings  remains  a  mystery  and  is  regarded  as  a  major  conundrum  in 
biology.  Over  a  century  of  debates  and  observations  have  culminated  in  2  prominent  hypotheses 
on  the  insect  wing  origin:  the  paranotal/tergal  origin  hypothesis  and  the  exite/pleural  origin 
hypothesis.  Despite  accumulating  efforts  to  unveil  the  origin  of  insect  wings,  neither  hypothesis 
has  been  able  to  surpass  the  other.  Through  genetic  analysis  in  the  red  flour  beetle  ( Tribolium 
castaneum),  we  previously  obtained  evidence  suggesting  a  dual  origin  of  insect  wings,  which 
could  unify  the  2  major  hypotheses  (Clark-Hachtel  et  al.,  2013). 

Methods:  We  are  currently  testing  this  dual  origin  hypothesis  through  (i)  analyzing  the 
development  of  the  Triboliumwing  serial  homologs  in  more  detail,  and  (ii)  identifying  wing 
homologs  in  other  insects  and  a  crustacean  via  an  evo-devo  approach. 

Results/Conclusion:  Our  analyses  have  revealed  the  presence  of  both  tergal  and  pleural  wing 
serial  homologs  in  several  additional  insects  and  a  crustacean.  In  this  talk,  I  will  present  these 
results  and  discuss  how  our  findings  can  further  support  a  dual  origin  of  insect  wings. 
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Abstract  text: 

At  temperate  latitudes  a  specialized  state  of  dormancy,  termed  diapause,  is  used  as  an 
overwintering  strategy  by  virtually  all  insects.  Photoperiod  is  the  dominant  environmental  cue 
programming  diapause,  with  the  short  days  of  late  summer  and  early  autumn  signalling  the 
advent  of  winter.  This  means  diapause  induction  often  occurs  well  in  advance  of  adverse 
conditions  and  sometimes  even  in  the  generation  preceding  the  actual  diapausing  stage. 
Temperature  also  plays  an  important  role  influencing  the  decision  to  enter  diapause,  as  well  as 
affecting  many  key  diapause  characteristics  such  as  duration  and  stress  tolerance.  Thus,  climate 
warming  potentially  poses  a  significant  problem,  as  it  could  decouple  the  relationship  between 
photoperiodic  and  temperature  cues  resulting  in  ambiguous  signals  about  when  winter  is  coming. 
Here  I  discuss  how  the  trans-generational  programming  of  diapause  can  be  disrupted  by  elevated 
temperatures  as  well  as  the  downstream  effects  on  cold  stress  physiology  and  winter  survival. 

We  identified  that  differences  of  just  5°C  during  the  adult  sensitive  stage  in  Calliphora  vicina 
dramatically  alter  the  diapause  characteristics  of  their  progeny,  and  the  capacity  of  these  3rd 
instar  larvae  to  survive  winter.  We  also  investigated  how  different  autumn  and  winter 
microclimates  alter  patterns  of  diapause  termination  and  spring  emergence  -  leaving  individuals 
susceptible  to  extreme  spring  cold  events.  The  talk  concludes  by  discussing  how  this  has 
important  implications  for  several  insect  species,  including  key  ecosystem  service  providers  such 
as  pollinators. 
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Introduction:  Polar  regions  are  not  only  cold  but  also  lack  access  to  free  water.  The  midge, 
Belgica  antarctica  (Diptera:  Chironomidae),  is  the  southernmost,  free-living  insect.  Midge  larvae 
possess  unique  survival  mechanisms  including  the  ability  to  tolerate  freezing  year-round  and 
extensive  dehydration,  surviving  the  loss  of  70%  of  their  body  water.  Overwintering  larvae  must 
endure  months  of  continuous  subzero  temperatures  and  encasement  within  an  icy  substrate 
without  access  to  free  water.  During  the  brief  summer,  larvae  also  experience  abrupt  extremes  in 
temperature,  and  osmotic  excursions  due  to  inundation  by  fresh  water  and  salt  water,  and 
desiccation  within  their  terrestrial  microhabitats. 

Methods:  Our  recent  studies  examined  a  variety  of  physiological  and  molecular  mechanisms  of 
stress  tolerance  in  this  polyextremophilic  species. 

Results/Conclusion:  Moisture  levels  in  their  hibernacula  appear  to  determine  whether  larvae 
spend  the  winter  frozen  or  in  a  cryoprotectively  dehydrated  state.  Larvae  can  rapidly  cold-harden 
even  while  frozen  at  temperatures  as  low  as  -12°C.  Remarkably,  heat  shock  proteins  (Hsps)  are 
expressed  constitutively  in  actively  feeding  and  growing  larvae,  suggesting  they  play  a  critical 
role  in  protecting  the  integrity  of  key  enzymes  and  other  proteins  in  the  cold.  Not  surprisingly, 
aquaporins  (water  channel  proteins)  are  involved  in  survival  of  freezing/thawing  and 
dehydration/rehydration.  Molecular  responses  to  desiccation  stress  revealed  extensive  genome¬ 
wide  changes  in  the  expression  of  aquaporins,  and  pathways  associated  with  inhibition  of 
apoptosis,  upregulation  of  autophagy,  and  downregulation  of  metabolism  and  ATP  production. 
We  gratefully  acknowledge  the  contributions  of  our  students  and  colleagues  to  this  research  and 
support  from  the  National  Science  Foundation. 
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Environmental  temperature  is  a  key  predictor  of  insect  distribution  and  abundance,  but  we  lack 
an  integrative  understanding  of  why  exposure  to  low  temperatures  causes  tissue  damage  and 
death  in  insects.  Most  insect  species  are  chill  susceptible,  meaning  they  enter  a  cold-induced 
coma  and  succumb  to  the  physiological  effects  of  chilling  well  before  any  freezing  of  their  body 
fluids  occurs.  Here,  I  will  give  a  brief  overview  of  our  recent  efforts  to  connect  natural  variation 
in  insect  chilling  tolerance  to  homeostatic  capacity  of  the  neuromuscular  and  renal  systems  in  the 
cold.  Species  of  the  genus  Drosophila  vary  widely  in  cold  tolerance,  and  those  that  can  hack  it 
maintain  renal  function  and  at  low  temperatures.  This  ability  allows  them  to  maintain  Na+  and 
water  balance,  and  avoid  a  progressive  rise  in  extracellular  [K+]  that  would  otherwise  depolarize 
cells  and  cause  downstream  tissue  damage  and  death.  These  evolved  differences  in  the  capacity 
to  maintain  balance  mirror  those  induced  by  thermal  acclimation  in  D.  melanogaster  and  also  the 
changes  found  during  natural  acclimatization  in  the  field  by  D.  subobscura.  This  suggests 
phenotypic  plasticity  and  adaptation  to  low  temperatures  share  similar  physiological 
mechanisms.  Interestingly,  the  ability  to  stay  in  homeostatic  equilibrium  during  a  cold  stress 


appears  to  be  closely  tied  to  the  concentration  of  compatible  osmolytes  and  ions  before  any  cold 
exposure  is  even  experienced. 
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Introduction:  Overwintering  insects  must  cope  with  the  risk  of  ice  crystal  formation  at 
cryothermic  conditions  when  their  body  temperature  decreases  below  the  equilibrium  melting 
point.  The  freeze-avoiding  insects  maintain  liquid  water  at  subzero  temperatures  by  extending 
their  supercooling  capacity,  while  the  freeze-tolerant  insects  allow/stimulate  ice  formation  in 
extracellular  spaces  and  survive  after  freeze-dehydration  of  their  cells.  The  nature  of  injury 
caused  by  extracellular  freezing  is  poorly  understood  although  it  is  vaguely  accepted  that  it  is 
linked  with  growing  ice  crystals  causing  mechanical  damage  to  subcellular  structures  or 
extracellular  matrix  and  with  freeze-concentration  of  solutes  that  may  exceed  toxic  limits. 

Methods:  The  formation  of  extracellular  ice  was  seeded  by  external  ice  crystals  in  two  species  of 
drosophilid  flies,  Chymomyza  costata  (subarctic  species,  known  for  high  freeze-tolerance  and 
good  capacity  for  cryo-conservation)  and  Drosophila  melanogaster  (species  with  tropical  origin, 
known  to  be  chill-susceptible  with  limited  capacity  for  freeze-tolerance  under  specific 
circumstances).  Using  differential  scanning  calorimetry,  we  then  measured  the  ice  fraction  as  it 
develops  in  the  larval  body  at  gradually  decreasing  subzero  temperatures. 

Results/Conclusion:  We  found  that  the  ice  formation  shows  similar  dynamism  in  two  drosophilid 
species.  The  temperature  of  ice  nucleation,  the  rate  of  ice  fraction  accumulation,  and  the 
maximum  ice  fraction  (total  amount  of  freezable  water)  were  all  significantly  influenced  by 
insect  species,  acclimation  status,  diet  enrichment  with  potential  cryoprotectants,  and  cooling 
rates.  The  relationships  between  ice  fraction,  cellular  dehydration,  freezing-injury,  and  mortality 
will  be  discussed. 
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Insects  due  to  their  abundance,  size,  and  ephemeral  characteristics  play  a  critical  role  in  the  food 
chain  and  nutrient  cycle.  This  relationship  between  insects  and  the  ecosystem  is  not  facultative 
but  obligate.  The  concern  for  conservation  biologists  is  that  the  changing  long-term  climatic 
conditions  will  lead  to  habitat  changes  and  population  pressure  on  well-adapted  and  resident 
species  of  insects.  Cryopreservation  is  a  technique  well  suited  to,  (a)  protect  species  exhibiting 
genetic  and  phenotypical  variations  due  to  their  adaptation  to  habitat  changes,  and  (b)  preserve 
the  fauna  and  flora  from  extinction  due  to  their  inability  to  adapt  to  habitat  changes.  Captive 
farming  and  breeding  is  widely  used  to  protect  certain  species.  However,  it  is  not  cost-effective 
to  maintain  a  large  enough  population  that  is  required  to  revive  a  lost  or  weak  wild  population. 
Monocultures  might  also  be  prone  to  issues  such  as  genetic  drift,  inbreeding,  diseases  and 
accidental  release.  On  the  other  hand,  cryopreserved  storage  of  germplasm  is  both  cost-effective 
and  secure.  This  is  due  to  reduced  labor  requirements  and  low  recurring  cost  of  maintenance. 
Depending  on  various  factors  inherent  to  a  cryopreservation  protocol  and  the  procedure  to  revive 
a  cryopreserved  strain,  'the  viable  yield'  can  significantly  vary.  This  presentation  will  focus  on 
the  challenges  in  designing  a  cryopreservation  protocol  for  insect  embryos  and  in  particular,  the 
difficulties  in  developing  a  standardized  protocol  for  multi-strain  repositories  and  current 
methods  for  high  throughput  mass  cryopreservation. 
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When  we  began  cold  tolerance  studies  of  the  Pyrochroid  beetle  Dendroides  canadensis  in 
northern  Indiana  during  a  period  of  very  cold  winters  in  the  mid- 1970’s,  overwintering  larvae 
were  freeze  tolerant  with  lower  lethal  temperatures  of  -25  to  -28°C.  Supercooling  points  (SCPs) 
were  high  (-7  to  -1 1°C),  suggesting  the  presence  of  hemolymph  ice  nucleators,  especially  since 
the  larvae  expressed  considerable  thermal  hysteresis  (indicating  antifreeze  proteins)  and  high 
polyol  (mostly  glycerol)  concentrations.  However,  in  the  1981  winter,  the  larvae  were  freeze 
avoiding,  with  mean  SCPs  and  LLTs  of  -26  to  -28°C.  The  larvae  have  remained  freeze  avoiding 
since  that  time.  However,  as  the  winters  have  become  milder  over  the  last  30+  years,  mean  SCPs 
have  generally  become  higher,  with  the  lowest  mean  SCPs  during  a  given  winter  ranging  from  - 
24  to  -17°C,  but  with  considerable  individual  variation  in  the  population.  Also,  mid- winter  thaws 
have  become  more  common,  and  during  these  periods  mean  SCPs  typically  increase 
considerably  to  as  high  as  -16°G  but  individual  SCPs  range  from  -30°C  to  above  -10°C.  Larvae 
produce  at  least  30  antifreeze  protein  (AFP)  isoforms,  and  exhibit  tissue  specific  AFP  isoform 
expression  in  hemolymph,  gut,  Malpighian  tubules  (urine)  and  epidermal  tissue.  However,  there 
is  no  correlation  between  hemolymph  thermal  hysteresis  (AFP  activity)  and  SCPs.  Many  larvae 
drink,  but  do  not  eat,  during  the  thaws,  perhaps  ingesting  ice  nucleating  microorganisms  that  lead 
to  higher  SCPs.  We  anticipated  that  high  temperatures  during  extreme  thaws  could  be  lethal, 
however,  larval  upper  lethal  temperatures  are  higher  in  winter  (~40°C)  than  summer  (~36°C). 
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Introduction:  The  ability  for  insects  to  cope  with  multiple  environmental  pressures  associated 
with  cold  has  mainly  been  explored  in  the  context  of  abiotic  stressors.  However,  the  interactions 
between  animals  and  biotic  pressures,  such  as  parasites  and  pathogens,  will  also  shape  their 
success  under  different  thermal  landscapes.  To  understand  how  interactions  with  pathogens 
dictate  success  at  low  temperatures,  and  thus  how  increased  global  temperatures  will  affect  cold- 
exposed  and  overwintering  insects,  we  explored  the  thermal  biology  of  the  insect  immune 
system. 

Methods:  We  examined  cold- activation,  thermal  plasticity,  and  seasonal  fluctuations  in  immune 
activity,  as  well  as  the  thermal  interactions  between  hosts  and  pathogens. 

Results/Conclusion:  We  found  that  immune  activity  appears  to  trade-off  with  the  response  to 
cold,  which  manifests  as  a  compensatory  increase  in  activity  following  cold  stress,  and  a 
paradoxical  narrowing  of  thermal  performance  following  cold  acclimation.  Seasonal  fluctuations 
in  immune  activity  are  idiosyncratic  among  species,  but  point  to  selection  for  individuals  with 
strong  immune  responses,  and  a  dependence  of  spring  immunity  on  overwintering  microhabitat 
and  energy  use.  Lastly,  the  outcome  of  host-pathogen  relationships  appears  to  depend  on  thermal 
plasticity,  and  whether  hosts  and  pathogens  are  matched  or  mismatched  in  their  thermal 
performance.  Overall,  we  demonstrate  that  the  activity  of  the  immune  system,  and  thus  the 
ability  to  respond  to  pathogens,  is  tightly  linked  to  the  thermal  environment  and  the 
physiological  response  to  cold.  Therefore,  changes  in  the  thermal  environment  will  shift  both 
acute  and  seasonal  immune  responses,  the  outcome  of  infections,  and  the  success  of  insects  in  a 
changing  climate. 
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In  many  cases,  protocols  for  the  maintenance  of  pollinator  species  have  often  been  developed 
with  the  primary  concern  being  efficiency  and  convenience  for  the  producer,  with  little  thought 
being  given  to  the  underlying  stress  physiology.  While  this  has  resulted  in  procedures  that 
increase  the  short-term  productivity  of  an  operation,  it  can  result  in  problematic  downstream 
consequences.  These  problems  are  exacerbated  by  the  fact  that  changing  climatic  conditions  will 
require  more  advanced  protocols  with  inherent  flexibility.  One  of  the  major  focuses  of  our 
research  group  has  been  the  development  of  physiological  based  management  protocols  for  the 
alfalfa  leafcutting  bee,  Megachile  rotundata.  While  this  species  is  the  world’s  most  intensively 
managed  pollinator,  its  prominence,  especially  in  the  United  States,  is  in  danger  of  being  eroded 
by  concerns  of  bee  quality  and  availability.  Using  established  principles  of  cold  physiology,  we 
have  developed  protocols  which  clearly  improve  both  the  survival  and  resultant  quality  of  alfalfa 
leafcutting  bees.  Other  research  has  focused  on  the  underlying  stress  mechanisms  elicited  during 
management,  with  a  goal  of  further  protocol  refinement.  This  presentation  will  serve  as  an 
overview  of  our  successes  and  setbacks  with  M.  rotundata  with  hope  that  it  will  serve  as  a  basis 
for  further  refinement  for  this  species  and  as  a  template  for  protocol  development  in  other 
managed  species. 
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Introdiction:  Spring  cold  snaps  that  happen  while  bees  are  undergoing  metamorphosis  are 
potentially  detrimental  to  bee  populations.  Climate  change  is  predicted  to  result  in  increases  in 


daytime  temperatures,  nighttime  temperatures,  temperature  variability,  and  the  likelihood  of 
spring  cold  snaps.  The  alfalfa  leafcutting  bee,  Megachile  rotundata ,  undergoes  metamorphosis  in 
the  spring  after  overwintering  in  diapause.  We  previously  found  that  low  temperature  stress 
during  metamorphosis  resulted  in  sublethal  effects  in  adult  bees,  including  decreased  flight 
performance  and  desynchronized  adult  emergence.  These  data  indicate  that  M.  rotundata  may 
not  have  mechanisms  to  avoid  or  tolerate  cold  during  metamorphosis. 

Methods:  Until  now,  the  cold  tolerance  of  this  important  pollinator  has  not  been  characterized. 
For  example,  in  other  insect  species,  supercooling  point  (SCP),  the  temperature  before 
intracellular  freezing,  can  vary  across  life  stages  such  that  overwintering  stages  have  been  found 
to  withstand  lower  temperatures  than  during  metamorphosis.  Similarly,  M.  rotundata  has  a  SCP 
of  -25°C  when  overwintering,  and  midway  through  metamorphosis  SCP  increases  to  -15°C. 

Results/Conclusion:  Because  we  found  that  adult  survival  varied  with  low  temperature  stress,  we 
hypothesize  that  overall  temperature  sensitivity  varies  throughout  metamorphosis.  We  predict 
that  earlier  stages  during  metamorphosis  will  be  more  vulnerable  to  low  temperature  stress, 
because  adult  structures  are  developing.  Furthermore,  because  development  occurs  within  a 
brood  cell,  incorporating  the  microenvironment  when  characterizing  cold  tolerance  is  important 
for  understanding  the  actual  impacts  of  low  temperature  stress  during  metamorphosis. 
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Introduction:  The  accumulations  of  the  deleterious  physiological  effects  of  low  temperature 
stressors  are  collectively  known  as  chill  injury.  The  mechanisms,  underpinning  downstream 
physiological  responses  such  as  oxidative  stress,  changes  in  ion  homeostasis,  and  metabolic  rate 


have  yet  to  be  elucidated.  Until  recently,  no  transcriptomic-level  assessments  of  gene  expression 
during  temperature  stress  had  been  conducted. 

Methods:  Here  we  present  a  comparison  of  low-temperature  stress  response  mechanisms  across 
life  stages  in  the  alfalfa  leafcutting  bee,  Megachile  rotundata.  We  used  RNA-seq,  qPCR,  and 
oxidative  stress  assays  to  determine  the  physiological  effects  of  low  temperature  exposure  on  a 
life  stage  that  is  adapted  for  low-temperature  exposure  and  one  that  is  not. 

Results/Conclusion:  Differential  expression  analysis  revealed  distinct  gene  expression  profiles. 
Oxidative  stress  appears  to  play  a  role  in  stress  response  in  both  life  stages,  but  the  lack  of 
overlap  in  expression  profiles  suggest  different  mechanisms  are_driving  the  response.  These 
results  provide  support  for  the  hypothesis  that  M.  rotundata  implements  different  mechanisms  in 
response  to  temperature  stress  according  to  life  stage,  and  offers  insight  into  how  insects  may 
cope  with  the  increasingly  unpredictable  environments  associated  with  climate  change. 
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Introduction:  Notwithstanding  lowered  metabolism,  and  because  diapausing  insects  have  no 
access  to  food,  diapause  has  an  energetic  cost  that  may  affect  post-diapause  performance. 
Previous  studies  on  the  solitary  bee  Osmia  lignaria  have  shown  that  prolonged  pre-wintering 
periods  (the  time  during  which  individuals  already  in  diapause  remain  at  warm  temperatures)  are 
associated  with  elevated  lipid  consumption,  fat  body  depletion,  and  body  weight  loss.  We 
investigated  whether  prolonged  pre-wintering  of  cocooned  adults  also  affects  reproduction,  i.e. 
whether  costs  associated  with  diapause  could  have  an  effect  on  post-diapause  performance. 

Methods:  Females  were  exposed  to  a  range  of  pre-wintering  conditions,  and  ovary  development 
and  individual  post- wintering  performance  were  monitored  throughout  their  adult  life  span. 


Results/Conclusion:  No  evidence  of  an  effect  of  pre-wintering  duration  on  post-diapause 
reproductive  success  was  found.  Expected  differences  in  the  timing  of  establishment  were  not 
observed  because  ovary  maturation  was,  surprisingly,  not  arrested  during  pre-wintering. 
Prolonged  pre-wintering  duration  did  not  decrease  life  span,  probably  because  emerging  females 
could  rapidly  replenish  their  metabolic  reserves  through  feeding.  These  results  are  important  in 
view  of  the  delays  in  winter  onset  (which  extends  the  pre-wintering  period)  under  the  current 
scenario  of  climate  change.  However,  there  was  a  very  strong  effect  of  the  duration  of  the  post¬ 
wintering  pre-emergence  period  on  the  likelihood  of  nest  establishment.  Females  that  took  longer 
to  emerge  were  less  likely  to  establish.  Longevity  emerges  as  the  main  factor  determining 
fecundity  in  Osmia ,  and  its  intrinsic  variability  is  so  large  that  it  may  override  the  effects  of  other 
potential  factors,  including  pre-wintering  duration. 
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Introduction:  For  alpine  Colias  butterflies,  available  flight  time  is  limited.  It  is  governed  not  only 
by  ambient  temperature  but  also  by  solar  radiation  and  the  butterflies'  own  morphological  traits. 
Specifically,  the  two  traits  that  increase  body  temperature  are:  wing  melanin,  which  increases 
solar  absorption,  and  the  length  of  thorax  setae,  which  reduce  convective  heat  loss.  Having  too 
little  melanin  means  it  takes  longer  to  achieve  flight  where  as  having  too  much  increases  the  risk 
of  overheating. 

Methods:  We  use  historical  specimens  to  document  changes  in  thermoregulatory  traits  of  a  sub- 
alpine  and  alpine  butterfly,  Colias  meadii,  in  Colorado,  U.S.  over  the  past  60  years  (1953-2013). 
We  quantify  wing  length,  wing  melanin,  and  thorax  setae  length. 


Results/Conclusions:  Contrary  to  adaptive  expectations,  mean  forewing  length,  wing  melanin, 
and  setal  length  have  increased  during  this  time  period  despite  climate  warming.  Warmer 
temperatures  during  pupal  development  and  later  flight  dates  in  the  season  are  associated  with 
decreased  wing  melanin,  indicating  a  role  of  phenotypic  plasticity  in  historical  changes  in  these 
traits.  Our  results  suggest  that  environmental  variability  within  and  across  seasons  can  limit  the 
adaptive  plastic  and  evolutionary  responses  of  populations  to  increasing  mean  temperatures 
during  climate  change. 
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Introduction:  Western  corn  rootworm,  Diabrotica  virgifera  virgifera ,  can  be  effectively 
controlled  by  plant-expressed  long  RNA  hairpins.  The  efficacy  of  the  RNAi  response  in  D.  v. 
virgifera  depends  on  the  presence  of  functional  RNAi  machinery  and  the  efficient  uptake  and 
spread  of  double-stranded  RNA  (dsRNA).  Identification  of  the  core  components  of  the  RNAi 
response  is  also  important  to  predict  the  mechanisms  of  resistance  that  may  arise  in  D.  v. 
virgifera  after  long-term  exposure  to  dsRNA. 

Methods:  RNA  in  situ  hybridization  methods,  RNAi  of  RNAi  approach,  insect  feeding  bioassays 
on  artificial  diet,  and  microinjection  were  used  to  dissect  critical  aspects  of  RNAi  response  in  D. 
v.  virgifera. 

Results/Conclusion:  Observations  of  silencing  of  transcripts  that  are  distal  from  the  gut 
epithelium  illustrate  the  systemic  spread  of  the  RNAi  response  in  D.  v.  virgifera.  Sequential 
application  of  dsRNAs  targeting  core  RNAi  components  in  D.  v.  virgifera  ( e.g Dicer  and 
Argonaute),  followed  by  a  knock-down  of  an  agronomically-relevant  target  gene,  confirm  the 
involvement  of  these  genes  in  the  RNAi  response  in  this  insect.  Examination  of  the  effective 
dsRNA  size  by  feeding  and  injection  points  to  a  size-selective  RNAi  response  that  favors 


dsRNAs  over  60  bp.  Taken  together,  these  studies  may  help  guide  the  effective  delivery  of 
dsRNA  and  risk  assessment. 
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In  RNA  interference  (RNAi),  double  stranded  (ds)RNA  triggers  a  sequence-specific  gene 
silencing  response,  acting  at  the  post-transcriptional  level  via  cleavage  of  the  corresponding 
RNA.  Some  insect  species,  like  beetles,  cockroaches  and  locusts,  display  a  very  potent 
“systemic”  response,  indicating  that  the  RNAi-signal  is  capable  of  spreading  after  dsRNA- 
injection.  While  the  core  RNAi  machinery  has  been  molecularly  characterized  in  insects,  the 
mechanisms  of  extracellular  spread  of  RNAi  are  not  fully  understood. 

We  show  that  the  desert  locust,  Schistocerca  gregaria ,  is  an  interesting  model  to  study  systemic 
RNAi  in  insects,  as  this  animal  is  extremely  sensitive  to  injected  dsRNA  and  refractory  to  orally 
delivered  dsRNA.  Evidence  from  several  experiments  indicates  that  orally  delivered  dsRNA  is 
rapidly  degraded  in  the  gut  lumen  of  locusts,  mainly  by  the  action  of  dsRNase2.  We  have  also 
identified  dsRNA-binding  proteins  in  the  locust  hemolymph,  i.e.  lipophorins,  which  together 
with  Scavenger  Receptors  may  take  part  in  a  shuttle  mechanism. 

To  conclude,  our  data  present  a  comprehensive  overview  of  the  mechanisms  of  systemic  RNAi 
in  the  desert  locust,  which  may  serve  as  a  model  to  understand  systemic  RNAi  in  other  insect 
species. 
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Introduction:  RNA  interference  (RNAi)  provides  a  biologically-friendly  alternative  strategy  for 
insect  pest  management  and  a  distinct  mode-of-action  from  traditional  Bacillus  thuringiensis 
insecticidal  protein-based  traits.  The  ingestion  of  double-stranded  RNAs  (dsRNAs)  targeting 
essential  genes  triggers  an  acute  intrinsic  RNAi  response  leading  to  growth  inhibition, 
developmental  aberrations,  reduced  fecundity,  and  mortality  in  susceptible  coleopteran  insect 
species  including  Diabrotica  virgifera  virgifera  (western  corn  rootworm)  and  Leptinotarsa 
decemlineata  (Colorado  potato  beetle).  Efficacious  dsRNA  products  with  a  high  degree  of  target 
specificity  have  already  been  deployed  or  are  under  advanced  development  for  these  pests. 
Conversely,  many  insects  including  important  lepidopteran  and  hemipteran  pests  are  largely 
recalcitrant  in  their  response  to  environmental  dsRNA,  suggesting  biological  barriers  exist  that 
may  limit  the  utility  of  RNAi  for  agricultural  pest  management  in  these  species. 

Methods:  Studies  were  performed  to  investigate  the  biological  barriers  to  efficacious  delivery  of 
dsRNA  in  recalcitrant  species  including  evaluation  of  potent  nucleases  in  the  gut  fluids  and 
blood  of  these  insects.  Additional  experiments  were  performed  to  address  if  impaired  dsRNA 
uptake  or  lack  of  systemic  RNAi  responses  may  contribute  to  inefficient  dsRNA  delivery  in 
these  refractory  pests. 

Results/Conclusion:  We  will  discuss  recent  research  efforts  to  evaluate  and  understand  the 
barriers  to  RNA  delivery  in  recalcitrant  insect  species  and  how  this  knowledge  has  contributed  to 
a  more  informed  understanding  of  dsRNA  product  concept  feasibility  in  targeted  lepidopteran 
and  hemipteran  agricultural  pests. 
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Abstract  text: 

RNA  interference  (RNAi)  is  a  sequence-specific  gene  silencing  mechanism  prevalent  in  various 
organisms  that  regulates  various  processes  like  growth  and  development,  genome  integrity,  etc. 

In  this  regard,  RNAi  is  brought  about  by  various  classes  of  small  RNAs,  like  siRNA,  miRNA, 
piRNA,  including  those  in  insects.  RNAi  is  a  promising  futuristic  pest  management  tool  because 
it  plays  a  role  in  gene  function  validation.  From  the  pest  management  perspective,  the 
exogenously  administering  long  double  stranded  RNA  (dsRNA)  through  the  gut  either  as  spray 
or  through  transgenic  plants  expression  cognate  dsRNA  makes  RNAi  field  applicable.  In  this 
regard,  different  species  of  insects  are  not  equally  susceptible  to  RNAi,  possibly  because  of 
variations  in  prevalence  of  dsRNA  specific  RNases  in  the  mid  gut,  tissue  type,  dynamics  of 
target  gene  transcription,  presence  or  absence  of  receptors  for  dsRNA  uptake,  variations  and 
utilization  of  core  RNAi  machinery,  etc.  Also,  it  is  not  fully  understood  whether  or  not  the  core 
RNAi  machinery  is  divergent  or  convergent  in  processing  both  dsRNA  and  miRNA.  If  the  latter 
is  the  predominant  application  of  dsRNA,  it  could  possibly  influence  the  global  expression  of 
miRNAs  and  might  contribute  to  susceptibility  or  resistance  to  RNAi.  Therefore,  in  the  present 
study  the  dynamics  of  global  expression  of  miRNAs  in  response  to  the  administration  of  dsRNAs 
for  both  midgut  and  non-midgut  target  genes  was  studied  in  the  cotton  bollworm,  Helicoverpa 
armigera  Hubner,  and  tobacco  caterpillar,  Spodoptera  litura  Fab.  (Lepidoptera:  Noctuidae),  and 
the  results  are  discussed  further. 
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Abstract  text: 

Introduction:  RNA  interference  (RNAi)  has  been  described  as  a  powerful  genetic  tool  for  gene 
functional  analysis  and  a  promising  approach  for  pest  management.  However,  RNAi  efficiency 
varies  significantly  among  insect  species  due  to  distinct  RNAi  machineries.  Lepidopteran  insects 
represent  a  large  number  of  agricultural  pest  species  as  well  as  model  insects,  such  as  the 
silkworm,  Bombyx  mori.  However,  only  limited  success  of  in  vivo  RNAi  has  been  reported  in 
lepidopterans,  particularly  during  the  larval  stages  when  they  feed  the  most  and  do  the  most 
damage  to  the  host  plants.  Enhancing  the  efficiency  of  larval  RNAi  in  lepidopterans  is  urgently 
needed  to  develop  RNAi-based  pest  management  strategies. 

Methods:  In  the  present  study,  we  investigated  the  function  of  the  conserved  RNAi  core  factor, 
Argonaute2  (Ago2),  in  mediating  B.  mori  RNAi  efficiency.  We  demonstrated  that  introducing 
BmAgo2  dsRNA  inhibited  the  RNAi  response  in  both  BmN  cells  and  embryos.  Furthermore,  we 
established  several  transgenic  silkworm  lines  to  assess  the  roles  of  BmAgo2  in  larval  RNAi. 
Over-expressing  BmAgo2  significantly  facilitated  both  dsRNA-mediated  larval  RNAi  targeting 
DsRed  by  dsRNA  injection  and  shRNA-mediated  larval  RNAi  targeting  BmBlos2  by  transgenic 
shRNA  expression. 

Results/Conclusion:  Our  results  have  shown  that  BmAgo2  is  involved  in  RNAi  in  B.  mori ,  which 
provides  a  promising  approach  for  improving  larval  RNAi  efficiency  in  B.  mori  and  in 
lepidopteran  insects  in  general. 
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Abstract  text: 

Introduction:  There  are  significant  differences  in  the  efficiency  of  RNA  interference  (RNAi) 
among  different  taxonomic  groups  of  insects.  Such  differences  could  be  in  part  due  to  different 
efficiencies  in  cellular  uptake  of  double-stranded  RNA  (dsRNA).  Better  understanding  of  the 
mechanism  of  cellular  uptake  of  dsRNA  will  provide  new  insights  into  possible  mechanisms 
leading  to  differential  RNAi  efficiencies  in  different  insect  groups. 

Methods:  The  red  flour  beetle  ( Tribolium  castaneum)  was  used  as  a  model  due  to  its  robust 
RNAi  response.  Four  selective  pharmacological  inhibitors  of  different  endocytic  pathways  in 
conjunction  with  RNAi  of  a  marker  gene  ( TcLgl ),  microscopic  examinations  of  the  inhibitors’ 
effect  on  the  uptake  of  Cy3-labelled  TcLgldsKNA  in  midgut  cells,  and  an  "RNAi  of  RNAi" 
strategy  for  selected  genes  in  clathrin-dependent  endocytosis  were  used  to  reveal  the  mechanism 
of  cellular  uptake  of  dsRNA. 

Results/Conclusion:  RNAi  of  TcLgl  in  T.  castaneum  larvae  can  be  significantly  abolished  by 
injecting  either  chlorpromazine  or  bafilomycin-Al,  two  selective  inhibitors  of  clathrin-dependent 
endocytosis.  Significantly  reduced  cellular  uptake  of  TcLgl  dsRNA  in  midgut  cells  was  also 
observed  after  larvae  were  injected  with  each  of  the  two  clathrin-dependent  endocytosis 
inhibitors.  Furthermore,  RNAi  of  TcLgl  can  be  significantly  diminished  by  repressing  each 
transcript  of  the  four  genes  involved  in  clathrin-dependent  endocytosis.  These  results  support  our 
hypothesis  that  clathrin-dependent  endocytosis  is  an  active  process  of  cellular  uptake  of  dsRNA 
in  T.  castaneum.  In  addition  to  our  results,  this  talk  will  also  briefly  summarize  recent  findings 
on  cellular  uptake  of  dsRNA  in  other  insect  species. 
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Abstract  text: 

Introduction:  The  management  of  Huanglongbing  in  citrus  depends  on  controlling  its  vector,  the 
Asian  citrus  psyllid  (ACP),  Diaphorina  citri.  The  efficient  delivery  method  of  dsRNA  is  usually 
challenging.  For  ACP,  we  tested  several  delivery  methods  and  factors  affecting  dsRNA  uptake. 
RNAi  efficiency  was  investigated  for  several  genes  including  awd  (abnormal  wing  disk),  CYP4 
(cytochrome  P450),  and  others. 


Methods:  A  0.1  or  0.2  pi  droplet  containing  10,  15,  or  20  ng  of  dsRNA  was  topically  applied  to 
the  ventral  side  of  the  thorax  of  nymphs  and  adults  using  a  10  pi  Hamilton  syringe. 
Concentrations  of  10,  15,  20  ng/insect  were  used.  Gene  expression,  enzymatic  activities,  and 
morphological  changes  were  used  to  test  the  RNAi  efficiency.  Furthermore,  CTV-based  vector 
was  used  to  silence  ACP  genes  through  citrus  plants. 

Results/Conclusion:  Topical  application  showed  successful  delivery  of  all  of  tested  genes 
compared  to  other  methods.  A  gradient  effect  has  been  noticed  with  the  increase  of  dsRNA 
concentrations.  Wing  malformation  was  found  in  adults  that  emerged  from  nymphs  treated  with 
awd-dsRNA.  The  concentration  of  dsRNA  and  development  stage  of  ACP  were  major  factors 
affecting  RNAi  efficiency,  while  using  surfactant  agents  increased  the  dsRNA  uptake.  We  also 
showed  that  ACP  uptake  the  small  interfering  RNAs  (siRNAs)  produced  in  citrus  using  CTV- 
RNAi  vector,  engineered  with  truncated  genes  of  D.  citri.  Induced  silencing  of  awd  expression 
and  wing  malformation  was  observed  by  feeding  D.  citri  nymphs  on  citrus  infiltrated  with  CTV- 
tAwd  vector.  RNAi  presents  a  promising  strategy  to  mitigate  HLB  by  controlling  ACP. 
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Abstract  text: 

Introduction:  RNA  interference  (RNAi)  is  a  useful  reverse  genetics  tool  for  investigating  gene 
function  as  well  as  for  practical  applications  including  pest  management.  As  coleopteran  insects 
are  more  sensitive  to  RNAi  than  other  insects,  we  investigated  the  contribution  of  49  genes  to  the 
RNAi  pathway  using  the  Colorado  potato  beetle,  Leptinotarsa  decemlineata  and  a  cell  line 
(Lepd-SLl)  derived  from  this  insect  as  model  systems. 

Methods:  The  Lepd-SLl  cells  were  exposed  to  double-stranded  RNA  (dsRNA)  targeting 
potential  RNAi  pathway  genes  then  incubated  with  dsRNA  targeting  a  gene  in  L. 
decemlineata  and  Lepd-SLl  cells  with  pronounced  phenotype. 


Results/Conclusion:  Knockdown  of  16  genes  blocked  dsRNA-mediated  knockdown  of  L. 
decemlineata  gene,  resulting  in  a  decrease  in  the  phenotypes  when  compared  to  that  seen  in  cells 
exposed  to  control  GFP  dsRNA  followed  by  dsRNA  targeting  L.  decemlineata  gene.  In  contrast, 
knockdown  of  the  remaining  33  genes  did  not  block  the  action  of  dsRNA  targeting  L. 
decemlineatagQnQ  resulting  in  pronounced  phenotypes.  Our  results  show  that  not  only  the  core 
siRNA  pathway  genes,  but  also  other  genes  are  required  for  dsRNA  triggered  RNAi  function. 
The  function  of  genes  identified  as  those  required  for  RNAi  will  be  discussed. 
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Abstract  text: 

Introduction:  The  application  of  RNA  interference  (RNAi)  for  insect  pest  management  has  been 
challenged  by  differential  RNAi  efficiency  in  different  insects.  In  Locus ta  migratoria ,  RNAi  is 
highly  efficient  through  the  injection  of  dsRNA,  but  it  is  not  by  oral  delivery  of  dsRNA.  We 
hypothesized  that  low  RNAi  efficiency  through  dsRNA  feeding  was  mainly  caused  by  rapid 
degradation  of  dsRNA  in  the  midgut. 

Methods:  A  genome-wide  search  was  performed  to  identify  the  genes  putatively  encoding 
dsRNA  degrading  nucleases  (dsRNases)  in  the  locust.  The  expression  profiles  of  dsRNase  genes 
were  analyzed  in  different  tissues.  The  role  of  dsRNase  genes  was  evaluated  by  injecting  their 
dsRNA  followed  by  feeding  chitinase  10  ( ChtlO )  dsRNA.  Finally,  these  genes  were  functionally 
examined  by  using  dsRNases  heterologously  expressed  in  Sf-9  cells. 

Results/Conclusion:  We  identified  four  genes  putatively  encoding  dsRNases  in  the  locust.  The 
dsRNase2  and  dsRNase 3  genes  were  predominately  expressed  in  midgut,  whereas  dsRNasel  and 
ds RNase4  were  mainly  expressed  in  hemolymph.  Our  ex  vivo  assay  showed  rapid  degradation  of 
dsRNA  in  midgut  juice.  When  the  nymphs  were  injected  with  ds RNase2  dsRNA  followed  by 
oral  delivery  of  chitinase  10  {ChtlO)  dsRNA,  we  observed  50%  locust  mortality.  However,  no 


mortality  was  observed  in  the  control  when  the  nymphs  were  injected  with  GFP  dsRNA  instead 
of  ds RNase2  dsRNA.  The  dsRNase2  fusion  protein  can  degrade  dsRNAs  rapidly,  whereas 
dsRNasel  cannot.  Our  results  suggest  that  rapid  degradation  of  dsRNA  by  dsRNase2  in  the 
midgut  is  an  important  factor  causing  low  RNAi  efficiency  when  dsRNA  is  orally  delivered  in 
the  locust. 


Symposium 

Presentation  Title:  The  challenges  of  RNAi-mediated  insect  pest  control  and  the  search  for 
novel  dsRNA  delivery  methods 

Author  Name:  Olivier  Christiaens 

Author  Institution:  Ghent  University 

Session  Title:  Symposium:  Mechanisms  Affecting  the  Efficiency  of  RNA  Interference  in  Insects 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3533 

DOI:  10. 1603/ICE.20 16.95 187 

Abstract  text: 

Introduction:  Over  the  past  decade,  RNA  interference  (RNAi),  the  sequence-specific 
posttranscriptional  gene  silencing,  has  proven  very  promising  for  molecular  research  in  many 
species,  including  model  insects  such  as  Tribolium  castaneum  and  Apis  mellifera.  It  showed  its 
usefulness  to  analyze  gene  function  and  its  potential  to  manage  pest  populations  and  reduce 
disease  pathogens.  However,  a  high  variability  in  RNAi  efficiency  is  observed  between  different 
insect  orders,  species  and  even  between  different  laboratory  colonies.  Several  factors  have  been 
identified  that  can  influence  RNAi  efficiency,  such  as  dsRNA  persistency  in  the  insect  body, 
availability  of  the  RNAi  core  gene  machinery,  uptake  and  systemic  transport  of  the  dsRNA,  the 
dsRNA  molecule  itself,  and  more.  This  is  also  the  case  for  the  order  of  Hemiptera,  which 
comprises  devastating  pest  insects  such  as  aphids,  psyllids  and  whiteflies. 

Methods:  Here,  we  present  our  research  in  the  pea  aphid  Acyrthosiphon pisum.  We  investigated 
the  possible  role  of  extracellular  dsRNA  degradation  and  the  dsRNA  persistency  in  the  aphid 
body.  We  found  that  haemolymph,  as  well  as  digestive  secretions,  are  able  to  degrade  dsRNA. 
Furthermore,  introduction  of  dsRNA  in  the  aphid  body  was  not  able  to  provoke  a  response  in  the 
expression  of  the  siRNA  core  machinery  genes.  Finally,  we  present  new  strategies  to  enhance 
oral  RNAi  by  optimising  the  dsRNA  delivery  to  insects. 


Results/Conclusion:  The  use  of  liposomic  transfectants  and  polymer-coated  dsRNA 
nanoparticles  can  be  used  to  improve  uptake  of  dsRNA  or  increase  the  persistency  of  the 
molecules  in  the  digestive  system. 
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Abstract  text: 

Introduction: 

Strange  days  indeed.  John  Lennon  couldn’t  have  put  it  any  better.  Dengue  control  has  for  years 
involved  methods  to  kill  mosquito  vectors:  fogging,  spraying,  larvivorous  fish,  and  insecticide 
treated  materials.  Spray  ‘em  and  slay  ‘em.  But  recently  we  have  engaged  in  just  the 
opposite.  Millions  of  dengue  vector  mosquitoes  have  been  reared  in  the  laboratory  and  released 
into  the  field.  Rear  and  release.  How  can  this  be?  After  decades  of  pesticide  use,  mounting 
pesticide  resistance  in  vectors  created  ineffective  dengue  control  programs. 

Methods: 

The  time  for  a  new  approach  that  modified  the  vector  itself  was  at  hand.  This  involved  two 
strategies.  First,  reducing  the  capacity  for  the  mosquito  to  transmit  dengue  virus.  Second, 
modifying  mosquitoes  so  that  they  were  incapable  of  reproducing,  causing  population 
crashes.  In  the  last  five  years,  the  bacterium  Wolbachia  has  been  used  to  reduce  the  vector 
competence  of  the  dengue  vector  Aedes  aegypti  and  to  induce  sterility  in  males  of 
several  Aedes.  Genetic  modification  and  radiation  have  also  been  used  to 
reduce  Aedes  populations. 


Results/Conclusion: 


To  date,  no  epidemiological  evidence  exists  to  support  these  new  approaches.  Despite  the 
enthusiasm  for  new  “green”  technologies,  I  suspect  they  will  run  into  the  same  barriers  that 
hindered  insecticide  based  dengue  programs.  In  particular,  programs  must  be  applied  to  large 
urban  areas  in  poor  tropical  countries.  The  disregard  for  programs  that  are  accessible  and 
affordable,  scalable  and  sustainable,  has  defined  their  failure.  Can  our  new  vector  modifications 
succeed  where  pesticide  based  programs  have  failed?  Dengue  control  experts  are  watching  this 
space  closely. 
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Abstract  text: 

Introduction:  Wolbachia  are  being  increasingly  considered  as  a  strategy  for  suppressing  dengue 
transmission  involving  Aedes  aegypti  mosquitoes.  This  either  involves  replacing  the  existing 
uninfected  population  with  one  infected  by  Wolbachia  which  interferes  with  the  ability  of 
mosquitoes  to  transmit  Wolbachia,  or  by  releasing  infected  mosquitoes  that  generate  sterility  in 
uninfected  females  from  natural  populations.  In  both  cases,  the  success  of  the  strategy  depends 
on  generating  mosquitoes  under  artificial  conditions  that  have  a  high  fitness  so  that  they  can 
compete  with  those  from  natural  populations. 

Methods:  Here  I  describe  strategies  that  can  be  used  to  increase  the  likelihood  of  generating  high 
fitness  mosquitoes.  These  include  males  that  can  compete  with  uninfected  field  males  and  (under 
replacement)  females  that  can  locate  breeding  sites. 


Results/Conclusion:  To  achieve  suppression  or  replacement,  it  is  also  important  to  consider 
barriers  to  movement  in  release  sites,  seasonal  changes  in  target  populations  and  potential  hot 
spots  of  mosquito  populations  where  release  numbers  may  need  to  be  adjusted. 
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Abstract  text: 

Introduction: 

Aedes  aegypti  and  Aedes  albopictus  are  two  vectors  which  have  spread  silently  across  the  globe 
and  have  now  established  in  over  100  countries.  Both  vectors  have  unique  adaptations  and  play 
an  important  role  in  the  transmission  of  dengue  and  chikungunya  viruses  and  more  recently, 

Zika.  Dengue  is  the  fastest  growing  vector  borne  disease  in  the  world  and  over  128  countries  are 
currently  affected  by  it.  While  significant  gains  have  been  made  in  the  control  of  malaria, 
increased  urbanisation  has  resulted  in  the  re-emergence  of  dengue  and  other  arboviral  diseases  as 
a  significant  global  threat. 

Methods: 

Currently,  vector  control  remains  the  only  available  option  to  prevent  and  control  its  spread. 

Here  I  present  the  bionomics  of  both  vectors  and  the  various  the  tools  we  have  for  controlling 
mosquito  vectors. 


Results/Conclusion: 


These  include  innovative  methodologies  which  may  address  the  need  for  sustained  vector 
control.  The  impact  of  human  population  movements,  environmental  change,  and  the  rise  of 
insecticide  resistance  will  also  be  discussed. 
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Abstract  text: 

Introduction: 

The  Asian  tiger  mosquito,  Aedes  albopictus ,  is  one  of  the  world’s  most  invasive  species.  Its 
spread  has  been  enabled  by  rapid  global  transport  of  cargo,  and  it  is  now  established  on  every 
continent  except  Antarctica.  This  species  is  also  a  significant  threat  to  human  health,  being  a 
day-biting  pest  and  a  competent  vector  of  many  arboviruses,  notably  dengue  and  chikungunya 
viruses.  The  fine-scale  processes  by  which  these  mosquitoes  become  established  are  poorly 
understood,  and  in  most  infested  areas,  eradication  remains  an  elusive  goal. 

Methods: 

Here  we  consider  the  ongoing  invasion  and  establishment  of  Ae.  albopictus  in  Los  Angeles  since 
2011.  We  model  the  stochastic  dynamics  of  Ae.  albopictus  on  this  landscape  using  a  data-based 
suitability  surface  and  a  temperature-dependent,  dynamical  model  for  reproduction  and  spread. 
We  then  use  the  model  to  answer  policy-relevant  questions  related  to  detection  timelines,  vector 
control,  and  the  feasibility  of  local  eradication  efforts. 


Results/Conclusion: 


Intensive  surveillance,  aided  by  passive  detection  through  enhanced  public  awareness  and 
reporting,  is  critical  for  successful  control  of  Ae.  albopictus.  Detection  delays  and  poor  spatial 
resolution  of  the  mosquitoes’  distribution  resulting  from  inadequate  surveillance  are  key 
obstacles  to  long-term  control  success,  and  the  prospects  for  eradication  hinge  on  our  ability  to 
develop  novel  spatial  control  strategies. 
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Abstract  text: 

Introduction: 

Vector  control  in  Brazil  primarily  relies  on  mechanical  (source  reduction)  and  chemical 
(insecticide  use)  approaches.  During  2015,  more  than  1.4  million  cases  were  registered  in  the 
country,  questioning  the  efficacy  of  traditional  control  measures  on  reducing  Aedes  aegypti  field 
populations.  Dengue  serotype-4  (DENV-4)  has  been  absent  from  Brazil  since  the  1980's, 
however,  the  serotype  was  confirmed  in  the  Northern  State  Capital  of  Boa  Vista  in  2010.  In  order 
to  halt  DENV-4  spread,  intensification  of  vector  control  was  adopted  and  followed  WHO,  PAHO 
and  Brazilian  MoH  guidelines. 

Methods: 

During  control  and  survaillance  activities,  56,837  dwellings  were  visited,  with  -95,000 
containers  eliminated  or  treated  with  IGR  diflubenzuron.  Six  ULV  application  with  2% 
deltamethrin  were  conducted  throughout  the  city.  A  total  of  275  ovitraps  were  installed  to 
evaluate  the  efficacy  of  these  control  activities. 


Results/Conclusion: 


After  the  intensification  of  vector  control,  House  and  Breteau  Indices  presented  a  slight  but  non¬ 
significant  decrease.  The  density  of  eggs  collected  in  ovitraps  increased  in  the  areas  treated  and  a 
four-fold  rise  in  insecticide  resistance  was  also  observed.  We  conclude  there  are  limitations  to 
the  traditional  chemical  control  method  of  reducing  Ae.  aegypti  density  in  dengue  endemic  areas 
and  support  the  need  for  innovative  vector  control  measures  such  as  the  endosymbiont 
Wolbachia  and  the  transgenesis  of  male  mosquitoes. 
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Abstract  text: 

Introduction: 

Dengue,  which  is  caused  by  any  of  four  related  but  antigenically  distinct  virus  serotypes,  has 
increased  its  incidence  and  geographic  range  considerably  in  the  past  50  years.  The  utility  of 
disease  models  for  planning  public  health  interventions  and  policy  relies  on  accurate  estimates  of 
key  transmission  parameters.  Infection  with  a  DENV  serotype  induces  lifelong  immunity  to  that 
serotype  and  a  short-term,  temporary  cross-immunity  (TCI)  to  the  other  serotypes.  Despite  a 
century  of  research,  the  strength  and  duration  of  TCI  remains  uncertain  because  it  is  difficult  to 
estimate  using  disease  surveillance  data.  Further,  the  inherent  difficulty  in  quantifying  the 
absence  of  infections  is  confounded  by  poor  estimates  of  the  background  risk  of  infection,  or 
force  of  infection  (Fol). 

Methods: 

Using  a  12-year  longitudinal  DENV  dataset  from  Iquitos,  Peru,  we  simultaneously  estimate 
serotype-specific,  time-varying  Fols  as  well  as  serotype/serotype-specific  strength  and  durations 
of  TCI  in  an  endemic  population.  The  dataset  contained  information  on  14,335  individuals 
(38,416  samples)  and  23,989  serotype-specific  DENV  infections.  Of  these,  3,854  occurred 
during  the  study  period,  which  enabled  estimation  of  when  the  infections  took  place. 

Results/Conclusion: 

Considered  independently  and  depending  on  year  and  serotype,  yearly  force  of  infection  varied 
from  0  to  0.33.  For  TCI,  we  found  considerable  variation  in  both  the  duration  and  strength  of 
protection,  with  some  serotype  combinations  conferring  essentially  no  protection,  while  others 
providing  relatively  strong  protection  for  months.  Our  results  provide  important  new  insights 
into  DENV  transmission  dynamics  that  will  inform  interpretation  of  vaccine  trial  data  as  well  as 
future  vaccine  deployment. 
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Abstract  text: 

Introduction:  In  many  countries,  including  Australia  and  the  United  States,  the  human  response 
to  drought  has  resulted  in  the  proliferation  of  water  storage  such  as  rainwater  tanks,  cisterns  and 
rain  barrels.  If  unmanaged,  these  permanent  water  sources  can  provide  a  year-round  source  of 
mosquitoes  and  the  central  node  of  immigrants.  However,  it  is  unknown  how  urban  landscape 
features  such  as  roads  and  playing  fields  facilitate  or  inhibit  mosquito  movement  between  these 
water  storage  containers. 

Methods:  We  tested  hypotheses  of  mosquito  movement  based  on  different  landscape  features 
from  Gin  Gin,  Australia;  a  town  with  a  high  prevalence  of  rainwater  tanks.  Upon  emerging  from 
rainwater  tanks,  the  vectors  Aedes  aegypti  and  Aedes  notoscriptus  were  marked  with  a  number  of 
methods  then  released  and  recaptured  in  surrounding  properties.  We  used  measurements  of  mean 
distance  traveled  across  different  landscape  features  over  a  two  week  period.  This  data  was  then 
used  to  parameterize  dispersal  kernels  embedded  within  a  generalized  linear  model  framework. 

Conclusions:  Our  results  provide  estimates  of  the  movement  characteristics  of  Ae.  aegypti  and 
Ae.  notoscriptus  in  an  urban  environment  where  rainwater  tanks  are  ubiquitous  and  landscape 
features  can  inhibit  or  facilitate  movement.  Results  could  be  used  to  model  landscape 
connectivity  within  urban  environments,  inform  future  mosquito  control  activities  or  influence 
population  replacement  or  elimination  programs  using  technologies  such  as  RNAi,  gene 
modification  or  Wolbachia. 
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Abstract  text: 

Introduction: After  autochthonous  dengue  (DENV-1)  transmission  was  discovered  in  Key  West, 
Florida  in  2009-10  the  Florida  Keys  Mosquito  Control  District  mounted  a  campaign  to 
significantly  reduce  Aedes  aegypti  populations. 

Methods:  The  District  used  conventional  control  tools,  and  simultaneously  pursued  a  variety  of 
unconventional  methods.  The  conventional  tools  included  repeated  truck,  aerial,  and  door-to- 
door  ULV  adulticiding,  systematic  door-to-door  inspections  to  dump  and/or  treat  containers  with 
larvicides,  and  public  education  campaigns.  The  unconventional  methods  included  a  large-scale 
toxic  ovicup  campaign,  repeated  helicopter  larviciding  over  the  entire  city  with  Vectobac  WDG 
(a  liquid  Bti  formulation),  and  attempts  to  implement  the  sterile  insect  technique,  featuring 
releases  of  Oxitec's  OX-513A  genetically  modified  mosquitoes. 


Results/Conclusion:  This  presentation  will  review  the  methods  and  results  of  those  attempts,  the 
challenges  of  combating  an  urbanized  mosquito  species,  and  provide  our  views  on  the 
practicality  of  conventional  methods  in  the  U.S.  We  will  also  emphasize  the  need,  especially  for 
urban  areas,  for  self-dispersing  and  semi-automated  control  methods. 
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Abstract  text: 

Introduction: 

Now  is  a  critical  time  for  mosquito-borne  disease  (MBD)  control.  With  traditional  control  tools 
losing  effectiveness  and  the  emergence  of  new  arboviruses  of  pandemic  potential,  MBD  experts 
must  take  a  systematic  approach  to  prepare  for  the  future.  Scanning  for  future  threats  and 
opportunities  is  a  critical  component  of  science  policy.  Horizon  scanning  is  a  foresight  tool  used 
to  think  about,  debate,  and  shape  the  future  in  a  systematic  way.  In  the  last  decade  it  has  been 
used  by  many  businesses,  national  governments,  and  non-governmental  organizations  to  predict 
societal  and  environmental  needs  as  well  as  to  forecast  emerging  science  and  technology. 
Horizon  scanning  has  recently  been  applied  to  the  environmental  field  with  the  objective  of 
producing  strategies  that  will  be  sufficiently  robust  in  a  range  of  plausible  futures. 

Methods: 

My  policy  research  applies  horizon  scanning  methods  to  the  field  of  MBDs  in  order  to  form  a 
forecast  of  the  next  twenty  years  of  MBD  control,  including  potential  drivers  and  trends  in  the 
field.  I  will  discuss  how  findings  from  literature  content  analysis  coupled  with  expert  opinions 
can  address  uncertainties  in  future  MBD  control  policies. 


Results/Conclusion: 


The  results  will  help  experts  to  identify  blind  spots  and  gaps  in  scientific  knowledge  so  that 
research  in  the  near  future  can  be  directed  towards  maximizing  opportunities  and  improving 
efficiency  in  MBD  control. 
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Abstract  text: 

Introduction:  The  family  Kalotermitidae  (drywood  termites)  contains  approximately  21  genera 
and  419  species  worldwide.  Of  these  only  a  few  species  are  serious  structural  pests.  The  western 
drywood  termite,  Incisitermes  minor  (Hagen),  is  probably  the  second  most  important  species. 
Native  to  the  coastal  and  inland  areas  of  California  and  Baja  Mexico,  it  has  spread  as  a  result  of 
human  commerce  to  Japan  and  the  southeastern  US  and  urbanization  to  the  desert  southwest. 
Like  tramp  ant  species,  I.  minor  has  been  successful  at  exploiting  disturbed  human  habitats, 
especially  modern  human  dwellings. 

Methods:  Factors  that  have  contributed  to  its  success  as  an  invasive  species  include  its  extremely 
broad  range  of  potential  hosts.  It  has  been  reported  feeding  on  the  dead  wood  of  some  20 
different  native  trees  and  shrubs,  but  it  has  a  strong  feeding  preference  for  structural  woods  such 
as  Douglas-fir,  Port  Orford  cedar,  redwood,  and  pines.  These  woods  are  commonly  used  in  home 
construction.  I.  minor  is  physiologically  adapted  to  semi-arid  environments  having  very  low 
cuticular  water  loss  rates  and  high  thermal  tolerances. 

Results/Conclusion:  I.  minorcan  survive  up  to  30  minute  exposures  to  47°C.  Drywood  termites 
can  survive  brief  exposures  to  temperatures  as  low  as  -20°C.  These  extreme  temperature 
conditions  and  low  wood  moisture  are  often  found  within  structures,  especially  in  attics. 


Structures  that  are  heated  and  air-conditioned  have  permitted  this  species  to  expand  into  desert 
southwestern  climates. 
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Abstract  text: 

Introduction:  The  West  Indian  drywood  termite,  Cryptotermes  brevis  (Walker),  was  described 
from  Jamaica  in  1853.  150  years  later,  the  endemic  range  of  C.  brevis  was  discovered  in  the 
coastal  hyper-desert  of  Chile  and  Peru. 

Methods:  A  scenario  is  proposed  implicating  a  post-Colombian  release  of  C.  brevis  by  shipboard 
infestations  and  the  movement  of  infested  wood  during  the  early  Spanish  Empire. 

Results/Conclusion:  This  species  is  now  the  dominant  kalotermitid  pest  of  rain- sheltered  wood 
throughout  the  non- Asian  humid  tropics. 
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Abstract  text: 

IntroductiomBiological  invasions  are  recognized  as  a  major  threat  to  both  natural  and  managed 
ecosystems.  Phylogeographic  and  population  genetic  analyses  can  provide  information  about  the 
geographical  origins  and  patterns  of  introduction  and  explain  the  causes  and  mechanisms  by 
which  introduced  species  have  become  successful  invaders.  Reticulitermes  flavipes  is  a  North 
American  subterranean  termite  that  has  been  introduced  into  several  areas,  including  France, 
Chile  and  other  locations  where  introduced  populations  have  become  invasive. 

Methods:  To  identify  likely  source  populations  in  the  USA  and  to  compare  the  genetic  diversity 
of  both  native  and  introduced  populations,  an  extensive  molecular  genetic  study  was  undertaken 
using  the  COII  region  of  mtDNA  1 5  microsatellite  loci  and  a  large  panel  of  single  nuceotide 
polymoprhism  (SNP)  markers). 

Results/Conclusion:  Our  results  showed  that  native  northern  US  populations  appeared  well 
differentiated  from  those  of  the  southern  part  of  the  US  range.  Phylogenetic  analysis  of  both 
mitochondrial  and  nuclear  markers  showed  that  French  and  Chilean  populations  probably 
originated  from  southcentral  US  populations,  and  more  specifically  from  Louisiana.  All  of  the 
mtDNA  haplotypes  shared  between  the  United  States  and  France  were  found  in  Louisiana. 
Compared  to  native  populations  in  Louisiana,  French  and  Chilean  populations  show  lower 
genetic  diversity  at  both  mtDNA  and  microsatellite  markers.  These  findings  are  discussed  along 
with  the  invasion  routes  of  R.  flavipes  as  well  as  the  possible  mechanisms  by  which  French  and 
Chilean  populations  have  evolved  after  their  introduction. 
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Abstract  text: 

Introduction:  The  Asian  subterranean  termite,  Coptotermes  gestroi  (Wasmann),  is  an  invasive 
species  of  Taiwan.  C.  gestroi  has  become  a  major  structural  pest  in  the  southwestern  area.  Tree 
infestation  of  C.  gestroi  in  forest  was  first  reported  in  201 1,  which  indicated  C.  gestroi  may  have 
already  naturalized  in  Taiwan.  In  the  past  three  years,  we  monitored  C.  gestroi  activity  and  tested 
the  efficacy  of  using  termite  bait  in  forests. 

Methods:  A  stake  survey  was  conducted  in  four  50  by  50  meter  plots.  Wood  stakes  were  driven 
into  the  soil  in  5-meter  intervals  to  form  four  matrices.  Wood  stakes  were  checked  monthly. 
Triple  mark-release-recapture  method  was  conducted  to  estimate  territory  and  population  size  of 
three  termite  colonies  and  then  bait  was  applied  for  control.  In  addition  to  the  stake  survey,  a 
Malaise  trap  was  set  up  to  collect  dispersal  alates. 

Results/Conclusion:  Dispersal  flight  of  C.  gestroi  between  March  and  April  was  observed  in  the 
past  three  years  consecutively.  Their  population  sizes  were  up  to  200,000  individuals  and  the 
maximum  linear  distance  of  their  subterranean  gallery  systems  was  up  to  80  meters,  which  is 
comparatively  smaller  than  that  reported  in  previous  studies  conducted  in  urban  environment. 


We  speculated  C.  gestroi  populations  are  suppressed  by  ants  and  another  dominant  termite 
species,  Odontotermes  formosanus  (Shiraki).  Three  colonies  of  C.  gestroi  were  eliminated  in  4 
months  using  termite  baits.  This  study  showed  naturalization  of  C.  gestroi  in  Taiwan  is 
confirmed  and  baiting  is  a  practical  option  for  controlling  C.  gestroi  in  trees. 


Symposium 

Presentation  Title:  Origin  and  invasion  history  of  Coptotermes  formosanus  in  Japan 
Author  Name:  Tsuyoshi  Yoshimura 
Author  Institution:  Kyoto  University 

Session  Title:  Symposium:  Invasive  Termite  Species:  Where  Are  They  From,  Where  Are  They 
Now,  and  Where  Will  They  Be? 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3550 

DOI:  10. 1603/ICE.2016. 92801 

Abstract  text: 

Introduction:  Coptotermes  formosanus  is  supposed  to  have  originated  in  southern  China,  since 
Kistner  discovered  specific  staphylinid  termitophiles,  the  presence  of  which  is  assumed  to  be  the 
evidence  of  the  native  range.  Subsequent  molecular  studies  have  shown  high  phylogenetic 
diversity  of  the  Chinese  and  Taiwanese  populations,  suggesting  that  mainland  China  and  Taiwan 
are  within  the  native  range.  Despite  the  lack  of  convincing  demonstration,  the  Japanese 
populations  are  believed  to  have  started  from  immigrants  who  landed  in  Nagasaki  from  southern 
China  before  the  1600’s. 

Methods:  A  comprehensive  dataset  of  COII  gene  sequences  was  constructed,  which  contains  all 
the  available  sequences  deposited  in  the  public  databases  and  those  determined  in  this  study.  By 
using  the  dataset,  we  conducted  NCA  (nested  clade  analysis)  and  SAMOVA  (spatial  analysis  of 
molecular  variance)  to  compare  phylogenetic  diversity  among  distribution  ranges  and  reconstruct 
the  phylogeography  of  C.  formosanus.  In  addition,  several  nests  of  the  termites  were  collected  in 
Okinawa  and  Iriomote  Islands,  and  examined  for  staphylinid  termitophiles  by  careful  hand¬ 
sorting. 

Results/Conclusion:  Our  analysis  hypothesized  that  C.  formosanus  originated  in  southern  China 
and  extended  its  distribution  up  to  the  main  islands  of  Japan  along  the  land-bridges  having 
existed  in  the  past.  It  is  also  indicated  that  the  termites  were  artificially  introduced  to  continental 


United  States  from  southern  China.  Interestingly,  the  same  lineage  that  was  introduced  to  the 
U.S.  seems  to  have  recently  invaded  Nagasaki  and  Bonin  Islands.  Our  findings  of  staphylinid 
termitophiles  in  Iriomote  Island  could  further  support  the  hypothesis  that  Japan  is  within  the 
native  range. 


Symposium 

Presentation  Title:  Conquest  of  the  Formosan  subterranean  termite 

Author  Name:  Edward  Vargo 

Author  Institution:  Texas  A&M  University 

Session  Title:  Symposium:  Invasive  Termite  Species:  Where  Are  They  From,  Where  Are  They 
Now,  and  Where  Will  They  Be? 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3551 

DOI:  10. 1603/ICE. 2016. 92752 

Abstract  text: 

Introduction:  The  Formosan  subterranean  termite,  Coptotermes  formosanus ,  is  among  the  most 
important  invasive  pest  species.  We  explore  genetically  engineered  microbes  as  Trojan  Horses  to 
spread  detrimental  gene  products  in  termite  colonies.  Such  enhanced  biological  termite  control 
methods  could  be  utilized  in  synergism  with  or  alternative  to  chemical  insecticides. 

Methods:  Yeast  and  native  gut  bacteria  were  genetically  engineered  using  plasmid  constructs  and 
transposons  to  express  marker  genes  (GFP),  lytic  peptides  (Melittin,  Hecate)  and  lytic  peptides 
targeted  to  gut  protozoa  with  ligands  designed  via  phage-display.  Direct  toxicity  against  termites 
and  indirect  termite  control  via  killing  vital  protozoa  in  the  termite  gut  were  assessed  in  vitro  and 
in  vivo  (injections  into  the  termite  gut  and  feeding  experiments). 

Results/Conclusion:  Yeast  engineered  to  express  Melittin  and  Hecate  killed  the  cellulose- 
digesting  protozoa  in  the  termite  gut.  Expressed  Melittin,  however,  did  not  cause  gut  necrosis  as 
originally  expected  based  upon  preliminary  injection  experiments.  Protozoa  specific  ligand 
enhanced  the  protozoacidal  efficiency  of  Hecate  and  protected  non-target  cells.  Yeast  expressing 
ligand-Hecate  killed  all  protozoa  in  the  termite  gut  within  three  weeks  and  termites  died  soon 
thereafter  of  starvation.  Using  termite-specific  gut  bacteria  as  Trojan  Horses  instead  of 
ubiquitous  yeast  is  the  ultimate  goal  to  increase  environmental  safety.  Engineering  Trabulsiella 
termitis  (Enterobacteriaceae)  to  express  GFP  provided  proof  of  concept  of  non-repellency, 


improved  spread  among  nest  mates  (compared  to  yeast),  long-term  survival  and  strong  gene 
expression  in  the  gut.  Transformation  of  Trabulsiella  to  express  protozoacidal  ligand-Hecate  is 
expected  to  complete  the  quest  for  a  Trojan  Horse  for  termite  control. 
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Abstract  text: 

Introduction:  Coptotermes  gestroi  (Wasmann)  and  Coptotermes  formosanus  (Shiraki)  represent 
the  most  widely  distributed  subterranean  termites  (Isoptera:  Rhinotermitidae)  in  the  world, 
with  C.  gestroi  found  in  the  equatorial  zone,  and  C.  formosanus  in  the  subtropics  and  warm 
temperate  regions.  Distributions  currently  overlap  in  only  three  locations:  Taiwan,  Hawaii  and 
Florida.  Native  to  southern  China,  Coptotermes  formosanus  was  originally  introduced  to  Hawaii 
in  the  late  1800's.  Under  the  synonym  C.  vastator,  C.  gestroi  was  first  found  in  Hawaii  infesting 
a  single  house  (subsequently  demolished)  in  the  Kapahulu  neighborhood  of  Honolulu,  Oahu,  in 
1963.  Coptotermes  gestroi  was  not  collected  again  until  1999,  when  it  was  found  infesting  two 
residential  structures  and  a  hay  barn  in  Kalaeloa,  Oahu  (formerly  Barbers’  Point  Naval  Air 
Station),  a  residence  in  the  adjacent  community  of  Ewa  Beach,  and  sea  grape  trees  ( Cocoloba 
uvifara)  lining  the  perimeter  of  Ewa  Beach  Park. 

Methods:  All  discoveries  of  C.  gestroi  in  Hawaii  since  1999  have  been  within  approximately  ten 
kilometers  of  Kalaeloa.  Comparative  studies  have  identified  a  number  of  differences  between 
these  two  species. 

Results/Conclusion:  C.  gestroi  was  found  to  have  a  slower  feeding  rate  than  C. 
formosanus.  Coptotermes  gestroi  also  desicates  more  readily,  and  was  more  resistant  to  the 
nematode  Heterorhabditis  indica ;  biological  differences  that  may  be  attributable  to  cuticular 
hydrocarbon  differences  between  the  species.  The  two  species  also  exhibit  different  tunneling 


patterns,  which  may  reflect  both  the  distribution  of  woody  resources  in  the  ecological  zones 
normally  inhabited  by  each  species  and/or  selection  for  different  optimal  foraging  strategies. 
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Abstract  text: 

Introduction:  The  two  termite  invaders  Coptotermes  formosanus  and  Coptotermes  gestroi  have 
different  ecological  requirements  but  are  now  both  established  in  at  least  3  locations  in  the 
world:  Taiwan,  Haiwaii,  and  South  Florida. 

Methods:  It  was  observed  in  South  Florida  that  both  species  had  large  overlapping  swarming 
seasons  in  2013-2015.  Interspecies  mating  behavior  were  readily  observed  in  the  field  and 
vigorous  hybrid  colonies  were  obtained  in  the  laboratory. 

Results/Conclusion:  Such  observation  raises  questions  on  the  potential  of  genetic  introgression 
within  established  populations  in  South  Florida.  It  also  reveals  the  plausibility  of  recurrent 
reticulate  evolution  in  termites,  and  how  populations  can  have  gene  flow  between  species.  The 
consequences  in  short  term  may  be  economic  in  areas  where  both  species  are  established.  If  the 
hybrid  colonies  can  produce  fertile  FI  alates,  then  in  the  long  term,  evolutionary  and  ecological 
consequence  may  be  predicted  when  comparing  with  other  social  insect  hybrids  in  ants  and  bees 
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Introduction:  High-speed  appendages  for  prey  capture  or  defense  are  common  in  nature.  In  ants, 
power-amplifying  trap-jaw  mechanisms  have  evolved  independently  at  least  four  times,  yet  only 
one  radiation  of  trap-jaw  ants  (Tribe  Odontomachini)  has  been  studied  in  detail.  In  this  study  we 
examined  the  head  morphology  and  mandible  kinematics  of  miniature  trap-jaw  ants 
(genus  Strumigenys  Smith).  Mandible  shape  and  size  vary  greatly  within  this  genus,  and  it  is 
unclear  which  species  have  power-amplified  trap-jaws  and  which  do  not. 

Methods:  We  measured  the  kinematics  of  S.  eggersi  and  S.  louisianae  mandible  strikes  using 
high  speed  videography,  and  investigated  the  muscle  morphology  of  various  native  and  non¬ 
native  Strumigenys  species  from  the  Southeastern  U.S.  using  microCT  scans. 

Results/Conclusion:  We  found  that  S.  eggersi  and  S.  louisianae  have  snaps  that  occur  an  order  of 
magnitude  quicker  than  other  trap-jaw  ants,  closing  their  mandibles  in  less  than  0.02ms. 
Maximum  radial  velocity  for  S.  eggersi  and  S.  louisianae  was  69  m/s  and  64  m/s,  respectively. 
Both  muscle  morphology  and  labrum  position  show  predictive  potential  for  future  studies  aimed 
at  predicting  kinematics  from  morphology  alone.  Comparisons  with  Odontomachus  and 
Anochetus  mandible  strikes  suggest  that  strike  performance  may  scale  with  body  size  irrespective 
of  phylogenetic  history.  A  large  scale  study  of  mandible  kinematics  within  this  genus  and  other 
myrmicine  trap-jaw  ant  genera  is  needed  to  investigate  these  preliminary  trends  further. 
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Longstanding  theory  in  evolutionary  biology  predicts  that  trait  trade-offs  should  constrain 
morphological  divergence  and  species  diversification.  However,  this  influential  hypothesis  has 
yet  to  be  tested  in  a  broad  evolutionary  context  in  many  diverse  clades,  including  ants.  Here,  we 
reconstruct  an  expanded  ant  phylogeny  representing  >80%  of  ant  genera,  compile  a  new  family¬ 
wide  trait  database,  and  conduct  various  trait-based  analyses  to  show  that  defensive  traits  in  ants 
do  exhibit  an  evolutionary  trade-off.  In  particular,  sting  production  negatively  correlates  with  a 
suite  of  other  defensive  traits  including  spines,  large  eye  size,  and  large  colony  size. 
Furthermore,  we  find  that  several  of  the  defensive  traits  that  trade  off  with  a  sting  are  also 
positively  correlated  with  each  other  and  drive  increased  diversification,  further  suggesting  that 
these  traits  form  a  defensive  suite.  Our  results  support  the  hypothesis  that  trade-offs  in  defensive 
traits  significantly  constrain  trait  evolution  and  influence  species  diversification  in  ants. 
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Abstract  text: 


Ultraconserved  Elements  (UCE’s)  are  phylogenomic  markers  that  have  proven  useful  in 
resolving  both  deep  and  shallow  phylogenetic  relationships.  Molecular  UCE  probes  for 
Hymenoptera  have  recently  been  developed  and  successfully  used  for  ants.  The  genus 
Sericomyrmex  Mayr,  1865  belongs  to  the  fungus-growing  ants  (Myrmicinae:  Attini:  Atta  genus 
group),  a  diverse  and  intriguing  clade  of  ants  that  obligately  cultivate  fungus  gardens  for  food. 
Currently  19  nominal  species  and  3  nominal  subspecies  of  Sericomyrmex  are  recognized, 
distributed  throughout  most  of  South  and  Central  America.  Sericomyrmex  ants  are  commonly 
collected  in  leaf-litter  samples  in  biodiversity  studies,  but  are  impossible  to  identify.  Species  are 
morphologically  very  similar  and  within-nest  variation  is  substantial,  confounding  easy 
recognition  of  species  boundaries.  We  present  results  of  phylogenomic  analyses  of  a  UCE  data 
set  for  88  Sericomyrmex  samples  and  5  outgroup  taxa  from  across  the  Sericomyrmex  geographic 
range.  This  data  set  has  642-707  UCE  loci  sequenced  for  each  sample,  each  of  which  is  342  - 
1852  base  pairs  long.  We  compare  the  results  of  the  UCE  analyses  with  the  results  of 
morphological  studies,  which  consist  of  morphological  characters  and  measurements  of  workers, 
queens,  males,  and  larvae.  Both  molecular  and  morphological  data  show  that  Sericomyrmex 
consists  of  a  lesser  number  of  species  than  previously  described.  In  addition,  a  molecular 
phylogeny  of  Sericomyrmex  fungal  cultivars,  based  on  sequences  of  ITS  and  LSU,  is  presented, 
and  the  implications  for  co-evoultion  of  ants  and  fungus  is  discussed. 
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Parasitoid  wasps  of  the  superfamily  Ceraphronoidea  are  found  worldwide,  but  despite  being 
some  of  the  most  commonly  collected  hymenopterans,  little  work  has  been  done  to  investigate 
their  taxonomy.  It  is  currently  unknown  how  many  species  of  the  genus  Conostigmus  Dahlbom 
(Hymenoptera:  Megaspilidae)  are  found  within  North  America  north  of  Mexico.  Unlike  other 
megaspilid  species,  which  are  found  throughout  the  northern  hemisphere,  only  a  limited  number 
of  Conostigmus  species  are  found  in  both  the  Nearctic  and  Palearctic  regions.  It  is  unclear 
whether  this  trend  is  an  artifact  of  sampling  bias  or  represents  the  natural  species  distributions. 
We  present  a  taxonomic  review  of  Nearctic  Conostigmus,  including  rediscoveries  of  species  that 


were  only  known  from  primary  types  and  the  description  of  new  taxa.  Our  species  hypotheses 
utilize  both  morphological  and  molecular  data.  In  order  to  make  these  data  broadly  available,  we 
established  and  continue  to  maintain  a  phenobank  of  semantically-represented  morphological 
characters.  We  conclude  by  discussing  the  gross  morphology  and  ultrastructure  of  abdominal 
semitransparent  patches  found  in  Ceraphronoidea  by  using  Confocal  Laser  Scanning  Microscopy 
and  Serial  Block  Face  SEM,  a  technique  that  allows  for  3D  reconstruction  on  sub-cellular  level. 
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Communication  is  a  key  component  for  the  maintenance  and  evolution  of  social  behaviour. 
Studies  into  the  evolution  of  communication  in  social  insects  focus  primarily  on  chemical 
signals,  with  remarkably  few  investigating  the  functional  importance  of  the  receiving  apparatus: 
the  antennae.  Here,  we  examine  antennal  diversity  in  halictid  bees.  Halictid  bees  display  extreme 
behavioural  diversity,  with  multiple  independent  lineages  of  eusociality,  a  number  of  reversions 
and  an  array  of  sub-social  and  socially  polymorphic  species.  This  extraordinary  behavioural 
diversity  replicated  across  multiple  lineages,  make  halictids  the  ideal  group  for  investigating  how 
communication  systems  are  modified  as  social  structure  changes.  Our  research  uses  a 
combination  of  behavioural,  genomic,  chemical  and  morphological  data  and  through  a 
comparative  phylogenetic  approach  we  are  able  to  provide  insights  of  the  role  of  communication 
in  the  evolution  of  sociality. 
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Introduction:  The  Lower  Cretaceous  Yixian  Formation  and  the  Middle  Jurassic  Jiulongshan 
Formation,  both  located  in  northeastern  China,  have  yielded  many  well-preserved  apocritan 
fossils  leading  to  an  enhanced  knowledge  of  the  origin  and  evolution  of  Apocrita. 

Methods:  Based  on  morphologic  characters  of  these  apocritans,  we  have  conducted 
morphological  and  taxonomic  studies  and  described  17  new  genera,  49  new  species  in  8  families: 
Anomopterellidae,  Ephialtitidae,  Evaniidae,  Heloridae,  Mesoserphidae,  Pelecinidae, 


Praeaulacidae,  and  Scolebythidae.  We  have  carried  out  phylogenetic  analyses  of  Pelecinidae  and 
Ephialtitidae  to  provide  insights  of  their  evolutionary  trends,  origination  and  dispersal. 

Results/Conclusion:  Three  key  findings  to  highlight  our  apocritan  studies:  1).  Based  on  the 
research  of  the  broad  articulation  between  the  propodeum  and  metasoma  in  basal  Ephialtitidae, 
we  suggested  three  pathways  of  transformation  of  the  “wasp  waist”  in  three  different  derived 
lineages  leading  from  Ephialtitidae  to:  (i)  Kuafuidae  and  further  to  the  remaining  Apocrita,  (ii) 
Stephanidae,  and  (iii)  Evanioidea;  2).  According  to  phylogenetic  analyses  and  the  temporal  and 
spatial  distribution  of  pelecinids,  the  most  parsimonious  hypothesis  is  that  the  basal  species 
initially  originated  in  northeastern  China  and  spread  to  central  and  eastern  Asia,  and  then 
dispersed  to  Americas;  3)  Abundant  fossil  specimens  of  apocritans  from  northeastern  China  not 
only  support  that  northeastern  China  is  an  important  area  of  wasp  origination  and  evolution,  but 
also  divide  the  traditional  taxonomy  classification  as  individual  level  and  population  level. 
Population  level  classifications  help  to  revise  the  published  genera  or  species  and  accurately 
identify  and  describe  new  species,  leading  to  better  phylogenetic  analyses  and  resulting  trees. 
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Introduction:  The  subfamily  Scelioninae  (Hymenoptera:  Platygastridae)  is  a  diverse  group  of 
parasitic  wasps.  All  Scelioninae  are  egg  parasitoids  of  insects  and  spiders  which  enables  them  to 
be  important  biological  control  agents  of  insect  pests  in  agriculture  and  forestry.  Further 
development  of  their  potential  use  as  biological  agents  depends  upon  a  better  understanding  of 
the  diversity  and  relationships  within  the  subfamily.  The  current  limitations  in  phylogenetic 
knowledge  have  impeded  research  on  these  wasps. 


Methods:  The  current  research  in  this  area  has  three  primary  goals:  1)  use  6  gene  markers  to 
reconstruct  the  evolutionary  history  of  Scelioninae;  2)  assess  the  monophyly  of  the  subfamily 
and  its  subdivisions;  3)  based  on  the  resultant  phylogeny,  we  will  revise  the  higher  classification 
of  the  subfamily  and  propose  a  hypothesis  of  how  these  wasps  shift  their  host  from  one  group  to 
another. 

Results/Conclusion:  The  classification  developed  from  the  proposed  evolutionary  history  will 
enhance  the  taxonomy  of  these  important  wasps.  In  addition,  the  phylogeny  will  reveal  the  host 
shifts  pattern  and  will  provide  a  framework  for  understanding  the  evolution  of  parasitic  strategies 
in  this  group  as  well  as  parasitoids  in  general. 
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Introduction:  Aphelinus  (Hymenoptera:  Aphelinidae)  is  a  genus  of  parasitoid  wasps  that  has  a 
long  history  of  use  in  biological  control  programs  against  aphids.  Past  research  shows  that  the 
taxonomy  of  Aphelinus  is  greatly  complicated  by  the  existence  of  cryptic  species  that  differ  little 
in  the  morphological  characters  traditionally  used  for  Aphelinus  taxonomy.  Molecular  data 
analyzed  in  a  phylogenetic  framework  can  help  in  recognition  of  cryptic  species  and  to  better 
discern  the  evolutionary  relationships  among  species  in  Aphelinus. 

Methods:  In  this  study,  evolutionary  relationships  among  14  species  in  Aphelinus  and  two 
outgroups  were  inferred  using  phylogenetic  analyses  with  next  generation  sequencing  (NGS) 
amino  acid  data.  The  data  were  taken  from  protein-coding  sequences  representing  complete 
genomes.  A  local  BLAST  database  and  filtration  protocol  was  used  to  identify  high  quality 


homologous  sequences.  1 10  single  copy  genes  with  less  than  100%  identity  were  selected  for 
analyses  using  both  maximum  parsimony  (PAUP*)  and  maximum  likelihood  analysis  (RAxML). 

Results/Conclusion:  The  following  results  were  common  in  both  analyses:  A.  perpallidus 
(subgenus  Mesidia)  is  basal  to  all  other  Aphelinus  species;  A.  abdominalis  and  A.  asychis  are 
sister  to  all  remaining  Aphelinus;  varipes  and  mali  groups  are  monophyletic  (but  latter  with  weak 
support  in  maximum  likelihood  analysis).  The  placement  of  A.  daucicola  is  unstable  and  differed 
in  both  analyses.  These  phylogenetic  analyses  lay  a  preliminary  phylogenetic  framework  for  the 
classification  of  Aphelinus. 
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Introduction:  With  their  striking  color  patterns  and  morphological  curiosities,  chalcid  wasps  in 
Cirrospilini  (Eulophidae:  Eulophinae)  make  for  some  of  the  most  beautiful  and  eye-catching 
insects  in  the  world.  However,  these  features  create  some  of  the  major  difficulties  in  both 
developing  a  robust  family-level  phylogeny  and  identifying  species.  Within  the  tribe,  Cirrospilus 
Westwood  and  Zagrammosoma  Ashmead  are  biologically  and  morphologically  similar,  but 
exhibit  some  of  the  greatest  variation  in  body  coloration,  which  can  lead  to  confusion  in  defining 
species  in  both  genera.  Morphological  characters  traditionally  used  to  distinguish  species  in  the 
two  genera  involve  color  patterns  of  both  the  body  and  wings,  which  are  highly  variable  even 
within  a  species.  Cirrospilus  vittatus  shows  a  high  degree  of  mesosomal  color  variation,  but  is 
considered  a  single  highly  polymorphic  species,  and  yet  slight  differences  in  color  patterns  have 
been  used  to  delineate  species  within  Zagrammosoma.  If  this  amount  of  color  variation  is 
allowed  to  be  present  within  one  species  in  Cirrospilini,  then  similar  patterns  in  color  variation  in 
other  lineages  within  the  tribe  will  require  investigation  to  corroborate  results. 


Methods:  Using  an  integrative  approach  of  molecular  data  from  28 S  D2,  D3-5,  ITS2  and  COI, 
combined  with  62  morphological  characters,  we  explore  species  boundaries  across  Cirrospilini. 

Results/Conclusion:  The  results  challenge  the  previous  delimitation  of  Cirrospilus  vittatus  as  one 
species,  and  force  the  species  into  two  phenotypically  and  molecularly  distinct  groups.  Species 
of  Zagrammosoma  previously  defined  to  allow  a  large  amount  of  mesosomal  color  variation  also 
emerge  in  distinct  species  groups,  corroborating  results  with  Cirrospilus  vittatus. 
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Wing  interference  patterns  (WIPs)  are  color  patterns  of  insect  wings  caused  by  thin  film 
interference.  Thin  film  interference  is  the  same  phenomenon  responsible  for  the  iridescent  colors 
sometimes  visible  on  soap  bubbles,  although  in  insects  WIPs  are  static  patterns  due  to  the 
variable  thickness  of  the  transparent  portions  of  wings,  rather  than  shifting  patterns  due  to  a  thin 
oil  layer  as  in  soap  bubbles.  While  WIPs  have  been  studied  in  several  taxa  of  small  insects,  they 
have  not  been  broadly  adopted  by  insect  taxonomists.  We  surveyed  WIPs  in  one  small  genus  of 
parasitoid  wasps,  Parapanteles  (Braconidae:  Microgastrinae).  Using  an  inexpensive  microscope 
camera  set-up  and  free  software  (ImageJ  &  R),  we  were  able  to  detect  consistent  WIP  differences 
between  Parapanteles  species.  In  some  cases,  WIPs  can  be  used  to  diagnose  sibling  species  that 
would  otherwise  require  SEM  images.  We  believe  WIPs  are  a  largely  underemployed  character 
that  can  be  surveyed  inexpensively  and  will  likely  be  similarly  useful  in  other  taxa  of  small 
insects. 
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Introduction:  The  parasitoid  wasp  genus  Lytopylus  (Hymenoptera:  Braconidae:  Agathidinae),  is 
broadly  distributed  across  the  New  World.  It  may  be  the  most  species-rich  genus  of  Agathidinae, 
however  the  number  of  species  in  the  genus  is  unknown.  Due  to  the  prevalence  of  morphological 
crypsis  new  species  descriptions  are  hindered.  Fortunately,  hundreds  of  specimens  from  the  Area 
de  Conservacion  Guanacaste  (ACG)  in  Costa  Rica  have  been  reared  from  their  lepidopteran 
hosts  and  have  had  the  barcode  region  of  the  COI  gene  sequenced.  Being  able  to  associate  each 
wasp  with  ecological  and  molecular  data  provides  an  excellent  foundation  for  revisionary  work. 

Methods:  We  conducted  morphological  and  molecular  analyses  to  create  species  concepts  for 
Lytopylus  from  ACG.  Concepts  based  on  morphology  alone  are  compared  to  those  incorporating 
molecular  and  ecological  information  and  the  advantages  and  disadvantages  of  each  method  are 
discussed.  Additional  DNA  sequence  data  from  the  28 S  gene  was  collected  and  a  phylogenetic 
analysis  conducted  on  a  concatenated  data  set  containing  both  COI  and  28S  sequences. 

Results/Conclusion:  The  resulting  phylogeny  is  used  to  elucidate  evolutionary  patterns  in  host 
use  and  other  ecological  characters. 
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Introduction:  Microgastrine  wasps  are  a  hugely  diverse  group  of  endoparasitoids  of  lepidopteran 
larvae.  They  are  of  significant  economic  importance  as  biological  control  agents  of  lepidopteran 
pests  worldwide,  and  yet  the  Australian  fauna  is  largely  unstudied.  Anecdotal  evidence  points  to 
Apanteles  being  the  largest  genus  in  the  Australian  region,  but  only  a  handful  of  species  are 
described  and  very  little  molecular  work  has  been  conducted. 

Methods:  This  study  is  1)  developing  a  comprehensive  phylogeny  for  Apanteles  employing 
traditional  and  Next  Gen  molecular  techniques  to  provide  a  framework  for  understanding  the 
pattern  of  host  relationships  within  Australia,  2)  broadly  investigating  relationships  of  Apanteles 
with  other  microgastrine  genera,  3)  undertaking  targeted  taxonomic  work  on  critical  species 
groups,  and  4)  developing  and  evaluating  a  pilot  citizen  science  project  to  obtain  microgastrine 
species  from  known  host  lepidopterans. 

Results/Conclusion:  Unsurprisingly,  Apanteles  in  Australia  is  significantly  more  diverse  than  the 
number  of  currently  described  species  would  suggest,  and  several  new  species  will  be  described. 
The  preliminary  relationships  amongst  the  Australian  microgastrine  genera  are  revealed,  whilst 
initial  results  from  the  pilot  citizen  science  project,  including  some  benefits  and  challenges  of 
working  with  the  public,  are  discussed. 
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Introduction:  Gamma  irradiation  has  been  shown  to  inactivate  pathogens  (virus,  American 
foulbrood  and  Nosema)  that  are  harmful  to  honey  bees.  Preliminary  data  suggest  that  queens 
raised  in  mating  nucleus  colonies  having  gamma-irradiated  combs  outperformed  queens  from 
nucleus  colonies  not  having  irradiated  combs.  Using  radio-frequency  identification  (RFID) 
technology,  this  study  aimed  at  comparing  the  flight  activities  of  workers  raised  in  gamma- 
irradiated  combs. 

Methods:  Two  stocks  of  Apis  mellifera  were  used.  Emerging  bees  or  bees  that  were  chewing 
their  way  out  of  the  cells  were  examined  under  a  dissecting  microscope  to  determine  the 
presence  or  absence  of  Varroa.  Only  uninfested  worker  bees  were  used.  A  subsample  of  these 
bees  was  frozen  for  viral  analyses.  Each  bee  was  weighed,  RFID-  tagged  and  placed  in  a  host 
colony  equipped  with  RFID  reader  modules  to  record  the  bees’  departure  and  arrival  time. 

Results/ConclusiomThe  following  flight  parameters  were  recorded:  a)  age  at  which  a  tagged  bee 
left  the  hive  for  the  first  time,  b)  number  of  trips  a  tagged  bee  made  every  day  through  time,  c) 
duration  of  each  trip  as  the  bees  aged,  d)  proportion  of  bees  that  did  not  return  in  the  hive,  and  e) 
bee  longevity.  Association  among  viral  load,  flight  activities  and  bee  survival  will  be  discussed. 
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Introduction:  Honey  bees  exposed  to  aggression-inducing  social  cues  undergo  a  shift  in  brain 
energy  metabolism  that  causes  an  enhanced  response  to  future  threats.  The  function  of  this 
metabolic  shift  is  largely  unknown.  In  a  variety  of  organisms,  diet  restriction  also  leads  to 
changes  in  brain  energy  metabolism  that  appear  to  be  the  opposite  of  those  seen  in  the  aggressive 
honey  bee  brain;  thus  we  hypothesize  that  diet  restriction  and  aggression-inducing  social  cues 
alter  neural  function  using  similar  brain  metabolic  mechanisms. 

Methods:  To  begin  to  evaluate  this  possibility,  we  assessed  whether  diet  restriction  leads  to 
decreased  aggression  in  honey  bees.  We  found  instead  that  long-term  exposure  to  low- 
carbohydrate  diets  increased  aggression.  Short-term  exposure  to  diet  restriction  had  no  effect  on 
aggressive  behavior,  suggesting  the  effects  of  diet  are  distinct  from  acute  changes  in  hunger 
state.  We  also  measured  general  activity  levels  for  diet  restricted  bees  and  found  that,  in  contrast 
to  the  aggression  results,  activity  increased  predominantly  in  response  to  short-term  diet 
restriction. 

Results/Conclusions:  Our  results  suggest  that  social  cues  and  diet  restriction  may  act  through 
similar  mechanisms  to  affect  aggressive  behavior.  This  result  is  particularly  interesting  in  the 
honey  bee,  where  we  recently  showed  that  larval  bees  exposed  to  high  aggression  social 
environments  are  more  aggressive  as  adults;  this  social  effect  could  be  directly  mediated  by 
variation  in  larval  diet. 
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Vespa  soror  is  a  huge  Asian  hornet  that  has  been  little  studied.  A  wasp  farmer  in  Phu  Tho 
Province,  Vietnam,  collected  two  nests  and  all  adult  wasps  for  our  research.  Nest  1,  collected  on 
25  September  2013,  had  ~500  workers  and  had  just  initiated  gyne  rearing.  Nest  2,  collected  on  4 
November,  contained  nearly  1000  workers  as  well  as  gynes  and  males.  Forewings  of  gynes  and 
workers  were  analyzed  with  landmark  morphometries.  Gynes  were  distinctly  larger  than  workers 
and  separated  into  non-overlapping  clusters.  Within  the  workers,  there  were  two  distinct  groups 
separated  by  Gaussian  mixtures.  In  small  to  medium-sized  workers,  head  width  was  highly 
correlated  with  thorax  width,  with  the  head  disproportionately  large  compared  to  the  thorax. 
Larger  wasps  showed  increased  body  size  (thorax  width),  but  relatively  little  corresponding 
increase  in  head  width.  These  results  suggest  that  smaller  and  larger  workers  invest  differently  in 
various  body  parts.  Behavioral  observations  indicate  that  recruitment  of  nestmates  to  food  ( Apis 
cerana  honeybee  colonies)  involves  marking  of  bee  hives  and  leaves  on  overhead  trees  with  a 
pheromone  from  the  van  der  Vecht  gland  that  helps  recruited  wasps  to  locate  the  food.  When 
allowed  to  recruit  nestmates  without  disturbance,  more  than  20  wasps  will  attack  a  single  bee 
colony.  Field  observations  combined  with  the  morphometric  results  suggest  that  there  may  be 
size-based  task  specialization  of  wasp  workers.  Microsatellite  analyses  of  workers  should  yield 
data  on  mating  number.  Collectively,  our  research  indicates  that  Vesps  soror  has  complex 
colonies  and  behaviors  that  warrant  further  study. 
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Introduction:  Bees  are  vital  pollinators,  but  can  also  cheat  pollination  mutualisms  by  biting  holes 
at  the  base  of  flowers  and  using  holes  bitten  by  previous  flower  visitors.  When  they  “rob”,  bees 
often  fail  to  contact  plant  reproductive  organs,  and  may  also  damage  the  flower  or  make  it  less 
attractive  to  subsequent  visitors.  However,  nectar  robbing  is  less  well  studied  from  the  animal 
perspective.  Little  is  known  about  when  and  why  floral  visitors  rob  versus  visit  flowers 
legitimately,  or  whether  robbing  affects  visitor  fitness.  We  studied  ecological  and  energetic 
factors  that  affect  with  how  individual  bees  handle  flowers. 

Methods:  We  present  field  observations  and  experimental  data  from  a  guild  of  sub-alpine  bumble 
bees  in  Colorado,  USA  to  investigate  1)  the  nectar  rewards  obtained  by  robbing  a  flower  versus 
visiting  legitimately,  2)  the  energetics  of  each  behavior  and  3)  how  nectar  robbing  behavior 
varies  with  floral  availability. 

Results/Conclusions:  Our  data  show  that  nectar  robbing  behavior  is  highly  variable  both  in  when 
it  is  expressed  and  how  it  benefits  foraging  bees.  For  example,  robbing  can  be  more  or  less 
efficient  than  visiting  legitimately  for  various  bee-plant  combinations.  Further,  robbers 
exploiting  existing  holes  in  flowers  may  encounter  less  nectar  than  those  visiting  intact  flowers. 
Thus,  just  as  the  effects  of  nectar  robbers  on  plants  range  from  negative  to  positive,  robbers 
themselves  likely  experience  diverse  fitness  effects  and  adjust  their  foraging  behavior  based  on 
current  environmental  conditions. 
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Introduction:  The  honeybee  is  a  key  non-target  arthropod  in  environmental  risk  assessments  of 
genetically  modified  crops.  The  effects  of  Cry  lie  toxin  on  the  survival,  pollen  consumption, 
olfactory  learning  capacities  and  midgut  bacteria  diversity  of  Apis  mellifera  were  investigated 
under  laboratory  conditions. 

Methods:  We  exposed  worker  bees  to  different  syrups  containing  20,  200  and 
20,000  ng/ml  Cry  lie  toxin,  and  48  ng/ml  imidacloprid  was  used  as  a  positive  control. 

Results/Conclusions:  Results  suggested  that  Cry  lie  toxin  carries  no  adverse  effects  on  survival, 
pollen  consumption  or  learning  capacities  of  young  adult  honey  bees.  However,  during  oral 
exposure  to  48  ng/ml  imidacloprid,  honeybee  learning  behavior  was  affected  and  bees  consumed 
significantly  less  pollen  than  the  control  and  Cry  lie  groups.  We  characterized  the  dominant 
midgut  bacteria  and  compared  the  composition  and  structure  of  the  midgut  bacterial  community 
in  all  samples  using  the  Illumina  MiSeq  platform  targeting  the  V3-V4  regions  of  16S  rDNA  after 
15  and  30  d.  No  significant  differences  in  the  diversity  of  the  midgut  bacteria  were  observed 
among  five  treatments. 
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Abstract  text: 


Introduction:  Polymorphic  workers  occur  in  the  red  imported  fire  ant  Solenopsis  invicta. 

Previous  studies  indicate  that  larger  workers  tend  to  carry  large  prey  items  when  foraging  and 
move  large  soil  particles  when  excavating  compared  to  smaller  workers.  Behavioral  studies  were 
performed  to  observe  the  task  performance  among  the  polymorphic  workers  for  two  types  of 
behaviors:  digging  and  foraging  behaviors. 

Methods:  Each  study  involved  various  sizes  of  glass  beads  to  determine  if  the  body  sizes  of  the 
workers  increases  as  the  glass  bead  sizes  increases.  Body  sizes  were  determined  by  the  head 
widths  of  workers  that  moved  the  glass  beads.  One  study  consisted  of  workers  digging  into  a 
container  of  glass  beads  of  separate  sizes  ranging  from  0.25  to  2.0  mm.  As  the  workers  picked  up 
the  glass  beads  and  brought  them  to  the  surface,  their  head  width  was  measured.  Another  study 
consisted  of  workers  foraging  for  glass  beads  ranging  from  0.5  to  2.0  mm.  The  inside  contents  of 
crickets  were  applied  to  the  glass  beads  to  stimulate  foraging  behavior.  When  the  workers  moved 
the  glass  beads  laterally  1  cm,  then  their  head  width  was  measured. 

Results/Conclusions:  The  results  indicated  that  the  body  size  of  the  workers  increases  as  the 
glass  bead  sizes  increases.  In  addition,  it  was  observed  how  some  workers  used  both  their 
mandibles  and  forelegs  when  picking  up  or  moving  the  glass  beads  laterally.  These  studies 
provide  more  evidence  of  how  well  the  workers  of  different  body  sizes  perform  certain  tasks  for 
the  colony. 
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Abstract  text: 


One  of  the  major  transitions  in  the  evolution  of  life  is  the  shift  for  solitary  to  social  groups. 
Incipiently  social  organisms  are  at  the  transition  of  solitary  to  social  living  and  thus,  offer  a 
unique  opportunity  to  compare  the  ecological  and  evolutionary  pressures  involved  in  the  onset  of 
social  behavior.  Ceratina  small  carpenter  bees  exhibit  a  range  of  behaviors,  including  maternal 
care,  mutual  tolerance  and  kin  discrimination,  which  are  often  posited  as  necessary  preconditions 
for  the  evolution  of  more  complex  social  groups.  Ceratina  calcarata  is  a  subsocial  species, 
exhibiting  prolonged  maternal  care  and  mother-offspring  interaction.  C.  calcarata  females  mass 
provision  each  offspring  with  its  own  nutrition  rich  pollen  ball.  The  first  egg  laid  is  female  and 
receives  less  pollen  and  nutrition  from  the  mother  then  subsequent  offspring.  In  addition,  the 
mother  will  use  physical  force  to  control  the  first  daughter  to  stay  at  the  nest  and  help  forage  and 
feed  her  nestmates.  This  dwarf  eldest  daughter  does  not  have  the  opportunity  to  reproduce  and 
serves  only  as  a  worker  for  the  colony.  In  order  to  better  understand  how  this  maternal 
manipulation  leads  to  the  physiological  and  behavioral  differences  observed  in  dwarf  eldest 
daughters  and  other  offspring,  we  characterized  the  quality  of  the  pollen  balls.  Studies  into  the 
nutritional  value  of  pollen  resources  and  how  they  affect  offspring  size  and  social  behavior  offer 
important  insights  into  the  factors  determining  offspring  development  and  the  formation  of  social 
hierarchies  in  incipiently  social  species. 
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Introduction:  Division  of  labor,  where  individuals  in  a  group  specialize  on  different  functions,  is 
commonplace  in  collective  systems  from  multicellular  organisms  to  human  organizations.  It  is 
also  one  of  the  most  prominent  characteristics  of  social  insect  colonies.  Why  does  it  evolve,  and 
what  are  the  benefits  of  employing  specialists  over  generalists?  The  economist  Adam  Smith 
proposed  three  crucial  effects  of  division  of  labor  in  humans:  increased  individual  efficiency 
through  learning,  reduced  switching  costs,  and  the  possibility  of  employing  units  so  specialized 
that  they  cannot  perform  any  other  functions.  All  of  these  benefits  have  been  proposed  for  social 


insects,  but  with  mixed  evidence.  Here  I  present  new  evidence  that  switching  costs  might  be 
considerable. 

Methods:  We  measured,  in  the  ant  Temnothorax  rugatulus ,  the  time  between  bouts  of  working 
on  the  same  task,  vs.  the  time  it  took  ants  to  switch  to  a  new  task.  We  also  investigated  which 
tasks  ants  switched  between,  and  the  role  of  'wandering',  where  ants  are  moving  around  the  nest 
apparently  looking  for  a  new  task.  Finally,  we  model  the  task  allocation  process,  to  investigate 
how  many  ants  would  need  to  be  looking  for  work  at  any  one  time  as  dependent  on  how  easy  it  is 
to  collect  appropriate  information. 

Results/Concliusions:  We  show  that  looking  for  new  tasks  and  switching  tasks  may  generate 
signficiant  costs  for  social  insect  colonies,  and  we  argue  that  the  difficulty  of  correctly  allocating 
workers  to  tasks  has  been  underestimated  as  a  factor  in  the  evolution  of  division  of  labor. 
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Introduction:  In  animals,  dietary  restriction  or  the  suppression  of  genes  involved  in  nutrient 
sensing  tend  to  increase  lifespan.  In  contrast,  food  restriction  in  honey  bee  ( Apis  mellifera) 
workers  results  in  early  onset  of  foraging  behavior,  a  behavioral  transition  correlated  with 
lifespan  in  honey  bees.  Foraging  is  metabolically  demanding  and  risky,  and  foragers  experience 
increased  rates  of  aging  and  mortality.  Thus,  food-deprived  worker  bees  forage  at  younger  ages 
and  are  expected  to  live  shorter  lives.  We  tested  whether  reduced  nutrient  sensing  through  a 
molecular  pathway  is  sufficient  to  accelerate  the  nurse-to-forager  transition  and  shorten  worker 
life. 


Methods:  To  achieve  this,  we  suppressed  the  insulin  receptor  substrate  ( IRS)  gene  via  RNA 
interference  in  adult  worker  bees  and  recorded  foraging  onset  and  lifespan.  IRS  encodes  a 
membrane-associated  protein  in  the  insulin/insulin-like  signaling  (IIS)  pathway  that  is  central  to 
nutrient  sensing  in  animals. 

Results/Conclusions:  Our  study  confirmed  that  suppression  of  IRS  reduces  worker  bee  lifespan, 
and  also  that  this  effect  was  largely  driven  by  an  earlier  onset  of  foraging.  These  results  support 
the  hypothesis  that  broadly  conserved  mechanisms  of  lifespan  regulation  have  been  altered 
during  honey  bee  social  evolution. 
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Abstract  text: 

Foraging  is  a  complex  task  all  animals  undertake,  requiring  them  to  make  comparative 
judgments  about  the  abundance  and/or  quality  of  resources  in  changeable  conditions.  We  might 
therefore  expect  individuals  or  groups  with  higher  cognitive  capabilities  to  be  better  able  to  deal 
with  such  complex  foraging  decisions.  However,  in  many  social  insect  groups  we  see 
appreciable  variation  in  learning  ability  among  closely  related  individuals  (e.g.  foraging  workers 
within  a  bumble  bee  colony).  Using  bumble  bees  we  investigated  how  this  variation  in  cognitive 
performance  among  foraging  individuals  could  have  adaptive  value  for  the  colony.  Are  those 
individuals  that  perform  best  in  associative  learning  tasks  responsible  for  collecting  most  of  the 
food  for  the  colony?  Having  assessed  individual  learning  performance  in  the  lab  we  monitored 
the  foraging  behaviour  of  the  same  individuals  in  the  field  using  radio  frequency  identification 
(RFID)  tagging  technology.We  hypothesized  that  fast  learning  individuals  would  perform  better 
in  the  field,  seeing  as  foragers  must  learn  which  flowers  provide  rewards,  where  to  find  them, 
and  how  to  extract  nectar  and/or  pollen.  Our  results  indicate  that  individual  learning  performance 
does  predict  foraging  behaviour,  but  perhaps  not  in  the  way  we  expected. 
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It  has  long  been  believed  that  the  foundress  monopolizes  reproduction  using  aggression  in 
independent-founding  paper  wasp.  However,  exceptions  are  known:  the  foundress  is  docile  but 
monopolizes  reproduction  in  Ropalidia  marginata  and  Polistes  japonicus.  Here,  we  have 
confirmed  that  Polistes  jokahamae  (Hymenoptera:  Vespidae)  is  another  exception.  We  observed 
behavior  performed  by  the  foundress  and  workers  in  four  colonies.  The  frequency  of  aggressions 
performed  by  the  foundress  was  lower  than  that  performed  by  the  most  aggressive  of  workers  in 
all  four  colonies.  Furthermore,  the  foundress  usually  neither  gained  the  top  rank  in  dominance 
hierarchy  nor  directed  aggressions  more  frequently  toward  the  top-ranking  worker  than  other 
workers.  In  three  colonies,  one  or  few  workers  laid  eggs,  but  its  daily  frequencies  were  usually 
less  than  that  of  the  foundress.  These  observations  suggest  that  the  foundress  exclusively  or 
dominantly  laid  eggs  using  not  aggression,  but  a  signal.  Lateral  vibration  (vibrating  rapidly  the 
abdomen  laterally  for  one  or  two  seconds)  and/or  abdominal  rubbing  (rubbing  the  abdomen  onto 
the  comb)  are  likely  to  be  involved  in  producing  the  signal.  Lateral  vibration  was  performed  by 
the  foundress  only,  and  nest  vibration  produced  by  that  action  can  be  a  mechanical  signal.  The 
abdominal  rubbing  was  performed  by  the  foundress  and  dominant  workers:  the  frequency  for  the 
foundress  was  usually  higher  than  that  for  the  dominant  workers.  These  performers  appear  to 
smear  some  chemicals,  pheromone,  on  the  nest.  Our  discovery  suggests  that  the  queen  royalty 
may  be  established  and  maintaining  by  a  signal  in  many  paper  wasps. 
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Honey  bee  (Apis  mellifera  L.)  colonies  rely  on  feedback  loops  generated  through  the  use  of 
communication  signals  for  organization  of  various  tasks  including  foraging  regulation  and  food 
storage.  Honey  bees  are  an  exceptional  model  organism  for  numerous  behavioral  systems 
because  the  processes  associated  with  the  feedback  loops  organizing  a  colony’s  activities  are  in 
striking  parallel  to  other  systems,  such  as  intercellular  interactions  involved  in  motor  neuron 
function.  This  study  was  a  follow-up  on  previous  research  that  assessed  the  use  of  the  stop 
signal,  a  negative  feedback  communication  signal,  during  the  process  of  nest  provisioning.  The 
focus  was  on  identifying  which  bees  used  the  stop  signal  during  times  when  the  colony  had  no 
available  storage  space  for  food.  Additionally,  the  results  of  this  study  helped  determine  the 
baseline  level  of  stop  signaling  present  in  a  colony  foraging  under  normal  conditions,  which  was 
not  previously  known. 
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Abstract  text: 

Introduction:  Many  lineages  of  insects  have  evolved  spring-loaded  appendages  to  overcome  the 
biomechanical  constraints  of  muscle  contraction  speed.  Trap-jaw  ants,  for  example,  incorporate 
latches  and  springs  to  build  up  potential  energy  over  seconds  and  a  latch  to  release  this  energy  in 
less  than  a  millisecond.  Remarkably  spring-loading  mandibles  have  convergently  evolved  at  least 
four  times  in  the  family  Formicidae,  and  are  used  for  prey  capture  and  defense. 

To  better  understand  the  structure-function  relationship  of  spring-loaded  mandibles,  we 
compared  mouthpart  morphology  and  strike  performance  of  three  fast-jawed  ant  genera: 
Myrmoteras,  Mystrium ,  and  Odontomachus.  Using  X-Ray  Microtomography,  we  identified  the 
unique  lock,  spring,  and  trigger  structure  for  each  genus,  and  visualized  the  spatial  arrangement 
of  the  adductor  and  abductor  muscles  that  control  mandible  movement.  To  estimate  mandible 
performance  of  each  genus,  we  used  high-speed  videography  to  measure  the  duration  and  peak 
velocities  of  mandibles  during  jaw  strikes.  The  trap-jaw  ants  Odontomachus  and  Myrmoteras 
share  similar  spring-loading  mechanisms,  locking  the  mandibles  in  an  open  position  and  using 
cuticular  elements  in  the  head  as  a  spring.  As  a  consequence  of  this  similar  morphology,  these 
two  genera  had  similar  peak  mandible  velocities,  although  Myrmoteras  had  much  longer  strike 
durations.  Ants  in  the  genus  Mystrium ,  have  a  completely  different  strategy  for  energy  storage, 
locking  their  mandibles  at  their  tips  and  using  the  mandibles  themselves  as  springs.  Peak 
velocities  of  Mystrium  strikes  are  twice  as  fast  as  trap-jaw  ants  in  the  genus  Odontomachus,  and 
may  indicate  this  snapping  mechanism  is  capable  of  much  higher  performance. 
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Introduction:  Talh  trees  ( Acacia  gerrardii  Benth.)  are  melliferous  plants  that  are  native  to  Africa 
and  the  Middle  East.  They  provide  shade,  fodder,  graze  and  greatly  contribute  to  the  ecosystem 
in  their  dry  homeland.  They  provide  honey  bees  with  nectar  to  produce  Talh  honey,  which  is  one 
of  the  most  desireable  honeys  in  Saudi  Arabia. 

Methods:  Field  surveyed  data,  remote  sensing  data,  and  GIS  were  combined  to  evaluate  the 
interactions  between  honey  bees  and  Talh  trees  under  the  extreme  hot-dry  weather.  The  field 
investigations  were  carried  in  Central  Arabia  during  2011-2013. 

Results/Conclusions:  The  bloom  season  of  Talh  trees  began  around  mid-May  and  ended  in  mid- 
August.  Talh  trees  may  produce  nectar  amount  adequate  theoretically  to  45  Kg/tree/season. 
However,  the  actual  rate  is  8.5  kg/tree/season  of  Talh  honey.  Due  to  their  morphological  and 
physiological  adaptations  to  harsh,  arid  and  semi-arid  zones,  the  Yemeni  colonies  collected  food 
and  built  colonies  far  better  than  the  Carniolan  colonies.  However,  both  yielded  similar  Talh 
honey  amount  (~4  kg/colony/season).  The  Yemeni  bees  were  observed  to  rapidly  consume  their 
stored  honey.  The  current  beekeeping  spatial  pattern  is  far  less  productive  than  the  optimum 
proposed  in  this  study.  The  honey  bees  were  major  visitors  on  the  flower  heads  among  31  insect 
species  (25  genera,  16  families  and  5  orders).  They  seemed  to  play  a  considerable  role  in  Talh 
pollen  transfer.  However,  megachilids  seemed  to  play  the  major  effort  of  zoophily  because  of 
their  relatively  high  number  of  individuals  and  species,  and  their  effective  movement  behaviour 
on  the  flower  head  surface. 
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Introduction:  In  Japanese  honey  bees,  Apis  cerana  japonica ,  infestations  of  the  tracheal  mite 
Acarapis  woodi  have  spread  rapidly  to  a  wide  range  over  the  mainland  of  Japan,  causing  damage 
and  the  collapse  of  colonies.  Meanwhile,  infestation  by  the  mite  in  Apis  mellifera  has  not  yet 
been  observed  in  Japan.  Our  purpose  is  to  reveal  the  reasons  of  the  above  difference  in 
infestation  by  the  mite. 

Methods:  We  compared  the  susceptibility  of  the  two  species,  A.  cerana  and  A.  mellifera ,  using 
an  inoculation  assay  (Experiment  1).  Furthermore,  we  compared  autogrooming  responses 
between  the  two  honeybee  species  by  placing  adult  female  tracheal  mites  on  their  thoraces 
(Experiment  2). 

Results/Conclusion:  Experiment  1  revealed  that  migrating  female  mites  entered  the  tracheae  of 
newly-emerged  bees  in  A.  cerana  more  frequently  than  in  A  mellifera.  Additionally,  the  growth 
rate  of  the  mite  tends  faster  in  A.  cerana  than  in  A.  mellifera.  Hence  the  higher  susceptibility  and 
faster  mite  growth  in  A.  cerana  are  proposed  as  two  factors  causing  the  explosive  epidemic  of 
tracheal  mites  in  only  A.  cerana  in  Japan.  The  results  of  Experiment  2  indicated  that  greater 
proportions  of  A.  mellifera  autogroomed  and  succeeded  in  removing  the  tracheal  mite.  From 
these  results,  the  difference  in  susceptibility  to  the  mite  between  the  two  honeybee  species  is 
considered  due  to  the  different  grooming  response. 
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Introduction:  Pheromones  produced  by  queens  are  central  to  maintaining  the  characteristic 
reproductive  division  of  labor  seen  in  insect  societies.  The  workers  who  make  up  the  bulk  of 
these  societies  typically  respond  to  queen  ‘fertility  signals’  by  suppressing  their  own 
reproductive  potentials  and  instead  contributing  to  that  of  their  queen(s),  yet  the  evolution  of 


these  signaling  channels  given  the  potential  for  destabilizing  dishonest  signal  production  remains 
unclear.  Fertility  signal  evolution  is  likely  to  be  at  a  nascent  stage  in  primitively  social  insect 
societies,  and  the  mechanisms  enforcing  signal  honesty  may  be  more  readily  apparent  in  less 
socially  derived  species.  However,  the  identities  and  production  dynamics  of  chemical  fertility 
signals  in  primitively  social  insect  species  are  poorly  known. 

Methods:  We  first  identify  a  set  of  cuticular  compounds  linked  to  female  fertility  in  a  Halictid 
bee  ( Megalopta  genalis)  that  exhibits  facultative  eusociality,  a  level  of  organization  considered 
representative  of  the  earliest  stages  in  the  evolution  of  complex  insect  social  behaviour.  We  then 
examine  the  ontogeny,  caste  differentiation,  and  antennal  sensitivities  of  bees  to  these 
compounds  to  assess  their  utility  as  reliable  signals  of  queen  reproductive  potential.  Finally,  we 
compare  socially-nesting  and  solitarily-nesting  queens  from  a  single  population  to  examine 
whether  these  compounds  represent  true,  actively-produced  signals  or  are  instead  constitutively 
produced  cues  of  fertility. 
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Introduction:  Landscapes  affect  pollinator  health  through  the  diversity  and  availability  of  forage 
they  provide.  Many  federal  and  local  programs  provide  conserved  land  areas  with  forage  plants 
for  bees.  These  pollinator  focused  conservation  lands  are  critically  important,  especially  in 
concentrated  areas  of  pollination  dependent  orchard  crops,  like  Western  Michigan. 

Methods:  This  project  examines  1)  how  land-use  effects  the  health  and  productivity  of  honey 
bees  and  2)  the  species  important  to  honey  bees  and  wild  bees  foraging  on  conservation  lands  in 
Michigan  orchard  landscapes.  In  2015  and  2016,  we  worked  with  commercial  beekeepers,  using 
hives  on  two  types  of  sites:  1)  areas  with  high  proportion  of  the  landscape  in  conservation 


plantings,  and  2)  in  landscapes  with  low  proportion  of  this  habitat  type.  Hive  health  and 
productivity  are  measured  using  weight  and  sensor  data,  visual  inspections,  and  disease  testing 
kits,  and  colonies  are  followed  through  spring  to  determine  the  survival.  Plant  usage  is 
determined  by  weight  (showing  nectar  flows),  identification  of  collected  pollen,  and  transect 
surveys  for  honey  bees  and  wild  bees  in  habitats  within  the  flight  range  of  the  apiaries. 

Results/Conclusions:  This  project  demonstrates  the  actual  value  and  ecosystem  services  provided 
by  pollinator  focused  conservation  lands,  while  adding  information  to  determine  important 
species  to  improve  seed  mixes.  By  identifying  pollinators  that  are  using  conservation  sites, 
recording  differences  in  colony  health  of  honey  bees,  and  identifying  plants  that  are  most  widely 
used  by  all,  we  can  determine  the  value  of  conservation  plantings,  and  better  inform  land  use 
decisions  to  protect  pollinator  health. 
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Introduction:  Social  interactions  can  be  divided  into  two  broad  categories:  affiliative  interactions, 
such  as  parental  care,  and  agonistic  interactions,  such  as  aggression.  How  neurogenomic 
responses  reflect  these  opposite  valences  is  mostly  unknown. 

Methods:  We  compared  brain  gene  expression  in  honey  bee  workers  after  exposure  to  one  of  two 
social  stimuli:  a  queen  larva,  which  evokes  affiliative  interactions  (alloparenting  or  “nursing”),  or 
an  intruder  bee,  which  evokes  aggressive  agonistic  interactions.  We  measured  the  transcriptomic 
response  of  the  mushroom  bodies  after  a  5  min  exposure  to  one  of  these  social  stimuli,  30,  60  or 
120  min  after  exposure. 


Results/Conclusions:  In  both  cases  there  were  hundreds  of  genes  differently  expressed  at  distinct 
time  points,  suggesting  fast  temporal  patterning  of  gene  expression.  Comparing  results  for  the 
affiliative  and  aggressive  interactions,  we  found  a  significant  overlap  of  genes  responsive  at  the 
same  time  points.  Among  the  categories  most  enriched  in  these  common  genes  were  those 
related  to  learning  and  memory  and  nuclear  receptor  signaling.  We  also  found  transcriptomic 
responses  unique  to  each  type  of  interaction.  Exclusive  to  the  agonistic  interactions,  differentially 
expressed  genes  were  related  to  cell  cytoskeleton,  metabolism,  and  chromosome  organization. 
Exclusive  to  affiliative  interactions,  differentially  expressed  genes  were  related  to  olfaction  and 
imaginal  disc  development.  Our  study  demonstrates  a  role  for  the  mushroom  bodies  in  common 
transcriptional  responses  to  social  stimuli  regardless  of  valence  as  well  as  responses  related  to  the 
differential  perception  and  embedding  of  agonistic  and  affiliative  social  interactions. 
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Introduction:  The  western  honey  bee,  Apis  mellifera  L.,  is  recognized  as  the  most  commercially 
important  pollinator  in  agriculture  worldwide.  However,  the  importance  of  A.  mellifera  as 
pollinators  in  natural  systems  is  a  matter  of  debate,  despite  the  fact  that  it  has  been  introduced  to 
many  ecosystems  worldwide. 

Methods:  We  performed  a  meta- analysis  of  plant-pollinator  interaction  networks  from  73 
localities  to  examine  the  numerical  importance  of  A.  mellifera  in  natural  ecosystems  worldwide. 
Where  possible,  we  obtained  quantitative  pairwise  interaction  networks  from  the  literature  or 
from  study  authors.  Using  each  network  as  a  replicate,  we  calculated  the  worldwide  average 
proportion  of  floral  visits  contributed  by  A.  mellifera.  We  also  examined  the  distribution  of  A. 
mellifera  visits  across  plant  species  to  quantify  the  proportion  of  plant  species  that  may  be  reliant 
on  A.  mellifera  for  pollination. 


Results/Conclusions:  Apis  mellifera  was  present  in  52  of  the  73  localities,  and  where  it  is  present, 
visited  nearly  30%  of  studied  plant  species  and  accounted  for  an  average  of  18%  of  the  total 
visits.  Apis  mellifera  contributed  the  most  floral  visits  among  all  recorded  pollinator  species  in 
14  out  of  52  networks.  While  A.  mellifera  contribute  few  or  no  visits  to  the  majority  of  the 
studied  plant  species,  it  accounted  for  >50%  of  the  visits  for  203  out  of  1320  (15.4%)  plant 
species  examined.  Given  the  anticipated  trends  of  wild  pollinator  declines,  it  is  crucial  to 
understand  the  contributions  of  this  ubiquitous  and  numerically  important  species  to  the 
pollination  of  natural  ecosystems  worldwide. 
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Methods:  The  chemical  components  of  the  Brazilian  pepper,  citrus  and  clover  honeys  were 
determined.  The  honey  yield/colony  for  these  types  of  honeys  from  2012-2014  was  considered. 

Results/Conclusions:  The  ash  content  is  widely  different  for  citrus  honey  and  Brazilian  pepper 
honey  (0.06%  and  0.46%).  Data  revealed  that  clover  honey  contained  a  high  level  of  HMF  77.13 
mg/kg;  while  citrus  honey  had  the  lowest  one  of  10.73  mg/kg.  The  Brazilian  pepper  honey 
contain  25.0  mg/kg  of  HMF.  The  pH  values  ranged  from  3.55  (citrus  honey)  to  4.50  (the 
Brazilian  pepper  honey).  The  data  revealed  that  the  mineral  content  of  the  Brazilian  pepper 
honey  samples  were  higher  than  that  found  in  both  clover  and  citrus  honeys.  Potassium  (K)  was 
the  most  abundant  element  in  both  honey  of  clover  and  citrus  (306.600  and  1 15.300  mg/lOOg)  as 
compared  with  the  other  detected  elements.  Magnesium  (Mg)  was  the  most  abundant  element, 
which  was  found  in  a  high  concentration  in  the  Brazilian  pepper  honey  (422.80  mg/lOOg).  The 
great  differences  among  these  honey  types  existed  concerning  both  HMF  and  mineral  contents  of 
Ca,  Na,  Mg  and  zinc.  Sucrose  percentage  in  honey  ranged  from  3.26  for  the  Brazilian  pepper 
honey  to  4.25  for  citrus  honey.  The  percentages  of  sucrose  determined  in  all  types  of  honey  were 


in  conformity  with  the  standards.  Fructose  represented  high  percentage  as  compared  with 
glucose.  The  Brazilian  pepper  honey  was  contain  the  highest  percentage  of  fructose  (41.50).  Data 
indicated  that  the  yield  of  the  Brazilian  pepper  was  the  highest  one  with  mean  of  7.21  kg/colony. 
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Introduction:  Floral  traits  vary  within  and  between  plant  species,  and  can  determine  pollinator 
foraging  preferences.  For  pollinator-dependent  crops,  floral  traits  that  attract  bees  could  increase 
pollination  success  and  crop  yields. 

Methods:  We  examined  the  effects  of  various  floral  traits  on  bee  visitation  rates  to  domesticated 
sunflowers.  We  planted  ten  male-fertile  and  ten  male-sterile  sunflower  genotypes  in  the  field, 
and  measured  nectar  volume,  sugar  concentration,  chemical  composition,  and  corolla  length. 
During  sunflower  bloom,  we  recorded  visitation  rates  by  both  managed  honey  bees  and  wild 
bees.  We  also  examined  the  consistency  in  both  floral  traits  and  bees’  foraging  preferences  by 
growing  a  subset  of  these  sunflowers  in  the  greenhouse  and  observing  bumble  bee  visitation 
rates. 

Results/Conclusions:  In  the  field,  we  found  significant  differences  in  all  measured  floral  traits, 
including  nectar  volume,  sugar  amount  and  chemical  composition  (percent  fructose,  glucose,  and 
sucrose),  and  corolla  length.  Both  wild  bee  and  honey  bee  visits  significantly  increased  with  total 
nectar  sugar  amount,  decreased  with  corolla  length,  and  were  not  affected  by  nectar  sugar 
chemical  composition.  While  wild  bees  made  more  visits  to  male-fertile  sunflowers,  honey  bees 
preferred  male-sterile  plants.  Relative  differences  in  nectar  production  were  consistent  across 
sunflower  genotypes  in  the  greenhouse,  and  bumble  bee  visits  increased  with  nectar  volume.  Our 
results  suggest  that  sunflowers  with  greater  nectar  sugar  amount  and  shorter  corollas  are  more 


attractive  to  numerous  bees,  and  may  therefore  receive  better  pollination.  Breeding  sunflowers 
for  these  traits  could  enhance  crop  yields  and  provide  greater  resources  for  bees. 
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Introduction:  Consistent  behavioural  differences  among  individuals  within  a  population  can  have 
ecological  and  evolutionary  consequences.  Here  we  explore  the  degree  to  which  social  insects  - 
within  and  between  colonies  -  vary  in  aggressive  behaviour  across  ecological  contexts.  We  then 
assess  how  colony  phenotype  corresponds  to  life-history  traits  (growth  and  reproduction). 

Metyhods:  We  monitored  5  colonies  of  paper  wasps  ( Polistes  fuscatus)  that  vary  in  aggressive 
behaviour.  Colony  aggression  was  measured  at  the  whole  colony  level  and  by  assessing  and 
averaging  individual  responses  across  contexts  using  the  introduction  of  a  stimulus:  predatory 
spider  (threatening  arthropod),  non-nestmate  conspecific  (competing  insect),  grasshopper  (non¬ 
threatening  insect;  control  1),  blank  (null;  control  2).  All  stimuli  were  collected  from  within  50m 
of  the  nest.  Colony  aggression  toward  stimuli  was  compared  to  colony  growth  (increase  in  nest 
size,  larval  growth  rate,  and  worker  production)  and  colony  reproduction  (number  and  size  of 
males  and  females  produced  at  the  end  of  the  colony  cycle)  to  determine  whether  paper  wasps 
incur  life-history  trade-offs  for  maintaining  aggressive  behavioural  phenotypes. 
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Introduction:  The  varroa  mite  and  the  viruses  it  vectors  are  considered  to  be  among  the  most 
critical  factors  affecting  honey  bee  colony  loss.  We  conducted  a  long-term  field  study  to  attempt 
to  uncouple  the  effects  of  mites  and  viruses  and  elucidate  the  effects  of  long  term  exposure  to 
viruses  on  winter  survival  by  manipulating  mite  levels  through  combinations  of  spring  and  fall 
treatments  over  a  period  of  1.5  years. 

Methods:  Forty  colonies  of  bees  with  equal  numbers  of  workers,  varroa  and  a  queen  were 
established  in  standard  Langstroth  equipment  in  spring  of  2014.  Colonies  were  continuously 
monitored  from  the  summer  of  2014  to  the  spring  of  2016  and  varroa  infestation  level  and 
concentrations  of  seven  economically  important  viruses  (Qrt-pcr)  were  quantified.  Colonies  were 
randomly  assigned  to  one  of  four  treatments  (n=10)  as  follows:  1)  No  acaricide  treatment;  (2) 
Fall  only  treatment  (2014,  2015);  (3)  Spring  only  treatment  (2015);  Fall  and  Spring  treatment 
(2014-F,  2015-S+F).  Following  these  treatments  the  combined  effects  of  the  different 
combinations  of  mite  and  viral  infestations  on  colony  performance  and  survival  were  assessed. 

Results/Conclusion:  In  the  first  winter,  the  treatments  resulted  in  two  combinations  of  mites  and 
virus  with  untreated  colonies  (N=20)  having  moderate  mite  infestations  and  moderate  virus 
concentrations.  Fall-treated  colonies  had  low  varroa  and  moderate  virus  concentrations.  Colony 
survival  was  not  affected  by  different  varroa  levels.  As  expected,  in  the  second  winter,  the 
different  treatment  combinations  generated  different  mite  infestation/virus  concentration  profiles 
and  the  effects  of  this  on  winter  survival  are  being  quantified. 
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The  blue  orchard  bee  ( Osmia  lignaria)  is  an  important  native  pollinator  that  is  particularly 
efficient  at  pollinating  orchard  crops.  The  orchard  systems  in  which  these  bees  pollinate  provide 
them  with  both  forage  and  nesting  material.  Many  have  looked  at  the  effects  of  pesticides  in 
regards  to  presence  in  pollen  and  nectar,  but  have  not  yet  looked  into  another  potential  route  of 
exposure:  the  soil  used  as  nesting  material.  The  physical  and  chemical  properties  of  pesticides  in 
the  environment  may  lead  to  accumulation  of  these  chemicals  in  the  orchards  where  blue  orchard 
bees  gather  soil  for  nest  construction.  Chemical  analysis  of  soil  from  a  managed  almond  orchard 
showed  that  the  soil  contained  several  fungicides,  herbicides,  and  insecticides.  Experiments  were 
performed  to  examine  the  effects  of  contaminated  soil  on  adult  bee  nesting  behavior  and 
potential  effects  of  contaminated  soil  on  developing  larvae. 
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Introdution:  Insect  pollinators  are  declining  globally  due  to  loss  of  their  habitats,  particularly 
flowering  plants  principally  in  urban  areas.  Urban  habitat  restoration  to  develop  gardens, 
particularly  pollinator  friendly  flora,  is  essential  to  restore  pollinators  and  enhance  aesthetics.  An 
effort  was  made  to  develop  a  pollinator  garden  in  an  urban  habitat  of  India's  Silicon  Valley, 
Bengaluru. 

Methods:  Over  50  species  of  various  plants  with  diverse  flower  patterns,  time  of  flowering  and 
high  herbal  value  were  planted.  We  identified  the  bee  species  and  collected  the  data  over  three 
years  by  counting  flower  visiting  insects  on  50  species  of  plants  in  our  experimental  garden. 

Results/Conclusions:  The  results  are  valuable  and  heartening.  The  flowers  were  attractive  to  bees 
(39  species),  wasps,  butterflies,  hover  flies  and  host  of  natural  enemies.  There  was  a  clear 
difference  in  the  number  and  type  of  pollinator  group  attracted  by  different  plant  species.  There 
is  a  great  scope  for  creating  pollinator/insect  gardens  by  suitable  plant  selection.  All  plants  in  the 
garden  fascinated  school  children  and  other  visitors  and  serve  as  an  educational  tool  to  incite 
curiosity  in  young  minds  to  study  insects.  The  pollinator  conservation  through  gardens  efforts 
does  not  involve  a  huge  cost  and  the  methods  used  are  simple  that  may  pave  in  the  basis  of 
further  research.  The  consequence  of  this  effort  is  intangible  in  terms  of  conservation  of  both 
native  endangered  flora-pollinators/natural  enemies  and  enhancing  the  aesthetics  of  an  urban 
habitat. 
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Introduction:  Social  insect  colonies  are  commonly  thought  of  as  highly  organized  and  efficient 
complex  systems.  And  yet,  social  insects  are  also  known  to  have  high  levels  of  worker  inactivity. 
Not  only  is  inactivity  common,  but  a  subset  of  workers  effectively  ‘specialize’  on  inactivity, 


suggesting  that  inactivity  does  not  result  from  constraints  shared  by  all  workers,  such  as  a 
physiological  need  for  rest.  Some  studies  have  tested  potential  links  between  inactivity  and 
worker  reproduction,  worker  age/ontogeny,  and  food  storage,  but  very  little  is  still  known  about 
the  adaptive  functions  or  costs  associated  with  this  behavior.  Here  we  concurrently  test  five 
separate  but  non-exclusive  hypotheses  for  worker  inactivity  using  behavioral,  physiological,  and 
morphological  differences  between  inactive  workers  and  their  nestmates. 

Results/Conclusions:  Our  data  show  that  inactive  workers  have  larger  bodies,  greater  corpulence, 
limited  task  repertoires,  spatial  fidelity  zones,  and  interactions  with  nestmates,  suggesting  that 
inactivity  may  be  linked  to  slow  pace-of-life,  age  polytheism,  and  acting  as  food  stores. 
Simultaneous  functions  of  inactivity  may  explain  the  difficulty  in  finding  a  simple  answer  to  this 
complex  question. 
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Introduction:  The  prevalence  of  sexual  reproduction  in  eukaryotes  despite  the  twofold  cost  of  sex 
has  been  an  enduring  problem  in  evolutionary  biology.  In  the  evolution  of  parthenogenesis, 
males  and  females  are  in  conflict  over  genetic  transmission  because  parthenogenetic 
reproduction  enhances  female  reproductive  output  but  deprives  the  males’  genetic  contribution. 
For  males,  any  trait  that  coerces  females  into  sexual  reproduction  should  increase  their  fitness.  In 
the  termite  Reticulitermes  speratus  (Kolbe),  however,  queens  produce  their  replacements 
(neotenic  queens)  parthenogenetically  while  using  normal  sexual  reproduction  to  produce  other 
colony  members. 

Results/Conclusions:  Here,  we  report  that  termite  queens  produce  parthenogenetic  offspring  in 
the  presence  of  kings  by  closing  the  micropyles  (openings  for  sperm  entry)  of  their  eggs.  Our 
field  survey  demonstrated  that  termite  eggs  show  large  variation  in  numbers  of  micropyles,  with 


some  having  none.  Microsatellite  analysis  indicated  that  embryos  of  micropyleless  eggs  develop 
parthenogenetically,  whereas  those  of  eggs  with  micropyles  are  fertilized  and  develop  sexually. 
Surveys  of  eggs  among  queens  of  different  age  groups  showed  that  queens  begin  to  lay 
micropyleless  eggs  when  they  are  older  and  thus,  need  to  produce  their  replacements 
parthenogenetically.  This  novel  mechanism  of  female  control  of  egg  fertilization  suggests  that 
parthenogenesis  can  evolve  in  favor  of  females’  interests  without  interference  from  males.  We 
also  discuss  the  evolution  of  diverse  reproductive  systems  in  termites  including  our  latest 
findings  of  a  novel  reproductive  system  in  a  termite. 
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The  Bemisia  tabaci  (Gennadius)  sibling  species  group  comprises  a  large  number  of  characterized 
biotypes  and  haplotypes  (uncharacterized  variants).  A  few  biotypes  are  important  pests  and 
vectors  of  plant  viruses  in  agricultural  settings,  whereas  the  others  are  either  benign,  and/or  may 
be  potentially  undergoing  expansion  due  to  agricultural  or  other  activities  (e.g.,  climate  change), 
that  disturb  their  natural  environment.  In  Ecuador,  cassava,  melon,  pepper,  tomato,  and 
watermelon  crops  are  known  to  be  infected  by  whitefly-transmitted  geminiviruses.  However, 
there  is  little  information  about  the  diversity  and  distribution  of  their  whitefly  vector,  B.  tabaci. 
The  objective  of  this  study  was  to  determine  the  identity  and  geographic  distribution  of  whitefly 
haplotypes  of  the  B.  tabaci  sibling  (cryptic)  species  group  in  diverse  landscapes  in  Western 
Ecuador  from  nine  provinces  and  200  collection  sites.  Total  DNA  was  purified  from  400  adult 
whiteflies  and  the  mitochondria  COI  gene  (partial,  3 ’-end  850  bp)  was  amplified  by  polymerase 
chain  reaction,  cloned,  and  the  DNA  sequence  determined.  Reads  were  assembled  using 
DNASTAR®  v8.0  software  and  sequences  were  aligned  using  Muscle  v3.8.31  implemented  in 
Mesquite  v  2.75.  Phylogenetic  trees  were  reconstructed  using  MrBayes  v3.2.5,  and  divergence 


was  estimated  using  DnaSP  v5.  For  B.  tabaci  the  B  biotype  was  widely  distributed  in  crop 
plants,  whereas,  A-like,  New  World  haplotypes  were  identified  in  uncultivated  plant  species. 
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Abstract  text: 


Turnip  yellows  virus  (TuYV)  is  a  plant  virus  strictly  transmitted  by  aphids.  Virions  are  acquired 
when  aphids  ingest  sap  from  infected  plants.  Virus  particles  cross  the  gut  epithelium  and  the 
accessory  salivary  gland  cells  before  being  released,  together  with  saliva,  into  the  plant.  This 
highly  specific  transcytosis  mechanism  relies  on  the  presence  of  virus  receptors  on  the  surface  of 
the  aphid  cells. 

In  order  to  identify  TuYV  receptors  in  Myzus  persicae ,  the  screening  of  different  aphid  cDNA 
libraries  was  conducted  by  developing  a  yeast  two  hybrid  system  using  virus  structural  proteins 
as  baits.  Among  the  candidates,  a  transmembrane  protein  bearing  fibronectin  type-III  domains 
(TaP3)  localized  at  the  plasma  membrane  was  identified. 

Involvement  of  TaP3  in  virus  uptake  by  the  aphid  was  evaluated  by  RNA  interference.  Feeding 
aphids  on  in  vitro  synthesized  double-stranded  RNA  or  on  transgenic  Arabidopsis  thaliana 
expressing  an  RNA  hairpin  targeting  the  TaP3  gene,  reduces  TaP3  mRNA  accumulation  in  the 
aphids.  The  “silenced”  aphids  acquired  less  efficiently  the  virus  when  fed  on  purified  TuYV  by 
membrane  feeding  and  transmitted  the  virus  at  a  lower  rate.  These  data  strongly  suggest  the 
involvement  of  TaP3  in  the  transmission  process  of  TuYV  by  M.  persicae. 
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Introduction.  Autophagy,  the  process  of  cytoplasmic  degradation  in  eukaryotic  cells,  plays  an 
important  role  against  pathogen  infection  in  mammals  and  plants.  However,  little  was  previously 
known  about  the  role  of  autophagy  in  the  interactions  of  insect  vectors  with  the  plant  viruses 
which  they  transmit.  Begomoviruses,  a  group  of  single- stranded  plant  DNA  viruses,  are 
exclusively  transmitted  by  the  whiteflies  of  the  Bemisia  tabaci  species  complex  in  a  circulative 


manner  and  have  caused  extensive  damage  to  many  crops  worldwide.  Methods  and  Results.  We 
found  that  infection  of  the  begomovirus  Tomato  yellow  leaf  curl  virus  infection  can  activate  the 
autophagy  pathway  in  the  Middle  East  Asia  Minor  1  species  of  the  B.  tabaci  complex. 
Interestingly,  the  activation  of  autophagy  led  to  subsequent  degradation  of  coat  protein  of  the 
virus  and  genomic  DNA  in  the  Middle  East  Asia  Minor  1  whiteflies.  By  modulating  the  pathway 
with  specific  inhibitors  or  activators,  we  demonstrated  a  reciprocal  effect  on  the  virus:  activation 
of  autophagy  inhibits  viral  infection  while  inhibition  of  autophagy  exacerbates  infection. 
Conclusion.  These  results  indicate  that  the  infection  of  whiteflies  by  the  plant  virus  activates  the 
autophagy  in  the  vector  insects,  and  the  activation  of  autophagy  then  leads  to  the  subsequent 
degradation  of  the  virus  in  the  vector  insects. 
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Introduction.  The  transovarial  transmission  of  plant  viruses  in  their  vectors  can  have  important 
consequences  in  their  epidemiology,  as  this  mode  of  transmission  allows  the  vector  to  maintain 
the  source  of  inoculum  in  the  absence  of  host  plants.  The  begomoviruses  are  a  group  of  most 
important  disease  agents  of  crops  worldwide  and  are  almost  exclusively  transmitted  by  whiteflies 
in  the  Bemisia  tabaci  species  complex.  Several  laboratories  have  examined  the  transovarial 
passage  of  begomoviruses  in  whiteflies  but,  the  results  varied  widely.  Methods.  We  examined 
the  transovarial  transmission  of  Tomato  yellow  leaf  curl  virus  and  Papaya  leaf  curl  China  virus 
in  the  Middle  East- Asia  Minor  1  species  of  the  B.  tabaci  whitefly  complex.  Results.  Tomato 
yellow  leaf  curl  virus  DNA  was  detected  in  the  eggs,  nymphs  and  adults,  which  were  produced 
by  viruliferous  whiteflies  derived  of  virus  host  plants  but  lived  on  a  non-host  plant  of  the  virus. 
These  first  generation  adults  derived  from  the  non-host  plants  of  the  virus  were  able  to  infect 
tomato  plants  that  subsequently  produce  typical  disease  symptoms.  For  Papaya  leaf  curl  China 
virus ,  neither  viral  DNA  nor  infectivity  was  associated  with  the  progeny  of  the  viruliferous 
whiteflies.  Significance.  We  conclude  that  the  transovarial  transmission  characteristics  may  vary 


greatly  among  different  species  of  begomo viruses  and  this  mode  of  transmission  of  Tomato 
yellow  leaf  curl  virus  may  have  significant  epidemiological  relevance  for  the  vims  in  the  field. 
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Potyviruses  pose  a  serious  threat  to  cucurbit  production  in  Georgia  and  in  the  Southeastern 
United  States.  Aphids  transmit  these  viruses  in  a  non-circulative  manner,  causing  extensive  yield 
losses  worth  millions  of  dollars  annually.  The  current  virus  and  aphid  management  tactics 
involve  the  use  of  insecticides  and  transgenic  cucurbit  cultivars.  However,  none  of  these 
approaches  have  proven  to  be  sustainable,  especially  due  to  the  development  of  vector  resistance 
to  insecticides,  and  the  narrow  spectrum  of  virus  resistance  in  transgenic  cultivars.  It  is  therefore 
critical  to  explore  the  novel  avenues  for  reducing  vector  populations  and  viral  incidences.  To 
attain  this,  we  have  undertaken  a  holistic  approach  that  explores  the  mechanisms  underpinning 
aphid-potyvirus  interactions  in  cucurbit  systems.  Through  an  array  of  lab  and  field  experiments, 
we  have  been  studying  the  component  interactions  in  the  pathosystem  and  their  impacts  on 
vector  behavior  and  fitness.  The  impact  of  these  results  in  the  context  of  virus  epidemics  and 
management  will  be  discussed. 
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Mungbean  yellow  mosaic  India  virus  (MYMIV)  is  prevalent  in  food  legume  crops  in  a  central 
state  of  India,  Madhya  Pradesh  (MP),  which  is  a  main  soybean  producing  area  in  India.  MYMIV, 
a  member  of  the  genus  Begomovirus  in  the  family  Geminiviridae,  is  transmitted  by  the 
sweetpotato  whitefly  Bemisia  tabaci.  In  addition  to  MYMIV,  B.  tabaci  is  known  to  transmit 
many  begomoviruses;  Begomoviruses  is  known  to  be  the  largest  genus  of  plant  viruses  with 
respect  to  the  number  of  species  included.  Begomoviruses  possess  circular  single  stranded  (ss) 
DNA  genome  consisted  of  two  components  DNA-A  and  DNA-B.  Some  begomoviruses  possess 
DNA-A  and  betasatellite  or  only  DNA-A.  Virus  disease  symptoms  of  mosaic,  yellow-vein,  leaf- 
curl,  and  enation  are  commonly  observed  in  weeds  in  MP.  As  a  part  of  the  MYMIV  management 
in  soybean  production,  viruses  transmitted  by  the  whitefly  were  explored  and  characterized. 
Sequences  of  coat  protein  gene  of  MYMIV  infecting  crops  in  MP  showed  that  they  are  closely 
related  strains  of  the  virus.  DNA-A  and  DNA-B  sequences  of  three  isolates  were  compared  with 
other  MYMIV  strains.  Genome  sequences  of  three  begomoviruses  infecting  weeds  were  also 
determined  and  compared  with  other  weed  begomoviruses.  PCR  survey  of  the  viruses  in  whitefly 
populations  and  host  plants  suggested  that  many  begomoviruses  are  all  mixed  up  together  in 
plants  and  whiteflies  in  MP. 
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The  Asian  citrus  psyllid  (ACP),  Diaphorina  citri ,  is  an  important  pest  because  it  transmits  a 
bacterium  ‘Candidatus  Liberibacter  asiaticus’  (CLas)  responsible  for  a  serious  disease  of  citrus 
known  as  Asiatic  huanglongbing  (citrus  greening  disease).  USDA-ARS  researchers  recently 
established  a  program  for  screening  citrus  germplasm  for  resistance  to  CLas,  with  inoculation  by 
CLas-infected  ACP  being  the  first  step  of  the  program.  This  presentation  will  review  the 
inoculation  program,  methods  used  to  establish  and  maintain  colonies  of  CLas-infected  ACP, 
and  factors  that  affect  the  success  of  inoculations  including  comparisons  of  isofemale  lines  from 
a  variety  of  locations  throughout  Llorida  with  respect  to  their  ability  to  acquire  and  transmit 
CLas. 
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Squash  vein  yellowing  virus  (SqVYV)  is  a  whitefly  transmitted  Ipomovirus  and  the  cause  of 
watermelon  vein  decline  in  Llorida.  Different  plant  viruses  have  been  known  to  indirectly  affect 
their  insect  vectors’  behavior  and  biology  through  host  plants.  To  determine  the  host-mediated 
effects  of  SqVYV  on  its  vector  Bemisia  tabaci  biotype  B,  we  measured  adult  whitefly  longevity 
and  fecundity  and  development  time  from  egg  to  adult  emergence  on  squash  ( Cucurbita  pepo 
L.).  To  determine  longevity  and  fecundity,  pairs  of  male  and  female  whiteflies  reared  from  the 
egg  stage  on  SqVYV-infected  or  mock  (buffer)-inoculated  plants  were  transferred  to  another 
infected  plant  or  to  a  mock-inoculated  plant  (producing  four  combinations  of  rearing  host  and 


adult  test  plant).  Whitefly  survival  and  number  of  eggs  laid  were  recorded  daily  until  death.  No 
differences  among  treatments  were  recorded  for  male  longevity.  Females  confined  on  infected 
plants  lived  ca.  25%  longer,  regardless  of  rearing  host,  than  on  mock-inoculated  plants  and 
reared  on  infected  plants.  Longevity  of  females  confined  on  mock-inoculated  plants,  also  reared 
on  mock-inoculated  plants,  was  intermediate  between  the  shortest  and  longest  longevities. 
Whiteflies  had  ca.  33-40%  higher  fecundity  on  the  infected  plants  than  mock-inoculated  plants 
regardless  of  the  infection  status  of  the  rearing  host.  Developmental  period,  from  oviposition  to 
adult  emergence,  was  determined  on  mock-inoculated  and  infected  host  plants.  An  average  day 
to  emergence  was  significantly  shorter  on  infected  plants  (20.36)  than  on  mock- inoculated  plants 
(23.5).  Results  suggest  enhanced  performance  of  whitefly  on  SqVYV-infected  squash,  which 
could  potentially  alter  vector  population  dynamics  and  affect  SqVYV-epidemiology. 
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Aphid  transmission  may  be  a  contributing  factor  to  a  recent  shift  in  the  predominant  strains  of 
Potato  virus  Y  (PVY)  affecting  the  U.S.  potato  crop.  Previous  experiments  led  us  to  hypothesize 
that  the  aphid  acrostyle  might  have  strain  specific  binding  sites.  An  experiment  was  designed  to 
compare  transmission  efficiency  when  aphids  were  allowed  sequential  acquisition  access  to  two 
PVY  strains.  Individual  green  peach  aphids  ( Myzus  persicae ,  Sulzer)  were  allowed  a  2-3  min 
acquisition  access  period  on  potato  leaves  infected  with  PVY0,  PVYN0  or  pvyntn,  followed  by 
another  2-3  min  acquisition  access  period  on  a  second  potato  leaf  infected  with  a  different  PVY 
strain.  Single  aphids  were  then  transferred  to  healthy  potato  seedlings  for  a  24  hr  inoculation 
access  period.  All  possible  combinations  of  the  three  strains  were  tested.  Strain-specific  infection 
of  the  recipient  plants  was  determined  by  DAS-ELISA  and  RT-PCR  28  days  post- inoculation. 
When  aphids  acquired  PVYNTN  and  PVY0  in  either  sequence,  PVYN™  was  transmitted  to  a 
majority  of  the  plants.  PVYN0  acquisition  either  prior  to  or  after  acquisition  access  on  PVY0  or 
PVYNTN,  led  to  the  transmission  of  PVYN0  to  more  than  80%  of  the  plants.  The  data  suggest  that 


PVYN0  and  PVYNTN  may  preferentially  bind  to  the  aphid  acrostyle  over  PVY°  or  they  may  be 
preferentially  released  during  inoculation.  Continuing  research  is  determining  the  relative 
binding  and  release  efficiencies  of  these  virus  strains. 
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This  study  is  directed  at  enhancing  our  understanding  of  the  epidemiology  of  the  beet  leafhopper 
transmitted  virescence  agent  (BLTVA)  by  examining  the  ability  of  Lygus  (Heteroptera:  Miridae) 
to  transmit  BLTVA  to  potato,  Solarium  tuberosum  L.  BLTVA  is  the  primary  cause  of  potato 
purple  top  disease  which  is  known  to  be  transmitted  by  the  beet  leafhopper  (BLH),  Circulifer 
tenellus  Baker  (Heteroptera:  Cicadellidae).  Recently,  high  numbers  of  Lygus  have  been  observed 
in  association  with  potato  expressing  purple  top  symptoms  while  BLH  numbers  in  potato  fields 
have  declined.  Thus,  Can  Lygus  carry  BLTVA?  Are  there  more  than  one  strain  of  BLTVA  in 
Lygusl  Is  Lygus  a  competent  vector  of  BLTVA?  The  present  study  evaluated  the  abundance  of 
Lygus  in  commercial  potato  fields  in  the  Columbia  Basin  of  Oregon,  incidence  of  BLTVA  in 
Lygus ,  and  the  ability  of  Lygus  to  transmit  BLTVA  to  potato.  Lygus  were  collected  using  an 
inverted  leaf  blower  in  35  commercial  fields  and  population  dynamics  and  distribution  maps 
were  developed.  Samples  were  tested  for  BLTVA  using  a  nested  PCR  based  on  16S  rRNA 
primers.  The  number  of  Lygus  and  the  incidence  of  BLTVA  in  Lygus  was  highest  mid-summer 
than  earlier  or  later  in  the  growing  season.  Additionally,  Lygus  carries  a  strain  of  BLTVA  similar 
to  the  one  found  in  symptomatic  potato.  Transmission  experiment  of  Lygus  from  BLTVA- 
infected  to  uninfected  potato  indicate  that  Lygus  can  transmit  BLTVA  to  healthy  potatoes.  If 
Lygus  can  transmit  BLTVA  to  potato  a  revision  of  current  management  strategies  to  mitigate  this 
disease  is  needed. 
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The  Asian  citrus  psyllid,  Diaphorina  citri  Kuwayama,  transmits  Candidatus  Liberibacter 
asiaticus  that  causes  Huanglongbing  (HLB),  also  known  as  citrus  greening  disease  in  the  United 
States.  Introduction  and  wide  spread  of  D.  citri  and  HLB  in  Florida  caused  a  record  level 
reduction  in  the  state’s  citrus  production.  Replanting  diseased  trees  and  protecting  young  trees  is 
critical  for  the  future  of  the  Florida  citrus  industry.  Frequent  use  of  insecticides  to  reduce  the 
vector  population  remains  as  a  major  component  of  current  HLB  management.  Among  the 


insecticides,  the  soil-applied  neonicotinoids  are  considered  the  most  effective,  because  of  its 
prolonged  systemic  activity  with  a  disruption  of  psyllid  feeding  behavior.  Using  three 
neonicotinoids  (clothianidin,  imidacloprid,  and  thiamethoxam)  that  are  currently  available, 
multiple  applications  can  be  made  for  a  season-long  protection  of  young  trees  less  than  5  ft  in 
height.  However,  current  use  restrictions  limit  the  number  of  soil  applications  as  trees  grow 
taller;  therefore,  trunk  injection  delivery  method  was  explored.  Imidacloprid  was  applied  to  field 
planted  citrus  trees  about  7  ft  in  height  via  foliar  spray,  soil  drench,  and  trunk  injection.  Shoot 
cuttings  were  collected  at  periods  after  application  for  a  field-to-lab  bioassay  to  compare  efficacy 
of  different  delivery  methods.  Trunk  injected  imidacloprid  provided  a  quicker  uptake  and  longer 
duration  of  psyllid  control  compared  to  the  soil  drench  application. 
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Introduction:  A  devastating  maize  disease  diagnosed  as  maize  lethal  necrosis  (MLN)  was  first 
reported  in  Kenya  in  September  2011  and  has  since  spread  rapidly  to  other  eastern  and  central 
Africa  countries  like  Tanzania,  Uganda,  Ethiopia,  Rwanda  and  Congo.  The  disease  poses  a  threat 
to  food  security  and  livelihoods  in  the  affected  countries.  MLN  is  caused  by  a  co-infection  of 
maize  with  Maize  chlorotic  mottle  virus  (MCMV),  and  Sugarcane  mosaic  virus( SCMV).  SCMV 
was  first  reported  in  Kenya  in  1970’s  while  MCMV  is  presumably  a  recent  introduction  and  is 
thought  to  be  key  in  the  epidemiology  of  MLN.  Despite  the  rapid  spread  MLN,  the  role  of 
vectors  in  spread  of  the  disease  is  poorly  understood  in  eastern  Africa.  Hence  we  aimed  to 
identify  vectors  of  MCMV. 

Methods:  Samples  of  thrips  species  were  field-collected  from  cereals  and  grasses  and  reared  in 
the  laboratory.  The  competence  for  transmission  of  MCMV  by  the  corn  thrips,  Frankliniella 
williamsi  (Hood);  onion  thrips,  Thrips  tabaci  (Lindeman);  common  blossom  thrips  (pale  forms), 


Frankliniella  schultzei  (Trybom);  and  western  flower  thrips,  Frankliniella 
occidentalism ergande)  were  determined  in  laboratory  and  greenhouse  bioassays.  The  test  plants 
were  observed  for  symptom  development  for  one  month  and  MCMV  was  detected  by  DAS- 
ELISA  and  RT-PCR. 

Results/Conclusion:  The  results  indicated  that  corn  thrips,  common  blossom  thrips  and  onion 
thrips  transmitted  MCMV  but  with  varying  efficiencies.  The  western  flower  thrips  did  not 
transmit  MCMV.  The  implications  of  the  results  on  spread  and  management  of  MCMV  will  be 
discussed. 
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The  island  of  New  Guinea  is  extremely  rich  in  biodiversity.  It  is  geologically  complex  with  a 
rugged  topography  leading  to  many  isolated  environments.  However,  the  fauna  and  flora  of  the 
island  remains  understudied  due  to  logistical  challenges  and  difficult  terrane.  We  have  a 
pioneering  study  focusing  on  a  group  of  diving  beetles  (Dyticidae)  in  the 
genus  Philaccolilus.  This  genus  is  restricted  to  the  riffles  of  fast  moving  streams,  making  them 
an  ideal  system  to  study  the  connectivity  of  these  environments.  In  lotic  perennial  environments 
(such  as  fast-moving  streams),  the  expectation  is  for  organisms  to  have  less  need  for  dispersal 
when  compared  to  organisms  occupying  more  ephemeral  lentic  environments  (such  as  ponds), 
and  thus  one  would  expect  them  to  have  smaller  range  sizes  and  higher  species  turnover.  We 
found  this  to  be  true  for  many  species  with  sister  species  being  allopatric.  However  there  are 
species  with  surprisingly  wide  ranges  with  high  levels  of  gene  exchange  between  sites.  We 
utilized  a  recent  next  generation  sequencing  approach  (nextRAD)  as  well  as  Sanger  sequencing, 
to  examine  the  phyogeographic  structure  of  these  animals 


Paper  (Oral)  Presentations 

Presentation  Title:  Size-  and  context-dependent  nest-staying  behavior  of  males  of  the  Japanese 
dung  beetle,  Copris  acutidens  (Coleoptera,  Scarabaeidae) 

Author  Name:  Mayumi  Akamine 

Author  Institution:  Nihon  University 

Session  Title:  Contributed  Papers:  Biodiversity,  Biogeography,  and  Conservation  of  Arthropods: 
Coleoptera 

Date  of  Presentation:  Thursday,  September  29,  2016 
Abstract  Number:  3612 
DOI:  10. 1603/ICE.2016. 109479 
Abstract  text: 

Introduction: 

Male  dimorphism  is  often  accompanied  by  alternative  mating  tactics,  which  may  determine 
fitness  of  the  different  morphs.  Fitness  consequences  of  male  head  horn  size,  and  male  nest- 
staying  behaviour  were  experimentally  assessed  in  Copris  acutidens. 

Methods: 

Possible  differences  in  their  reproductive  behaviour  and  success  were  assayed  in  a  breeding 
experiment,  in  which  females  were  paired  with  one  major  male,  one  minor  male,  or  a  pair  of 
major  and  minor  males. 

Results/Conclusion: 

The  advantage  of  major  males  staying  in  a  nest  along  with  a  rival  male  is  that  major  males  are 
reproductively  more  successful  than  minor  males.  The  weight  of  dung  transported  into  nests  was 
significantly  less  in  rearing  containers  containing  two  males  than  in  those  with  a  single  male  of 
either  morph,  although  it  did  not  differ  between  major  and  minor  males  when  kept  alone.  The 
results  indicate  that  the  presence  of  a  rival  negatively  affects  male  provisioning  due  to 
interference  from  rivals.  In  contrast,  in  the  present  study,  an  increased  incidence  of  male  nest- 
staying  behaviour  was  recorded  in  the  two-  male  and  one  minor  male  treatment  than  in  the  one 


major  male  treatment.  These  results  indicate  that  because  of  the  risk  of  sperm  competition,  major 
males  stay  longer  in  nests  if  a  rival  is  present.  Furthermore,  minor  males  subjected  to  a  higher 
risk  of  sperm  competition  stay  longer  in  nests  than  major  males  in  nests  without  a  rival.  In  other 
words,  the  present  study  revealed  an  alternative  behaviour  during  the  post-copulatory  stage 
associated  with  horn  dimorphism. 
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Introduction:  With  the  recent  attention  and  focus  on  quantitative  methods  for  species 
delimitation,  an  overlooked,  and  equally  important  issue  regards  what  has  actually  been 
delimited.  This  study  investigates  the  arbitrariness  of  some  taxonomic  distinctions,  and  in 
particular  how  species  and  subspecies  are  assigned.  Furthermore,  how  biogeographic  inference 
and  conservation  policy  can  be  affected  by  how  species  are  delimited  are  investigated. 

Methods:  A  Bayesian  model-based  approach  is  used  to  statistically  delimit  species  in  the 
Hercules  beetles  (genus  Dynastes)  using  both  phenotypic  and  molecular  data.  Ecological  niche 
models  are  further  utilized  to  investigate  if  different  independent  evolutionary  entities  (i.e., 
species  following  the  general  lineage  concept)  can  overlap  geographically.  Modeling 
evolutionary  diversification  using  stepwise  AIC  analyses  are  performed  using  species  trees 
reconstructed  based  on  conventional  taxonomic  designations  and  statistical  species  delimitation 
results  from  this  study. 

Results/Conclusion:  In  the  Hercules  beetles  (genus  Dynastes )  there  is  no  statistical  difference  in 
the  probability  that  putative  taxa  represent  different  species,  irrespective  of  whether  they  were 
given  species  or  subspecies  designations.  By  considering  multiple  data  types,  as  opposed  to 


relying  exclusively  on  genetic  data  alone,  the  results  show  that  both  previously  recognized 
species  and  subspecies  represent  a  variety  of  points  along  the  speciation  spectrum.  The  effect  of 
inconsistent  taxonomic  treatments  between  groups  of  organisms  can  have  significant  effects  on 
biogeographic  studies. 
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Introduction:  Scarabaeus  cancer  was  described  by  Arrow  in  1919  from  a  single  male  specimen 
collected  in  southern  Angola.  It  is  the  largest  ball  rolling  dung  beetle  in  the  world  and  only 
eight  specimens  have  ever  been  reported  in  the  literature,  the  last  being  collected  in 
1949.  Nothing  is  known  of  the  biology  of  this  flightless  species  although  it  has  been 
hypothesized  to  feed  on  elephant  dung.  The  loss  of  elephants  and  most  other  large  game  animals 
during  a  quarter  century  of  conflict  in  Angola  has  led  some  workers  to  speculate  that  this  species 
has  gone  extinct. 

Methods:  The  authors  teamed  up  with  the  Angolan  National  Institute  for  Biodiversity  and 
Protected  Areas  (INBAC)  of  the  Ministry  of  the  Environment  to  travel  to  Cuando  Cubango 
Province  in  May  2015  to  search  for  S.  cancer. 

Results/Conclusion:  The  team  was  successful  in  capturing  live  S.  cancer  from  an  area  near  Cuito 
Cuanavale.  Beetles  are  diurnally  active  and  feed  on  a  wide  range  of  animal  dung  including  dried 
pellets.  It  is  not  an  obligate  feeder  on  elephant  dung.  Burrows  are  constructed  at  a  shallow  angle 
into  the  deep  sandy  soils  of  the  region.  Based  on  fragments  of  dead  beetles  found  in  agricultural 
fields  and  along  the  margins  of  roads,  presumably  from  the  previous  rainy  season,  populations  of 


S.  cancer  are  likely  found  over  a  large  area  of  eastern  Cuando  Cubango  Province.  Tissue  samples 
were  collected  from  fresh  specimens  for  molecular  analysis  to  help  locate  this  species  within  the 
Scarabaeus  /  P  achy  soma  phylogeny.  As  an  Angolan  endemic,  this  gentle  giant  should  be 
considered  as  a  flagship  species  for  insect  research  and  conservation  in  Angola. 
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Changes  in  land  use  have  a  major  effect  on  patterns  of  biodiversity .  Few  studies  have  examined 
the  demographic  and  genetic  shifts  with  a  return  to  secondary  forest  following  extended  periods 
of  human  disturbance.  The  Southern  Appalachian  Mountains  have  undergone  periods  of 
extended  land  use  that  has  recently  been  left  to  regenerate.  Here,  we  examine  patterns  of 
population  structure  and  estimate  gene  flow  in  the  weevil  Eurhoptus  and  the  Staphylinid 
Ischnosoma  lecontei  by  sequencing  the  mitochondrial  COI  gene  and  SNPs  produced  from 
nuclear  RAD  loci.  Comparisons  are  made  between  populations  inhabiting  old  growth  and 
secondary  forests  to  infer  historical  patterns  of  response  and  recovery  to  the  effects  of 
agriculture,  forestry,  and  climate  change,  and  to  examine  evolutionary  consequences  of 
population  re-establishment.  Identifying  how  species  respond  to  land-use  history  will  provide 
insight  into  the  robustness  of  regional  diversity,  and  offer  strategies  for  maximizing  this  diversity 
in  a  largely  managed  landscape.  Conservation  implications  and  the  benefit  of  future  comparative 
phylogeography  of  Southern  Appalachian  beetles  will  be  discussed. 
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The  cosmopolitan  subfamily  Cassidinae  is  one  of  the  largest  lineages  of  leaf  beetles  with  -6400 
species  in  36  tribes.  The  Neotropical  tribe  Dorynotini  ranges  from  Mexico  to  Argentina  and 
comprises  53  species  distributed  in  five  genera.  Members  are  characterized  by  possessing  an 
elytral  suture  adorned  with  a  tubercle,  or  a  dramatic  vertical  spine.  This  spine  exhibits  a 
latitudinal  gradient  of  continuous  increase  in  height  and  decrease  in  width  towards  cooler  areas 
of  the  tropics,  south  of  the  tribe’s  range.  This  cline  provides  initial  evidence  for  a  geographic 
radiation  and  grounds  to  investigate  the  influence  of  ecology  and  interactions  of  climatic  factors 
associated  with  geographic  complexity.  These  factors  may  represent  potential  drivers  to 
morphological  and  ecological  diversity  throughout  the  clade’s  distribution.  Here,  I  develop  total- 
evidence  phylogeny  to  illuminate  the  patterns  and  processes  that  shape  the  morphological 
diversity  in  the  Dorynotini  tribe.  Along  with  that,  an  analysis  of  the  tribe’s  morphological 
hypervolume  and  ecological  niche  also  applied.  The  results  to  date  supports  the  hypothesis  of 
morphological  evolution  within  the  lineages  of  the  tribe,  showing  basal  lineages  with  short  spine 
and  derived  lineages  with  longer  and  thinner  spine.  Additionally,  the  morphological 
hypervolume  analysis  to  confirm  the  significant  morphological  disparity  associated  with  the 
current  distribution  of  each  genus  -  overlapping  distribution  lineages  presenting  overlapping 
morphological  hypervolume. 
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Carabid  beetles  ( Coleoptera :  Carabidae)  have  been  widely  used  as  good  bioindicators  to 
evaluate  responses  of  biodiveristy  to  disturbance  because  they  are  diverse  and  sensitive  to 
environmental  changes,  reacting  strongly  to  industrial  harvesting.  Using  unharvested  stands  as 
controls,  I  examined  the  effects  of  several  levels  of  retention  harvest  (10,  20,  50  and  75%) 
relative  to  clear-cuts  (c.  2%  retention)  on  carabid  beetle  assemblages  in  four  cover  types  of 
boreal  mixedwood  forests  at  the  "Ecosystem  Management  by  Emulating  Natural  Disturbance" 
(EMEND)  Project  in  northwestern  Alberta.  Carabid  data  were  collected  during  the  frost-free 
seasons  of  1999,  2000,  2004,  2009  and  2014,  representing  impacts  of  harvest  and  disturbance 
over  a  c.20  Km2  landbase  1,  2,  5,  10,  15  year  post-harvest  respectively.  Results  show  that  open 
habitat  carabid  species  became  more  common  in  pitfall  catches  while  most  forest  species 
decreased  in  population.  Carabid  beetles  recovered  more  quickly  over  15  years  toward  pre¬ 
harvest  condition  after  partial  retention  harvest  than  after  standard  clear-cuts.  Recovery  of 
species  composition  toward  that  of  unharvested  stands  varied  inversely  with  harvest  intensity,  p- 
diversity  of  carabid  beetle  assemblages  between  harvested  stands  and  control  stands  was  mostly 
driven  by  species  lost  in  early  post-harvest  stage  and  gradually  shifted  to  species  turnover  in  late 
post-harvest  stage.  The  long  term  study  of  carabid  biodiveristy  in  response  to  harvest  would  be 
beneficial  to  improve  conservation  of  biodiveristy  and  the  sustainabiliy  of  forestry  on  managed 
landscape. 
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Australia,  because  of  its  geological  history,  long  isolation,  and  climate,  has  a  highly  endemic 
biota,  including  many  still-undiscovered  taxa.  This  is  notably  true  for  the  enormous  beetle  family 
Staphylinidae,  in  which  there  are  about  2000  described  species  currently  known  from  Australia, 
placed  in  about  450  genera.  Ongoing  field  and  taxonomic  work  are  continually  adding  new 
species  and  genera  to  the  fauna,  at  a  rate  that  appears  to  be  still  increasing. 

Based  on  a  compilation  of  published  and  some  unpublished  distributional  data,  we  examine 
distribution  patterns  of  genera  within  Australia  and  biogeographical  connections  of  genera  that 
also  occur  outside  Australia.  Currently  about  42%  of  the  genera  known  to  occur  in  Australia  are 
endemic,  showing  a  variety  of  different  distribution  patterns  within  the  continent.  Many  parts  of 
the  family  have  not  been  revised  in  modern  times,  and  undoubtedly  many  more  changes  of 
endemic/non-endemic  status  will  be  made  as  revisionary  work  continues.  Genera  native,  but  not 
endemic,  to  Australia  show  various  patterns  of  connection  to  other  regions  of  the  globe,  but  most 
are  very  widespread  genera  rather  than  showing  close  connections  between  particular  regions 
and  Australia. 

In  light  of  the  long-term  and  current  geographical  isolation  of  Australia  and  the  relatively  poor 
powers  of  transoceanic  dispersal  shown  by  most  Staphylinidae,  these  patterns  suggest  that  the 
ancestors  of  most  of  the  Australian  staphylinid  fauna  have  been  on  the  continent  since  the 
Mesozoic  era. 
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Abstract  text: 

Retention  forestry  including  the  creation  of  dead  wood  (e.g.  high-cut  stumps)  is  a  commonly 
applied  method  to  mitigate  the  impact  of  logging  on  biodiversity.  Increased  understanding  of  the 
factors  determining  high-cut  stump  species’  colonization,  extinction  and  abundance  could 
improve  the  conservation  benefit  i.e.  more  efficient  habitat  utilization  and  also  provide  a  more 
cost-effective  planning  of  high-cut  stumps’  distribution.  This  study  analysed  the  probability  of 
colonization,  extinction  and  abundance  of  a  red  listed  beetle  species  called  Peltis  grossa  (L.) 
(Coleoptera,  Tragossitidae)  in  relation  to  high-cut  stump  connectivity  and  other  variables 
characterizing  a  high-cut  stump.  Field  data,  from  a  study  area  in  the  southern  boreal  zone  of 
Sweden,  on  species  abundance  (i.e.  emergence  holes)  was  modelled  in  relation  to  spruce  ( Picea 
abies  (L.)  H.  Karst.)  high-cut  stump  characteristics  and  with  different  measures  of  patch 
connectivity.  There  was  a  positive  relationship  between  colonization  and  species  abundance  i.e. 
the  higher  abundance  of  the  beetle  the  higher  probability  of  a  high-cut  stump  being  colonized 
and  utilized  for  a  longer  time.  There  was  also  a  positive  relationship  between  the  number  of 
stumps  and  the  time  a  stump  was  utilized  and  density  of  the  beetle,  and  the  distance  to  nearest 
stump  matters.  Our  results  show  that  higher  number  of  stumps  positioned  close  to  each  other 
increases  the  conservation  benefit  for  the  red-listed  beetle  P.  grossa.  Therefore,  conservation  of 
wood  dependent  species  should  not  only  focus  on  increasing  the  amount  of  dead  wood  but  also 
consider  strategies  including  the  spatial  arrangement  of  dead  wood  retention. 
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Introduction:Habitat  variability  linked  to  biodiversity  patterns  is  relevant  for  understanding 
species  spatial  distributions  and  assemblage  variation  in  space.  Research  has  focused  on  large- 
scale  spatial  variability  assuming  species  distribute  homogeneously  at  the  local  scale  and 
ignoring  that  patterns  in  biotic/abiotic  conditions  generally  operate  at  much  smaller  scales.  The 
study  of  fine-scale  spatial  heterogeneity  within  local  scales  is  less  common  but  with  similar  or 
greater  challenges  given  difficulties  of  unravelling  real  patterns  from  random  noise. 

Methods : Relationships  between  local  distributions  of  spiders  and  carabids,  and  those  of  the 
overstory  layer  of  the  forest  were  studied  within  a  1-ha  permanent  plot  of  mature  and  never-cut 
forest  in  the  aspen  parkland-boreal  forest  transition  in  central  Alberta,  Canada.  Detailed  forest 
structure  (stem  density  and  basal  area  by  tree  species  and  by  DBH  class)  was  assessed  in  25 
20x20m  subplots  after  mapping  all  living/dead  stems  >lcm  DBH  within  the  plot.  Ground 
spiders/carabids  were  collected  using  pitfall  traps  and  foliage  spiders  by  beating  understory 
vegetation  on  a  canvas  sheet  within  each  subplot. 

Results/Conclusion:  Discrete  tree  spatial  distributions  were  observed  with  large  overlap  among 
species,  evidencing  high  fine-scale  habitat  heterogeneity.  Variation  in  species  assemblages  and 
forest  structure  variables  was  detected  at  various  spatial  scales.  Variation  in  tree  density 
(DBH<5cm)  explained  the  highest  variation  in  ground  spider  composition.  By  contrast, 
association  between  variation  of  foliage  spiders  and  basal  area  DBH  5- 10cm,  and  carabids  and 
snag  density  by  species,  were  the  highest.  Results  suggest  complex  interactions  among  habitat 
characteristics  which  influence  species  abundances,  composition  and  their  distribution  at  the 
fme-scale. 
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Abstract  text: 

Carabid  beetles  are  a  diverse  group  of  generalist  natural  enemies  which  have  been  shown  to  be 
valuable  agents  of  biological  control.  Despite  this  diversity,  the  size  and  voracity  of  some  taxa 
leads  them  to  dominate  what  could  otherwise  be  a  diverse  system.  Since  a  more  diverse  predator 
community  has  been  shown  to  provide  more  comprehensive  and  effective  biological, 
understanding  how  to  prevent  such  domination  is  critically  important.  To  better  understand  the 
factors  that  drive  differences  in  carabid  community  composition  we  conducted  an  intensive 
survey  of  over  50  organic  farms  in  the  Pacific  Northwest.  Since  habitat  structure  has  been 
demonstrated  to  alleviate  dominant  predator  effects  in  other  systems,  we  focused  on  extant  of 
weed  cover  on  each  farm.  We  found  that  Pterostichus  melanarius,  a  large  beetle  and  a  known 
intraguild  predator,  was  common  at  many  farms.  Other  common  players  were  members  of  the 
tribe  Harpalini  and  the  genus  Bembidion.  Unsurprisingly  the  large  and  voracious  P.  melanarius 
seemed  to  dominate  the  communities  it  was  present  in,  showing  a  negative  correlation  with  the 
activity-density  of  other  carabids.  This  correlation  disappeared,  however,  when  there  was  an 
abundance  of  weedy  cover  around  the  crop.  The  increased  structural  complexity  seemed  to 
release  the  smaller  beetle  taxa  from  whatever  consumptive  or  non-consumptive  mechanism  that 
lead  to  the  dominance  of  P.  melanarius.  It  seems  that  increasing  weed  groundcover,  and 
therefore  structural  complexity,  could  benefit  biological  control  in  organic  farm  systems  by 
allowing  for  a  more  diverse  guild  of  active  predators. 
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Estimating  the  degree  of  generic  similarity  between  the  faunas  of  New  Zealand  and  Australia  has 
been  hindered  by  the  lack  of  knowledge  about  the  most  diverse  supertribe  of  Pselaphinae  in  New 
Zealand,  the  Eupectitae,  and  in  particular  the  tribe  Trichonychini.  This  tribe  has  been  by  far  the 
most  challenging  in  terms  of  discrimination  of  genera  for  both  regions.  An  understanding  of  the 
genera  has  now  reached  the  point  where  the  shared  and  precinctive  genera  of  the  two  faunal 
regions  can  now  be  identified,  with  both  being  major  portions  of  the  respective  faunas. 
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Abstract  text: 

The  agricultural  production  in  the  Neotropical  region  is  highly  affected  by  the  attack  of  pests  and 
diseases.  Due  to  the  overuse  of  pesticides,  sustainable  methods  of  control  are  in  demand,  within 
the  context  of  Integrated  Pest  Management  (IPM),  such  as  biological  control.  The  Neotropical 


region  is  characterized  by  its  rich  biodiversity,  resulting  in  a  large  arsenal  of  natural  enemies  of 
pests  represented  by  parasitoids,  predators  and  pathogens.  Parasitoids  are  the  natural  enemies 
most  used  around  the  world  for  biological  control.  In  this  paper,  we  present  biological  control 
programs  established  in  the  Neotropical  region  to  control  pests  of  economic  importance  such  as 
Diaphorina  citri  (Hemiptera:  Psyllidae),  Phyllocnistis  citrella  (Lepidoptera:  Gracillariidae), 
Maconellicoccus  hirsutus  (Hemiptera:  Pseudococcidae),  Paracoccus  marginatus  (Hemiptera: 
Pseudococcidae),  Aulacaspis  yasumatsui  (Hemiptera:  Stemorrhyncha:  Diaspididae),  Tuta 
absoluta  (Lepidoptera:  Gelechiidae),  Anastrepha  spp.  (Diptera:  Tephritidae)  and  Helicoverpa 
armigera  (Lepidoptera:  Noctuidae).  Agricultural  practices  that  maintain  and  enhance  the  action 
of  natural  enemies  in  crops  will  be  reviewed,  as  the  challenges  and  potential  for  the 
establishment  of  Biological  Control  programmes  using  parasitoids  in  the  Neotropical  region. 
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Abstract  text: 

Introduction:  Nesidiocoris  tenuis  (Reuter)  (Hemiptera:  Miridae)  is  a  natural  enemy  widely  used 
in  the  Mediterranean  region  to  control  different  pests  in  tomato.  This  zoophytophagous  mirid 
feeds  on  a  wide  range  of  prey,  but  also  plant  tissue.  The  latter  collateral  damage  causes  necrosis 
in  the  crop  plant  and  even  crop  losses  when  prey  is  scarce.  In  this  study  we  investigated  the 
chemical  mechanisms  underlying  plant  damage  and  necrosis.  For  this,  we  determined  the 
compounds  present  in  N.  tenuis  salivary  glands  which  are  involved  in  plant  damage. 

Methods:  Composition  of  the  saliva  of  N.  tenuis  was  compared  to  that  of  Macrolophus  pygmaeus 
(Rambur)  (Hemiptera:  Miridae),  another  zoophytophagous  mirid  that  does  not  induce  damage  in 
tomato  plants.  Adult  females  of  both  mirids  were  allowed  to  feed  on  whole  tomato  plants 
followed  immediately  by  salivary  gland  dissection.  Salivary  gland  extracts  were  prepared  for 
proteomic  and  metabolomics  analyses.  The  mechanism  responsible  for  necrosis  in  tomato  plants 
caused  by  N.  tenuis  was  identified. 


Results/Conclusion:  Identification  of  salivary  compounds  responsible  for  plant  damage  is 
important  in  understanding  the  role  of  this  zoophytophagous  insect  as  pest.  In  addition,  the 
characterization  of  these  substances  as  elicitors  of  necrosis  in  tomato  might  be  useful  in  plant 
breeding  programs. 
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Abstract  text: 

The  greyback  canegrub,  Dermolepida  albohirtum  (Waterhouse),  is  the  most  damaging  sugarcane 
pest  in  Queensland  sugarcane  fields.  Larval  stages  feed  extensively  on  cane  roots  causing  severe 
crop  losses.  A  number  of  pathogens  infect  the  larval  stages  in  the  soil,  of  these,  the  coccidian 
pathogen  Adelina  bambarooniae  is  commonly  found  in  Far  North  Queensland  and  can  be 
responsible  for  high  mortality  rates.  Field  studies  over  1 1  years  showed  that  A.  bambarooniae 
was  responsible  for  grub  mortality  levels  ranging  between  4.3  -  39.8%  in  Far  North  Queensland. 
Our  study  demonstrated  the  feasibility  of  infecting  D.  albohirtum  larval  stages  in  the  lab  with  the 
aim  of  propagating  the  pathogen.  Contaminated  carrots  used  as  food  source  resulted  in 
higher  mortality  levels  compared  to  contaminated  soils  used  as  media  for  grub  survival.  Late 
second  and  early  third  larval  instars  were  the  most  susceptible  to  acquiring  the  disease  in  the 
laboratory.  Fresh  hatchlings  suffered  high  mortality  rates  soon  after  being  infected  and  therefore 
do  not  support  propagation  of  the  pathogen,  while  late  third  instars  usually  pupate  before  disease 
expression.  We  attempted  to  grow  the  pathogen  in  vitro  via  introducing  a  pure  extract  of  oocysts 
into  the  African  Black  Beetle  cell  line  (DSIR-Ha-1 179)  and  the  fall  armyworm  cell  line  (Sf9).  A 
number  of  pathogen  stages  were  recognized  in  the  Black  Beetle  cell  line,  however,  complete 
development  to  the  oocysts  stage  was  not  achieved.  More  work  is  under  way  to  investigate  the 
possibility  of  mass  producing  the  pathogen  for  the  biological  control  of  canegrubs  in  the  field. 
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Abstract  text: 

Baculovirus  infection  triggers  a  heat  shock  response,  and  this  response  is  crucial  for  its 
successful  infection  of  host  insect  cells.  However,  the  viral  protein(s)  or  factor(s)  that  trigger  this 
response  are  not  yet  clear.  Previously,  we  revealed  that  IE2,  an  early  gene  product  of  the 
baculovirus,  could  strong  tram-activation  of  various  promoters  in  mammalian  cells.  Here,  heat 
shock  proteins  (HSPs)  were  found  to  be  one  of  the  major  IE2-associated  proteins.  Our 
experiments  show  that  HSPs  are  greatly  induced  by  IE2  and  are  crucial  for  the  tram-activation 
function  of  IE2.  Interestingly,  blocking  both  heat  shock  protein  expression  and  the  proteasome 
pathway  preserved  the  IE2  protein  and  its  nuclear  body  structure,  and  revived  its  function.  These 
observations  reveal  that  HSPs  do  not  function  directly  to  assist  the  formation  of  the  nuclear  body 
structure,  but  may  rather  protect  IE2  from  proteasome  degradation.  Aside  from  functional  studies 
in  mammalian  cells,  we  also  show  that  HSPs  were  stimulated  and  required  to  determine  IE2 
protein  levels,  in  insect  cells  infected  with  baculovirus.  Upon  inhibiting  the  expression  of  heat 
shock  proteins,  baculovirus  IE2  was  substantially  suppressed,  resulting  in  a  significantly 
suppressed  viral  titer.  Thus,  we  demonstrate  a  unique  feature  in  that  IE2  can  function  in  both 
insect  and  non-host  mammalian  cells  to  stimulate  HSPs,  which  may  be  associated  with  IE2 
stabilization  and  lead  to  the  protection  of  the  its  strong  gene  activation  function  in  mammalian 
cells.  On  the  other  hand,  during  viral  infection  in  insect  cells,  IE2  could  also  strongly  stimulate 
HSPs  and  ultimately  affect  viral  replication. 
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Introduction:  Soybean  Looper  Crysodeixis  includes  (Walker)  (Lepidoptera:  Noctuidae)  is  a 
major  pest  of  soybean  and  cotton  in  Brazil. 

Methods:  A  total  of  1,647  caterpillars  were  collected  in  soybean  fields,  in  two  different  locations 
during  a  two  year  period  of  cropping  system.  Larvae  were  reared  individually  on  artificial  diet 
and  observed  daily.  Each  larva  with  baculovirus  symptom  was  macerated  with  sterilized  water, 
filtered  and  provided  to  healthy  larvae  from  the  artificial  rearing.  Those  larvae  that  died  with 
symptoms  were  collected  together,  for  each  isolate.  After  purification  baculovirus  isolate  15  was 
used  in  the  106  e  Kfconcentrations  with  15,16,17  and  18  days  old  larvae,  room  temperatures  of 
25°C  and  28°C.  16  larvae  per  treatment  were  fed  for  24h  in  soy  leaves  infected  with  purified 
baculovirus. 

Results  and  conclusions:  In  the  first  year  2.8%  and  23.0%  of  the  larvae  collected  in  the  field  died 
with  baculovirus  symptoms  in  the  first  and  second  location,  respectively.  In  the  second  year 
1.94%  of  larvae  died  with  baculvirus  symptoms.  Highest  mortality  was  achieved  with  15  to  17 
day  old  larvae,  ranging  from  87.5  to  100%.  Lowest  mortality  was  achieved  by  18  day  old  larvae 
at  25°C.  Mean  weight  of  infected  larvae  was  higher  at  25°C  with  16  and  18  day  old  larvae. 
Polyhedral  Inclusion  Bodies  (Pib)  was  higher  for  16  and  17  day  old  larvae  at  25°C  and  28°C,  and 
25°C,  respectively,  achieving  1.32  x  1010pib.  Some  isolates  have  potential  to  be  used  in  a 
biological  control  program. 
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Over  the  next  five  years,  chemical  and  cultural  control  of  Diaphorina  citri,  Asian  citrus 
psyllid  (ACP)  is  predicted  to  cost  California’s  citrus  industry  $1.1  billion,  though  establishment 
of  the  ACP-vectored  citrus  disease  huanglongbing  could  cause  its  collapse  entirely.  As  part  of  a 
comprehensive  approach  aimed  at  long-term  management  of  ACP  in  California,  I  am 
investigating  strategies  to  improve  biological  control  utilizing  its  host-specific 
ectoparasitoid,  Tamarixia  radiata.  A  major  impediment  to  this  strategy  is  the  Argentine  ant, 
Linepithema  humile,  which  tends  ACP  for  honeydew,  providing  protection  from  natural  enemies 
in  the  process.  I  conducted  experiments  to  examine  the  efficacy  of  a  sustainable,  low-toxicity  ant 
baiting  strategy  and  quantify  the  impact  of  ant  control  on  ACP  biological  control.  In  a  three-year 
replicated  field  study,  nearly  a  thousand  flush  samples  were  examined  from  a  total  of  98  trees  in 
5  urban  and  research  citrus  groves  across  southern  California.  On  half  of  all  experimental 
trees,  L.  humile  activity  was  either  prevented  using  a  sticky  barrier  or  suppressed  using  dilute 
poison  baits.  When  L.  humile  activity  was  reduced  utilizing  either  strategy,  ACP  parasitism  by  T. 
radiata  increased  by  65-1000%  and  generalist  predator  abundance  tripled.  Using  this  low- 
toxicity  baiting  protocol,  L.  humile  activity  declined  by  75-90%  within  3  days  of  treatment  and 
near-complete  suppression  of  activity  was  achieved  over  a  100  day  baiting  period.  Three  months 
after  baiting  cessation,  Argentine  ant  activity  remained  significantly  below  pre -baited  levels.  We 
conclude  that  this  low-toxicity  baiting  protocol  is  an  effective  long-term  management  option 
for  L.  humile  in  citrus  which  results  in  critical  increases  in  ACP  parasitism  and  predation. 
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Abstract  text: 


Asian  citrus  psyllid,  or  ACP  ( Diaphorina  citri,  Hemiptera:  Liviidae),  is  a  pest  of  grave  concern 
because  it  is  a  vectors  to  the  causal  agent  of  the  lethal  citrus  disease,  Huanglongbing.  As  part  of  a 
complete  IPM  program,  improved  biological  control  options  are  called  for  in  order  to  reduce  the 
population  of  ACP  on  unsprayed  citrus,  including  residential,  organic,  and  abandoned  citrus.  We 
scouted  for  predators  of  ACP  by  testing  arthropods  collected  in  citrus  orchards  for  remnants  of 
ACP  DNA  in  the  gut,  then  performed  follow-up  feeding  experiments  on  top  predators  to  assess 
their  usefulness  as  biological  control  agents. 
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Abstract  text: 

Demographic  models  are  increasingly  used  to  identify  vulnerable  life  stages  of  invasive  pest 
species  to  be  targeted  for  management.  Although  still  relatively  rarely  applied  in  the  context  of 
insect  biological  control,  this  approach  provides  a  powerful  means  of  predicting  the  relative 
effectiveness  of  various  candidate  biological  control  agents.  We  constructed  a  matrix  model  for 
wheat  stem  sawfly,  Cephus  cinctus ,  a  major  pest  of  wheat  in  the  Northern  Great  Plains  (USA),  to 
estimate  the  relative  likelihood  of  success  in  pursuing  various  classical  or  conservation  biological 
control  management  approaches.  First,  we  determined  the  sensitivity  of  the  wheat  stem  sawfly 
population  growth  rate  to  changes  in  stage-specific  survival  and  growth,  in  order  to  predict 
whether  the  foreign  and/or  native  parasitoid  species  could  suppress  C.  cinctus  populations. 
Second,  we  carried  out  an  analysis  of  how  much  mortality  would  have  to  increase  in  order  to 
reduce  the  population  growth  rate  to  zero,  for  each  successive  life  stage.  This  allowed  us  to 
determine  which  stage  to  target  to  achieve  the  greatest  reductions  in  pest  infestations,  and  the 
levels  of  parasitism,  at  a  given  stage,  that  would  be  necessary  to  achieve  control.  Models  such  as 
the  one  we  describe  can  be  powerful  tools  enabling  us  to  identify  which  management 
approaches,  or  biological  control  agents,  are  most  likely  to  have  significant  impacts  on  pest 


population  growth  rate  and,  therefore,  crop  infestation  levels,  as  well  as  to  explore  the  potential 
benefits  of  combining  different  management  approaches. 
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Abstract  text: 

Trophic  relationships  between  arthropods  are  nowadays  commonly  studied  by  DNA-based  gut- 
content  analysis,  a  powerful  tool  that  enables  to  reveal  the  feeding  habits  of  generalist  arthropod 
predators  in  agroecosystems.  Predation  on  two  of  the  main  pests  of  Mediterranean  lettuce  crops, 
the  aphid  Nasonovia  ribisnigri  (Mosley)  and  the  thrips  Frankliniella  occidentalis  (Pergande),  as 
well  as  on  Collembola,  the  most  abundant  non-pest  prey  were  analysed  by  conventional  PCR 
using  N.  ribisnigri ,  F.  occidentalis  and  Collembola-specific  primers.  Results  showed  that 
hoverflies,  Orius  spp.  and  coccidellids  consumed  both  target  pests  in  two  seasons  (spring  and  in 
summer),  whereas  spiders  mainly  fed  on  the  non-pest  prey.  Molecular  analyses  also  revealed  that 
the  predator  communities  consuming  both  pest-prey  were  different  depending  on  the  season. 
These  results,  together  with  previous  data  obtained  by  NGS  (Next  Generation  Sequencing)  show 
a  deeper  knowledge  of  the  trophic  relationships  present  in  Mediterranean  lettuce  crops,  providing 
the  groundwork  for  the  implementation  of  biological  control  programs  based  on  conservation. 
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Abstract  text: 

Introduction:  Bemisia  tabaci ,  Polyphagotarsonemus  latus ,  Tetranychus  evansi  and  T.  urticae  are 
serious  pests  of  fruiting  vegetables  that  often  impact  productivity.  Amblyseius  swirskii  and 
Neoseiulus  californicus  (Phytoseiidae)  have  been  widely  used  to  control  these  pests  in 
greenhouses,  but  little  is  known  of  their  effectiveness  or  practicality  for  use  in  open-field  crops. 

Methods:  We  conducted  the  following  field  experiments:  (1)  comparison  of  release  methods,  on 
seedlings  in  trays  versus  just  after  planting,  (2)  effect  of  providing  pollen  or  dried  fruit  mite 
( Carpoglyphus  lactis)  as  supplementary  food  and  (3)  effectiveness  of  each  predator  mite  species 
alone,  in  a-mixture  or  rotation.  Eggplant  {Solarium  melongena)  was  a  plant  host  in  all 
experiments  with  squash  {cucurbita  pepo)  and  cantaloupe  {Cucumis  melo)  included  in  the  first 
and  second  trials  respectively.  Individuals  of  different  stages  of  pest  and  predators  were  counted 
by  leaf  under  a  dissecting  microscope. 

Results/Conclusion:  (1)  A.  swirskii  and  N.  californicus  were  found  mainly  where  released  after 
planting,  with  significantly  (P=0.001)  fewer  whiteflies  compared  to  the  control  (means  16.1  vs 
27.0  and  4.9  vs  8.6  per  leaf)  in  eggplant  and  squash  respectively.  (2)  Supplemental  food  did  not 
improve  whitefly  or  spider  mite  control  on  eggplant.  (3)  An  additive  effect  on  spider  mite 
numbers,  8.2  vs  48.7  per  leaf,  was  observed  when  the  two  predators  were  released  in  succession, 
but  whitefly  was  best  controlled  by  A.  swirskii  alone.  These  results  indicate  good  potential  for 
biological  control  using  predaceous  mites  in  open  field  cultivation  of  these  crops. 
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Introduction:  Amblyseius  swirskii  is  a  predatory  mite  very  effective  for  controlling  whiteflies  and 
thrips  in  protected  crops.  However,  on  tomato  (Solarium  lycopersicum)  its  survival  and  efficacy 
as  biological  control  agent  is  hindered,  most  probably  due  to  lack  of  adaptation  to  plant  defences, 
such  as  the  tomato  trichomes  and  their  exudates.  Our  aim  was  to  characterize  the  molecular 
mechanisms  of  the  harmful  effect  of  tomato  on  A.  swirskii  and  identify  genetic  markers  that  are 
in  and/or  linked  to  genes  underpinning  the  adaptation  of  A.  swirskiito  tomato  plants. 

Methods:  Different  batches  of  mites  were  exposed  to  either  pepper,  a  common  host  plant  of  A. 
swirskii ,  or  tomato  plants  to  compare  main  life  history  traits:  developmental  time,  oviposition 
and  survival  rates  and  also  to  generate  four  biological  replicates  from  each  condition  for 
transcriptomic  analysis.  Total  RNA  was  extracted  from  each  replicate  and  it  was  used  to  generate 
barcoded  libraries  that  were  further  sequenced  in  an  Illumina  HiSeq2000/2500  flowcell.  Raw 
data  were  assembled,  the  transcriptome  annotated  and  the  differential  expression  estimated  using 
specific  software  and  custom  pipelines. 

Results/Conclusion:  We  have  shown  that  it  is  possible  to  quantify  the  negative  effect  of  tomato 
on  A.  swirskii  measuring  life  history  parameters.  Moreover,  our  results  evidence  that  tomato 
trichomes  are  indeed  physical  and  chemical  barriers  limiting  the  performance  of  A.  swirskii  on 
this  crop.  We  are  working  to  identify  key  metabolic  pathways  involved  in  the  differential 
response  to  pepper  and  tomato. 
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Abstract  text: 

Introduction:  Landscape  composition  may  influence  the  abundance  of  insect  assemblages  in 
agricultural  fields.  However,  most  of  the  studies  have  focused  on  annual  crops  such  as  corn, 
soybean  and  alfalfa,  and  little  is  known  about  the  impact  of  landscape  structure  on  pest  and 
natural  enemy  populations  in  orchards. 

Methods:  In  this  study,  beetle  assemblages  were  examined  in  twelve  apple  orchards  surrounded 
by  different  proportion  of  natural  and  semi-natural  vegetation,  crop  fields  and  settlements  in 
Hungary.  The  studied  orchards  had  the  same  age  and  variety  of  apple  trees,  but  received  different 
pesticide  regimes.  Coleopterans  were  collected  during  a  growing  season  from  the  canopy  of 
apple  trees. 

Results/ConclusiomThe  abundance  of  apple  pests  (Anthonomus  pomorum,  Phyllobius  oblongus 
[Curculionidae])  decreased  along  the  gradient  of  increasing  pest  management  intensity.  In 
contrast,  the  increasing  pesticide  toxicity  did  not  affect  the  predacious,  fungivorous  and  tourist 
species,  which  quickly  colonised  the  orchards.  The  landscape  context  significantly  affected  the 
abundance  of  predacious,  fungivorous  and  tourist  species.  The  abundance  of  Harmonia  axyridis 
(Coccinellidae)  adults  was  positively  related  to  the  proportion  of  different  landscape  components 
during  the  season  (in  May- June:  settlements;  in  July- August:  natural  forests;  in  September- 
October:  crop  fields).  Similarly,  after  harvest  of  annual  crops  in  late  summer  and  autumn,  the 
abundance  of  other  predacious,  fungivorous  and  tourist  species  showed  sharp  increase  in 
orchards  surrounded  by  crop  fields.  These  results  suggest  that  crop  fields  and  settlements  might 


be  more  important  sources  of  colonisation  for  predacious  coleopterans  than  certain  semi-natural 
habitats  like  exotic  Robinia  pseudoacacia  forest  plantations  and  meadows. 
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Introduction:  Anthropogenic-driven  effects  on  landscape  (habitat  loss,  fragmentation  and 
degradation)  are  major  drivers  of  the  decline  of  ecologically  and  economically  important  insect 
pollinators.  Therefore,  the  assessment  of  landscape  quality  and  habitat-restoration  programs  has 
never  been  more  pressing.  However,  such  assessment  typically  relies  on  spatial  distribution 
studies,  and  so  whether  habitat-restoration  techniques  actually  improve  the  ‘health’  of  targeted 
pollinator  populations  remains  unclear.  This  gap  could  be  filled  thanks  to  a  comprehensive 
understanding  of  how  gradients  of  landscape  quality  influence  pollinator  physiology. 

Methods:  We  therefore  used  this  novel  approach  in  honeybees  {Apis  mellifera ),  which  are 
experiencing  nutritional  stress  in  human-altered  landscapes,  to  test  the  chain  of  cause  and  effect 
linking  landscape  patterns  to  bee  health.  We  focused  on  the  pre-wintering  period  since 
abnormally  high  winter  losses  are  often  observed  in  honeybees.  We  exposed  colonies  to  different 
agricultural  landscapes,  enriched  or  not  in  melliferous  catch  crops,  and  then  assessed  the  link 
between  the  landscape  quality  (catch  crop  and  semi-natural  habitats),  bee  physiology  (fat  body 
development  and  vitellogenin  level,  marker  of  longevity)  and  the  consecutive  colony  survival. 

Results/Conclusion:  We  found  that  bee  physiology  was  optimized  by  resource  restoration,  which 
was  explained  by  an  increase  in  pollen  diet  diversity  rather  than  pollen  quality  and  abundance. 
Vitellogenin  level  was  then  significantly  linked  to  winter  survival.  The  chain  of  cause  and  effect 
was  even  stronger  with  semi-natural  habitats.  In  conclusion,  such  integrative  study  has  the 


potential  to  directly  reveal  stressful  or  suitable  landscapes  and  improve  our  knowledge  on 
pollinator  conservation. 
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Abstract  text: 

Due  to  its  great  dispersal  ability,  orchid  bees  are  a  good  model  to  understand  gene  flow  in  natural 
populations.  Thus,  we  studied  attitudinal  and  geographic  effects  on  the  ecology  of  Euglossini 
communities  with  altitudes  at  the  sea  level,  at  500  and  1,650  meters.  Between  April  2014  to 
March  2015,  we  collected  monthly  in  three  different  vegetation  types  in  of  Sao  Paulo  State: 
continental  coastal  plain  area  Parque  Estadual  da  Serra  do  Mar  in  Ubatuba  city  (23°06’S 
45°05’W),  a  transition  area  in  Pindamonhangaba  (22°55'S  45°27'W)  and  altitude  camps  in  the 
city  of  Campos  do  Jordao  (22°43’S  45°35’W).  We  sampled  764  individuals  of  29  species 
belonging  to  four  genera  ( Euglossa ,  Eulaema,  Eufriesea  and  Exaerete).  The  abundance  and 
diversity  of  species  collected  in  each  area  differed  considerably  among  habitats.  In 
Pindamonhangaba,  the  richness  and  abundance  were  18  and  155,  respectively,  while  in  Ubatuba, 
we  collected  609  specimens  distributed  in  28  species.  We  did  not  collect  any  bee  belonging  to 
the  tribe  Euglossini  at  Campos  do  Jordao.  Richness  and  abundance  are  correlated  with  factors 
climatic,  the  monthly  species  richness  and  monthly  abundance  were  significantly  correlated  with 
monthly  temperature  values  for  Pindamonhangaba,  but  for  Ubatuba,  only  abundance  was 
correlated.  Regarding  precipitation,  we  did  not  find  correlation  between  this  factor  and  the 
monthly  richness  and  neither  monthly  abundance  in  both  areas.  Then,  our  work  shows  that  the 
altitude  and  hence  geo-climatic  variation  created  by  the  altitudinal  variation  would  be  rather  a 
factor  of  great  influence  in  the  abundance  of  these  bees. 
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Abstract  text: 

Introduction:  Local  dung  beetle  assemblages  provide  essential  ecosystem  services. 

Methods:  We  investigated  changes  in  dung  beetle  (Scarabaeidae:  Aphodiinae,  Scarabaeinae) 
richness,  abundance  and  biomass  in  artificial  dung  pads  from  3h  to  192  after  their  deposition  on 
coastal  sand  dunes  adjacent  to  the  Kizilirmak  Delta  in  northern  Turkey. 

Results/Conclusions:  Community  succession  was  highly  compressed,  especially  in  the  first  48  h, 
with  maximum  abundance  at  12  h  (6:00  start)  and  maximum  species  richness  at  24  h  (6.00,  18.00 
starts).  The  large  ball  roller  Scarabaeus  sacer ,  medium-sized  tunnelers  and  small  tunnelers 
dominated  assemblages  in  the  first  24  h  but  were  succeeded  by  dwellers.  There  were  significant 
effects  of  starting  time  (P<0.05),  exposure  time  (P<0.01)  and  their  interaction  (P<0.01)  on 
species  and  guild  abundance,  and  biomass.  Logarithmic  regression  analysis  demonstrated  a 
significant  correlation  (P<0.01)  between  species  richness  and  evenness  (reciprocal  of  the  Berger- 
Parker  dominance  index  (1/d))  for  both  starting  times.  Equating  the  number  of  ball  rollers  with 
the  number  of  dung  balls  produced  enabled  their  inclusion  in  biomass  comparisons.  Tunneling, 
dwelling  and  the  ball  rolling  species  constituted  60%,  36%  and  4  %  of  all  individuals, 
respectively,  and  15%,  2%  and  83%  of  total  dry  biomass,  respectively.  Reduction  of  interspecific 
competition  may  have  been  facilitated  by  different  foraging  behaviors  and  spatial  and  temporal 
separation. 
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The  Argentine  ant  was  first  introduced  into  California  early  in  the  20th  century  and  has  since 
spread  widely  throughout  coastal  portions  of  the  state.  Anecdotal  observations  made  in  urban 
California,  and  published  findings  from  urban  areas  in  New  Zealand,  suggest  that  the  Argentine 
ant  no  longer  occurs  in  some  areas  where  it  was  previously  established.  To  quantify  whether  the 
Argentine  ant’s  range  in  California  is  contracting,  we  conducted  two  historical  resurveys  that 
covered  the  following  locations:  (1)  87  riparian  woodland  sites  in  the  Sacramento  River  valley 
first  sampled  in  1986  and  then  again  in  1993,  and  (2)  116  sites  in  varied  habitats  along  an  east- 
west  transect  extending  from  the  lower  San  Joaquin  River  to  the  coast  south  of  San  Francisco 
first  sampled  in  1974  and  then  again  in  1993.  Each  of  these  203  sites  was  visually  surveyed  in 
May  of  2014  and  2015  to  determine  Argentine  ant  presence.  Surveys  conducted  in  2014  and 
2015  revealed  that  the  Argentine  ant  was  present  at  55%  (11 1/203)  of  all  sites,  and  had  spread  to 
17  new  sites  (17/93)  while  apparently  disappearing  from  15  previously  invaded  sites  (15/110). 
Sites  invaded  since  1993  were  all  in  non-managed  habitat  containing  mostly  native  plant 
assemblages,  whereas  all  but  one  site  where  the  Argentine  ant  could  not  be  re-located  were  in 
urban  areas  or  at  sites  adjacent  to  intensively  managed  orchards.  These  latter  findings  suggest 
that  apparent  Argentine  ant  losses  are  restricted  to  particular  types  of  environments  and  do  not 
indicate  a  range-wide  contraction. 
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Introduction:  A  metacommunity  is  defined  as  a  set  of  potentially  interacting  species  inhabiting  a 
single  habitat  patch,  which  is  linked  by  limited  species  dispersal  to  other  patches.  The  structure 
and  diversity  of  such  metacommunities  are  shaped  by  spatio-temporal  dynamics  and  the 
occurring  interacting  species.  Due  to  the  complexity  of  local  ecological  communities,  the 
mechanisms  structuring  these  are  for  the  greater  part  unknown  or  approached  from  a  single 
perspective  only,  especially  in  terrestrial  systems. 

Methods:  We  followed  the  population  dynamics  of  a  specialised  aphid  ( Metopeurum 
fuscoviride),  its  mutualistic  ants,  and  its  natural  enemies  on  the  host  plant  ( Tanacetum  vulgare) 
in  both  a  natural  field  site  and  a  controlled  exclusion  experiment.  We  considered  patch 
heterogeneity,  reflected  by  plant  traits  (size,  C/N  ratio,  location,  surrounding  vegetation,  as  well 
as  plant  within-species  chemical  variation),  and  abiotic  factors  (precipitation)  as  well  as 
seasonality. 

Results/Conclusions:  We  present  results  that  highlight  the  role  of  mutualistic  ants  in  shaping  the 
metacommunity  structure,  especially  in  the  initial  colonisation  of  patches  by  aphids  and  during 
predation.  Furthermore,  we  found  that  top-down  predation  did  not  strongly  drive  aphid  extinction 
in  patches  as  has  been  previously  thought.  In  fact,  a  combination  of  many  factors  including  plant 
chemotype  was  important,  and  across  the  season  different  factors  had  a  stronger  or  weaker  effect. 
Thus,  to  understand  metacommunity  dynamics  we  must  consider  multiple  factors  including  plant 
traits  (patch  variation),  mutualist  and  natural  enemies  (species  interactions),  dispersal  limitations 
(mass  effects)  and  stochastic  extinction  due  to  differences  in  aphid  performance  (neutral 
dynamics). 
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The  Great  Salt  Lake  is  the  largest  inland  saline  waterbody  in  the  western  Hemisphere  and  is 
currently  experiencing  reduced  volume  such  that  its  surface  elevation  is  near  its  historic  low. 
Expansive  beaches  have  been  exposed  as  the  lake  has  retreated  over  the  past  several  years. 
Invertebrate  communities  on  the  exposed  beaches  were  sampled  in  June  2015  using  pitfall  traps, 
supplemented  by  sweep  netting.  Habitat  affiliations  with  vegetation,  distance  from 
salt/freshwater,  and  soil  chemistry  parameters  were  analyzed  using  nonmetric  multidimensional 
scaling  ordination.  Carabid  beetles  were  the  most  diverse  group  collected,  with  species  showing 
relatively  clear  habitat  affiliations.  Other  insect  taxa  with  clear  habitat  associations  included  the 
tiger  beetle  Cicindela  tenuicincta ,  saldid  bugs,  and  some  anthicid  beetles. 
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Anthropogenic  nutrient  inputs  into  native  ecosystems  cause  fluctuations  in  resources  that 
normally  limit  plant  growth,  which  has  important  consequences  for  associated  foodwebs.  Such 
inputs  from  agricultural  and  urban  habitats  into  nearby  natural  systems  are  increasing  globally 
and  can  be  highly  variable.  Despite  the  global  increase  in  anthropogenically-derived  nutrient 
inputs  into  native  ecosystems,  the  consequences  of  interannual  variation  in  the  effect  of  subsidies 


on  native  plants  and  their  associated  foodwebs  are  poorly  known.  Hundreds  of  studies  have 
investigated  how  a  nutrient  subsidy  in  a  single  year  (a  nutrient  pulse)  affects  the  plant  and/or 
arthropod  community,  but  rarely  if  ever  do  these  studies  investigate  the  effects  in  more  than  one 
year.  We  conducted  a  manipulative  experiment  to  determine  if  nutrient  pulses  initiated  in 
different  years  have  consistent  effects  on  foodweb  dynamics  and  arthropod  community  structure. 
We  conducted  our  experiment  in  a  relatively  undisturbed  Spartina  saltmarsh  and  pulsed  low  or 
high  amounts  of  nutrients  into  plots  in  4  different  years  and  then  followed  the  effect  of  the 
nutrient  additions  over  several  years.  We  found  that  nutrient  pulses  altered  the  trophic  structure 
of  the  arthropod  community  by  changing  the  relative  abundances  of  various  feeding  groups  and 
these  responses  varied  by  year.  Our  finding  that  the  effects  of  nutrient  pulses  on  arthropod  food 
web  structure  were  not  consistent  across  years  suggests  that  studies  that  investigate  the  effects  of 
anthropogenic  nutrient  enrichment  in  only  a  single  year  have  limited  value  in  predicting  general 
patterns. 
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Allochronic  speciation  occurs  when  populations  sharing  similar  feeding  regimes  diverge  because 
they  mate  at  different  times.  Such  speciation  mode  is  fascinating  because  it  allows  uncovering 
the  organisms’  adaptations  and/or  geographic  range  shifts  that  arise  from  the  new  ecological 
constraints  faced  and  forecasting  the  impact  of  global  warming  upon  biodiversity.  Here  we 
address  the  question  of  potential  divergence  of  the  climatic  niche  of  two  sympatric  populations 
of  pine  processionary  moth  Thaumetopoea  pityocampa  (PPM)  that  exhibit  a  shift  in  their 
phenology  and  are  thus  subjected  to  very  contrasted  ecological  constraints.  The  larval 
development  of  a  newly  discovered  PPM  population,  referred  to  as  summer  population  (SP), 
occurs  in  the  spring-summer  instead  of  in  the  autumn-winter  as  for  the  other  populations  of  this 
species.  We  carried  out  field  sampling  in  coastal  regions  of  Portugal  where  both  populations  are 
sympatric,  and  we  performed  species  distribution  and  spread  modeling  to  analyze  the  response  of 


SP  to  environmental  parameters  and  predict  its  current  and  future  range.  We  show  that  the 
geographic  region  where  both  populations  occur  in  sympatry,  display  unique  climatic  conditions, 
which  enable  the  coexistence  of  populations  with  so  different  phenologies.  Our  results  indicate 
that  the  phenological  shift  experienced  by  SP,  led  to  new  climatic  constraints  that  impede  this 
population  to  fill  the  realized  niche  of  the  typical  populations.  Given  the  narrow  climatic 
tolerance  and  low  dispersal  capacity  of  the  SP,  our  study  indicates  that  this  population  will 
become  seriously  endangered  by  global  changes.  We  demonstrate  that  a  climatic  niche  shift 
occurred  during  this  divergence  under  allochrony. 


Paper  (Oral)  Presentations 

Presentation  Title:  Metacommunity  structure  and  diversity  of  aquatic  insects  in  temporary  and 
permanent  waters 

Author  Name:  Masahiro  Suzuki 

Author  Institution:  Osaka  Prefecture  University 

Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Community 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  3645 

DOI:  10. 1603/ICE.2016. 113422 

Abstract  text: 

Aquatic  invertebrate  communities  are  often  variable  among  habitats  with  environmental 
heterogeneity.  Although  hydroperiod  is  thought  as  an  important  factor,  it  is  mostly  entangled 
with  the  other  factors  such  as  habitat  size  and  presence  or  absence  of  predatory  fishes.  In  this 
study,  to  evaluate  effects  of  hydriperiod  on  aquatic  insect  metacommunity,  we  compared  aquatic 
insect  communities  between  temporary  and  permanent  waters,  12  paddies  and  8  artificial  ponds, 
in  Osaka  Prefecture,  Japan,  all  of  which  were  similar  in  water  depth  (<50  cm),  canopy  openness 
(>75%)  and  absence  of  large-sized  fishes  (>15  cm).  Aquatic  insects  were  sampled  at  three  spots 
in  each  habitat  by  scratching  qualitatively  surface  layer  of  water  bottom  using  D-frame  nets  (1 
and  3  mm  mesh  for  smaller  and  larger  insects  in  size,  respectively)  and  by  taking  five  sweeps  to 
collect  rare  species. 

As  the  results,  Aquatic  insects  of  84  species  were  observed  in  the  whole  habitats.  Species 
richness  was  significantly  higher  in  paddies  than  ponds  (GLMM).  In  functional  groups 
categorized  by  feeding  habits  and  life  types,  the  dominant  group  in  relative  biomass  was  mostly 
detritivous  burrowers  and  predatory  burrowers  in  paddies  and  ponds,  respectively.  Both  species 
composition  and  functional  structure  was  significantly  different  between  paddies  and  ponds 
(permutation  MANOVA).  Moreover,  beta  diversity  of  species  composition  was  significantly 


higher  in  ponds  than  paddies,  and  that  of  functional  structure  was  significantly  higher  in  paddies 
than  ponds  (multivariate  dispersion  tests).  Therefore,  these  results  demonstrate  that  permanent 
hydroperiod  shifts  patterns  of  structure  and  diversity  of  aquatic  insect  communities. 
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Oklahoma  winter  landscapes  have  predominately  consisted  of  vast  monocultures  of  wheat  but  a 
need  for  effective  weed  control  led  to  the  introduction  of  Round-up  Ready  winter  canola  as  a 
rotation  crop.  This  first  generation  biofuel  was  swiftly  adopted  by  many  winter  wheat  producers 
with  little  understanding  of  how  the  new  cropping  system  would  impact  insect  populations  that 
inhabited  wheat  or  neighboring  uncultivated  areas.  With  the  use  of  novel  protein  markers  and 
sticky  traps,  insect  populations  were  monitored  in  19  locations  across  North-Central  Oklahoma 
from  2011-2013  during  the  winter  canola  flowering  season.  The  objectives  for  this  study  were  to 
determine  beneficial  insect  abundances  in  all  of  these  systems  as  well  as  to  document  localized 
movement  among  and  between  each  wheat-canola  interface  (n=19)  and  canola-uncultivated 
grassland  interface  (n=8).  The  most  abundant  natural  enemies  were  green  lacewings 
(Chrysopidae)  and  lady  beetles  (Coccinellidae). 
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Predators  can  indirectly  affect  lower  trophic  levels  by  either  consuming  their  prey  (consumptive 
effect,  CE)  or  by  changing  the  physiology  or  behavior  of  their  prey  (nonconsumptive  effect, 
NCE).  Cascading  effects  of  predators  on  primary  producers  are  common,  and  can  be  propagated 
by  CEs,  NCEs,  or  a  combination  of  both  mechanisms.  Predator  impacts  in  detrital  food  webs  (the 
“brown  world”)  have  received  considerably  less  attention  than  their  effects  on  systems  with 
primary  producers  at  the  base  (the  “green  world”),  and  only  recently  have  we  begun  to  appreciate 
the  importance  of  above-ground  predators  indirectly  impacting  below-ground  processes. 
Numerous  studies  reveal  the  total  impact  (CEs  and  NCEs)  of  predators  in  brown  food  webs,  but 
our  understanding  of  the  role  of  isolated  NCEs  is  limited.  Many  habitats  and  major  taxa  have  not 
been  studied,  and  patterns  are  difficult  to  distinguish  due  to  frequent  reporting  of  mixed  effects. 
Predators  play  an  important  role  as  connectors  between  brown  and  green  worlds  when  they  feed 
from  both  food  webs  (multichannel  feeding).  We  are  only  beginning  to  understand  how  NCEs 
influence  detrital  food  webs,  and  it  is  unknown  whether  multichannel  fear  is  an  essential 
component  of  predator-prey  ecology  that  regulates  ecosystem  function. 
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Introduction:  The  effects  of  photoperiod  and  temperature  experienced  by  parents  on  their 
progeny  diapause  incidences  were  examined  in  the  cabbage  beetle,  Colaphellus  bowringiBaly,  a 
serious  pest  of  crucifers, undergoing  an  imaginal  summer  and  winter  diapause  in  the  soil. 

Methods:  In  the  first  experiment,  we  examined  parental  diapause  incidence  under  different 
daylengths  at  25°C  and  diapause  incidence  of  their  progeny  diapause  incidence  at  LD  12:12, 
25°C.  In  the  second  experiment,  we  examined  parental  diapause  incidence  at  different 
temperature  (22,  25,  28  and  30°C)  under  LD  12:12  and  diapause  incidence  of  their  progeny  at 
LD  12:12,  25°C.  In  the  third  experiment,  naturally  diapausing  adults  from  spring  generation 
were  maintained  in  a  constant  temperature  of  28°C,  9°C  and  natural  conditions  with  a  mean  daily 
temperature  of  27.8°C  for  three  months.  After  dormancy,  the  progeny  of  these  post-diapause 
parents  with  different  temperature  experience  was  reared  under  different  daylengths  at  25°C. 

Results/Conclusion:  The  first  experiment  revealed  that  progeny  diapause  incidences  were  exactly 
opposite  of  their  parents’,  i.e.,  the  higher  parental  diapause  incidences,  the  lower  progeny 
diapause  incidences.  The  second  experiments  also  revealed  that  progeny  diapause  incidences 
were  the  exact  opposite  of  their  parents’.  The  third  experiment  showed  that  progeny  diapause 
incidences  were  higher  when  their  parents  experienced  high  temperatures  (28  and  27.88°C)  than 
when  their  parents  experienced  low  temperatures  (9  °C),  with  significant  differences  under  the 
short  daylengths  of  1 1  and  12  h. 

All  results  demonstrate  that  photoperiod  and  temperature  experienced  by  parents  can 
significantly  affect  offspring’s  diapause  incidence. 
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Introduction:  The  gamma-aminobutyric  acid  (GABA)-gated  chloride  channel,  RDL  (‘resistance 
to  dieldrin’),  is  the  target  of  effective  insecticides.  RDL  in  the  model  organism,  Drosophila 
melanogaster ,  undergoes  RNA  A-to-I  editing  that  affects  receptor  sensitivity  to  GABA  and 
insecticides.  It  has  yet  to  be  determined  whether  mosquito  RDL  shows  this  level  of  complexity. 

Methods:  Rdl  receptor  cDNA  and  genomic  DNA  were  amplified  by  PCR  from  Culex pipiens, 
Aedes  aegypti  and  Anopheles  gambiae  to  identify  potential  RNA  editing  sites.  To  determine  the 
impact  of  RNA  editing  on  receptor  function,  editing  variants  of  RDL  from  An.  gambiae  were 
expressed  in  Xenopus  laevisoocytes  and  their  sensitivity  to  GABA,  fipronil  and  ivermectin  were 
measured  using  two-electrode  voltage-clamp  electrophysiology. 

Results:  Rdl  from  C. pipiens,  A.  aegypti  and  An.  gambiae  possess  four,  six  and  seven  RNA 
editing  sites,  respectively,  that  alter  amino  acid  residues.  In  an  analysis  of  over  100  cDNA  clones 
of  An.  gambiae  Rdl ,  the  seven  RNA  editing  sites  were  detected  in  22  different  edit  combinations. 
Electrophysiology  studies  on  these  edit  variants  show  that  RNA  editing  can  have  an  influence  on 
the  potency  of  GABA.  Whilst  no  influence  on  fipronil  potency  was  observed,  editing  at  all  sites 
increased  sensitivity  to  the  antagonistic  actions  of  ivermectin. 

Conclusions:  These  results  highlight  how  RNA  editing  can  generate  functional  diversity  in  a 
receptor  between  species  even  when  they  appear  almost  identical  at  the  genomic  level.  Altering 
editing  of  RDL  may  be  a  mechanism  for  resistance  to  ivermectin,  an  anthelmintic  drug  that  has 
potential  to  reduce  malaria  transmission  through  vector  control. 
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The  antennal  lobe  is  the  primary  olfactory  center  of  the  insect  brain,  which  is  characterized  by  an 
assembly  of  spheroidal  glomeruli.  The  glomerulus  is  the  site  for  synaptic  contact  between 
different  neuron  types,  works  as  a  functional  unit  in  olfactory  information  processing.  The 
anatomical  organization  of  the  antennal  lobe  glomeruli  of  3  heliothine  moths  was  investigated  by 
synaptic  antibody  staining  combined  with  3 -dimensional  reconstruction.  About  78-80  glomeruli 
were  identified  in  the  each  antennal  lobe  in  the  present  study.  The  number  of  glomeruli  is 
considerably  larger  than  that  previously  reported  in  these  species.  The  newly  identified 
glomeruli,  are  located  in  the  posterior  part  of  antennal  lobe,  which  was  considered  to  be  a  part  of 
the  protocerebrum  previously.  Based  on  the  general  anatomical  organization  of  the  antennal-lobe 
glomeruli,  we  have  classified  these  neuropil  structures  into  4  groups:  the  macroglomerular 
complex,  the  posterior  complex,  the  labial-palp  pit  organ  glomerulus,  and  the  ordinary  glomeruli. 
The  number  of  glomerulus  and  the  position,  shape,  size  of  individual  glomerulus  were  compared 
among  3  heliothine  moths.  The  function  of  glomerulus  in  these  3  species  was  also  compared  and 
its  relation  to  the  evolution  of  the  odor  processing  in  these  related  heliothine  moths  was 
discussed. 
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Introduction:  Ecdysone  plays  a  key  role  in  insect  metamorphosis.  The  two  proteins,  ecdy steroid 
receptor  (EcR)  and  ultraspiracle  protein  (USP)  form  a  heterodimer  and  act  as  the  signal  receptor. 
The  function  of  EcR/USP  is  quite  clear.  However,  the  regulation  mechanisms  of  EcR/USP  have 
not  been  fully  understood. 

Methods:  The  activity  of  transcription  activation  and  subcellular  localization  of  EcR/USP  were 
explored  in  the  CHO-K1  cells  by  luciferase  report  assay  and  confocal  laser  scanning, 
respectively.  The  influence  of  Hsp70  on  the  function  of  EcR/USP  was  studied  in  Spodoptera 
litura  by  Co-IP  and  RNAi. 

Results/Conclusion:  The  transcripts  of  EcRBl  and  USP1  were  abundant  in  both  prepupae  and 
pupae,  whereas,  EcRA  and  USP2  expressed  mainly  in  the  larval  stages.  Except  for  EcRA/USP2, 
all  the  other  heterodimers,  EcRA/USPl,  EcRBl/USPl  and  EcRBl/USP2  revealed  significant 
activity  of  transcription  activation,  and  the  activity  of  EcRBl/USPl  was  the  strongest.  USP1 
increased  the  aggregation  of  EcRBl  in  the  nucleus,  whereas,  USP2  promoted  the  back-flow  of 
EcRBl  from  the  nucleus  to  cytoplasm  in  the  presence  of  ecydsone  in  the  CHO  cells.  The  results 
suggest  that  EcRBl/USPl  may  be  the  main  active  form  of  ecdysone  receptor  in  vivo  and 
function  in  the  metamorphic  stages.  In  addition,  Hsp70  (or  Hsc70)  chaperone  was  found  to 
interact  with  both  EcRBl  and  USP1  through  the  “DBD”  and  “LBD"  domain,  respectively.  The 
transcriptional  levels  of  both  E74B  and  E75,  the  down-stream  genes  in  the  ecdysone  signaling, 
were  significantly  down-regulated  by  RNAi  of  Hsc70.These  results  indicate  that  Hsp70 
chaperone  is  an  important  regulator  of  the  ecdysone  signaling. 
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Two  competing  theories  of  insect  odorant  detection  have  been  put  forward.  The  first  theory 
involves  a  receptor  on  the  dendritic  membrane  making  physical  contact  with  the  receptor  and 
recognizing  the  shape  of  a  given  odorant.  The  second,  more  recent  theory  (Franco  et  al.,  2011) 
suggests  the  odorants  make  physical  contact  with  the  receptor  but  detection  occurs  via  electron 
tunneling.  Since  rapid  diffusion  is  a  necessary  requirement  for  both  theories,  an  analysis 
regarding  diffusion  coefficients  was  undertaken  and  revealed  that  the  mechanism  of  diffusion  in 
ideal  circumstances  (distilled  water)  is  temporally  insufficient  (~12  msec)  in  order  to  explain 
insect  olfaction  occurring  in  from  1-10  ms.  The  presence  of  binding  proteins  and  other  solutes 
increases  viscosity  of  the  sensillar  lymph  thus  increasing  the  diffusion  coefficient  beyond  12  ms, 
making  diffusion  an  unlikely  candidate  as  a  viable  mechanism.  A  biophysical  analysis  involving 
binding  proteins  reveals  an  electrostatic  effect  that  further  compromises  rapid  diffusion.  As  the 
sensillar  lymph  is  under  pressure  and  approaches  a  solid  state,  diffusion  will  be  reduced  to  zero, 
or  very  close  to  zero.  Not  even  carbon  dioxide  will  freely  diffuse  under  these  conditions. 

Based  on  the  biophysics  of  insect  sensillar  lymph,  physical  contact  between  the  odorant  and  the 
receptor  is  not  possible  in  vivo.  Therefore,  neither  theory  can  be  supported  and  both  are  rejected. 
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Abstract  text: 

The  arthropod-specific  hormone  family  of  ecdysteroids  plays  a  crucial  role  in  insect  growth  and 
development.  Our  research  focuses  on  ecdysteroid  biosynthesis  and  its  mode  of  action  in 
metamorphosis  and  reproduction  of  the  desert  locust,  Schistocerca  gregaria.  S.  gregaria  is  a 
voracious,  swarming  pest  that  can  ruin  crops  and  harvests  in  some  of  the  world’s  poorest 
countries.  Knowledge  of  the  ecdysteroid  signaling  pathway  can  be  used  in  the  development  of 
more  target-specific  insecticides  combating  this  harmful  plague  insect. 

Using  RNA  interference,  we  have  proven  the  importance  of  the  ecdysteroid  heterodimer  receptor 
complex,  SgEcR/SgRXR ,  for  successful  metamorphosis.  Experimental  female  locusts  stuck  in  the 
last  larval  stage,  surviving  for  25  days,  can  already  initiate  vitellogenesis  and  oocyte  maturation, 
adult  features  which  can  normally  not  be  observed  in  larval  stages.  We  have  also  demonstrated 
the  role  of  SgEcR/SgRXR  in  the  regulation  of  adult  female  reproductive  physiology,  where  these 
components  seem  to  be  necessary  for  successful  egg  production  and/or  laying.  In  both  last  larval 
and  adult  locusts  a  clear  indication  was  found  that  knockdown  of  SgEcR/SgRXR  influences  the 
transcript  levels  of  certain  Halloween  genes,  as  well  as  the  ecdysteroid  titers.  Furthermore  we 
have  identified  several  hormonal  factors  influencing  ecdysteroidogenesis  during  both 
metamorphosis  and  reproduction. 
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The  morphology  of  the  female  reproductive  system  in  Megamelus  scutellaris  Berg  (Hemiptera: 
Delphacidae),  a  biocontrol  agent  of  Eichhornia  crassipes ,  was  examined  using  standard  light 
microscopy  techniques.  Ovaries  extracted  were  examined  using  both  stereo  and  compound 
microscopy.  These  were  typical  of  other  Delphacid  planthoppers  in  that  the  reproductive  system 
was  composed  of  two  ovaries  each  consisting  of  1 1  to  13  tubular  ovarioles.  The  ovarioles  within 
each  ovary  connected  via  a  lateral  oviduct  and  ultimately  to  the  other  ovary  via  a  common 
oviduct.  Ovaries  were  of  the  telotrophic  meroistic  type  wherein  nurse  cells  contained  within  the 
distal  germarium  did  not  descend  individually  with  each  maturing  follicle.  Individual  follicles 
consisted  of  an  inner  yolk-filled  oocyte  (in  more  mature  follicles)  with  a  distinct  germinal  vesicle 
or  enlarged  nucleus  present  in  the  proximal  region  of  the  follicle.  Each  oocyte  was  surrounded 
by  a  single  layer  of  cells,  termed  the  follicular  epithelium,  and  the  entire  ovariole  was  surrounded 
by  a  thin  membranous  layer,  the  ovariole  sheath.  A  unique  structure,  we  termed  the  collar, 
surrounded  the  most  distal  portion  of  the  lateral  oviduct  occurring  at  the  base  of  each  ovariole  in 
reproductive  females.  This  structure  has  not  previously  been  reported  in  other  planthopper  or 
insect  species.  The  continuum  of  ovarian  development  was  divided  into  three  nulliparous  and 
three  parous  stages  based  on  ovariole  differentiation,  presence  and  appearance  of  follicular  relics, 
and  collar  length,  which  increased  linearly  with  increasing  numbers  of  ovulations.  Taken 
together  these  characteristics  can  be  used  to  estimate  reproductive  condition  and  number  of 
ovulations. 
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Diapause  is  a  deep  resting  stage  found  in  many  insects  living  in  seasonal  environments.  We 
investigate  patterns  of  pupal  diapause  energetics  and  cold  tolerance  in  the  butterfly  Pieris  napi. 
This  species  shows  adaptive  latitudinal  variation  in  the  length  of  endogenous  diapause  and  as  in 
other  insects,  mechanisms  of  time  counting  in  diapause  is  unclear.  In  the  studied  population  the 


length  of  endogenous  diapause  is  well  characterized.  Therefore  we  can  study  physiological 
changes  specifically  associated  with  diapause  termination.  For  this  we  designed  a  longitudinal 
experiment  where  respirometric  data  of  individual  pupae  undergoing  direct  development  or 
diapause  is  coupled  with  lipidomic  and  metabolomics  studies. 

Major  physiological  transitions  through  diapause,  including:  temperature  independent  metabolic 
suppression,  increase  in  cold  tolerance,  pre-diapause  energy  store  buildup  and  accumulation  of 
putative  cryoprotectants  are  characterized.  Energy  metabolism  shifts  from  carbohydrate-  to  lipid- 
based  during  diapause,  and  back  to  carbohydrate-based  during  post-diapause  development. 
Interestingly,  while  the  respiratory  quotient  suggests  lipid-based  metabolism,  no  decrease  in 
triglyceride  lipid  stores  are  observed,  likely  due  to  poor  capacity  of  beta-oxidation.  We 
characterize  a  number  of  distinct  profiles  of  metabolite  accumulation  and  degradation  and  can 
separate  temperature-dependent  from  temperature-independent  processes.  Since  several 
compounds  (e.g.  mannitol,  sorbitol)  only  are  accumulated  after  temperature  decreases  but  are 
degraded  in  a  temperature-unrelated  fashion  during  winter,  around  the  time  of  diapause 
termination,  they  might  act  as  potential  metabolic  clock  or  time-keeper  in  diapause. 

The  study  provides  an  overview  of  diapause  eco-physiological  dynamics  in  P.  napi  and  help 
understanding  the  factors  driving  the  evolution  of  diapause  as  a  life-history  strategy. 
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Stick  insects  use  both  primary  and  secondary  defense  mechanisms.  For  the  latter,  paired  exocrine 
defense  glands  evolved  in  the  prothorax  which  are  an  autapomorphy  of  Phasmatodea.  The  glands 
allow  the  quick  release  of  repulsive  chemicals,  sometimes  by  directed  spraying.  While  the 
chemistry  and  behaviors  of  chemical  defense  are  studied  in  detail,  the  neuronal  control  of 
instantaneous  secretion  in  insects  is  not  well  explored.  In  a  neuroanatomical  study,  we 
characterized  the  neuronal  innervation  of  stick  insect  glands  for  the  first  time  in  different  species 
including  Carausius  morosus  and  Peruphasma  schultei. 

We  examined  the  innervation  pattern  of  defense  glands  from  peripheral  nerves  by  vital  stains  of 
nerves  in  whole  mount  preparations,  and  the  neurons  involved  by  axonal  tracing  towards  the 
glands.  Tracing  procedures  of  individual  nerves  reveal  a  complex  innervation  pattern  by  several 
nerve  branches  from  the  subesophageal  and  prothoracic  ganglion. 

We  found  6  types  of  identified  neurons  in  the  subesophageal  and  prothoracic  ganglia  apparently 
innervating  the  defense  gland  and  possibly  adjacent  muscles.  Neuron  types  are  conserved  in  the 
species  studied  while  variation  occurs  between  species  in  the  combination  of  neuron  types.  The 
localization  of  neurites  in  specific  sensory  neuropils  should  identify  the  pathways  initiating 
defensive  spraying.  Some  neurons  are  homologous  to  motoneurons  innervating  neck  muscles  in 
crickets,  locusts  and  cockroaches.  One  prominent  subesophageal  neuron  lacks  homologues  in 
related  taxa  and  also  has  a  larger  soma  in  species  with  rather  large  glands.  At  a  neuronal  level, 
this  shows  both  evolutionary  conserved  and  novel  elements  in  a  complex  control  of  chemical 
defense. 
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Introduction:  Insect  neuropeptides  are  responsible  for  regulating  a  variety  of  functions, 
including  development,  metabolism  and  mating.  The  number  and  functions  ascribed  to 
neuropeptides  in  different  species  have  dramatically  increased,  requiring  systematic  curation. 
Moreover,  historically,  researchers  have  inadvertently  named  neuropeptides  based  on  observed 
function  in  a  particular  species  without  considering  homologs  which  may  have  different 
functions,  thus  creating  confusion.  As  a  rapidly  growing  field,  insect  neuroendocrinology 
requires  a  comprehensive  and  standardised  resource  for  managing  neuropeptide  information.  We 
have  created  DINeR  (Database  for  Insect  Neuropeptide  Research ),  a  web-based  database- 
application  used  for  search  and  retrieval  of  neuropeptide  information  of  various  insect  species 
detailing  their  isoform  sequences,  physiological  functionality  and  images  of  their  receptor¬ 
binding  sites. 

Methods:  Using  a  PERL  Web  Framework  front-end  and  a  PostGreSQL  backend,  DINeR  is 
designed  to  be  intuitive,  accessible  and  user-friendly  in  its  operation.  Additionally,  we  have 
adopted  the  system  proposed  by  Coast  and  Schooley  (201 1),  with  a  few  exceptions,  to  address 
erroneous  nomenclature  of  neuropeptides. 

Results/Conclusion:  The  curated  data  includes  9  neuropeptides  of  400  different  insect  species. 
Approximately  1,200  FASTA  formatted,  neuropeptide  isoform  amino  acid  sequences  and  over 
200  records  of  physiological  functionality  have  been  recorded  based  on  published  literature.  Also 
available  are  images  of  receptor-binding  assays  of  the  neuropeptides.  As  this  is  an  ongoing 
project,  more  data  will  be  added  progressively.  These  data  will  be  continuously  curated,  ensuring 
a  comprehensive  and  standardised  resource  for  the  scientific  community. 

DINeR  is  part  of  the  H2020  nEUROSTRESSPEP  grant  dedicated  to  identifying  greener 
integrated  pest  management  solutions.  It  is  available  at  http://www.neurostresspep.eu 
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The  initial  stages  of  olfactory  processing  in  insects  occur  in  the  antennal  lobe.  In  moths  axons  of 
peripheral  olfactory  receptor  neurons  tuned  to  pheromone  components  terminate  in  the  antennal 
lobe  where  they  make  synaptic  contact  with  central  projection  neurons  in  the  macroglomerular 
complex  (MGC).  These  neurons  exit  the  antennal  lobe  and  make  connections  with  higher  brain 
centers.  The  canonical  MGC  projection  neuron  has  a  cell  body  located  in  the  medial  cluster, 
exhibits  a  uniglomerular  dendritic  arborization  and  exits  the  antennal  lobe  through  the  medial 
antennal  lobe  tract.  Such  neurons  are  often  narrowly  tuned  to  a  specific  pheromonal  odorant.  We 
have  characterized,  both  morphologically  and  physiologically,  a  number  of  projection  neurons 
that  had  cell  bodies  located  in  the  lateral  cluster,  exhibited  diverse  patterns  of  dendritic 
arborization  within  the  MGC  and  exited  the  antennal  lobe  through  alternate  output  tracts.  We 
report  that  these  neurons  often  demonstrated  responses  that  were  enhanced  by  the  presence  of 
odor  blends  as  opposed  to  single  odorants.  These  neurons  play  an  important  role  in  conveying 
behaviorally  relevant  information  relating  to  the  qualitative  and  temporal  features  of  the  odor 
signal  to  central,  protocerebral  targets.  We  conclude  that  integration  of  lateral  cluster  projection 
neuron  activity  plays  an  important  role  in  the  central  discrimination  of  pheromone  blends 
underpinning  appropriate  behavioral  responses. 
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Introduction  -  Foregut  contraction  in  orthopterans  is  controlled  by  several  amines  and  peptides. 
We  studied  the  effect  of  octopamine  on  foregut  contraction  in  the  Australian  black  field  cricket 
(Teleogryllus  commodus )  and  the  Australian  plague  locust  ( Chortoicetes  terminifera). 

Methods  -  Foregut  contraction  was  measured  in  semi-isolated  preparations.  The  gut  and 
stomatogastric  system  were  freed  from  the  tracheal  connections,  a  nylon  suture  tied  around  the 
posterior  part  of  the  crop,  and  the  suture  connected  to  a  Kulite  BG-10  force  transducer  connected 
to  a  PowerLab  and  computer  for  recording  output.  Visual  recording  used  a  Nikon  Coolpix 
camera  connected  through  the  same  computer.  Immunohistochemistry  was  done  using  an  anti- 
octopamine  antibody  (Abnova)  and  visualized  with  Dylight549  (Jackson  Immunoresearch)  using 
a  Leica  DM5500  microscope. 

Results/Conclusion  -  Octopamine  ( 1  O'9- 1 0-6  mole  L'1)  increased  contraction  in  a  dose-dependent 
manner,  although  the  stimulation  was  restricted  to  the  anterior  part  of  the 
foregut.  Immunohistochemistry  examination  of  the  stomatogastric  nervous  system  for  the 
presence  of  octopamine  demonstrated  that  the  frontal  and  hypocerebral  ganglia  contained 
octopamine.  The  ingluvial  ganglia  lacked  octopamine  in  the  locust,  but  it  was  present  in  the 
cricket.  Octopamine  appears  to  play  a  role  in  the  initial  movement  of  food  through  the  foregut  of 
the  locust,  but  continued  peristalsis  may  be  dependent  upon  other  chemicals.  Further  work  is 
needed  to  understand  how  octopamine  may  influence  the  feeding  pattern  of  these  orthopterans 
and  whether  there  is  any  change  when  octopamine  is  used  in  metabolic  processes  involved  in 
flight. 
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In  insects,  body  size  is  a  product  of  growth  rate  and  the  factors  that  regulate  metamorphosis 
induction  late  in  larval  development.  These  factors  include  1)  attainment  of  a  critical  weight,  2)  a 
terminal  growth  period,  and  3)  growth  cessation — all  of  which  are  determined  from 
physiologically-explicit  mechanisms.  However,  the  generality  of  these  factors/mechanisms  for 
different  insect  species  is  an  open  question.  We  examined  causes  of  metamorphic  induction  and 
its  underlying  mechanistic  basis  in  the  solitary  bee,  Osmia  lignaria.  We  found  that  this  species 
used  absence  of  food  provisions  as  a  cue  for  metamorphosis  rather  than  a  critical  weight  per  se. 
Individuals  that  were  provisioned  with  excess  food  metamorphosed  after  considerable  delay, 
suggesting  that  multiple  cues  and/or  mechanistic  interactions  may  regulate  metamorphosis  in  this 
species.  The  physiological  response  to  food  absence  was  regulated  in  part  by  the  presence  or 
absence  of  juvenile  hormone,  although  juvenile  hormone  analogues  were  incapable  of  preventing 
metamorphosis  when  food  was  removed.  These  contradictory  results  prompted  characterization 
of  JH  titers  during  both  normal  growth  and  in  response  to  food  removal.  These  results  imply  that 
mechanisms  shaping  size  variation  and  consequences  for  individuals  are  diverse  among  different 
insect  taxa. 
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Honey  bee  ( Apis  mellifera )  queens  are  highly  polyandrous,  mating  with  10  to  15  male  drones  on 
average,  depending  on  the  subspecies.  After  a  queen’s  nuptial  flight(s),  and  once  properly  mated, 
a  portion  of  the  sperm  that  she  receives  from  each  of  her  mates  travels  to  the  spermatheca,  the 
sperm  storage  organ,  where  the  spermatazoa  should  remain  viable  for  the  rest  of  the  queens’  life. 
Previous  studies  have  suggested  that  spermathecal,  as  well  as  seminal  fluid  factors  are  crucial  for 
maintaining  sperm  viability  inside  queen  spermathecae.  In  our  study,  we  have  focused  on  the 
expression  of  proteins  which  have  a  predictive  and  antioxidative  function  and/or  are 
predominantly  expressed  in  the  spermathecal  tissue  of  mated  queens  when  compared  to  virgin 
queens.  Utilizing  real-time  PCR,  we  have  quantified  relative  expression  of  Catalase , 
Glutathione-S-transferase  (GST),  Thioredoxin  reductase  1  ( Trxr-1 ),  Thioredoxin  2  (Trx-2), 
SRP16  and  a  predicted  Glyoxalase  domain-containing  protein  4-like  in  the  spermathecae  of 
mated  and  unmated  honey  bee  queens  of  different  subspecies.  We  hypothesize  that  differential 
expression  of  these  transcripts  in  the  spermatheca  could  allow  us  to  predict  a  queen’s  ability  to 
store  healthy  spermatozoa,  which  could  eventually  serve  as  a  proxy  of  queen  reproductive 
quality. 
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Regulatory  mechanisms  for  tissue  repair  and  regeneration  within  damaged  tissue  have  been 
extensively  studied.  However,  the  systemic  regulation  of  tissue  repair  remains  poorly 
understood.  To  elucidate  tissue  nonautonomous  regulation  of  the  repair  process,  it  is  essential  to 
induce  local  damage,  independent  of  genetic  manipulations  in  uninjured  parts  of  the  body. 


Herein,  we  develop  a  genetic  system  in  Drosophila  melanogaster  for  spatiotemporal  tissue  injury 
using  a  temperature-sensitive  form  of  diphtheria  toxin  A  domain  driven  by  the  Q  system  to  study 
factors  contributing  to  imaginal  disc  repair.  Using  this  technique,  we  demonstrate  that 
methionine  metabolism  in  the  fat  body,  a  counterpart  of  mammalian  liver  and  adipose  tissue, 
supports  the  repair  processes  of  wing  discs.  Local  injury  to  wing  discs  results  in  decreased 
methionine  and  S-adenosylmethionine,  as  well  as  increased  S-adenosylhomocysteine  in  the  fat 
body.  Fat  body-specific  genetic  disturbance  of  methionine  metabolism  results  in  defective  repair 
but  does  not  have  an  apparent  effect  on  normal  wing  development.  Our  data  indicate  the 
contribution  of  tissue  interactions  to  tissue  repair  in  Drosophila ,  as  local  damage  to  wing  discs 
influences  fat  body  metabolism,  and  proper  control  of  methionine  metabolism  in  the  fat  body,  in 
turn,  affects  tissue  regeneration. 
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The  lady  beetle  Coleomegilla  maculata  is  an  ecologically  important  generalist  predator  found 
throughout  the  New  World.  It  has  become  a  useful  subject  of  research  on  nutrition,  because  it  is 
omnivorous,  feeding  on  plant  matter  and  fungi  in  the  absence  of  prey.  An  inbred  laboratory 
strain  was  produced  to  facilitate  transcriptome  analysis  and  genome  sequencing.  Differential 
transcriptome  screening  disclosed  some  sequences  that  may  be  unique  to  predatory  feeding,  and 
others  that  may  indicate  non-prey  diet  utilization.  Additional  laboratory  strains  with  heritable 
visible  mutations  were  isolated  and  samples  preserved  for  forward  genetics  studies.  One  of  these 
strains  was  used  for  a  phenotype  rescue  study:  wild-type  red  cuticle  samples  were  fed  to  the 
strain  lacking  the  red  pigment,  and  a  partial  restoration  of  color  was  observed.  This  species,  and 
other  species  of  animals  exploiting  a  variety  of  trophic  roles,  will  provide  insight  on  the  critical 


roles  of  predators  in  food  chains,  and  the  importance  of  dietary  components  in  nutrition  of 
omnivores. 
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The  lesser  paper  wasp,  Parapolybia  varia,  belongs  to  a  large  subfamily  Polistinae  and  is 
distributed  in  Middle  East,  the  Indo-Papuan  region  and  East  Asia.  P.  varia  is  known  to  become 
aggressive  when  disturbed  for  defending  their  colonies,  resulting  in  fatal  envenomation.  Vespid 
chemotactic  peptide  (VCP)  and  vespakinin  have  recently  been  determined  to  be  the  top  two 
genes  most  abundantly  transcribed  in  venom  glands  of  P.  varia.  To  investigate  the 
pharmacological  and  toxicological  properties  of  VCP  and  vespakinin,  their  antitumor, 
antimicrobial  and  cytotoxic  activities  were  evaluated.  VCP  exhibited  a  significantly  high 
antitumor  activity  against  ovarian  tumor  cell  SK-OV-3  at  100  mM.  VCP  also  showed  higher 
hemolytic  activity  than  vespakinin.  Antimicrobial  activity  was  only  observed  with  VCP  against 
yeast  Candida  albicansat  1  mM.  Since  VCP  showed  a  relatively  low  hemolytic  activity  but  a 
considerable  level  of  antitumor  activity,  it  has  further  merits  to  be  exploited  as  a  potential 
antitumor  agent  with  reduced  side  effects  on  normal  cells. 
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G-protein-coupled  receptors  (GPCRs)  have  been  demonstrated  as  an  essential  factor  implicated 
in  insecticide  resistance  through  regulating  the  resistance-related  cytochrome  P450  gene 
expression  in  the  mosquito,  Culex  quinquefasciatus .  The  potential  role  of  the  GPCR  signaling 
pathway  and  its  downstream  regulatory  effectors  in  insecticide  resistance  were  investigated. 
Knockdown  of  GPCR  and  its  downstream  effectors,  Gs  alpha  subunit  (Gas),  adenylyl  cyclase 
(AC),  and  protein  kinase  A  (PKA)  with  double-stranded  RNA  (dsRNA)  prevented  their 
respective  downstream  gene  expression  and  increased  susceptibility  to  permethrin  in  resistant 
mosquitoes.  Expression  of  GPCR,  Gas,  AC,  and  PKA  in  Sf9  insect  cells  caused  increased 
tolerance  of  cells  to  permethrin.  GPCR,  Gas,  and  AC  expression  also  resulted  in  increased 
cAMP  value  and  PKA  activities  in  Sf9  cells.  In  addition,  inhibition  of  the  PKA  activity  in 
GPCR,  Gas,  AC,  and  PKA  expression  of  Sf9  cells  decreased  tolerance  of  the  cells  to  permethrin. 
These  results,  for  the  first  time,  revealed  that  interaction  of  GPCR-Gas-AC-PKA  in  the  GPCR 
signaling  pathway  played  key  functions  in  insecticide  resistance  in  mosquitoes  C. 
quinquefasciatus. 
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Introduction:  Psyllidae  are  phloem  sap  feeders,  meaning  that  their  food  is  poor  in  amino  acids 
and  lipids  while  too  rich  in  sugar.  To  understand  how  they  face  such  a  particular  diet,  we  worked 
with  the  pear  psylla,  Cacopsylla  pyri  and  analysed  the  interactions  between  the  plant,  the  insect 
and  the  symbionts  it  contains. 

Methods:  We  compared  the  nutrients  contained  in  the  sap  to  what  is  rejected  in  the  honey  dew  to 
determine  the  part  ingested  or  transformed.  In  the  same  time,  the  presence  of  endosymbionts  was 
determined  by  Illumina  sequencing. 

Results:  It  appeared  that  the  concentration  of  certain  amino  acids  in  the  honey  dew  decrease  or 
disappear  compared  to  sap.  For  instance,  serine,  gamma  amino  butirique  acid,  valine,  leucine, 
alanine  to  phenylalanine  and  lysine  are  clearly  consumed  by  the  psyllid.  Concerning  sugars, 
sorbitol  is  highly  present  in  the  honeydew  while  concentrations  of  glucose,  fructose  and  sucrose 
decreased  and  are  thus  consumed  by  the  psyllid. 

Two  endosymbionts  were  identified  in  C.  pyri ,  the  secondary  endosymbiont  of  C.  pyricola  (75%) 
and  the  primary  endosymbiont  psyllids,  Carsonella  ruddii  (15%).  These  two  bacteria  may  play  a 
role  in  the  nutrition  of  these  insects  that  is  still  to  determine. 

Conclusions:  The  results  obtained  in  this  study  allowed  us  a  better  understanding  of  the 
nutritional  physiology  of  C.  pyri.  Based  on  these  results,  the  development  of  an  artificial  media 
allowing  the  development  of  C.  pyri  can  be  imagined  to  better  define  the  role  of  endosymbionts. 
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Introduction:  The  tomato  leafminer,  Tuta  absoluta,  is  an  economically  important  pest  of 
tomatoes  that  has  undergone  a  dramatic  expansion  of  its  geographical  range  over  the  past  decade 
and  is  now  a  serious  threat  to  growers  all  over  Europe.  It  is  normally  controlled  using  chemical 
insecticides,  including  the  bio-insecticide  spinosad,  however  their  widespread  and  intensive  use 
has  resulted  in  reports  of  resistance  across  several  classes.  Here,  we  investigate  the  molecular 
mechanism  of  spinosad  resistance  in  European  populations  of  this  important  pest. 

Methods:  Bioassays  were  used  to  select  and  assay  the  levels  of  spinosad  resistance  in  several 
field  collections.  The  transcriptome  of  T.  absoluta  was  sequenced  to  identify  and  characterise 
target  nAChR  receptors  and  molecular  cloning  techniques  were  used  to  compare  target  gene  and 
transcript  sequences  between  strains. 

Results/Conclusions:  Our  studies  identify  a  novel  mechanism  of  spinosad  resistance  in  European 
populations  of  T.  absoluta  that  results  in  functional  ‘knockout’  of  nicotinic  receptors  containing 
the  nAChR  alpha6  subunit. 
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Introduction:  The  amount  and  ratios  of  macronutrients  in  food  have  strong,  direct  influences  on 
consumption  and  animal  performance,  but  less  is  known  about  the  underlying  physiological 
processes  that  form  the  basis  of  these  effects.  We  examined  how  variation  in  the  amount  and 
ratio  of  food  protein  and  carbohydrate  content  affected  amino  acid  metabolism  and  allocation  in 
the  wing-dimorphic  cricket,  Gryllus  firmus.  Crickets  of  this  species  have  a  life-history  trade-off 


between  flight  and  reproduction  during  early  adulthood  that  includes  well-characterized 
differences  in  amino  acid  metabolism. 

Methods:  We  gave  newly  molted  adult  females  one  of  13  diets  with  different  relative  and  total 
amounts  of  protein  and  carbohydrate,  and  then  used  a  radiolabeled  amino  acid  to  quantify 
differences  in  in  v/voamino  acid  metabolism:  conversion  to  protein,  oxidation,  and  conversion  to 
lipid. 

Results/Conclusions:  Both  diet  content  and  morph  type  influenced  the  metabolism  of 
radiolabeled  glycine,  as  well  as  influencing  allocation  of  the  end  products  to  the  soma  vs. 
ovaries.  These  findings  highlight  how  multiple  aspects  of  intermediary  metabolism  shift  in 
response  to  food  nutrient  content. 
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Western  corn  rootworm  (WCR),  one  of  the  most  devastating  corn  insect  pests  in  the  United 
States,  has  the  potential  to  cost  U.S.  farmers  as  much  as  $2  billion  yield  loss  annually  if  not 
controlled.  Transgenic  traits  based  on  proteins  from  Bt  {Bacillus  thuringiensis)  have  been  a  key 
tool  for  controlling  this  pest  over  the  last  decade  and  efforts  to  prolong  their  durability  have 
included  refuge  deployment,  pyramiding  of  traits,  and  emphasis  on  integrated  pest  management. 
Nevertheless,  reports  of  WCR  resistance  to  Bt  corn  have  heightened  the  urgency  for  developing 
new  traits  that  will  sustain  the  technology.  Thus,  DuPont  Pioneer  has  worked  to  identify  new 
sources  of  corn  rootworm  actives  including  screening  non-Bt  microbes  for  proteins  that  can  be 
developed  into  effective  traits.  These  efforts  have  identified  a  protein  from  a  strain  of 
Pseudomonas  chloroaphis  that  is  highly  efficacious  in  preventing  root  damage  caused  by  WCR 


when  expressed  in  transgenic  plants.  Here  we  report  the  characterization  of  this  bacterial  protein 
with  WCR  midgut  tissue  to  better  understand  its  mode  of  action  relative  to  the  actives  currently 
used  in  certain  commercial  products.  These  data  demonstrate  that  this  protein  represents  a  novel 
mode  of  action  against  WCR  compared  to  current  commercial  traits  and  highlights  the  potential 
of  non-Bt  sources  of  future  insect  control  traits. 
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Introduction:  Insects  use  diapause  to  avoid  stressful  times  of  the  year  and  to  exploit  seasonal 
times  of  resource  availability.  Because  most  diapausing  insects  do  not  feed,  they  must  live  off 
their  body  reserves  for  several  months.  Proper  use  of  metabolic  reserves  is  critical  for  surviving 
diapause  and  performing  after  diapause  termination.  Across  multiple  insects,  metabolic 
depression  during  diapause  has  been  associated  with  a  switch  from  aerobic  metabolism  to 
facultative  anaerobic  metabolism,  despite  insects  not  suffering  environmental  oxygen  limitation. 
While  metabolic  rates  are  depressed  during  diapause  overall  to  save  energy,  some  insects  show 
regular  cyclical  bouts  of  higher  metabolic  activity  during  diapause,  like  periodic  arousal  of 
mammalian  hibernators.  The  functional  importance  of  these  metabolic  cycles  and  the 
mechanisms  underlying  these  cycles  are  unknown.  We  hypothesize  that  periodic  cycles  of 
increased  metabolism  during  insect  diapause  are  associated  with  both  regenerating  organismal 
energetic  states  and  for  purging  anaerobic  metabolic  byproducts. 

Methods:  We  used  non-targeted  HPLC-MS/MS  metabolomics  to  identify  and  quantify 
metabolites  that  are  altered  during  the  cycles  in  diapausing  pupae  of  the  flesh  fly,  Sarcophaga 
crassipalpis. 


Results/Conclusions:  Our  results  showed  that  metabolites  related  to  anaerobic  metabolism,  like 
glycerol,  decreased  after  arousal,  and  the  levels  of  metabolites  associated  with  glycolysis  like 
glucose-6-phosphate  and  pyruvate,  and  TCA  cycle  metabolites  like  citrate  and  succinate 
accumulated  after  arousal,  consistant  with  our  hypothesis.  Our  work  described  the  physiological 
mechanisms  associated  with  metabolic  cycles  during  diapause  in  flesh  flies,  and  also  provides 
insights  for  understanding  the  regulation  of  similar  metabolic  cycles  in  mammalian  hibernators. 
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Abstract  text: 

Introduction:  Bacillus  thuringiensis  (Bt)  can  produce  a  diverse  range  of  insecticidal  delta- 
endotoxins,  however,  the  mechanism  leading  to  cellular  toxicity  in  targeted  pests  is  complex  and 
not  fully  understood.  The  Bt  CrylA  toxins  are  widely  used  to  control  Lepidoptera  and  multiple 
midgut  receptors  have  been  identified.  A  cadherin-like  protein  is  central  to  several  proposed 
models  to  explain  these  toxins  mode  of  action,  acting  as  either  a  receptor  or  synergist.  Mutations 
in  the  diamondback  moth  ABCC2  gene,  rather  than  a  cadherin-like  protein,  were  previously 
associated  with  Cry  1  Ac  resistance. 

Methods:  As  Drosophila  is  not  susceptible  to  Cry  1  Ac  and  lacks  a  cadherin-like  protein 
orthologue,  we  used  this  insect  model  to  investigate  whether  the  diamondback  moth  ABCC2 
protein  acts  as  a  functional  toxin  receptor. 

Results/Conclusion:  When  fed  with  artificial  diet  containing  Cry  1  Ac  protoxin  or  trypsin 
activated  Cry  1  Ac  toxin,  transgenic  Drosophila  larvae  expressing  the  diamondback  moth  ABCC2 
protein  in  the  midgut  were  highly  susceptible,  suggesting  the  cadherin  protein  is  not  essential  for 
toxicity.  Drosophila  expressing  ABCC2  were  then  fed  Bt  diet  with  cadherin  protein  fragments 
cloned  from  Manduca  sexta,  which  are  known  to  act  as  a  Bt  synergist,  or  cadherin  fragments 
from  the  diamondback  moth.  As  expected,  the  M.  sexta  cadherin  fragments  effectively  increased 
toxicity  of  both  protoxin  and  toxin.  However,  diamondback  moth  cadherin  protein  fragments 
only  moderately  synergised  the  protoxin.  This  work  supports  ABCC2  as  the  major  functional 
Cry  1  Ac  receptor  in  the  diamondback  moth  and  shows  the  capacity  for  cadherin  protein 
fragments  to  synergise  Bt  varies  significantly  between  lepidopteran  species. 
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The  mode  of  actions  (MoAs)  of  Bt  insecticidal  proteins  are  differentiated  by  the  nature  of  the 
“receptor”  (binding  site)  in  the  insect  midgut  with  which  they  interact.  Competition  binding 
assays  using  brush  border  membrane  vesicles  prepared  from  insect  midgut  tissue  are  used 
routinely  to  evaluate  whether  different  Cry  proteins  share  binding  sites.  Based  on  these  data,  it  is 
widely  accepted  that  Cry  1A  and  Cry2A  proteins  do  not  share  receptors  and  represent  distinct 
MoAs.  However,  the  identity  of  the  receptor  for  Cry2  proteins  has  not  been  established.  In  this 
study,  we  performed  affinity  isolation  of  detergent  solubilized  midgut  proteins  using  a  co¬ 
precipitation  (“pull-down”)  approach  to  identify  receptors  for  a  proprietary  Cry2Ab-like  protein 
in  Helicoverpa  zea,  Ostrinia  nubilalis,  Spodoptera  frugiperda  and  Chrysodeixis  includens.  Using 
this  method  in  tandem  with  mass  spectrometry,  a  receptor  for  a  proprietary  Cry2Ab-like  protein 
was  identified  in  all  four  insects. 
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Introduction:  During  patch  exploitation,  paras itoids  can  interact  or  compete  with  other 
individuals  of  the  same  or  of  different  species.  Aphidius  rhopalosiphi  and  Aphidius  ervi  are 
respectively  a  specialist  and  a  generalist  parasitoid  of  cereal  aphids  that  coexist  in  wheat  fields. 
Generalist  parasitoids  are  expected  to  have  better  host  discrimination  capacity  than  specialist. 
We  therefore  predict  that  A.  ervi  will  stay  longer  in  the  patch  and  reject  more  parasitized  hosts 
than  A.  rhopalosiphi ,  particularly  when  available  hosts  are  limited. 

Methods:  We  thus  evaluated  the  impact  of  aphid  density  on  interspecific  competition  by 
measuring  patch  residence  time,  searching  time,  number  of  hosts  encountered  and  interactions 
between  female  parasitoids  on  patches.  We  also  analyzed  direct  competition  of  immature 
parasitoid  larvae  inside  a  host,  in  intra-  and  interspecific  situations  respectively. 

Results/Conclusion:  For  both  species,  residence  time  and  the  numbers  of  antennal  contacts, 
ovipositor  insertions  and  host  rejections  increased  with  aphid  density.  At  low  aphid  density,  A. 
rhopalosiphi  spent  less  time  in  the  patch  and  made  fewer  ovipositor  insertions  in  situations  of 
interspecific  competition  than  in  intraspecific  competition,  while  A.  ervi  made  more  ovipositor 
insertions  but  did  not  change  its  residence  time  in  presence  of  A.  rhopalosiphi.  A.  ervi  exploited 
aphid  patches  more  efficiently  and  won  larval  competition  in  most  cases.  Contrary  to  our 
hypothesis,  the  results  of  direct  intrinsic  competition  between  immature  parasitoids  inside  the 
host  are  the  main  factor  explaining  the  adult  strategy. 
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Agrilus  planipennis  Fairmaire  (Coleoptera:  Buprestidae),  native  to  Asia,  is  a  destructive  forest 
insect  pest  of  Fraxinus  species  in  North  America.  In  2009,  the  United  States  Department  of 
Agriculture  began  a  classical  biological  control  program  in  an  effort  to  manage  A. 
planipennis.  Among  four  species  selected  as  biocontrol  agents  is  an  egg  parasitoid  Oobius  agrili 
Zhang  and  Huang  (Hymenoptera:  Encyrtidae),  first  discovered  in  2004  attacking  A.  planipennis 
in  China.  Two  release  methods  are  currently  used  to  introduce  O.  agrili  into  new  habitats:  1) 
recently  eclosed  adults  that  are  provisioned  with  honey  or  2)  pupae  within  host  eggs  that  eclose 
as  adults  in  the  field.  Although  earlier  studies  determined  adult  releases  resulted  in  O.  agrili 
establishment,  the  pupal  release  method  was  adopted  by  USDA  in  2013  to  increase  rearing  and 
shipping  efficiency.  We  initiated  a  study  to  compare  the  effectiveness  of  these  two  O.  agrili 
release  methods  after  one  release  season.  In  2015,  O.  agrili  was  released  at  16  field  sites  (8 
replicates  per  release  method)  in  Michigan  where  Fraxinus  showed  evidence  of  A.  planipennis 
attack.  A  total  of  1,000  O.  agrili  (250  per  week  for  4  consecutive  weeks)  were  released  at  each 
site,  with  sites  receiving  either  O.  agrili  adults  or  pupae.  Tree  basal  area  by  species,  Fraxinus 
health,  and  A.  planipennis  egg  and  adult  abundance  were  estimated  at  each  site.  In  2016,  we 
sampled  for  O.  agrili  and  evidence  of  A.  planipennis  parasitism  at  each  site.  These  results  are 
discussed  along  with  sampling  methods  for  evaluating  successful  O.  agrili  establishment. 
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Dolichogenidea  tasmanica  is  a  commonly  collected  parasitoid  of  LB  AM  a  polyphagous  native 
Australian  species  and  the  most  destructive  insect  pest  in  Australian  vineyards.  With  the  long 
term  aim  of  enhancing  biocontrol  in  vineyards,  factors  that  influence  behaviour  and  population 
dynamics  of  the  pest  and  their  natural  enemies  must  be  taken  into  account.  D.  tasmanica 
parasitises  the  3rd  instar  of  LB  AM,  however,  it  was  previously  reported  as  a  parasitoid  of  only 
the  1st  and  2nd  instars.  So,  D.  tasmanica  is  capable  to  minimise  pest  populations  at  early  stages 
through  biocontrol.  Superparasitism  avoidance  was  assessed  in  a  series  of  choice  tests.  Host 
discrimination  frequently  occurs  in  D. tasmanica,  however,  it  appears  that  D. tasmanica  contacts 
hosts  randomly  but  host  acceptance  is  not  random.  D. tasmanica  displays  a  Type  III  functional 
response  to  varying  low  densities  of  LB  AM.  This  suggests  that  it  should  operate  in  a  density- 
dependent  manner  in  contributing  to  population  regulation  of  LB  AM.  Subsequently  experiments 
showed  that  D.  tasmanica  responds  to  its  experience  in  a  habitat,  which  influences  the  searching 
behaviour  in  the  process  of  host  location.  Lemales  D.  tasmanica  assessed  patch  quality 
instantaneously  while  foraging.  A  searching  female  might  deposit  a  marking  pheromone  on  a 
visited  patch,  which  inhibits  further  searching  and  contributes  to  mutual  interference  among 
competitors.  In  conclusion  it  seems  that  D.  tasmanica  can  play  a  valuable  role  in  the  biocontrol  of 
LB  AM.  Lurther  research  is  needed  to  investigate  how  factors  such  as  host  plant  preference, 
alternative  host  species,  the  availability  of  floral  resources  and  interspecific  competition 
influence  patterns  of  parasitism  by  this  species. 
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Abstract  text: 

Trichogramma  sp.  were  among  the  first  parasitoid  to  be  widely  release  in  outdoor  bio-control 
crops.  There  is  a  lot  of  literature  on  their  mass-production,  but  because  of  their  economic 
interest,  developments  are  still  ongoing.  Depending  on  countries,  several  species  of  factitious 
hosts  are  currently  used  for  their  rearing.  Artificial  media  were  also  proposed  to  reduce  the 
production  cost  and  manpower,  to  solve  safety  issue  of  the  workers  (allergic  problems  to 
lepidopteran  wing  scales)  and  to  increase  quality  of  the  final  product.  In  that  context  our  aim  was 
to  develop  a  rearing  procedure  based  on  the  utilization  of  artificial  media  and  to  compare  the 
final  quality  of  Trichogramma  brassicae  Bezd.  and  Trichogramma  euproctidis  Girault  female 
produced  with  factitious  host.  We  compared  two  artificial  host-chorion:  the  chitosan  bead  and 
the  artificial  spheric  egg.  Females  forage  on  those  two  showing  antennae  drumming  and  tentative 
of  oviposition.  Nonetheless,  the  humidity  or  even  a  sticky  appearance  of  these  artificial  chorions 
are  still  major  obstacle  to  full  parasitism  behaviour.  The  development  of  a  coating  to  give  it  a  dry 
appearance  is  still  necessary.  Concerning  artificial  media,  Grenier  medium  seems  to  give  the  best 
results.  However  various  development  tests  are  still  ongoing. 
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Surveys  on  the  insect  parasitoids  of  diamondback  moth  (DBM)  ( Plutella  xylostella ,  Fepidoptera: 
Plutellidae)  were  conducted  in  canola-growing  areas  across  four  ecoregions,  Boreal  Transition, 
Aspen  Parkland,  Moist  Mixed  Grassland  and  Mixed  Grassland  in  the  province  of  Saskatchewan, 
Canada  during  the  summers  of  2012  to  2014.  In  each  year  forty  canola  fields  40  to  80  km  apart 
were  sampled.  DBM  larvae  were  collected  using  sweeping  nets  of  400  sweeps  in  each  field, 


three  times  in  each  year  at  early,  middle  and  late  summer.  DBM  larvae  were  counted  and  reared 
in  the  laboratory  until  adult  emergence  to  determine  the  parasitism.  In  all  years,  DBM  abundance 
was  highest  in  the  Mixed  Grassland,  in  the  southern  part  of  the  province,  and  lowest  in  Boreal 
Transition,  in  the  northern  region  of  the  province.  Overall,  DBM  larval  parasitism  was  higher  in 
the  Boreal  Transition  than  in  the  other  three  eco-regions.  The  high  larval  parasitism  in  the  Boreal 
Transition  can  be  explained  by  the  fact  that  most  of  the  agricultural  lands  in  the  ecoregion  are 
surrounded  by  treed  borders  which  may  serve  as  resource  areas  for  natural  enemies.  In  2013,  a 
scarcity  of  DBM  larvae  in  mid-season  reduced  the  number  of  parasitoids,  and  as  a  result,  a  high 
incidence  of  DBM  was  seen  in  late-season,  suggesting  that  biological  control  is  an  important 
influence  on  DBM  populations.  In  2014,  a  parasitic  wasp,  Diolocogaster  claribitia 
(Hymenoptera,  Braconidae,  Microgastrinae),  was  found,  a  new  record  for  the  province. 
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After  the  invasion  of  Chrysodeixis  chalcites  (Esper)  in  vegetables  fields  and  greenhouses  in 
Canada,  the  most  common  larval  endoparasitoids  of  Trichoplusia  ni  (Hiibner)  expanded  their 
host  range.  In  particular,  Campoletis  sonorensis  has  become  the  major  larval  endoparasitoid  of 
this  non-native  species.  We  have  focused  on  determining  the  mechanisms  involved  in  this  host 
expansion.  We  examined  the  functional  response  of  Campoletis  sonorensis  reared  from 
Trichoplusia  ni  and  from  Chrysodeixis  chalcites  at  1:1,  1:3  and  3:1  ratios  with  increasing 
densities  up  to  64  individuals.  Individual  Campoletis  sonorensis  reared  from  both  hosts  were 
tested  on  both  host  species  by  separating  and  mixing  the  two  host  species  together  to  allow  for 
choice  and  no-choice  tests  and  to  separate  out  effects  of  host  origin  on  parasitoid  choice.  We 
found  that  a  Type  III  functional  response  was  the  most  common  response  regardless  of  the 
parasitoid  host  origin,  host  ratio  or  if  host  species  were  presented  separate  or  in  combination. 
These  parameters  did  influence  parasitism  rate  and  there  was  a  preference  for  the  native  host 


species.  Therefore,  there  is  a  combination  of  population  dynamics  and  behavioral  ecology  of 
these  species  that  is  mediating  the  host  range  expansion  of  these  parasitoids. 
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Introduction:  My  research  group  long  has  sought  to  understand  neurobiological  mechanisms 
through  which  information  about  behaviorally  significant  olfactory  stimuli  is  encoded, 
processed,  and  integrated  with  inputs  of  other  modalities  in  the  insect  brain.  We  primarily  have 
studied  how  volatile  chemical  stimuli  control  characteristic,  natural  behaviors  of  the  giant  sphinx 
moth  Manduca  sexta.  Our  goal  in  this  research  is  to  contribute  to  understanding  of  the  biology 
and  behavior  of  agriculturally  and  medically  significant  insects  while  helping  to  advance 
fundamental  knowledge  about  olfaction.  Our  studies  have  focused  mainly  on  the  primary 
olfactory  centers  in  the  insect  brain,  the  antennal  lobes,  which,  like  vertebrate  olfactory  bulbs,  are 
characterized  by  condensed  neuropil  structures  called  glomeruli.  Neural  circuits  in  the  lobes, 
comprising  primary- sensory  and  central  neurons  interacting  synaptically  in  and  among  the 
glomeruli,  process  olfactory  information  received  from  the  environment.  We  focus  on  olfaction- 
dependent  behaviors  that  are  crucial  for  survival:  mate-seeking  and  interactions  with  host  plants 
for  feeding  and  oviposition.  In  some  of  our  studies,  olfactory  neurobiology  has  led  to  recognition 
of  naturally  occurring  volatiles  that  function  in  the  chemical  mediation  of  such  interactions.  We 
think  of  this  as  “reverse  chemical  ecology”  or  “chemical  ecology  by  way  of  the  brain.”  Finally, 
my  interest  in  insect  olfaction  ultimately  led  me  to  the  challenges  of  understanding  attraction  of 
disease-vector  insects  to  their  hosts  for  blood  meals.  This  lecture  will  offer  examples  of  our 
findings  from  these  adventures.  The  research  described  in  this  presentation  has  been  supported 
by  research  funding  from  NIH,  NSF,  DARPA,  USDA,  and  Monsanto. 
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Abstract  text: 

Introduction:  As  far  back  as  the  1940s,  entomologists  explored  concepts  and  conducted 
experiments  aimed  at  manipulating  or  disrupting  insect  genetic  programming  in  ways  that  could 
decrease  the  negative  impacts  of  insect  pests  on  human  health  and  agriculture.  Some  of  the 
earliest  work  used  natural  and  artificially  produced  post-mating  incompatibilities  and  radiation- 
induced  chromosome  breakage  to  achieve  genetic  pest  management  or  eradication.  There  were 
some  notable  successes  and  many  failures.  In  the  past  20  years,  there  has  been  incredible 
progress  in  molecular  genetics  that  has  put  much  more  sophisticated  genetic  tools  into  the  hands 
of  entomologists,  and  in  the  last  5  years  laboratory  and  field  studies  have  demonstrated  proof  of 
concept  that  these  tools  have  broad  potential  to  be  applied  not  only  to  alleviate  insect  damage  to 
health  and  agriculture,  but  also  to  save  endangered  species.  I  will  discuss  new  research  in 
development  of  transgenic  pests  as  well  as  population  genetic  models  aimed  at  predicting  the 
utility  and  risks  of  these  engineered  pests.  Finally,  I  will  discuss  social  and  cultural  factors 
related  to  responsible  and  ethical  innovation  in  this  area  of  research. 
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Abstract  text: 

Introduction:  New  robust  types  of  insect  resistance  in  crops  is  required  for  sustainable  food 
production.  GM  is  essential  for  delivering  such  traits  because  these  are  mostly  lacking  in  plants 
genetically  close  to  elite  crop  varieties.  Field  trials  are  essential  in  testing  new  GM  based  traits 
against  insect  pests  but  are  still  opposed  by  some,  and  in  some  regions  of  the  world,  are  not  yet 
legally  sanctioned.  In  addition  to  the  exploitation  of  non-toxic  mechanisms  against  pests,  such  as 
use  of  semiochemicals  for  direct  control  and  for  enhancing  conservation  biological,  GM  shows 
promise  but  may  involve  so  many  unpredictable  aspects  that  initial  field  trials  are  unsuccessful  in 
terms  of  pest  control.  This  is  exemplified  with  the  first  crop  plant  genetically  engineered  to 
release  an  insect  pheromone  [(E)-p-farnesene  ,  the  aphid  alarm  pheromone]  for  defence.  A 
powerful  demonstration  of  the  non-GM  deployment  of  semiochemicals  against  pests  is  the  push- 
pull  system  employing  companion  crops  in  sub-Saharan  Africa  to  deliver  semiochemicals  to 
deter  lepidopterous  pests  of  cereal  crops,  recruit  natural  proportions  of  hymenopterous 
parasitoids  and  to  concentrate  pests  on  plants  to  be  used  as  ruminant  forage.  In  addition  to 


semiochemicals  affecting  the  insect  behaviour  for  example,  Cn  and  Cis  homoterpenes  (or  more 
correctly  tetranorterpenes),  signalling  for  defence  from  damaged  plants  to  intact  pants  is  also 
exploited  in  the  push-pull  systems,  particularly  now  being  extended  for  agricultural  regions 
suffering  degradation  by  climate  change.  Thus,  for  industrial  farming,  for  which  delivery  of  pest 
resistance  traits  by  GM  is  required,  there  are  lessons  from  agro-ecological  pest  management  in 
the  developing  world. 
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Introduction:  Since  2003,  the  Southern  Pine  Beetle  Prevention  Program  (SPBPP)  has  encouraged 
and  provided  cost-share  assistance  for  silvicultural  treatments  to  reduce  stand/forest 
susceptibility  to  the  southern  pine  beetle  (SPB)  ( Dendroctonus  frontalis  Zimmermann)  in  the 
southeastern  U.S.  Until  now,  stand  and  landscape-level  tests  of  this  program’s  efficacy  were 
nonexistent. 

Methods:  In  2012,  SPB  outbreaks  occurred  in  the  Homochitto  and  Bienville  National  Forests 
(NFs)  in  Mississippi.  Parts  of  each  NF  were  treated  (thinned)  using  SPBPP  management 
recommendations,  while  other  areas  were  untreated  (unthinned). 

Results/Conclusion:  In  the  Homochitto  NF,  99.7%  of  SPB  spots  occurred  in  unthinned  stands, 
while  all  SPB  spots  occurred  in  unthinned  stands  in  the  Bienville  NF.  Unthinned  stands  in  both 
NFs  had  higher  basal  area,  higher  stocking,  and  lower  growth  rates  over  the  last  decade.  Burning 
also  resulted  in  a  lower  incidence  of  SPB  infestation.  Our  retrospective  study  results  validate  the 
effectiveness  of  SPBPP  treatments  for  reducing  stand  and  landscape  level  susceptibility  to  SPB, 
which  encourages  proper  silvicultural  methods  that  increase  tree  spacing,  growth  and  vitality, 


while  effectively  altering  the  in-stand  atmosphere  enough  to  interfere  with  SPB  pheromone 
communication,  thus  reducing  susceptibility  to  SPB  spot  initiation  and  spread. 
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Abstract  text: 

Introduction:  Recent  megafires  and  droughts  have  made  management  of  forest  insects  in  the 
southwestern  US  increasingly  challenging.  For  instance,  in  2002-2003,  coincident  with  drought, 
bark  beetle  (Coleoptera:  Curculionidae,  Ips  spp.)  activity  in  New  Mexico  and  Arizona  was 
reported  on  over  809,000  ha  of  pine  forest  (mainly  Pinus  ponderosa  and  Pinus  edulis). 
Additionally,  in  201 1,  the  Wallow  fire  burned  over  215,000  ha  in  eastern  Arizona  and  post-fire 
bark  beetle  associated  tree  mortality  in  Douglas-fir  ( Pseudotsuga  menziesii)  from  Douglas-fir 
beetle  ( Dendroctonus  pseudotsugae ),  and  southwestern  white  pine  (Pinus  strobiformis)  from 
mountain  pine  beetle  [MPB]  (Dendroctonus  ponderosae)  increased  notably.  Management 
strategies  for  these  insects  have  included  combinations  of  chemical  control  (insecticide  and 
pheromone),  sanitation,  monitoring,  and  trap  outs.  In  addition  to  suppression  treatments,  forest 
restoration  treatments,  designed  to  increase  forest  resiliency  to  disturbance,  are  being  undertaken 
across  the  Southwest.  These  management  strategies  are  often  expensive  and  time  consuming, 
thus  evaluating  the  effectiveness  of  such  treatments  is  crucial  for  effective  management. 

Methods:  We  are  examining  the  impact  of  pre-fire  thinning  treatments  on  post-fire  bark  beetle 
associated  tree  mortality  in  mixed-conifer  stands  and  we  are  investigating  the  efficacy  of  a  novel 
deployment  technology  (SPFAT®)  for  the  anti-aggregation  pheromone  of  MPB. 

Results/Conclusion:  Previous  results  found  that  burn  severity  metrics  were  lower  in  stands  which 
were  thinned  pre-fire  which  may  decrease  susceptibility  to  bark  beetles.  In  year  one,  the  efficacy 


of  SPLAT®  technology  appeared  equal  to  that  of  traditional  pouches;  however,  MPB  populations 
were  low  during  our  study  and  no  statistical  difference  among  treatments  was  detected. 
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Abstract  text: 


Introduction:  In  western  North  America,  recent  increases  in  the  activity  of  native  insects  and 
wildfires  have  sparked  acute  concerns  that  insect-caused  tree  mortality  increases  wildfire 
likelihood  or  severity  by  altering  the  distribution  of  live  and  dead  fuels.  Previous  studies  have 
been  mixed,  however,  with  findings  typically  based  on  stand-scale  simulations  or  individual 
events. 

Methods:  We  present  a  regional  census  of  large  wildfire  likelihood  and  severity  following 
outbreaks  of  two  prevalent  bark  beetle  and  defoliator  pests,  mountain  pine  beetle  (MPB; 
Dendroctonus  ponder osae  Hopkins^)  and  western  spruce  budworm  (WSB;  Choristoneura 
freemani  Razowsky,  across  the  US  Pacific  Northwest  (PNW;  Oregon  and  Washington)  from 
1970  to  2012.  We  integrate  forest  health  and  wildfire  databases,  Landsat-based  maps  of  insect 
damage  and  burn  severity,  and  spatial  modeling  to  develop  an  empirical  insect-wildfire 
likelihood  index  and  evaluate  insect  predictors  of  burn  severity  with  a  regional  meta-analysis. 

Results/Conclusion:  In  most  cases  following  MPB  activity,  wildfire  likelihood  is  neither  higher 
nor  lower  than  in  non-MPB-affected  forests.  Following  WSB  activity,  however,  wildfire 
likelihood  is  lower  across  multiple  ecoregions  and  time  lags.  In  contrast  to  previous  findings  that 
insect  outbreak  severity  is  not  strongly  associated  with  burn  severity,  our  regional  census 
indicates  that  both  insects  generally  reduce  the  severity  of  subsequent  wildfires,  with  specific 
effects  dependent  upon  insect  type  and  timing.  Because  native  insect  outbreaks  do  not 
necessarily  increase  the  likelihood  or  impacts  of  subsequent  wildfires,  we  recommend  a 
precautionary  approach  when  designing  and  implementing  forest  management  policies  intended 
to  reduce  wildfire  hazard  and  increase  resilience  to  global  change. 
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Abstract  text: 

Introduction:  African  mahogany  species  ( Khaya  spp  and  Entandrophragma  spp)  are  among  the 
most  financially  valuable  tropical  hardwood  species.  Native  mahogany  resources  in  West  Africa 
have  been  overexploited  in  many  areas,  but  continue  to  be  in  high  demand.  The  ability  to  grow 
mahogany  species  in  plantations  is  limited  due  to  damage  caused  by  the  mahogany  shoot  borer, 
Hypsipyla  robusta  (Moore)  (Fepidoptera:  Pyralidae).  Damage  by  this  shoot  borer  includes 
infestation  of  the  apical  dominant  shoots  of  small  trees  resulting  in  sprouting  of  secondary  shoots 
and  subsequent  forking  of  the  main  stem. 

Methods:  Studies  in  Ghana  have  emphasized  selection  of  mahogany  species  and  genotypes  that 
are  more  tolerant  of  shoot  borer  damage,  as  well  as  the  development  of  silvicultural  systems  for 
growing  mahogany  in  partial  shade  and  in  mixed  plantings. 

Results/Conclusion:  An  integrated  pest  management  strategy  is  being  developed  and  has  resulted 
in  the  establishment  of  plantations  in  different  ecological  zones  in  the  southern  half  of  Ghana. 
Partnerships  with  industry  and  local  communities  are  resulting  in  wider  use  of  planted  mahogany 
in  both  plantation  and  agroforestry  settings.  A  handbook  has  been  developed  to  increase 
understanding  of  how  to  effectively  establish  and  manage  planted  mahoganies,  including 
integrated  pest  management  to  reduce  damage  by  the  mahogany  shoot  borer. 
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Abstract  text: 

Introduction:  Harmful  invasive  species  can  negatively  affect  both  natural  and  anthropogenic 
systems  by  altering  the  structure  and  function  of  ecosystems.  At  the  core  of  these  changes,  are 
changes  in  the  composition  of  the  existing  community,  driven  by  both  the  invasive  organism,  and 
the  management  tools  used  to  control  the  growth  and  spread  of  the  invasive  organism.  Large- 
scale  invaders  such  as  the  hemlock  woolly  adelgid  have  the  potential  to  alter  community 
structure  at  landscape  scales,  yet  tracking  and  predicting  these  impacts  remains  a  challenge. 

Methods:  Using  the  hemlock  woolly  adelgid,  the  effects  of  both  the  adelgid  and  an  insecticide 
used  to  manage  it  on  the  biodiversity  of  canopy  arthropods  is  evaluated. 

Results/Conclusion:  Analysis  by  ordination  and  in  integrated  accumulation  function  show  that 
biodiversity  in  this  system  is  altered  by  each  of  these  factors,  but  that  by  combining  these  effects 
with  a  heterogeneous  environment,  a  spatial  patchwork  of  management  efforts  may  help 
maintain  biodiversity  at  a  landscape  scale,  though  biodiversity  at  stand-scales  is  likely  to  change. 
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Abstract  text: 

Introduction:  The  introduction  and  successful  establishment  of  non-native  insects  pose  a 
significant  threat  to  the  function  and  structure  of  native  ecosystems  and  biodiversity.  Forest 
ecosystems  are  especially  challenged  due  to  the  worldwide  importance  of  wood  packaging 
material  universally  used  in  global  trade,  the  importation  of  lumber  and  wood  products,  and  the 
importation  of  live  trees  for  planting,  which  collectively  enables  a  number  of  invasion  pathways 
that  facilitate  the  introduction  of  forest  insects.  However,  most  introduced  species  are  relatively 
benign  when  introduced  into  a  novel  environment,  and  only  a  minority  are  thought  to  cause 
widespread  ecological  and  economic  damage.  Due  to  this  variation  in  invasion  success,  the 
development  of  a  broadly  applicable  framework  useful  to  predict  the  invasiveness  of  a  species 
has  so  far  remained  elusive. 

Methods:  We  used  the  existing  literature  and  compiled  a  database  of  over  3,000  established  non¬ 
native  insects  in  North  America,  and  tested  the  relative  contribution  of  (1)  insect  and  plant 
evolutionary  history,  (2)  the  presence  and  effectiveness  of  host  plant  defenses  (e.g.,  defense-free 
space  hypothesis),  (3)  invader  biological  traits,  (4)  the  presence  of  natural  enemies  (e.g.,  enemy 
release  hypothesis),  and  (5)  geographic  and  temporal  matching  on  species  invasiveness. 

Results/Conclusion:  The  identification  of  important  traits  and  factors  that  constrain  or  allow 
introduced  species  to  exert  ecological  and  economic  damage  in  a  novel  environment  has 
important  management  applications  relevant  to  all  stages  of  the  biological  invasion  process. 
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Abstract  text: 

Forest  ecosystems  have  evolved  adaptations  with  naturally  occurring  types,  frequencies,  and 
intensities  of  disturbance.  However,  the  common  management  activity  of  salvage  cutting  after  a 
wind  disturbance  results  in  a  second,  immediate  disturbance  whose  cumulative  severity  may  be 
outside  the  adaptive  range  of  native  species  and  ecosystems.  These  impacts  can  be  framed  as 
trade-offs  between  the  immediate  salvage  value  of  logging  and  the  longer-term  benefits  from 
ecosystem  recovery.  The  unknown  consequences  of  post-disturbance  salvage  cutting  provide  a 
rationale  for  developing  tools  that  inform  management  decisions  for  both  provisioning  flows  of 
timber  resources  while  sustaining  regulating  ecosystem  services.  We  quantified  regulating 
ecosystem  services,  such  as  forest  regeneration,  biodiversity  of  fauna  and  soil  erosion,  and  the 
impacts  of  harvesting  practices  on  their  provision.  Results  include  novel  syntheses  of  wind 
disturbance,  salvaging  on  interactions  of  native  and  non-native  vegetation  and  biological 
diversity.  These  results  informed  decision-support  tools  to  improve  forest  management 
outcomes,  where  communities  rely  on  both  the  goods  generated  by  working  forests  and  the 
ecosystem  services  of  surrounding  forests. 
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Abstract  text: 


Introduction:  The  brown  marmorated  stink  bug,  Halyomorpha  halys  (Stal)  was  introduced  from 
China  and  subsequently  established  in  Allentown,  PA  USA  in  the  mid- 1990’s.  Following  its 
identification  as  a  non-native  species  in  2001,  it  was  recovered  in  areas  of  Pennsylvania  and  New 
Jersey  surrounding  Allentown,  PA.  Halyomorpha  halys  subsequently  spread  throughout  both 
states.  By  2010,  H.  halys  had  spread  throughout  the  mid- Atlantic  United  States  causing  severe 
damage  in  tree  fruit,  soybeans  and  vegetables,  was  present  in  several  mid-western  and  western 
states,  and  was  detected  in  Toronto,  Ontario  Canada  area. 

Methods:  Data  on  the  distribution  of  the  brown  marmorated  stink  bug  in  North  America  was 
collected  using  confirmed  reports  from  citizens,  state  officials  and  USDA  APHIS  officials. 

Results/Conclusion:  Today  H.  halys  has  been  detected  and/or  established  in  over  41  states,  the 
District  of  Columbia  and  Canada. 
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Abstract  text: 

Introduction:  The  brown  marmorated  stink  bug,  Halyomorpha  halys  is  native  to  eastern  Asia  and 
invasive  to  Europe  and  North  America.  The  earliest  known  records  of  H.  halys  in  Europe  are 
from  Switzerland  and  Liechtenstein,  dating  back  to  2004.  Since  its  arrival  in  Europe  H  halys  has 
spread  into  several  European  countries. 

Methods:  To  determine  the  current  distribution  in  Europe  public  surveys  were  conducted  from 
2012  to  2015.  Several  articles  were  published  in  newspapers,  public  talks  were  given,  and  a 
webpage  (www.halyomorphahalys.com)  was  launched,  asking  private  homeowners  to  report 
findings  of  H.  halys  and  infested  host  plants. 


Results/Conclusion:  Although  H.  halys  probably  arrived  in  Switzerland  in  the  early  2000s,  its 
natural  spread  was  relatively  slow.  However,  the  surveys  demonstrated  that  due  to  human 
activity  and  movement  of  goods  H.  halys  is  already  far  more  widespread  in  Europe  than 
previously  assumed,  now  being  present  in  France,  Germany,  Italy,  Hungary,  Greece  and  Serbia. 
The  further  movement  of  populations  from  invaded  countries  to  new  locations  in  Europe  can  be 
expected  in  the  near  future.  H.  halys  has  been  recorded  from  more  than  50  host  plants  in  32 
families,  but  economic  damage  has  so  far  only  been  reported  from  Italy. 
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Abstract  text: 

Introduction:  Among  the  more  than  40  species  of  fruit-piercing  bugs  recorded  in  Japan,  the 
brown  marmorated  stink  bug  (BMSB)  is  the  dominant  species  in  northern  Japan.  Fruit  damage 
by  this  bug  has  been  reported  since  the  early  1900s.  In  recent  years,  outbreaks  have  occurred  in 
1996  and  2001  and  caused  serious  fruit  damage  in  orchards.  Almost  all  of  the  fruit  damage  is 
caused  by  the  adults.  The  population  is  univoltine  in  northern  Japan. 

Methods  and  Results/Conclusion:  The  timing  of  migration  of  adults  into  the  orchards  can  be 
explained  by  seasonal  changes  in  food  resources  in  the  woods  that  are  their  major  habitat.  Adults 
are  more  likely  to  migrate  into  orchards  in  spring  (May)  and  summer  (July)  when  their  suitable 
foods  are  in  short  supply  in  the  woods.  In  apple  orchards,  damaged  fruits  are  more  abundant  near 
hibernation  sites  in  spring;  near  the  point  of  migration  into  the  orchard  in  summer;  and  on  the 
upper  parts  of  the  trees.  The  degree  of  damage  differs  due  to  when  fruit  piercing  ocurrs  within 
the  same  cultivar:  summer  is  markedly  more  severe  than  that  in  other  seasons.  In  Japan,  the 
availability  of  Japanese  cedar  cones  is  considered  to  be  the  major  factor  governing  the 
proliferation  of  BMSBs.  However,  these  cones  are  unsuitable  foods  for  nymphal  development.  I 
surmise  that  population  fluctuation  might  be  more  closely  related  to  climate  change,  because 


there  was  a  significant  negative  correlation  between  the  rate  of  increase  in  abundance  of 
overwintering  adults  and  the  air  temperature  the  preceding  spring. 
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Introduction:  When  invasive  species  are  introduced  we  frequently  know  minimal  information 
about  their  population  ecology,  a  factor  that  can  have  significant  implications  on  the  successful 
invasion  of  a  new  habitat.  Halyomorpha  halys  was  detected  in  the  United  States  and  Europe  in 
the  past  20  years  and  has  since  established  itself  as  a  significant  agricultural  pest,  especially 
within  the  mid- Atlantic  US.  To  effectively  manage  H.  halys,  a  greater  understanding  of  its  life- 
history  and  seasonality  is  needed.  However,  estimations  on  its  voltinism  and  life-history  are 
complicated  by  its  overwintering  in  the  adult  stage,  extended  life-span  and  overlapping 
generations. 

Methods:  We  utilized  an  agent-based  voltinism  model  to  predict  phenology  and  population  size 
across  its  established  and  predicted  US  range.The  model  is  based  off  the  developmental 
physiology  and  stage-specific  mortality  data  that  is  available  within  the  published  literature. 
Model  predictions  were  validated  using  field  observations. 

Results/Conclusion:  The  developmental  parameters  utilized  in  the  model  will  be  discussed 
including  the  identification  of  the  critical  photoperiod.  Photoperiod  is  predicted  to  limit  voltinism 
but  also  population  size  and  may  play  an  influential  role  in  H.  halys  pest  status.  Halyomorpha 
halys  seasonal  dynamics  in  relation  to  the  model  outputs  will  be  discussed  in  tree  fruit  systems. 
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Abstract  text: 

Introduction:  Originating  in  East  Asia,  the  brown  marmorated  stink  bug  (BMSB),  Halyomorpha 
halys ,  has  established  in  North  America  and  Europe  where  it  has  become  an  urban  and 
agricultural  pest.  In  North  America  ,  the  first  established  BMSB  population  occurred  in  north 
eastern  USA;  however,  this  pest  has  since  spread  throughout  the  USA  and  into  Canada. 
Established  populations  in  Europe  were  originally  reported  only  in  Switzerland,  however,  H. 
halysh&s  since  expanded  its  range  into  France,  Greece,  Hungary,  and  Italy. 

Methods:  Analysis  of  a  portion  of  the  mitochondrial  COI  gene  was  used  to  evaluate  the  genetic 
diversity  of  these  populations  and  to  investigate  the  movement  and  spread  of  different  COI 
haplotypes  of  this  pest  in  Canada  and  Europe. 

Results/Conclusion:  Although  a  single  COI  haplotype  (HI)  dominates  the  established  population 
in  Canada  and  the  USA,  a  total  of  9  different  COI  haplotypes  are  confirmed  in  Europe.  Many  of 
these  haplotypes  have  not  been  previously  reported  elsewhere.  Patterns  of  haplotype  diversity 
indicate  the  occurrence  of  multiple  invasions  from  Asia,  and  the  movement  of  successful 
invasive  populations  to  generate  secondary  invasions  within  Europe  (‘bridgehead  effect’). 
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Abstract  text: 

Introduction:  The  brown  marmorated  stink  bug,  Halyomorpha  halys  (Hemiptera:  Pentatomidae), 
has  become  a  serious  invasive  insect  pest  in  the  United  States.  This  invasive  species  has  also 
emerged  as  a  potential  threat  in  other  countries  including  Canada,  Switzerland,  Liechtenstein, 
Germany,  France,  Greece,  Hungary,  and  Italy.  Halyomorpha  halys  is  native  to  China,  Japan  and 
Korea,  and  often  described  as  an  occasional  but  polyphagous  pest  of  several  tree  fruit  and 
vegetable  crops  in  South  Korea. 

Methods:  Although  the  number  of  publications  on  H.  halysha s  rapidly  increased  since  2000  in 
South  Korea,  the  volume  of  the  publications  is  still  relatively  small  (ca.  20%)  compared  to  China 
and  Japan. 

Results/Conclusion:  Halyomorha  halys  populations  are  generally  univoltine  or  bivoltine 
throughout  South  Korea.  Overwintered  adults  typically  begin  to  move  to  cultivated  crop  fields  in 
May  and  feed  on  the  crops  through  September,  then  summer  generations  disperse  out  to 
overwintering  sites  from  September  to  November.  This  species  causes  economic  damage  in 
many  crops  including  apple,  pear,  peach,  persimmon,  and  beans.  However,  its  population 
densities  and  damage  levels  are  typically  lower  than  another  major  hemipteran  pest,  Riptortus 
pedestris  (Hemiptera:  Alydidae)  in  agricultural  fields  in  South  Korea.  Management  programs  for 
H.  halys  rely  mainly  on  the  applications  of  synthetic  chemicals  such  as  pyrethroids  and 
neonicotinoids.  Recently,  more  efforts  has  been  made  by  some  commercial  companies  to  use  the 
aggregation  pheromone  traps  for  monitoring  and  management  of  H.  halys  in  South  Korea. 

Recent  research  updates  on  H.  halys  will  be  reported  and  further  discussed  in  the  symposium. 
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Abstract  text: 

Introduction:  The  brown  marmorated  stink  bug,  Halyomorpha  halys  (Hemiptera:  Pentatomidae), 
is  highly  mobile,  has  a  wide  host  range,  and  occupies  a  large  geographic  area.  H.  halys  also 
utilizes  various  landscape  features  including  human  structures  and  hedge  rows  which  can  affect 
H.  halys  movement  throughout  the  growing  season.  We  hypothesized  that  H.  halys  showed  an 
annual,  predictable  spatial  pattern  which  would  be  correlated  with  landscape  features. 

Methods:  A  multi-year  spatial  study  was  conducted  on  three  organic  farms  in  the  eastern  United 
States.  A  total  of  92-127  sample  locations  throughout  each  farm  were  plotted  using  a  global 
positioning  system  and  the  number  of  H.  halys  at  each  sample  location  was  counted  every  three 
weeks  from  May  to  November.  Count  data  were  paired  with  geo-coordinates  to  perform  spatial 
analysis  by  using  geostatistics  and  spatial  analysis  by  distance  indices  (SADIE)  to  characterize 
spatial  distribution  patterns  and  to  spatial  associations  of  H.  halys  with  landscape  features 
including  commodities. 

Results/Conclusion:  Overall,  the  spatial  patterns  of  H.  halys  found  in  this  study  were  predictable 
although  the  patterns  were  likely  to  be  density  dependent:  random  pattern  at  low  H.  halys 
densities  (early  in  the  season)  and  spatial  aggregation  at  higher  densities  (middle  or  later  in  the 
growing  season).  Such  spatial  patterns  also  were  correlated  with  surrounding  vegetation  (i.e. 
commodities,  plant  types,  and  growth  stages  of  plants)  and  land  use.  Implications  for  H. 
halys  management  based  on  spatial  and  temporal  distribution  are  discussed  in  the  presentation. 
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Abstract  text: 

Introduction:  The  invasive  species,  Halyomorpha  halys{^\dX)  (Hemiptera:  Pentatomidae),  or 
brown  marmorated  stink  bug,  was  accidentally  introduced  to  the  USA  from  Asia  in  the  mid-  to 
late  1990s.  Since  that  time,  it  has  spread  across  the  USA,  Canada  and  parts  of  Europe.  In  the 
USA,  this  invasive  pest  caused  an  estimated  $37  million  in  damage  in  apple  alone  during  a 
serious  outbreak  in  the  mid-Atlantic  region.  Apple  growers  in  the  region  responded  with 
aggressive,  broad-spectrum  insecticides  resulting  in  increased  insecticide  inputs  and  secondary 
pest  problems. 

Methods:  One  approach  aimed  at  reducing  insecticide  inputs  is  4 attract- and-kilT.  In  this  case,  the 
target  pest  is  attracted  to  a  spatially  precise  and  limited  area  where  it  can  then  be  appropriately 
managed.  Attractants  identified  for  H.  halys  include  the  two-component  aggregation  pheromone  , 
a  3 .5 : 1  ratio  of  (3 S,6S,7R,  1  OS)- 1 0, 1 1  -epoxy- 1  -bisabolen-3 -ol  and  (3R,6S,7R,  1  OS)- 10,11  -epoxy- 
l-bisabolen-3-ol  and  a  pheromone  synergist,  the  aggregation  pheromone,  Plautia 
stali (Hemiptera:  Pentatomidae),  methyl  (2E,4E,6Z)-2,4,6-decatrienoate. 

Results/Conclusion:  In  combination,  these  stimuli  have  been  used  to  attract  and  retain  H.  halys  to 
select  border  row  apple  trees  treated  with  efficacious  insecticides.  In  trials  conducted  in 
collaboration  with  commercial  apple  growers  in  the  mid-Atlantic,  promising  results  have  been 
generated  including  season-long  kill  of  H.  halys  and  reduced  fruit  injury  at  harvest  compared 
with  standard  grower  management  practices. 


Symposium 

Presentation  Title:  Asian  remedy  for  an  invasive  Asian  pest?  Biological  control  of  brown 
marmorated  stink  bug 

Author  Name:  Kim  A.  Hoelmer 

Author  Institution:  USDA  -  ARS 

Session  Title:  Symposium:  The  Brown  Marmorated  Stink  Bug:  An  Invasive  Insect  of  Global 
Importance 

Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  3707 


DOI:  10. 1603/ICE.2016. 89761 
Abstract  text: 

Introduction:  Halyomorpha  halysis  a  significantly  less  important  pest  in  Asia  than  the  U.S.,  and 
natural  enemies  are  limiting  factors.  Classical  biological  control  using  natural  enemies  from  its 
native  range  is  the  only  practical  approach  to  reducing  populations  in  non-crop  landscape  and 
natural  habitats  where  management  is  prohibitively  expensive  and  environmentally  undesirable. 

Methods:  Parasitoids  in  the  genus  Trissolcus  are  important  natural  enemies  of  Pentatomidae. 
Exploration  by  USDA/ARS  in  China,  South  Korea  and  Japan  located  geographic  populations  of 
several  Trissolcus  species  attacking  H.  halys  and  maintained  them  in  quarantine  cultures  for 
evaluation  as  candidate  biocontrol  agents.  Two  species,  T.  japonicus  and  T.  cultratus,  are  the 
most  important  egg  parasitoids  of  H.  halys  in  Asia  with  high  rates  of  parasitism.  In  Asia  they 
attack  several  other  pentatomids  besides  H.  halys,  and  their  effective  host  range  within  the  U.S. 
had  to  be  evaluated  before  a  U.S.  release  could  be  considered. 

Results/Conclusion:  Because  over  300  species  of  pentatomids  occur  in  North  America  and  some 
are  important  predators  of  other  pests,  over  sixty  non-target  species  have  been  examined  in  host 
range  tests.  Many  are  not  attacked,  while  others  are  parasitized  with  varying  degrees  of  impact. 
Additional  studies  evaluated  behavioral  and  ecological  factors  influencing  actual  impact.  While 
these  studies  were  underway,  an  adventive  T.  japonicus  population  was  discovered  in  the  eastern 
U.S.  in  2014,  and  a  second  population  was  found  in  the  western  U.S.  in  2015.  The  establishment 
and  spread  of  these  populations  offers  an  ideal  opportunity  to  test  the  predictions  of  laboratory 
host  range  evaluations. 
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Abstract  text: 

Introduction:  The  relative  roles  of  coding  and  regulatory  sequence  change  in  the  evolution  of 
phenotypic  novelty  is  one  of  biology’s  major  unresolved  questions.  The  field  of  Evo-devo  has 
shown  that  in  early  development  changes  to  regulatory  regions  appear  to  be  the  dominant  mode 
of  genetic  change,  but  whether  this  extends  to  the  evolution  of  novel  phenotypes  in  the  adult 
organism  is  unclear. 

Methods:  Here  we  conduct  RNA-Seq  experiments  across  both  novel  and  conserved  tissues  in  the 
honey  bee  to  determine  to  what  extent  post-developmental  novelty  is  based  on  changes  to  the 
coding  regions  of  genes. 

Results/Conclusion:  We  first  show  that  with  respect  to  novel  physiological  functions  in  the  adult 
animal,  positively  selected  tissue-specific  genes  of  high  expression  underlie  novelty  by 
conferring  specialized  cellular  functions.  Such  genes  are  often,  but  not  always  taxonomically 
restricted  genes  (TRGs).  We  further  show  that  positively  selected  genes,  whether  TRGs  or 
conserved  genes,  are  the  least  connected  genes  within  gene  expression  networks.  Overall,  this 
work  suggests  that  the  Evo-devo  paradigm  is  limited,  and  that  the  evolution  of  novelty,  post¬ 
development,  follows  additional  rules.  Specifically,  Evo-devo  stresses  that  high  network 
connectedness  (repeated  use  of  the  same  gene  in  many  contexts)  constrains  coding  sequence 
change  as  it  would  lead  to  negative  pleiotropic  effects.  We  suggest  that  in  the  adult  animal,  the 
converse  is  true:  genes  with  low  network  connectedness  (TRGs  and  tissue-specific  conserved 
genes)  underlie  novel  phenotypes  by  rapidly  changing  in  coding  sequence  to  perform  new 
specialized  functions. 
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Abstract  text: 


Introduction:  The  evolution  of  sociality  involves  stark  phenotypic  divergence  of  reproductive 
individuals  and  their  social  helpers.  Adaptive  evolution  in  social  organisms  can  proceed  through 
direct  selection  on  mutations  that  influence  traits  in  reproductive,  or  through  indirect  kin- 
selection  on  mutations  that  influence  traits  of  their  sterile  helpers.  Although  most  theories  for  the 
evolution  of  sociality  focus  on  the  evolution  of  helping  via  kin-selection,  we  know  little  about 
the  relative  strength  of  direct  and  indirect  selection  in  social  organisms,  and  how  both  are 
influence  by  the  stage  and  context  of  social  evolution. 

Methods:  We  used  comparative  population  genomics  to  quantify  the  relative  strength  of  direct 
and  indirect  selection  in  the  advanced  eusocial  honey  bees  and  their  closely  related  but 
primitively  eusocial  bumblebees 

Results/Conclusion:  We  found  little  overlap  between  specific  genes  and  functional  gene  groups 
with  signatures  of  positive  selection  in  honey  bees  and  bumblebees,  indicating  that  sociality  does 
not  lead  to  correlated  changes  in  adaptive  evolution.  We  uncover  a  fundamental  difference  in  the 
relative  strength  of  direct  and  indirect  selection  in  the  advanced  eusocial  honey  bees  and  their 
closely  related  but  primitively  eusocial  bumblebees. 
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Abstract  text: 

Introduction:  Phenotypic  plasticity  is  one  of  the  hallmarks  of  eusociality,  and  may  have  played  a 
causative  role  in  its  evolutionary  origins.  The  evolutionary  transition  from  a  solitary  lifestyle  to 
eusocial  societies  may  have  been  facilitated  by  phenotypic  plasticity  induced  by  cues  that  newly 
emerging  females  receive  from  the  social  environment. 


Methods:  We  are  testing  the  role  of  socially-induced  plasticity  in  the  evolutionary  origins  of 
social  behavior  in  bees  using  the  comparative  method. 

Results/Conclusion:  We  will  present  results  of  experiments  designed  to  induce  plasticity  of 
behavioral,  physiological,  and  molecular  phenotypes  representative  of  social  castes  in  a 
facultatively  eusocial  bee  and  a  closely  related  solitary  bee,  which  is  representative  of  the 
ancestral  condition.  Results  will  reveal  how  cues  from  the  social  environment  influence  plasticity 
and  the  role  plasticity  plays  as  a  driver  of  social  evolution. 
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Abstract  text: 

Introduction:  The  evolution  of  eusociality  can  be  defined  as  a  series  of  shifts  in  the  behavioural 
plasticity  of  individuals,  from  highly  flexible  generalists  to  inflexible  specialists.  Determining 
the  proximate  limits  to  plasticity,  especially  in  the  simplest  societies  that  represent  the  early 
stages  of  eusocial  evolution,  is  fundamental  to  our  understanding  of  the  ultimate  basis  of 
eusociality. 

Methods:  Here  we  link  behavioural  manipulation  experiments  with  transcriptomic  analyses  to 
examine  the  limits  of  plasticity  in  eusocial  wasp  societies  with  simple,  plastic  castes.  By 
removing  focal  individuals  of  known  behaviours,  we  force  individuals  to  shift  behavioural  roles, 
examine  their  phenotypic  success  in  doing  so,  and  track  the  accompanying  changes  in  gene 
expression  using  RNAseq  analyses  of  brain  tissue. 

Results/Conclusion:  Our  data  suggest  that  plasticity  is  more  limited  that  previous  thought  in 
these  simple  societies.  Previous  life  experience  and  age  are  key  phenotypic  traits  that  may  be 


responsible  for  imposing  these  limits  and  we  identify  associated  candidate  genes  that  may  be 
limiting  plasticity.  We  discuss  how  a  gene-to-phenotype  approach  can  offer  rich  rewards  in  our 
understanding  of  proximate  mechanisms  that  shape  eusocial  evolution. 
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Abstract  text: 

Introduction:  The  sterile  worker  caste  in  social  insects  is  the  archetypal  example  of  reproductive 
altruism  that  initially  puzzled  Darwin  and  spurred  Hamilton  to  develop  kin  selection  theory. 
Despite  the  longstanding  focus  of  social  evolution  theory  on  the  evolution  of  insect  societies,  as 
well  as  the  explicitly  genetic  focus  of  social  evolution  theory,  a  disconnect  remains  between 
social  evolution  theory  and  sociogenomic  data. 

Methods:  Using  RNA  sequencing,  we  characterized  gene  expression  profiles  of  all  functional 
classes  of  individuals  in  pharaoh  ant  ( Monomorium  pharaonis )  colonies  across  a  time  series  in 
colonies  that  were  producing  only  new  workers  or  new  workers  and  new  sexuals.  We  combined 
this  large  functional  genomic  dataset  with  a  population  genomic  dataset  to  identify  how 
molecular  evolution  is  associated  with  gene  function  within  pharaoh  ant  societies. 

Results/Conclusion:  I  will  discuss  our  results  in  the  context  of  simple  predictions  from  social 
evolution  theory,  and  I  will  discuss  how  theory  can  be  further  extended  to  better  interface  with 
the  ongoing  flood  of  social  insect  sociogenomic  data. 
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Introduction:  Intraspecific  variability  in  social  organization  is  common,  yet  the  underlying  causes 
are  rarely  known.  In  the  fire  ant  Solenopsis  invicta,  whether  a  colony  accepts  only  one  or  up  to 
hundreds  of  queens  is  under  the  control  of  two  variants  of  a  single  Mendelian  genomic  element. 
We  recently  showed  that  this  genomic  element  is  a  large  “supergene”  region  (>20Mb,  55%)  of  a 
pair  of  heteromorphic  chromosomes,  hereafter  “social  chromosomes”.  Similar  social 
polymorphisms  convergently  evolved  in  several  other  ant  species  including  the  alpine  ant 
Formica  execta.  Intriguingly,  the  genetic  architecture  underlying  these  social  polymorphisms  is 
similar  to  that  observed  in  S.  invicta :  large  non-recombining  social  chromosomes.  However, 
despite  convergence  at  level  of  phenotype  and  genetic  architecture,  the  social  chromosomes 
show  no  detectable  similarity  in  gene  content. 

Methods:  We  use  population  genomic  and  phylogenomic  approaches  to  examine  the  contrasting 
evolutionary  forces  affecting  social  chromosome  variants  and  identify  similarities  and 
differences  with  the  sex  chromosomes. 

Results/Conclusion:  Our  findings  are  consistent  with  theoretical  predictions  regarding  the 
importance  of  supergenes  in  evolution,  suggesting  that  selection  for  reduced  recombination 
between  particular  favorable  allelic  combinations  may  underlie  additional  phenotypic  changes 
including  other  major  social  transitions. 
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Abstract  text: 

Introduction:  Kin  selection  theory  predicts,  in  some  cases,  intragenomic  conflict  between  genes 
inherited  from  the  mother  (matrigenes)  and  the  father  (patrigenes)  in  sexually  reproducing 
organisms.  This  conflict  can  arise  when  the  distribution  of  matrigenes  and  patrigenes  across 
group  members  is  uneven.  Classic  examples  include  conflict  over  offspring  growth  in  mammals 
and  plants,  in  cases  where  the  mother  can  mate  multiply.  In  these  cases,  the  matrigenes  favor 
even  distribution  of  maternal  resources  across  all  offspring,  while  patrigenes  favor  traits  which 
exploit  maternal  resources.  The  kinship  theory  of  intragenomic  conflict  is  little  tested  in  other 
contexts,  but  it  predicts  that  matrigene-patrigene  conflict  may  be  rife  in  social  insects. 

Methods:  We  tested  the  hypothesis  that  honey  bee  worker  reproduction  is  promoted  more  by 
patrigenes  than  matrigenes  by  comparing  across  9  reciprocal  crosses  of  two  distinct  genetic 
stocks.  We  examined  parent-of-origin  effects  on  traits  related  to  reproductive  physiology  and 
transcriptional  regulation  of  matrigenes  and  patrigenes  in  the  hybrid  offspring. 

Results/Conclusion:  As  predicted,  hybrid  workers  show  reproductive  trait  characteristics  of  their 
paternal  stock,  indicating  enhanced  activity  of  the  patrigenes  on  these  traits,  greater  patrigenic 
than  matrigenic  expression,  and  significantly  increased  patrigenic  biased  expression  in 
reproductive  workers.  These  results  support  both  the  general  prediction  that  matrigene-patrigene 
conflict  occurs  in  social  insects  and  the  specific  prediction  that  honey  bee  worker  reproduction  is 
driven  more  by  patrigenes.  We  will  also  discuss  applications  of  this  theory  to  other  contexts. 
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Abstract  text: 

Introduction:  Incipiently  social  species  offer  important  insights  into  the  evolution  of  eusociality. 
The  small  carpenter  bees,  genus  Ceratina ,  provide  a  unique  opportunity  to  study  the  evolution 
and  maintenance  of  social  complexity  in  a  group  benefitting  from  detailed  behavioral  studies  and 
a  well-established  phylogeny.  Species  range  from  solitary  to  eusocial  and  highlight  the 
importance  of  molecular  phylogeny  for  understanding  the  role  of  phylogenetic  inertia  on  the 
molecular  evolution  underlying  social  phenotypes. 

Methods:  Here  I  provide  transcriptomic  and  genomic  data  for  the  small  carpenter  bee,  Ceratina 
australensis.  This  species  is  of  special  interest  because  it  is  incipiently  social  and  in  the  same 
family  as  the  highly  eusocial  honey  bee,  Apis  mellifera. 

Results/Conclusion:  C.  australensis  females  are  facultatively  social,  which  provides  a  natural 
experiment  to  compare  solitary  and  social  behavior  in  sympatry.  I  use  gene  expression  data  from 
solitary  and  social  females  to  examine  the  genetic  basis  of  dispersal,  foraging,  and  reproduction 
in  incipient  insect  societies.  I  also  detected  some  similarity  to  caste-related  gene  expression 
patterns  in  highly  eusocial  honey  bees,  and  uncovered  changes  in  gene  expression  that 
accompany  shifts  in  age  and  social  experience. 
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Introduction:  Novel  phenotypes  arise  from  changes  in  regulation  of  pre-existing  genes,  the 
evolution  of  novel  genes,  and/or  a  combination  of  both  mechanisms.  A  distinct  worker  caste 
represents  a  novel  body  plan  that  arose  simultaneously  with  eusociality.  Most  studies  that  have 
compared  worker  and  queen  gene  expression  have  identified  many  differentially  expressed 
genes,  but  have  only  included  one  or  a  limited  number  of  developmental  stages.  Across  species 
comparisons  have,  by  in  large,  failed  to  find  shared  genes  that  are  biased  in  expression  between 
castes  -  instead  the  findings  show  shared  processes. 

Methods:  Using  the  red  harvester  ant,  Pogonomyrmex  barbatus,  we  did  RNAseq  across 
developmental  stages  for  both  worker  and  queen  castes.  We  also  collected  and  compared  other 
RNAseq  datasets  from  data  repositories  across  insects. 

Results/Conclusion:  The  majority  of  genes  in  the  harvester  ant  are  not  consistent  in  caste  bias 
over  development,  supporting  a  limited  role  of  caste-specific  genes  in  caste  determination.  On 
the  other  hand,  we  found  a  set  of  genes  in  a  conserved  cluster  that  are  worker  biased  in  all  stages 
measured,  and  further,  that  have  conserved  worker-biased  expression  across  multiple  origins  of 
sociality.  Comparative  transcriptomic  data  suggest  that  these  genes  may  have  been  co-opted  for 
pupal  development  during  the  evolution  of  the  Holometabola,  and  further  co-opted  during  the 
evolution  of  the  worker  caste  (multiple  independent  times).  These  data  support  a  limited  role  for 
caste-specific  genes,  and  suggest  that  a  group  of  genes  have  repeatedly  been  recruited  into  novel 
phenotypes  that  are  ecologically  and  evolutionarily  important,  holometabolous  development  and 
sociality. 
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Introduction:  Few  study  systems  have  provided  more  empirical  fuel  for  social  theory 
than  Polistes  paper  wasps.  These  wasps  live  in  conspicuous,  open  colonies  consisting  of 
relatively  few  large,  charismatic  individuals;  their  behavior  exhibits  an  intriguing  mix  of  conflict 
and  cooperation,  representing  an  “intermediate”  form  of  sociality  sometimes  called  “primitive 
eusociality”.  Polistes  social  behavior  has  inspired  inquiry  both  into  mechanistic  hypotheses  about 
the  evolution  of  sociality  from  underlying  phenotypic  plasticity  (e.g.  “groundplan  hypotheses”) 
as  well  as  provided  key  tests  of  the  predictions  of  kin  selection  theory. 

Methods:  In  recent  years  with  the  advent  of  the  genomic  era,  these  wasps  have  also  become 
tractable  genetic  and  genomic  model  systems.  We  have  conducted  a  combination  of  sequencing- 
based  approaches  (including  de  novo  whole  genome  sequencing,  transcriptomic  comparisons, 
and  epigenetics)  and  experimental  studies  involving  manipulations  of  genetic  elements  (through 
RNA-interference  and  pharmacological  treatments)  and  environmental  characters  (such  as  the 
nutritional  and  social  environment)  on  several  species  of  Polistes  wasps. 

Results/Conclusion:  I  will  provide  an  overview  of  the  insights  that  have  been  gleaned  by 
integrating  hypothesis-driven  genomic  studies  on  naturally-occurring  behavior  in  Polistes  wasps 
with  hypotheses  related  to  the  evolution  of  sociality.  I  will  also  discuss  new  and  unexplored 
opportunities  for  extending  these  genomic  studies  of  social  wasps  in  a  more  comparative 
framework  and  to  a  broader  array  of  theoretical  questions. 
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Abstract  text: 

Introduction:  One  remarkable  feature  of  eusociality  is  reproductive  division  of  labor.  A  single 
genotype  can  generate  both  queens  and  workers,  and  this  striking  phenotypic  plasticity  is 
regulated  by  environmental  influences  during  development.  While  there  is  good  understanding  of 
the  mechanisms  of  queen-worker  differentiation  in  highly  eusocial  insects,  we  know  less  about 
its  evolution.  As  a  consequence,  it  is  unclear  whether  multiple  independent  origins  of  eusociality 
involved  similar  pathways  or  lineage-specific  mechanisms.  Bees  exhibit  rich  social  diversity  and 
several  independent  origins  of  eusociality,  providing  opportunities  to  utilize  genomic  approaches 
for  evolutionary  analyses.  Additionally,  some  bees,  such  as  Megalopta  genalis ,  are  facultatively 
eusocial  and  may  thus  represent  transition  points  in  the  evolution  of  eusociality. 

Methods:  We  previously  assembled  a  developmental  transcriptome  for  Megalopta  genalis , 
allowing  for  detailed  examination  of  gene  expression.  Next  we  removed  queens  from  nests, 
stimulating  workers  to  become  reproductively  active  replacement  queens.  Here  we  present 
changes  in  brain  and  abdominal  gene  expression  associated  with  this  shift  in  behavior,  and 
compare  gene  expression  between  solitary  reproductives,  queens,  non-reproductive  workers,  and 
replacement  queens. 

Results/Conclusion:  We  report  on  genes  putatively  involved  in  the  regulation  of  foraging, 
reproduction,  and  social  interactions  with  nestmates.  We  also  compare  our  findings  to  those  from 
other  lineages  to  ask  whether  there  is  overlap  in  the  genes  underlying  reproductive  division  of 
labor  across  independent  evolutionary  origins  of  eusociality. 
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Introduction:  Mangroves,  the  forested  wetlands  guarding  the  seashores  of  equatorial  and  tropical 
coasts,  are  gaining  more  importance  in  the  wake  of  the  many  natural  calamities  and  climate 
changes  happening  all  over  the  world.  Mangroves  in  the  west  coast  of  India  are  fast  depleting 
due  to  manifold  reasons,  both  natural  and  anthropogenic. 

Methods:  Studies  were  conducted  to  investigate  the  insect-plant  relationships  and  the  role  played 
by  insects  in  mangrove  conservation.  Floral  morphology,  flowering  season,  different  floral 
phenomena  and  pollination  biology  were  studied  through  various  field  experiments.  Diversity  of 
flower  visiting  insects  and  their  visitation  dynamics  in  mangrove  species  belonging  to 
Rhizophoraceae,  Sonneratiaceae  and  Avicenniaceae  were  studied  in  detail  for  documentation  of 
major  pollinators. 

Results/Conclusion:  625  species  of  insects  belonging  to  diverse  orders  and  with  diverse  roles 
were  documented.  Insects  play  many  roles,  among  which  their  role  as  pollinators  is  the  most 
noteworthy.  The  flower  visitors/pollinators  were  mainly  from  the  orders  Hymenoptera,  Diptera, 
Lepidoptera  and  Coleoptera.  23  species  of  insects  belonging  to  15  families  were  documented 
from  the  flowers  of  Avicennia  officinalis  L.,  1 1  species  were  observed  on  Rhizophora  mucronata 
L.  and  8  species  on  Sonneratia  caseolaris  L.  Engler.  The  study  revealed  that  S.  caseolaris  and  A. 
officinalis  offer  both  nectar  and  pollen  to  the  visitors.  R.  mucronata  has  no  nectar  and  huge 
amounts  of  pollen  serve  as  reward  in  this  species.  Study  revealed  that  A.  officinalis  can 
reproduce  through  both  cross  pollination  and  selfmg,  while  self  pollination  in  R.  mucronata  and 
predominance  of  cross  pollination  in  S.  caseolaris  was  evident. 
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Abstract  text: 


Introduction:  Division  of  labour  is  fundamental  to  colony  organisation  in  social  bees.  The 
Western  honey  bee  Apis  mellifera  is  a  popular  model  for  studies  of  collective  behaviours  and 
task  differentiation.  Other  honeybee  species,  however,  have  been  investigated  less  thoroughly, 
although  they  constitute  the  most  important  class  of  pollinators  in  the  tropics. 

Methods:  We  examined  the  ontogeny  of  behaviours  in  workers  of  the  Eastern  honey  bee  (Apis 
cerana)  in  South  India  and  compared  it  with  the  behavioural  development  documented  for  A. 
mellifera  workers  in  temperate  areas  of  the  Northern  hemisphere.  The  tropical  A.  cerana  differs 
from  the  temperate  A.  mellifera  in  the  overall  colony  size  and  is  exposed  to  a  different  pattern  of 
seasonality  in  floral  resources  and  abiotic  conditions.  We  hypothesised  that  these  differences 
could  impact  on  the  behavioural  development  and  division  of  labour  in  A.  cerana. 

Results/Conclusion:  From  their  enclosure,  marked  bees  were  tracked  for  the  onset,  duration  and 
overlap  in  behavioural  repertoires  inside  the  colony  at  an  early  age  and  in  older  bees  with  respect 
to  their  task  specialisation  in  pollen  and  nectar  foraging.  The  adaptive  value  of  differences  in  key 
behaviours  and  consequences  for  pollination  in  the  Indian  tropics  will  be  discussed. 
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Introduction:  Pollination  and  soil  fertility  are  important  ecosystem  services  to  agriculture  but 
their  relative  roles  and  potential  interactions  are  poorly  understood. 

Methods:  We  explored  the  combined  effects  of  pollination  and  soil  fertility  in  sunflower  using 
soils  from  a  trial  characterized  by  different  long-term  input  management  in  order  to  recreate 
plausible  levels  of  soil  fertility.  Pollinator  exclusion  was  used  as  a  proxy  for  highly 
eroded  pollination  service. 


Results/Conclusion:  Pollination  benefits  to  yield  depended  on  soil  fertility,  i.e.  insect  pollination 
enhanced  seed  set  and  yield  only  under  higher  soil  fertility,  indicating  that  limited  nutrient 
availability  may  constrain  pollination  benefits.  Our  study  provides  evidence  for  interactions 
between  above  and  below  ground  ecosystem  services,  highlighting  the  crucial  role  of  soil  fertility 
in  supporting  agricultural  production  not  only  directly,  but  also  indirectly  through 
pollination.  Management  strategies  aimed  at  enhancing  pollination  service  might  fail 
in  increasing  yield  in  landscapes  characterized  by  high  soil  service  degradation.  A 
comprehensive  knowledge  about  service  interactions  is  therefore  essential  for  a  correct 
management  of  ecosystem  services  in  agricultural  landscapes. 
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Introduction:  The  concept  of  butterfly  gardening  is  to  create  a  natural  habitat  where  butterflies 
are  harboured  along  with  host  and  nectar  plants.  Such  a  habitat  not  only  helps  to  conserve  the 
butterfly  fauna,  but  also  provides  educational  opportunities  to  the  public.  Butterfly  gardens 
attract  the  public  and,  in  natural  habitats,  they  help  to  promote  ecotourism  activities. 

Methods:  A  survey  of  butterfly  fauna  was  conducted  in  the  study  area  comprising  of  Kudremukh 
National  Park,  and  the  Mookambika  and  Someshwara  Wildlife  Sanctuaries  in  Central  Western 
Ghats  of  Karnataka  in  India.  Study  on  the  distribution  and  relative  abundance  of  butterflies 
occurring  in  these  areas  was  conducted  through  random  sampling.  Fluctuations  in  butterfly 
population  with  change  of  seasons  across  various  forest  types  were  also  studied.  The  role  of 
butterflies  in  providing  ecosystem  services  were  also  studied.  The  tourism  potential  and  role  of 
butterfly  gardens  in  the  development  of  ecotourism  infrastructure  in  the  Central  Western  Ghats 
was  ascertained  by  structured  questionnaires. 

Results/Conclusion:  Distribution  of  butterfly  species  and  the  tourism  potential  in  the  Kudremukh 
National  Park,  Mookambika  Wildlife  Sanctuary  and  Someshwara  Wildlife  Sanctuary 
were  documented.  A  protocol  for  creation  of  butterfly  gardens  was  evolved  and  tested.  Candidate 
species  suitable  for  butterfly  gardens  and  parks  were  selected  after  working  out  the  biology  of  a 
few  species  of  butterflies  and  observation  of  their  behaviour  in  the  field. 
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Introduction:  The  Western  Ghats  of  India  is  one  among  the  3  biodiversity  hotspots  in  the 
country.  However,  very  few  studies  have  been  made  on  the  insect  diversity  of  this  region. 


Methods:  During  2013  to  2014,  a  reconnaissance  survey  was  made  on  the  insect  diversity  of  2 
protected  areas  situated  in  the  Idukki  district  of  Kerala  viz.,  the  Idukki  Wildlife  Sanctuary 
(altitude  ranging  from  450  to  1,272  m)  and  Pampadum  Shola  National  Park  (altitude  ranging 
from  1,886  to  2,531  m). 

Results/Conclusion:  Altogether,  339  species  belonging  to  7  orders  were  recorded  from  the  Idukki 
Wildlife  Sanctuary  and  191  species  from  Pampadum  Shola  National  Park.  Maximum  number  of 
species  recorded  belonged  to  Lepidoptera  followed  by  Orthoptera,  Coleoptera  and  Hymenoptera. 
An  examination  of  the  feeding  guilds  of  the  species  recorded  in  this  study  indicate  that  maximum 
number  of  species  were  herbivores  followed  by  pollinators,  predators  and  parasites.  Although 
both  the  study  sites  were  more  or  less  undisturbed  tropical  evergreen  forests,  the  former 
contained  more  number  of  species,  probably  due  to  its  diversified  habitats.  In  the  latter,  much  of 
the  areas  were  of  montane  temperate  type.  The  ecological  significance  of  insects  recorded  from 
the  2  areas  are  discussed  and  compared  with  reference  to  their  altitudinal  gradients  and 
vegetation  types. 
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Abstract  text: 

Introduction:  Vector-borne  pathogens  need  to  avoid  insect  and  host  immune  defenses,  and  can 
in  some  cases  modify  their  eukaryotic  partner  to  their  advantage.  Therefore,  a  molecular  dialog 
occurs  between  the  pathogen  and  the  vector  or  the  host.  Until  recently,  all  efforts  focused  on 
characterizing  only  one  side  of  the  interaction  each  time,  but  advances  in  omics  approaches  are 
allowing  for  the  first  time  to  investigate  at  a  high-throughput  level  these  molecular  interactions. 
We  are  investigating  the  transcriptomic  dialog  between  psyllids  and  Liberibacter. 

Methods:  We  use  transcriptomic  analyses  combined  with  bioassays  to  elucidate  the 
transcriptomic  dialog  between  the  vector  and  two  Liberibacter  haplotypes. 


Results/Conclusion:  Association  with  Liberibacter  results  in  profound  changes  in  psyllid  gene 
expression.  Interestingly,  significant  changes  in  immune-  and  reproduction-related  genes  were 
identified.  Those  gene  expression  regulations  can  be  associated  with  changes  in  psyllid  fecundity 
when  they  are  associated  with  the  bacterial  pathogen.  Similarly,  presence  of  Liberibacter  also 
affects  other  insect  bacterial  endosymbionts  which  can  in  turn  affect  psyllid  fitness.  By 
exploiting  the  pathogen  genetic  diversity  we  are  unravelling  the  mechanisms  of  psyllid- 
Liberibacter  interaction. 
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Abstract  text: 

Introduction:  One  of  the  most  spectacular  phenomena  in  biology  is  the  complete  hijacking  of 
hosts  by  parasites  such  that  these  hosts  become  ‘zombies’  destined  to  advance  survival  of  the 
parasites.  Phytoplasmas  are  obligate  intracellular  bacterial  parasites  of  plants  that  induce 
dramatic  changes  in  plant  development,  including  proliferation  of  stems  (witch’s  brooms)  and 
the  reversion  of  flowers  into  leaf-like  structures  (phyllody). 

Methods:  We  use  genetic  and  molecular  methods  combined  with  bioassays  for  plant- insect 
interactions  to  study  the  mechanistic  basis  of  how  plant  pathogenic  bacteria  modulate  host  plant 
biology  and  plant-herbivore  interactions. 

Results/Conclusion:  Phytoplasmas  produce  two  virulence  proteins  (effectors),  named  SAP1 1  and 
SAP54,  that  promote  the  degradation  of  plant  TCP  and  MADS-box  transcription  factors, 
respectively,  thus  altering  leaf  and  flower  development.  In  addition,  SAP1 1  and  SAP54  also 
convert  plants  into  more  attractive  hosts  for  egg  laying  and  reproduction  of  phytoplasma  insect 
vector,  the  aster  leafhopper  ( Macrosteles  quadrilineatus  Forbes,  Cicadellidae).  Phytoplasmas 
depend  exclusively  on  sap-feeding  hemipteran  insects  for  transmission  to  plants.  Targeting 
conserved  plant  proteins,  such  as  MTFs  and  TCPs,  by  phytoplasma  effectors  may  enable  the 
phytoplasma  parasites  to  infect  a  broad  range  of  plant  species.  Compatibility  of  phytoplasmas 
with  multiple  plant  species  is  essential  for  transmission  by  polyphagous  insect  species  in  the 
genus  Macrosteles.  Therefore,  turning  plants  into  superior  hosts  for  insect  colonisation  via 
secretion  of  specialised  effector  molecules  is  a  remarkable  adaptation  of  phytoplasma  to  facilitate 
its  spread  in  nature. 
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Abstract  text: 


Introduction:  The  identification  of  vector  proteins  that  interact  with  circulative  plant  viruses  is 
technically  challenging  and  a  major  goal  for  the  plant  vector  biology  field.  Such  information  is 
critical  to  develop  novel  strategies  that  block  virus  transmission  by  insects.  Myzus  persicae 
transmits  viruses  in  the  Luteoviridae,  including  the  Potato  leafroll  virus  (PLRV,  genus 
Polerovirus ),  in  a  circulative  manner.  This  presentation  will  highlight  our  efforts  to  identify  M. 
persicae  proteins  that  interact  with  PLRV  using  proteomics  technologies. 

Methods:  Previously,  we  optimized  an  affinity  purification  coupled  to  high-resolution  mass 
spectrometry  (AP-MS)  approach  to  capture  and  identify  PLRV-plant  protein  complexes  from 
living,  virus-infected  mesophyll  and  phloem  tissue.  Here,  we  applied  the  workflow  to  rapidly 
isolate  PLRV-aphid  protein  complexes  from  viruliferous  aphid  tissues.  The  functions  of  these 
virus-interacting  aphid  proteins  in  virus  acquisition,  virus  transmission  and  aphid  biology  were 
probed  using  a  variety  of  microscopic,  cellular  and  biochemical  approaches. 

Results/Conclusion:  Preliminary  results  show  two  aphid  proteins,  a  heat  shock  protein  68 
(HSP68)  and  an  ortholog  of  C1QBP,  a  multicompartmental  protein  involved  in  inflammation  and 
virus  infection  in  humans,  were  enriched  in  affinity  purifications  from  viruliferous  aphids. 
Replicate  experiments  are  in  progress  to  boost  the  statistical  confidence  of  other  PLRV- 
interacting  aphid  proteins.  HSP68  expression  was  diffusely  localized  throughout  the  gut  during 
development,  C1QBP  mRNA  was  localized  to  punctate  spots  in  the  cytoplasm  of  mid-gut  cells, 
the  site  of  PLRV  gut  transcytosis,  and  uniformly  in  the  bacteriocytes  of  developing  embryos. 
Ongoing  experiments  are  further  investigating  the  localization  and  role  of  these  proteins  in 
PLRV  transmission. 
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Abstract  text: 


Introduction:  Tomato  yellow  leaf  curl  virus  (TYLCV)  is  an  important  plant  virus  transmitted  by 
the  whitefly  Bemisia  tabaci  in  a  persistent-circulative  and  propagative  manner.  TYLCV  is 
transovarially  and  sexually  transmitted  and  is  associated  with  the  whitefly  for  its  entire  life.  The 
virus  further  reduces  fecundity,  fertility  and  lifespan  of  B.  tabaci  and  alters  the  expression  of 
stress-  and  immunity-related  genes.  Those  interactions  suggest  the  involvement  of  insect  proteins 
in  the  response  to  the  virus  and  in  the  transmission  process. 

Methods:  We  have  used  several  approaches  including  gene  expression  analyses  upon  virus 
acquisition,  antibody  interference  and  transmission  experiments,  fluorescent  in  situ 
hybridization,  co-immunolocalization  with  TYLCV  and  RNA  interference  experiments  in  planta, 
to  search  for  insect  proteins  that  have  a  role  in  TYLCV  transmission  by  B.  tabaci. 

Results/Conclusion:  We  have  identified  two  proteins  that  have  a  role  in  the  transmission  of 
TYLCV  by  B.  tabaci.  Cyplophilin,  a  peptidyl-prolyl  isomerase  protein  that  facilitates  protein 
folding,  and  Cathepsin  D,  a  lysosomal  aspartyl  protease  that  have  many  roles  including 
degrading  polypeptides.  The  involvement  of  both  proteins  in  TYLCV  -  B.  tabaci  interactions 
was  verified  using  numerous  techniques.  Those  results  and  their  implications  in  developing 
better  means  for  vector-borne  disease  control  will  be  presented. 
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Introduction:  Ixodes  scapularis  is  the  highest  ranked  medically  important  tick  species  in  the 
United  States.  All  developmental  stages  feed  on  blood  and  play  a  role  in  enzootic  cycles  of  tick- 
borne  pathogens  (TBPs).  Immature  (larva  and  nymphs)  and  adult  ticks  are  biologically  different, 
in  terms  of  length  of  feeding  cycle  and  sexual  maturity.  However  they  share  the  need  to  feed  on 


host  blood.  Thus  the  goal  of  this  study  was  in  part  to  identify  tick  saliva  proteins  shared  by 
nymph  and  adult  ticks.  Tick  vaccines  targeting  some  of  these  proteins  could  be  effective  against 
all  tick  stages. 

Methods:  We  performed  RNA-seq  analysis  of  I.  scapularis  unfed  and  3  days  fed  nymphs,  with 
RNA  samples  prepared  in  three  biological  replicates.  -100  unfed  and  30  fed  nymphs  were 
processed  per  replicate.  Total  RNA  extracted  using  Trizol  and  purified  with  RNA  purification 
column,  was  submitted  to  rRNA  depletion,  prior  to  cDNA  libraries  preparation  and  next 
generation  sequencing.  De  novo  assembly,  expression  analysis,  and  contig  annotation  was 
performed  using  CLC  Genomics  Workbench  software.  Using  Integrated  Proteomics  Pipeline- 
IP2,  annotated  sequences  were  searched  for  matches  with  previously  established  I.  scapularis 
adult  saliva  peptide  database. 

Results/Conclusion:  In  this  study  we  describe  identification  of  I.  scapularis  tick  saliva  proteins 
present  in  nymph  and  adult  tick  stages.  Candidate  tick  saliva  proteins  that  induced  or  up 
regulated  in  response  to  feeding  are  described. 
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Abstract  text: 

Like  all  research  endeavors,  it  requires  thoughtful  experimental  design,  analytical  capacity,  and 
data  management  to  be  successful  and  answer  novel  biological  questions  at  large  and  small 
scales.  This  scientific  approach  requires  a  new  toolkit  to  engage  citizen  scientists  in  the  process 
in  a  meaningful  way  for  all  parties.  Here  we  present  multiple  successful  case  studies  in 
entomology  research  at  a  variety  of  scales  to  show  different  paths  on  how  to  make  their  own 
citizen  science  program  successful  and  to  establish  widely  used  protocols  for  this  type  of 
research.  This  symposium  integrates  the  knowledge  from  natural  history  collections  with  current 


online  database  approaches  in  ecology  by  showcasing  citizen  science  programs  in  museums, 
non-government  organizations  and  universities.  Together,  we  will  present  examples  of  best 
practices  in  data  collection,  management,  analyses  and  archiving  in  insect  big  data  science. 
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Abstract  text: 

The  Bees  ’  Needs  is  a  Citizen  Science  program,  begun  in  2013  and  run  through  the  University  of 
Colorado  Museum  of  Natural  History  in  Boulder,  Colorado.  This  project  is  designed  to  engage 
the  public  while  monitoring  the  abundance,  diversity,  and  nesting  habits  of  solitary  cavity¬ 
nesting  bees  and  wasps  across  Colorado’s  Front  Range.  The  goals  of  The  Bees  ’  Needs  include: 
determining  what  landscape  factors  affect  nesting,  educating  the  public,  and  increasing  nesting 
substrates  for  bees  and  wasps.  We  provide  each  of  our  Citizen  Scientists  with  a  standardized 
wooden  nesting  block  that  they  place  in  their  yard  and  monitor,  recording  data  on  completed 
nests  and  submitting  those  data  online.  Over  the  past  4  summers,  we  have  distributed  roughly 
1200  nesting  blocks,  obtained  data  on  over  10,000  nests,  and  identified  approximately  75 
morphospecies  of  nesting  bees,  wasps,  and  their  parasites.  These  data  form  the  basis  for  valuable 
biological,  ecological,  and  conservation  research,  and  enable  us  to  explore  nesting  patterns,  the 
conservation  value  of  nesting  blocks,  and  the  efficacy  of  our  education  methods. 
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Climate  warming  is  expected  to  alter  both  the  timing  and  distribution  of  many  insect  species. 
Such  shifts  will  likely  have  profound  impacts  on  agriculture  and  biodiversity  with  consequential 
economic  effects.  Natural  history  observations  by  citizen  scientists  have  the  potential  to 
document  the  distribution  and  abundance  of  species  in  places  where  systematically  collected 
monitoring  data  do  not  exist.  Here  I  discuss  the  analyses  and  results  from  butterfly  observations 
made  by  the  Massachusetts  butterfly  club  in  the  temperate  Northeastern  US  and  a  newer  effort 
now  underway  in  Alaska  from  data  collected  by  the  Alaska  Butterfly  Survey.  These  two  regions 
are  experiencing  very  different  climate  impacts  and  have  different  models  of  citizen  science 
interaction.  In  Massachusetts,  observations  are  non-invasive,  more  frequent,  and  focused  on  a 
much  smaller  area.  With  this  rich  dataset  we  can  detect  more  nuanced  changes  in  butterfly 
communities  and  show  a  gradual  northward  shift  of  the  entire  community.  In  Alaska,  efforts  are 
geared  around  specimen  collection  and  require  interactions  with  remote  communities  over  an 
area  60  times  larger  than  Massachusetts.  The  data  are  less  temporally  and  spatially  resolved,  but 
we  have  documented  several  major  range  expansions.  Our  results  suggest  changes  in  butterfly 
fauna  across  the  continent  with  a  northern  expansion  of  warm-adapted  species,  and  northward 
retractions  of  cold-adapted  species  at  their  southern  range  margins. 
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Abstract  text: 

From  2002-2007  citizen  scientists  helped  to  document  the  status  of  Vermont  butterflies.  Despite 
their  lofty  status  among  the  insects,  there  was  no  atlas  of  their  distribution  and  no  conservation 
assessment  for  butterflies.  Obtaining  complete  survey  coverage  of  this  rural  and  mountainous 
state  was  challenging.  Participation  generally  followed  Pareto's  Law  (80/20  law),  with  the 
majority  of  the  data  submitted  by  a  very  active  subset.  We  focused  our  outreach  and 
encouragement  on  this  group  of  citizen  scientists.  Having  the  majority  of  data  submitted  by 
committed  users  helps  maintain  high  data  quality,  an  understanding  of  best  field  practices,  as 
well  as  a  strong  investment  in  the  community.  We  amassed  36,121  records  representing  103 
species.  A  total  of  149  people  contributed  records,  but  the  top  20  observers  submitted  -80%  of 
records,  with  13  individuals  tallying  over  1,000  records  and  four  observers  compiling  over  2,000 
records.  This  effort  added  12  species  to  the  state  faunal  list  and  provided  data  for  a  conservation 
list  that  included  16  species  of  greatest  conservation  need.  We  used  a  similar  approach  to  atlas 
Bombus  in  Vermont.  Of  the  17  species  known  to  have  occurred  in  Vermont,  5  are  missing.  Three 
formerly  common  species  are  now  legally  listed  as  threatened  and  endangered.  Nearly  half  of  the 
species  have  dramatically  declined.  These  atlases  helped  to  build  a  community  of  watchers 
across  the  state  that  have  continued  to  document  occurrences  in  Vermont  using  online  databases. 
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Abstract  text: 

As  the  planet's  human  population  becomes  increasingly  concentrated  into  urban  areas,  the  field 
of  urban  ecology  takes  on  a  growing  importance.  Biodiversity  in  urban  areas  has  significant, 
albeit  under-appreciated,  potential  to  influence  human  health  and  wealth  through  ecosystem 
products  and  services.  Additionally,  the  stability  of  ecosystem  services  in  urban  Southwest 


environments  is  expected  to  be  significantly  impacted  by  ongoing  global  change  in  climate  and 
land  use.  Many  citizens  have  expertise  in  biodiversity  and  conservation  and  are  ready  to  engage 
and  participate  in  such  research  endeavors.  Here  I  describe  a  butterfly  citizen  science  program 
conducted  across  Los  Angeles  that  aimed  to  understand  how  butterflies  are  distributed  across  an 
urban  landscape,  compare  traditional  Pollard  survey  techniques  with  Malaise  traps  as  measures 
of  butterfly  diversity,  and  guide  a  large  body  of  volunteers  in  the  process  of  scientific 
observation  and  data  gathering. 
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Abstract  text: 

Today’s  computing,  information,  and  communication  technologies  are  providing  novel 
opportunities  to  engage  the  public  in  insect  conservation  and  biodiversity  research.  Machine 
learning  algorithms  can  be  combined  with  human  computation  in  carefully  crafted  citizen 
science  programs  to  address  both  computational  and  biological  problems  beyond  previous 
scopes.  Of  particular  success  are  checklist  driven  biodiversity  observation  programs  such  as 
eBird  and  eButterfly  that  address  large  scale  questions  on  conservation  and  biodiversity  in  light 
of  global  change.  Here  we  describe  how  machine  learning  algorithms  can  be  leveraged  to 
generate  species-level  distribution  models  using  data  collected  by  4000  participants  of  the 
eButterfly  citizen  science  program  (presence/absence  data).  We  then  compare  these  models  to 
those  generated  by  museum  data  (presence  only  data).  Finally,  we  compare  these  separate 
models  to  a  combined  approach  to  leverage  the  benefits  of  both  data  models  to  understand  how 
butterfly  distributions  have  changed  in  space  and  time  in  light  of  global  change. 
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Migrating  insects  are  notoriously  difficult  to  track.  Small  body  sizes,  multiple  generations  per 
migration,  and  nocturnal  flight  behaviors  all  impede  our  understanding  of  how,  when  and  where 
insects  migrate.  Citizen  science  data  generated  by  natural  history  enthusiasts  and  recreationists 
can  be  a  successful  model  for  studying  migratory  insects.  Here  I  describe  how  we  are  using 
eButterfly  citizen  scientists  in  addition  to  museum  records  to  understand  monarch  butterfly  and 
milkweed  distribution  and  abundance  in  Canada  and  how  it  relates  to  a  continental  migration.  I 
will  explain  the  data  collection,  validation,  and  management  protocols  providing  insight  into  best 
practices  for  motivating  and  inspiring  a  large  group  of  people  to  engage  in  big  data  science. 
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Introduction:  The  importance  of  bees  to  the  integrity  of  ecosystems  is  well  known.  The  place 
conserved  areas  (e.g.  National  Park  Service  units,  other  national  monuments,  wilderness  areas) 
play  as  reservoirs  for  bee  populations  in  the  diverse  regions  of  the  Western  United  States  is  little 
known.  Here  we  address  two  questions  in  an  ecoregion  context:  1)  What  is  the  state  of 
knowledge  of  bees  in  protected  areas?  2)  To  what  extent  do  these  areas  conserve  the  bees  of  an 
ecoregion? 

Methods:  A  combined  dataset  of  >1.1  million  western  US  bee  records  (west  of  the  102nd 
meridian)  was  generated  from  data  in  GBIF  and  the  specimen  databases  of  the  American 
Museum  of  Natural  History,  University  of  California  Riverside,  and  the  US  National  Pollinating 
Insects  Database.  Georeferenced  specimen  records  were  assigned  to  ecoregion  and  land  usage: 
either  non-conserved  or  one  of  several  types  of  conserved  areas  using  IUCN  designations  {e.g. 
wilderness  area,  national  park,  habitat  management  area). 

Results/Conclusion:  Few  National  Park  Service  units  have  been  systematically  inventoried  for 
bees;  bee  communities  of  wilderness  areas  are  even  less  well  known;  ecoregions  vary 
significantly  in  the  degree  to  which  bee  data  is  lacking.  The  number  of  conserved  units  and  their 
combined  extent  differs  greatly  across  western  US  ecoregions,  as  does  the  extent  to  which  their 
bee  faunas  are  known.  The  few  well  sampled  conserved  areas  demonstrate  their  value  as 
repositories  of  ecoregion  bee  diversity.  Focused  comparisons  on  a  few  ecoregions:  Sierra 
Nevada,  South  Coast  Ranges,  Great  Basin,  Mojave  Desert,  and  Colorado  Plateau  highlight  these 
differences. 
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Introduction:  The  Interior  Highlands  is  a  biodiversity  hotspot,  with  at  least  200  known  endemic 
species,  but  is  understudied  compared  to  other  diverse  areas,  such  as  the  Southern  Appalachians. 

Methods:  A  nine-month  study  was  conducted  from  mid-March  through  early  December  at  a  4  ha 
site  in  Newton  County,  Arkansas.  Thirteen  collecting  methods  were  employed,  including 
Lindgren  funnel  traps,  pan  trap,  Malaise  traps,  canopy  traps,  pitfall  traps,  and  Berlese-Tullgren 
extraction  of  leaf  litter,  which  resulted  in  the  collection  of  131 1  samples  during  17  collection 
events.  Target  groups,  including  Formicidae,  Carabidae,  Cerambycidae,  Curculionoidea, 
Araneae,  Isopoda,  Mecoptera,  Phasmida,  Vespidae,  Ixodidae,  Phalangodidae,  and  select 
Diplopoda  and  Orthoptera  were  identified. 

Results/Conclusion:  This  resulted  in  47,481  specimens  representing  706  species  that  were 
curated  and  identified,  including  15  putatively  undescribed  species,  56  species  that  represented 
new  state  records,  and  15  non-native  species.  Pitfall  and  Malaise  traps  were  the  most  effective 
(define  here  as  collecting  the  most  species  with  fewest  samples)  combination  of  collection 
methods.  Extrapolated  rarefaction  curves  indicated  that  300-600  samples  were  required  per  trap 
type  (1000+  for  pitfall  traps)  before  species  accumulation  is  saturated. 
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Introduction:  Alfred  Kinsey  was  a  passionate  gall  wasp  (Hymenoptera:  Cynipidae)  collector 
amassing  a  collection  of  over  7  million  specimens.  The  information  contained  in  this  collection 
is  extremely  valuable  to  systematics  research  since  many  of  the  specimens  are  from  Mexico,  one 
of  the  most  species  rich  and  understudied  regions  for  gall  wasps.  The  Kinsey  collection  is  a  great 
example  of  the  continued  benefits  of  such  large  scale  collecting.  A  review  of  Disholcaspis  Dalla 


Torre  and  Kieffer,  one  of  the  larger  Nearctic  genera,  is  underway  and  the  Kinsey  collection  was 
the  logical  starting  place  for  such  collection  based  inquiries. 

Methods:  A  loan  of  approximately  5700  Disholcaspis  specimens  was  obtained  through  the 
American  Museum  of  Natural  History  to  investigate  current  species  and  Kinsey  manuscript 
names.  During  the  initial  search  through  the  Kinsey  collection,  relics  from  Kinsey’s  research 
years  were  discovered  that  document  his  work  in  the  field. 

Results/Conclusion:  Using  the  Kinsey  collection  specimens,  the  bequeathed  manuscript  names 
can  be  investigated.  Kinsey  made  mention  of  a  few  species  complexes  within  Disholcaspis ;  and 
the  gall  morphology,  which  is  so  well  documented  in  his  collection,  may  be  the  key  to 
understanding  his  hypotheses.  Sifting  through  his  contribution  to  entomology  will  take  many 
years  and  researchers  to  catalog.  Field  work  is  expensive  and  time  consuming,  but  the  specimens 
resulting  from  those  efforts  are  invaluable  to  the  researchers  that  utilize  those  specimens  years 
down  the  road. 
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Introduction:  The  recent  civil  unrest  in  Syria  has  forced  the  translocation  of  over  7.0  million 
refugees  into  Turkey  and  Jordan  who  require  humanitarian  assistance.  This  region  is  an  active 
focus  for  leishmaniasis,  caused  by  Leishmania  parasites  vectored  by  the  sand  fly  Phlebotomus 
papatasi  (Psychodidae:  Phlebotominae),  due  to  a  confluence  of  optimal  sand  fly  habitat, 
suboptimal  human  living  situations,  climatic,  and  unstructured  vector  control  efforts.  The 
prevalence  of  insecticide  resistance,  the  genetic  architecture,  and  the  possibility  for  gene  flow, 


has  not  been  investigated  in  P.  papatasi  populations  in  and  around  the  Syrian  refugees  in  Turkey 
and  Jordan. 

Methods:  Sand  fly  collections  will  be  carried  out  in  sites  along  the  Turkish- Syrian  and  Jordan- 
Syrian  borders  using  UV  LED  light  traps,  CDC  light  traps,  and  vacuum  aspirators.  Once 
identified,  50  P.  papatasi  from  each  location  sampled  will  be  stored  in  80%  ethanol  and  sent  to 
the  Bernhardt  Laboratory  at  Utah  State  University  for  insecticide  resistance  screening  and 
population  genetics  analyses.  DNA  from  individual  P.  papatasi  will  be  extracted,  sequenced,  and 
analyzed  using  a  genotype-by-sequencing  protocol. 

Results/Conclusion:  A  risk-map  framework  that  includes  the  barriers  and  corridors  to  gene  flow 
among  the  insecticide-susceptible  and  insecticide-resistant  populations  of  P.  papatasi  in  Turkey 
and  Jordan  will  be  developed.  This  map  will  have  important  epidemiological  significance 
because  it  will  allow  researchers  and  public  health  officials  in  the  region  to  determine  insecticide 
use  and  effectiveness.  This  will  have  positive  impacts  for  mitigating  the  spread  of  leishmaniasis 
transmission  in  these  countries  by  enabling  more  effective  sand  fly  control. 


Symposium 

Presentation  Title:  A  wasp’s  tale:  Understanding  the  present  by  revealing  the  past 
(Hymenoptera:  Chyphotidae,  Mutillidae,  and  Tiphiidae) 

Author  Name:  Emily  A.  Sadler 

Author  Institution:  Utah  State  University 

Session  Title:  Symposium:  Making  Species  Inventories  Work  for  You:  Diverse  Uses  Across 
Varied  Fields 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3747 
DOI:  10. 1603/ICE.2016. 109056 
Abstract  text: 

Introduction:  Nocturnal  wasps  in  the  family’s  Chyphotidae,  Mutillidae,  and  Tiphiidae 
(Hymenoptera)  are  endemic  to  the  New  World  with  the  majority  of  species  occurring  in  the 
southwestern  deserts  of  the  United  States.  We  have  done  large  collection  events  in  Joshua  Tree 
National  Park  and  the  Deming  Plains  in  order  to  understand  species  occurrence  and  their  current 
ranges.  We  go  one  step  further  to  use  these  data  in  a  comparative  approach  to  investigate 
biogeographical  hypotheses. 


Methods:  By  using  simple  light  traps  we  have  collected  thousands  of  specimens  across  the 
southwest  and  have  a  better  understanding  of  species  occurrence,  as  their  ranges  have  never  been 
documented  before  our  studies.  Using  all  three  families  we  take  a  comparative  approach  to 
investigate  what  past  geological  events  shaped  their  current  distributions  and  impacted  the 
phylogeographic  patterns  seen  today.  Bayesian  analysis  of  mitochondrial  data  and  nuclear  data 
were  completed  to  first  generate  a  phylogeny  for  each  group  examined.  Dates  of  major 
speciation  events  were  generated  using  the  program  BEAST  and  finally  ancestral  states  were 
reconstructed  using  the  program  RASP.  Shared  dates  of  divergence  were  compared  to  major 
historical  events,  both  climate  and  geological. 

Results/Conclusions:  Our  data  shows  that  by  using  all  three  families  together,  we  get  a  better 
understanding  of  the  history  of  not  only  the  wasps,  but  the  regions  they  occur.  We  discuss  which 
geological  events  were  important  to  the  speciation  of  these  wasps  and  the  deserts,  where  desert 
adapted  taxa  likely  originated  from,  and  examine  a  number  of  conflicting  hypotheses  on  desert 
origins. 
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Introduction:  Bumble  bees  ( Bombus  spp.)  are  important  native  pollinators  of  agricultural  crops 
and  wildland  plants.  However,  increased  production  of  mass-reared  bumble  bees  for  pollination 
has  prompted  concerns  of  pathogen  spillover  from  commercial  colonies  into  wild  populations. 
Despite  this  concern,  the  diversity,  distribution  and  prevalence  of  parasites  and  pathogens  within 
the  US  is  largely  unknown.  We  inventoried  symbionts  of  adult  bumble  bees  throughout  the 
continental  US  to  establish  foundational  knowledge  about  bumble  bee  health  threats  and  to  test 
the  pathogen-spillover  hypothesis. 


Methods:  We  sampled  adult  bees  (n>4000)  with  nets  from  multiple  sites  in  18  states,  aiming  to 
obtain  100  workers  or  males  (or  a  maximum  of  50  queens)  from  each  site  without  regard  to 
species.  Eleven  locations  included  a  site  with  a  known  history  of  commercial  bee  use  paired  with 
a  wild  site  nearby  with  no  such  history.  Each  bee  was  inspected  for  the  presence  of  external 
organisms,  then  dissected  and  screened  for  internal  parasites,  parasitoids  and  abnormal  tissues 
under  low  magnification  (10-40x).  Tissue  pathology  was  inspected  at  higher  magnification 
(400x)  on  a  subset  of  bees.  DNA  and  RNA  were  extracted  from  the  abdominal  contents  of  each 
bee  and  screened  for  viruses  and  pathogens  using  multiplex  PCR. 

Results/Conclusion:  Bumble  bees  are  hosts  to  a  wide  variety  of  viruses,  pathogenic 
microorganisms  and  arthropods.  Parasite  and  pathogen  prevalences  varied  among  bumble  bee 
species,  castes  and,  in  some  cases,  regions.  Our  results  provide  a  baseline  of  parasite  and 
pathogen  pressures  faced  by  bumble  bees  and  insight  into  the  potential  of  pathogen  spillover. 
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Introduction:  Phenology  is  integral  to  the  study  of  bee  life  history  and  ecology.  When  bees 
emerge  determines  what  floral  communities  they  encounter,  which,  in  turn,  determines  their 
fecundity.  For  agricultural  pollinators,  phenology  can  even  affect  crop  productivity. 
Unfortunately,  our  understanding  of  phenology  is  confounded  by  understudied  factors  such  as 
voltinism,  extended  diapause,  and  opportunistic  emergence.  Much  work  remains  to  truly 
understand  bee  phenology. 

Methods:  We  investigated  phenological  trends  using  elevation,  geography,  and  phylogenetic 
relationships  through  heavily-sampled  inventory  projects  and  total  data.  To  more  closely 
examine  phylogenetic  implications,  members  of  Anthophora  were  also  compared. 


Results/Conclusion:  Our  results  demonstrate  the  complexity  of  bee  phenology.  Though  general 
trends  were  apparent,  there  were  significant  exceptions.  Such  findings  may  be  partially  explained 
by  the  complexity  and  covariance  of  abiotic  measures  such  as  elevation,  geography,  rainfall,  and 
temperature.  From  a  phylogenetic  perspective,  different  species  of  Anthophora  exhibited 
markedly  different  phenological  patterns.  In  some  cases,  such  as  Anthophora  petrophila , 
phenological  differences  were  even  apparent  within  species.  It  is  clear  that  phenological 
generalizations  should  be  employed  cautiously,  and  species  are  better  examined  on  a  case-by- 
case  basis.  These  results  serve  to  reinforce  the  importance  of  inventories  as  not  only  baselines  for 
future  comparison,  but  also  a  way  to  fill  gaps  in  our  current  knowledge.  In  light  of  issues  such  as 
climate  change,  which  can  cause  phenological  mismatches  among  bees  and  flowers,  the  study  of 
phenology  will  only  become  more  important  with  time. 
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Introduction:  Biological  control  can  be  used  for  management  of  invasive  forest  pests  in  several 
ways:  1)  natural  enemy  conservation,  2)  biopesticides,  3)  augmentative  releases,  and  4)  classical 
biological  control. 

Methods:  The  major  focus  of  this  presentation  is  classical  biological  control,  which  involves 
foreign  exploration  for  specialized  natural  enemies  from  a  pest’s  native  range,  importation,  risk 
assessment,  regulatory  analyses,  and  if  approved,  their  release  and  studies  on  establishment  and 
impact. 

Results/Conclusion:  Projects  of  biological  control  against  seven  invasive  insects  will  be 
discussed:  gypsy  moth,  Lymantria  dispar  L.  (Lepidoptera:  Erebidae);  larch  casebearer, 


Coleophora  laricella  (Hiibner)  (Lepidoptera:  Coleophoridae);  hemlock  woolly  adelgid,  Adelges 
tsugae  Annand  (Hemiptera:  Adelgidae);  winter  moth,  Operophtera  brumata  L.  (Lepidoptera: 
Geometridae);  emerald  ash  borer,  Agrilus  planipennis  Fairmaire  (Coleoptera:  Buprestidae);  birch 
leaf-miner,  Fenusa  pusilla  (Lepeletier)  (Hymenoptera:  Tenthredinidae);  and  brown-tail  moth, 
Euproctis  chrysorrhoea  (L.)  (Lepidoptera:  Lymantriidae).  In  addition,  projects  of  biological 
control  against  six  invasive  plants  will  be  discussed:  mile-a-minute  weed,  Persicaria perfoliata 
(L.)  H.  Gross,  (Cary ophy Hales:  Polygonaceae);  St  John’s  wort,  Hypericum  perforatum  L. 
(Malpighiales:  Hypericaceae);  tansy  ragwort,  Senecio  jacobaea  Gaertn.  (Asterales:  Asteraceae); 
leafy  spurge,  Euphorbia  esula  L.,  (Malpighiales:  Euphorbiaceae);  spotted  knapweed,  Centaurea 
maculosa  Lam.  (Asterales:  Asteraceae);  and  toadflax,  Linaria  spp.,  (Lamiales:  Plantaginaceae). 
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Abstract  text: 

Introduction:  Successful  foreign  exploration  for  natural  enemies  can  be  both  challenging  and 
rewarding,  but  the  key  to  success  is  proper  planning.  Many  potential  challenges  can  be  avoided 
if  time  and  energy  are  spent  in  making  sure  all  the  pieces  are  in  place  for  a  successful  trip. 

Methods:  The  information  gathered  for  this  presentation  was  obtained  from  the  personal 
experiences  of  the  co-authors,  who  have  spent  many  years  conducting  foreign  exploration  in 
Asia  for  several  insect  pests. 

Results/Conclusion:  The  first  step  to  a  successful  biocontrol  program  is  to  secure  adequate 
funding  for  multiple  years  of  research.  Funding  must  cover  the  costs  of  travel,  transport  and 
processing  the  natural  enemies  received  in  quarantine,  and  most  importantly  for  collaboration 
with  local  scientists  who  can  collect  throughout  the  year.  Pre-travel  planning  also  includes 


obtaining  the  proper  import  and  export  permits,  passports,  letters  of  invitation,  visas,  and 
specialized  supplies  and  equipment  that  may  not  be  available  in  the  country  of  exploration.  It  is 
also  important  to  recognize  the  medical  risks  in  the  country  of  travel,  and  prior  to  departure, 
obtain  the  proper  immunizations,  medications,  and  a  portable  first  aid  kit  for  use  in  the 
field.  During  the  trip  one  should  account  for  jet-lag  as  well  as  well  as  safety  and  security 
concerns,  differences  in  language  and  the  possible  need  for  a  translator,  culture,  food,  drink 
(including  expectations  for  drinking  alcohol),  and  nearby  facilities  for  lodging,  research,  and 
emergency  medical  care. 
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Abstract  text: 

Introduction:  In  recent  decades,  China  has  suffered  severe  attack  by  native  and  invasive  forest 
pests,  and  research  to  manage  these  pests,  primarily  with  biological  control,  is  ongoing. 

Methods:  Integrated  management  of  forest  insect  pests  includes  mass  rearing  and  augmentative 
release  of  natural  enemies. 

Results/Conclusion:  The  invasive  fall  web  worm,  Hyphantria  cunea  (Drury)  (Lepidoptera: 
Arctiidae)  is  sustainably  controlled  by  rearing  and  releasing  a  native  gregarious  pupal 
endoparasitoid,  Chouioia  cunea  Yang  (Chalcidoidea:  Eulophidae),  and  spraying  HcNPV  virus 
against  the  larval  stages.  Pine  wilt  disease,  caused  by  the  invasive  pine  wood  nematode 
( Bursaphelenchus  xylophilus )  (Aphelenchida:  Aphelenchidae),  is  currently  the  number  one  pest 
in  China.  Its  management  strategy  involves  manipulating  populations  of  the  invasive  nematode 
vector,  Monochamus  alternatus  Hope  (Coleoptera:  Cerambycidae)  using  the  larval-pupal 
ectoparasitoid  Dastarcus  helophoroides  (Fairmaire)  (Coleoptera:  Bothrideridae),  the  most 


important  native  natural  enemy  in  Chinese  pine  forests.  The  invasive  red  turpentine 
beetle,  Dendroctonus  valens  (LeConte)  (Coleoptera:  Scolytidae),  is  suppressed  by  a  predator 
introduced  from  Belgium,  Rhizophagus  grandis  Gyllenhal  (Coleoptera:  Rhizophagidae),  through 
mass-rearing  and  augmentative  release.  The  native  mountain  oak  longhorned  beetle,  Massicus 
raddei  (Blessig)  (Coleoptera:  Cerambycidae),  damages  trunks  of  oaks,  mainly  Quercus 
liaotungensis  and  Q.  mongolicus  in  the  forests  of  northeast  China.  An  integrated  management 
technique  was  developed  to  control  this  beetle:  use  of  adult  black  light  traps;  release  of  the 
ectoparasitoid  Sclerodermus  pupariae  Yang  et  Yao  (Hymenoptera:  Bethylidae)  against  young 
larvae;  and  release  of  D.  helophoroides  eggs  and  adults  against  mature  larval  and  pupal  hosts.  By 
applying  the  technique  in  forests  for  five  years,  this  longhorned  beetle  has  been  controlled  to  a 
large  extent. 
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Abstract  text: 

Introduction:  New  Zealand  has  a  rich  history  of  importing  biological  control  agents  to  control 
forest  pests  starting  in  1889  with  the  successful  classical  biocontrol  introduction  of  Rhyzobius 
ventralis  (Erichson)  (Coleoptera:  Coccinellidae)  from  Australia  to  control  gum  tree  scale 
Eriococcus  coriaceus  Masked  (Hemiptera:  Eriococcidae).  Until  the  1990s,  success  of  biological 
control  introductions  was  variable  and  host  specificity  testing  was  rudimentary,  for  example  the 
generalist  Australian  species  Trigonospila  brevifacies  (Hardy)  (Diptera:  Tachinidae)  was 
introduced  betweenl 967- 1973  with  no  non-target  testing.  Introduced  to  control  the  light  brown 
apple  moth  Epiphyas  postvittana  (Walker)  (Lepidoptera:  Tortricidae),  this  species  has  now  been 
shown  to  be  neither  habitat  nor  host  specific,  parasitizing  native  leafrollers  in  heavily  shaded 
forest  habitats  as  well  as  pest  leafrollers  in  open  orchards. 


Methods:  Since  the  Hazardous  Substances  and  New  Organisms  Act  1996,  approval  for  new 
biological  control  agent  must  meet  minimum  standards  of  biosafety  concerning  risk  of  adverse 
impact  on  other  species  and  the  environment. 

Results/Conclusion:  In  contrast  to  the  previous  example,  recent  risk  assessment  for  Cotes ia 
urabae  (Austin  &  Allen)  (Hymenoptera:  Braconidae)  proposed  for  biological  control  of  the  gum 
leaf  skeletoniser  Ur  aba  lugens  Walker  (Lepidoptera:  Nolidae)  involved  drawing  up  a  host  testing 
list;  no-choice  and  choice  tests;  and  physiological  host  range  assays  were  conducted  in 
quarantine  with  a  range  of  native  and  pest  caterpillars  before  permission  for  its  release  was 
granted  in  2010.  We  continue  to  examine  whether  non-target  impacts  are  always  reliably 
predicted  by  these  laboratory  assay  techniques,  but  thorough  host  testing  and  risk  assessment  are 
now  the  requirement  in  New  Zealand. 
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Abstract  text: 

Introduction:  Sir  ex  noctilio  Fabricius  (Hymenoptera:  Siricidae),  an  invasive  woodwasp 
indigenous  to  Eurasia  and  northern  Africa,  has  devastated  pine  plantations  in  its  introduced  range 
across  the  southern  hemisphere.  Pine  mortality  results  in  part  from  a  pathogenic  symbiotic 
fungus  that  is  injected  into  trees  as  woodwasps  are  ovipositing.  A  parasitic  nematode, 
Deladenus  siricidicola  Bedding  (Tylenchida:  Neotylenchidae),  has  been  applied  as  an  inundative 
classical  biocontrol  agent  for  decades  in  the  southern  hemisphere.  Since  the  2004  discovery  of  S. 
noctilio  established  in  North  America,  ongoing  studies  are  evaluating  potential  releases  of  D. 
siricidicola.  However,  unlike  the  southern  hemisphere,  North  America  has  many  species  of 
native  pine  and  Sirex ,  each  with  associated  parasitic  nematodes  and  symbiotic  fungi.  Sirex 


noctilio  and  the  potential  release  of  D.  siricidicola  may  cause  new  associations  that  hinder 
biocontrol  or  cause  non-target  effects. 

Methods:  To  characterize  Deladenus  nematode  communities  parasitizing  native  Sir  ex  in  the 
northeastern  U.S.,  woodwasps  reared  from  several  conifer  species  were  dissected,  nematodes 
recovered,  and  their  phylogenetic  relationships  inferred  based  on  three  gene  loci.  To  determine 
impacts  of  fungal  symbionts  on  D.  siricidicola  and  native  D.  proximus  Bedding  (Tylenchida: 
Neotylenchidae),  we  quantified  their  ability  to  reproduce  when  feeding  on  different  symbiotic 
fungal  isolates. 

Results/Conclusion:  Although  each  Sirex  species  was  parasitized  by  its  own  corresponding 
Deladenus  nematode,  there  were  three  cases  of  horizontal  transfer.  Fungal  species/strain 
impacted  nematode  reproduction,  potentially  leading  to  improved  mass  production  of  D. 
siricidicola ,  and  perhaps  indicating  that  D.  siricidicola  may  have  trouble  reproducing  well  if 
released  in  the  U.S. 
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Abstract  text: 

Introduction:  In  2002,  emerald  ash  borer  (EAB),  Agrilus  planipennis  Fairmaire  (Coleoptera: 
Buprestidae),  a  phloem-feeding  beetle  native  to  Asia,  was  identified  as  the  cause  of  ash  tree, 
Fraxinus  spp.  (Lamiales:  Oleaceae),  decline  and  mortality  in  Michigan  and  nearby  Ontario.  This 
destructive  invasive  insect  presumably  arrived  the  previous  decade  in  international  trade-related 
solid- wood  packaging  materials.  Soon  after  EAB’s  discovery  in  North  America,  scientists  began 
studying  its  natural  enemies  in  North  America  and  Asia  in  support  of  classical  biological  control. 


Methods:  In  North  America,  scientists  documented  predation  by  woodpeckers  and  parasitism  by 
generalist  larval  parasitoids  of  native  woodborers.  Through  cooperative  foreign  exploration  with 
scientists  in  China,  South  Korea,  and  the  Russian  Far  East,  specialist  parasitoids  of  EAB  larvae 
and  eggs  were  found.  In  2007,  after  research  on  EAB  population  biology  and  host  specificity  in 
both  the  United  States  and  China,  approval  was  granted  in  the  United  States  for  the  introduction 
of  three  EAB  parasitoid  species  native  to  China:  an  egg  parasitoid  Oobius  agrili  Zhang  and 
Huang  (Hymenoptera:  Encyrtidae),  a  larval  endoparasitoid  Tetrastichus  planipennisi  Yang 
(Hymenoptera:  Eulophidae),  and  a  larval  ectoparasitoid  Spathius  agrili  Yang  (Hymenoptera: 
Braconidae).  More  recently,  similar  research  was  completed  for  another  larval 
ectoparasitoid,  Spathius  galinae  Belokobylskij  (Hymenoptera:  Braconidae)  from  Russia,  which 
was  approved  for  release  in  the  United  States  in  2015. 

Results/Conclusion:  We  will  give  an  overview  of  EAB  distribution,  foreign  exploration  that 
resulted  in  development  of  an  EAB  biocontrol  program  in  North  America,  research  on  parasitoid 
establishment  and  impact,  and  the  need  for  additional  foreign  exploration  as  EAB  spreads  to 
different  climate  zones. 


Symposium 

Presentation  Title:  Biological  control  of  an  invasive  forest  insect:  From  biological  invasion  to 
population  ecology 

Author  Name:  David  E.  Jennings 

Author  Institution:  University  of  Maryland 

Session  Title:  Symposium:  Advancement  and  Challenges  in  Biological  Control  of  Invasive 
Forest  Insects:  A  Global  Perspective 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3756 

DOI:  10. 1603/ICE.2016. 94823 

Abstract  text: 

Introduction:  Invasive  insects  increasingly  threaten  forests  worldwide;  and  over  large  scales  in 
natural  landscapes,  biological  control  often  is  the  most  sustainable  option  (both  environmentally 
and  economically)  for  their  management.  Assessing  the  success  of  a  biological  control  program 
requires  knowledge  drawn  from  several  ecological  disciplines. 


Methods:  Here  we  discuss  results  from  a  case  study  incorporating  concepts  from  invasion  and 
population  ecology  to  evaluate  the  effectiveness  of  two  parasitoids,  Tetrastichus 
planipennisi  Yang  (Hymenoptera:  Eulophidae)  and  Spathius  agrili  Yang  (Hymenoptera: 
Braconidae)  released  for  biological  control  of  emerald  ash  borer,  Agrilus  planipennis  Fairmaire 
(Coleoptera:  Buprestidae),  an  invasive  wood-boring  beetle  from  Asia  in  the  United  States. 

Results/Conclusion:  We  examine  spatiotemporal  dynamics  of  paras itoid  rates  of  spread 
compared  with  emerald  ash  borer,  and  their  influence  on  the  suppression  of  emerald  ash  borer 
populations.  The  implications  of  the  results  are  discussed  in  the  context  of  the  specific  emerald 
ash  borer  biological  control  program,  and  biological  control  programs  in  general. 
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Abstract  text: 

Introduction:  Fonghorned  beetles  native  to  Asia,  Anoplophora  glabripennis  (Motschulsky) 
(AFB)  and  Anoplophora  chinensis  (Forster)  (CEB)  (Coleoptera:  Cerambycidae),  are  invasive  in 
Europe  and  North  America,  threatening  urban  and  natural  forests. 

Methods:  To  discover  potential  biocontrol  agents  for  these  destructive  woodborers,  exploration 
for  natural  enemies  is  ongoing  in  China,  Japan,  South  Korea,  and  Italy.  Sentinel  logs  containing 
AFB  or  CEB  eggs  and  larvae  are  deployed  in  the  field  to  attract  parasitoids. 

Results/Conclusion:  In  Italy,  AFB  and  CEB  larvae  were  attacked  by  eight  native  hymenopteran 
ectoparasitoids,  although  these  are  not  being  considered  for  release  against  the  pests  because  of 
their  polyphagy.  The  Asian  CEB-specific  egg  parasitoid,  Aprostocetus  fukutai  Miwa  &  Sonan 
(Hymenoptera:  Eulophidae),  was  recovered  in  Italy  (72%  parasitism  in  2008)  and  is  also  known 


from  China,  Japan,  and  South  Korea.  After  substantial  eradication  efforts  of  CLB  in  Italy,  this 
egg  parasitoid  is  still  present  at  very  low  host  density.  Spathius  ibarakius  Belokobylskij  & 

Maeto  (Hymenoptera:  Braconidae)  was  reared  from  CLB  in  South  Korea.  In  Beijing,  two 
solitary  endoparasitoids,  Eurytoma  sp.  (Hymenoptera:  Eurytomidae)  and  Oxysychus  sp. 
(Hymenoptera:  Pteromalidae),  were  reared  from  ALB  larvae  (12.37%  combined  parasitism).  For 
the  first  time,  Anastatus  sp.  (Hymenoptera:  Eupelmidae)  was  reared  from  ALB  eggs  in  Shanghai 
(4.03%  parasitism),  and  an  unidentified  solitary  ichneumonid  (Hymenoptera)  was  recovered 
from  ALB  larvae  in  Northeastern  China  (0.47%  parasitism).  Species  of  Anastatus  and 
Aprostocetus  parasitized  CLB  eggs  in  Shanghai.  Field  studies  in  China  reveal  a  parasitic  beetle, 
Dastarcus  helophoroides  (Fairmaire)  (Coleoptera:  Bothrideridae),  is  the  dominant  natural  enemy 
of  mature  ALB  and  CLB  larvae  and  pupae. 
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Abstract  text: 

Introduction:  Operational  biological  control  efforts  for  hemlock  woolly  adelgid  (HWA),  Adelges 
tsugae  Annand  (Hemiptera:  Adelgidae),  have  been  ongoing  for  over  20  years.  Efforts  have 
focused  on  the  study  and  release  of  coccinellid,  derondontid,  and  chamaemyiid  predators. 
Generalist  fungi  have  also  been  investigated. 

Methods:  Classical  biological  control  efforts  have  had  varied  levels  of  success  in  terms  of 
rearing,  release,  establishment,  and  impact.  This  will  be  discussed.  Additionally,  other 
considerations  within  the  scope  of  IPM  are  being  evaluated  and  integrated  in  a  comprehensive 
effort  to  minimize  the  impact  of  this  pest. 


Results/Conclusion:  Due  to  the  high  biotic  potential  of  the  pest  and  the  lack  of  resistance  in  host 
trees,  relying  solely  on  the  release  of  natural  enemies  to  control  both  the  spread  and  continued 
decline  of  our  hemlock  forests  from  this  non-native  pest  has  proven  very  challenging.  Ongoing 
efforts  and  results  will  be  discussed  in  the  context  of  long-term  needs  and  expectations. 
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Abstract  text: 

Introduction:  Various  lady  beetle  species  have  expanded  their  geographic  ranges  following 
intentional  or  accidental  introduction  and  subsequent  establishment  within  new  regions.  In  many 
cases,  this  has  been  accompanied  by  declines  in  native  lady  beetles.  Long-term  monitoring  of 
lady  beetle  populations  is  vital  to  determining  colonization  patterns  of  non-native  species  and  in 
assessing  the  ensuing  impact  on  native  species.  Two  non-native  species  of  lady  beetles  have 
established  over  the  last  30  years  in  South  Dakota,  USA:  Coccinella  septempunctata  L.,  first 
detected  in  1987,  and  Harmonia  axyridis  Pallas,  first  detected  in  1996. 

Methods:  In  a  long-term  study,  five  kinds  of  field-crop  plots  (winter  and  spring  small  grains, 
alfalfa,  corn,  and  soybean)  and  prairie  were  sampled  from  2007  through  2016  in  east-central 
South  Dakota  to  determine  relative  abundances  of  native  and  non-native  lady  beetles  and  to 
assess  their  habitat  use  patterns. 

Results/Conclusion:  Results  showed  diverse  patterns  in  colonization  and  relative  abundances  of 
non-native  species  among  habitats.  Coccinella  septempunctata  was  generally  abundant  in  alfalfa, 
winter  wheat  and  soybeans  in  most  years,  whereas  H.  axyridis  was  abundant  primarily  in 
soybeans.  Hippodamia  variegata  Goeze  was  first  detected  in  2010  and  sampled  in  low  numbers 
thereafter.  Two  native  lady  beetles,  Hippodamia  convergens  Guerin  and  Coleomegilla  maculata 
lengi  Timberlake,  remained  moderately  abundant  among  crops,  and  several  other  species  of 


native  lady  beetles  persisted  at  low  levels  during  the  study.  These  results  underscore  the 
importance  of  empirical  studies  in  determining  diverse  outcomes  from  establishment  of  non¬ 
native  lady  beetles. 
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Introduction:  Coccinella  septempunctata  (C7)  was  introduced  from  Eurasia  to  North  America  for 
the  biological  control  of  agricultural  pest  insects.  Currently,  C7  is  widely  distributed  throughout 
most  of  North  America,  and  has  become  a  globally  distributed  species.  We  are  using  C7  as  a 
model  biological  control  agent  to  study  invasion  ecology  and  evolutionary  biology. 

Methods:  We  examined  variation  in  elytron  spot  size,  because  it  was  known  to  vary  in  the  native 
range  and  it  was  likely  important  for  the  physiology  of  the  species.  Specifically,  we  examined 
whether  spot  size  variation  in  C7  of  native  and  introduced  populations  followed  the  ecological 
patterns  of  Gloger’s  Rule  and  Bogerf  s  Rule.  Also,  we  examined  wing  morphology  in  C7  and 
compared  the  morphology  between  native  and  introduced  ranges  because  rapid  adaptive 
evolution  in  phenotypic  traits  associated  with  range  expansion  has  been  repeatedly  reported  in 
invasive  species. 

Results/Conclusion:  We  found  a  positive  relationship  between  precipitation  and  spot  size,  which 
is  Gloger's  Rule,  in  the  native  range  but  not  in  the  introduced  range.  We  found  a  negative 
relationship  between  temperature  and  spot  size,  which  is  Bogerf  s  Rule,  in  the  introduced  range 
but  not  in  the  native  range.  Also,  we  found  that  introduced  populations  had  longer  and  narrower 
wings  compared  with  the  native  populations,  which  may  increase  their  flight  distance  and 


efficiency.  We  will  discuss  the  potential  adaptive  evolution  in  introduced  C7  based  on  our 
results. 
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Introduction:  The  convergent  lady  beetle  ( Hippodamia  convergens )  forms  large  overwintering 
aggregations  at  revisited  montane  microsites  far  removed  from  their  summer  foraging  grounds. 
Although  orientation  responses  to  visual  and  altitudinal  features  of  habitats  can  explain  the 
arrival  of  migrants  at  the  general  overwintering  macrosite,  the  role  that  pheromones  play  in  the 
accumulation  of  individuals  in  inconspicuous  hibernacula  microsites  is  not  fully  understood. 

Methods:  We  used  two-choice  bioassays,  field  bioassays,  gas  chromatography,  and  mass 
spectrometry  techniques  to  elucidate  the  role  of  semiochemicals  in  the  formation  of  H. 
convergens  winter  aggregations. 

Results/Conclusion:  We  found  that  H.  convergens  orient  towards  hydrocarbons  previously 
deposited  on  their  walking  surfaces  by  conspecifics.  The  hydrocarbon  w-tricosane  (C23)  is 
primarily  responsible  for  this  chemically -mediated  orientation.  Footprint  extracts,  as  well  as  C23 
alone,  induce  the  eventual  accumulation  in  the  field  of  migrant  H.  convergens  at  artificial 
hibernacula,  confirming  their  probable  role  as  aggregation  signals.  Aggregations  persisted  over 
many  days  when  footprint  extracts  were  applied  in  conjunction  with  the  previously  identified  2- 
isobutyl-3-methoxypyrazine  aggregation  pheromone.  The  C23  hydrocarbon  functions  as  a 
pheromone  that  interacts  with  responses  to  methoxypyrazines  to  effectively  mediate  formation  of 
persistent  aggregations  of  diapausing  conspecifics  at  specific  microsites.  Also  discussed  is  the 


potential  effect  that  C23  has  as  a  persistent  scent  marker  in  establishing  the  traditional  use  of 
hibernacula. 
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Abstract  text: 


Introduction:  Despite  several  attempts  to  introduce  Harmonia  axyridis  in  the  Azores,  the 
ladybird  apparently  did  not  establish.  The  invasiveness  of  this  large  sized  species  is  well  studied 
but  not  much  is  known  about  the  relationship  between  life-history  traits  related  to  the  ability  to 
invade  and  the  environment  invasibility.  We  hypothesize  that  island  surface  area  and 
fragmentation  of  suitable  habitats,  and  consequently  the  availability  of  food  resources  along  with 
ladybird  life-history  traits  related  to  reproduction  and  development,  determine  the  current 
ladybird  community  structure. 

Methods:  To  test  this  hypothesis  we  characterized  the  habitat  in  terms  of  the  quantity  of  prey  and 
evaluated  suitable  habitat  surface  and  fragmentation.  Furthermore,  reproductive  and 
developmental  traits  were  estimated  for  small,  medium  and  large  ladybirds. 

Results/Conclusions:  Our  results  show  that  suitable  ladybird  habitats  in  the  Azores  are  highly 
fragmented,  and  cover  less  than  10%  of  the  island  surface.  Resource  levels  required  for  ladybird 
species  to  develop  and  reproduce  seem  to  be  suitable  for  medium  and  small  species  but  not  for 
large  sized  species.  Indeed,  we  found  that  Coccinella  undecimpunctata  and  Scymnus  spp. 
developed  successfully  when  consuming  30%  and  10%  of  prey  biomass,  respectively,  compared 
to  Coccinella  septempunctata.  Also,  fat  content  in  gonads  was  significantly  higher  for  the  large 
ladybird  than  for  the  medium  and  small  sized  species.  Habitat  invasibility  assessed  by  resource 
availability  along  with  predator  life-history  traits  seem  to  be  key  factors  for  community  structure 
and  for  the  outcome  of  invasion  by  ladybirds  in  particular. 
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Introduction:  Biological  invasions  are  one  of  the  major  threats  to  biodiversity.  Harmonia 
axyridis  (Coleoptera:  Coccinellidae)  has  invaded  many  regions  of  the  world,  with  negative 
consequences  on  other  coccinellids,  including  native  species.  In  this  work  we  analyze  (1)  the 
spread  of  H.  axyridis  in  Chile,  (2)  the  overlap  in  distribution  and  potential  spatial  interactions 
with  native  and  endemic  species  in  the  country,  and  (3)  the  changes  in  coccinellid  assemblages  in 
different  cover  types  varying  in  disturbance. 

Methods:  We  estimated  the  spread  of  H.  axyridis  over  the  last  six  years  using  information  from 
citizen  scientists  and  records  of  the  National  Pest  Surveillance  System.  We  ran  species 
distribution  models  predicting  potential  spatial  interactions  among  H.  axyridis  and  resident 
coccinellid  species  in  the  country.  We  analyzed  species  richness,  diversity,  and  abundance  of 
native  coccinellids  in  seven  cover  types  from  samplings  with  yellow  sticky  traps. 

Results/Conclusion:  H.  axyridis  has  spread  at  an  average  rate  of  184.8  km  per  year,  invading 
1,283  km  along  Central  Chile,  the  area  with  the  highest  richness  and  endemism  of  coccinellids, 
with  high  probability  of  potential  spatial  interactions.  H.  axyridis  has  preferentially  colonized 
more  disturbed  cover  types,  but  also  native  habitats.  It  is  particularly  abundant  in  alfalfa, 
becoming  the  dominant  species,  with  a  concomitant  decrease  in  coccinellid  species  richness  and 
diversity,  and  a  decrease  in  the  abundance  of  native  coccinellids.  H.  axyridis  is  now  well 
established  and  distributed  widely  in  Chile.  The  associated  changes  to  the  coccinellid 
assemblages  could  disrupt  the  functioning  of  invaded  ecosystems.  FONDECYT  1 140662 
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Introduction:  Ladybird  beetles  often  have  conspicuous  color  patterns  on  elytra  and  pronotum. 
This  pattern  varies  substantially  among  closely  related  species  and  even  within  species. 

Methods:  We  reviewed  the  current  knowledge  of  the  effects  of  three  major  factors  that  may 
explain  high  color  polymorphism:  thermal  melanism,  sexual  selection,  and  warning  signaling  to 
predators  (aposematism). 

Results/Conclusion:  Thermal  melanism:  Direct  measurements  of  body  temperature  of  dark 
(melanic)  individuals  showed  increases  by  several  degrees  with  important  increases  in 
metabolism  and  activity.  Some  cases  of  geographical  distribution  of  frequency  of  melanics  and 
their  seasonal  changes  support  the  thermal  effect,  others  are  contradictory,  most  cases  show 
stable  composition  over  space  and  time.  Sexual  selection:  Individuals  in  some  populations  of 
polymorphic  ladybirds  prefer  certain  color  morphs  or  the  less  common  morph  for  mating.  Even 
without  selection  for  a  partner,  males  of  particular  color  morphs  can  have  more  progeny  than 
others  through  sperm  competition.  Aposematism:  Various  combinations  of  red  and  black 
background  colors  and  spots  proved  to  be  effective  warning  signals,  advertising  their  toxicity  to 
insectivorous  birds.  However,  tree  sparrows  and  larger  birds  feed  on  ladybirds  without  metabolic 
problems.  The  character  and  observed  frequency  of  distinct  color  patterns  do  not  closely  match 
expectations  by  any  of  the  three  explanatory  factors,  when  considered  separately.  These  factors 
coincide  and  act  against  each  other,  resulting  in  cycling  of  color  morph  frequency  over  time  or  in 
a  non-optimal  stable  frequency.  Synergy  of  the  factors  can  support  or  suppress  evolution  of  new 
color  patterns  in  ladybirds. 
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Introduction:  We  observed  that  Harmonia  axyridis  females  have  high  fecundity  and  fertility  even 
after  being  cold-stored  for  extended  periods  of  time  and  returned  to  ambient  conditions.  One 
female  produced  1,174  eggs  over  a  lifetime  even  without  access  to  repetitive  mating.  The 
apparent  high  reproductive  potential  of  H.  axyridis  could  contribute  to  its  striking  invasive 
success.  The  relationship  of  repetitive  mating  and  high  reproductive  output  in  wild  (feral)  H. 
axyridis  females  is  unclear.  The  objective  of  this  study  was  to  determine  if  polyandry  was 
unbalanced  in  wild-caught  H.  axyridis. 

Methods:  We  used  eight  microsatellite  loci  in  H.  axyridis  females  to  determine  polyandry  in  wild 
populations.  Populations  were  sampled  in  the  spring  and  autumn. 

Results/Conclusion:  This  study  provides  the  first  direct  evidence  that  H.  axyridis  females  are 
highly  polyandrous  in  the  wild  and  that  they  mate  multiple  times  and  use  the  sperm  from 
multiple  males  to  fertilize  their  eggs.  The  minimum  number  of  fathers,  estimated  number  of 
fathers,  and  effective  number  of  fathers  contributing  to  progeny  of  one  mother  were 
approximately  two  times  higher  in  the  spring  sample  (2.9,  5.2,  3.1)  during  the  peak  of  their 
reproductive  period,  than  in  the  preceding  autumn  sample  (1.6,  2.8,  1.6).  The  contribution  of 
individual  fathers  to  the  number  of  progeny  was  highly  unbalanced,  with  a  few  dominating 
fathers  contributing  to  the  production  of  most  progeny.  These  data  suggest  that  the  founder 
population  established  by  a  single  fertilized  H.  axyridis  female  in  a  new  habitat  will  be 
genetically  variable  to  cope  with  unstable  environmental  conditions. 
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Introduction:  Coleomegilla  maculata  is  a  predatory  ladybird  inhabiting  ecosystems  in  North, 
Central,  and  South  America.  The  aim  of  our  research  is  to  discover  efficient,  low-cost  materials 
that  boost  oviposition  in  mass-reared  C.  maculata  fed  non-natural  foods.  We  tested  the 
hypothesis  that  eastern  red  cedar  ( Juniperus  virginiana )  powder  stimulates  oviposition  in  C. 
maculata. 

Methods:  J.  virginiana  powder  was  obtained  from  heartwood  sawdust,  using  proprietary 
methods  including  flash  chromatography  and  LC-MS,  and  designated  as  fractions  A,  B,  C,  D, 
and  E.  We  used  one-month  old,  mated  C.  maculata  females  in  bioassays,  in  replicated  arenas, 
and  monitored  oviposition  behavior  of  each  female,  twice  per  day  for  12  consecutive  days,  when 
exposed  to  fraction  powder. 

Results/Conclusion:  We  discovered  that  80%  or  more  egg  clutches  were  oviposited  in  or  on  the 
sides  of  the  small  dish  with  chemical  (1  mg  of  powdered  fraction  B,  C,  D,  or  E)  positioned  at  the 
base  of  test  arenas.  In  control  arenas,  without  chemical,  and  even  in  test  arenas  with 
unfractionated  extract  or  fraction  A,  females  typically  preferred  ovipositing  on  the  top  wall. 
Females  oviposited  two-fold  and  three-fold  more  clutches  in  arenas  with  fractions  D  and  E, 
respectively,  than  in  control  arenas.  When  a  tissue  substrate  was  added  to  test  arenas,  75%  of 
clutches  were  oviposited  in  the  dish  with  fraction  D,  and  40%  in  the  dish  with  fraction  E.  In 
summary,  powder  from  several  J.  virginiana  heartwood  fractions  stimulates  oviposition  and 
alters  oviposition  site  selection  in  C.  maculata.  Research  to  identify  compounds  responsible  for 
stimulating  oviposition  is  ongoing. 
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By  allowing  the  definition  of  a  spatial  context  within  which  to  examine  how  ecological  processes 
and  human  societies  interact,  landscape  ecology  has  become  an  essential  tool  of  conservation 
biology  in  the  21st  century.  However,  the  application  of  landscape  ecological  methods  in 
entomological  research  and  insect  conservation  has  only  recently  begun  to  gain  momentum. 
Landscape  ecology  broadly  embraces  transdisciplinary  research,  while  entomologists  proudly 
represent  a  wide  range  of  disciplines  from  across  biology.  If  so,  then  why  are  entomologists  not 
accessing  the  potential  of  landscape  ecology  to  inform  our  work?  This  talk  will  begin  with  a  brief 
overview  of  the  history  of  landscape  ecology  and  its  principles.  Within  this  context,  we  will  then 
examine  some  of  the  issues  facing  the  integration  of  this  field  with  entomology.  For  example, 
scale-appropriate  spatial  datasets  for  use  with  insect  subjects  are  not  often  readily  available.  This 
means  researchers  unfamiliar  with  remotely  sensed  imagery  and  analysis  are  forced  to  create 
these  spatial  datasets  themselves,  which  can  be  both  time-consuming  and  discouraging.  We  will 
then  cover  some  brief  examples  showcasing  the  successful  application  of  landscape  ecological 
methods  to  entomological  problems.  Finally,  we  end  with  questions  designed  to  stimulate  further 
discussion  of  how  we  can  define  a  framework  with  which  to  approach  landscape  ecology  from 
an  entomological  perspective. 
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Landscape  corridors  are  of  interest  in  conservation  to  mitigate  the  effects  of  habitat 
fragmentation.  However,  the  potential  for  corridors  to  spread  invasive  species  to  the  detriment  of 
native  communities  is  an  ongoing  concern.  In  a  previous  study,  we  found  that  trait  differences 
related  to  dispersal  and  population  density  between  two  social  forms  (monogyne  and  polygyne) 
of  the  invasive  fire  ant,  Solenopsis  invicta,  determined  the  effect  of  corridors  on  fire  ant  density 
and  on  native  ants  in  experimental  landscapes.  Specifically,  in  landscapes  dominated  by 
polygyne  fire  ants,  fire  ant  density  was  higher  and  native  ant  diversity  was  lower  in  habitat 


patches  connected  by  corridors  than  in  unconnected  patches.  While  in  landscapes  dominated  by 
monogyne  fire  ants,  corridors  had  no  effect  on  fire  ant  density  and  native  ant  diversity.  Based  on 
the  ages  of  the  polygyne  dominated  landscapes  and  the  traits  of  polygyne  fire  ant  dispersal  and 
population  growth,  I  expected  that  the  observed  corridor  effects  would  be  transient.  I  resampled 
these  landscapes  six  years  after  the  original  sampling  period  and  found  that  differences  between 
connected  and  unconnected  habitat  patches  in  fire  ant  density  decreased.  However,  the 
magnitude  of  the  effect  on  native  ant  diversity  was  similar,  suggesting  a  legacy  effect  of 
invasion.  These  findings  reveal  the  importance  of  temporal  dynamics  in  mediating  effects  of 
corridors  on  invasive  species  populations.  Ongoing  monitoring  of  ant  communities  will  help 
determine  the  extent  of  concern  about  negative  effects  of  corridors  over  the  long  term  in 
conservation  planning. 
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Introduction:  As  urbanization  increases  worldwide,  ecologists  must  assess  its  impacts  on  native 
wildlife  populations  and  ecosystem  services  they  provide.  One  critical  ecosystem  service  is 
pollination,  where  bees  are  the  primary  pollinators  of  both  wild  and  cultivated  plants.  Little  is 
known  about  how  the  size,  spatial  configuration  and  availability  of  nesting  and  floral  resources 
impact  native  bee  community  composition  and  persistence  in  urban  ecosystems. 

Methods:  We  conducted  a  community  level  survey  of  native  bees  along  two  gradients  of 
urbanization  in  Austin  and  Dallas,  TX.  In  each  city  we  sampled  20  sites  managed  as  either 
natural  parks  or  farms  (40  sites  total).  Bees  were  collected  uniformly  across  sites,  and  the 
number  of  inflorescences  of  all  flowering  plants  was  counted.  We  assessed  local  site 
characteristics  such  as  %vegetation  and  %canopy  cover  as  well  as  land-use  classifications  within 
2km.  We  used  linear  mixed  models  to  quantify  the  influence  of  local  and  landscape 
characteristics  and  floral  resource  availability  on  bee  abundance  and  diversity. 


Results/Conclusion:  Bee  species  richness  was  significantly  negatively  related  to  urban 
development  within  2  km.  There  was  a  significant  effect  of  local  habitat  management,  with  bee 
abundance  and  species  richness  positively  related  to  floral  species  richness,  only  in  natural  sites. 
At  farm  sites,  floral  species  richness  did  not  have  an  effect  on  bee  abundance  or  species  richness. 
These  results  suggest  that  while  urban  development  has  a  negative  effect  on  bee  communities  at 
a  landscape  level,  local  habitat  management  of  native  flora  at  the  patch  level  can  encourage 
diverse  native  bee  communities  within  cities. 
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Introduction:  Wildfires  are  increasingly  important  disturbances  in  ecological  communities.  To 
study  patterns  of  community  assembly  after  disturbances  like  wildfires,  ecologists  often  compare 
spatial  variation  in  community  composition  (beta-diversity)  across  environmental  and  spatial 
gradients.  Such  approaches  are  common  for  plant  communities,  but  are  lacking  for  other  trophic 
levels,  including  pollinators. 

Methods:  Here,  we  examined  whether  wildfire  severity  systematically  alters  the  relative 
importance  of  community  assembly  mechanisms  in  co-occurring  plant  and  pollinator 
communities  across  a  large-scale  biogeographic  gradient  in  Montana,  USA.  In  each  of  3  regions 
that  varied  in  the  species-pool  diversity  of  plants,  we  compared  patterns  of  plant  and  pollinator 
beta-diversity  among  communities  within  unbumed  landscapes  and  landscapes  disturbed  by 
mixed-  or  high-severity  wildfires. 

Results/Conclusion:  We  found  that  wildfire  homogenized  the  composition  of  plants  and  some 
pollinator  groups.  Additionally,  wildfire  severity  differentially  influenced  local  and  landscape 


abundances  and  species  richness  within  common  bee  families  (Apidae,  Halictidae,  and 
Megachilidae).  Because  patterns  of  beta-diversity  can  be  influenced  by  such  sampling  effects,  we 
used  a  null-model  approach  and  found  that  the  observed  homogenizing  effects  of  wildfire  were 
explained  by  changes  in  species  pools  and  community  size.  Moreover,  after  calculating 
standardized  effect  sizes,  we  observed  contrasting  effects  of  wildfire  severity  on  plants  and 
different  groups  of  pollinators,  suggesting  that  processes  leading  to  clumped  species  distributions 
are  stronger  in  plants  than  in  pollinators  at  certain  spatial  scales.  We  highlight  implications  of 
these  results  for  understanding  how  patterns  of  beta-diversity  within  trophic  levels  scale  up  to 
influence  the  beta-diversity  of  plant-pollinator  interactions  at  landscape  and  biogeographic 
scales. 
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Abstract  text: 

Introduction:  The  2004  appearance  of  Bemisia  tabaci  biotype  Q  (Mediterranean)  in  the  US  was 
associated  with  increased  reports  of  difficulties  managing  whitefly  infestations  from  poinsettia 
and  other  growers  of  environmental  horticulture  crops. 

Methods:  As  part  of  an  APHIS-coordinated  Q  biotype  Task  Force,  a  coordinated  whitefly 
biotype  survey  was  conducted  across  North  America  from  2005  through  2011  including  the 
continental  US,  Hawaii,  Bermuda,  Canada  and  Mexico;  additional  samples  were  analyzed  from 
2012  through  2015.  We  also  examined  shifts  in  populations  between  B  and  Q  biotype  resulting 
from  insecticide  rotations  including  neonicotinoids. 

Results/Conclusion:  These  efforts  yielded  the  following  results.  Biotype  Q  was  detected  in  26 
U.S.  states  and  Mexico,  with  first  reports  of  biotype  Q  in  Canada  and  Bermuda.  Biotype  Q  was 
found  in  protected  commercial  horticultural  greenhouse  samples  but  not  in  samples  from  open 
field  agriculture.  Genetic  markers  identified  three  distinct  haplotypes  of  biotype  Q  whiteflies 
supporting  the  inference  of  independent  invasions  from  at  least  three  different  sources.  Biotype 
A  (New  World)  was  detected  in  Texas  and  represents  the  first  report  of  this  biotype  in  the  U.S. 
since  its  rapid  displacement  in  the  late  1980s  by  biotype  B.  Rotations,  particularly  with  newer 
modes  of  action,  managed  B  and  Q  biotype  maintaining  very  low  populations  or  completely 
eliminating  Bemisia  on  poinsettia.  Unlike  other  countries  where  Q  biotype  has  invaded  field 
crops,  rapid  detection  in  the  US  and  implementation  of  improved  resistance  management 


strategies  targeting  the  Q  biotype  has  prevented  the  establishment  of  this  pest  beyond  greenhouse 
production. 


Symposium 

Presentation  Title:  Implementation  of  the  global  plan  for  insecticide  resistance  management  in 
malaria  vectors:  Progress,  challenges,  and  the  way  forward 

Author  Name:  Janet  Hemingway 

Author  Institution:  Liverpool  School  of  Tropical  Medicine 

Session  Title:  Symposium:  Globally  Important  Pests  and  Globally  Important  Control  Tools: 
Comparing  and  Contrasting  IRM  Successes  and  Challenges,  IRAC  US  Symposium 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3775 

DOI:  10. 1603/ICE.2016. 94173 

Abstract  text: 

Implementation  of  the  global  plan  for  insecticide  resistance  management  in  malaria  vectors: 
progress,  challenges  and  the  way  forward. 


Symposium 

Presentation  Title:  Oxitec  mosquito  —  a  novel  mode  of  action  using  genetics  to  precisely 
control  pest  species  with  no  off-target  effects  on  beneficial  insects  and  pollinators 

Author  Name:  Simon  Warner 

Author  Institution:  Oxitec  Ltd 

Session  Title:  Symposium:  Globally  Important  Pests  and  Globally  Important  Control  Tools: 
Comparing  and  Contrasting  IRM  Successes  and  Challenges,  IRAC  US  Symposium 

Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  3776 


DOI:  10. 1603/ICE.20 16.94710 


Abstract  text: 

Dengue  fever  presents  a  global  health  concern  with  recent  estimates  of  up  to  390  million  cases 
annually.  It  causes  painful  symptoms  and  in  the  case  of  haemorrhagic  dengue  it  can  lead  to 
mortality  mainly  in  children.  Dengue  is  transmitted  by  female  Aedes  aegypti  mosquitoes.  Oxitec 
have  a  strain  of  Aedes  aegypti  with  a  self-limiting  gene  that  cause  the  mosquitoes  to  die.  The 
strain,  0X5 13 A,  has  recently  received  regulatory  approval  in  Brazil.  Where  0X5 13A  males  have 
been  used,  in  the  Cayman  Islands,  Brazil  and  Panama,  the  local  pest  population  has  been  reduced 
by  more  than  90%  to  below  the  modelled  disease  transmission  thresholds.  Males  are  released  as 
they  don’t  bite  but  do  pass  on  the  self-limiting  gene  through  mating  to  the  offspring,  which  fail  to 
develop  to  adults.  The  use  of  0X5 13 A  males  has  moved  from  R&D  to  large  scale  deployment 
controlling  Aedes  aegypti  in  a  Brazilian  town  with  a  population  of  50,000.  Because  the  self- 
limiting  gene  does  not  encode  for  a  protein  that  is  toxic  or  allergenic,  and  the  gene  prevents  off¬ 
spring  from  developing  to  adults  once  releases  are  stopped,  there  is  no  residue  left  behind  by 
OX5 13  A.  The  Oxitec  mosquito  provides  a  different  tool  to  control  mosquitoes  and  the  mode  of 
action  means  resistance  mechanisms  are  less  likely  to  develop,  compared  to  resistance  to 
chemical  pesticides.  Using  multiple  tools  with  different  modes  of  action  will  provide  control 
programs  that  are  effective,  better  for  the  environment  and  have  longer  effective  use  lifetimes 
than  using  chemistry  based  pesticides  alone. 
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Abstract  text: 

Over  the  past  20  years,  Bt  crops  have  been  broadly  adopted  globally.  Their  introduction  has 
uniquely  been  accompanied  by  proactive  implementation  of  IRM  programs  based  on  the  concept 
of  refuge  areas.  As  far  as  possible,  the  specific  elements  of  these  programs  have  been  adapted  to 


local  conditions.  In  this  presentation,  I  will  discuss  how  the  success  of  these  programs  has  varied 
across  regions  and  product  types,  leading  to  new  insights  and  initiatives  aimed  at  more  effective 
IRM  implementation. 
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Abstract  text: 

The  Colorado  potato  beetle  ( Leptinotarsa  decemlineata )  is  often  one  of  the  first  species  to  evolve 
resistance  to  novel  insecticides,  but  resistance  does  not  occur  at  similar  rates  throughout  its 
range.  We  describe  new  population  genetic  theory  and  simulations  that  contribute  to 
understanding  geographical  patterns  of  insecticide  resistance  in  this  pest.  Although  some  of  the 
observed  geographic  differences  may  result  from  differing  agronomic  and  environmental 
conditions,  relatively  simple  genetic  considerations  offer  powerful  explanations  to  these  patterns. 
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The  Colorado  potato  beetle  (CPB),  Leptinotarsa  decemlineata{Co\QO^\QXdi\  Chrysomelidae)  is  the 
major  defoliator  of  potatoes  globally,  and  is  famous  for  its  ability  to  develop  resistance  to 
insecticides.  This  insect  has  evolved  resistance  to  over  50  different  compounds  belonging  to  all 
major  classes  of  insecticides.  Historically,  resistance  problems  have  been  reported  from  the 
Northeastern  US.  Field  reports  and  laboratory  bioassays  strongly  indicate  that  different 
geographic  CPB  populations  vary  in  their  susceptibility  to  develop  resistance  to  pesticides.  Until 
now,  in  the  Western  US,  pesticides  were  effective  controlling  CPB  populations.  Western 
production  rely  on  neonicotinoid  insecticides  but  this  pesticide  is  used  by  100%  of  the  potato 
growers  in  the  region.  This  presentation  will  discuss  the  history  of  CPB  control  in  the  west, 
current  control  tactics  and  potential  CPB  resistance  scenarios  in  populations  from  eastern  Oregon 
and  Washington. 
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The  western  corn  rootworm  (WCR)  was  discovered  in  the  Po  Valley,  Lombardy  Region,  NW 
Italy,  near  Malpensa  Airport  in  2000  (Boriani  &  Gervasini,  2000).  According  to  Miller  et  al. 
(2005),  this  was  a  separate  introduction  of  WCR  into  Europe  from  the  one  that  was  first  recorded 
by  Baca  (1994)  near  Belgrade,  Yugoslavia  (now  Serbia).  Because  of  the  importance  of  maize 


and  potential  impact  of  WCR  on  maize  production  in  Lombardy  Region,  a  team  was  assembled 
to  plan  and  carry  out  research  studies  in  Brescia  Province;  apply,  test  and  improve  the 
monitoring  program  designed  by  the  Regional  Government;  develop  management  strategies;  and 
establish  a  technical  service  to  advise  and  assist  farmers,  if  initial  studies  showed  a  real  threat  to 
maize  production  in  the  province.  Because  of  the  importance  of  livestock  and  diary  production, 
and  now  also  biogas  in  the  province,  over  80%  is  continuous  maize  and  about  70%  of  all  maize 
is  irrigated.  About  70%  of  the  maize  is  planted  early  (March/April)  and  the  remainder  is  planted 
in  May  after  primarily  rye  grass  harvest.  As  a  result  of  this  unique  cropping  system  and  the 
environment  it  operates  within,  it  was  hypothesized  that  differences  would  likely  be  noted  in  the 
biological  development  and  impact  of  the  pest  on  maize  in  when  compared  to  WCR  literature 
from  other  regions  of  Europe  and  North  America.  This,  in  fact,  is  exactly  what  was  observed. 
Important  findings  and  how  this  information  is  being  used  to  manage  this  pest  in  parts  of  Italy 
will  be  discussed. 
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Introduction:  Bemisia  tabaci  biotype  B  is  a  primary  pest  of  tomato  around  the  globe.  It  damages 
tomato  directly  by  feeding  and  indirectly  by  inflicting  irregular  ripening  and  transmitting  viruses, 
the  most  damaging  of  which  is  Tomato  yellow  leaf  curl  virus.  Resistance  to  many  common 
classes  of  insecticide,  including  carbamates,  organophosphates,  pyrethroids,  growth  regulators 
and  neonicotinoids,  has  been  documented  among  Bemisia  tabaci  populations  in  various  regions. 

Methods:  In  Florida,  tomato  plants  are  routinely  treated  with  neonicotinoid  insecticides  in  the 
nursery,  at  planting  and  through  drip  irrigation  after  plant  establishment.  The  most  commonly 
used  neonicotinoids  for  whitefly  management  on  Florida  tomato  are  imidacloprid,  thiamethoxam 
and  dinotefuran.  In  2014  flupyradifurone,  which  has  the  same  mode  of  action  as  the 
neonicotinoids,  became  available  for  use  on  Florida  tomato.  In  2013,  populations  of  B.  tabaci 


collected  from  commercial  tomato  fields  in  Florida  were  tested  for  tolerance  to  these  four 
materials. 

Results/Conclusion:  Tolerance  of  B.  tabaci  populations  to  dinotefuran  and  fhipyradifurone  was 
low  compared  to  tolerance  to  thiamethoxam.  Tolerance  to  imidacloprid  was  variable.  The 
diamide  insecticide  cyantraniliprole  offers  an  alternative  to  the  group  4  insecticides  for 
protection  of  tomato  from  B.  tabaci  and  TYLVC  in  the  first  five  week  treatment  window  after 
transplanting.  Diamides  are  also  available  for  use  during  later  vegetative  and  fruiting  stages  of 
tomato  for  management  of  leafminers  and  caterpillars,  creating  the  risk  that  multiple  generations 
of  pests  on  tomato  may  be  exposed  to  diamides.  Biopesticides  have  shown  promise  for  inclusion 
in  rotations  to  manage  B.  tabaci  and  reduce  overuse  leading  to  resistance. 
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Cotton  pest  management  in  the  Australian  cotton  industry  was  highly  pesticide  reliant  from  its 
inception  in  the  early  1960’s  until  the  late  1990’s.  Aphids  were  controlled  effectively  over  this 
period  by  targeted  applications  of  dimethoate/omethoate  or  in  the  late  1990’s  of  pirimicarb.  By 
1999-2000,  after  this  prolonged  period  of  selection,  Aphis  gossypii  showed  resistance  to 
pirimicarb  and  cross  resistance  to  dimethoate/omethoate.  No  new  chemical  controls  were 
available  so  effective  control  required  development  of  an  insecticide  resistance  management 
(IRM)  strategy  integrated  with  integrated  pest  management  (IPM)  strategies  designed  to 
maximalise  any  known  selective  disadvantage  of  resistant  individuals.  The  IRM  component 
emphasised  rotation  between  modes  of  action  (MO A)  and  limiting  the  number  of  applications  of 
any  MOA.  The  IPM  component  incorporated  farm  hygiene  to  reduce  overwinter  hosts  for 


resistant  aphids,  conservation  of  natural  enemies,  and  effective  use  of  sampling  and  thresholds. 
The  aphid  management  strategy  was  fluid,  evolving  and  adapting  as  new  knowledge,  new 
resistance  and  further  IPM  or  IRM  tactics  became  available.  For  instance,  in  2007-2008 
resistance  was  detected  in  aphids  to  the  neonicotinoids  resulting  in  field  failures.  This  required 
modifications  to  the  aphid  management  strategy  to  address  prolonged  selection  by  both 
neonicotinoid  seed  treatments  and  foliar  applications.  The  strategy  also  considered  the  need  to 
manage  concurrent  pest  species  to  mitigate  the  risk  that  insecticides  sprayed  against  those  pests 
would  cause  aphid  outbreaks  or  select  for  resistance  in  aphids.  The  integrated  strategy  has  now 
almost  completely  recovered  IPM  friendly  pirimicarb  and  resistance  to  neonicotinoid  insecticide 
group  has  declined  dramatically. 
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Introduction:  The  tomato  borer  Tuta  absoluta( Lepidoptera:  Gelechiidae)  is  a  major  crop  pest.  It 
was  initially  restricted  in  South  America,  but  after  invading  Europe  in  2007  it  rapidly  spread 
throughout  the  rest  of  the  world  becoming  a  global  major  threat  to  tomato  production.  The 
current  status  and  the  advances  in  its  chemical  control  are  presented,  with  emphasis  on  the 
emergence  of  insecticide  resistance. 

Methods:  Literature  review  and  personal  communications  with  leading  research  groups  were 
used  for  depicting  the  situation  in  several  regions  worldwide.  In  addition,  bioassays  were 
developed  and  contacted  to  monitor  susceptibility  to  insecticides  in  a  large  number  of  T. 
afoo/wtopopulations  from  Europe  and  Middle  East.  Finally,  striking  cases  of  insecticide 
resistance  that  were  identified  during  monitoring  survey,  were  analysed,  aiming  to  identify  the 
underlying  mechanism  of  resistance  at  the  molecular  level. 


Results/Conclusion:  The  control  of  T.  absoluta  largely  relies  on  insecticide,  such  as  indoxacarb 
(oxidiazine),  flubendiamide,  chlorantraniliprole  (diamides),  spinosad  (spinosyn),  emamectin 
benzoate  (avermectins)  and  metaflumizone  (semicarbazone).  Their  heavy  use  has  resulted  in 
resistance  selection  against  some  insecticides,  such  as  diamides  and  spinosyns  in  certain 
geographical  locations.  Resistance  mechanisms  involve  primarily  target  site  mutations.  While  the 
basis  of  a  widely  adopted  intergrade  pest  management  scheme  is  still  under  development,  cross 
resistance  with  chemicals  of  alternative  mode  of  action  (MoA)  was  not  detected,  suggesting  that 
rotation  of  MoAs  based  on  IRAC  guidelines  is  an  efficient  strategy.  Novel  chemistries  are 
currently  evaluated,  to  provide  additional  tools  for  the  control  of  T.  absoluta  and  resistance 
management. 
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Abstract  text: 

The  diamondback  moth  Plutella  xylostellais  one  of  the  most  important  pests  of  cruciferous  crops 
worldwide  and  causes  yield  losses  and  control  costs  estimated  to  be  USD  1  billion  per  year. 

While  P.  xylostella  is  a  poor  flier,  the  wind  can  carry  it  several  thousand  kilometers  in  a  few  days 
from  warmer  regions  into  temperate  regions  where  they  are  unable  to  overwinter.  Thus,  annual 
outbreaks  in  countries  with  hard  winters  are  attributed  to  migration.  In  tropical  and  subtropical 
regions,  favorable  weather  conditions  allow  for  continuous  breeding  resulting  in  up  to  30 
generations  per  year. 

Due  among  other  things,  to  its  high  reproductive  potential,  P.  xylostella  is  considered  to  be  one 
of  the  most  difficult  pests  to  control  and  continuous  insecticide  applications  have  been  the  main 


tool  to  control  this  species.  As  a  result,  P.  xylostella  developed  resistance  to  almost  all 
insecticides,  including  recently  introduced  compounds  from  the  diamide  class  of  insecticides. 

Global  diamide  resistance  monitoring  using  molecular  high  throughput  tools  has  advanced  our 
understanding  of  the  distribution  of  resistance  and  the  need  of  effective  resistance  management 
strategies  adjusted  to  local  needs  and  conditions.  The  present  talk  will  compare  such  resistance 
management  strategies  across  multiple  countries  and  elucidate  the  need  for  monitoring  to  allow 
effective  control  of  insect  pests. 
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Introduction:  Monsanto’s  Bt  cotton  technologies  have  been  grown  successfully  in  Australia  for 
20  years  and  in  that  time  have  provided  excellent  control  of  Helicoverpa  spp.  Historically  the 
major  pest  of  cotton,  Helicoverpa  armigera,  developed  resistance  to  insecticides  rapidly. 

Methods:  Because  of  this,  a  proactive  insect  resistance  management  approach  has  been  taken 
with  all  Bt  cotton  technologies,  in  which  Monsanto  works  with  the  industry  to  develop  a 
Resistance  Management  Plan  (RMP)  that  is  approved  by  Regulators  prior  to  commercial  release. 
The  RMP  is  based  on  3  major  elements:  minimising  the  exposure  of  Helicoverpa  spp.  to  the 
Bt  proteins  in  Bt  cotton  through  planting  windows,  providing  a  population  of  susceptible 
individuals  through  the  planting  of  structured  refuges,  and  removing  resistant  individuals  at  the 
end  of  the  cotton  season  through  mandatory  cultivation. 

Results/Conclusion:  Over  the  last  20  years,  compliance  with  the  RMP  by  Australian  cotton 
growers  has  been  high  and  resistance  allele  frequencies  have  not  increased. 
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Abstract  text: 

Introduction:  Corn  is  one  of  the  main  crops  in  Vietnam,  but  domestic  corn  supplies  are  still 
limited.  Annually,  Vietnam  must  spend  billions  of  dollars  to  import  maize  as  a  raw  material  feed 
product  and  import  levels  are  likely  to  increase  in  coming  years.  Among  the  major  pests  of  corn 
in  Vietnam,  three  Lepidopteran  key  pests  are  Ostrinia  furnacalis  Guenee,  Helicoverpa 


armigera  Hubner  and  Spodoptera  litura  F.  These  pests  pose  limitations  to  increasing  corn 
productivity. 

Methods:  Transgenic  Bt  corn  varieties  conferring  resistance  to  Lepidoptera  are  currently  being 
evaluated  and  some  Bt  corn  events  have  already  been  approved  for  commercialization  in 
Vietnam.  However,  it  is  generally  believed  that  large-scale  cultivation  of  a  Bt  crop  that  is  capable 
of  season-long  expression  of  the  Bt  protein  will  exert  high  selection  pressure  on  target  insects 
and  accelerate  the  buildup  of  resistance.  Several  resistance  management  strategies  have  been 
proposed  to  slow  down  the  evolution  of  pest  resistance  to  Bt  toxins  in  transgenic  plants. 
Important  information  for  a  successful  management  of  resistance  strategy  is  the  baseline 
susceptibility  of  the  different  targeted  pests  towards  the  Bt  proteins.  The  success  of  the  program 
depends  on  the  effectiveness  of  a  resistance  monitoring  program  capable  of  early  detection  of 
resistance. 

Results/Conclusion:  Therefore,  baseline  information  on  the  susceptibility  of  O.  furnacalis,  H. 
armigera  and  S.  litura  to  two  Bt  proteins,  Cry  1  A.  105  and  Cry2Ab2,  is  essential  data  which  will 
function  as  a  reference  for  monitoring  purposes.  Furthermore,  the  output  from  this  study  will 
play  an  important  role  in  designing  marketing  strategies  of  Bt  corn  in  Vietnam. 
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Abstract  text: 

Introduction:  Bt  cotton  was  widely  adopted  as  a  bollworm-resistant  crop  in  Pakistan  after  the 
approval  of  transgenic  genotypes.  However,  the  economic  advantages  of  Bt  cotton  will  only  be 
seen  if  the  crop  reduces  pest  damage.  The  performance  of  Bt  cotton  is  directly  related  to  the 
toxin  concentration  in  the  leaf  and  bolls  being  enough  to  prevent  damage  from  pests. 


Methods:  Cotton  leaf  and  boll  samples  of  940  plants  in  19  districts  of  Punjab’s  cotton  belt  were 
analyzed  at  70  and  120  days  after  sowing  (DAS)  from  560  randomly  selected  households. 

ELISA  based  quantitative  analysis  was  conducted. 

Results/Conclusion:  ELISA  results  showed  that  the  average  concentrations  of  toxin  in  leaves  and 
bolls  were  0.97  and  0.58pg/g  respectively  at  70  DAS.  At  120  DAS,  the  toxin  concentrations  in 
leaf  and  boll  samples  were  0.69  and  0.52  pg/g,  respectively.  The  expression  level  was  lower  in 
boll  samples  as  compared  to  leaf  samples.  Our  results  also  indicate  that  there  are  temporal, 
meteorological,  and  other  factors  affecting  expression  of  the  Bt  transgene  in  farmers’  fields. 
These  factors  may  result  in  ineffective  resistance  to  Lepidopteran  pests.  The  outbreak  of  pink 
bollworm  ( Pectinophera  gossypiella)  in  2015  can  also  be  attributed  to  some  extent  to  the 
prevalence  of  genotypes  with  sub-lethal  expression  level  of  the  transgene.  Another  important 
observation  was  the  long  list  of  unapproved  Bt  cotton  genotypes  being  cultivated  by  farmers.  In 
conclusion,  high  levels  of  temporal  and  tissue  variability  of  cry  1  Ac  gene  expression  coupled  with 
seed  malpractice  can  result  in  significant  ecological,  environmental  and  economic  consequences. 
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Abstract  text: 

Introduction:  Bt  corn  was  commercially  introduced  in  the  Philippines  in  December  2003.  After 
almost  13  years,  the  number  one  insect  pest  of  corn,  the  Asian  corn  borer  (ACB),  Ostrinia 
furnacalis  Guenee,  had  been  managed  and  the  transgenic  Bt  corn  provided  effective  control. 

Methods:  As  part  of  the  regulatory  procedures  for  Bt  corn  commercialization  for  single  and 
pyramided  traits,  field  and  laboratory  bioefficacy  studies  are  conducted  to  generate  baseline 
information  on  the  reaction  of  Bt  corn  against  the  ACB.  For  field  bioefficacy  evaluation,  the 


stalk  infestation  technique  was  developed  and  provided  reliable  and  efficient  results.  For 
laboratory  bioassays,  the  leaf  disc  method  was  used  at  the  vegetative  stage  and  stalk  bars  were 
used  at  the  reproductive  stage.  For  screenhouse  bioassays,  the  whole  plant  technique  was  used  to 
confirm  the  resistance  reaction  using  whole  fresh  tissues.  Leaf  and  stalk  feeding  damage  were 
assessed. 

Results/Conclusion:  After  several  trials  in  screening  single  and  stacked  Bt  corn  hybrids,  these 
techniques  proved  effective  in  evaluating  efficacy  or  resistance  against  the  ACB.  Results  from 
previous  screening  will  be  discussed. 
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Abstract  text: 

Introduction:  The  core  of  insect  resistance  management  systems  prescribed  for  Bacillus 
thuringeinsis  (Bt)  corn  in  the  Philippines  is  the  combined  high  dose  and  refuge  strategy,  which 
keeps  the  rare  status  of  resistant  Asian  corn  borer  (ACB)  Ostrinia  furnacalis  in  the  field.  Annual 
monitoring  for  development  of  ACB  resistance  to  Bt  corn  is  among  the  other  components  of  the 
Philippine  IRM  strategy. 

Methods:  ACB  collection  sites  were  chosen  based  upon  their  history  of  ACB  infestation  and 
because  they  span  the  important  corn  growing  regions  of  the  Philippines.  Diagnostic 
concentrations  for  ACB  resistance  monitoring  were  developed  for  insecticidal  Cry  lAb, 

Cry  1  A.  105,  Cry  IF  and  Cry2Ab2  proteins.  The  upper  limit  of  99%  lethal  concentration  (LC99), 
estimated  from  pooled  mortality  data  gathered  from  baseline  bioassays  of  each  Cry  protein,  was 
selected  for  monitoring. 


Results/Conclusion:  The  diagnostic  concentrations  developed  for  CrylAb,  Cry  1  A.  105,  Cry  IF 
and  Cry2Ab2  proteins  are  104  ng/cm2,  165  ng/cm2,  1,087  ng/cm2,  and  3,400  ng/cm2, 
respectively.  Monitoring  of  field  populations  in  areas  where  Bt  corn  expressing  CrylAb  protein 
had  been  grown  continuously  found  some  enhanced  survival  of  neonates  at  the  diagnostic 
concentration  but  confirmatory  tests  revealed  that  progeny  of  the  diagnostic  concentration 
survivors  did  not  survive  on  Bt  corn.  A  more  sensitive  family  line  approach  applied  to  both 
laboratory  dose-response  bioassays  and  at  the  field  level  may  be  helpful  to  shed  light  on  the 
genetic  composition  that  confers  the  current  level  of  ACB  resistance  to  Bt  corn  hybrids  present 
in  the  Philippine  Bt  corn  landscape. 


Symposium 

Presentation  Title:  Studies  on  non-target  organisms  in  Bt  corn  in  the  Philippines  and  the 
important  role  of  Bt  corn  technology  in  enhancing  arthropod  biodiversity  in  corn  fields 

Author  Name:  Ireneo  Lit  Jr 

Author  Institution:  University  of  the  Philippines 

Session  Title:  Symposium:  Insect-Resistant  GM  Crops  in  Asia-Pacific:  Current  Status, 
Challenges,  and  Opportunities 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3791 

DOI:  10. 1603/ICE.2016. 106884 

Abstract  text: 

Introduction:  Terrestrial  ecosystems,  including  agro-ecosystems  and  the  various  cropping 
systems  adopted  by  farmers  in  tropical  countries,  are  generally  regarded  as  more  complex  than 
their  counterparts  in  temperate  regions.  Specifically  for  the  Philippines,  its  archipelagic  nature 
and  status  as  a  region  of  megadiversity  further  raise  the  complexity  of  biotic  interactions. 

Methods:  Considering  these  issues  and  matters,  the  concept  and  array  of  non-target  organisms 
studied  for  possible  risks  from  new  technologies,  including  single  and  stacked  trait  Bt  corn 
hybrids,  are  re-evaluated  and  compared  to  previous  studies  in  other  countries. 

Results/Conclusion:  The  results  of  our  multi-locations  trials  indicate  higher  non-target  arthropod 
diversity  even  in  corn  fields.  The  occurrence  of  numerous  natural  generalist  control  agents 
observed  in  previous  studies  in  other  countries  is  confirmed.  However,  while  previous  studies 
focused  mainly  on  pollinators  and  natural  enemies,  i.e.  predators  and  parasitoids  of  the  target 


pest  the  Asian  corn  borer,  Ostrinia  furnacalis  Guenee,  we  emphasize  also  the  important  roles  of 
neutrals,  including  non-target  herbivores,  vagrants  and  detritivores.  Overall,  our  studies  attest  to 
the  environmental  friendliness  of  Bt  com  technology  and  its  important  role  in  enhancing 
biodiversity. 
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Abstract  text: 

Introduction:  Corn  is  one  among  a  few  agricultural  commodities  receiving  priority  for  self 
sufficiency  by  the  new  Government  of  Indonesia.  The  national  corn  production  has  increased 
during  the  last  5  years,  reaching  19.01  million  tons  in  2014,  but  we  imported  3.18  million  tons. 
The  import  has  doubled  during  the  last  5  years. 

Methods:  Despite  the  positive  trend  in  corn  business,  the  economic  importance  of  the  Asian  corn 
borer  (ACB),  Ostrinia  furnacalis ,  is  rising  and  serious  damage  has  been  reported  in  several 
major  corn  producing  areas.  Yield  loss  due  to  ACB  has  not  been  widely  understood  by  growers, 
and  we  documented  that  one  larva  could  reduce  yield  up  to  4.9%.  Increasing  awareness  on  the 
need  for  managing  ACB  is  the  basis  for  willingness  of  farmers  to  purchase  Bt  corn.  Refuge  in  the 
bag  is  believed  to  be  the  best  system  to  comply  with  IRM  for  small  holder  farmers.  However, 
education  for  farmers  and  other  stakeholders  is  essential.  Unnecessary  disappointments  due  to 
incomplete  understanding  of  this  technology  could  lead  to  a  public  polemic  and  distrust. 

Results/Conclusion:  Bt  corn  could  be  the  next  transgenic  crop  commercialized  in  Indonesia  after 
Bt  cotton  in  the  early  2000.  Thus,  proper  education  for  growers,  consumers,  and  policy  makers  is 
essential  before  the  adoption. 


Symposium 

Presentation  Title:  The  development  and  status  of  Bt  rice  in  China 
Author  Name:  Yunhe  Li 

Author  Institution:  Chinese  Academy  of  Agricultural  Sciences 

Session  Title:  Symposium:  Insect-Resistant  GM  Crops  in  Asia-Pacific:  Current  Status, 
Challenges,  and  Opportunities 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3793 

DOI:  10. 1603/ICE.2016. 92298 

Abstract  text: 

Introduction:  Multiple  lines  of  transgenic  rice  expressing  insecticidal  genes  from  the 
bacterium  Bacillus  thuringiensis  (Bt)  have  been  developed  in  China,  posing  the  prospect  of 
increases  in  production  with  decreased  application  of  pesticides. 

Methods:  We  explore  the  issues  facing  adoption  of  Bt  rice  for  commercial  production  in  China. 

Results/Conclusion:  A  body  of  safety  assessment  work  on  Bt  rice  has  shown  that  Bt  rice  poses 
a  negligible  risk  to  the  environment,  and  that  Bt  rice  products  are  as  safe  as  non  -Bt  control  rice 
products  as  food.  China  has  a  relatively  well-developed  regulatory  system  for  risk  assessment 
and  management  of  GM  plants.  However,  decision  making  regarding  approval  of  commercial 
production  has  become  politicized,  and  two  Bt  rice  lines  that  otherwise  were  ready  have  not  been 
allowed  to  enter  the  Chinese  agricultural  system.  We  predict  that  Chinese  farmers  would  value 
the  prospect  of  increased  yield  with  decreased  use  of  pesticide,  and  would  readily  adopt 
production  of  Bt  rice.  That  Bt  rice  lines  may  not  be  commercialized  in  the  near  future  we 
attribute  to  social  pressures,  largely  due  to  the  low  level  of  understanding  and  acceptance  of  GM 
crops  by  Chinese  consumers.  Hence,  enhancing  communication  of  GM  crop  science-related 
issues  to  the  public  is  an  important,  unmet  need.  While  the  dynamics  of  each  issue  are  particular 
to  China,  they  typify  those  in  many  countries  where  adoption  of  GM  crops  has  not  been  rapid; 
hence,  assessment  of  these  dynamics  might  inform  resolution  of  these  issues  in  other  countries. 
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Abstract  text: 

Introduction:  In  northern  China,  transgenic  cotton  producing  a  single  Bt  toxin,  Cry  1  Ac,  has  been 
intensively  planted  since  1997  to  control  Helicoverpa  armigera,  a  serious  pest  of  many  crops. 
Although  Bt  cotton  does  not  express  a  high  dose  of  Cry  1  Ac  relative  to  the  innate  tolerance  of  H. 
armigera  and  non-Bt  cotton  refuge  has  not  been  required  in  China,  resistance  evolution  speed  of 
H.  armigera  to  Bt  cotton  was  much  slower  than  expected.  A  synergistic  analysis  that  combines 
simulation  modeling  and  field  resistance  monitoring  data  confirms  that  the  “natural”  refuges  of 
non-Bt  crops  other  than  cotton  delayed  resistance  evolution  in  the  field  populations  of  H. 
armigera  from  northern  China. 

Methods:  Results  from  both  the  laboratory- selected  and  field-evolved  resistance  in  H.  armigera 
show  that  dominance  of  resistance  ranges  from  complete  recessiveness  to  complete  dominance. 
The  high  diversity  of  evolved  resistance  dominance  to  Cry  1  Ac  in  H.  armigera  implies  that  this 
pest  could  evolve  dominant  resistance  alleles  in  the  field  that  could  cope  with  the  natural  refuge 
strategy.  Our  resistance  monitoring  results  demonstrate  that  the  percentage  of  resistant  H. 
armigera  individuals  with  dominant  inheritance  of  resistance  to  Cry  1  Ac  increased  faster  than 
that  of  individuals  with  recessive  resistance. 

Results/Conclusion:  Natural  refuges  help  delay,  but  can  not  stop,  resistance  evolution  to  Bt 
cotton  in  H.  armigera  from  northern  China.  Considering  the  increasing  frequency  of  resistance  to 
Cry  1  Ac  in  the  field,  resistance  management  tactics  other  than  the  natural  refuge  are  urgently 
needed  to  delay  resistance  evolution  of  H.  armigera  in  northern  China. 
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Anthony  (Tony)  Bellotti’s  career  took  him  to  El  Salvador  with  the  Peace  Corps  in  1962,  New 
Mexico  State  for  a  Master's,  Paraguay  (again  with  the  Peace  Corps),  Cornell  University  for  a 
Ph.D.,  and  Colombia  where  he  worked  for  the  Centro  Internacional  de  Agricultura  Tropical 
(CIAT)  from  1974  until  his  passing  in  March,  2013  in  Naples,  Florida.  Tony  became  a 
passionate  advocate  of  cassava,  and  one  of  the  world’s  pre-eminent  authorities  on  the 
entomology  of  that  orphan  crop  that  sustains  millions  of  the  world’s  poorest  populations.  Tony 
played  a  crucial  role  in  one  of  the  most  often  cited  and  successful  examples  of  classical 
biological  control,  the  introduction  of  a  parasitoid  wasp  from  Paraguay  to  control  the  cassava 
mealybug  throughout  a  broad  area  of  Africa  known  as  the  Cassava  Belt.  During  the  1990’s,  we 
also  introduced  parasitoids  of  the  cassava  mealybug  from  northern  South  America  into 
northeastern  Brazil.  The  results  of  these  introductions  are  presented  to  illustrate  a  theory  of 
periodic  local  extinction  of  natural  enemies  under  the  climatic  conditions  of  northeastern  Brazil 
after  the  elimination  of  the  Atlantic  rainforest  biome. 
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Cassava  is  a  staple  bio-energy  and  industrial  crop,  cultivated  on  >4  million  ha  by  millions  of 
farming  families  in  Southeast  Asia.  While  Asian  cassava  crops  historically  remained  free  of 
phytosanitary  constraints,  they  are  presently  devastated  by  a  number  of  fast-spreading  invasive 
pests  and  diseases.  Over  the  past  decade,  several  non-native  mealybug  species 
(including  Phenacoccus  manihoti )  have  arrived,  and  local  cassava  crops  are  increasingly  affected 
by  a  systemic,  insect-vectored  phytoplasma  disease  (i.e.,  cassava  witches  broom,  CWB). 

Over  the  past  five  years,  a  region-wide  initiative  has  effectively  addressed  above  plant  health 
threats.  Up  to  15  different  institutions  have  bundled  forces  to  gauge  geographic  distribution  of 
pest  invaders,  visualize  invasion  pathways,  seek  integrated  pest  management  (IPM)  solutions, 
and  devise  innovative  approaches  to  deliver  sound  crop  protection  technologies  to  local  cassava 
growers.  Forces  were  bundled  from  the  UN  Food  and  Agricultural  Organization 
(FAO)  and  Consultative  Group  on  International  Agricultural  Research  (CGIAR)  centers  to 
implement  P.  manihoti  biological  control,  through  release  of  the  encyrtid  Anagyrus  lopezi.  For 
other  mealybug  species,  an  in-depth  assessment  is  made  of  identity,  abundance  and  efficacy  of 
locally-occurring  natural  enemies.  In  pest-free  areas,  deliberate  action  is  taken  to  raise  public 
awareness  and  deploy  robust  biosecurity  and  “early  detection  x  rapid  response”  modules.  Fastly, 
applied  research  explores  resilience-building  options  for  local  cropping  systems,  through 
diversification  and  on-farm  habitat  manipulation.  This  initiative  accentuates  the  value  of 
collaborative  research  with  national,  regional  and  international  partners  to  safeguard  the 
sustainability  and  profitability  of  this  important  crop,  ensuring  food  security  in  countries  such  as 
Indonesia  and  the  Philippines. 


Symposium 

Presentation  Title:  Crop  and  parasitoid  diversity:  A  rich  source  to  suppress  pest  insects  based 
on  scientific  evidence 

Author  Name:  Silvia  Dorn 

Author  Institution:  ETH  Zurich 

Session  Title:  Symposium:  Cassava  and  Bean  IPM  throughout  the  Developing  World:  Honoring 
the  Contributions  of  Anthony  Bellotti  and  Cesar  Cardona  Mejia 

Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  3797 


DOI:  10. 1603/ICE.2016.945 16 


Abstract  text: 

The  inspiring  contributions  by  Anthony  Bellotti  and  Cesar  Cardona  truly  represent  “Entomology 
without  borders”.  Selected  key  findings  from  the  intense  collaboration  between  ETH  in  Europe 
and  CIAT  in  South  America  towards  global  food  security  will  be  highlighted,  along  with 
conceptually  related  recent  approaches. 

To  exploit  parasitoid  species  diversity  and  crop  genetic  diversity  for  crop  protection,  experiments 
were  carried  out  ranging  from  field  mass  release  of  parasitoids  to  detailed  laboratory  trials  on 
parasitoid  preference  and  pest  performance.  Results  demonstrate  that  it  is  not  the  diversity  in 
parasitoid  species  per  se  that  fosters  greater  biological  control.  Parasitoid  behavior  seems  to 
matter  in  a  decisive  manner.  This  statement  is  based  on  our  findings  with  the  tritrophic  system 
composed  of  cassava,  the  cassava  mealybug  Phenacoccus  herreni,  and  specialized  and  more 
generalized  parasitoids.  It  is  further  supported  by  subsequent  work  on  parasitoids  confronted 
with  a  multispecies  infestation  and  their  food  location  or  partitioning. 

Work  on  genetic  crop  species  diversity  resulted  in  the  identification  of  cultivars  suppressing 
coleopteran  pests  post-harvest  by  various  mechanisms,  as  shown  for  common  bean  and  bruchids 
(especially  Acanthoscelides  obtectus ).  Remarkable  synergism  was  found  when  adding  a  native 
parasitoid  species,  Dinarmus  has  alls,  to  build  a  complete  integrated  system. 

Recent  work,  e.g.  in  the  fruit  tree  ecosystem,  indicates  that  investigations  into  crop  diversity 
continues  to  hold  much  promise  for  natural  resource  based  control  of  herbivore  pest  insects,  and 
that  the  use  of  diverse  parasitoids  should  be  further  studied  in  such  contexts,  to  the  benefit  of  the 
livelihood  of  farmers  and  the  environment. 
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The  cassava  green  mite,  Mononychellus  tanajoa  (Tetranychidae),  is  a  specialist  herbivore  that 
feeds  on  leaves  of  cassava.  Both  the  mite  and  its  host  plant  are  native  to  South  America,  where 
the  mite  is  an  occasional  pest,  especially  during  dry  periods.  The  mite  was  accidentally 
introduced  to  Africa  in  the  early  1970s,  where  it  rapidly  spread  and  became  a  principal  pest  of 
cassava.  Foreign  exploration  was  conducted  in  South  America  to  find  suitable  natural  enemies, 
including  predatory  insects,  phytoseiid  mites  and  fungal  pathogens.  A  staphylinid  predator, 
Oligota  minuta ,  was  released  by  the  International  Institute  of  Biological  Control  (IIBC)  in 
Kenya,  but  failed  to  establish.  The  International  Center  for  Tropical  Agriculture  (CIAT) 
conducted  extensive  exploration  in  Ecuador,  Colombia,  and  Venezuela,  and  EMBRAPA  (the 
Brazilian  Agricultural  Research  Corporation)  scientists  explored  northeastern  Brazil.  Prospective 
biological  control  agents  were  identified,  screened  for  host  specificity,  and  shipped  to 
cooperators  at  the  International  Institute  for  Tropical  Agriculture  (IITA)  in  Benin  to  release  in 
Africa.  Three  species  of  phytoseiid  predatory  mites  were  established  in  Africa:  Neoseiulus 
idaeus ,  Typhlodromalus  manihoti ,  and  T.  aripo.  Of  these,  T.  aripo  had  the  most  impact  on 
controlling  the  target  pest.  T.  aripo's  close  association  with  the  host  plant  appears  to  be  a  key 
factor  in  its  success  as  a  biological  control  agent. 
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Introduction:  Cassava  ( Manihot  esculenta  Crantz)  is  the  fourth  most  important  source  of 
carbohydrates  for  human  consumption  in  the  tropics.  The  mealybug  Phenacoccus  herreni  Cox  & 
Williams  was  first  observed  damaging  cassava  plants  in  northeastern  Brazil  in  the  early  1980s. 


By  the  mid-1990s  this  pest  was  found  in  57  municipalities  belonging  to  six  states  in  northeastern 
Brazil,  making  cassava  production  uneconomic  in  some  areas,  with  yield  losses  of  up  to  80%. 
Because  of  the  social  and  economic  importance  of  cassava  in  that  country,  a  project  was  initiated 
in  mid- 1994  for  the  biological  control  of  P.  herreni ,  with  the  introduction  of  three  Hymenoptera 
of  the  family  Encyrtidae,  Apoanagyrus  diversicornis  Howard,  Aenasius  vexans  Kerrich,  and 
Acerophagus  coccois  Smith,  from  Colombia  and  Venezuela. 

Results/Conclusion:  By  the  end  of  1996,  A.  diversicornis  was  recovered  130,  234,  304  and  550 
km  from  its  release  site  after  6,  14,  21  and  33  months,  respectively.  A.  coccois  was  recovered  at 
180  km  from  its  release  site  9  months  after  release.  A.  vexans ,  however,  did  not  disperse  at  all 
despite  being  consistently  recovered  at  its  release  site.  After  1997,  the  results  of  this  project  were 
that  the  concerted  action  of  each  of  the  three  introduced  parasitoids  and  the  native  natural 
enemies  was  sufficient  to  control  P.  herreni  at  low  levels. 
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Erinnyis  ello  causes  serious  damage  to  cassava  in  the  Neotropics.  Severe  attacks  cause  complete 
plant  defoliation,  bulk  root  loss  and  poor  root  quality.  In  farmers’  fields,  natural  attacks  resulted 
in  18%  yield  loss.  Management  of  E.  ello  must  focus  on  its  migratory  behavior  and  monitoring 
field  populations  to  detect  migrating  adults.  Most  importantly,  the  abundant  biological  control 
agents  were  discovered  to  be  the  most  important  tools  for  its  successful  control.  These  included 
more  than  30  species  of  parasites,  predators  and  pathogens  of  the  egg,  larval  and  pupal 
stages.  Eight  microhymenopteran  species  of  the  families  Trichogrammatidae,  Scelionidae  and 
Encryrtidae  are  egg  parasites,  of  which  Trichogramma  and  Telenomus  are  the  most  important. 
Chrysopa  spp.  are  common  egg  predators  while  important  larval  predators  include  Polistes  spp. 
(Hymenoptera:  Vespidae)  and  several  spider  species.  Important  entomopathogens  include 


Cor dy ceps  sp.  (Acony cites:  Clavicipitaceae),  a  soil-borne  fungus  that  invades  hornworm  pupae, 
causing  mortality.  Studies  showed  that  certain  isolates  of  Beauveria  sp.  and  Metarhizium  sp. 
cause  high  larval  mortality.  Hornworm  outbreaks  can  be  controlled  with  timely  (early  instars) 
applications  of  commercial  biopesticides  of  Bacillus  thuringiensis . 
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Neozygites  tanajoae  Delalibera,  Hajek  &  Humber  is  by  far  the  most  studied  fungal  pathogen  of 
cassava  pests  but  there  is  a  great  diversity  of  entomopathogens  associated  to  cassava  pests  to  be 
explored.  N.  tanajoae  was  investigated  in  the  long-term  classical  biological  control  project  of  the 
cassava  green  mite,  Mononychellus  tanajoa  Bondar  (Acari:  Tetranychidae),  one  of  the  most 
important  pests  of  this  crop  in  Africa  after  its  introduction  from  the  Neotropics.  Isolates  of  N. 
tanajoae  from  Brazil  were  released  in  Benin,  Africa  in  1998/1999  and  the  establishment  and 
spread  was  confirmed  by  molecular  probes  many  years  later,  but  the  impact  on  host  populations 
of  the  exotic  Brazilian  isolates  in  Africa  has  not  been  determined.  The  strategic  cooperation  to 
find  control  solutions  not  only  for  the  cassava  green  mite  but  also  against  cassava  mealybugs,  led 
by  Dr.  Anthony  Bellotti,  helped  start  other  biological  control  programs  in  Brazil.  One  example  of 
inundative  microbial  control  in  cassava  is  the  use  of  a  fungus  referred  to  as  Cladosporium 
cladosporioides  sprayed  in  northeastern  Brazil  against  the  whitefly  Aleurothrixus  aepim  Goeldi 
(Hemiptera:  Aleyrodidae).  Many  other  fungal  species  within  the  genera  Metarhizium ,  Beauveria , 
Isaria ,  and  Lecanicillium  present  great  potential  against  cassava  pests.  Commercial  products 
based  on  these  entomopathogens  are  available  worldwide.  However,  considering  that  cassava  is 
cultivated  in  most  part  of  the  world  by  resource-poor  farmers  on  a  small  scale,  most  growers 
cannot  afford  to  buy  pesticides.  Simple  and  inexpensive  microbial  control  approaches  that  can  be 
adopted  by  cassava  growers  will  be  discussed. 
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The  cassava  green  mite  (CGM),  Mononychellus  tanajoa  Bondar  (Acari:  Tetranychidae), 
campaign  in  Africa  grew  out  of  an  effort  to  find  a  classical  biological  control  solution  for  the 
cassava  mealybug,  Phenacoccus  manihoti  Matile-Ferrero  (Hemiptera:  Pseudococcidae).  Dr. 
Anthony  (Tony)  Bellotti  of  the  Centro  Internacional  de  Agricultura  Tropical  in  South  America 
helped  start  both  classical  biological  control  campaigns  with  colleagues  at  the  International 
Institute  of  Tropical  Agriculture  in  Africa.  His  expertise  and  international  experience  brought 
together  key  players  and  institutions  that  eventually  led  to  the  discovery  and  implementation  of 
phenomenally  successful  biological  control  agents.  He  found  and  shipped  the  first  exotic  mite 
predator  to  Africa  in  1983,  and  helped  establish  a  partnership  in  Brazil  that  eventually  discovered 
the  highly  effective  mite  predator,  Typhlodromalus  aripo  De  Leon  (Acari:  Phytoseiidae)  that  was 
subsequently  distributed  widely  in  Africa.  He  collaborated  on  strategic  research  such  as 
identifying  agro-climatically  homologous  regions  between  continents  as  target  sites  in  South 
America  for  foreign  exploration.  This  led  to  partnerships  in  both  continents  that  became  a  major 
development  project  to  address  cassava  plant  protection  in  a  comprehensive  manner.  This 
program,  among  others,  trained  scores  of  national  program  collaborators  and  dozens  of  graduate 
students  in  Africa  and  South  America.  International  cooperation  and  strategic  collaboration  were 
the  foundation  for  this  highly  complex,  and  ultimately  successful,  campaign  in  Africa.  Dr. 

Bellotti  was  there  at  the  beginning  and  played  a  critical  role  throughout  the  campaign.  He  will 
always  be  remembered  and  appreciated  for  his  many  contributions  and  congenial  personality. 
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University  research  programs  attract  interest  and  funding  from  many  sources — individual, 
government,  corporate,  non-profit — most  seeking  a  solution  from  scientists  to  a  problem.  The 
results  are  often  new  discoveries  self-reported  by  researchers  to  their  institution’s  intellectual 
property  office  prior  to  presenting  or  publishing.  New  discoveries  quickly  assessed  for 
commercial  market  potential,  as  well  as  for  their  probability  to  be  granted  a  patent  in  the  U.S. 
and  abroad,  are  vital.  Pending  patent  applications  accompanied  by  preliminary  research  results 
attract  commercial  entities  seeking  market-driven  solutions  through  improved  processes,  new 
products,  or  improved  product  performance.  In  exchange  for  exclusive  evaluation  opportunities 
of  new  technologies,  commercial  entities  can  provide  universities  with  license  fees,  future 
royalties,  equity,  materials,  development  funding  or  laboratory  support,  among  other  financial 
incentives.  Learn  how  several  simple  methods  practiced  at  the  University  of  Central  Florida  have 
attracted  and  increased  private  and  federal  funding  for  laboratories,  as  well  as  increased  product 
licensing  opportunities  and  income,  at  the  University  of  Central  Florida. 
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Introduction:  Australia  has  a  range  of  native  and  invasive  cosmopolitan  insect  pests.  In  addition 
to  those  in  urban  and  agricultural  environments,  there  are  several  arthropods  that  are  arthropod 
vectors  of  zoonootic  diseases.  Because  of  challenges  with  insecticide  resistance,  and  also 
because  of  the  demand  for  more  sustainable  chemistries,  there  is  a  need  for  novel  insecticides 
with  new  modes  of  action. 

Methods:  A  panel  of  six  spider  venoms  from  a  broad  phyletic  and  geographic  range  was 
screened,  and  their  peptidome  and  insecticidal  activity  was  compared  (DOI: 

10. 1016/j.toxicon.2009.0 1.025).  One  of  those  venoms  (from  the  Australian  featherleg  tarantula 
Selenotypus  plumipes ),  was  selected  as  a  lead  candidate  for  further  characterization.  From  that 
venom  we  have  isolated  a  suite  of  orally  active  insecticidal  toxins,  and  screened  them  for  activity 
against  economically  important  insect  pests,  including  several  arthropods  of  global  biosecurity 
concern  (DOI:  10.1371/journal.pone.0073136). 

Results/Conclusion:  Several  toxins  with  potent  activity  have  been  discovered,  and  one  toxin  has 
been  comprehensively  characterized.  The  activity,  phyletic  selectivity,  and  stability  of  these 
orally  active  insecticidal  peptides  will  be  discussed. 
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Abstract  text: 


Introduction:  New  biochemical  biopesticides  and  greener  pesticides  based  on  natural  compounds 
are  in  great  demand  in  order  to  reduce  real  and  perceived  health  and  environmental  risks  of 
conventional  pesticides.  Furthermore,  natural  compounds  often  provide  new  pesticide  modes  of 
action  needed  to  manage  evolving  resistance  to  pesticides.  There  has  been  considerably  more 
success  in  discovery  of  such  compounds  for  insect  and  plant  pathogen  management  than  for 
weed  management. 

Methods:  Most  commercial  insecticide,  fungicide,  and  herbicide  modes  of  action  were  either 
derived  from  those  of  natural  compounds  or  could  have  been  so  derived.  The  advantages  of 
natural  product-based  pest  management  tools  will  be  covered  with  appropriate  examples. 

Results/Conclusion:  Difficulties  with  natural  product-derived  pesticides,  such  as  sourcing, 
molecular  complexity  (cost),  potential  toxicity,  unsuitable  physicochemical  properties,  legal 
issues,  and  half-lives  that  are  too  short,  will  be  illustrated  with  examples.  Discovery  and 
commercialization  strategies  will  be  covered. 
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Introduction:  The  U.S.  Environmental  Protection  Agency’s  Endocrine  Disruptor  Screening 
Program  (EDSP)  was  established  in  1996  following  enactment  of  the  Food  Quality  Protection 
Act.  The  purpose  of  the  EDSP  is  to  establish  scientifically  valid  screening  and  testing  methods  to 
evaluate  chemicals  for  endocrine  bioactivity  to  protect  human  and  environmental  health 
(including  wildlife)  against  any  unreasonable  adverse  effects. 


Methods:  The  program  uses  a  tiered  approach  for  screening  (Tier  1  battery)  and  testing  (Tier  2 
tests)  chemicals.  In  June  2015,  EPA  issued  a  Federal  Register  notice  (80  FR  1 18:35350) 
explaining  how  EPA  will  incorporate  high  throughput  assays  and  computational  tools  in  the 
EDSP  as  alternatives  for  some  of  the  Tier  1  guideline  studies.  Use  of  these  methods  will 
accelerate  screening  pace,  decrease  costs,  and  reduce  animal  testing.  EPA  has  partial  screening 
results  for  over  1,800  chemicals  that  have  been  evaluated  using  high  throughput  assays  and  a 
predictive  model  for  the  estrogen  receptor  pathway  (EPA’s  ToxCast  program).  This  model  was 
validated  based  on  comparisons  to  quality  literature  studies,  results  from  the  Tier  1  battery,  and 
other  regulatory  data  for  the  same  chemicals. 

Results/Conclusion:  EPA  anticipates  that  additional  alternative  methods  will  be  available  for 
EDSP  chemical  screening  based  on  further  advancements  of  high  throughput  assays  and 
predictive  models  for  endocrine  pathways.  Use  of  high  throughput  assays  and  computational 
tools  for  screening  chemicals  for  endocrine  bioactivity  represents  a  new  paradigm  for  chemical 
safety  testing  and  the  first  application  of  EPA’s  ToxCast  data  in  an  EPA  regulatory  program. 

Disclaimer:  This  abstract  does  not  necessarily  represent  EPA  policy. 
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Abstract  text: 

Introduction:  The  selection  of  insects  which  are  pre-adapted  to  surviving  chemical,  biological,  or 
insecticidal  proteins  which  would  normally  control  them  is  a  natural  process,  but  it  presents  a 
significant  challenge  to  both  growers  and  the  manufacturers  of  insect  control  products.  R&D 
based  agrochemical  and  seeds  companies  invest  significantly  in  the  development  of  their 
products  and  therefore  have  a  desire  to  maximize  the  long  term  benefits  from  their  investment. 


Methods:  As  part  of  the  development  process  for  new  insect  control  products,  manufacturers  are 
incorporating  operations  to  both  evaluate  resistance  risk  and  develop  risk  mitigation  strategies. 

Results/Conclusion:  Despite  this  proactive  approach,  the  development  of  insecticide  resistance 
still  remains  a  major  challenge  as  a  variety  of  biological,  economic  and  social  influences  impact 
even  the  best  planned  pest  and  resistance  management  strategies.  Examples  of  the  approach  that 
agrochemical  and  seeds  companies  are  taking  to  tackle  the  threat  of  insecticide  resistance  will  be 
discussed,  including  the  need  for  a  more  holistic  and  coordinated  approach  which  partners 
companies  together  alongside  academic  experts,  advisory  services,  grower  associations,  pesticide 
&  seed  distributors,  and  governmental  bodies. 
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Abstract  text: 

Introduction:  Genetically  engineered  (GE)  crops  producing  insecticidal  proteins  from  Bacillus 
thuringiensis  are  grown  on  increasing  areas  globally.  We  will  explore  the  characteristics  of  Bt 
crops  that  make  them  predestined  for  integrated  plant  protection  schemes.  Those  characteristics 
include  high  specificity,  high  efficacy,  ease-of-use,  low  workload,  low  exposure  of  soil  and 
water,  and  fast  degradation  of  Bt  protein. 

Methods:  A  range  of  environmental  benefits  has  been  reported  for  Bt  crops  on  field  and 
landscape  scale,  such  as  suppression  of  target  pest  populations,  reduced  need  for  broad  spectrum 
chemical  insecticides,  and  increase  of  beneficial  arthropod  populations.  For  a  sustainable  use  of 
Bt  crops,  the  evolution  of  resistance  in  the  target  and  closely  related  species  has  to  be  mitigated. 
This  is  commonly  done  by  planting  non-Bt  refuges,  stacking  multiple  toxins  with  different 


modes  of  action  into  one  plant,  and  performing  monitoring  of  resistance  alleles  in  target  pest 
populations. 

Results/Conclusion:  To  ensure  that  only  GE  plants  with  acceptable  risks  to  the  environment  are 
released,  an  environmental  risk  assessment  has  to  be  conducted  as  part  of  the  regulatory  dossier 
worldwide.  Identified  potential  risks  can  lead  to  mandatory  mitigation  measures  connected  to  the 
approval  for  field  release.  To  ensure  a  responsible  use  of  GE  crops,  a  high  proportion  of  growers 
need  to  comply  with  the  regulatory  obligations,  which  has  to  be  ensured  by  stewardship 
programmes  established  by  the  companies.  The  success  of  GE  crops,  depends  on  governments, 
seed  companies,  and  growers,  and  on  the  supply  chain,  the  agricultural  and  food  processing 
industry,  supermarkets,  and  consumers. 
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Abstract  text: 

Introduction:  Development  of  novel  pesticide  active  ingredients  is  a  multifaceted,  multi-year 
process;  added  complexity  comes  when  focusing  on  seed  treatment  as  the  end-product  delivery 
method. 

Methods:  To  ensure  high  quality,  safe,  and  efficacious  products,  the  DuPont  Seed  Treatment 
Enterprise  has  integrated  product  stewardship  considerations  throughout  the  multi-year,  phased 
process. 

Results/Conclusion:  An  overview  of  the  seed  treatment  product  development  and  integrated 
product  stewardship  processes  will  be  presented.  A  sample  case  study  will  highlight  the  technical 
rigor  with  which  new  pesticidal  seed  treatment  technologies  are  brought  to  market. 
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Abstract  text: 

Crop  protection  markets  are  being  driven  to  change  by  the  need  to  increase  production  without 
increasing  land  use,  whilst  urban  pest  management  and  vector  control  markets  will  change  to 
further  address  public  health,  consumer  and  human  wellbeing  issues.  Change  is  also  being  driven 
by  ever  increasing  pesticide  resistance,  greater  environmental  and  regulatory  pressures,  and  the 
public’s  attitude  to  pest  control.  Advances  in  precision  agriculture  and  its  principles  are  pertinent 
to  crop  protection,  urban  and  vector  control  markets  and  have  already  shown  promise  in 
facilitating  improvements.  Technologies  such  as  UAVs,  GPS  guidance,  crop  mapping,  variable 
rate  application,  and  large  scale  bioinformatics,  will  allow  precision  delivery  of  optimal 
quantities  of  control  agents  in  both  time  and  space.  This  may  result  in  enhanced  efficacy,  cost 
reductions  and  reduced  exposure  of  non-target  areas  or  biota.  Additionally,  many  of  these 
advances  will  improve  viability  of  biological  control  or  use  of  other  non-synthetic  chemistry 
techniques.  Such  technologies  are  likely  to  first  impact  the  crop  nutrition  and  weed  control 
markets;  however,  it  is  interesting  to  contemplate  whether  they  will  ever  allow  reliable 
determination  of  insect  pest  thresholds  and  the  subsequent  precision  delivery  of  control  agents. 
Markets  may  become  increasingly  fragmented  through  increased  choice  of  technologies  to  detect 
or  control  insect  pests,  and  analysts  already  predict  a  decrease  in  volume  of  chemical  inputs. 
Insecticide  chemistries  may  change  through  reduced  use  rates  and  increased  accuracy  of 
application.  Novel  technologies  may  also  allow  entry  of  non-traditional  players  into  the  pest 
control  market,  with  consequent  changes  in  the  value  chain. 
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Abstract  text: 

Urban  pest  control  is  on  the  cusp  of  major  changes.  Traditional  conventional  control  based  on 
reaction  to  the  pest  or  proactive  to  anticipated  pests  may  be  a  thing  of  the  past.  The  use  of 
technology  such  as  drones  and  monitoring  devises  may  be  the  means  of  determining  treatment 
activities.  This  integrated  pest  management  approach  will  reduce  the  need  for  regular  scheduled 
visits  based  on  pest  activity.  Treatments  may  be  automatic  based  on  pest  monitor  activity  being 
activated  by  movement  or  remotely  based  on  images.  The  exterminator  with  their  spray  container 
maybe  a  thing  of  the  past.  Case  studies  of  common  global  urban  pests  starting  from  current 
control  methods  culminating  in  the  future  of  the  control  of  that  pest  will  be  presented.  As 
technology  advances  in  all  areas  of  the  human  experience  so  will  it  in  pest  control.  Staying  with 
technology  will  be  the  factor  to  successful  future  pest  control. 
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Abstract  text: 

Over  the  past  few  years,  the  use  of  drones  and  small  aircraft  for  acquiring  ultra-high  spatial  and 
temporal  resolution  imagery  has  received  considerable  attention  in  the  press.  We  often  learn 
about  their  military  applications,  however  the  applications  of  this  technology  for  vegetation 
biophysical  characterization  are  numerous  and  the  work  is  in  its  infancy. 

Acquiring  scientific  quality  imagery  and  processing  billions  of  pixels  at  the  3mm  to  20mm 
resolution  over  large  geographic  areas  is  a  technological  challenge.  Each  overflight  can  produce 
over  1000  images  and  even  using  a  high-end  desktop  computer  can  require  over  a  week  of  image 
processing  time  to  build  an  orthomosaic.  Most  of  the  authors  of  this  paper  work  in  an  industry 
that  can  process  over  one  million  acres  of  drone  or  Cessna  acquired  imagery  per  day. 

During  this  presentation,  strengths  and  weaknesses  of  drone  technology,  and  image  processing 
challenges  will  be  discussed,  and  extraction  of  biophysical  and  phenological  plant  characteristics 
(growth  stages)  will  be  described.  Examples  of  characteristics  include:  plant  canopy  biomass, 
geometry,  height,  and  texture. 
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Abstract  text: 

Mosquito-transmitted  illnesses  affect  hundreds  of  millions  of  people  and  kill  over  a  million  every 
year.  One  way  to  break  the  transmission  cycle  is  to  prevent  the  mosquito  vector  from  ever 
reaching  a  healthy  host.  Medfly  incursion  management  runs  to  hundreds  of  millions  of  dollars 
annually,  being  spent  to  avoid  the  billions  it  would  cost  to  control  established  medfly 
populations.  Insecticide  application  is  ecologically  deleterious  and  prone  to  resistance  buildup, 
while  sterile  insect  technique  is  costly  and  logistically  burdensome.  A  team  at  Intellectual 
Ventures  Laboratory  is  developing  the  Photonic  Fence  -  a  device  capable  of  identifying  the 
discriminating  characteristics  of  a  target  insect,  training  a  laser  on  it,  and  delivering  enough 
energy  to  kill  or  incapacitate  it.  This  approach  could  offer  a  new  tool  for  insect  control  that 
works  without  constant  human  attention  and  with  no  collateral  damage  to  the  local  ecology.  The 
Photonic  Fence  could  also  be  used  to  monitor  and  catalog  the  presence  of  specific  insects  in  a 
given  geographic  area.  In  this  scenario,  the  device  might  be  useful  as  a  passive  means  of 
evaluating  potential  insect  repellants,  attractants,  or  other  interventions,  or  to  inform  the  strategic 
use  of  traditional  insect  control  techniques.  A  study  completed  recently  investigated  laser- 
induced  mortality  on  in-flight  Anopheline  mosquitoes,  spotted  wing  Drosophila  and  Asian  citrus 
psyllids.  Visible  to  near  infrared  wavelengths  at  pulse  durations  of  10s  of  milliseconds  were 
used.  The  study  results  point  to  a  low  power  cost-effective  lethal  laser  as  a  viable  option  for  use 
in  a  deployable  Photonic  Fence  system. 
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Abstract  text: 

Insect  pest  management  in  row  crops  has  relied  upon  multiple  approaches  ranging  from 
biological,  chemical,  mechanical  to  transgenic  control  methodologies.  Beyond  these  established 
approaches,  there  are  also  emerging  insect  control  platforms  that  combine  elements  of 
established  approaches  with  novel  methods  of  control.  This  presentation  will  cover  emerging  and 
established  insect  control  technologies  at  Monsanto  and  a  look  toward  ensuring  sustainable 
utilization  of  these  new  technologies  with  emphasis  on  IRM  and  IPM  systems. 
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Achieving  food  security  in  a  ‘perfect  storm’  scenario  is  a  grand  challenge  for  society.  Unless 
50%  more  food,  50%  more  energy  and  30%  more  freshwater  are  available  by  2030,  a  ‘perfect 
storm’  is  envisaged  where  there  would  be  simultaneous  shortages  of  all  of  these  on  a  global 
scale.  Innovative  approaches  to  agricultural  sustainability  need  to  be  developed,  whereby  crops 
can  be  protected  from  yield  losses  caused  by  insect  pests  whilst  at  the  same  time  minimizing 
seasonal  inputs  that  contribute  to  the  carbon  footprint.  Increased  protection  and  thereby  reduced 
carbon  footprint  can  be  delivered  via  the  seed,  and  in  this  context,  secondary  plant  metabolites 
are  potentially  of  great  value  for  providing  robust  resistance  in  plants  against  insect  pests.  Such 
metabolites  often  comprise  small  lipophilic  molecules  (SFMs),  and  can  be  similar  also  in  terms 
of  activity  to  currently  used  insecticides.  Crop  plants  mostly  lack  the  SFMs  that  provide  their 
wild  ancestors  with  resistance  to  pests.  However,  resistance  traits  based  on  the  biosynthesis  of 
SFMs  present  promising  new  opportunities  for  crop  resistance  to  pests.  Advances  in  genetic 
engineering  of  SFMs  involved  in  plant  colonisation  and  development,  e.g.  insect  pheromones, 
offer  specific  new  approaches  but  which  are  more  demanding  than  the  genetic  engineering 
approaches  adopted  so  far.  In  addition,  nature  also  offers  various  opportunities  for  exploiting 


induction  or  priming  for  resistance  metabolite  generation.  Thus,  use  of  non-constitutively 
expressed  resistance  traits  delivered  via  the  seed  is  a  more  sustainable  approach  than  previously 
achieved,  and  could  underpin  development  of  arable  crops  protected  by  sentinel  plant 
technologies. 
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Abstract  text: 

Increasing  regulatory  requirements,  driven  by  public  health  and  environmental  concerns,  have  a 
major  influence  on  current  research  activities  in  agro  science  companies  and  the  future  portfolio 
of  solutions  for  insect  control.  Marketable  small  molecule  insecticides  need  to  be  safe  to  bee 
pollinators  and  other  beneficial  arthropods,  while  efficiently  controlling  targeted  pest  species. 
Low  acute  mammalian  toxicity,  lack  of  endocrine,  teratogenic  and  mutagenic  effects  etc.  in 
combination  with  fast  soil  degradation,  no  leaching  into  groundwater  and  low  or  no  residue 
levels  in  the  final  produce  and  many  more  additional  properties  add  to  the  must-have  target 
profile  of  innovative  insecticides.  Small  molecule  insecticides,  in  principle,  can  fulfill  all  of  these 
requirements  and  recently  launched  insecticides  exhibit  clearly  improved  profiles.  However, 
improved  toxicological  and  environmental  safety  profiles  are  often  linked  to  a  narrow  pest 
spectrum  or  reduced  residual  efficacy  of  the  product.  On  the  other  hand  this  trend  opens  new 
research  avenues  exploring  both  neglected  and  novel  innovative  technologies  such  as  natural 
plant  traits,  microbial  products,  proteins,  viruses  and  potentially  RNAi-based  control  measures, 
especially  when  their  application  close  to  harvest  is  benign  with  respect  to  environmental  fate 
and  residue  levels.  In  addition,  genetically  improved  crops  that  exhibit  partial  or  full  resistance  to 
selected  pests  add  to  the  future  pest  control  options.  A  sequential  and/or  simultaneous 
combination  of  all  of  these  different  technologies,  applicable  through  seed  treatment,  in  planta 
expression,  spray,  granules,  drip  and  drench  or  even  autonomous  devices  will  deliver  integrated 
pest  control  measures,  thus  guaranteeing  high  quality  produce  and  sustainable  yields. 
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Abstract  text: 

This  is  an  exciting  time  to  develop  and  apply  new  technologies  to  agronomic  and  horticultural 
pest  control.  The  emerging  and  soon-to-be-developed  technologies  discussed  in  this  presentation 
may  make  sensing,  management,  and  control  more  effective  and  less  environmentally  invasive. 
Advanced  sensors  for  detecting  pests  directly  or  through  their  impacts  will  likely  soon  utilize 
recent  advances  in  machine  vision  and  hyperspectral  spectroscopy  to  greatly  improve  the 
localization  and  evaluation  of  pest  infestations.  Other  sensors,  such  as  electronic  noses  and  ears, 
may  also  have  potential.  Drones  and  both  robotic  and  manned  ground  vehicles  will  gather  data 
during  their  agricultural  operations.  Contemporary  computers  are  on  the  path  towards  offering 
essentially  free  and  unlimited  computational  and  storage  capabilities.  This  will  allow  the  precise 
and  complete  management  of  sensor  and  other  data.  If  the  appropriate  entomological  models  and 
simulations  can  be  sufficiently  developed  and  implemented,  desired  control  actions  can  be 
optimized  considering  spatial  and  temporal  dynamics  and  economic  and  environmental  concerns. 
Continuing  progress  in  improving  the  dynamic  and  spatial  controllability  of  agricultural 
equipment  will  allow  more  geographically-fme  pest  targeting.  Chemical  and  mechanical  controls 
will  more  successfully  reach  the  pests  with  less  off-target  application  due  to  advances  in 
controls,  actuators,  and  structures.  Drones  and  robotic  ground  vehicles  will  increase  control 
capabilities.  Closed-loop  control,  facilitated  by  computer  vision  sensors,  will  allow  real-time 
adaptive  adjustments  in  control  measures. 
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Abstract  text: 

Introduction: 

Olfactory  cues  are  important  for  communication  in  night-active  insects  such  as  moths.  Males,  for 
example,  orient  towards  highly  specific  female-emitted  sex  pheromones  over  large  distances  by 
means  of  a  specialized,  highly  sensitive  olfactory  sub-system  dedicated  to  sex  pheromone 
detection  and  processing.  Even  though  localizing  of  a  mating  partner  is  of  paramount  importance 
for  reproduction,  and  was  therefore  thought  to  be  innate,  recent  studies  have  shown  that  sex 
pheromone-guided  behavior  is  nevertheless  highly  plastic. 

Methods: 

Cellular,  molecular  and  pharmacological.  Results/Conclusion: 

In  the  noctuid  moth  Agrotis  ipsilon  (Hufnagel,  1766)  we  have  shown  that  the  physiological  state, 
such  as  age  or  mating  state,  and  sensory  experience  can  modulate  the  olfactory  system  and 
pheromone-guided  behavior.  Male  moths  slowly  increase  their  responses  to  the  sex  pheromone 
with  age  and  very  rapidly  switch  off  their  responses  after  mating,  whereas  plant  odor  responses 
do  not  change.  Brief  experience  with  the  sex  pheromone  also  increases  subsequent  sex 
pheromone  responses.  Whereas  the  peripheral  olfactory  system  does  not  seem  to  change  its 
sensitivity  to  the  sex  pheromone  in  any  of  the  described  forms  of  plasticity  in  A.  ipsilon ,  central 
pheromone-responding  neurons  change  their  sensitivity  in  parallel  with  behavioral  changes. 

Cellular,  molecular  and  pharmacological  approaches  show  that  biogenic  amines  and  hormones 
such  as  juvenile  hormone,  ecdysteroids,  and  their  receptors,  are  involved  in  the  modification  of 
behavioral  and  central  nervous  responses  to  the  sex  pheromone.  These  mechanisms  might  help 
male  moths  to  adapt  to  internal  and  environmental  conditions  in  order  to  optimize  reproduction 
success  without  a  waste  of  energy. 
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Abstract  text: 

Introduction: 

Food,  mates  and  hosts  emit  chemical  signals  detected  by  the  olfactory  system  of  insects.  In  the 
cotton  leafworm  Spodoptera  littoralis,  behavioral  responses  to  such  signals  are  strongly 
influenced  by  internal  physiological  factors  such  as  hunger  and  reproductive  status.  Moreover, 
Spodoptera  olfactory  responses  partly  depend  on  developmental  state  and  sex.  This  behavioral 
modulation  is  reflected  in  the  peripheral  and  central  olfactory  system,  the  antenna  and  the 
antennal  lobe. 

Methods: 

We  used  behavioral  assays,  headspace  sampling  and  chemical  analyses,  electrophysiological 
recordings,  a  pharmacological  approach,  optical  imaging  and  transcriptomics  to  identify  plastic 
behavioral  responses  and  to  investigate  mechanism  underlying  the  modulation 

Results/Conclusion: 

This  presentation  will  highlight  examples  of  our  studies  on  the  olfactory  responses  of  S.  littoralis 
to  adult  food,  female  sex  pheromone  and  larval  host  plant  odors.  Here  we  demonstrate  that  the 
physiological  status  inevitably  modulates  the  olfactory  preferences  in  the  adult  female  moth,  and 
contributes  to  the  value-added  behavioral  decision  from  feeding/  mating  to  oviposition. 
Furthermore,  state-dependent  plasticity  in  olfaction  provides  an  insight  into  the  significance  of 
neural  mechanisms  that  govern  host  plant  recognition  and  oviposition. 
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Abstract  text: 

Introduction: 

Host  plant  choice  is  crucial  for  herbivorous  insects.  For  the  individual  insect  it  may  require 
handling  and  integrating  information  from  many  potential  host  plants.  One  way  to  facilitate  host 
plant  choice  decisions  is  to  use  earlier  experiences  to  plant  cues  that  can  focus  search  behaviour 
and  reduce  associated  costs.  We  have  studied  experience-driven  phenotypic  plasticity  in  host 
plant  choice  in  the  polyphagous  moth  Spodoptera  litt oralis. 

Methods: 

Effects  of  experience  on  host  plant  choice  were  studied  in  female  oviposition  and  male  attraction 
to  sex  pheromone  with  a  background  of  plant  odour. 

Results/Conclusion: 

We  found  that  adult  moth  host  plant  choice  in  S.  littoraliswas  guided  by  a  stable  plant  preference 
hierarchy,  which  was  modified  by  both  larval  and  adult  experience.  The  larval  rearing  host  plant 
was  in  general  elevated  to  the  most  preferred  plant  for  the  adult.  Exposure  to  plant  volatiles 
during  the  larval  feeding  on  artificial  diet  was  sufficient  to  change  adult  preferences  and  an 
association  between  food  quality,  and  the  response  to  experienced  odours  was  found. 
Furthermore  we  demonstrated  that  mating  experience  on  a  plant  modulates  plant  preference  in 
subsequent  reproductive  behaviours,  whereas  exposure  to  the  plant  alone  or  plant  together  with 
sex  pheromone  did  not  affect  preference.  Interactions  between  larval  feeding  and  mating 
experience  were  found. 

Spodoptera  littoralis  change  their  adult  host  plant  preferences  based  on  experience  to  plant  cues 
both  during  larval  and  adult  stages.  The  different  experiences  interact  to  modulate  host  plant 
choice  behaviours. 
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Abstract  text: 

Introduction: 

Background  signals  play  an  important  role  in  insect  orientation.  Both  beetle  and  moth  responses 
are  affected  by  signals  from  non-hosts.  In  mixed  habitats,  volatiles  from  non-host  plants  interfere 
with  host  recognition  or  orientation  thereby  conferring  associational  resistance  to  host  plants. 
This  idea,  the  “semiochemical  diversity  hypothesis”  (SDH),  is  now  substantiated  across  insect 
taxa.  The  non-host  volatiles  (NHV)  in  a  biodiverse  habitat,  like  a  mixed  forest,  disturb  insect 
host  and  mate  location.  For  conifer  insects,  SDH  is  now  established  and  exploited  using  anti- 
attractant  semiochemicals  dispensed  to  create  "artificially  mixed"  forests  with  less  insect  attacks. 

Methods: 

Electrophysiology  (recently  mainly  single  sensillum  recordings,  SSR)  combined  with  laboratory 
and  field  bioassays. 

Results/Conclusion: 

In  moths  with  a  range  of  dietary  widths,  from  specialists  to  generalists,  evidence  is  found  for  the 
importance  of  NHV  in  ecology,  behaviour,  or  sensory  physiology. 

We  recently  showed  a  difference  in  inhibitory  range  for  two  host-derived  anti-attractants  in  the 
vicinity  of  pheromone  traps,  due  to  co-localization  in  sensillum  (cineole)  and  not  (verbenone) 


with  a  pheromone  cell*.  This  is  expected  to  change  the  range-of-action  of  NHV-blend  dispensers 
(formerly  only  containing  verbenone,  an  “old  host  signal”)  for  artificial  SDH  on  forest  edges. 

For  improved  SDH  use  in  bark  beetles,  we  will  test  the  field  activity  of  new  SSR  actives  (from 
fungi,  host-derived  resistance  markers,  and  ligands  from  OR  de-orphanisation). 

*Binyameen  M,  Jankuvova  J,  Blazenec  M,  Jakus  R,  Song  L,  Schlyter  F,  Andersson  MN.  2014. 
Co-localisation  of  insect  olfactory  sensory  cells  improves  the  discrimination  of  closely  separated 
odour  sources.  Fund  Ecol  28:  1216-1223 
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Abstract  text: 

Introduction: 

The  vinegar  fly  Drosophila  melanogaster  is  a  main  model  in  sensory  physiology.  Identification 
of  physiologically  meaningful  stimuli  in  combination  with  distinct  behavioral  responses  is  of 
high  value  for  the  investigation  and  understanding  of  signal  detection,  processing  and  response 
modulation. 

Methods: 

We  use  behavioral  tests  like  wind  tunnel,  courtship  and  oviposition  assays  to  dissect  chemical 
stimuli,  physiological  motivation  and  behavioral  modulation.  With  these  systems  we  have 
studied  how  physiological  state  modulates  food  attraction  and  pheromone  communication,  and 
how  different  signals  interact  and  modify  fly  behavior. 


Results/Conclusion: 


One  of  our  main  research  interests  is  to  understand  the  importance  of  microbial  fermentation 
compounds.  Yeast  fermentation  products  are  key  signals  that  affect  fly  behavior  in  the  context  of 
foraging,  mating  and  egg-laying.  Drosophila  provides  outstanding  experimental  opportunities  to 
advance  our  understanding  of  chemosensory  behavioral  responses  and  fly  chemical  ecology 
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Abstract  text: 

Introduction: 

Insects  frequently  depend  on  chemical  cues  to  locate  and  assess  food  and  suitable  oviposition 
sites.  The  fruit  fly  Drosophila  melanogaster  is  attracted  to  fermenting  fruit,  which  is  used  both  as 
a  feeding  site  and  for  oviposition.  Both  fruit  cues  and  yeast  odors  play  a  role  in  guiding  attraction 
and  oviposition  behavior.  However,  the  exact  nature  of  the  cues  involved,  as  well  as  the  interplay 
between  them,  remains  largely  unknown.  We  have  studied  the  chemical  ecology  of  egg  laying  in 
D.  melanogaster ,  in  particular  the  role  of  fermentation  volatiles  in  guiding  oviposition  behavior. 

Methods: 

The  role  of  different  chemical  cues  from  natural  substrates  and  synthetic  stimuli,  as  identified  by 
GC-MS,  were  studied  using  various  behavioral  assays  developed  to  assess  attraction  and 
oviposition  responses. 


Results/Conclusions 


We  show  that  volatiles  produced  by  some  fermenting  substrates  induce  both  strong  attraction  and 
oviposition  in  D.  melanogaster.  However,  this  broad  spectrum  of  responses  was  not  universally 
found  towards  all  substrates.  Flies  appear  to  exhibit  a  hierarchical  set  of  qualitatively  different 
response  thresholds  to  odors,  where  volatiles  produced  by  many  fermentation  substrates  readily 
induce  attraction,  but  only  a  more  limited  subset  induces  oviposition.  This  difference  could  be 
attributed  to  variation  in  chemical  composition  of  the  volatile  blends  from  different  fermentation 
substrates. 
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Abstract  text: 

Introduction: 

This  study  investigates  the  potential  of  insect  olfaction  to  adapt  evolutionarily.  Our  model 
organisms  are  the  gall  midges  (Cecidomyiidae).  Gall-inducing  midges  are  short-lived  and  highly 
sophisticated  herbivores  because  of  their  ability  to  control  and  redirect  plant  development.  They 
are  extreme  host  specialists  with  a  high  rate  of  speciation  within  the  family  -  features  that 
represent  distinct  selection  pressure  on  the  olfactory  system. 

Methods: 

We  support  by  electrophysiological  and  molecular  studies  that  the  olfactory  system  reflects  both 
gall  midge  phylogeny  and  host  preference.  Neighbour-joining  tree  was  generated  based  on  the 
electroantennographic  responses  to  a  panel  of  known  insect  attractants  using  male  and  female 
antennae  of  twelve  gall  midge  species  and  was  compared  to  their  phylogenetic  relationship. 


Results/Conclusion: 


We  found  that  closely  related  species  have  a  similar  response  profile,  even  at  distantly  related 
hosts.  Likewise,  response  profiles  of  distantly  related  gall  midges  that  live  on  similar  host  also 
have  some  analogies.  We  also  show  that  the  male  response  to  sex  pheromones  is  conservative, 
whereas  the  female  host  plant  choice  is  plastic,  suggesting  host  shifts  as  speciation  mechanism. 
Thus,  evolution  modulates  male  and  female  systems  at  different  rates. 
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Abstract  text: 

Introduction: 

Host  selection  by  mosquito  vectors  is  an  essential  factor  affecting  disease  transmission  of  some 
of  the  world’s  most  prevalent  infectious  diseases,  such  as  malaria  and  dengue.  Host  preference 
among  mosquito  species  can  vary  remarkably  and  is  regulated  by  both  genetic  and 
environmental  factors.  We  have  investigated  the  olfactory-associated  mechanisms  underlying 
host  preference  in  various  vectors. 

Methods: 

Molecular  components  involved  in  host  odour  recognition  were  postulated  based  on  gene 
expression  and  ligand  recognition  at  the  receptor,  neuron  and  behavioural  level.  We  have 
investigated  the  mechanisms  underlying  the  regulation  of  host  preference  during  evolution, 
through  the  study  of  receptor  structure  and  function  among  species,  and  through  host  seeking 
behaviour,  in  the  context  of  host  and  non-host  volatiles. 


Results/Conclusion: 


Multiple  components  of  the  chemosensory  machinery  in  the  peripheral  olfactory  system  respond 
to  ligands  associated  with  preferred  hosts  and  are  modulated  depending  on  gonotrophic  state.  We 
have  assessed  the  ligand  specificity  and  sensitivity  of  odorant  receptors  across  species  and 
correlated  receptor  structure  with  receptor  function.  Receptor  functional  characteristics  in  vitro 
correlated  with  neuronal  response,  and  these  underlying  selectable  genetic  differences  in  receptor 
structure  play  a  role  in  the  host  selection  behaviour  of  vector  mosquitoes.  Mosquitoes’  host 
preference  adapts  to  a  changing  environment  through  the  modulation  of  both  phenotype  and 
genotype.  This  provides  us  with  new  targets  for  the  development  of  much  needed  tools  for 
mosquito  monitoring  and  control. 
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Abstract  text: 

Introduction: 

Olfaction  and  other  forms  of  chemosensation  constitute  the  main  sensory  modalities  for  host 
selection  in  herbivorous  insects.  Olfactory  sensory  neurons  detecting  host  plant  volatiles  have 
been  identified  in  many  insect  species.  Nevertheless,  the  olfactory  receptor  proteins  governing 
the  selective  responses  to  individual  compounds  have  been  extensively  functionally 
characterized  in  very  few  species.  We  have  performed  the  first  functional  characterization  of  a 
large  array  of  olfactory  receptor  proteins  in  a  herbivorous  insect:  the  polyphagous  pest  moth 
Spodoptera  lift  oralis 


Methods: 


Olfactory  receptor  genes  identified  from  S.  lift  oralis  were  expressed  in  Drosophila  olfactory 
receptor  neurons  and  their  response  spectra  characterized  by  stimulation  with  natural  and 
synthetic  plant  odours.  Results/Conclusion: 

We  characterized  receptors  specific  for  many  different  plant  odours,  typically  responding  to 
monoterpenes,  aromatics  or  fatty-acid  derivatives  like  green  leaf  volatiles.  Most  receptors 
responded  specifically  to  individual  plant  compounds  or  a  limited  number  of  related  compounds. 
Olfactory  receptors  identified  from  S.  littoralis  and  many  other  moths  form  a  number  of 
homologous  clades  of  related  receptors.  Olfactory  receptors  characterized  from  S.  littoralis 
contained  representatives  from  most  of  the  main  clades  of  lepidopteran  receptors.  The  different 
clades  appear  to  form  functional  groups  of  receptors  responding  to  similar  compounds,  with 
receptors  for  aromatics  occupying  most  of  the  basal  clades  of  the  receptor  phylogeny.  Selective 
olfactory  receptors  characterized  in  this  study  form  the  basis  for  discrimination  of  odour  blends 
from  different  plant  hosts  and  non-hosts,  and  their  functional  and  phylogenetic  arrangement 
suggests  a  common  origin  and  functional  conservation  of  many  olfactory  receptor  lineages 
among  the  advanced  moths. 
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Abstract  text: 

Introduction:  Immune  priming  is  a  non-canonical  form  of  immunological  memory  in  insects. 
Individuals  previously  exposed  to  a  microbe  become  primed,  exhibiting  enhanced  survival  upon 
re-exposure  to  the  same  microbe.  Just  as  the  mechanisms  of  priming  diverge  from  vertebrate 
adaptive  immunity,  the  consequences  of  priming  for  disease  dynamics  in  populations  may 
diverge  from  traditional  SIR  dynamics  due  to  differences  in  the  biology  of  both  host  immunity 
and  common  parasite  transmission  strategies. 


Methods:  The  model  consists  of  a  system  of  ordinary  differential  equations  representing 
susceptible  and  primed  individuals  as  well  as  their  infected  subclasses.  The  model  incorporates 
probabilities  of  transitioning  between  these  compartments  that  are  based  on  modes  of  variation  in 
priming  mechanism,  level  of  protection  from  subsequent  infection,  and  parasite  transmission 
ecology. 

Results/Conclusion:  The  model  suggests  that  priming  drives  down  disease  prevalence  when  it 
protects  individuals  from  becoming  re-infected,  but  when  priming  also  protects  infected 
individuals  from  disease-induced  mortality,  priming  can  actually  increase  prevalence.  Thus,  the 
results  set  boundary  conditions  for  priming  to  act  as  a  leaky  vaccine.  These  results  are  likely  to 
guide  the  development  of  tractable  models  to  study  microbial  virulence  evolution  and  inspire 
experiments  to  define  important  parameters  for  connecting  immune  priming  mechanisms  with 
disease  dynamics. 
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Introduction:  Drosophila  melanogaster  lives,  breeds,  and  feeds  on  fermenting  fruit,  an 
environment  that  supports  a  high  abundance  of  microbes  and  is  thought  to  have  selected  for 
potent  immune  responses.  Yet,  D.  melanogaster  also  lives  in  close  association  with  the  beneficial 
microbes  that  comprise  its  microbiota  and  epithelial  immunity  is  important  in  controlling  host 
responses  to  the  microbiota.  In  addition,  D.  melanogaster  eats  microbes  and  their  byproducts  for 
food  as  both  larvae  and  adults.  As  such,  D.  melanogaster  provides  a  useful  model  to  understand 
how,  and  whether,  hosts  differentiate  between  the  microbes  they  encounter  along  this  spectrum. 

Methods:  Wild-type  and  immune-altered  flies  were  used  to  study  the  crosstalk  between  gut 
microbiota,  immunity,  and  digestion.  This  work  compared  development  and  nutritional 
parameters  of  germ-free,  gnotobiotic,  and  conventionally-reared  flies  to  identify  ways  in  which 


immunity  contributes  to  digestion  and  metabolism,  including  when  perturbed  by  bacterial 
pathogens. 

Results/Conclusion:  Gut  microbiota  are  important  for  the  maturation  of  D.  melanogaster 
immune  and  stress  responses.  In  turn  the  gut  immune  response  is  an  important  regulator  of 
microbiota  composition  and  density.  However,  interactions  between  microbiota  and  host 
immunity  are  far  more  nuanced,  as  the  expression  of  more  than  half  of  the  genes  induced  by 
microbiota  are  affected  in  immune-deficient  flies,  including  over  50%  of  genes  involved  in 
metabolism.  In  addition,  immune  deficient  flies  develop  more  slowly  and  exhibit  signs  of 
premature  aging  when  compared  to  their  wild-type  counterparts,  phenotypes  regulated  by 
nutrition  and  associated  with  metabolic  defects.  These  results  highlight  the  absence  of  universal 
properties  within  host-microbiota  interactions. 
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Introduction:  Insects  show  long-lasting  up-regulation  of  many  immune  effectors  after  infection. 
The  majority  of  infections  though  are  cleared  or  reduced  within  a  very  short  time,  often  before 
the  onset  of  inducible  defenses.  Given  the  costs  of  immune  defenses,  this  poses  two  questions 
about  the  adaptive  value,  (a)  Why  does  the  immune  response  last  so  long  and  (b)  why  are  several 
immune  effectors  usually  activated? 

Methods:.  We  manipulated  the  immune  system  of  Tenebrio  molitor.  Using  RNAi  we  knocked 
down  individual  AMPs  or  combinations  thereof.  We  then  monitored  persistent  infections  by 
Staphylococcus  aureus  and  also  host  mortality. 

Results/Conclusion:  We  found  that  reducing  the  number  of  distinct  immune  effectors  increased 
the  number  of  persisting  bacteria  and  also  increased  host  mortality.  Yet  some  of  the  knocked 


down  antimicrobial  peptides  such  as  Tenecin  2  have  little  activity  against  S.  aureus  in  vitro.  But 
in  vivo  Tenecin  2  demonstrated  strong  synergism  with  the  potent  Tenecin  1:  double  knock¬ 
downs  resulted  in  strong  increases  in  mortality  and  number  of  persisting  bacteria.  These  results 
lend  support  to  the  notion  that  antimicrobial  peptides  in  insects  work  as  ingredients  of  a  cocktail, 
which  shows  interactions  that  cannot  be  easily  modeled  in  vitro.  Also,  our  results  are  consistent 
with  the  notion  that  AMPs  are  involved  in  controlling  persistent  infections. 


Symposium 

Presentation  Title:  How  does  circadian  rhythm  modulate  immunity? 

Author  Name:  Mimi  Shirasu-Hiza 
Author  Institution:  Columbia  University 

Session  Title:  Symposium:  Outlaws  of  Immunology  and  Infection 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3831 

DOI:  10. 1603/ICE.20 16.941 51 

Abstract  text: 

Most  metazoans  undergo  dynamic,  circadian-regulated  changes  in  behavior  and  physiology. 
Currently  it  is  unknown  how  circadian-regulated  behavior  impacts  immunity  against  infection. 
Two  broad  categories  of  defense  against  bacterial  infection  are  resistance,  control  of  microbial 
growth,  and  tolerance,  control  of  the  pathogenic  effects  of  infection.  Our  study  of  behaviorally 
arrhythmic  Drosophila  circadian  Period  mutants  identified  a  novel  link  between  nutrient  intake 
and  tolerance  of  infection  with  B.  cepacia ,  a  bacterial  pathogen  of  rising  importance  in  hospital- 
acquired  infections.  We  found  that  infection  tolerance  in  wild-type  animals  is  stimulated  by  acute 
exposure  to  dietary  glucose  and  amino  acids.  Glucose-stimulated  tolerance  was  induced  by 
feeding  or  direct  injection;  injections  revealed  a  narrow  window  for  glucose-stimulated 
tolerance. 

In  contrast,  amino  acids  stimulated  tolerance  only  when  ingested.  We  investigated  the  role  of  a 
known  amino  acid-sensing  pathway,  the  TOR  (Target  of  Rapamycin)  pathway,  in  immunity. 
TORC1  is  circadian-regulated  and  inhibition  of  TORC1  decreased  resistance,  as  in  vertebrates. 
Surprisingly,  inhibition  of  the  less  well-characterized  TOR  complex  2  (TORC2)  dramatically 
increased  survival,  through  both  resistance  and  tolerance  mechanisms.  This  work  suggests  that 
dietary  intake  on  the  day  of  infection  by  B.  cepacia  can  make  a  significant  difference  in  long¬ 
term  survival.  We  further  demonstrate  that  TOR  signaling  mediates  both  resistance  and  tolerance 


of  infection  and  identify  TORC2  as  a  novel  potential  therapeutic  target  for  increasing  survival  of 
infection. 
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Introduction:  In  all  animals,  the  innate  immune  response  is  the  first  line  of  defense  against 
microorganisms.  Phagocytosis,  the  recognition  and  uptake  of  particles  >0.5  pm,  is  a  vital 
component  of  innate  immunity  and  is  particularly  important  in  Drosophila  for  protection  against 
the  Gram-positive  bacterium  Staphylococcus  aureus. 

Methods:  To  identify  genes  affecting  phagosome  maturation  in  vivo ,  we  tested  a  subset  of  the 
Drosophila  Genetic  Reference  Panel  for  the  ability  of  their  hemocytes  (phagocytic  blood  cells)  to 
uptake  and  degrade  S.  aureus.  Genome-wide  association  (GW A)  analyses  were  done  to  identify 
candidate  genes  associated  with  phagosome  maturation  phenotypes.  To  our  knowledge,  this  is 
the  first  GWA  in  Drosophila  to  look  at  phenotypes  in  a  specific  cell  type. 

Results/Conclusions:  We  identified  single  nucleotide  polymorphisms  associated  with  hundreds 
of  genes,  many  of  which  have  no  known  role  in  the  cellular  immune  response  to  bacteria.  We 
find  evidence  that  the  cellular  immune  response  to  S.  aureus  is  sexually  dimorphic.  Gene 
Ontology  analyses  revealed  that  our  list  was  enriched  for  genes  associated  with  generation  of 
neurons,  cell  projection  organization,  and  locomotion,  suggesting  that  the  cytoplasmic  dynamics 
in  hemocytes  may  be  similar  to  neurons.  Also  enriched  in  the  list  of  genes  were  plasma 
membrane  associated  proteins  and  proteins  with  Ig-like  motifs  that  may  encode  receptors.  With 
RNAi  experiments,  we  identify  three  genes  not  previously  known  to  function  in  the  cellular 
immune  response.  Owing  to  the  high  degree  of  genetic  conservation  between  Drosophila  and 
other  insects,  our  findings  may  shed  light  on  the  innate  immune  responses  in  other  insects. 


Symposium 

Presentation  Title:  Costs  of  infection  along  the  continuum  of  host  health 

Author  Name:  Pedro  Vale 

Author  Institution:  University  of  Edinburgh 

Session  Title:  Symposium:  Outlaws  of  Immunology  and  Infection 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3833 

DOI:  10. 1603/ICE.2016. 94149 

Abstract  text: 

Introduction:  Drosophila  melanogasteris  one  of  the  most  powerful  models  of  how  hosts 
respond  to  infection.  However,  the  nature  of  the  infections  typically  employed  to  uncover  many 
of  the  mechanisms  involved  in  pathogen  defense  is  extreme,  with  flies  typically  being  assaulted 
with  unrealistically  large  doses  of  bacterial  and  viral  pathogens.  While  this  approach  has  been 
successful  in  revealing  major  immune  pathways,  it  less  useful  to  understand  the  real 
physiological  toll  that  host  may  suffer  in  the  wild,  where  many  infections  are  persistent  and 
present  at  a  low-level. 

Methods:  Here  we  present  experimental  data  from  D.  melanogastershowing  manifold  costs  of 
infection  by  its  natural  viral  pathogen,  Drosophila  C  Virus  (DCV).  Using  a  range  of  virus  doses 
spanning  apparently  benign  infection  to  the  extremely  lethal,  we  quantified  a  variety  of 
physiological,  behavioral  and  immune  parameters. 

Results  /  Conclusions:  Even  apparently  benign  infection  can  have  deleterious  health  effects  by 
modifying  fly  physiology  and  behavior.  Fitting  a  dose-response  model  to  our  data  revealed 
features  of  the  host  health  response  to  infection  that  would  not  be  apparent  from  assays  using 
only  high  doses,  such  as  host  sensitivity  to  increases  in  infection  dose,  and  the  rate  and  extent  of 
host  health  decline  during  infection.  Genetic  variation  in  these  features  of  host  health  underlines 
that  a  complete  understanding  of  infection  and  immunity  in  natural  populations  requires  that  we 
measure  the  costs  of  infection  under  the  full  continuum  of  host  health,  sickness  and  ultimately 
death. 
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Abstract  text: 

Introduction:  Tsetse  flies  ( Glossina  spp.)  are  the  main  vectors  of  protozoan  African 
trypanosomes,  which  cause  Human  and  Animal  African  Trypanosomiases  in  sub-Saharan  Africa. 
Following  ingestion  of  an  infectious  blood  meal,  trypanosomes  must  colonize  tsetse’s  midgut, 
pass  through  the  fly’s  cardia  and  migrate  to  the  salivary  glands  from  which  they  subsequently 
transmit  to  a  new  host.  The  cardia  forms  the  junction  between  tsetse’s  fore-  and  mid-gut,  and 
produces  several  active  and  passive  immune  barriers.  Hence,  we  are  interested  in  characterizing 
the  functional  association  between  this  tissue  and  tsetse’s  trypanosome  vector  competency. 

Methods:  We  challenged  Glossina  morsitans  with  Trypanosoma  brucei  brucei ,  and  checked  for 
midgut  infections  40  days  later.  We  then  utilized  transcriptome  sequencing  to  identify  infection- 
responsive  genes  in  tsetse’s  cardia,  and  performed  functional  analyses  on  a  select  number  of 
these  genes  to  determine  how  they  regulate  the  response  of  this  tissue  to  the  presence  of 
trypanosomes. 

Results:  Tsetse’s  cardia  serves  as  a  gate  that  trypanosomes  must  bypass  in  order  to  complete 
their  lifecycle.  We  find  that  upon  trypanosome  infection,  this  tissue  up-regulates  expression  of 
several  immune-related  genes,  including  those  that  encode  a  peptidoglycan  recognition  protein 
and  components  of  oxidative  stress  pathways.  RNAi-mediated  knockdown  of  selected  cardia- 
specific  genes  facilitates  the  establishment  of  transmissible  parasite  infections. 

Conclusions:  These  outcomes  are  indicative  of  the  cardia’ s  immuno-modulatory  role  in  tsetse, 
especially  with  respect  to  trypanosome  infections.  Hence,  this  tissue  could  serve  as  a  target  for 
reducing  disease  transmission. 
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Our  goal  is  to  increase  the  resilience  of  infected  patients  to  improve  both  their  chances  and  rates 
of  recovery  and  do  so  using  a  combination  of  fly,  mouse  and  human  experiments.  In  a  typical 
infection,  host  parameters  (for  example  pathogen  load,  immune  cells,  health)  rise  and  fall  in  a 
defined  order.  We  analyze  these  data  in  two  ways:  The  first  is  to  make  disease  tolerance  curves 
to  summarize  the  behavior  of  infected  populations.  Our  goal  here  is  to  understand  the  underlying 
rules  that  govern  the  behavior  of  the  system  and  we  do  this  by  comparing  mathematical 
modeling  to  experimental  results.  Though  tolerance  is  simple  to  study  in  model  organisms,  this 
isn’t  the  case  with  patients,  because  we  need  to  diagnose  and  treat  individuals  when  they  enter 
the  clinic  and  can’t  measure  time  series.  In  our  second  approach,  we  reasoned  that  we  could 
reconstruct  the  paths  patients  take  through  “disease  space”  if  we  plotted  health  parameters 
against  each  other  instead  of  against  time.  Loops  serve  as  maps  where  each  point  uniquely  plots 
a  patient’s  progress  along  the  disease  path.  These  loops  let  us  order  cross  sectional  data  so  that 
we  can  compare  patients  at  the  same  stage  of  infection  rather  than  lumped  together.  We’ve 
developed  methods  to  measure  deviations  from  these  paths  that  identified  at  risk  individuals  and 
those  with  extreme  resilience.  These  approaches  provide  a  foundation  for  new  diagnostic 
visualizations  and  analyses  that  will  improve  our  ability  to  improve  the  outcomes  of  infections. 
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The  Central  Asian  republics  of  Tajikistan,  Kyrgyzstan,  Uzbekistan,  Kazakhstan,  and 
Turkmenistan  were  part  of  the  Soviet  Union  for  more  than  six  decades  until  becoming 
independent  in  1991.  During  Soviet  times,  agricultural  research  and  development  was  centrally 
planned,  and  agriculture  was  comprised  of  state  or  collective  farms  with  monoculture  systems. 
IPM  research  was  carried  out  in  a  few  specialized  institutions  and  more  than  500  biolaboratories 
operated  in  the  Central  Asia  region  which  mass-reared  and  released  biological  control  agents  in 
cotton  and  other  major  crops.  These  republics  are  now  transitioning  to  free  market  economies 
with  diversified  agricultural  sectors  characterized  by  privatized  land  ownership  and  smaller- scale 
family  farms.  Food  security  remains  a  high  priority  of  the  national  governments.  Each  country 
has  established  its  own  plant  protection  institutes  and  organizations.  A  number  of  IPM  programs 
have  been  initiated  in  each  country  and  region  to  build  IPM  capacity,  develop  human  resources, 
and  break  isolation  from  the  international  scientific  community.  IPM  extension  activities  are 
typically  conducted  by  NGOs  and  donor-funded  programs  using  farmer  field  schools  and  other 
outreach  methods.  Michigan  State  University,  UC  Davis,  and  Kansas  State  University  in 
collaboration  with  CGIAR/ICARDA  International  Center  implemented  a  regional  IPM  program 
to  build  institutional  capacity  and  strengthen  ecologically-based  IPM  research  and  education  and 
outreach  programs  in  Central  Asia.  Challenges  such  as  strengthening  pesticide  regulatory 
systems,  establishing  pest  diagnostic  laboratories,  and  the  modern  equipment  and  skilled 
manpower  needed  to  run  them  need  more  attention.  Sustained  investments  and  long-term  efforts 
are  needed  to  further  improve  IPM  programs  in  the  region. 
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Abstract  text: 

Biolaboratories  provide  an  important  service  for  Central  Asian  IPM  by  producing  beneficial 
organisms  for  agricultural  crops.  Biolaboratories  became  widely  established  in  the  Soviet  Union 
in  the  early  1970s  primarily  targeting  control  of  a  few  key  pests  of  cotton.  Many  of  these 
institutions  continue  to  remain  active  in  the  countries  of  Uzbekistan,  Kyrgyzstan,  and  Tajikistan. 
In  Uzbekistan  alone,  there  are  730  working  biolaboratories  that  produce  biological  control 
organisms  for  release  on  almost  90%  of  cotton  hectares.  These  species  include  the  parasitic 
Hymenoptera  Trichogramma  sp.  and  Habrobracon  hebetor ,  and  the  predatory  Neuroptera 
Chrysopa  carnea.  However,  there  is  concern  for  the  efficacy  of  these  biocontrol  agents  because 
they  are  mass-produced  on  different  hosts  than  the  target  pests  for  which  they  are  intended  to 
control,  they  are  cultured  in  relatively  small  cages  that  limit  their  ability  to  disperse,  and  their 
continuous  rearing  and  inbreeding  restricts  genetic  diversity  making  them  more  vulnerable  to 
various  environmental  factors  once  they  are  released.  Although  these  beneficial  organisms  are 
produced  in  extremely  large  abundance,  the  number  of  species  in  culture  by  the  biolaboratories 
does  not  exceed  more  than  a  dozen.  The  history  of  extensive  augmentation  biological  control  use 
in  Central  Asian  IPM  and  the  expertise  for  mass-rearing  beneficial  organisms  in  the 
biolaboratories  presents  an  opportunity  for  controlling  additional  pests  in  the  rapidly  diversifying 
agricultural  production  of  the  region.  Improving  efficacy  of  currently  cultured  biological  control 
agents  and  introducing  new  beneficial  organisms  to  target  additional  pests  will  require  external 
expertise,  appropriate  methodology,  and  improved  facilities. 
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Introduction:  In  intensively  farmed  agricultural  landscapes  of  Tajikistan,  biodiversity  and 
ecosystem  services  may  be  increased  by  managing  plant  communities  for  beneficial  insects. 
Wheat  ( Triticum  spp.)  is  the  staple  and  the  most  important  food  security  crop  in  Tajikistan.  Key 
pest  and  disease  problems  include  yellow  rust  (caused  by  the  fungus  Puccinia  striiformis ),  Sunn 
pest  (Eurygaster  integriceps)— which  also  damages  barley— and  cereal  leaf  beetle  ( Oulema 
melanopus).  The  focus  of  our  research  was  on  conservation  of  natural  enemies  and  facilitation  of 
their  action  against  wheat  pests  through  introduction  of  flowering  plants  into  wheat  fields  as  part 
of  a  package  of  IPM  practices. 

Methods:  Current  local  Farmer  Practices  and  the  IPM  Package  were  contrasted  at  three  sites  over 
four  years  in  a  replicated  but  nonrandomized  design.  IPM  Package  plots  were  bordered  on  one 
side  by  a  2m  wide  strip  containing  the  following  flowering  plants:  coriander  ( Coriandrum 
sativum ),  dill  ( Anethum  graveolens  L.),  sweet  basil  ( Ocimun  basilicum  L.),  zizphora  ( Zizphora 
interupta  Juz.),  marigold  ( Calendula  officinalis  L.),  and  winter  cress  ( Barbarea  vulgaris  W.T. 
Aiton). 

Results/Conclusion:  Results  indicated  that  IPM  Package  plots  almost  universally  had 
significantly  lower  pest  abundance  and  damage  and  higher  yields  than  the  Farmer  Practice  plots. 
Overall  yield  varied  among  sites  and  years  but  was  always  at  least  30%  to  as  much  as  69% 
greater  in  IPM  Package  plots  versus  Farmer  Practice  plots.  These  results  suggest  that  the 
reincorporation  of  floral  diversity  into  wheat  production  systems  as  part  of  an  IPM  program  can 
contribute  to  increased  wheat  yields  and  food  security. 
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Abstract  text: 


Introduction:  Wheat  is  the  most  important  cereal  in  Central  Asia  directly  linked  to  food  security. 
It  accounts  for  about  85%  of  area  and  production  of  all  the  cereals  in  Central  Asia.  Except  for 
Kazakhstan,  all  Central  Asian  countries  import  wheat.  Wheat  production  suffers  economic  yield 
losses  from  insect  pests  and  diseases.  Cereal  leaf  beetle  ( Oulema  melanopus  L.),  Sunn  pest 
( Eurygaster  integriceps  Puton),  and  Yellow  rust  ( Puccinia  striiformis )  are  the  most  damaging 
insect  pests  and  diseases  of  wheat  in  this  region.  The  International  Center  for  Agricultural 
Research  in  the  Dry  Areas  (ICARDA)  and  the  International  Maize  and  Wheat  Improvement 
Center  (CIMMYT),  in  collaboration  with  partners  in  national  programs,  have  released  a  number 
of  yellow  rust  resistant  wheat  varieties  recently  which  could  help  reduce  frequent  occurrences  of 
disease  epidemics  and  improve  food  security.  Several  sources  of  resistance  to  Sunn  pest  and 
Cereal  leaf  beetle  have  been  identified  in  wheat  landraces  from  Central  Asia. 

Methods:  Michigan  State  University,  ICARDA,  and  local  institutions  in  Central  Asia 
implemented  an  integrated  pest  management  (IPM)  program  for  key  pests  and  diseases  of  wheat 
in  Tajikistan.  The  wheat  IPM  package  developed  and  demonstrated  in  farmer  fields  was  a 
combination  of  crop  and  pest  management  options. 

Results/Conclusion:  The  results  showed  that  the  IPM  package  plots  had  lower  pest  abundance 
and  damage,  and  had  higher  yields  than  the  farmer  practice  plots.  Through  proper  investment  in 
adopting  available  wheat  production  technologies  including  new  varieties,  and  enabling  policy 
changes,  Central  Asian  countries  have  potential  to  become  self-sufficient  in  wheat  production. 
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Abstract  text: 

On  a  global  basis,  potato  {Solarium  tuberosum  L.)  is  the  most  important  non-grain  food  crop.  In 
Central  Asia,  it  is  considered  as  the  “Second  Bread”.  Based  on  cultivated  area  and  total  tuber 


yield,  Kyrgystan  is  the  largest  producer  of  potatoes  in  Central  Asia.  Wide-spread  pests/diseases 
such  as  Potato  Scab  (Streptomyces  scabies ,  Streptomycete  Bacterium),  Late  Blight 
( Phytophthora  infestans ,  Mycota),  Potato  Cyst  Nematode  ( Globodera  rostochiensis/Globodera 
pallida,  Nematoda),  Colorado  Potato  Beetle  ( Leptinotarsa  decemlineata,  Insecta)  and  viruses  are 
key  limiting  factors  in  potato  production  in  both  Kyrgyzstan  and  Tajikistan.  They  prevent 
farmers  from  obtaining  high  and  stable  yields  of  good  quality  tubers.  For  example,  in  some  areas, 
tuber  yields  associated  with  G.  rostochiensis/G.  pallida- infested  soil  are  not  significantly  greater 
than  the  planted  seed.  Pesticide  use  often  results  in  limited  efficacy,  and  pest  resistant  varieties 
are  not  normally  available.  During  the  past  five  years,  our  Central  Asia  IPM  project  has 
evaluated  various  potato  varieties  with  resistance  to  Late  Blight,  Colorado  Potato  Beetle,  and 
Potato  Cyst  Nematodes.  Potato  cultivars  with  pest  resistance  such  as  Boulder  and  Misuakee  have 
been  compared  to  local  standards  such  as  Picasso,  in  multiple  locations  in  both  Kyrgyzstan  and 
Tajikistan  over  a  period  of  several  years.  The  results  of  these  trials  have  been  highly  favorable.  It 
appears  that  development  of  virus-free  certified  seed  industries  that  offer  cultivars  with  specific 
resistance  to  key  pests  should  significantly  enhance  potato  production  in  Central  Asia. 
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Abstract  text: 

Tomato  is  the  most  important  vegetable  crop  grown  in  Central  Asia.  A  staple  used  in  multiple 
forms,  fresh,  dried,  powdered,  and  canned,  smallholders  consider  tomatoes  an  important  cash 
crop.  Tomatoes  are  grown  in  the  open  field  in  summer  and  in  protected  culture  late  fall  through 
spring.  Pests  and  diseases  of  tomatoes  were  prioritized  by  country  and  status  of  IPM  tactics  at  a 
stakeholder  forum  held  in  Bishkek  in  2009,  and  research  and  extension  was  initiated  to  address 
these  in  Fall  2010.  Tomato  IPM  components  begin  with  preplant  soil  preparation,  seed  selection, 
and  treatment  with  microbial  biopreparations.  Grafting  of  locally  preferred  varieties  used  as 
scions  to  Fusarium-resistant  rootstocks  was  evaluated  for  yield  and  quality  relative  to  the  same 
ungrafted  varieties,  and  found  to  be  effective.  Research  on  grafting  to  nematode-resistant 


rootstocks  is  underway.  A  monitoring  program  developed  for  key  arthropod  pests  includes  use  of 
yellow  sticky  traps  for  whiteflies  and  winged  aphids,  blue  sticky  cards  for  leafminers  and  thrips, 
and  pheromone  traps  for  Helicoverpa  armigera.  Evaluation  of  biological  control  using 
biopesticides  including  Verticillium  lecani  for  managing  whiteflies  and  Beauveria  bassiana  for 
whiteflies  and  aphids,  parasitoids  such  as  Trichogramma  evenescens  and  Habrobracon  hebetor 
targeting  H.  armigera  and  Encarsia  partenopea  for  whiteflies,  and  predators  including 
Chrysoperla  carnea  and  Amblyseius  cucumeris  was  conducted,  and  their  potential  for  production 
in  biolaboratories  and  distribution  to  farmers  determined.  Collaborations  were  established  with 
the  Institutes  for  Plant  Protection  and  Microbiology  of  the  Uzbek  Academy  of  Sciences, 

Tashkent  State  Agrarian  University,  and  regional  NGOs  for  dissemination  and  outreach. 
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Abstract  text: 

The  integrated  pest  management  (IPM)  program  was  first  introduced  in  Kyrgyzstan  in  2003 
through  creation  of  the  first  Farmer  Field  School  (FFS)  with  support  of  the  World  Bank.  The 
program’s  uniqueness  and  effectiveness  aroused  great  interest  among  farmers  and  the  program 
began  to  develop  successfully  not  only  in  Kyrgyzstan,  but  also  in  the  territory  of  Tajikistan 
through  the  training  of  trainers  (ToT)  program.  For  the  training  of  farmers,  the  IPM  program  has 
used  methods  such  as  "training  with  the  joint  participation"  and  "training  in  action."  For 
implementing  the  program,  technical  assistance  was  provided  by  international  experts  from 
several  countries.  The  AgroFead  NGO  started  to  implement  the  IPM  approach  in  Kyrgyzstan  in 
2009.  AgroFead  has  trained  more  than  6,000  farmers  through  over  400  FFSs.  This  program  has 
also  trained  about  60  trainers  who  have  worked  with  farmers.  Upon  completion  of  training  in 
FFSs,  the  local  farmers  have  achieved:  1)  Increased  yields  by  30%;  2)  Adoption  of  improved 
seed  quality  by  more  than  60%  of  farmers;  3)  Reduction  in  the  use  of  chemical  pesticides  by 
40%;  and  4)  Replaced  chemical  pesticides  with  biological  control  agents.  Nine  mobile 


applications  have  been  developed  and  new  methods  and  tools  such  as  case  study  books,  practical 
games  Agropasyans  have  been  utilized  in  the  IPM  programs.  Through  a  regional  IPM  program, 
Michigan  State  University  provided  training  and  technical  assistance  for  the  FFSs  and 
established  a  student  field  school  to  further  enhance  ecologically-based  IPM  approaches  in  the 
Central  Asia  region. 
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Abstract  text: 


Introduction:  The  Asian  Citrus  Psyllid  (ACP,  Diaphorina  citri  Kuwayama)  is  a  vector  of  a  lethal 
disease  of  citrus.  The  pest,  first  found  in  Southern  California  in  2008,  now  infests  a  100,000  km2 
area;  20,000  km2  of  which  is  residential.  A  program  is  underway  to  manage  urban  populations  of 
the  pest  using  biological  control.  This  presentation  illustrates  the  use  of  multitrophic  information 
to  optimize  biological  control  strategies  over  a  wide  climatic  range. 

Methods:  Multitrophic  interactions  are  exploited  at  two  stages  of  the  biological  control  process. 
The  first  is  to  optimize  agents  produced,  and  the  second  is  to  optimize  releases  to  maximize  the 
impact  of  agents  on  ACP  populations.  Biological  control  agent  production  is  affected  by  host 
plant  (number,  size,  species,  variety,  quality),  hosts  (number,  size),  and  other  organisms  in  the 
system  (entomopathic  microorganisms,  predators,  hyperparasitoids,  competing  herbivores).  Each 
of  these  factors  impact  the  number,  size,  and  sex  ratio  of  agents  produced.  Release  strategies  are 
optimized  by  field  monitoring.  Information  is  collected  on  host  plant  parameters,  ACP 
population  dynamics,  climatic  data,  and  parasitism  rates  throughout  the  pest’s  range.  This 
information  is  used  to  plan  releases  on  a  spatial  and  temporal  basis  to  optimize  ACP  suppression. 

Results/Conclusion:  Although  still  a  work  in  progress,  the  understanding  of  multitrophic 
parameters  has  led  to  an  increase  in  production,  female  sex  ratio,  size,  and  egg  load  of  agents  for 
release.  Monitoring  has  identified  geographic  and  temporal  variability  that  is  exploited  to 
optimize  the  impact  of  ACP  biological  control  agents  in  the  field. 
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Abstract  text: 

Introduction:  Biological  control  often  relies  on  the  simultaneous  use  of  several  biocontrol  agents 
(e.g.  parasitoids  and  generalist  predators)  on  shared  or  separate  prey,  and  direct  and  indirect 


interactions  may  reduce  overall  efficacy  of  biological  control.  Additionally,  biological  control 
based  on  omnivorous  predators  might  be  influenced  by  plant-provided  food  sources.  Therefore, 
identification  of  such  trophic  links  is  of  primary  importance  to  the  success  of  biological  control 
programs.  How  populations  interact  in  a  multi-food  sources  and  multi-predators  agro-ecosystems 
is  one  of  the  fundamental  questions  in  ecology,  and  is  crucial  to  the  current  efforts  to  increase 
agroecosystem  biodiversity. 

Methods:  I  present  a  summary  of  research  activities  aiming  at  identifying  direct  and  indirect 
interaction  patterns  that  underpin  invasive  pest  biological  control  efficiency.  Cage  experiments  in 
greenhouses  (mesocosms)  allowed  recording  population  dynamics  in  different  associations  of 
pest  and  natural  enemy  species,  and  laboratory  experiments  (microcosms)  allowed  understanding 
precisely  the  behaviors  and  mechanisms  at  play.  The  studies  focus  on  the  biological  control  of 
Tuta  absoluta  (Meyrick)  (Lepidoptera:  Gelechiidae),  the  invasive  tomato  leafminer. 

Results/Conclusion:  Results  outlined  a  major  role  of  indirect  interactions  on  population 
dynamics  and  unexpected  interactions  between  species,  such  as  kleptoparasitism.  We  observed 
that  the  highest  diversity  provides  the  best  control  when  using  biological  control  agents. 
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Introduction:  The  red  spider  mite,  Tetranychus  evansi,  is  a  pest  of  tomato  plants  in  South 
America  and  an  invasive  pest  species  in  Africa  and  Europe.  It  stands  out  among  the 
Tetranychidae  because  of  its  high  population  growth  rate  and  large  temperature  range.  Moreover, 
the  mites  cover  their  colony  with  a  chaotically  structured  web,  which  is  hard  to  penetrate  for 
most  predators.  Hence,  T.  evansiis  considered  invulnerable  to  many  natural  enemies  of  spider 
mites. 


Methods:  To  understand  the  interactions  of  T.  evansi  with  other  arthropods  on  tomato,  we 
studied  the  food  web  on  tomato  plants  consisting  of  two  spider  mites  species  (T.  evansi  and  T. 
urticae ),  their  potential  natural  enemies  (the  predatory  mites  Phytoseiulus persimilis ,  P.  longipes , 
P.  macropilis),  other  herbivore  insects  (whiteflies,  thrips,  aphids)  and  their  natural  enemies, 
Cycloneda  sanguinea  and  Eriopis  connexa.  We  carried  out  experiments  both  in  the  lab  and  in  the 
field. 

Results/Conclusion:  We  found  that  while  T.  urticae  up-regulates  plant  defenses,  T.  evansi 
decreases  tomato  plant  defenses  to  levels  below  that  in  uninfested  plants  for  its  own  benefit.  It 
down-regulates  both  jasmonic  and  salicylic  acid  pathways,  responsible  for  direct  and  indirect 
plant  defenses.  The  manipulation  of  plant  defenses  by  T.  evansi  affects  the  interactions  among 
the  member  of  the  food  web  on  tomato  plants,  and  we  will  discuss  the  ecological  implications  of 
this. 
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Abstract  text: 

Predatory  Heteroptera,  mainly  Miridae  and  Anthocoridae,  are  common  natural  enemies  in 
Mediterranean  agricultural  landscapes.  Their  conservation  and/or  inoculation  are  long-standing 
cornerstones  of  biological  control  programs  for  vegetables  in  both  protected  and  open-field 
cropping  systems.  While  these  programs  have  been  in  use,  these  predators  have  proven  effective 
in  the  control  of  invasive  pests,  such  as  Liriomyza  trifolii ,  Frankliniella  occidentalis,  and 
Bemisia  tabaci.  Heteropteran  predators  can  feed  not  only  on  a  high  diversity  of  arthropods,  but 
also  on  different  prey  stages.  Their  polyphagy  enables  them  to  adapt  quickly  to  new  preys, 
helping  to  control  invasive  pests  soon  after  the  invasion.  Other  positive  attributes  are  a  high 
dispersal  aptitude,  the  ability  to  respond  to  sudden  prey  population  increases,  as  well  as  the 


capacity  to  switch  among  prey  species  and  survive  at  low  target  prey  density.  Hence,  these 
predators  are  very  valuable  when  compared  to  more  specific  natural  enemies,  particularly  in 
warm  areas  with  a  mosaic-type  landscape  favoring  the  rapid  build-up  of  large  pest  populations. 
Besides,  they  can  discriminate  among  parasitized  and  unparasitized  prey,  suggesting  that  their 
activity  may  complement  that  of  host-specific  parasitoids.  The  invasion  of  Mediterranean  tomato 
crops  by  Tuta  absoluta  has  confirmed  the  utility  of  biological  control  programs  based  on  the  use 
of  polyphagous  heteropteran  predators  to  effectively  control  alien  invasive  species. 
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Abstract  text: 

Introduction:  The  majority  of  pest  risk  assessments  are  qualitative  and  reactive  instead  of 
quantitative  and  predictive.  The  latter  assessments  types  allow  identification,  from  a  large  list  of 
potential  hazards,  which  species  present  the  most  risk  to  selected  target  areas,  and  highlight 
previously  unknown  and  potentially  ignored  threats. 

Methods:  Self-organizing  maps  (SOM),  an  exploratory  computational-intelligence  analysis 
method  based  on  a  machine  learning  algorhitm,  was  applied  to  the  CABI  database  of  global 
distributions  of  known  agricultural  and  horticultural  pest  species,  with  Finland  as  the  target 
area.  The  specific  assemblages  of  established  pest  species  in  an  area  reflect  local  conditions 
suitable  for  those  pests.  By  comparing  the  established  pest  assemblages  with  those  in  the  regions 
that  share  similar  pest  species  profiles  the  goal  was  to  identify  alien  species  with  potential  to 
establish  in  Finland. 

Results/Conclusion:  The  SOM  clustered  geographical  regions  that  have  similar  pest  species 
assemblages  than  Finland  and  gave  the  species  weights  denoting  their  establishment  risk  index 
(0-1).  Examples  of  species  with  high  risk  of  establishment  are  Leptinotarsa  decemlineata , 


Eriosoma  lanigerum,  Ostrinia  nubilalis  (if  maize  growing  expands  in  Finland)  and  Cephus 
pygmaeus.  Based  on  the  information  of  the  host  plants  the  ranked  exotic  pests  feed  upon,  the 
habitats  at  greatest  risk  from  exotic  pests  were  determined  to  be  orchards,  landscape  and 
ornamental  tree  nurseries,  and  greenhouses.  The  species  with  the  highest  establishment  risk 
indexes  can  now  be  targeted  for  more  in-depth  risk  analysis.  SOM  was  considered  a  useful 
complement  to  local  expert  knowledge  to  assess  risks  posed  by  invasive  alien  pest  species. 
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Introduction:  Exotic  herbivores  invading  new  environments  have  the  potential  to  disrupt  native 
plant- insect  interactions.  For  example,  volatiles  emitted  by  native  plants  in  response  to  exotic 
herbivory  may  affect  infochemical  networks.  Here,  we  examined  how  herbivore-induced  plant 
volatiles  associated  with  invasive  herbivores  impact  the  foraging  behavior  of  specialized  native 
parasitoids. 

Methods:  Using  Brassica  rapa  (Brassicaceae)  and  its  complex  of  herbivores  (17  species  tested) 
and  natural  enemies  (4  species  tested)  as  a  study  system,  we  examined  the  effects  of  a  range  of 
exotic  herbivores  on  the  foraging  behavior  of  native  parasitoids. 

Results/Conclusion:  Native  parasitoids  were  overall  very  efficient  at  innately  distinguishing 
between  plant  infested  by  their  native  host  and  plants  infested  by  a  non-host  herbivore, 
independently  of  the  origin  of  the  non-host.  However,  in  case  of  dual  infestation  (host  and  non¬ 
host  herbivore  coexisting  on  a  plant),  plants  dually  infested  with  an  exotic  non-host  became  less 
attractive  to  parasitoids.  In  the  case  of  the  parasitoid  Cotesia  glomerata  (Hymenoptera: 
Braconidae),  both  herbivore  density  and  parasitoid  associative  learning  were  found  to  mediate 


the  outcome  of  exotic  herbivory  on  parasitoid  attraction.  In  summary,  native  plant-parasitoid 
associations  were  found  to  be  robust  to  interferences  by  exotic  herbivores,  except  in  the  case  of 
dual  herbivory.  Such  interferences  may  be  overlooked,  but  can  have  far-reaching  consequences 
for  the  functioning  of  native  foodwebs. 
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Abstract  text: 

Introduction:  Established  invasive  invertebrates,  such  as  Argentine  ants  (Linepithema  humile ), 
can  have  long-term  and  cascading  adverse  ecological  impacts  for  native  communities.  In 
mediterranean  ecosystems,  they  out-compete  most  native  ant  species  and  harms  plants  such  that 
they  interfere  with  pollination,  reducing  seed  set. 

Methods:  In  2013-2016  we  developed  and  carried  out  a  unique  treatment  protocol  on  four 
Argentine  ant  infestations  on  Santa  Cruz  Island,  California,  totaling  410  ha.  We  used 
polyacrylamide  beads,  hydrated  with  6  ppm  thiamethoxam  and  25%  sucrose  water  distributed  at 
a  rate  of  148  liters  per  hector  via  helicopter  and  hopper.  We  treated  the  four  infestation  areas  14 
times,  for  total  cost  of  $1400  per  ha.  Two  monitoring  strategies  used  lures  and  visual  searching 
on  74  ha  in  2013-2015,  with  costs  at  $2200  and  $500  per  ha.  The  less  costly,  targeted  strategy 
revealed  one  spot  population  totaling  0.3  ha.  This  population  was  located  at  the  edge  of  a 
treatment  site,  possibly  indicting  that  the  50  buffer  added  to  that  delimited  infestation  was 
insufficient. 

Results/Conclusion:  Monitoring  will  continue  2016-2020  throughout  all  four  treatment  areas, 
aided  by  a  fme-scale  model  of  probability  of  detection  and  probability  of  persistence  by 
vegetation  type,  and  detection  dogs. 
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Abstract  text: 

Introduction:  Argentine  ants,  Linepithema  humile ,  are  a  significant  pest  in  agricultural  systems 
around  the  world,  and  are  often  associated  with  outbreaks  of  phloem-feeding  homopteran  insects. 
Current  chemical  controls  rely  on  residual  sprays  or  toxic  baits,  each  one  posing  unique 
disadvantages  that  limit  their  usefulness  and  efficacy.  The  current  study  evaluated  the  potential 
of  water  storing  crystals  (hydrogels)  to  deliver  liquid  baits  to  Argentine  ants. 

Methods:  The  efficacy  of  bait  crystals  containing  0.0007%  thiamethoxam  was  first  evaluated  on 
laboratory  colonies.  In  addition,  field  studies  were  performed  in  a  plum  orchard  to  determine  the 
efficacy  of  the  bait  crystals.  Protein  marking  and  ELISA  tests  were  used  within  the  orchard  to 
examine  the  distribution  of  the  bait  in  Argentine  ant  populations  when  delivered  via  bait  crystals. 

Results/Conclusion:  Results  of  laboratory  tests  showed  that  bait  crystals  containing  0.0007% 
thiamethoxam  are  highly  attractive  and  effective  against  Argentine  ants  and  require  3-5  days  to 
kill  all  castes  and  life  stages.  Results  of  the  protein  marking  study  demonstrate  that  the 
percentage  of  ants  carrying  protein-labeled  sugar  water  decreases  sharply  as  distance  from  the 
bait  station  increases.  Bait  movement  was  limited  to  within  17  m  of  the  bait  dispenser. 
Furthermore,  bait  efficacy  tests  in  the  orchard  showed  that  Argentine  ants  can  be  effectively 
controlled  using  thiamethoxam  baits  deployed  via  bait  crystals.  The  bait  was  highly  effective  and 
ant  densities  declined  by  94  ±  2%  within  14  days.  The  results  of  this  study  demonstrate  that 
0.0007%  thiamethoxam  is  highly  effective  for  Argentine  ant  control  when  deployed  via  bait 
crystals. 
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Abstract  text: 

Introduction:  Invasive  ants  pose  significant  threats  to  agriculture,  economy,  lifestyle,  and  health 
throughout  the  Pacific.  In  remote  developing  Pacific  nations  efforts  to  manage  invasive  ants  are 
hampered  by  constraints  on  pesticide  use,  issues  accessing  funding,  and  insufficient  capacity 
within  regional  agencies.  In  2013,  we  formed  Pacific  Biosecurity,  a  non-profit,  non-research 
entity  to  address  these  issues. 

Methods:  In  late  2014  the  New  Zealand  Aid  Programme  (managed  by  the  Ministry  of  Foreign 
Affairs  and  Trade)  provided  funding  to  improve  resources  and  capacity  for  ant  management  and 
biosecurity  across  the  Pacific,  using  yellow  crazy  ant  invasions  as  a  model  system.  We  lead  this 
five  year  activity  in  partnership  with  regional  agencies  and  the  governments  of  Tokelau  and 
Kiribati.  The  project  involves  management  of  yellow  crazy  ants  on  Kiribati  and  Tokelau, 
assisting  with  improvements  to  biosecurity  and  capacity  building  with  local  environment  staff 
and  communities. 

Results/Conclusion:  In  the  first  year  of  our  project  we  have  led  control  campaigns  using 
pesticides,  held  capacity  building  workshops,  developed  sustainability  plans  with  our  in-country 
and  regional  agency  partners,  and  started  building  an  online  toolkit  for  invasive  ant  management 
-  the  Pacific  Invasive  Ant  Toolkit.  This  talk  will  highlight  the  importance  of  enhancing  invasive 
ant  management  approaches  in  the  Pacific  and  the  difficulties  that  remote  developing  Pacific 
nations  face  in  implementing  them.  I  will  present  the  goals  and  deliverables  of  our  work, 
highlight  some  of  the  challenges  faced  during  this  type  of  project,  and  discuss  research  that 
would  improve  our  ability  to  manage  invasive  ants. 
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Abstract  text: 

Introduction:  Invasive  ants  are  increasingly  targeted  for  eradication.  Unfortunately,  we  have  a 
poor  history  for  eradicating  ants. 

Methods:  We  reviewed  all  ant  eradication  attempts,  noting  success  or  failure,  ant  species,  area 
and  treatments  used. 

Results/Conclusion:  We  documented  316  eradication  campaigns  against  11  species.  Most 
campaigns  occurred  on  continents  (n=236,  75%).  Slightly  less  than  half  (n=144)  were  confirmed 
successful  with  a  combined  area  of  9,500  hectares.  The  remaining  campaigns  were  either  failures 
(74)  or  of  unknown  outcome  (98),  with  92  of  the  latter  being  in  progress.  Over  50%  of  the 
campaigns  were  unpublished.  Yellow  crazy  ant  ( Anoplolepis  gracilipes)  was  targeted  for 
eradication  most  frequently  (n=l  15:  28  successes,  46  failures,  41  unknown  outcome),  followed 
by  little  fire  ant  ( Wasmannia  auropunctata ,  n=66:  24,0,42)  and  bigheaded  ant  ( Pheidole 
megacephala,  n=63:  49,7,7).  The  global  failure  rate  was  34%.  Uncovering  potential  mechanisms 
for  success  or  failure  was  largely  inconclusive  due  to  the  unbalanced  nature  of  eradications  with 
respect  to  the  active  compound  used  and  the  species  targeted.  Non-target  impacts  are  a  limiting 
factor  with  respect  to  scaling  the  pace  and  geography  of  ant  eradications.  We  identify  research 
priorities  that  focus  on  improving  the  efficacy,  cost-effectiveness,  and  safety  of  ant  eradications, 
including  both  incremental  and  transformative  innovations.  We  also  showcase  new  technologies 
that  are  improving  invasive  ant  management. 
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Abstract  text: 

Introduction:  Research  over  the  last  decade  has  demonstrated  pathogens  are  present  and  can  be 
abundant  in  invasive  ants.  Invasive  ants  typically  go  through  serial  bottlenecks  in  their  invasion 
pathway  that  limit  their  genetic  and  microbial  diversity.  These  bottlenecks  are  predicted  to  make 
exotic  taxa  more  susceptible  to  pathogens  as  they  progress  through  the  invasion  pathway.  We 
have  been  examining  pathogens  and  microbial  taxa  in  Argentine  ants  throughout  their  invasion 
pathway. 

Methods:  Argentine  ant  samples  were  taken  from  around  the  globe.  Our  methods  included  next 
generation  sequencing  and  PCR. 

Results/Conclusion:  Invasion  pathways  appear  to  have  induced  bottlenecks  that  alter  the 
diversity  of  symbiotic  microbial  taxa  including  pathogens  and  mutualistic  taxa.  We  have 
discovered  multiple  viruses  in  Argentine  ants.  Some  of  these  viruses  are  novel  and  appear  to 
have  been  carried  throughout  the  invaded  range.  Other  viruses  appear  to  have  been  acquired  in 
the  invaded  range.  In  New  Zealand  we  have  observed  Argentine  ant  populations  to  crash  and 
have  hypothesised  that  pathogens  are  a  likely  cause.  Pathogens  in  invasive  ants  could  have  both 
direct  and  indirect  effects.  The  indirect  effects  can  include  altering  the  invasive  species’ 
competitive  ability  by  reducing  their  abundance.  We  hypothesise  that  pathogens  in  invasive  ants 
lead  to  a  decreased  abundance  and  competitive  ability.  A  combination  of  pathogens  and  lowered 
competitive  ability  likely  further  reduce  their  abundance,  which  in  turn  further  reduces  their 
competitive  ability,  and  their  abundance,  and  so  on,  resulting  in  a  local  extinction  vortex. 
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Abstract  text: 

Introduction:  Negative  impacts  by  invasive  ants  have  been  documented  for  many  species  and 
ecosystems.  Invasive  ants  can  reduce  biodiversity  at  local  scales,  and  in  some  cases  their  impacts 
can  be  complex  and  dramatic.  Yet,  their  impacts  are  complex.  For  example,  the  interactions 
between  ecosystem  disturbance  and  invasion  are  not  well  understood.  Depending  on  such 
complex  interactions,  invasive  ants  could  be  the  main  drivers  of  biodiversity  decline  or  “back 
seat  drivers”  (i.e.,  invasive  ants  interact  with  other  ecosystem  changes  to  cause  biodiversity 
decline).  Thus,  the  extent  and  magnitude  of  invasive  ant  impacts  remains  unclear. 

Methods:  To  help  inform  this  topic,  I  conducted  a  systematic,  literature  review  on  impacts  of  six 
invasive  ant  species  that  are  well-studied,  cosmopolitan,  and  known  to  have  biodiversity  impacts. 
Impact  studies  were  characterised  by  impact  level  (i.e.,  individual,  population,  and  community) 
and  effect  size  (i.e.,  positive,  negative,  or  no  effect). 

Results/Conclusion:  I  present  the  results  of  our  literature  review  with  respect  to  a  suite  of  factors: 
1)  invasive  ant  species,  2)  species  impacted,  3)  type  of  impact,  4)  and  geography  (e.g.,  islands 
versus  continent).  This  systematic  review  synthesises  the  existing  literature  on  invasive  ant 
impacts  and  helps  to  identify  research  gaps  and  priority  management  actions. 
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Abstract  text: 

Introduction:  LFA  was  first  identified  on  Guam  in  November  2011  at  a  dump  site  that  had 
previously  received  green  waste  generated  by  Typhoon  Pongsona  in  2002.  LFA  was  likely 
introduced  to  Guam  on  plants  imported  from  the  Big  Island  of  Hawaii  prior  to  2002.  LFA  has 
since  been  distributed  throughout  Guam  in  forests  and  residential  areas,  and  along  roadsides,  by 
human  activity.  LFA  control  strategies  have  been  adapted  for  Guam  from  those  developed  by  the 
University  of  Hawaii  Ant  Laboratory  in  Hilo,  HI. 

Methods:  Detailed  delimiting  surveys  were  conducted  at  six  LFA  infested  forested  areas. 
Granular  formulations  of  hydramethylnon  (Amdro)  and  metaflumizone  (Siesta)  were  applied  to 
each  infested  area,  and  to  a  20m  buffer  perimeter  around  each  infested  area,  at  the  labeled  rate  of 
1.7  kg/ha.  This  was  followed  by  the  application  of  a  sprayable  formulation  of  S-methoprene 
(Tango),  mixed  with  xanthan  gum  and  peanut  butter,  to  trees  and  bushes  in  the  infested  area. 
Treatments  were  repeated  at  six  week  intervals  eight  times. 

Results/Conclusion:  LFA  populations  were  markedly  reduced  after  a  single  treatment,  and 
appeared  to  be  extirpated  from  the  area  at  the  end  of  the  eight  treatment  sequence.  Amdro 
appeared  to  degrade  rapidly  during  rainfall  events,  Siesta  less  so,  and  a  12  hour  rain  free  window 
for  granular  applications  was  therefore  incorporated  into  the  treatment  protocol.  Tango 
applications  appeared  impervious  to  normal  rainfall.  This  treatment  protocol  has  been  presented 
to  government,  commercial,  and  private  entities  on  Guam,  and  further  implementation 
workshops  are  planned. 
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Abstract  text: 

Introduction:  Little  Fire  Ants  have  been  established  in  Hawafi  for  over  15  years  and  during  that 
time  have  spread  from  their  initial  incursion  site  to  cover  most  of  the  windward  coast  of  Hawafi 
island.  Additionally,  they  have  spread  to  three  other  islands  in  the  Hawaiian  archipelago:  Maui, 
Kauai  and  Oahu.  This  paper  reviews  efforts  at  eradication  and  management  of  this  species, 
highlighting  key  aspects  that  have  led  to  successes  and  failures. 

Methods:  We  review  the  history  of  control  attempts  for  this  species  in  Hawafi  from  1999  to 
2015,  highlighting  the  major  control  impediments  and  successes. 

Results/Conclusion:  Early  attempts  at  eradicating  Wasmannia  auropunctata  from  known 
locations  in  Hawafi  resulted  in  initial  promising  results.  However,  in  almost  all  cases,  long-term 
local  eradication  was  not  successful.  The  four  key  reasons  for  a  lack  of  success  appeared  to  be: 
heavy  and  regular  rainfall  that  hampers  treatment  schedules,  an  inability  to  directly  treat  arboreal 
colonies  with  commercial  bait  products,  repellency  of  some  baits,  and  an  inability  to  detect 
incipient  colonies  in  post-eradication  monitoring. 

The  key  success  strategies  developed  over  the  past  fifteen  years  include  the  formulation  of 
effective  arboreal  baits  that  continue  to  be  efficacious  in  wet  weather  with  an  ability  to  deploy 
them  from  the  ground,  the  addition  of  masking  agents  for  repellent  actives  to  promote  feeding, 
and  extending  post-eradication  monitoring  to  three  years. 
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Abstract  text: 

Introduction:  Some  of  the  most  damaging  invasive  species  are  social  insects,  and  the  Argentine 
ant  ( Linepithema  humile)  ranks  as  one  of  the  most  widespread  and  abundant.  As  is  true  for  social 
insects  generally,  many  of  the  key  behaviors  and  biological  processes  that  underlie  the  success  of 
Argentine  ants  are  regulated  by  sophisticated  chemical  signaling.  However,  we  still  know  little 
about  the  genetic  basis  of  semiochemical  production  and  perception,  how  natural  selection  acts 
on  these  cues  and  receptors,  and  how  the  link  between  production  and  perception  translates  into 
particular  behavioral  responses. 

Methods:  Here,  we  describe  studies  of  the  identity,  production,  and  perception  of  these  chemical 
signals  using  tools  from  chemical  ecology,  genomics,  and  functional  genetics. 


Results/Conclusion:  Our  research  has  produced  insights  into  how  specific  genes  in  pheromone 
biosynthesis  pathways  contribute  to  the  production  of  chemical  pheromones,  the  contribution  of 
particular  chemosensory  proteins  to  specificity  of  perception,  and  how  selection  acts  on  chemical 
phenotypes  to  shape  their  properties  and  variation. 
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Abstract  text: 

Introduction:  The  exotic  ant  Lepisiota  frauenfeldi  was  detected  in  Australia  in  2013  at  Perth 
airport  and  a  nearby  suburb,  and  then  in  2015  at  Darwin  Port  and  at  the  yards  of  two  sea-freight 
companies.  Almost  nothing  is  known  about  the  biology  of  this  species.  This  species  had 
undergone  eradication  previously  in  Guam  which  was  successful.  We  decided  to  attempt 
eradication. 

Methods:  The  eradication  plan  was  made  based  on  many  assumptions  about  the  species.  We 
decided  to  quickly  research  the  biology  of  the  ant  to  test  some  of  the  assumptions.  Specifically 
we  measured  activity  rates  relative  to  temperature,  assessed  for  the  presence/absence  of  the 
production  of  sexuals,  modelled  its  potential  distribution,  determined  whether  it  was 
monogynous  or  polygynous,  and  assessed  its  receptivity  to  numerous  ant  baits. 

Results/Conclusion:  We  found  that  most  of  the  assumptions  that  we  had  made  about  the  species 
were  wrong.  Notably  we  found  that  the  ant  prefered  to  forage  in  high  temperatures  reaching  a 
peak  in  activity  when  ground  temperature  was  38C,  we  never  found  sexual  brood,  and  we  didn’t 
find  a  granular  ant  bait  that  the  ant  would  consume.  We  subsequently  changed  the  eradication 
plan,  and  rapidly  achieved  eradication.  If  we  had  not  conducted  the  prior  research  it  is  most 
likely  that  the  eradication  attempt  would  have  failed  without  great  changes  to  the  on-ground 


actions.  We  advocate  that  some  rapid  research  to  gain  local  knowledge  of  an  invasive  species  is 
highly  valuable  for  eradication  attempts. 
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Abstract  text: 


Introduction:  Comparative  approaches  are  well-established  as  immensely  valuable  for  genome 
annotation  and  mining  to  support  biological  research.  Recognisable  biological  functions  are 
encoded  by  interactions  amongst  a  variety  of  factors  including  protein-coding  genes,  non- 
protein-coding  RNAs,  and  conserved  non-coding  elements.  The  discovery  of  such  interactions 
relies  on  thorough  characterisation  of  evolutionary  patterns  and  comprehensive  probing  of 
biological  functions.  These  in  turn  rely  on  primary  analyses  that  focus  on  accurate  identification 
through  the  development  of  computational  tools  to  recognise  characteristic  features  and  predict 
the  full  complement  of  functional  genomic  elements. 

Methods:  Sequencing  multiple  Anopheles  mosquito  genomes  provides  a  unique  opportunity  to 
develop  new  approaches  and  extend  methodologies  pioneered  with  Drosophilids.  Initial  efforts 
focus  on  accurate  identification,  developing  computational  tools  to  recognise  characteristic 
features  and  predict  the  full  complement  of  functional  genomic  elements.  This  supports 
subsequent  characterisation  of  evolutionary  patterns  and  probing  of  molecular  functions  to 
explore  the  mosquito  biology.  Harnessing  the  power  of  whole-genome  sequence  alignments  of 
the  closely-related  anophelines  to  examine  patterns  of  sequence  change  and  detect  evolutionary 
signatures  will  greatly  inform  the  genome  annotation  process,  improving  the  precision  of 
identifying  recognisable  features  as  well  as  uncovering  novel  functional  genomic  elements. 

Results/Conclusion:  A  complete  and  accurate  catalogue  of  elements  will  form  a  solid  foundation 
from  which  to  investigate  their  evolutionary  and  functional  traits  and  develop  new  evolutionary 
systems  biology  approaches  that  will  significantly  advance  our  understanding  of  the  biology 
underlying  pathogen  transmission. 
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Abstract  text: 


Introduction:  Polymorphic  inversions  are  highly  non-uniformly  distributed  among  chromosomal 
arms  of  malaria  mosquitoes  concentrating  in  just  two  autosomal  arms.  They  are  associated  with 
ecological,  behavioral,  and  physiological  adaptations  of  mosquitoes  related  to  pathogen 
transmission.  The  recently  sequenced  and  assembled  genomes  of  16  anophelines  from  Africa, 
Asia,  Europe,  and  Latin  America  allowed  us  to  investigate  the  mechanisms  and  biological 
significance  of  chromosomal  rearrangements. 

Methods:  Using  a  combination  of  cytogenetic  and  bioinformatics  approaches  we  mapped  the 
genomic  scaffolds  to  chromosomes  of  Anopheles  arabiensis,  An.  stephensi ,  An.  funestus ,  An. 
atroparvus ,  and  An.  albimanus.  We  identified  the  genomic  coordinates  for  evolutionary 
breakpoints  and  conserved  synteny  blocks  and  estimated  the  number  of  chromosomal  inversions 
between  An.  gambiae  and  each  of  the  species. 

Results/Conclusion:  Our  study  found  that  contrary  to  polymorphic  inversions,  fixed 
rearrangement  accumulated  ~3  times  faster  on  the  X  chromosome  than  on  autosomes.  The 
highest  densities  of  TEs  and  satellites  of  different  sizes  have  also  been  found  on  the  X 
chromosome  suggesting  a  mechanism  for  the  rapid  inversion  generation.  The  high  rate  of  X 
chromosome  rearrangements  is  in  sharp  contrast  with  the  paucity  of  polymorphic  inversions  on 
the  X  in  anophelines.  This  finding  could  be  indicative  of  a  greater  role  of  the  X  chromosome 
rearrangements  in  speciation  of  malaria  mosquitoes.  Our  development  of  high-resolution 
physical  maps  in  combination  with  computational  approaches  identified  contrasting  biological 
roles  of  inversions  on  the  sex  chromosome  and  autosomes.  The  work  was  funded  by  the  grants 
from  the  National  Institutes  of  Health  AI099528  and  the  Russian  Science  Foundation  N°  15-14- 
20011. 
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Abstract  text: 

Introduction:  Aridity  is  an  important  abiotic  stress  that  limits  insect  distributions.  In  the  African 
malaria  vector  Anopheles  gambiae ,  the  inverted  orientations  of  two  polymorphic  chromosomal 
inversions  (2La,  2Rb)  are  associated  with  aridity  tolerance.  However,  the  genetic  basis  of  aridity 
tolerance  is  unknown.  To  dissect  the  genetics  of  this  trait,  we  exploited  an  environmental 
gradient  of  aridity  in  Cameroon  along  which  inversion  frequencies  vary  clinally. 

Methods:  Working  in  the  center  of  the  inversion  cline,  where  inversion  polymorphism  is 
maximized  and  genetic  exchange  between  alternative  arrangements  occurs,  we  sampled  6,148 
larvae  and  allowed  them  to  develop  to  adults.  Newly  eclosed  adults  were  submitted  to 
desiccation  tests,  after  which  their  dry  mass  was  measured  and  inversion  genotype  determined 
molecularly.  Using  only  females  and  only  alternative  homokaryotypes,  we  created  replicate 
pools  of  25  individuals  with  the  highest  and  lowest  desiccation  tolerance  after  accounting  for 
body  size.  Each  of  8  pools  was  submitted  for  whole  genome  Illumina  sequencing.  After 
categorizing  SNP  variants  by  inversion  orientation  (“inverted”  or  “standard”),  we  measured  their 
frequency  in  each  pool  at  each  polymorphic  site,  and  used  the  CMH  test  to  identify  significant 
associations  between  inversion  orientation  and  desiccation  resistance  across  pools. 

Results/Conclusion:  In  total,  there  were  46  (2La)  and  187  (2Rb)  SNP  variants  characteristic  of 
the  inverted  orientation  that  were  significantly  associated  with  high  resistance  to  desiccation. 
These  were  distributed  across  the  length  of  the  inversions.  Although  predominantly  non-coding, 
the  top  candidates  are  in  the  vicinity  of  genes  with  inferred  roles  as  ion  channels,  chaperones, 
and  transcription  factors. 
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Abstract  text: 

Introduction:  The  recent  discovery  of  natural  Wolbachia  infections  in  West  African  Anopheles 
gambiae  mosquito  populations  raises  the  question  of  whether  this  new  Wolbachia  strain  could  be 
useful  in  efforts  to  limit  malaria  transmission  through  paratransgenesis.  Wolbachia  symbiont 
infection  may  reduce  malaria  vectorial  capacity  directly  through  activation  of  an  innate  immune 
response,  or  indirectly  via  an  immune  response  that  impacts  the  mosquito  microbiome,  which  in 
turn  impacts  vectorial  capacity. 

Methods:  To  evaluate  the  impact  of  natural  Wolbachia  infection  on  the  Anopheles  microbiome, 
we  performed  16S  rRNA  sequencing  on  several  hundred  West  African  field  isolates  of  An. 
gambiae  that  were  scored  as  positive  or  negative  for  Wolbachia  infection.  We  analyzed  the  16S 
data  to  compare  overall  taxonomic  diversity  and  richness  between  Wolbachia  positive  and 
negative  samples  and  also  evaluated  whether  individual  OTUs  were  significantly  associated  with 
Wolbachia  infection  status. 

Results/Conclusions:  We  observed  significant  variation  in  the  microbiome  community  profile  of 
the  analyzed  samples.  We  did  not  note  systematic  differences  in  microbial  taxonomic  diversity  or 
richness  between  Wolbachia  infected  vs.  uninfected  samples,  but  did  find  several  several  OTUs 
with  distributions  that  appear  to  be  impacted  by  infection  status.  The  results  suggest  that 
although  naturally  occuring  Wolbachia  infections  in  West  African  Anopheles  mosquitoes  may  be 
low  in  intensity,  there  are  impacts  on  the  mosquito  microbiome  that  could  make  these  Wolbachia 
suitable  for  evaluation  in  paratransgenesis  efforts  to  reduce  malaria  vectorial  capacity. 
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Abstract  text: 


Introduction:  In  the  major  malaria  vector  Anopheles  gambiae ,  male-female  molecular 
interactions  following  mating  are  important  determinants  of  fertility  and  fecundity.  Intriguingly, 
an  increasing  amount  of  evidence  points  to  reproductive  processes  playing  an  important  role  in 
Plasmodium  parasite  development.  Male  transfer  of  the  steroid  hormone  20-hydroxy ecdysone 
(20E)  during  mating  activates  the  transcription  of  a  Mating-Induced  Stimulator  of  Oogenesis 
( MISO )  gene  that  transduces  the  mating  signal  into  an  increase  in  egg  development.  Silencing 
MISO  by  RNAi  reduces  egg  development  to  levels  observed  in  virgin  females.  This  phenotype  is 
caused  in  part  by  improper  release  of  20E  from  the  mating  plug  in  the  absence  of  MISO,  leading 
to  disregulation  of  genes  important  for  oogenesis.  In  particular,  silencing  MISO  reduces 
expression  of  yolk  protein  precursors  (YPPs)  and  impairs  lipid  accumulation  in  the  oocyte. 
Previous  research  shows  that  the  same  YPPs  essential  for  lipid  accumulation  in  the  developing 
mosquito  egg  help  parasites  escape  the  immune  system. 

Methods:  We  silenced  MISO  via  RNAi  and  fed  females  on  Plasmodium  falciparum- infected 
blood.  Females  were  dissected  to  assess  number  of  eggs  and  number  of  oocysts  developed. 
Tissues  from  these  females  were  collected  to  determine  expression  of  key  reproductive  and 
immunity  genes. 

Results/Conclusion:  We  find  evidence  that  MISO  depletion  impacts  P.  falciparum  infection  in  A. 
gambiae :  females  silenced  for  MISO  show  reduced  tolerance  to  P.  falciparum  infection,  enabling 
us  to  further  reconstruct  the  molecular  pathways  linking  egg  development  and  Plasmodium 
infection.  Our  studies  suggest  male-transferred  20E  may  modulate  aspects  of  female  mosquito 
biology  that  are  relevant  to  anopheline  vector  competence. 
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Abstract  text: 


Introduction:  Juvenile  Hormone  (JH),  an  insect  specific  sesquiterpenoid,  principally  governs 
reproduction  in  Hemimetabolous  insects.  Ecdysteroids  take  over  the  role  of  the  leading  hormonal 
regulator  in  Dipterans  (an  Holometabolan  insect  order)  like  mosquitos,  and  flies.  JH  though, 
plays  a  key  role  by  preparing  dipteran  female  reproductive  tissues  for  ecdysteroid-mediated 
events,  such  as  vitellogenesis.  Disease-transmitting  female  mosquitoes  have  adapted  uniquely  for 
ingestion  and  utilization  of  the  huge  blood  meal  required  for  swift  reproductive  events  to 
complete  egg  development  within  a  72-h  period. 

Methods:  In-vitro  fat  body  culture  coupled  with  RNAi  was  used  for  investigating  the  role  of  20- 
hydroxyecdysone  (20E)  and  JH  in  mediating  sequential  gene  expression  in  the  fat  body,  a 
multifunctional  organ  analogous  to  the  vertebrate  liver. 

Results/Conclusion:  Transcriptomic  analyses  revealed  that  thousands  of  transcripts  are 
differentially  expressed  in  four  sequential  waves  during  the  72-h  reproductive  period.  We 
observed  that  either  20E  or  JH  or  both  have  critical  roles  to  play  in  the  regulation  of  each  of 
these  gene  expression  patterns  and  that  there  is  a  strict  temporal  coordination.  To  provide  a 
deeper  understanding  of  how  these  genes  are  regulated,  we  utilized  a  bioinformatics  approach  of 
motif  discovery  for  the  identification  of  putative  transcription  factor  binding  sites  (TFBSs). 

These  TFBSs  lead  to  the  TFs  and  the  regulatory  networks  related  to  each  of  the  four  waves  of 
expression.  This  study  should  provide  a  better  understanding  of  the  complex  gene  regulatory 
networks  through  which  the  two  principal  insect  hormones  regulate  the  expression  of  genes 
involved  in  reproduction,  of  female  Aedes  aegypti. 
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Abstract  text: 


Introduction:  Reproduction  in  mosquitoes  is  a  temporally  quick  and  highly  regulated  sequence  of 
behavioral  and  physiological  processes  that  result  in  the  production  of  eggs.  This  is  because 
females  of  most  species  steal  a  blood  meal  from  a  vertebrate  host  to  acquire  amino  acids  for  yolk 
production,  but  some  do  not  and  instead  mobilize  teneral  reserves,  shortly  after  eclosion,  for  this 
purpose.  Both  strategies  depend  on  the  release  of  neuropeptides  from  brain  neurosecretory  cells. 

Methods:  We  determined  roles  for  two  such  neuropeptides,  ovary  ecdy steroidogenic  hormone 
(OEH)  and  insulin-like  peptides  (ILPs)  with  bioassays  of  Aedes ,  Culex ,  and  Anopheles  species 
that  blood  feed  for  egg  production  and  two  mosquito  species  that  do  not.  OEH  is  the  primary 
factor  activating  production  of  ecdysteroid  hormone  by  ovaries.  Three  of  the  eight  ILPs  are 
similarly  active,  and  ILP3  also  modulates  serine  protease  digestion  of  blood  in  the  midgut  and 
yolk  production  by  the  fat  body.  Receptors  for  OEH  and  ILP3  were  identified  through 
bioinformatics  as  related  receptor  tyrosine  kinases.  Subsequent  work  showed  they  signal  through 
the  insulin  pathway,  and  the  effects  on  ovary  ecdysteroid  production  are  enhanced  through  TOR 
and  calcium  signaling. 

Results/Conclusion:  OEH  and  ILPs  play  important  and  highly  conserved  roles  in  mosquito 
reproduction.  Research  support  from  the  National  Institutes  of  Health  (RO1AI33108  to  MRB 
and  MRS)  and  the  Georgia  Agricultural  Experiment  Station. 
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Abstract  text: 

Introduction:  Diapause  is  an  alternative  developmental  pathway  exploited  by  many  insects  to 
survive  inimical  seasons.  Insects  produce  many  different  insulin-like  peptides  (ILPs),  and  not  all 
are  involved  in  the  diapause  response;  ILP-1  appears  to  be  the  one  most  closely  linked  to 
diapause  in  Cx.  pipiens.  Many  steps  in  the  pathway  leading  from  perception  of  daylength  to 


generation  of  the  diapause  phenotype  remain  unknown,  but  the  role  for  insulin  signaling  in 
mosquito  diapause  appears  to  be  upstream  of  JH,  as  evidenced  by  the  fact  that  application  of 
exogenous  JH  can  rescue  the  effects  of  knocking  down  expression  of  ILP-1  or  the  Insulin 
Receptor.  Fat  accumulation,  enhancement  of  stress  tolerance,  and  other  features  of  the  diapause 
phenotype  are  likely  linked  to  the  insulin  pathway  through  the  action  of  a  key  transcription 
factor,  FOXO  (forkhead  transcription  factor). 

Methods:  Genes  encoding  both  insulin-like  peptides  and  FOXO  were  suppressed  using  RNA 
interference  (RNAi)  in  mosquitoes  programmed  for  nondiapause  or  diapause.  Subsequently,  we 
monitored  fat  levels,  ovarian  maturation  and  lifespan  of  the  knock-downed  mosquitoes. 

Results/Conclusion:  Knocking  down  insulin-like  peptide- 1  with  RNAi  in  nondiapausing 
mosquitoes  resulted  in  a  cessation  of  ovarian  development  akin  to  diapause,  and  this  arrest  in 
development  could  be  reversed  with  an  application  of  JH.  In  addition,  when  RNAi  directed 
against  FOXO  in  diapausing  mosquitoes  fat  storage  was  dramatically  reduced,  results  suggesting 
that  a  shutdown  of  insulin  signaling  prompts  activation  of  the  downstream  gene  FOXO,  leading 
to  the  diapause  phenotype. 
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Abstract  text: 

Introduction:  Juvenile  hormone  (JH)  is  a  key  regulator  of  development  and  reproduction  in 
mosquitoes.  JH  delays  metamorphosis  until  larvae  have  attained  an  appropriate  stage  and  size.  At 
that  point,  a  drop  in  JH  titer  permits  a  metamorphic  molt.  As  the  anti-metamorphic  role  of  JH 
comes  to  an  end,  the  late  pupa  becomes  again  “competent”  to  synthesize  JH,  which  plays  an 
essential  role  orchestrating  reproductive  maturation.  JH  synthesis  is  controlled  by  the  rate  of  flux 


of  isoprenoid  precursors,  with  a  complex  interplay  of  changes  in  precursor  pools,  enzyme  levels 
and  external  regulators  such  as  nutrients  and  allatoregulators. 

Methods:  We  used  a  combination  of  in  vitro ,  ex  vivo  and  in  vivo  studies  to  evaluate  the  role  of 
nutritional  and  developmental  regulators  on  the  synthesis  of  JH  in  female  Aedes 
aegyptzmosquitoes.  Changes  in  transcripts,  enzymatic  activities  and  metabolites  were  evaluated 
under  different  physiological  and  nutritional  conditions  during  the  gonotrophic  cycle. 

Results/Conclusion:  Factors  responsible  for  the  activation,  modulation  and  suppression  of  JH 
synthesis  in  female  mosquitoes  include  ecdysis  triggering  hormone  (ETH),  20-hydroxyecdysone 
(20E),  allatostatin-C  (AST-C),  insulin  (INS)  and  allatotropin  (AT).  The  activities  of  these  factors 
are  linked  to  developmental  and  nutritional  signals.  JH  is  therefore  an  important  part  of  a 
transduction  mechanism  that  connects  developmental  changes  and  nutritional  status  with  the 
activation  of  specific  physiological  events  during  reproduction.  Nutritional  regulators,  such  as 
AST-C  and  insulin  are  controlling  substrate  availability;  developmental  regulators  such  as  ETH 
and  20E,  tend  to  modulate  the  activity  of  key  enzymes  like  juvenile  hormone  acid  methyl 
transferase  and  fame  sal  dehydrogenase. 
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Abstract  text: 

Introduction:  Juvenile  hormone  (JH)  is  a  key  regulator  of  a  wide  diversity  of  developmental  and 
physiological  events  in  insects.  Some  of  the  effects  of  JH  are  mediated  by  a  membrane- 
associated  mechanism.  In  other  circumstances,  an  intracellular  JH  receptor  MET  is  activated 
upon  binding  of  JH  and  directly  regulates  the  expression  of  JH  target  genes.  Whether  the  two 
mechanisms  are  interconnected  to  coordinate  hormonal  responses  is  largely  unknown. 


Methods:  We  found  that  JH  activated  the  phospholipase  C  (PLC)  pathway  in  Aedes  aegypti, 
leading  to  activation  of  calcium/calmodulin-dependent  protein  kinase  II  (CaMKII)  and  protein 
kinase  C  (PKC).  This  result  implied  the  existence  of  a  JH  membrane  receptor  that  acted  upstream 
of  PLC.  Moreover,  the  capacity  of  MET  to  mediate  the  JH-induced  gene  expression  required  the 
PLC  signaling  pathway.  In  newly  emerged  female  mosquitoes,  depletion  of  PLC,  PKC  or 
CaMKII  via  RNAi  considerably  reduced  the  expression  of  JH  target  genes.  When  abdomens 
from  newly  emerged  mosquitoes  were  cultured  in  vitro ,  inactivation  of  the  PLC  pathway  blocked 
the  JH-induced  phosphorylation  of  MET  and  its  partner  TAI,  and  substantially  decreased  the 
binding  of  MET  and  TAI  to  the  JH-responsive  promoters. 

Results/Conclusion:  Our  study  suggests  that  the  genomic  and  non-genomic  pathways  are 
inextricably  linked  to  impose  an  additional  control  in  the  regulation  of  transcription  by  MET. 
Activation  of  discrete  signaling  pathways  via  the  hypothetical  membrane  receptor  should  lead  to 
different  gene  expression  in  various  types  of  target  cells  and  different  biological  outcomes  in 
response  to  the  same  hormone. 
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Abstract  text: 

Introduction:  Through  our  discovery  of  juvenile  hormone  antagonists  (JHANs)  in  plants  and  our 
detailed  analyses  of  specific  plant-insect  associations  between  insect  JH  receptor  Met  and  plant 
JHANs,  we  found  phytochemicals  that  could  be  developed  into  novel  and  effective  insect  growth 
regulator  insecticides. 

Methods:  We  developed  insect  species-specific  JHAN  assay  and  screening  systems  by  using  a 
yeast  two-hybrid  system  transformed  with  the  JH  receptor.  We  analyzed  the  insect  species- 
specific  JHAN  response  of  3,707  plant  extracts  from  1,648  plant  species  and  167  plant  families 
to  four  insect  species,  Aedes  aegypti  (yellow  fever  mosquito),  Aphis  gossypii  (the  cotton  aphid), 


Plodia  interpunctella  (Indian  meal  moth),  and  Monochamus  alternate  (Japanese  pine  sawyer 
beetle). 

Results/Conclusion:  We  isolated  two  diterpenes  with  JHAN  activity  from  two  plants,  Linder  a 
erythrocarpa  and  Solidago  serotine ,  and  discovered  their  mosquito  larvicidal  activity.  We  also 
isolated  a  diterpene  resin  acid  with  JHAN  activity  from  the  Japanese  red  pine  ( Pinus  densiflora ) 
which  blocked  P.  interpunctella  development.  Comparison  of  JHAN  activities  between  each 
plant  group  and  between  herbivorous  insect  species  showed  that  plant-insect  coevolution  through 
plant  JHANs  drove  the  large-scale  diversification  of  both  plants  and  insects.  Additionally,  we 
found  rapid  evolution  of  insect  JH  receptors  and  host  tissue  localization  to  be  two  “escape  and 
radiation”  strategies  of  insects  away  from  the  harmful  effects  of  plant  JHAN  chemicals.  We 
concluded  that  plant  JHANs  were  phytochemical  weapons  contributing  to  the  current  diversity  of 
plant-insect  associations,  acquired  through  the  macroevolution  of  seed  and  flowering  plants. 
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Abstract  text: 

Introduction:  We  showed  previously  that  in  Rhodnius  prolixus,  the  brain  circadian  system  drives 
circadian  rhythms  of  neurohormone  release,  in  particular  two  developmentally  significant  brain 
neurohormones,  the  prothoracicotropic  hormone  (PTTH)  and  an  insulin-like  peptide  (ILP) 
(bombyxin-related).  These  rhythms  synchronize  the  brain  clock  with  the  photosensitive 
peripheral  clock  cells  in  the  prothoracic  glands  (PGs),  in  which  both  regulate 
ecdysteroidogenesis.  Both  neurohormones  regulate  also  synergistically  the  expression  of  the 
clock  protein  PERIOD  (PER)  in  PG  cells.  Here,  we  investigate  the  signal  transduction  pathways 
by  which  these  hormones  regulate  both  ecdysteoidogenesis  and  PER  induction. 


Methods:  We  used  immunohistochemistry,  ecdysteroid  RIA,  SDS-PAGE  and  specific  inhibitors 
to  PI3K/Akt,  TOR  and  MAPK/ERK  signalling  pathways  applied  in  vitro  to  PGs  in  the  presence 
of  either  PTTH  or  ILP.  Wortmannin  and/or  LY294002  (PI3K/Akt  inhibitors)  significantly 
inhibited  both  ecdysteroidogenesis  and  PER  induction  in  PG  cells  treated  with  either  hormone.  In 
contrast,  rapamycin  (TOR  kinase  inhibitor)  and  MAPK/ERK  inhibitors  had  no  inhibitory  effect 
on  PER  induction  by  either  hormone.  However,  rapamycin  had  significant  inhibitory  activity  on 
ecdysteroidogenesis  induced  by  ILP  but  moderate  inhibition  in  stimulation  induced  by  PTTH. 

Results/Conclusion:  In  Drosophila,  the  PI3K/Akt/TOR  signalling  pathway  is  involved  in 
modulating  the  activity  of  the  brain  clock.  We  conclude  first  that  both  PTTH  and  ILP  in 
Rhodnius  act  through  the  PI3K/Akt/TOR  pathway  during  regulation  of  ecdysteroidogenesis  and 
second,  that  it  is  possible  that  the  PI3K/Akt  pathway  is  also  involved  in  the  regulation  of  the 
circadian  clock  in  PG  cells  by  the  neurohormones  PTTH  and  ILP  in  Rhodnius. 
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Introduction:  Hematophagous  arthropods  ingest  a  huge  amount  of  blood  in  each  meal,  which 
provides  substrates  for  production  of  eggs  and  to  build  up  lipid  reserves.  In  order  to  attend  insect 
needs,  the  pathways  involved  in  lipid  synthesis  and  degradation  must  be  precisely  coordinated 
and  regulated,  and  hormones  have  a  central  function  in  this  process.  We  investigated  the  roles  of 
two  neurohormones,  serotonin  (5 -hydroxy try ptamine,  5-HT)  and  adipokinetic  hormone  (AKH), 
in  lipid  metabolism  in  adult  females  of  Rhodnius  prolixus.  After  feeding,  fatty  acids  incorporated 
by  the  midgut  epithelium  are  activated  to  acyl-CoA,  that  are  used  for  the  synthesis  of 
glycerolipids,  as  diacylglycerol,  triacylglycerol  (TAG)  and  phospholipids.  Acyl-CoA  binds  with 
high  affinity  to  acyl-CoA  binding  protein  (RhoprACBP). 


Methods:  Gene  expression  of  interest  genes  were  analyzed  by  quantitative  PCR  at  various 
physiological  conditions.  AKH  receptor  gene  {RhoprAkhr)  was  knockdown  with  the  use  of 
RNAi  and  effects  on  TAG  accumulation  were  determined. 

Results/Conclusion:  After  feeding,  gene  expression  of  RhoprACBP- 1  increases,  and  5-HT, 
released  in  the  hemolymph  during  gorging,  triggers  RhoprAcbp-1  transcription,  by  a  mechanism 
that  involves  cAMP.  On  the  other  hand,  at  moments  of  energy  demand,  AKH  plays  a  role  in 
TAG  utilization.  RhoprAkhr  is  highly  expressed  in  the  fat  body  and  the  flight  muscle  and  its 
expression  increases  at  moments  of  lipid  mobilization.  The  knockdown  of  RhoprAkhr  resulted  in 
higher  amounts  of  TAG  at  fat  body  and  flight  muscle  during  starvation.  Moreover,  it  was  shown 
that  AKH  affects  the  transcription  of  some  genes  of  lipid  metabolism,  as  RhoprAcbp-1. 

Supported  by:  FAPERJ,  CNPq,  CAPES 
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Introduction:  Tick  salivation  during  blood-feeding  is  crucial  for  successful  tick  feeding,  which 
includes  excretory  water,  ions,  and  bioactive  components  for  compromising  the  hosts’  immune 
responses.  Control  of  salivary  secretion  involves  autocrine  dopamine  activating  two  different 
dopamine  receptors:  dopamine  (Dl)  and  Invertebrate-specific  Dl-like  dopamine  (InvDIL) 
receptors.  We  investigated  different  physiological  functions  of  distinct  dopamine  receptors  and 
Na/K-ATPase  as  an  important  component  of  the  secretory  process. 

Methods:  Specific  agonists/antagonists  in  heterologously  expressed  dopamine  receptors  were 
identified  and  used  as  pharmacological  tools  to  investigate  the  different  roles  of  each  receptor  in 
the  secretory  process.  Ouabain  was  used  as  the  Na/K-ATPase  inhibitor.  Isolated  salivary  glands 
for  the  rate  of  fluid  transport  and  salivary  secretion  was  examined  after  various  pharmacological 


treatments.  The  saliva  collected  in  the  secretion  assay  was  further  examined  for  the  contents,  ions 
and  protein. 

Results/Conclusion:  Dopamine-induced  salivary  secretion  is  a  dynamic  process  mediated  by 
complex  downstream  pathways.  D1  receptor  in  the  epithelial  cells  of  subtypes,  type  II  and  III 
acini,  lead  fluid  transport  into  acini  lumen,  and  InvDIL  receptor  controlled  (or  modulated) 
emptying  lumen  solute.  Inhibition  of  Na/K-ATPase  by  ouabain  (10  pM)  induced  complete 
suppression  of  fluid  transport  causing  abolition  of  dopamine-induced  salivation.  At  1  pM, 
ouabain,  the  secreted  saliva  was  hyperosmotic.  However,  dopamine/ouabain  did  not  directly 
related  to  the  activation  of  protein  secretion.  We  propose  that  the  dopamine-dependent  primary 
saliva  formation,  mediated  by  Na/K-ATPase  in  type-III  and  type-II  acini,  is  followed  by  a 
dopamine-independent  resorptive  function  of  Na/K-ATPase  in  type  I  acini  located  in  the 
proximal  end  of  the  salivary  duct. 
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Introduction:  In  recent  years  we  evidenced  some  major  developments  in  control  techniques  of 
pests  of  medical  and  veterinary  importance,  especially  mosquitoes.  These  developments  include 
releasing  genetically-modified  pests  that  deliver  a  lethal  trait  into  the  wild  pest  population, 
introducing  bacterial  symbionts  that  negatively  affect  the  pest's  reproduction,  auto-dissemination 
of  pesticides,  and  more. 


Methods:  N/A 


Results/Conclusion:  In  my  talk  I  will  review  these  innovative  techniques  and  will  discuss  which 
of  them  may  be  adopted  for  controlling  filth  flies. 
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Most  of  the  field  research  on  filth  fly  management  has  been  conducted  in  temperate  regions  of 
the  world.  Even  lab  studies  directed  at  understanding  temperature-driven  effects  on  efficacy  of 
insecticides  or  natural  enemies  have  generally  been  conducted  at  constant  temperatures  over 
modest  ranges  that  prevail  in  such  regions.  The  past  year  was  the  hottest  on  record,  and  current 
climate  change  models  predict  that  future  fly  management  will  increasingly  be  conducted  under 
conditions  that  historically  would  have  been  considered  extreme.  How  might  rising  temperatures 
affect  our  efforts  to  suppress  flies?  The  efficacy  of  insecticides  would  be  affected  in  various 
ways,  accelerating  kill  rates  under  some  conditions  but  dampening  them  in  others  because  of 
more  rapid  loss  of  residual  life  or  sped-up  detoxification  mechanisms.  Perhaps  the  greatest 
impact  of  rising  temperatures  would  be  on  predators  and  parasitoids  and  the  balance  between 
these  natural  enemies  and  the  target  fly.  House  flies  are  notorious  for  their  ability  to  adapt 
rapidly  to  changing  environments  and  show  great  plasticity  in  response  to  new  situations. 
Parasitoids  and  macrochelid  mites  may  be  slower  to  adapt  because  their  arrhenotokous 
reproduction  exposes  males  to  alleles  that  could  be  helpful  in  a  heterozygous  condition  but 
deleterious  in  the  haploid  state.  Results  will  be  presented  that  examine  heat-tolerance  differences 
between  flies  and  four  species  of  parasitoids.  Results  will  also  be  presented  on  efforts  to 
determine  whether  heat-adapted  parasitoid  populations  already  exist  in  historically  hot  locations. 
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Stable  flies  remain  in  high  populations  year-round  in  several  agricultural  crops  in  Costa  Rica. 
With  the  objective  of  knowing  its  abundance,  Stomoxys  calcitrans  was  monitored  in  pineapple 
stubble,  banana  crop  and  livestock  during  2012-2013  and  2015  for  monitoring  in  oil  palm 
( Elaeis  guinnesis).  The  study  was  conducted  in  Pital-San  Carlos,  Palmitas-Guapiles  and 
Corredores-  Puntarenas,  Costa  Rica.  Adults  were  trapped  with  sticky  traps,  serviced  weekly. 
Climatic  variables  were  recorded  daily  at  each  site.  Throughout  the  year  there  are  different 
population  peaks  of  the  fly.  Months  with  the  highest  rainfall  and  temperatures  (25-30  °  C)  were 
those  with  the  largest  population  of  SF  adults  50-1180  at  pineapple  stubble  and  livestock  in  Pital, 
and  100-4000  at  Palmitas  in  pineapple  stubble,  banana  and  livestock.  It  was  also  determined  that 
relative  humidity  plays  a  key  role  with  high  correlation  p  <0.001  with  trapped  adults.  Fluctuation 
of  S.  calcitrans  was  studied  in  pineapple  stubble  and  semi-barned  cattle  every  hour  from  05 
hours  to  21:00  hours.  It  was  determined  that  the  peak  hours  of  the  stable  fly  are  8-11  am  and  2-5 
pm  on  pineapple  and  livestock.  In  pineapple  stubble,  banana  and  oil  palm,  stable  flies  are  found 
in  different  immature  stages,  and  blood  feeding  was  found  in  neighboring  dairy  farms. 
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Biological  controls  marketed  for  filth  fly  control  include  Hymenoptera,  Diptera,  Coleoptera, 
Nematoda  and  Fungi.  This  talk  will  concentrate  on  the  insects  and  nematodes  used  in  filth  fly 
control.  The  greatest  competition  to  the  commercial  biological  control  industry  are  the  naturally 
occurring  predators  and  parasites  that  operate  on  their  own.  Thus  the  greatest  need  for  biological 
controls  exists  in  the  filth  fly  habitats  where  the  naturally  occurring  biological  controls  are 
constantly  disrupted.  These  markets  include  beef  feedlots,  dairy  calves,  poultry,  horses,  sheep, 
goats,  and  llamas.  Composting  toilets  constitute  a  tiny  market  with  its  own  unique  needs.  The 
history  of  the  development  of  commercial  production  will  be  reviewed  as  well  as  projections  for 
future  use.  Three  factors  drive  the  surge  in  use  of  biological  controls:  the  green  movement,  the 
growing  resistance  of  flies  to  pesticides,  and  the  ever-increasing  prices  of  pesticides.  Many  flies 
are  not  yet  amenable  to  biological  control:  horn  flies,  face  flies,  deer  flies  and  horse  flies  all 
attack  pastured  animals.  Alternative  non-pesticide  solutions  to  these  problems  include  a  wide 
variety  of  traps.  Research  is  needed  on  new  natural  enemies,  better  biological  balance  assessment 
tools,  and  documentation  of  the  utility  of  biological  controls  in  extending  the  life  of  a  pesticide. 
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The  disposal  and  management  of  organic  waste  streams,  ranging  from  vegetable  and  fruit  matter, 
animal  processing  and  rendering  by-products,  to  manure  associated  with  animal  production,  is  of 
global  concern.  These  materials  are  often  colonized  by  a  number  of  filth  fly  species,  which  can 
be  a  nuisance  to  humans  and  other  animals,  and  pose  major  health  threats  as  vectors  of  pathogens 
associated  with  these  wastes.  The  black  soldier  fly  Hermetia  illucens  (L.)  (Diptera: 

Stratiomyidae)  is  a  non-pest  species  that  colonizes  and  consumes  many  of  these  waste  materials. 
Consumption  of  waste  by  black  soldier  flies  make  these  resources  unsuitable  for  competing 
nuisance  species  by  reducing  dry  matter  by  up  to  60%,  and  volatile  organic  compound  emission. 
Several  of  these  compounds  are  known  filth  fly  attractants  and  are  responsible  for  the  noxious 
odor  associated  with  decomposing  waste.  In  addition  to  waste  reduction  and  subsequent  filth  fly 
management,  bioconversion  by  black  soldier  flies  results  in  a  number  of  value-added  products: 
the  material  remaining  after  digestion  can  be  used  as  fertilizer,  immature  black  soldier  flies  are 
protein-rich  and  can  be  used  in  feed  for  aquaculture,  poultry,  and  livestock  production,  and  are 
also  high  in  fat  that  can  be  used  for  biodiesel  production.  The  goal  of  this  presentation  is  to 
provide  a  synthesis  of  research  to  show  that  through  bioconversion,  black  soldier  flies  represent  a 
sustainable  and  valuable  method  for  addressing  a  number  of  concerns  of  global  importance. 
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Adult  mucoid  flies  are  often  infected  by  fungi  from  the  Phylum  Entomophthoromycota.  These 
fungi  (genera  Entomophthora  and  Strongwellsea )  are  specialized  pathogens  only  infecting  one 
host  species  or  a  few  taxonomically  related  host  species.  Their  life-cycle  includes  horizontal 
transmission  to  new  hosts  by  conidia,  which  stick  to  the  cuticle  and  infect.  In  infected  hosts, 
Entomophthora  species  grow  as  wall-less  protoplasts,  which  may  ‘trick’  the  immune  system  of 
the  host  and  allow  the  fungi  to  proliferate  and  kill  the  hosts  within  a  few  days.  During  winter,  the 
fungi  can  survive  as  thick  walled  resting  spores  (for  example  S.  magna  infecting  Fannia  spp.).  In 


the  case  of  E.  schizophorae  infecting  Pollenia  species,  the  fungus  survives  the  winter  via  slow 
disease  transmission  between  individuals  of  hibernating  hosts.  Entomophthoralean  fungi  have 
received  attention  as  possible  biological  control  agents  due  to  their  ability  to  develop  natural 
epidemics.  There  have  been  attempts  to  release  E.  muscae  infected  individuals  of  Musca 
domestica  into  stables  to  achieve  control.  However,  no  biocontrol  products  have  been  developed. 
A  main  challenge  is  upscaling  production  of  these  fungi,  for  example  by  in  vitro  fermentation. 
Recently,  information  about  host  pathogen  (co)-evolution  and  infection  processes  have  suggested 
new  ways  to  make  use  of  these  fungi  in  inoculation  or  conservation  biological  control. 
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Abstract  text: 

Two  non-nutritive  sugars  were  assessed  for  their  potential  as  insecticides  against  adults  of  the 
house  fly  Musca  domestica  L  (Diptera:  Muscidae).  Both  sugars  belong  to  the  group  of  polyols 
known  as  sugar  alcohols.  Sugar  is  the  common  vehicle  used  in  granular  fly  baits  to  administer 
insecticides  to  house  flies  via  the  flies  feeding  on  the  baits.  The  non-nutritive  sugar  solutions 
significantly  decreased  fly  survival  at  ten  and  twenty  days  relative  to  a  sucrose  control;  flies 
survived  nearly  twice  as  long  with  sucrose  as  with  either  non-nutritive  sugar.  When  maintained 
on  non-nutritive  sugars,  50%  of  flies  died  in  as  few  as  2  days.  To  confirm  toxicity  versus 
starvation  as  the  insecticidal  mode,  a  concentration  response  was  done.  There  was  a  significant 
reduction  in  survival  as  concentration  increased  in  both  non-nutritive  sugars.  There  was  no  dose- 
dependent  trend  in  survival  when  flies  were  maintained  on  sucrose.  Finally,  to  determine  if  both 
non-nutritive  sugars  have  acute  toxic  properties,  flies  were  fed  one  of  two  non-nutritive  sugars 
for  24  h  and  then  maintained  on  sucrose  for  19  more  days.  As  much  as  a  75%  reduction  in 
survival  was  observed  by  day  20.  These  results  suggest  that  non-nutritive  sugars  possess 
insecticidal  properties  when  house  flies  feed  on  them.  Due  to  their  slow-acting  nature,  they  may 
be  best  utilized  in  conjunction  with  other,  faster-acting  insecticides.  These  data  suggest  that  cost 


or  effectiveness  of  baits  may  be  improvable  with  use  of  these  sugars.  Further  testing  would  be 
worthwhile  against  other  filth  flies  and  their  larval  stages. 
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Abstract  text: 

Pupal  parasitoids,  primarily  in  the  genera  Spalangia  and  Muscidifurax  (Hymenoptera: 
Pteromalidae),  can  be  purchased  for  biological  control  of  filth  flies.  However,  little  is  known 
about  their  host-habitat  preference  and  plasticity.  Previous  research  showed  differential 
preferences  between  these  genera  to  equine  and  bovine  manure  in  a  Y-tube  olfactometer.  The 
purpose  of  this  study  was  to  evaluate  the  effect  of  emergence  exposure  to  these  two  manures  on 
subsequent  host  parasitism  in  an  arena  setting.  House  fly  pupae  parasitized  by  Spalangia 
cameroni  or  Muscidifurax  raptor  were  covered  with  200  g  of  bovine  manure  or  equine  manure, 
or  left  clean.  Female  parasitoids  were  collected  48  h  post  emergence  and  released  in  arenas  with 
choice  tests  between  clean  pupae  and  pupae  in  bovine  manure  or  equine  manure,  and  between 
pupae  in  equine  manure  and  bovine  manure.  After  2  d,  Hosts  were  floated  out  of  manure  and 
held  for  parasitoid  emergence.  Spalangia  cameroni  preferred  all  manure  treatments  to  clean 
pupae  regardless  of  exposure  at  emergence.  Additionally,  equine  manure  was  preferred  over 
bovine  manure.  Muscidifurax  raptor  favored  clean  pupae,  except  when  exposed  to  bovine 
manure  upon  emergence.  In  choice  tests  between  pupae  in  equine  or  bovine  manure,  M.  raptor 
preferred  bovine  manure,  except  when  exposed  to  equine  manure  at  emergence.  The  data  suggest 
that  coexistence  between  the  competing  pteromalid  parasitoids  might  be  promoted  by  different 
host-seeking  behaviors,  and  these  behaviors  may  be  innate  and  not  easily  manipulated.  Manure 
preferences  may  have  implications  for  monitoring  and  releases  on  different  livestock  and  equine 
facilities. 
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Abstract  text: 

Introduction:  Recent  years  have  seen  increases  in  the  quantity  of  molecular  phylogenetic  and 
fossil  information  at  the  level  of  insect  families.  Combined  with  novel  analytical  tools,  these 
promise  to  increase  our  general  understanding  of  the  hexapod  radiation.  I  present  both 
neontological  and  paleontological  perspectives  on  changes  in  diversification  through  time,  and 
across  taxa. 

Methods:  Broad  taxonomic  sampling  of  eight  marker  genes,  combined  with  phyletic  constraints 
carried  over  from  previous  trees,  and  86  calibrated  fossils  allows  the  construction  of  a  dated 
phylogeny  of  874  higher  taxa  covering  903  of  the  1,100  extant  families.  A  family  level  database 
of  first  and  last  occurrences  of  hexapod  fossil  families  allows  us  to  examine  changes  in  the  raw 
record  since  1994,  whilst  a  sample-based  dataset  of  occurrences  allows  us  to  control  for 
sampling  artefacts. 

Results/Conclusions:  The  family  tree  suggests  remarkable  stability  in  divergence  rate,  with  little 
indication  of  shifts  around  the  P-T  extinction,  with  the  possible  exception  of  a  delayed  radiation 
of  extant  Palaeoptera.  Medusa  analysis  suggests  three  broad  tempos  of  divergence,  coloured  by 
various  Mesozoic  upshifts  and  downshifts,  though  there  is  no  strong  association  of  diet  and 
diversity.  The  raw  fossil  record  is  substantially  altered  since  1994,  with  only  about  10%  of 
families  remaining  unchanged,  showing  sub-exponential  increases  in  richness,  and  a  less  abrupt 
P-T  extinction.  Holometabola  are  notable  by  their  low  extinction  rate.  Standardized  subsampling 
however  shows  little  evidence  for  any  increase  in  family  diversity  since  the  Early  Cretaceous, 
suggesting  that  the  raw  record  suffers  from  substantial  pull-of-the-recent. 


Symposium 


Presentation  Title:  Assembly  of  the  trophic  pyramid  of  beetle  diversity 

Author  Name:  Brian  Farrell 

Author  Institution:  Harvard  University 

Session  Title:  Symposium:  Rapid  Evolutionary  Radiations  in  Insects:  Phylogenetic  Causes  and 
Consequences  of  Life  in  the  Fast  Lane 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3886 

DOI:  10. 1603/ICE. 2016. 94712 

CANCELLED 

Symposium 

Presentation  Title:  Diversity  vs.  disparity:  Contrasting  patterns  of  adaptive  radiation  among 
Hawaiian  spiders 

Author  Name:  Rosemary  Gillespie 
Author  Institution:  University  of  California 

Session  Title:  Symposium:  Rapid  Evolutionary  Radiations  in  Insects:  Phylogenetic  Causes  and 
Consequences  of  Life  in  the  Fast  Lane 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3887 

DOI:  10. 1603/ICE.2016. 94596 

Abstract  text: 

Ecological  and  evolutionary  processes  interact  synergistically  to  determine  biodiversity  patterns. 
The  Hawaiian  Islands  are  particularly  useful  for  examining  the  ecological-evolutionary  nexus 
because  they  display  an  age  chronology  that  allows  analysis  of  communities  that  are  just  starting 
to  establish,  to  more  mature,  allowing  insights  into  how  early  ecological  processes  give  way  to 
longer  term  processes  of  adaptation  and  species  diversification.  Focusing  on  different  lineages  of 
spiders,  I  use  the  island  chrono sequence  to  examine  the  interplay  between  ecological  affinities 
and  genetic  differentiation  in  fostering  diversification.  I  highlight  the  importance  of  fusion  and 
fission  in  fostering  diversification;  variability  upon  which  selection  can  act;  and  selection  and 
genetic  drift  in  generating  diversity. 


Methods:  I  use  genetic  and  genomic  tools  to  understand  microevolutionary  change  in  different 
lineages  of  spiders.  I  couple  these  data  with  ecological  metrics  across  the  chronosequence  to 
uncover  community  dynamics. 

Results/conclusions.  Different  spider  lineages  show  different  rates  and  patterns  of  differentiation. 
One  lineage  shows  “nonadaptive”  radiation,  with  multiple  species  in  allopatry  and  diversity 
increasing  with  island  age.  Another  lineage  shows  early  diversification  into  different  ecologically 
defined  taxa,  and  subsequent  general  progression  down  the  island  chain  of  each  species;  here, 
species  numbers  are  high  even  on  the  youngest  island,  and  seem  to  level  off  quickly  on  the  older 
islands.  Other  lineages  show  repeated  evolution  of  similar  ecomorphs  within  islands;  here, 
species  numbers  increase  early  in  the  radiation,  and  then  decrease.  This  work  highlights  the 
interplay  between  rates  of  ecological  and  genetic  differentiation  in  shaping  biodiversity. 
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Abstract  text: 

The  order  Diptera,  true  flies,  contains  multiple  episodes  of  radiation  and/or  extinction  that  are 
manifested  as  changes  in  diversification  rate  as  identified  in  macroevolutionary  phylogenetic 
analyses.  Phylogenomic  data  provide  a  renewed  opportunity  to  resolve  many  areas  of  the  260 
million  year  history  of  the  group,  and  to  revisit  macroevolutionary  hypotheses  and  their 
associated  ecological,  morphological  and  life  history  traits.  Major  radiations  at  the  higher-level 
have  been  identified  by  short  branch  lengths  and  high  lineage  diversity  at  the  base  of  the  Diptera, 
among  the  origin  of  the  Brachycera,  and  within  the  large  group  of  cyclorrhaphan  fly  families 
called  Schizophora.  Many  significant  patterns  of  rate  change  also  occur  within  subgroups  and 
family  lineages  within  these  clades.  Here,  we  present  multiple  new  estimates  of  fly  phylogeny 
and  evaluate  their  temporal  context.  We  also  apply  quantitative  tests  of  diversification  rate  to 
evaluate  the  nature  of  diversification  rate  change  at  each  of  several  key  points  in  the  evolutionary 


history  of  Diptera.  With  these  results,  we  reveal  newly  resolved  patterns  and  discuss  the 
implications  of  sampling  and  study  scale  for  evaluating  competing  evolutionary  hypotheses  in 
flies  and  other  insects. 
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Abstract  text: 

Plant-feeding  insects  provide  classic  examples  of  adaptive  radiation,  often  attributed  to 
coevolution  with  plant  hosts.  More  recent  research,  while  continuing  to  emphasize  the  insect- 
host  plant  relationship,  has  revealed  a  variety  of  evolutionary  patterns  shaped  by  multiple  causes, 
including  climatic  shifts,  geography,  and  interactions  with  parasites  and  symbionts.  Using 
densely  sampled  molecular  phylogenies,  we  explore  the  pattern  and  timing  of  diversification  and 
host  use  evolution  in  three  genera  of  plant-feeding  flies:  leaf-mining  flies  (Agromyzidae: 
Phytomyza),  eucalypt  gall  flies  (Fergusoninidae:  Fergusonina),  and  true  fruit  flies  (Tephritidae: 
Blepharoneura).  These  phylogenetic  data  provide  an  opportunity  to  reassess  the  importance  of 
host  shifts  and  other  ecological  factors  in  promoting  speciation  and  diversification  in  insect 
herbivores.  We  also  use  these  examples  to  evaluate  traditional  and  competing  models  of 
diversification  in  insect  herbivores. 
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Abstract  text: 

To  explain  biological  diversity,  we  must  understand:  (1)  how  genetic  changes  act  through 
developmental  mechanisms  to  alter  phenotypes,  (2)  how  these  phenotypic  changes  impact  the 
ability  of  organisms  to  survive  and  reproduce  in  nature,  (3)  how  natural  selection  and 
demographic  processes  shape  this  variation  within  and  between  populations,  and  (4)  how  these 
processes  contribute  to  the  formation  of  new  species.  Importantly,  we  must  also  determine  the 
extent  to  which  the  answers  to  these  questions  are  predictable/repeatable  when  examined  across 
different  organisms  and  traits.  To  address  these  questions,  my  lab  uses  insects  in  the  genus 
Neodiprion  (Hymenoptera:  Diprionidae),  an  experimentally  tractable  and  phenotypically  variable 
group  of  pine-feeding  sawflies  with  convergent  gains  and  losses  of  multiple  traits.  In  this  talk,  I 
introduce  this  novel  system  and  describe  our  ongoing  efforts  to  develop  genomic  resources. 

Then,  using  host  use  as  an  example,  I  illustrate  how  we  are  identifying  the  proximate  and 
ultimate  mechanisms  underlying  phenotypic  variation  and  assessing  repeatability.  Phenotypic, 
population  genomic,  and  comparative  data  indicate  that  variation  in  needle  width  among  pine 
species  generates  divergent  selection  on  host-use  traits  within  and  between  Neodiprion  species; 
that  divergent  host  use  acts  as  a  barrier  to  gene  flow;  and  that  changes  in  host  use  are  associated 
with  speciation.  Ultimately,  by  combining  recently  developed  molecular  and  genomic 
approaches  with  decades  of  natural  history  research,  we  hope  to  generate  new  insights  into  the 
origin  and  maintenance  of  phenotypic  variation  and  species  diversity. 
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The  aculeate  Hymenoptera  (Aculeata  -  stinging  wasps,  bees,  ants)  are  a  group  of  over  60,000 
species  characterized  by  the  possession  of  an  ovipositor  modified  for  stinging,  which  affords 
them  defensive,  nesting,  and  predatory  capabilities  rarely  seen  in  other  insect  groups.  Aculeates 
exhibit  a  diversity  of  life  histories  and  multiple  shifts  between  carnivory  and  herbivory  (pollen 
feeding),  between  solitary  nesting  and  eusociality,  and  between  free-living  and  parasitic 
(ususally  ecto-  or  endoparasitic  but  also  cleptoparasitic  and  social  parasitic)  lifestyles.  We 
summarize  results  of  our  phylogenomic  investigations  within  this  group,  using  data  generated 
from  ultraconserved  elements  (UCEs)  obtained  from  hundreds  of  aculeate  species.  We  discuss 
the  ability  of  these  markers  to  resolve  aculeate  relationships,  focusing  on  congruence  and 
conflicts  with  previous  work  as  well  as  novel  results  suggested  by  UCE  data.  We  also  examine 
the  potential  of  these  data  to  analyze  diversification  rates,  by  identifying  lineages  showing 
significant  rate  shifts  as  well  as  correlating  such  shifts  with  the  origination  of  new  aculeate  life 
history  traits. 
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Abstract  text: 

Introduction:  Changes  in  environmental  conditions,  from  abiotic  changes  in  temperature  to  biotic 
changes  in  predation  risk,  can  be  stressors  for  animals.  Animals  possess  a  range  of  physiological 
adaptations  for  dealing  with  stress,  many  of  which  have  important  implications  for  net  energy 


balance.  Hence,  stressful  conditions  may  be  associated  with  adjustments  in  diet  to  ensure 
adequate  nutrients  and  energy  for  survival  and  reproduction. 

Methods:  We  tested  how  changes  in  predation  risk  affected  carbohydrate  and  protein 
consumption  by  crickets. 

Results/Conclusion:  Crickets  exposed  to  standardized  predator  cues  reduced  total  food  intake, 
while  control  crickets  showed  no  reduction  in  food  consumption.  Reduced  food  consumption 
was  not  spread  equally  among  macronutrients,  as  stressed  crickets  ate  significantly  less  of  the 
high  carbohydrate  food  but  did  not  alter  their  intake  of  the  high  protein  food.  As  expected  from 
the  high  stress  and  reduced  food  intake,  stressed  crickets  lost  three  times  more  mass  over  the 
course  of  the  trials  than  control  crickets.  Crickets  appear  to  be  substituting  lipid  reserves  for 
carbohydrate  intake  while  maintaining  protein  intake,  which  is  important  for  egg 
production.  Future  experiments  will  examine  carbohydrate  and  protein  consumption  by  crickets 
after  stressful  periods  to  see  if  stressed  crickets  compensate  for  the  reduced  food  and  energy 
consumption  during  stress. 
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Abstract  text: 

Introduction:  Landscape-scale  bark  beetle  disturbances  are  increasing  in  frequency  and  severity, 
in  part  from  global  climate  change.  Bark  beetles  and  termites  are  keystone  species  that  mediate 
nutrient  flow  between  above-  and  belowground  systems  in  many  forest  ecosystems.  Bark  beetles 
vector  bluestain  (ophiostomatoid)  fungi  to  trees  during  attacks.  These  fungi  do  not  degrade  the 
structural  components  of  wood,  but  subterranean  termites  preferentially  feed  on  bluestained 
wood. 


Methods:  We  conducted  laboratory  mesocosm  and  field  experiments  to  examine  how 
interactions  between  termites  and  bluestain  fungi  impact  termite  physiology,  wood 
decomposition,  nutrient  dynamics,  and  diversity  in  decomposing  logs  and  surrounding  soil. 

Results/Conclusion:  Termites  recruited  to  trees  inoculated  with  bluestain,  even  when  trees  were 
still  standing  and  otherwise  healthy.  Bluestained  wood  had  lower  C:N  ratios  than  fungi-free 
wood,  and  soils  below  bluestained  coarse  woody  debris  had  marginally  higher  C:N  ratios  than 
soil  below  coarse  woody  debris  without  bluestain  fungi  after  four  years.  Wood  decomposition 
rates  and  soil  invertebrate  diversity  were  higher  when  termites  were  present  than  absent,  and 
termites  feeding  on  bluestained  wood  had  higher  survivorship  than  those  fed  just  wood.  Termites 
and  bluestained  wood  were  associated  with  greater  invertebrate  diversity,  and  thus  bluestained 
coarse  woody  debris  can  serve  as  diversity  hotspots.  Termites  likely  play  a  key  role  in  carbon 
dynamics  during  bark  beetle  disturbance  events  via  accelerating  the  fragmentation  of  coarse 
woody  debris.  Thus,  as  environmental  changes  alter  the  ranges  and  activity  of  bark  beetles  and 
termites,  this  likely  to  impact  nutrient  cycling  and  wood  decomposition  dynamics  in  forest 
ecosystems. 
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Introduction:  Maintaining  water  balance  is  fundamental  to  terrestrial  animals.  Most  previous 
research  has  focused  on  unique  adaptations  allowing  organisms  to  survive  in  desiccating 
conditions.  Less  is  known  about  patterns  of  animal  water  balance  across  spatial  gradients  or 
potential  ecological  effects  of  this  variation. 

Methods:  Here  we  describe  results  from  multiple  studies  exploring  patterns  of  arthropod 
hydration  and  water  demand  across  gradients  of  precipitation,  temperature,  river  drying,  and 


urbanization.  We  then  describe  results  from  several  studies  documenting  ecological  effects  of 
altered  arthropod  water  balance. 

Results/Conclusion:  We  show  that  there  is  considerable  variation  in  arthropod  hydration  and 
water  demand  across  all  locations  studied,  including  both  dry,  hot  environments  and  moist,  cool 
environments.  Notably,  arthropods  can  exhibit  substantial  reductions  in  hydration  and  increases 
in  water  demand  even  in  wet  locations,  in  wet  years.  Increased  water  demand  can  lead  to 
increased  trophic  interactions,  including  changes  in  rates  of  predation  and  herbivory  that  are 
sufficient  to  lead  to  trophic  cascades. 


Symposium 

Presentation  Title:  Climate  change  and  overwintering  insects:  Energy,  cold,  and  immunity 

Author  Name:  Brent  Sinclair 

Author  Institution:  University  of  Western  Ontario 

Session  Title:  Symposium:  Physiological  Responses  to  Environmental  Change 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3895 
DOI:  10. 1603/ICE.2016. 94079 

Abstract  text: 

Introduction:  Insects  in  temperate,  polar,  and  montane  habitats  may  spend  half  their  lives 
overwintering.  They  must  contend  with  a  variety  of  interacting  abiotic  and  biotic  stressors  while 
balancing  non-renewable  energy  stores. 

Methods:  I  will  show  how  the  mean  and  variance  of  overwinter  temperatures  interact  with  snow 
cover  to  determine  overwinter  conditions,  and  discuss  how  these  interactions  drive  energy  drain 
and  low  temperature  mortality  to  affect  trade-offs  with  the  immune  system  and  growing  season 
performance. 

Results/Conclusion:  I  will  then  use  this  framework  to  explore  the  impacts  of  climate  change  on 
overwintering  insects,  with  a  goal  of  determining  which  traits  will  determine  the  winners  and 
losers  in  changing  winters. 
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Abstract  text: 

Introduction:  Climate  change  threatens  biodiversity,  with  many  animals  thought  to  be  at  risk  of 
extinction.  The  extent  to  which  evolution  and  phenotypic  plasticity  might  mediate  this  risk 
remains  largely  unknown. 

Methods:  We  have  used  a  combination  of  experimental  evolution  and  environmental 
manipulations  to  address  this  gap  in  our  understanding. 

Results/Conclusion:  In  particular,  I  will  discuss  how  we  have  used  intra-  and  inter-specific 
studies  of  Drosophila  to  understand  the  physiological  and  evolutionary  processes  that  limit,  and 
enable,  adaptive  responses  to  rapid  environmental  change. 
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Abstract  text: 

Introduction:  Many  models  for  the  physiological  and  ecological  responses  of  insects  to  climate 
are  based  on  thermal  performance  curves,  but  such  models  ignore  the  time-dependent  effects  of 
heat  stress  and  physiological  acclimation. 

Methods:  We  describe  a  simple  physiological  systems  model  that  combines  thermal  performance 
curves  for  ingestion  rate  with  the  effects  of  high  temperatures  on  gene  expression,  stress  protein 
production  and  growth  rate.  We  implement  the  model  using  data  for  Manduca  sexta  larvae. 

Results/Conclusion:  The  model  correctly  predicts  how  costs  of  stress  reduce  rates  of  growth, 
development  and  survival  at  high  temperatures  experienced  during  diurnal  fluctuations  or  heat 
waves.  We  then  use  the  model  to  illustrate  how  incorporating  heat  shock  alters  our  predictions 
of  the  consequences  of  climate  change  for  growth,  development  and  survival  of  M.  sexta  across 
its  geographic  range. 
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Abstract  text: 

Introduction:  Individuals  often  differ  from  one  another,  how  they  interact  with  one  another  and 
the  environment.  Of  course,  it  is  these  differences  on  which  natural  selection  acts.  In  ants, 
differences  among  individual  colonies  can  determine  foraging  behavior,  the  outcomes  of 
competitive  interactions,  and  susceptibility  to  pathogens.  One  important  aspect  of  the 
environment  that  influences  ants  is  temperature.  But  do  individuals  differ  in  their  response  to 
temperature?  And  if  they  do,  what  are  the  consequences? 


Methods:  We  used  standard  techniques  to  estimate  thermal  tolerance  (both  CTmax  and  and 
CTmin)  of  populations  of  a  suite  species  whose  distributions  span  considerable  temperature 
gradients  in  the  eastern  US. 

Results/Conclusions:  The  most  salient  results  of  this  study  were  that  species  from  warm  places 
tended  to  have  higher  critical  thermal  maximima  than  did  species  from  colder  places.  Similarly, 
species  from  colder  places  tended  to  have  lower  critical  thermal  minima  than  did  species  from 
colder  places.  However,  and  surprisingly,  thermal  tolerance  varied  as  much  within  species  as 
among  species.  These  results  suggest  that  populations  can  be  locally  adapted  to  their  thermal 
environment,  and  that  we  should  focus  on  population  distribution  modeling  rather  than  species 
distribution  modeling.  Thus,  macroecologists  and  biodiversity  modelers  should  incorporate  these 
differences  among  individuals  in  future  models,  because  individuals,  and  not  just  species,  matter. 
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Abstract  text: 

Introduction:  How  phenotypes  are  altered  by  changing  environments  is  a  key  open  question  in 
ecology  and  evolutionary  biology.  To  forecast  responses  to  future  change,  we  need  to  understand 
both  the  mechanisms  underlying  responses,  and  the  aspects  of  the  environment  to  which 
phenotypes  respond.  This  poses  a  challenge  however;  because  millions  of  species  are  impacted 
by  multiple  components  of  global  change,  we  cannot  develop  predictions  for  how  each 
individual  species  will  respond.  One  way  to  tackle  this  issue  is  to  unite  macro-scales  approaches 
with  local  experiments;  macroecological  approaches  can  be  used  to  identify  broad  patterns  of 
vulnerability  to  climatic  change,  and  experimental  approaches  can  be  used  to  ground  truth  these 
patterns  and  further  explore  their  mechanistic  basis. 


Methods:  Here  I  begin  by  exploring  macroecological  patterns  of  insect  responses  to  climate  and 
land-use  changes,  and  I  then  explore  the  mechanisms  underlying  these  patterns  using 
manipulative  field  and  laboratory  experiments. 

Results/Conclusion:  I  show  that  insects  inhabiting  lower  latitudes  are  physiologically  more 
vulnerable  to  climatic  changes  than  insects  at  higher  latitudes.  I  expand  on  this  work  to  explore 
how  organismal  physiologies  respond  to  urban  land  use  changes,  particularly  urban  heat  island 
effects,  across  different  background  climates,  using  the  widespread  acorn  ant  ( Temnothorax  sp.); 
I  use  manipulative  experiments  to  quantify  the  plastic  and  evolutionary  changes  that  underlie 
shifts  in  thermal  tolerance  across  urbanization  gradients. 
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Abstract  text: 

Introduction:  The  response  of  social  insects  to  their  environment  is  dynamic,  and  results  from 
interplay  between  individual  traits  and  social  interactions.  Research  on  thermal  tolerance  in  ants 
has  focused  primarily  on  traits  of  individuals,  such  as  worker  thermal  limits  (e.g.  CTmax),  but 
temperature  also  drives  colony-level  patterns  in  brood  production,  metabolism,  and  growth. 

Methods:  Here  we  quantified  variation  in  thermal  traits  across  a  diverse  ant  community  to 
develop  a  comprehensive  model  of  social  insect  thermal  performance.  Using  this  approach,  we 
identified  two  major  axes  along  which  ant  species  evolve  that  may  influence  a  broad  range  of 
life-history  traits  (e.g.  activity  season,  distribution,  and  nest  architecture).  We  then  re-evaluated 
whether  CTmax  was  an  accurate  proxy  for  characterizing  thermal  performance  of  ants. 

Results/Conclusion:  Two  common  methods  for  measuring  CTmax  (fast-heating  ramp  vs.  slow- 
heating  ramp)  resulted  in  variable  and  sometimes  opposite  predictions.  While  these  conflicting 
results  initially  raised  concerns  about  the  biological  relevance  of  CTmax,  a  deeper  comparison 


revealed  both  methods  provide  insight  into  different  aspects  of  social  insect  life-history.  We 
propose  that  using  multiple  methods  to  measure  CTmax  may  reveal  differences  in  how  thermal 
strategies  evolve  as  well  as  improve  predictions  about  how  species  will  respond  to  climate 
change  in  the  future. 
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Introduction:  The  ant  farmers  (Tribe:  Attini)  provide  fascinating  parallels  with  human  farmers, 
having  domesticated  their  fungal  crops  for  improved  nutritional  and  metabolic  efficiency  over 
millions  of  years.  Specialized  fungal  cultivar  adaptations  were  likely  important  factors  driving 
the  evolution  of  larger  and  more  complex  farming  societies,  although  links  between  fungal 
physiology  and  farming  performance  remain  poorly  understood. 

Methods:  We  tested  for  transitions  in  how  ant  farmers  use  nutritional  compost  to  produce  their 
fungus  crops  in  diverse  farming  systems  spanning  the  attine  phylogeny.  We  found  that  a  basal 
attine  growing  a  non-domesticated  fungal  crop  avoids  the  high-carbohydrate,  low-protein 
substrate  that  maximizes  fungus  growth  (edible  hyphae),  apparently  to  avoid  reproductive 
conflicts  (inedible  mushrooms).  In  contrast,  an  advanced  industrial- scale  leafcutter  ant  growing  a 
specialized  domesticated  crop  appears  to  avoid  such  production  tradeoffs  because  it  harvests  a 
single  nutritional  blend  to  simultaneously  maximize  crop  quality  and  quantity. 

Results/Conclusion:  These  results,  and  their  associated  performance  consequences,  suggest  that 
while  early  ant  farmers  faced  constraints  on  farming  productivity  stemming  from  divergent 
evolutionary  interests  of  symbiotic  partners,  these  differences  were  largely  resolved  through  crop 
domestication.  Such  production  benefits  may  explain  the  rise  of  leafcutter  ants  as  ecologically 
dominant  herbivores  across  neotropical  ecosystems. 
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Introduction:  Although  bed  bugs  are  pervasive  structural  pests  that  have  been  identified  far  and 
wide,  most  people  do  not  know  enough  about  bed  bugs  to  manage  them  effectively.  In  order  to 
prevent  and  manage  bed  bug  infestations,  one  must  be  able  to  separate  myths  from  the  realities 
of  bed  bug  biology,  behavior,  and  control. 

Methods:  We  have  developed  a  comprehensive  short  course  to  provide  specific 
proactive/preventative  measures  for  different  housing  locations  and  living  situations.  This  course 
offers  a  comprehensive  rundown  of  all  of  the  currently  available  bed  bug  prevention  and 
treatment  methods,  as  well  as  guidance  regarding  how  to  work  with  and  advise  people  who 
already  have  bed  bugs.  This  short  course  is  essentially  a  “packaged  deal”  that  contains  recorded 
webinars  on  different  topics,  as  well  as  accompanying  literature  (factsheets,  protocols,  etc.). 

Results/Conclusion:  The  goal  of  this  short  course  program  is  to  ensure  that  there  is  local  bed  bug 
expertise  and  bed  bug  control  where  it  is  needed.  By  using  this  online  short  course,  facilities 
managers,  extension  agents,  educators,  pest  management  professionals,  and  others  can  be  more 
knowledgeable  overall,  and  have  access  to  comprehensive  resource  materials  at  any  time. 
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Introduction:  Affordable  housing  is  often  disproportionately  impacted  by  bed  bug  infestations. 
Residents  are  often  (arguably)  cited  as  catalysts  for  chronic  infestations  and  reintroductions  by 
building  management  and  pest  management  professionals  (PMP).  Although  improper  treatments 
and  negligent  building  managers  can  just  as  easily  account  for  bed  bug  management  failures, 
resident  education  cannot  be  overlooked.  A  successful  IPM  approach  will  have  the  residents’ 
roles  and  responsibilities  defined  through  resident  outreach.  Educational  program  delivery  varies 
site-by-site  and  even  by  individual. 

Methods:  The  Northeastern  IPM  Center’s  StopPests  In  Housing  program  examined  three 
educational  models  employed  at  housing  sites  and  how  they  impacted  the  number  and  level  of 
bed  bug  infestations.  Educational  models  included  monthly  resident  meetings  (Appleton  WI), 
peer-to-peer  educators  (Boston,  MA),  and  one-on-one  interventions  (Islip,  NY).  Although  the 
key  messages  remained  unchanged,  the  educational  strategy  employed  needed  to  be  appropriate 
for  the  audience. 

Results/Conclusion:  Employing  the  proper  educational  strategy  and  the  right  message,  many 
residents  felt  empowered  to  actively  participate  in  prevention  and  management.  Challenges 
included  lack  of  reporting;  defined  roles  and  responsibilities;  understanding  preparation 
instructions;  knowledge  of  personal  protection  and  prevention  techniques;  housekeeping 
practices  (laundering,  vacuuming,  and  clutter  reduction);  improperly  using  ineffective  home 
remedies  and/or  over-the-counter  insecticides;  and  unnecessary/improper  furniture  disposal. 
Educational  efforts  can  open  a  dialogue  between  residents,  building  staff,  and  PMPs;  normalize 
bed  bugs  as  a  community  issue;  decrease  the  fear  and  stigma  associated  with  having  bed  bugs, 
and  dispel  myths.  Resident  knowledge  and  cooperation  will  increase  when  building  management 
actively  addresses  these  challenges  with  proactive,  building-wide  outreach  and  education. 
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Abstract  text: 

Introduction:  Despite  increasing  proficiency  in  control  measures,  bed  bugs  continue  to  affect 
society  and  place  a  burden  on  public  health  systems. 

Methods:  We  present  here  our  experiences  to  help  information  networks  prepare  personnel  to 
effectively  address  questions  about  this  pest.  The  University  of  Minnesota’s  “Let’s  Beat  the  Bug! 
Campaign”  receives  direct  inquiries  via  the  Bed  Bug  InformationLine,  and  provides  resources 
via  our  website  www.bedbugs.umn.edu.  The  InformationLine  primarily  assists  people  with 
issues  dealing  with  failed  treatments  and  landlord  reluctance  to  take  effective  measures  against 
bed  bugs.  People  are  also  looking  for  reassurance,  in  addition  to  information  about  basic 
prevention  and  control  of  bed  bugs.  For  example,  website  traffic  strongly  indicates  a  preference 
for  learning  do-it-yourself  control  methods. 

Results/Conclusion:  Based  on  our  experiences  from  more  than  three  years  of  operating  the 
InformationLine,  we  present  here  priority  topics  that  entomology  staff  and  public  health 
personnel  should  be  prepared  to  answer,  if  they  receive  inquiries  about  bed  bugs.  We  will  also 
share  the  successes  and  challenges  we  face,  as  well  as  tools  that  are  critical  for  educating  the 
public  on  ways  to  effectively  control  and  prevent  bed  bugs. 
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Abstract  text: 

Introduction:  It’s  an  advantage  to  talk  with  people  about  their  bed  bug  struggles  every  day.  At 
the  National  Pesticide  Information  Center  (NPIC),  we  hear  from  people  before,  during,  and  after 
their  attempts  to  eliminate  bed  bug  infestations.  Those  conversations  have  taught  us  a  lot  about 
strategies  that  promote  learning  in  the  face  of  panic. 

Methods:  We  have  used  this  information  to  create  diverse  delivery  methods  with  the  goal  of 
preventing  pesticide  misuse.  Phone  conversations  allow  us  to  tailor  messages  to  individuals  most 
efficiently.  People  without  internet  access  appreciate  mailed  hard-copy  materials,  giving  them 
time  to  read,  think,  and  reflect  independently.  Resource-rich  websites  allow  people  to  find 
specifically  targeted  resources  quickly,  as  long  as  they’re  not  intimidating  or  overwhelming. 

Results/Conclusion:  One  size  does  not  fit  all.  From  starter  kits  for  local  governments  to 
interactive  decision  trees,  NPIC  partners  with  others  to  create  diverse  educational  materials. 
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Introduction:  How  do  you  teach  service  technicians  how  to  properly  assess  and  manage  a  bed 
bug  infestation?  How  do  you  best  explain  bed  bug  control  so  that  a  client  understands  what  they 
are  paying  for  and  why  it  is  so  costly? 

Methods:  We  will  discuss  the  basic  learning  points  in  teaching  a  new  service  technician  how  to 
identify  and  treat  bed  bug  infestations.  We  will  also  take  a  look  at  educational  points  for 
communicating  better  with  clients. 

Results/Conclusion:  While  bed  bugs  are  a  uniquely  difficult  pest  to  control,  we  can  be  better 
prepared  with  appropriate  education,  training,  and  communication. 


Symposium 

Presentation  Title:  Fifty  Shades  of  Bed  Bug  Grey:  Out  of  the  book  and  into  the  bedroom! 
Author  Name:  Nancy  Troyano 

Author  Institution:  Ehrlich-Rentokil  North  American  Pest  Control 

Session  Title:  Symposium:  Spreading  the  Word:  Bed  Bug  Education  and  Training  in  Today's 
Society 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3907 
DOI:  10.1 603/ICE.20 1 6.9464 1 
Abstract  text: 

Introduction:  Books  may  have  their  place,  but  when  it  comes  to  educating  new  technicians  on 
how  to  manage  bed  bugs,  the  bedroom  is  the  place  to  be! 

Methods:  This  presentation  will  focus  on  using  a  realistic  bedroom  setting  to  deliver  a  hands-on 
training  experience  to  budding  pest  management  professionals. 

Results/Conclusion:  Training  in  this  type  of  environment  is  powerful,  allowing  for  a  hands-on 
approach  to  learning,  yet  is  also  practical,  as  the  development  of  technical  skills  can  be 
integrated  with  job-related  challenges.  This  teaching  platform  is  also  sensible  from  a  business 
perspective,  because  company-specific  goals  or  beliefs,  such  as  cost-effectiveness  and  safety 
practices  can  easily  be  incorporated  under  this  format. 
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Abstract  text: 

Introduction:  As  our  understanding  of  bed  bug  behavioral  ecology  improves,  we  have  been  able 
to  identify  many  valuable  tactics  for  detecting  and  controlling  bed  bugs.  However,  the  pest 
management  industry  remains  entrenched  in  largely  pesticide-based  protocols  and  does  not 
implement  these  novel  and  effective  IPM  tactics  thus  leaving  industry  educators  confused  as  to 
why  the  pest  management  professionals  do  not  implement  these  seemingly  simple  and  logical 
findings. 

Methods:  This  session  will  explain  why  some  pest  control  companies  fail  to  implement  much  of 
this  ground-breaking  research  in  their  treatment  protocols. 

Results/Conclusion:  Researchers  and  educators  must  adequately  understand  the  world  within  the 
pest  management  industry,  so  thay  they  can  cater  to  the  industry's  needs  and  thus  create  content 
to  increase  the  implementation  of  many  of  these  progressive  findings. 
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Introduction:  The  Virginia  Tech  Bed  Bug  and  Urban  Pest  Information  Center  (VTBBUPIC)  has 
focused  on  bringing  applied  bed  bug  information  to  multiple  "at  risk"  facilities  throughout 
Virginia.  Training  programs  have  been  delivered  to  elder  care  facilities,  women's  shelters, 
substance  abuse  centers,  recreational  park  facilities,  mental  health  facilities,  and  school  districts. 
A  common  theme  expressed  by  many  facilities  managers  is  anxiety.  This  is  due  to  repeated  bed 
bug  occurrences  and  the  cost  of  multiple  bed  bug  treatments.  Because  bed  bug  hysteria  is 
rampant,  managers  are  often  forced  into  making  control  decisions  without  knowing  what  they 
really  need. 

Methods:  Our  training  programs  have  already  proven  that  this  anxiety  can  be  greatly  reduced  by 
simply  teaching  people  that  "Bed  bugs  are  just  insects.  They  are  not  inherently  dangerous 
although  they  are  annoying  and  expensive  to  control."  This  presentation  will  discuss  those 
messages  that  are  most  important  to  convey  to  facilities  managers  when  designing  bed  bug 
education  programs. 

Results/Conclusion:  Facilities  managers  need  to  understand  different  pest  management 
methodologies,  and  be  trained  to  write  an  effective  pest  management  contract.  Managers  need  to 
know  the  economics  (time  spent  per  unit)  of  pest  management  so  that  they  can  understand  what 
they  will,  and  will  not  get,  for  their  money.  Finally,  managers  must  be  taught  to  have  realistic 
expectations  regarding  resident  cooperation,  so  that  frustration  does  not  become  an  influencing 
factor  in  their  management  decisions. 
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Apple  crops  have  high  economic  value  in  Indonesia.  One  of  the  main  constraints  in  the 
cultivation  of  apples  is  pest  mites.  Research  on  apple  crop  mites  is  limited.  This  study  aimed  to 
observe  mites  on  the  leaves  of  apple  crops  in  the  East  Java  province.  In  addition  we  review  the 
biology  of  predatory  mites  (other  than  Amblyseius  sp.)  in  two  dominant  populations  of 
phyotophage  mites.  For  each  plant  sample,  we  chose  four  leaves  corresponding  to  compass 
directions  and  brought  them  to  the  laboratory.  The  number  of  each  mite  species  was  counted 
under  microscope.  Our  results  showed  that  the  predatory  mites  were  Amblyseius  sp. 
(Phytoseiidae)  and  Zetzellia  sp.  (Stigmaeidae)  and  phytophage  mites  were  tetranychid 
Panonychus  citri,  Tetranychus  sp.  and  Eutetranychus  banksi.  The  Panonychus  citri  population 
was  the  highest,  followed  Tetranychus  sp.  and  E.  banksi.  Laboratory  research  involved  using  an 
arena  to  observe  the  biology  and  prey  preference  of  Zetzellia  sp.  on  P.  citri  and  Tetranychus  sp. 
The  results  showed  that  the  predatory  mites  Zetzellia  sp.  prefer  P.  citri  prey  than  Tetranychus 
sp..  This  conclusion  was  based  on  the  shorter  development  times  of  preadults,  longer  lifespans  of 
adult  females  and  males,  and  higher  fecundity  on  P.  citri.  The  predatort  Zetzellia  sp.  prefered  P. 
citri  eggs  than  Tetranychus  sp.  one,  larva,  nymph,  adult  of  P.  citri  and  Tetranychus  sp. 
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Abstract  text: 


Phytoseiid  predatory  mites  are  important  components  of  biological  control  of  major  plant  pests. 
Among  them,  Amblydromalus  limonicus  and  Transeius  montdorensis  have  been  recently 
imported  into  Europe  for  the  control  of  thrips  in  greenhouse  crops.  Here,  we  studied  intraguild 
predation  among  these  two  exotic  mites  and  two  native  phytoseiid  species.  We  hypothesized  that 
A.  limonicus  and  T.  montdorensis  may  co-occur  with  Euseius  finlandicus  and  Euseius  stipulatus 
on  arboreal  crops  in  northern  and  southern  parts  of  Greece,  respectively.  Intraguild  predation  was 
assessed  in  the  presence  of  alternative  food  (pollen)  for  all  exotic  vs.  native  predator 
combinations  and  results  were  compared  with  intraguild  predation  effects  in  the  absence  of  food. 
We  found  that  the  provision  of  pollen  diminished  intraguild  predation  irrespective  of  the  exotic 
or  native  species  involved.  Hence,  intraguild  predation  effects  among  phytoseiid  predators  may 
be  common  but  also  context-dependent,  with  food  resource  (alternative  food  or  prey)  playing  an 
important  role  in  shaping  predator  interactions.  Our  findings  add  on  existing  knowledge  on 
intraguild  predation  among  phytoseiids,  but  also  highlight  the  need  for  studying  predator 
interactions  among  native  and  exotic  natural  enemies. 
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Abstract  text: 

Paedogenesis,  a  rare  mode  of  reproduction  in  mites  has  previously  been  reported 
in  Brevipalpus  (Baker,  1979)  and  Tuckerella  knorri  Baker  &  Tuttle  (  Ochoa,  1989).  The  present 
finding  of  paedogenesis  in  Notogalumna  nortoni  forms  the  first  report  in  oribatid  mites.  N. 
nortoni  is  an  arboreal  species,  described  from  coconut  palm  (Ramani  and  Haq,  1990)  and  it 
inhabits  leaves  of  various  economically  important  plants.  Occurrence  of  paedogenesis  was 
observed  in  specimens  collected  from  coconut  and  a  fiber  crop,  Pandanus  kaida  .  The  males, 
females,  larvae  and  the  three  nymphal  stages  of  N.  nortoni  were  found  to  occupy  the 
undersurface  of  leaf  blades  showing  phytophagy.  During  sampling,  co-existence  of  several 
paedogenetic  deuto-  and  tritonymphal  stages  was  observed  along  with  normal  individuals;  these 
harboured  1-  3  eggs  in  their  body  cavity.  These  eggs  resembled  the  normal  eggs  laid  by  adult 


females  of  this  species,  showing  a  centrolecithal  configuration  with  a  clear  area  of  peripheral 
cytoplasm  embracing  the  central  mass  of  yolk.  Under  laboratory  rearing,  such  eggs  hatched  into 
hexapod  larvae,  emerging  by  breaking  the  notogaster  in  paedogenetic  nymphs.  Field  collected 
paedogenetic  specimens  showed  ruptured  notogasters,  which  probably  resulted  from  the  fully 
developed  larva  existing  inside  the  body  cavity.  Paedogenetic  deutonymphs  and  tritonymphs 
disclosed  varying  numbers  of  eggs/prelarvae/larvae  thereby  establishing  incidence  of  an  unusual 
mode  of  reproduction,  for  the  first  time  in  oribatid  mites. 
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Abstract  text: 

Varroa  destructor  is  reportedly  the  primary  driver  of  the  trend  of  heightened  colony  losses  on  a 
nearly  global  scale.  Successful  initiatives  to  manage  this  pest  will  require  accurate  knowledge  of 
its  host-parasite  relationship  with  Apis  mellifera.  However,  very  little,  if  any,  experimental  data 
is  available  to  verify  the  heretofore  uncontested  claim  that  Varroa  feed  solely  on  the  hemolymph 
of  immature  and  adult  bees.  Aspects  of  Varroa  phylogeny,  morphology,  digestion,  excretion,  and 
their  general  effects  on  their  host  seem  to  suggest  that  this  mite  feeds  on  host  tissue  other  than 
hemolymph.  We  conducted  an  observational  study  to  assess  what  other  tissues  could  compose 
the  diet  of  Varroa.  Honey  bees  were  collected  from  several  Varroa  infested  colonies  maintained 
by  the  University  of  Maryland  and  the  placement  of  apparently  feeding  mites  on  each  bee  was 
recorded.  These  mites  only  fed  in  areas  where  their  mouthparts  were  buried  in  the  fat  body  ( x 2 
(11,  N=104)  =741.3077).  Electron  micrographs  of  feeding  mites  were  taken  and  confirmed  these 
findings  suggesting  that  fat  body  tissue  could  compose  a  significant  portion  of  the  mite’s  diet. 
Hemolymph  and  fat  body  in  live  bees  were  then  stained  with  fluorescent  dyes  and  mites  allowed 
to  feed  ad  libitum.  The  resulting  data  shows  an  abundance  of  fat  in  Varroa ’s  diet.  A  bio  assay 
was  then  conducted.  Varroa  were  fed  a  diet  consisting  of  hemolymph,  fat  body,  or  a  combination 
of  the  two.  Varroa  lacking  fat  body  in  their  diet  showed  significantly  higher  mortality  than  mites 
with  fat  body  in  their  diet. 
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Abstract  text: 

The  impact  of  gall  formation  by  the  eriophyid  mite,  Aceria  doctersi  (Nalepa,  1909)  on  the 
photo  synthetic  efficiency  Cinnamomum  verum  Presl.  was  assessed  under  natural  conditions. 
Quantitative  assessment  of  photosynthetic  pigments  (Arnon’s  method)  revealed  highly 
significant  differences  in  chlorophyll  a,  chlorophyll  b,  total  chlorophyll  and  carotenoid  contents 
between  different  leaf  tissue  types  such  as  the  uninfested  (C)  and  Galled  leaf  (GL),  between  C 
and  intact  gall  tissue  (G)  and  GL  and  G  in  both  young  (10  days  old)  and  mature  (35  days). 
Photosynthetic  performance  was  evaluated  by  measuring  chlorophyll  fluorescence  parameters 
like  photosystem  II  efficiency  (Fv/Fm)  and  PI  (Performance  Index)  in  different  leaf  tissue  types, 
namely  C,  GL  and  G  of  both  young  and  mature  leaf  samples.  We  recorded  the  lowest  mean 
values  of  fv/fm  and  PI  in  G  than  that  of  C  and  GL  in  both  young  and  mature  leaf  samples  and  the 
differences  were  found  to  be  highly  significant.  No  significant  difference  in  photosynthetic 
efficiency  was  recorded  between  young  and  mature  uninfested  leaves,  GL  and  G  of  young  and 
mature  leaves.  Gall  formation  would  induce  stress  in  plants,  adversely  affect  pigment-protein 
complexes  of  PSI  and  PSII,  which  in  turn  would  affect  photosynthesis,  light-harvesting,  energy 
transfer,  and  photochemical  energy  conversion  performed  in  pigment-protein  complexes,  leading 
to  a  substantial  reduction  in  the  growth  rate,  leaf  area,  and  biomass  of  the  gall  infested  plant. 
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Abstract  text: 

Introduction:  Phytoseiulus  persimilis  is  a  predatory  mite  species  used  to  biologically  control  the 
herbivorous  pest,  the  two-spotted  spider  mite  ( Tetranychus  urticae).  It  is  widely  accepted  that 
predatory  mites  locate  their  prey  using  herbivore  induced  plant  volatiles  (HIPVs),  although  as  no 
individual  HIPV  has  definitively  been  proven  to  act  as  a  foraging  cue  it  is  hypothesised  that  P. 
persimilis  respond  to  HIPV  blends  as  a  whole  rather  than  to  the  individual  components. 

Methods:  Volatiles  emitted  by  two-spotted  spider  mite  infested  dwarf  French  bean  plants 
(Phaseolus  vulgaris)  were  actively  collected  onto  Tenax-TA  and  analysed  using  gas 
chromatography-mass  spectrometry  (GC-MS).  The  behavioural  response  of  P.  persimilis  to 
uninfested  and  infested  dwarf  French  bean  plants  was  tested  in  a  Y-tube  olfactometer,  as  was  the 
response  to  two  synthetic  blends  containing  the  ten  4  high-interest’  HIPVs  identified  by  GC-MS 
analysis  in  (1)  an  equal  ratio  to  one  another  and  (2)  a  ratio  relative  to  methyl  salicylate,  the  most 
abundant  HIPV. 

Results/Conclusion:  Ten  HIPVs  identified  as  ‘high-interest’:  2-butanone,  (£)-2-penten-l-ol,  (Z)- 
3-hexen-l-ol,  (Z)-3-hexen-l-ol  acetate,  (fs)-p-ocimene,  (3£)-4,8-dimethyl-l,3,7-nonatriene 
(DMNT),  methyl  salicylate,  p-caryophyllene,  a-farnesene,  and  ( 3E ,  7£)-4,8,12-trimethyltrideca- 
1,3,7, 1 1-tetraene  (TMTT).  A  greater  proportion  of  P.  persimilis  were  attracted  to  two-spotted 
spider  mite  infested  plants  than  those  that  were  uninfested,  while  neither  of  the  synthetic  HIPV 
blends  evoked  a  behavioural  response  at  a  concentration  of  0. 1  mg/ml.  Based  on  these  results 
and  data  in  the  literature,  it  is  concluded  that  while  P.  persimilis  are  able  to  use  HIPVs  to  locate 
their  prey  there  is  no  evidence  to  suggest  that  HIPV  blends  are  any  more  attractive  than 
individual  HIPVs. 
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Abstract  text: 

IntroductiomMites  of  the  family  stigmaeidae  are  well  known  predators  against  phytophagous 
mites  and  small  soft  bodied  insects. 

Methods: A  random  survey  was  conducted  to  explore  the  predatory  mite  fauna  from  Punjab, 
Pakistan.  The  description  and  illustration  of  main  body  parts,  host  range  and  comparison  remarks 
are  given  here.  All  specimens  were  deposited  in  the  Acarology  Research  Laboratory,  Department 
of  Entomology,  University  of  Agriculture,  Faisalabad,  Pakistan. 

Results/ConclusiomThe  holotype  female  of  a  new  species  of  the  genus  Agistemus  (Agistemus 
saeedii )  was  collected  from  pumpkin  crop  ( Cucurbita  maxima)  and  described  here  in  this 


research  paper.  Seventeen  (17)  paratypes  were  also  collected  from  the  same  collection  data  and 
six  (6)  were  collected  from  cucumber  crop  ( Cucumis  sativus). 
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Abstract  text: 

Mites  associated  with  gladius  were  collected  and  identified  within  2011-2013.  Among  the 
collected  mites,  some  were  phytophagous  including:  Tetranychus  urticae  Koch,  Rhizoglyphus 
echinopus  (Fumouze  &  Robin).  Predatory  mites  included:  Neoseiulus  marginatus  (Wainstein), 
Neoseiulus  sugonjaevi  (Wainstein  &  Abbasova),  Hypoaspis  aculeifer  (Gaeolaelaps)  (Canestrini), 
Hypoaspis  queens landica  (Gaeolaelaps)  (Womersley),  Neophyllobius persianeensis  Khanjani  & 
Ueckermann,  Raphignathus  gracilis  (Rack),  Neognathus  terrestris  Summers  &  Schlinger, 
Eustimaeus  nasrinae  Khanjani  &  Ueckermann,  Hoplocheylus  fereshtehae  Amin,  Khanjani  & 
Ueckermann  2014,  Hoplocheylus.  sp.,  Curteria  episcopalis  Koch.  Among  the  predatory  mites  in 
soil  were  Hypoaspis  aculeifer,  which  was  the  dominant  species  and  has  been  the  one  of  the 
major  predators  in  the  biological  control  of  pests  in  greenhouses.  Currently  H.  miles  and  H. 
aculiefer  are  known  as  biological  agentes.  They  are  effective  in  controlling  of  insects,  mites, 
nematodes  and  fungus  in  the  soil. 
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Introduction:  Individuals  living  within  large  societies  can  be  especially  susceptible  to  disease  due 
to  high  host  densities  and  the  possibility  for  increased  parasite  transmission.  Consequently,  insect 
societies  have  evolved  mechanisms  of  disease  resistance  at  multiple  levels.  Individual  innate 
immune  responses  are  coupled  with  collective  colony-level  immune  responses  known  as  social 
immunity,  involving  social  behaviors  such  as  grooming  and  exchange  of  antimicrobial 
compounds  among  nestmates.  We  studied  the  impact  of  the  social  environment  on  acorn  ant 
Temnothorax  curvispinosus  survival  when  exposed  to  the  entomopathogenic  fungal  parasite 
Metarhizium  brunneum. 

Results/Conclusions:  We  find  that  the  social  environment  can  strongly  influence  the  outcome  of 
pathogen  infections  in  acorn  ants.  Furthermore,  our  data  show  that  metapleural  gland  secretions 
are  involved  in  mitigating  these  host-pathogen  interactions. 
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Concerns  over  declines  in  global  bee  populations  have  caused  a  surge  in  research  over  recent 
decades  regarding  the  effects  of  anthropogenic  stressors,  such  as  agricultural  intensification,  on 
pollinator  health.  However  the  manner  in  which  bees  respond  in  early-life  exposure  to 
environmental  stressors  remains  a  major  knowledge  gap.  Neonicotinoids  are  a  widely  used  class 
of  systemic  insecticide,  routinely  detected  in  the  pollen  and  nectar  of  flowering  crops  as  well  as 
wildflowers  growing  in  arable  margins.  Sub-lethal  exposure  to  neonicotinoids  is  thought  to 
negatively  impact  bee  health.  However,  much  of  what  is  known  is  based  on  social  bees,  which 
are  not  necessarily  representative  of  bee  taxa  in  general,  given  that  the  vast  majority  exhibit 
solitary  life  histories.  While  social  bees  may  have  a  buffer  against  the  loss  or  sub-optimal 
functioning  of  individuals,  any  stressor  that  impairs  functioning  in  solitary  bees  is  likely  to  have 
severe  impacts  on  reproductive  fitness  and  population  growth.  Effects  of  neonicotinoid  exposure 
at  the  population  level  are  yet  to  be  quantified  for  bees,  as  are  the  consequences  of  larval 
exposure  on  subsequent  life  stages.  I  present  the  results  of  an  experiment  in  which  larvae  of  the 
solitary  bee  Osmia  bicornis  were  exposed  to  field-realistic  doses  of  neonicotinoids.  Larval 
development  was  monitored  and  both  larval  and  adult  physiology  were  assessed  using  flow¬ 
through  respirometry. 


Paper  (Oral)  Presentations 

Presentation  Title:  Nest  sites  of  solitary  wood-nesting  bees 


Author  Name:  Per  Westerfelt 


Author  Institution:  Uppsala  Science  Park 

Session  Title:  Contributed  Papers:  Apidology,  Sericulture,  and  Social  Insects:  Environmental 
Responses 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3922 
DOI:  10.1603/ICE.2016.1 14370 
Abstract  text: 

Introduction:  Many  species  of  solitary  bees  nest  in  holes  in  dead  wood.  Still  there  is  sparse 
knowledge  about  their  nest  site  preferences  and  how  forestry  affect  nesting  conditions. 

Methods:  Dead  wood  in  young  boreal  forest  stands  in  mid-Sweden  were  surveyed  for  holes  made 
by  different  insect  species  and  the  occupancy  of  solitary  bees  or  wasps  in  those  holes  was 
analyzed.  Artificial  nests  consisting  of  wooden  poles  with  pre-drilled  holes  were  used  for 
comparison. 

Results/Conclusions:  1634  wood  objects,  5793  potential  nesting  holes  of  16  types  were  labeled 
to  insect  species  or  genera  that  had  made  the  hole.  Only  1.8%  of  these  were  occupied  by  any  bee 
or  wasp  species.  In  contrast,  the  artificial  nests  had  high  occupancy  (c.  30%).  Holes  in  standing 
dead  wood  had  higher  occupancy  than  holes  in  stumps  and  lying  dead  wood.  The  reason  for  the 
low  occupancy  in  the  natural  dead  wood,  especially  in  the  stumps,  was  likely  that  most  holes 
were  situated  in  moist  and  decayed  wood,  and  thus  offered  inferior  conditions  for  offspring 
development.  Beside  the  hole  survey,  flowers  were  inventoried  in  the  young  stands  and  along 
adjacent  road  sides.  The  pollen  generalist  bee  species  Hylaeus  annulatus  was  favored  by  high 
levels  of  food-  and  nesting  resource.  The  pollen  specialist  Megachile  lapponica  was  only  favored 
by  high  levels  of  its  specific  food  resource.  Based  on  the  results,  a  conclusion  for  keeping  good 
conditions  for  solitary  bees  is  to  create  and  retain  standing  dead  wood  during  final  felling  close 
to  sun  exposed  road  sides. 
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Introduction:  Honey  bees  rely  on  pollen  to  provide  essential  nutrients  to  all  colony  members. 
While  required  by  castes  at  every  stage  of  life,  pollen-derived  food  is  particularly  important  for 
supporting  growing  larvae  and  the  adult  workers  who  nurse  them.  Nursing  workers  subsequently 
transition  to  foraging,  which  brings  more  pollen  into  colonies  to  fuel  continued  worker 
production.  The  foundational  role  that  pollen  plays  in  colonies  warrants  scrutiny  given 
widespread  concern  about  the  effects  on  colony  health  of  poor  nutrition,  which  can  be  caused  by 
lack  of  access  to  diverse  and  abundant  floral  resources  and  compounded  by  exposure  to  other 
environmental  stressors.  In  a  series  of  field  studies,  we  examined  the  impact  of  pollen  stress 
imposed  during  only  the  larval  stage  on  task  performance  by  adult  workers. 

Results/Conclusions:  Focal  workers  were  tended  as  larvae  by  nestmates  who  had  access  to  either 
abundant  or  inadequate  pollen  resources  to  rear  them.  After  larval  development  was  complete, 
focal  workers  were  fostered  as  adults  in  shared  host  colonies,  where  their  participation  in  nursing 
and  foraging  was  monitored  throughout  their  lives.  Pollen  stress  during  early  development  had 
enduring  effects  on  the  ability  of  workers  to  contribute  to  these  critical  colony  tasks.  Underlying 
explanations  for  these  differences  included  underdevelopment  of  hypopharyngeal  glands  in 
nurses  and  impaired  orientation  and  learning  by  foragers  that  were  stressed  as  larvae  (relative  to 
their  unstressed  counterparts).  Our  studies  reveal  how  brief  periods  of  food  stress  during  this 
crucial  stage  of  development  create  a  lasting  legacy  of  underperformance  for  adult  workers. 


Paper  (Oral)  Presentations 

Presentation  Title:  Multi-locus  metabarcoding  reveals  floral  origins  of  honey  bee  pollen  diet 
across  a  Midwestern  urban-rural  gradient 

Author  Name:  Rodney  Richardson 

Author  Institution:  The  Ohio  State  University 


Session  Title:  Contributed  Papers:  Apidology,  Sericulture,  and  Social  Insects:  Environmental 
Responses 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3924 
DOI:  10. 1603/ICE.2016.1 11942 
Abstract  text: 

Understanding  the  floral  origins  of  pollen  is  important  for  research  involving  pollination  biology, 
aerobiological  monitoring  and  forensics.  While  microscopic  palynology  has  traditionally  been 
the  primary  means  of  pollen  identification,  DNA  metabarcoding  has  emerged  as  a  promising 
alternative.  Here,  we  applied  multi-locus  metabarcoding  to  characterize  the  pollen  diet  of  honey 
bee  colonies  situated  along  an  urban-rural  gradient  in  central  Ohio.  Utilizing  diversity  and 
community  analysis  techniques,  we  characterize  the  influence  of  local  landscape  composition  on 
the  foraging  habits  of  this  economically  important  managed  pollinator  species. 
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Introduction:Bumblebees  are  constantly  exposed  to  a  wide  range  of  biotic  and  abiotic  stresses 
against  which  they  must  defend  themselves  to  survive.  Among  them,  pathogens  and  pesticides 
represent  important  factors  influencing  bumblebee  health,  both  when  acting  alone  or  in 
combination.  These  pressures  may  interact  unpredictably,  for  example  some  fungicides  can 
increase  the  toxicity  of  insecticides  and  insecticides  may  impair  the  immune  response  that 


defends  bumblebees  against  parasites.  To  better  understand  bee  health  we  need  to  investigate 
how  these  factors  interact,  yet  experimental  studies  to  date  generally  focus  on  only  one  or  two 
stressors.  In  our  study,  we  performed  a  fully  crossed  design  to  evaluate  how  combined  effects  of 
four  important  stressors  (the  gut  parasite  Nosema  ceranae ,  the  neonicotinoid  insecticide 
thiamethoxam,  the  pyrethroid  insecticide  alpha-cypermethrin,  and  the  DMI  fungicide 
tebuconazole)  interact  and  affect  bumblebees  at  the  individual  and  colony  levels. 

Methods:  To  do  this,  seven  treatment  groups  were  established,  with  colonies  being  exposed  to 
different  combinations  of  these  stressors  for  two  weeks  under  laboratory  conditions,  and  then 
subsequently  placed  in  the  field  for  eight  weeks.  We  quantified  how  these  combinations  affected 
individual  response  to  pathogens,  colony  performance  and  survival  during  the  ten  weeks  of  the 
experiment. 

Results/Conclusions:  Our  results  suggest  that  exposure  to  multiple  stressors  can  alter  immune- 
related  gene  expression  in  bumblebees  and  can  affect  colony-level  traits,  such  as  colony  growth. 
Understanding  the  interactions  between  different  stressors  will  be  crucial  to  improve  our  ability 
to  manage  bee  populations  and  ensure  pollination  services  into  the  future. 
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Introduction:  Bees  forage  for  pollen  as  their  primary  source  of  protein  and  lipids  and  may  have 
species-specific  nutrient  requirements.  Because  pollen  quality  varies  among  plant  species, 
foraging  decisions  are  likely  driven  by  how  rewarding  floral  resources  are  nutritionally.  To 
recommend  plant  species  that  support  healthy  bee  populations  in  areas  of  reduced  floral 


availability,  we  should  determine  if  and  how  pollen  nutrition  influences  bee  foraging  behavior 
and  host-plant  species  choice. 

Methods:  We  analyzed  the  pollen  foraging  preferences  of  Bombus  impatiens  to  host-plant 
species  in  semi-field  conditions,  host-plant  pollen  in  cages,  and  nutritionally  modified  pollen  in 
cages.  We  related  these  preferences  to  the  protein  and  lipid  nutritional  value  of  each  pollen 
source.  We  then  evaluated  the  nutritional  value  of  corbiculate  pollen  of  foragers  in  three  different 
landscapes  to  determine  if  they  consistently  forage  to  meet  their  pollen  preferences  in  the  field. 

Results/Conclusions:  Bombus  impatiens  foragers  increased  their  foraging  rates  to  host-plant 
species  with  pollen  of  higher  proteimlipid  ratios  (maximum  ~5:1  P:L).  These  preferences  were 
maintained  in  cage  studies  where  B.  impatiens  workers  preferred  the  same  pollen  types.  When 
choosing  between  nutritionally  modified  pollen,  workers  were  most  attracted  to  the  5: 1  and  10: 1 
P:L  pollen.  In  the  field,  bees  collected  pollen  averaging  ~4:1  P:L,  which  did  not  differ  between 
landscapes,  suggesting  that  B.  impatiens  defend  their  nutritional  preferences  regardless  of 
foraging  resources.  Thus,  pollen  nutritional  quality  may  be  a  primary  factor  driving  bee  foraging 
strategies  and  should  guide  the  selection  of  host-plant  species  for  conservation  protocols. 
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Introduction:  Wild  bees  are  essential  for  healthy  and  functioning  agroecosystems.  An  undeniable 
reason  for  the  worldwide  decline  of  wild  bees  is  agricultural  intensification.  The  growing  body 
of  research  indicates  that  the  impacts  of  agricultural  disturbances  and  practices  on  the  bee 
community  show  regional  specificity.  Comparative  studies  are  therefore  essential  to  conservation 
of  wild  bees  and  the  indispensable  pollination  services  they  provide.  To  date  there  is  little 
information  on  the  bee  communities  and  agricultural  environments  in  northern  New  England. 

Methods:  We  conducted  detailed  pollinator  surveys  across  a  gradient  of  agricultural  disturbance 
levels  to  examine  biodiversity,  plant-pollinator  interactions,  community  composition  and  system 
stability  with  the  goal  of  determining  the  most  bee  friendly  agricultural  practices  for  this  area. 

Results/Conclusions:  We  found  pollinator  abundance  to  be  highest  in  farms  with  moderately 
disruptive  agricultural  practices  and  diversity  levels  to  be  similar  in  all  farms  despite  type  of 
agricultural  practice.  Bee  diversity  is  correlated  with  floral  and  landscape  diversity.  The  number 
of  unique  plant-pollinator  interactions  is  greatest  in  moderately  disturbed  habitats.  Low 
disturbance  sites  have  the  smallest  overlap  of  generalist  and  specialist  pollinator  services. 
Moreover,  keystone  species  of  pollinators  and  floral  hosts  are  identified  using  Pollination 
Service  Indices.  Our  findings  suggest  moderate  land  disturbances  and  diverse  floral  resources  are 
beneficial  to  the  pollinator  community  and  imply  that  a  broad  range  of  habitats  are  needed  for 
maximum  ecosystem  stability. 
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Introduction:  The  reproductive  division  of  labor  associated  with  caste  is  the  basis  for  eusociality 
in  insects,  yet  the  physiological  mechanisms  regulating  caste  are  not  fully  understood.  In  honey 
bees,  differences  in  larval  nutrition  regulate  the  reproductive  division  of  labor  associated  with  the 
queen  versus  worker  caste.  Provisioning  by  nurse  bees  differs  between  worker-destined  and 
queen-destined  larvae,  yet  the  specific  dietary  components  that  drive  caste  remain  elusive. 
Although  many  studies  have  investigated  qualitative  differences  between  diet  provisioned  to 
queen  and  worker  destined  larvae,  few  have  considered  how  total  diet  quantity  might  influence 
caste  determination. 

Methods:  We  evaluated  the  influence  of  both  dietary  quantity  and  quality  on  phenotypic 
dimorphism  by  using  the  geometric  framework  for  nutrition.  The  framework  allows  us  to 
evaluate  the  extent  to  which  each  dietary  component,  the  interactions  between  dietary 
components,  and  overall  quantity  determine  caste  in  honey  bees.  Using  in  vitro  rearing,  we 
manipulated  diet  by  varying  the  major  macronutrients:  protein,  carbohydrate,  and  moisture, 
while  also  varying  total  diet  quantity.  Caste  was  determined  based  on  adult  weight,  development 
time,  and  multiple  phenotypic  measurements  including  mandible  structure,  basitarsus  width,  and 
length  of  head. 

Results/Conclusion:  Our  analysis  indicates  that  the  total  quantity  of  each  macronutrient  was  a 
stronger  predictor  of  caste  than  the  percentage  of  that  macronutrient  in  the  diet.  Diet  moisture 
quantity  also  predicted  caste,  indicating  that  its  role  in  caste  determination  is  underappreciated. 
Our  research  indicates  that  diet  quantity  plays  a  significant  role  in  determining  caste  in  honey 
bees. 


Paper  (Oral)  Presentations 

Presentation  Title:  Effects  of  simulated  heat  waves  on  honeybees  ( Apis  mellifera) 
Author  Name:  Celia  Bordier 


Author  Institution:  INRA 


Session  Title:  Contributed  Papers:  Apidology,  Sericulture,  and  Social  Insects:  Environmental 
Responses 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3930 
DOI:  10.1603/ICE.2016.1 11210 
Abstract  text: 

Introduction:  When  climate  change  is  characterized  by  an  increase  of  the  global  average 
temperature,  more  intense,  longer  lasting,  and/or  more  frequent  heat  waves  are  also  predicted. 
Such  extreme  weather  events  have  been  linked  to  increased  mortality  in  several  animal  species, 
however  relatively  little  is  known  about  their  effects  on  insect  pollinators,  like  honeybees.  To 
ensure  an  optimal  brood  development  in  environments  with  changing  temperatures,  honeybees 
constantly  thermoregulate  their  colony.  However,  the  way  honeybees  respond  to  heat  waves  at 
the  individual  and  colony  level  remains  to  be  investigated. 

Methods:  For  that  purpose,  we  exposed  indoor  colonies  (but  allowed  to  forage  in  the  field)  to  a 
fluctuating  temperature  regime  (23 °C  and  37°C)  and  compare  their  response  to  control  field 
colony.  We  analyzed  the  energetic  metabolism  and  several  physiological  functions,  as  well  as 
Deformed  Wing  Virus  (DWV)  levels.  Each  colony  was  also  equipped  with  an  optical  counter  to 
record  flight  activity. 

Results/Conclusion:  Simulated  heat  waves  caused  an  increase  in  Vitellogenin  level,  a 
phospholipoglycoprotein  with  antioxidant  and  immune  properties  usually  highly  expressed  in 
bees  performing  brood  care  and  nest  maintenance.  Energetic  metabolism  was  not  affected,  but 
DWV  loads  were  significantly  reduced.  At  the  colony  level,  a  higher  flight  activity  was  also 
detected  during  heat  waves.  Altogether  those  results  suggest  that  heat  waves  might  be  costly  for 
the  colony  development,  due  to  a  higher  investment  in  both  foraging  and  inside-nest  activities, 
but  beneficial  for  bee  health. 
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Introduction:  Honey  bees  and  other  pollinators  are  important  to  natural  ecosystems  and 
sustainable  agriculture,  but  recent  bee  declines  have  been  alarming.  Increased  disease  exposure 
and  poor  nutrition  due  to  decreasing  plant  diversity  have  been  implicated  as  likely  contributors  to 
pollinator  declines.  These  factors  also  appear  to  interact,  as  recent  evidence  shows  that  a  low- 
diversity  pollen  diet  increases  disease  susceptibility  in  adult  honey  bees.  However,  previous 
research  has  overlooked  the  importance  of  nutrition  during  the  sensitive  period  of  larval 
development.  To  date,  it  is  unclear  how  nutritional  deprivation  during  development  affects 
disease  resistance  and  immunocompetence  at  later  stages.  To  address  this,  we  treated  developing 
honey  bees  using  two  forms  of  field-relevant  nutritional  stress  and  tested  pathogen  susceptibility 
and  immune  function  in  these  bees. 

Results/Conclusions:  Our  results  show  that  nutritional  perturbation  during  development  extends 
into  adulthood,  changing  response  to  viral  infection.  The  results  of  this  work  will  help  us  better 
understand  how  the  effects  of  poor  nutrition  during  development  is  translated  into  health  effects 
later  in  life,  and  will  pave  the  way  for  more  in-depth  investigations  of  honey  bee  health  and 
immunity. 
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Abstract  text: 

Introduction: 

The  tropical  origin  hypothesis  states  that  the  negative  correlation  between  biodiversity  and 
latitude  results  from  tropical  clade  origin  followed  by  colonization  of  temperate  latitudes. 
Alternatively,  this  relationship  could  result  from  tropical  clades  largely  being  restricted  to  low- 
latitude  biomes,  while  temperate  clades  are  able  to  colonize  cooler  high-elevation  montane 
habitats  within  lower  latitudes.  In  this  way,  the  elevational  gradient  in  the  tropics  provides  more 
ecological  niche  space  for  biodiversity  to  accumulate  at  low  latitudes.  The  New  World 
swallowtails  ( Papilio )  provide  an  ideal  system  to  test  these  hypotheses:  they  are  diverse  across  a 
broad  latitudinal  and  elevational  span,  and  are  comprised  of  a  predominantly  lowland  tropical 
clade  ( Heraclides )  and  a  predominantly  temperate  and  highland  tropical  clade  ( Pterourus ). 

Methods: 

I  estimated  the  correlation  between  available  abiotic  ecological  niche  space  and  latitude  by 
measuring  habitat  heterogeneity  from  six  climate  variables  in  5  degree  latitudinal  bands 
worldwide.  I  then  developed  ecological  niche  models  (ENMs)  for  each  species  in  the  clade  of 
interest  using  the  same  variables,  and  reconstructed  the  evolutionary  history  of  abiotic  ecological 
niches  and  geographic  distributions  using  a  time-calibrated  phylogeny  inferred  from  molecular 
and  morphological  datasets. 

Results/Conclusions : 

Abiotic  habitat  heterogeneity  is  inversely  proportional  to  latitude.  Patterns  of  evolution  in 
ecological  niche  preferences  and  geographic  distributions  are  largely  congruent  across  the 
phylogeny.  However,  within  Pterourus,  one  latitudinally  tropical  lineage  retains  its  ancestral 
climatically  temperate  niche.  These  findings  challenge  the  paradigmatic  out-of-the-tropics 
mechanism  for  latitudinal  gradients  in  biodiversity  accumulation,  and  suggest  further  inquiry  be 
made  into  alternative,  into-the-tropics  patterns. 


Paper  (Oral)  Presentations 

Presentation  Title:  Molecular  phylogeny  and  biogeography  of  a  highly  diverse  genus  of  Andean 
butterflies 

Author  Name:  Pablo  Padron 


Author  Institution:  Universidad  del  Azuay 


Session  Title:  Contributed  Papers:  Biodiversity,  Biogeography,  and  Conservation  of  Arthropods: 
Lepidoptera 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3933 
DOI:  10. 1603/ICE. 2016. 109724 
Abstract  text: 

Introduction:  The  tropical  Andes  mountain  range  is  one  of  the  most  biodiverse  regions  in  the 
world,  and  time-calibrated  molecular  phylogenies  are  now  allowing  us  to  examine  in  greater 
detail  what  factors  are  responsible  for  generating  and  maintaining  this  remarkable  biodiversity. 

Methods:  We  generated  the  first  molecular  phylogeny  for  the  diverse  montane  Neotropical 
butterfly  genus  Catasticta  Butler,  1870,  and  employed  that  phylogeny  to  investigate  key 
questions  about  how  evolution  has  proceeded  in  the  genus.  DNA  sequences  for  one 
mitochondrial  (COI)  and  three  nuclear  (EF-la,  CAD  and  GAPDH)  genes  were  generated  for  78 
species. 

Results/Conclusion:  The  genus  Catasticta  was  not  recovered  as  monophyletic  since  C.  cerberus 
was  placed  as  a  lineage  sister  to  Charonias  Rober,  1908,  and  the  genus  Archonias  Hiibner, 

[1831]  was  recovered  inside  Catasticta.  The  time  calibrated  phylogenetic  tree  indicates  that  the 
most-recent  common  ancestor  originated  in  the  Mesoamerican  montane  region  around  22.49  Ma. 
Most  speciation  events  occurred  between  5  to  12  Ma,  and  this  corresponds  to  the  most  important 
period  of  uplift  of  the  Andes.  The  evolution  of  complex  ventral  wing  patterns,  possibly  used  in 
camouflage  of  males  feeding  on  river  banks,  was  significantly  associated  with  higher  elevations, 
while  the  evolution  of  sexual  dimorphism  showed  no  clear  pattern  with  elevation.  The  origin  and 
uplift  of  the  Andes  have  apparently  played  an  important  role  in  the  diversification  of  these 
butterflies. 
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Development  of  genome  editing  technology  in  B.  mori  has  resulted  in  the  rapid  increase  in  the 
number  of  strains,  which  has  accelerated  an  urgent  need  to  establish  efficacious  systems  for  the 
preservation  of  increasing  strains.  All  strains  should  be  reared  once  a  year,  because  diapause 
eggs  cannot  be  preserved  for  more  than  one  year.  We  are  making  an  effort  to  develop  long-term 
preservation  methods  in  B.  mori.  At  present,  two  methods  are  available.  One  uses  frozen  sperm 
and  the  other  uses  frozen  ovaries.  The  former  are  artificially  inseminated  into  female  moths  and 
the  latter  are  implanted  into  castrated  female  larvae.  We  are  testing  the  freeze  tolerance  of  sperm 
and  ovaries  in  inbred  strains  maintained  in  Kyushu  University  supported  by  the  National 
BioResource  Project.  Preliminary  results  showed  that  43%  (136/315)  and  82%  (306/373)  of 
inbred  strains  have  tolerated  sperm-freezing  methods  and  ovary-freezing  methods,  respectively. 
On  the  other  hand,  transgenic  strains  have  same  genetic  background  with  high  freeze  tolerance. 
The  ovary-freezing  method  has  been  applied  to  the  cryopreservation  of  transgenic  strains 
because  it  is  easier  than  sperm-freezing  methods.  Ninety  two  percent  of  transgenic  strains  ovaries 
(157/170)  have  been  cryopreserved,  making  it  unnecessary  to  rear  72  of  these  157  strains 
annually  for  the  preservation  of  diapause  eggs.  In  2013,  we  began  to  provide  transgenic  strains 
that  were  restored  from  frozen  ovaries.  Practical  applications  of  cryopreservation  help  us  to 
reduce  both  the  labor  involved  in  rearing  silkworms  and  the  risks  of  losing  particular  strains 
through  unexpected  accidents  such  as  disease  or  contamination. 
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Abstract  text: 


An  overview  of  the  biodiversity  of  Australian  butterflies  is  presented  based  on  patterns  of 
composition,  species  richness,  biogeography,  endemism  and  faunal  elements.  By  world 
standards,  the  Australian  butterfly  fauna  is  depauperate,  being  composed  predominantly  of  three 
families  (86%  of  all  species)  with  many  widely-distributed  lineages  absent  (e.g.  Heteropterinae, 
Anthocharidini,  Lycaeninae)  and  species  richness  is  relatively  low  (total  of  439  species,  of  which 
411  occur  on  the  continent).  A  quantitative  estimate  of  the  fauna  based  on  a  species  discovery 
curve  using  a  generalized  logistic  model  suggests  that  so  far  about  91%  of  the  species  have  been 
documented,  with  an  estimated  total  of  472  species.  Despite  the  low  diversity,  endemism  is 
relatively  high  at  the  species  level  (49%).  In  terms  of  their  present-day  biogeography,  most 
species  are  distributed  along  east  coast  (Euronotian  and  Northern  biogeographical  regions),  with 
highest  species  richness  in  the  tropical  latitudes  of  north-eastern  Queensland  (Cape  York 
Peninsula,  and  Wet  Tropics).  In  contrast,  the  highest  levels  of  endemism  occur  in  the  South¬ 
western  region  and  in  south-eastern  Australia  (Euronotian  region).  Knowledge  of  faunal 
elements  is  happened  by  poor  understanding  of  the  evolutionary  origins  of  butterflies  globally, 
but  it  is  thought  that  the  fauna  is  made  up  of  a  recent  Northern  element  (<23  my)  that  originated 
from  Asia  (and/or  areas  beyond)  and  possibly  an  older  Southern  element  (>32  my)  from  remnant 
or  southern  Gondwana.  Several  hypotheses  are  discussed  to  account  for  the  impoverished  fauna. 
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Introduction:  Sequences  from  the  DNA  barcode  region  of  the  COI-5'  gene  are  an  effective  tool 
for  specimen  identification  and  species  discovery.  There  are  currently  nearly  five  million  records 
on  the  Barcode  of  Life  Data  Systems  (BOLD)  (www.boldsvstems.org).  most  of  which  have  been 
assigned  to  a  Barcode  Index  Number  (BIN)  which  represents  a  strong  proxy  for  species.  As  more 


than  a  third  of  the  440,000  BINs  currently  on  BOLD  derive  from  the  Lepidoptera,  the  system 
provides  a  strong  capability  to  support  specimen  identifications  and  studies  of  faunal  overlap 

Methods:  Butterflies  (374)  and  moths  (4535)  collected  from  sites  across  Pakistan  were 
sequenced  for  658  bp  of  COI-5'.  The  resultant  data  were  assigned  to  BINs,  aiding  the  recognition 
of  species  matches  on  BOLD  and  allowing  estimates  of  BIN  overlap  with  other  countries. 

Results:  The  integration  of  morphological  and  barcode  data  indicated  that  these  specimens 
belonged  to  53  families  which  were  assigned  to  1059  BINs.  Nearly  half  (459)  of  these  taxa  were 
represented  by  a  single  specimen,  but  the  others  had  several  replicates.  Comparison  of  these 
BINs  against  all  157,369  BINs  for  Lepidoptera  revealed  that  574  BINs  had  counterparts  in  other 
countries  while  485  were  unique  to  Pakistan.  Faunal  overlap  was  highest  with  India  (21%),  but 
was  much  lower  with  other  regions  including  Costa  Rica  (0. 1%),  Australia  (0.6%),  Canada 
(0.4%),  and  the  U.S.  (0.3%).  This  study  indicates  the  way  in  which  DNA  barcoding  allows 
measures  of  faunal  overlap  even  when  the  taxa  involved  cannot  be  assigned  to  a  formal  species. 


Paper  (Oral)  Presentations 

Presentation  Title:  Butterfly  responses  to  fragmentation  associated  with  in-situ  oil  sands 
developments  in  northern  Alberta  boreal  forests 

Author  Name:  Federico  Riva 

Author  Institution:  University  of  Alberta 

Session  Title:  Contributed  Papers:  Biodiversity,  Biogeography,  and  Conservation  of  Arthropods: 
Lepidoptera 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  3937 
DOI:  10.1603/ICE.2016.1 11548 
Abstract  text: 

Introduction 

Alberta’s  oil  sands  underlie  142,200  km2  of  boreal  forests.  Oil  sands  developments  require 
infrastructures,  such  as  well  pads,  roads,  and  seismic  lines  (cleared  linear  corridors  to  assess  the 
bitumen  layer),  that  fragment  these  habitats.  Although  seismic  line  width  has  been  reduced  from 
8-10  m  to  3-5  m  as  a  mitigation  practice,  lines  densities  can  exceed  20  km/km2.  These 
disturbances  are  known  to  affect  plant,  bird  and  mammal  taxa,  but  less  is  known  about  other 
groups. 


Methods 

We  sampled  butterfly  (Lepidoptera:  Papilionoidea)  assemblages  on  25  Pollard  transects  stratified 
to  disturbance  type  (road,  well  pad,  conventional  and  ‘low-impact’  seismic  line)  and  control 
(forests  with  no  recent  disturbance)  sites,  in  order  to  investigate  their  response  to  different 
disturbance  footprints.  Generalized  Linear  Mixed  Models  were  used  to  test  and  compare  factors 
affecting  butterfly  species  richness  and  abundance,  including  disturbance  type,  surrounding 
habitat  type,  and  amount  of  fragmentation. 

Results/ conclusion 

We  identified  1744  specimens  (45  species,  5  families)  from  275  samples.  Butterfly  richness  and 
abundance  were  higher  on  roads,  well  pads  and  conventional  seismic  lines  compared  to  controls, 
with  no  significant  difference  between  low-impact  seismic  lines  and  control  sites.  Disturbance 
type  was  the  most  supported  factor  explaining  both  species  richness  and  butterfly  abundance, 
with  smaller  effects  supported  for  surrounding  landscape  fragmentation  and  type  of  habitat. 
Specific  responses  of  butterflies  were  towards  increased  diversity  and  abundance  in  more 
disturbed  sites  and  no  difference  between  low-impact  seismic  lines  and  control  forests.  Results 
support  the  contention  that  low-impact  seismic  lines  are  an  effective  mitigation  practice  for  this 
taxon. 
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The  eastern  population  of  migratory  monarch  butterflies  has  declined  over  the  past  decade.  The 
Iowa  Monarch  Conservation  Consortium  (IMCC)  was  established  in  March  2015  to  address  the 
monarch  decline  in  Iowa.  This  study  was  conducted  to  determine  whether  1)  female  monarch 
butterflies  would  oviposit  on  all  nine  milkweed  species  native  to  Iowa,  and  2)  differential 


numbers  of  eggs  would  be  laid  on  different  milkweed  species.  Species  tested  included  Asclepias 
exaltata,  A.  hirtella,  A.  incarnata,  A.  speciosa,  A.  sullivantii,  A.  syriaca,  A.  tuberosa,  A. 
verticillata ,  and  Cynanchum  laeve. 

Milkweeds  were  grown  at  Iowa  State  University  in  a  greenhouse.  Leaf  number,  plant 
height,  and  largest  leaf  area  were  measured  before  the  start  of  each  trial.  Female  monarchs  were 
reared  in  the  laboratory,  and  allowed  to  mate.  Females  tested  were  never  exposed  to  milkweed 
prior  to  the  start  of  the  experiment.  A  single  female  was  placed  in  a  mesh  cage  with  four  plants 
of  the  same  milkweed  species.  Each  day  for  four  days,  the  number  of  eggs  laid  on  each  plant  was 
recorded.  Trials  were  repeated  for  each  milkweed  species.  Artificial  nectar  solution  was 
provided  ad  libitum.  Females  oviposited  on  all  nine  milkweed  species.  The  number  of  eggs  laid 
was  significantly  different  among  species.  Females  laid  the  most  eggs  on  A.  hirtella  and  A. 
incarnata ,  and  laid  fewer  eggs  on  A.  tuberosa  than  on  A.  hirtella ,  A.  incarnata ,  A.  speciosa ,  and 
A.  sullivantii. 
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Spatial  distribution,  composition  and  diversity  of  butterflies  were  investigated  in  several  green 
spaces  in  the  cities  of  Malang  and  Pasuruhan,  East  Java,  Indonesia.  Direct  observations  of 
butterflies  were  conducted  in  three  study  sites  in  Malang  City  as  follows:  Veteran  Boulevard 
Green  Belt  (VBGB),  Jakarta  Green  Space  (JGS),  Velodrom  Green  Space  (VGS).  An  additional 
study  site  was  selected  in  Purwodadi  Botanic  Garden  (PBG),  Pasuruhan.  The  observations  were 
conducted  January  to  March  2012.  In  each  location,  observations  was  done  from  7  a.m.  to  1 1 
a.m.  and  repeated  five  times.  Overall,  2512  individuals  and  67  species  of  butterflies  were 
observed.  Butterfly  diversity  in  VGS  included  795  individuals  belonging  to  40  species;  this 


location  had  the  highest  average  species  richness  (26  ±  0.74)  and  diversity  (2.65  ±  0.06).  In  this 
location  Eurema  venusta  was  most  abundant.  The  butterfly  diversity  in  VBGB  included  464 
individual  belonging  to  25  species.  In  this  location,  Catopsilia pyranthe  and  Delias  sp.  were 
codominant.  The  butterflies  in  JGS  included  724  individual  belonging  to  35  species.  In  this 
location,  Leptosia  nina  was  dominant.  In  PBG  there  were  529  individuals  belonging  to  30 
species  of  butterflies.  In  this  location  Catopsilia  pyranthe  and  Catopsilia  pamona  were 
codominant.  There  was  highest  similarity  in  butterfly  compositions  between  the  communities  in 
VBGB  and  JGS  (60%).  Large  areas  with  high  plant  diversity  in  green  spaces  support  butterfly 
species  diversity. 
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Coppices  and  remnants  of  coppice  remain  in  and  around  Mt.  Mikusa  (alt:  564  m)  in  northern 
Osaka  Prefecture,  central  Japan.  In  1992  the  Foundation  of  Osaka  Green  Trust  (OGT)  started  to 
reserve  about  14.5  ha  of  a  coppice  in  Mt.  Mikusa  as  the  Mt.  Mikusa  Zephyrus  Coppice  (MZC) 
where  about  70  species  of  butterflies  including  arboreal  thecline  (“Zephyrus”)  lycaenids  were 
recorded.  The  OGT  has  been  experimentally  arranged  alternating  25-m  intervals  of  mowing  and 
non-mowing  stripes  of  dwarf  bamboo  understory  to  conserve  populations  of  butterflies  of 
different  feeding  habits  since  1993.  We  conducted  7-month  transect  counts  of  butterflies  several 
times  between  1992  and  2015  in  MZC  to  elucidate  effects  of  the  experimental  mowing  on  the 
assemblage  structure  of  butterflies.  The  results  showed  that  the  stripe  mowing  of  undergrowth 
lowered  the  species  diversity  of  butterflies  in  MZC  by  profiting  dwarf-bamboo-feeding  satyrines 
like  Lethe  diana ,  L.  sicelis  and  Neope  goschkevitschii,  and  suppressing  densities  of  forest-herb- 
feeding  butterflies  including  violet-feeding  fritillaries  like  Argynnis  paphia  and  Damora  sagana. 
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The  nymphalid  butterfly  tribe  Preponini  includes  some  of  the  most  spectacular  butterflies  in  the 
Neotropics.  The  taxonomy  of  the  group  remained  stable  for  many  years  until  recent  a 
phylogenetic  hypothesis  suggested  major  changes.  In  this  study  we  complement  the 
aforementioned  hypothesis  with  38  samples  and  three  nuclear  markers  for  a  total  of  87  preponine 
representatives.  We  used  Maximum  Fikelihood  and  Bayesian  Inference  to  reconstruct  the 
phylogenetic  relationships  in  order  to  (i)  explore  in  detail  the  species  level  issues  and  (ii) 
investigate  the  evolution  of  the  tribe  from  a  geographical  and  temporal  perspective.  Broadening 
the  taxonomical  representation,  by  including  specimens  from  distant  geographical  locations  and 
different  coloration  patterns,  allowed  us  to  uncover  unknown  phylogenetic  diversity.  However,  a 
more  detailed  study  is  still  needed.  Additionally,  our  biogeographical  analyses  suggest  that  the 
tribe  most  likely  originated  in  the  North  Central  Andes  or  the  Amazon  basin,  with  subsequent 
dispersal  to  Central  America  and  southern  South  America,  pattern  also  seen  for  the  two  genera 
Prepona  and  Archaeoprepona.  Our  dating  analyses  show  that  the  tribe  most  likely  evolved  in  the 
Oligocene  (~32  myr),  geological  time  characterized  by  a  worldwide  marine  regression  and 
spread  of  humid  forests  in  South  America,  which  could  have  opened  niches  for  the  evolution  of 
the  group.  Prepona  and  Archaeoprepona  likely  evolved  around  20  and  18  myr  (respectively)  in 
the  Miocene.  The  closing  of  the  land  bridge  between  Central  and  South  America  and  the  upraise 
of  the  Andes,  approximately  5  myr,  could  potentially  explain  the  high  speciation  rates  seen 
around  such  geological  time. 
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Introduction:  Most  examples  of  adaptive  radiation  involve  interspecific  variability  in 
morphology  related  to  feeding — either  consuming  different  items  or  feeding  in  different 
microhabitats.  We  characterize  a  novel  form  of  adaptive  radiation  in  which  butterfly  lineages 
evolve  radically  different  wing  patterns  and  colors  to  mimic  different  unpalatable  models  on  the 
islands  of  a  tropical  archipelago.  The  satyrine  genus  Elymnias  comprises  ca.  50  Asian  and  1 
African  species.  All  but  a  few  species  are  Batesian  mimics  of  highly  varied,  unpalatable 
butterflies,  and  many  species  are  sexually  dimorphic  mimics,  with  males  and  females  mimicking 
strikingly  different  models. 

Methods:We  reconstruct  the  evolutionary  history  of  this  genus  using  6  genetic  markers,  estimate 
the  timing  of  diversification,  then  infer  the  group’s  biogeographic  history  across  the  Indo- 
Australian  Archipelago  (IAA),  where  there  are  many  island  endemics. 

Results/Conclusion:  Similar  wing  patterns  occur  in  non-sister  taxa,  apparently  because  different 
lineages  convergently  evolve  resemblance  to  the  same,  widespread  model  species  in  different 
areas.  Sexually  dimorphic  mimicry  is  a  highly  labile  trait  and  appears  to  have  evolved  repeatedly 
in  the  group.  Sister  taxa  only  co-occur  on  large  islands.  The  Asian  lineage  appears  to  be  ca.  2 
million  years  old,  with  many  species  dating  to  the  last  glacial  maximum  around  20,000  years  ago 
when  changes  in  sea  level  altered  the  connectivity  of  insular  landmasses  in  the  IAA.  This 
suggests  that  the  dynamic  and  varied  insular  geography  of  the  IAA  set  the  stage  for  allopatric 
diversification,  followed  by  local  morphological  adaptation  to  resemble  locally  available, 
unpalatable  model  species. 
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Healthy  ecosystems  provide  a  variety  of  ecosystem  services  to  humans,  including  provisioning 
(food,  water,  fuel,  and  shelter),  regulating  (climate  control,  disease  suppression)  and  cultural 
services  (recreation  and  wellbeing).  As  the  dominant  form  of  life  on  Earth,  insects  are 
fundamental  contributors  to  maintaining  healthy  ecosystems,  and  when  insect  biodiversity  is 
adversely  affected  by  human  activities  such  as  agriculture,  CCEemission,  and  urbanisation, 
ecosystem  services  can  fail.  Directly  or  indirectly,  the  maintenance  of  insect  biodiversity  can 
prevent  a  variety  of  public  health  problems,  including  the  triggering  of  infectious  disease 
epidemics. 

In  Australia,  the  most  common  vector-borne  disease  is  Ross  River  Virus  (RRV),  carried  by  a 
variety  of  mosquitoes  including  the  halotolerant  Aedes  camptorhynchus.  In  healthy,  biodiverse, 
freshwater  ecosystems  that  contain  predators  and  competitors,  A.  camptorhynchus  numbers  are 
kept  low;  but  when  biodiversity  is  lost  through  for  example  dryland  salinisation,  mosquito 
populations  can  boom  and  increase  the  risk  of  RRV  outbreaks  (Carver  et  al.  2010).  In  addition,  it 
is  possible  that  a  concurrent  loss  in  vertebrate  reservoir  biodiversity  increases  the  percentage  of 
mosquitoes  infected  because  of  a  decreasing  ‘dilution  effect’  ( sensu  Ostfeld  &  Keesing  2000). 

In  attempting  to  determine  if  this  relationship  between  biodiversity  loss  and  increased  risk  of 
RRV  is  generalisable  to  other  anthropogenic  environmental  disturbances,  we  are  now  examining 
the  effect  of  urbanisation  on  the  epidemiology  of  RRV  (Flies,  ICE  2016).  If  confirmed,  the 
existence  of  such  a  relationship  would  support  the  already  increasing  evidence  that  there  are 
health  benefits  from  including  the  maintenance  of  biodiversity  as  an  urban  planning  goal. 
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Olfactory  learning  in  blood-feeding  insects,  such  as  mosquitoes,  could  play  an  important  role  in 
host  preference  and  disease  transmission.  However,  standardized  protocols  allowing  testing  of 
their  learning  abilities  are  currently  lacking,  and  the  molecular  basis  of  their  ability  to  form 
aversive  memories  remains  unknown.  Using  a  Pavlovian  conditioning  paradigm,  we 
trained  Aedes  aegypti  mosquitoes  individuals  to  associate  an  odorant  conditioned  stimulus,  with 
a  mechanical  shock  mimicking  host  defensive  behavior  (unconditioned  stimulus).  Results 
showed  that  learned  information  could  be  used  by  mosquitoes  in  a  variety  of  experimental 
contexts.  Molecular  techniques  were  used  to  assess  the  role  of  dopamine  in  the  formation  of 
these  aversive  memories.  Together,  these  results  show  that  learning  is  a  critical  component  in 
odor  responses  in  A.  aegypti ,  and  provide  the  evidence  for  the  functional  role  of  dopamine  in 
aversive  learning  in  mosquitoes. 
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Introduction:  Diverse  communities  of  bacteria  are  associated  to  insects  and  have  significant 
ecological  and  evolutionary  consequences  on  their  hosts.  Some  bacteria  are  facultative  while 
others  are  obligate  and  the  relation  with  the  insect  can  be  ranged  from  mutualism  to  parasitism. 
In  aphids,  many  scientific  progresses  have  been  made  in  the  description  of  symbiont  diversity 
and  of  their  interactions.  However,  the  role  of  bacterial  communities  in  different  environments 
remains  for  the  majority  of  aphid  species. 

Methods:  In  that  context,  using  NGS  targeted  to  16S  rRNA,  we  analyzed  the  microbial  diversity 
of  five  cereal  aphid  species  sampled  on  3  different  host  plants  for  a  total  of  13 1  populations 
spread  in  different  environmental  conditions  in  Morocco. 

Results/Conclusions:  We  detected  17  operational  taxonomic  units  (OTUs),  representing  eight 
bacterial  genera.  The  microbiome  of  all  samples  was  dominated  by  primary  and  secondary 
symbionts.  The  overall  bacterial  diversity  depends  on  aphid  species  (89,2%),  altitude  (3,2%)  and 
temperature  (6,4%).  However,  two  significant  associations  were  confirmed:  Regiella  insecticola 
was  found  in  Sitobion  avenae  at  83.98%,  and  Serratia  symbiotic  a  was  found  only  in  Sipha 
maydis  with  a  100%)  prevalence. 

Thus,  it  appeared  clearly  that  bacterial  communities  inside  aphids  varied  according  to  host 
species  but  also  to  climatic  conditions.  The  potential  adaptation  it  confers  to  aphid  is  still 
unknown. 
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Introduction:  Intensive,  large-scale  cultivation  of  crops  has  led  to  a  decrease  in  biodiversity 
worldwide  due  to  habitat  loss  and  degradation  of  natural  habitats.  A  popular  strategy  to  enhance 
insect  diversity  in  intensively  cultivated  habitats  across  Europe  involves  increasing  plant  species 
diversity  in  field  margins  by  means  of  sown  grass  and  wildflower  strips.  Despite  extensive 
cultivation  of  maize  (approx.  3.1  million  ha)  in  the  grassy  biomes  of  South  Africa,  little  effort 
has  been  made  to  enhance  biodiversity  within  these  agro-ecosystems.  Also,  the  relationships  that 
exist  between  these  plant  and  arthropod  communities  are  relatively  unknown.  Here  we  provide 
information  on  the  diversity  relationships  between  three  prominent  trophic  guilds  of  arthropods 
(herbivores,  parasitoids  and  predators)  and  three  large  plant  families  (Poaceae,  Fabaceae  and 
Asteraceae)  at  a  regional  scale. 

Methods:  Samples  of  plants  and  arthropods  were  taken  from  six  localities  inside  maize  fields  and 
adjacent  natural  vegetation  across  the  Grassland  and  Savanna  Biomes  of  South  Africa. 

Results/Conclusions:  Spearman  rank  order  analyses  indicated  that  a  generally  positive 
relationships  existed  between  overall  plant  and  arthropod  diversity.  Arthropod  species 
composition  was  also  dependent  on  plant  species  composition.  Excluding  sporadic  cases,  an 
increase  in  the  abundance  and  diversity  of  Fabaceae  and  Asteraceae  did  not  have  a  significant 
positive  effect  on  arthropod  diversity.  However,  increased  abundance  of  Poaceae  was  especially 
important  and  led  to  significantly  higher  numbers  of  all  invertebrate  groups.  This  suggests  that 
grasses  play  a  significant  role  in  supporting  arthropod  diversity  within  these  agro-ecosystems. 
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Farmers  across  the  United  States  are  incentivized  to  enhance  environmental  quality  on  their  land 
by  planting  non-crop  species  in  low-yielding  or  otherwise  marginal  farmland.  These  areas  can 
provide  wildlife  habitat  and  boost  ecosystem  services.  Two  conservation  programs  in  west- 
central  Nebraska  were  analyzed  for  their  potential  to  promote  pollinators  in  agricultural 
ecosystems.  The  first  on-farm  study,  enrolled  in  a  unique  avian  habitat  conservation  program 
called  Corners  for  Wildlife,  looks  at  how  high  diversity  irrigation  pivot  corners  that  provide 
habitat  for  pheasants  and  quail  also  positively  impact  pollinators.  Pollinator  diversity  and 
abundance  was  compared  between  these  high  diversity  corners  and  corners  planted  on  dryland 
maize.  Yellow  sticky  cards  and  bee  bowls  were  used  to  capture  pollinators  and  vegetation 
surveys  were  taken  throughout  the  summer  to  identify  blooming  plants.  The  second  study  is 
located  on  a  farm  enrolled  in  the  Conservation  Stewardship  Program  with  a  wheat-corn  rotation 
bordered  by  a  mix  of  perennial  wildflowers  planted  for  pollinator  conservation.  Pollinator 
diversity  and  abundance  within  the  wildflower  border  and  adjacent  field  was  surveyed  by 
capturing  flying  insects  on  yellow  sticky  cards  and  in  sweep  nets.  Agricultural  ecosystems  can 
play  a  critical  role  in  providing  habitat  for  pollinators.  Multiple  Hymenoptera  families,  hover 
flies,  bee  flies,  and  butterflies  were  found  and  quantified  in  both  study  sites  enrolled  in  these  two 
different  conservation  programs.  This  research  seeks  to  quantify  the  impact  of  diverse  field 
margins  on  pollinator  abundance  and  diversity  to  create  more  awareness  about  farmers’  role  in 
the  conservation  of  this  important  group. 
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National  Institute  for  Environment  Studies  have  conducted  invasive  alien  species  (IAS)  risk 
assessment,  and  research  in  development  of  eradication  methods  for  past  15  years,  thereby 
supporting  the  Invasive  Alien  Species  ACT  in  Japan. 


One  of  the  targets  species  is  Bombus  terrestris  which  was  introduced  in  1991  as  a  pollinator  of 
agricultural  crops,  especially  tomato  in  green  houses.  Over  70,000  artificially  bred  colonies  are 
annually  used  in  Japan,  contributing  greatly  to  tomato  production.  However,  the  alien  bumblebee 
became  naturalized  and  caused  ecological  damages  to  the  native  species. 

The  other  target  species  is  Linepithema  humilewhich  is  one  of  the  100  worst  IAS  as  detailed  by 
IUCN.  Since  its  discovery  in  1993,  the  alien  ant  has  expanded  its  distribution  mainly  in  port 
cities  of  Japan. 

The  most  recent  problematic  species  is  Vespa  velutina.  The  alien  hornet  which  originated  in  the 
southern  China  has  invaded  Europe  and  Korea  since  2000s.  We  found  that  the  species  was 
naturalized  in  the  Tsushima  Island  of  Japan  in  2013.  The  alien  hornet  is  considered  so  harmful  to 
honeybees  that  we  need  to  prevent  the  species  from  invading  into  the  mainland  of  Japan. 

We  have  developed  the  chemical  control  strategies  using  pesticides  for  eradicating  the 
naturalized  populations  of  these  above  invasive  alien  insect  species.  Some  of  the  trials  were 
successful.  We  have  also  made  and  distributed  a  manual  for  control  of  the  alien  insects. 
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Introduction 

The  practical  application  of  insect  pheromones  has  recently  expanded  from  its  traditional  role  in 
pest  management  to  insect  conservation.  The  legendary  attractiveness  of  pheromones  constitutes 
a  useful  tool  to  overcome  the  severe  shortage  of  information  on  the  geographical  distribution  of 
many  threatened  saproxylic  insect  species  (Wallacean  shortfall).  Field  studies  utilizing 
pheromones  are  easy  to  standardize,  cost-efficient,  and  deliver  data  with  high  spatial  and 
temporal  accuracy.  We  used  pheromone  based  sampling  to  characterize  the  effects  of  human 
landscape  management,  with  its  associated  larval  substrate  dynamics,  on  diverse  saproxylic 
insect  taxa  with  radically  different  ecological  demands. 

Methods 

We  performed  large-scale  quantitative  surveys  with  pheromone  traps  to  attract  several  threatened 
insect  species,  particularly  saproxylic  longhorn  beetles.  Presence-absence  patterns  and 
abundance  over  extensive  parts  of  the  forest  landscape  in  Sweden  were  combined  with 
information  on  landscape  resources  to  generate  models  for  landscape  conservation  management 
strategies. 

Conclusion 

Our  studies  reveal  important  differences  between  taxa  concerning  how  different  parts  of  the 
landscape  are  used  by  species  of  conservation  concern,  especially  to  what  extent  their  habitat 
demands  can  be  supported  by  protected  areas  and  production  forests,  respectively.  The  dynamics 
of  different  species  is,  to  a  great  extent  determined  by  host  tree  specificity  and  substrate  turnover 
rates,  both  of  which  greatly  affect  their  possibility  to  persist  in  forests  with  different  management 
regimes.  Our  results  indicate  that  pheromone-based  sampling  of  a  standardized  toolbox  of 
carefully  selected  saproxylic  indicator  species  could  be  a  powerful  tool  to  overcome  major 
obstacles  in  insect  conservation,  thus  facilitating  appropriate  large-scale  forest  management 
strategies. 
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Analysis  of  the  Coastal  Plain  of  Georgia,  USA  identified  over  300,000  hectares  of  marginal  land. 
There  is  a  potential  to  grow  other  non-commodity  native  plants  in  marginal  areas  that  have  the 
potential  to  improve  the  diversity  of  the  landscape  and  promote  ecosystem  services.  Bioenergy 
feedstocks  are  an  attractive  possibility  because  these  may  provide  harvestable  biomass  that  can 
be  used  for  many  purposes  and  deep  rooted  perennial  grasses  may  also  buffer  adjacent  natural 
habitats  and  prevent  erosion.  We  discuss  the  first  year  of  a  project  designed  to  explore  the 
potential  of  improving  marginal  lands  for  ecosystem  services. 
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Pollinators  are  critical  in  orchard  production  for  maximizing  yields  and  fruit  quality.  Honey  bees 
are  the  most  important  managed  pollinator  in  Michigan  orchards,  because  colonies  can  be  rented 
and  deployed  as  needed.  Wild  bee  species  also  contribute  to  orchard  pollination.  As  part  of  the 
Integrated  Crop  Pollination  Project,  we  identified  wild  bee  communities  associated  with  apple 
and  tart  cherry  orchards  during  bloom,  and  evaluated  whether  the  addition  of  flowering  non-crop 
habitat  containing  native  forbs  and  grasses  would  attract  any  of  the  same  species.  From 
observations  and  collections  made  over  4  years  on  the  crop  and  3  years  on  the  non-crop  habitat, 
we  found  some  overlap  in  the  species  that  visit  them,  even  though  the  orchards  finish  blooming 
nearly  a  month  before  the  native  forbs  begin  blooming.  These  included  species  of  soil-nesting 
solitary  bees  in  the  genus  Andrena ,  species  of  Bombus  all  of  which  are  social,  and  members  of 
Family  Halictidae,  most  of  which  are  soil-nesting,  but  are  a  mix  of  social  and  solitary  species. 

We  also  found  a  large  number  of  honey  bees  visiting  the  plantings,  long  after  rented  hives  had 
been  removed.  This  suggests  that  although  bloom  in  the  non-crop  habitat  is  temporally  distinct 
and  separated  by  almost  a  month  in  time  from  orchard  bloom,  they  appear  to  be  providing 
resources  for  some  of  the  same  pollinators  that  visit  orchards  during  bloom.  These  results 
provide  further  justification  for  the  incorporation  of  pollinator  habitat  plantings  in  orchard 
settings  and  the  federally  funded  programs  that  help  offset  establishment  costs. 
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Abstract  text: 

Nesidiocoris  tenuis  (Heteroptera:  Miridae)  is  a  general  insect  predator  frequently  used  in  Europe 
to  control  several  insect  pests,  including  Bemisia  tabaci.  It  was  first  recorded  in  South  Texas  in 
2013  as  an  exotic  insect  feeding  on  tomato  plants.  During  the  winters  of  2014  and  2015,  while  B. 
tabaci  was  nearly  absent  from  tomato  fields,  N.  tenuis  was  thriving  on  local  tomato  plants.  The 
populations  of  N.  tenuis  exploded  in  sesame  fields  by  summer  of  2015  reaching  population 
densities  so  high  in  some  fields  that  insecticides  were  used  for  its  control.  Bactericera  cockerelli 
(Hemiptera:  Triozidae)  is  the  vector  of  the  fastidious  bacterium  “ Candidatus  Liberibacter 
solanacearum”  that  causes  diseases  in  several  solanaceous  crops,  including  zebra  chip,  an 
economically  important  disease  of  potato.  The  objective  of  this  study  was  to  induce  an  early 
onset  of  a  viable  N.  tenuis  population  in  potato  crops  by  planting  rows  of  sesame  in  the  vicinity 
of  potatoes  prior  to  the  seasonal  onset  of  B.  cockerelli.  In  this  study,  we  used  Atlantic  and  Circa 
1825  potato  cultivars.  Field  tests  were  carried  out  in  open  potato  fields,  while  controlled 
condition  tests  were  carried  out  using  field  cages  to  cover  potato  plants.  Here  we  report  the 
changes  in  the  population  densities  that  occurred  due  to  the  interactions  between  the  predator  and 
prey  insect  populations.  These  results  will  clarify  the  potential  ofN.  tenuis  for  reducing 
populations  of  B.  cockerelli,  and  test  its  feasibility  for  mass  release  to  control  this  important 
insect  pest  and  disease  vector. 
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Introduction:  The  spotted  wing  drosophila,  Drosophila  suzukii  (Matsumura),  has  recently 
invaded  Europe  and  North  America.  This  pest  has  a  devastating  effect  on  small  fruit  crops  as  it 
attacks  a  large  variety  of  ripening  fruits  such  as  cherries,  raspberries,  strawberries,  blueberries. 
Control  of  D.  suzukii  populations  has  essentially  been  based  on  applications  of  broad-spectrum 
insecticides.  In  an  effort  to  assess  the  potential  of  using  the  sterile  insect  technique  (SIT),  as  part 
of  an  integrated  pest  management  strategy,  we  conducted  radiation  dose  response  studies. 

Methods:  A  D.  suzukii  laboratory  strain  was  submitted  to  different  radiation  doses:  30,  50,  70, 
80,  90  and  100  Gy  in  a  60Co  GammaCell  220  and  we  assessed  following  parameters:  percent 
pupal  emergence,  percent  adult  malformations,  adult  male  and  female  longevity,  fecundity, 
percent  egg  hatching  and  number  of  FI  progeny  produced. 

Results/Conclusion:  Preliminary  results  indicate  that  irradiation  doses  had  little  effect  on  adult 
emergence  and  percentage  of  malformations.  When  irradiated  above  to  50  Gy,  female  fecundity 
was  greatly  reduced.  Eggs  of  untreated  females,  mated  with  irradiated  males,  had  lowest 
hatching  success  when  the  dose  was  above  to  90  Gy.  More  studies  are  necessary  to  determine 
optimal  irradiation  doses  and  irradiation  protocols  for  this  pest. 
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Data  mining  of  the  transcriptome  of  Ceratitis  capitata  has  allowed  the  discovery  of  three  novel 
RNA  viruses  belonging  to  the  order  Picornavirales.  Genome  reconstruction  and  phylogenetic 
analyses  have  revealed  that  two  of  these  virus  are  members  of  the  iflaviridae  family  and  the  third 
one  represents  a  novel  specie  from  a  new  group  in  the  same  order.  Based  on  the  sequence 
information,  specific  primers  were  designed  to  evaluate  by  quantitative  PCR  the  presence  of 
these  viruses  in  field  medflies  as  well  as  in  insects  used  for  the  massive  production  of  sterile 
males  for  SIT  (sterile  insect  technique)  programs.  Our  analyses  have  revealed  that  most  of  the 
insects  from  the  tested  colonies  carry  a  covert  and  apparently  asymptomatic  infection  with  two  of 
the  identified  virus.  Those  two  viruses  were  present  at  high  titter  in  most  of  the  insects  from  the 
tested  colonies.  In  addition,  analysis  of  field  captures  from  different  areas  in  the  east  of  Spain 
also  showed  the  presence  of  those  viruses.  Nevertheless,  the  frequency  of  infected  individuals 
and  the  viral  titters  were  lower  in  field  captures  than  in  massive  rearing  conditions,  suggesting  a 
fitness-cost  associated  to  the  presence  of  these  viruses.  The  possible  effect  of  these  viruses  on  the 
biological  performance  of  the  males  released  over  the  field  in  the  context  of  SIT  programs  will 
be  discussed 
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Abstract  text: 

Introduced  to  the  western  United  States  in  the  1990s,  Larinus  minutus  is  one  of  a  number  of 
biological  control  agents  brought  to  North  America  to  control  knapweeds  (Centaur ea  spp.).  This 
weevil  was  transported  to  northwestern  Arkansas  and  established  to  reduce  knapweed 
populations,  marking  the  weevil's  farthest  distribution  south.  Spotted  knapweed  development  is 
more  advanced  in  Arkansas  than  in  northern  and  western  states.  Also,  activity  of  adult  L.  minutus 
begins  earlier  and  persists  later  than  in  northern  states.  Initiation  of  egg  production  in  L.  minutus 
is  thought  to  require  feeding  on  knapweed  pollen  and  flowers,  but  it  is  not  known  whether 
sustained  egg  production  requires  continued  access  to  floral  resources.  We  collected  female  L. 
minutus  and  assigned  them  to  four  treatments,  consisting  of  differential  access  to  knapweed 
flowers,  which  were  covered  in  small  mesh  bags.  Weevils  were  given  either  access  to  flowers 
continuously  for  30  days,  or  given  access  to  knapweed  flowers  for  three  days  at  either  day  0,  day 
6  or  day  12;  after  the  three-day  exposure  to  flowers,  weevils  were  removed  and  placed  with 
knapweed  vegetation  covered  by  small  mesh  bags.  Weevils  were  collected  randomly  from  each 
treatment  every  week  and  dissected  to  determine  effect  of  treatment  on  the  timing  and  magnitude 
of  egg  production  and  the  sizes  of  the  germarium  and  vitellarium. 


Paper  (Oral)  Presentations 

Presentation  Title:  Provision  of  shelter  to  natural  enemies  via  companion  planting 

Author  Name:  Lessando  Gontijo 

Author  Institution:  Universidade  Federal  de  Vi£osa 

Session  Title:  Contributed  Papers:  Biological  Control  and  Insect  Pathology:  Unique  Studies  III 
Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  3959 


DOI:  10. 1603/ICE.20 16. 107970 


Abstract  text: 

Introduction:  Conservation  of  natural  enemies  is  an  important  tool  to  promote  the  biological 
control  of  arthropod  pests  in  the  field.  Some  of  the  conservation  strategies  include  the  use  of 
selective  pesticides,  provision  of  alternative  food  and  shelter.  The  provision  of  shelter  may  be 
attained  by  intercropping  different  plants  species  or  by  maintaining  stripes  of  spontaneous  plants 
along  the  border  of  the  main  crop.  The  availability  of  shelter  may  enhance  biological  control  by 
protecting  natural  enemies  from  adverse  environmental  conditions,  pesticides  and  intraguild 
predators.  We  investigated  whether  intercropping  parsley  Petroselinum  crispum  with  collards 
Brassica  oleraceacould  improve  the  biological  control  of  aphids  by  bolstering  natural  enemy 
density. 

Methods:  The  experiments  were  conducted  in  the  field  before  parsley  started  flowering  to  avoid 
confound  effects  between  alternative  food  (e.g.,  pollen)  and  shelter.  The  experiment  consisted  of 
two  treatments:  (i)  parsley  +  collards  (poly culture),  and  (ii)  collards  alone.  Each  replicate 
consisted  of  a  plot  with  32  collards  where  four  of  them  were  artificially  infested  with  aphids. 
Half  of  the  infested  collards  were  covered  individually  by  an  organza  cage  during  the  day 
whereas  the  other  half  was  covered  during  the  night.  This  manipulation  was  carried  out  to 
compare  and  tease  apart  the  contribution  of  nocturnal  and  diurnal  predators. 

Results/Conclusion:  The  results  show  a  significant  reduction  of  aphids  in  the  polyculture  system. 
The  contribution  of  nocturnal  and  diurnal  predators  appeared  to  be  similar.  A  higher  density  of 
natural  enemies  was  noticed  in  the  polyculture.  Likewise,  a  higher  number  of  parasitized  aphids 
was  observed  in  the  polyculture. 
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Abstract  text: 

Partial  success  is  a  commonly  reported  outcome  of  classical  weed  biological  control  projects 
meaning  that  ongoing  management  is  still  required  using  other  methods.  A  significant 
component  of  these  partial  successes  likely  includes  a  general  debilitation  of  the  plant  to  an 
extent  that  more  conventional  methods  become  more  effective.  One  example  is  Melaleuca 
quinquenervia  where  existing  biological  control  agents  directly  suppress  growth  rate  by  50%  and 
seed  production  by  99%,  while  the  indirect  effects  of  persistent  herbivory  makes  the  plant  52% 
more  susceptible  to  herbicides,  36%  more  susceptible  to  fire,  and  68%  more  susceptible  to 
mechanical  methods.  Waterhyacinth  (Eichhornia  crassipes)  is  the  most  intensively  managed 
floating  aquatic  weed  in  Florida,  with  $3.4  million  spent  in  the  state  during  FY  2011-2012  for 
chemical  control  in  public  waters.  A  two-year  tank  experiment  evaluated  the  additive  impact  of 
herbivory  by  biological  control  agents  and  different  rates  of  2,4-D  on  waterhyacinth  growth  and 
development.  Plants  not  subjected  to  herbivory  quickly  regrew  post-spray  regardless  of  herbicide 
rate,  while  those  subjected  to  both  tactics  rarely  regrew.  The  final  biomass  of  waterhyacinth  was 
reduced  by  24.7%  by  biological  control  only,  21%  by  the  low  rate  of  herbicide  alone,  42.2%  by 
the  high  rate,  and  96.6%  and  99.9%  by  the  combination  of  biological  control  and  the  low  and 
high  rates  of  herbicides,  respectively.  These  two  examples  illustrate  the  less  apparent  but 
nonetheless  vital  service  provided  by  classical  biological  control  that  attests  to  its  foundational 
position  in  an  integrated  control  program. 


Paper  (Oral)  Presentations 

Presentation  Title:  Natural  enemies  of  coffee  leaf  miners  increase  survival  feeding  on 
extrafloral  nectar 


Author  Name:  Madelaine  Venzon 


Author  Institution:  Empresa  de  Pesquisa  Agropecuaria  de  Minas  Gerais 

Session  Title:  Contributed  Papers:  Biological  Control  and  Insect  Pathology:  Unique  Studies  III 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  3962 

DOI:  10. 1 603/ICE.20 16. 1 1 1 106 

Abstract  text: 

Nectar  is  an  important  source  of  food  for  many  natural  enemies.  Plants  bearing  nectaries  may 
attract  natural  enemies  that  protect  those  plants  against  herbivory.  Therefore,  nectary-bearing 
plants  can  be  used  as  a  strategy  to  enhance  crop  protection  against  pests.  In  coffee  agroforestry 
systems,  the  availability  of  extrafloral  nectar  from  Inga  {Inga  sp.)  trees  increased  parasitism  of 
coffee  leaf  miners  and  decreased  damage  on  coffee  plants  -  but  the  mechanisms  is  not  known. 

To  assess  possible  mechanisms  of  enhanced  pest  control  in  coffee  agroforestry  systems,  we 
evaluated  the  effect  of  extrafloral  nectar  of  Inga  trees  on  survival  of  parasitoids  and  of  a  predator 
of  coffee  leaf  miners.  We  selected  four  parasitoids  of  coffee  leaf  miners  {Horismenus  sp., 

Orgilus  niger ,  Proacrias  coffeae  and  Stiropius  reticulates)  and  one  predator  {Chrysoperla 
externa)  to  perform  a  greenhouse  experiment.  Newly  emerged  parasitoid  females  were  placed 
inside  clipcages  that  were  fixed  either  to  Inga  leaves  exuding  extrafloral  nectar  or  to  Inga  leaves 
lacking  extrafloral  nectaries  (control).  The  same  procedure  was  followed  to  second  instar  larvae 
of  C.  externa.  All  coffee  leaf  miner  parasitoids  and  the  predator  survived  longer  when  feeding  on 
extrafloral  nectar.  Our  results  suggest  that  extrafloral  nectar  of  Inga  trees  can  increase  fitness  of 
natural  enemies  of  coffee  leaf  miner  through  survival  enhancement.  This  can  be  one  of  the 
mechanisms  that  explain  increased  parasitism  and  decreased  coffee  damaged  when  extrafloral 
nectar  is  available  in  agroforestry  coffee  systems. 
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Abstract  text: 

Introduction:  The  stinging  nettle  caterpillar  (SNC),  Darna pallivitta,  was  first  discovered  in  a 
plant  nursery  in  Hilo  on  the  Big  Island  of  Hawaii  in  2001.  A  migrant  pest  from  Southeast  Asia,  it 
spread  unchecked  to  the  islands  of  Maui,  Oahu,  and  Kauai.  SNC  is  a  pest  of  ornamental  foliage, 
pasture  grasses,  and  indigenous  flora.  Moreover,  the  larva  packs  a  nasty  sting  that  causes  skin 
allergies.  In  2004,  while  on  a  foreign  exploration  in  Taiwan,  we  found  a  natural  enemy  of  SNC, 
the  larval  parasitoid  Aroplectrus  dimerus  (Hymenoptera:  Eulophidae).  Risk  assessment 
evaluation  showed  that  this  parasitoid  is  host  specific  and  poses  no  potential  threat  to  non-target 
organisms.  Subsequently,  liberation  of  parasitoid  across  the  State  was  commenced  in  May  2010. 

Methods:  Experimental  assessment  of  parasitoid  efficacy  was  undertaken  on  several  sites  and 
locations  across  the  islands.  Test  sites  consisted  of  commercial  plant  nurseries  or  wild  habitat 
with  heavy  pest  infestations.  Prior  to  and  after  introduction  of  parasitoid  to  the  test  sites,  pest 
census  was  taken  once  a  month  for  12  months  by  counting  the  larvae  along  line  transects  and 
trapping  moths  with  baited  lures.  Concurrently,  pest  larvae  were  sampled  during  census  to  check 
for  parasitism. 

Results/Conclusion:  Our  findings  indicated  that  the  parasitoid  did  successfully  establish  in  the 
pest  habitat,  that  a  single  or  multiple  releases  of  parasitoid  translated  to  a  steady  decline  in  pest 
abundance  and,  that  the  newly-introduced  parasitoid  acted  in  concert  with  a  serendipitously 
occurring  larval  disease  thus,  compounding  further  overall  pest  suppression  over  time. 
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Introduction:  Partial  sexuality  may  be  more  commonplace  than  expected  in  parasitoid  wasps. 
Meteorus  pulchricornis  (Wesmael)  (Hymenoptera:  Braconidae),  an  endoparasitoid  of 
Spodoptera ,  Helicoverpa ,  Lymantria ,  and  various  other  lepidopteran  larvae,  has  both  sexual 
(arrhenotokous)  and  asexual  (thelytokous  and  recently  proven  to  be  apomictic  and  clonal)  strains 
in  East  Asia  (Tsutsui  et  al.  2014  Bull  Entomol  Res  104:  307-313).  We  have  examined  the 
question  of  gene  flow  between  these  strains. 

Methods:  We  investigated  the  genetic  structure  of  sexual  and  asexual  populations  coexisting  in  a 
soybean  field  on  Shikoku  Island,  Japan.  The  sequences  of  mitochondrial  gene  Cytochrome 
oxidase  I  (COI)  and  the  polymorphism  of  nuclear  Simple  Sequence  Repeat  (SSR)  were  analyzed. 

Results/Conclusion:  Analysis  of  the  partial  sequences  of  mitochondrial  COI  showed  that  most 
asexual  strains  had  the  same  mitochondrial  origin,  indicating  that  asexuality  was  controlled  by  a 
cytoplasmic  element,  although  no  intracellular  parasitic  bacteria  were  involved.  Meanwhile,  our 
field  survey  on  nuclear  SSR  polymorphism  indicated  that  the  genetic  differentiation  between 
sexual  and  asexual  populations  was  significant,  but  only  slightly  so;  this  suggests  that  gene  flow 
does  occasionally  occur  between  strains.  Consistent  with  this  conjecture,  we  also  found  a  few 
cases  of  deuterotoky  in  laboratory  reared  populations,  in  which  SSR  analyses  showed  that  a 
mother  had  produced  sons  and  fertilized  daughters,  but  also  clonal  daughters.  This  may  indicate 
that  some  individuals  of  the  asexual  and  apomictic  strain  of  this  species  can  resume  meiosis  for 
occasional  sexual  reproduction.  Nevertheless,  further  comprehensive  evidence,  based  on  field 
surveys,  is  necessary  to  support  this  hypothesis. 
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Abstract  text: 


Introduction:  Cotesia  vanes sae  is  a  Eurasian  parasitoid  recently  reported  from  North  America.  It 
is  a  gregarious  endoparasitoid  whose  hosts  are  primarily  caterpillars  from  the  Noctuidae  family. 
Only  parthenogenetic  females  have  been  collected  in  North  America,  but  male/female 
populations  are  known  in  Europe.  We  investigated  the  potential  of  C.  vanessae to  control  North 
American  noctuid  crop  pest  caterpillars,  as  well  as  aspects  of  interspecific  and  intraspecific 
competition  between  developing  parasitoid  larvae  and  their  caterpillar  hosts. 

Mathods:  A  no-choice  test  was  conducted  in  the  laboratory.  Individual  C.  vanessae  were  exposed 
to  caterpillars  until  one  stinging  event  was  witnessed.  About  30  caterpillars  of  each  species  tested 
were  parasitized  this  way.  Parasitized  caterpillars  were  then  reared  individually  at  20°  C  until 
parasitoid  emergence,  undetermined  cause  of  caterpillar  death,  or  until  successful  pupation. 
Parasitism  success,  parasitoid  development  time,  offspring  numbers  per  host  and  parasitoid  mass 
were  recorded  to  assess  the  fitness  of  the  parasitoid  on  the  different  host  species. 

Results/Conclusion:  Out  of  46  potential  hosts  tested  (30  pests,  16  non-pests),  34  of  them  (24 
pests,  10  non-pests)  supported  the  development  of  the  parasitoid.  The  highest  parasitoid  fitness 
was  observed  on  caterpillars  from  the  subfamily  Plusiinae  (“semi-looper”  caterpillars).  Scramble 
and  contest  competition  was  observed  in  developing  parasitoid  larvae.  An  unusual  case  of  lose- 
lose  relationship  between  the  parasitoid  and  some  caterpillar  species  was  observed  where  both 
parasitoids  and  their  hosts  died  before  completing  their  development. 
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Abstract  text: 

Introduction:  Lygus  spp.,  primarily  L.  hesperus  is  a  key  pest  of  strawberries  in  the  Monterey  Bay 
region  of  California.  Pre-release  surveys  in  strawberries  in  that  region  showed  a  complete  lack  of 


Lygus  nymphal  parasitoids.  Peristenus  relictus  (Hymenoptera:  Braconidae)  from  Europe  were 
introduced  into  the  region  beginning  in  2002  to  suppress  populations  of  Lygus  infesting 
commercially  grown  strawberries. 

Methods:  Releases  were  conducted  three  years  at  three  locations  then  terminated  at  each:  a 
commercial  organic  strawberry  field,  a  site  of  wild  vegetation,  and  a  third  location  with  a  mix  of 
wild  vegetation  and  conventionally  grown  strawberries.  Organic  strawberries  were  interplanted 
every  50  rows  with  a  strip  of  alfalfa  to  trap  and  remove  Lygus.  Populations  of  Lygus  and  P. 
relictus  were  monitored  monthly  in  the  strips  of  alfalfa,  strawberries,  and  wild  host  plants  from 
July  to  September,  2002  to  2015. 

Results/Conclusion:  A  marked  change  was  noticed  in  number  of  parasitized  Lygus  nymphs 
approximately  4  years  after  releases.  These  were  confirmed  using  DNA  probes  for  identification 
of  parasitoid  larvae.  Since  2008,  parasitism  of  Lygus  by  P.  relictus  has  shown  a  steady  increase, 
accompanied  by  a  general  decline  in  densities  of  Lygus  recorded  from  wild  vegetation  and 
strawberries  at  these  locations.  In  201 1,  parasitism  averaged  over  collections  made  in  July, 
August,  and  September  reached  71%,  and  59%  at  sites  of  wild  vegetation.  Strips  of  alfalfa 
interplanted  with  strawberries  played  a  key  role  in  establishment  and  retention  of  parasitoids. 
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Abstract  text: 

Introduction:  In  Africa,  fruit  trees  are  an  important  yet  a  neglected  component  of  people’s 
livelihood  that  contribute  to  food  security  via  dietary  diversity.  Mango  trees  are  attacked  by 
invasive  and  native  fruit  flies  that  are  quarantine  pests  in  many  parts  of  the  world,  including 
European  Union  and  the  United  States,  threatening  export  markets.  To  control  fruit  flies,  farmers 


usually  spray  chemicals  and  harvest  the  fruits  earlier.  Conservation  biological  control  is 
considered  as  the  biological  control  strategy  with  great  potential  for  field  use  in  developing 
world  agriculture.  Previous  studies  highlighted  the  weaver  ant,  Oecophylla 
/owgz>7oJ(2(Latreille)(Hymenoptera:  Formicidae)  as  a  key  generalist  natural  enemy  to  control  this 
pest,  but  it  is  an  aggressive  predator  that  disturbs  farmers  during  the  harvest.  The  aim  of  this 
study  was  to  improve  the  biocontrol  by  finding  a  sugar  source  to  develop  the  ant  population  and 
to  find  repellents  to  protect  farmers. 

Methods:  We  studied  the  nectar  of  cowpea  as  a  sugar  source  and  we  tested  the  repellent  effect  of 
10  products  by  video  tracking. 

Results/Conclusion:  We  showed  in  the  laboratory  that  the  extrafloral  nectar  of  cowpea  is  a  sugar 
source  for  ants  but  we  found  differences  in  the  varieties’  attractiveness.  Among  the  repellent 
tested,  the  oily  ones,  coconut  oil  and  paraffin,  were  the  most  repellent  followed  by  the  powders, 
talcum,  palm  ashes  and  cassava  flour,  whereas  the  aqueous  repellent,  lemongrass  extract  and 
lemon  juice,  did  not  repel  weaver  ants.  These  results  are  crucial  for  the  development  of 
conservation  biological  control  programs  using  weaver  ants. 
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The  alfalfa  weevil,  Hypera  postica  Gyllenhal  (Coleoptera:  Curculionidae),  was  accidentally 
introduced  into  Japan  in  early  1980’s  and  has  been  heavily  infesting  the  Chinese  milk  vetch  in 
paddy  fields.  Japanese  rice  farmers  keep  the  Chinese  milk  vetch  as  green  manure  in  winter  and 
the  flowers  of  the  plant  provide  the  main  source  of  honey  products  for  apiarists  during  spring. 
Thus,  the  alfalfa  weevil  is  not  a  pasture  pest  but  a  pest  of  apiculture.  Four  species  of  parasitoids 


were  introduced  into  Japan  as  biological  control  agents  for  this  pest  from  U.S..  One  parasitoid, 
Bathyplectes  anurus,  was  recovered  in  Kitakyushu  during  1997.  To  evaluate  B.  anurus  as  a 
biological  control  agent  of  the  alfalfa  weevil,  we  released  B.  anurus  adults  in  Hisayam  from  2003 
to  2005.  After  that,  we  are  monitoring  the  alfalfa  weevil  density  and  percentage  parasitism  of  B. 
anurus  every  year.  Density  of  the  alfalfa  weevil  was  gradually  decreased  year  by  year  and 
biological  control  of  the  pest  was  successful.  However,  the  effectiveness  of  B.  anurus  was  not 
perfect  because  the  Chinese  milk  vetch  fields  are  plowed  and  filled  water  in  May  to  June  as  rice 
paddy  fields.  Thus,  Japanese  paddy  agro-ecosystems  are  not  very  favorable  for  classical 
biological  control  because  they  are  completely  disrupted  once  a  year  during  the  late  spring.  This 
suggests  that  conservation  of  grasslands  surrounding  paddy  fields  is  very  important  if  the 
effectiveness  of  B.  anurus  as  a  control  agent  for  the  alfalfa  weevil  is  to  be  increased. 
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The  striped  stem  borer,  Chilo  suppressalis ,  is  one  of  the  most  economically  important  rice  pests 
worldwide.  In  an  investigation  of  indigenous  egg  paras itoids  of  C.  suppressalis  during  2009- 
2010,  four  Trichogramma  species  (T.  japonicum ,  T.  chilonis ,  T.  dendrolimi ,  and  T.  ostriniae ) 
were  collected  from  paddy  fields  in  northeastern  China.  With  the  objective  of  screening  suitable 
candidates  for  controlling  C.  suppressalis ,  a  series  of  researches  were  conducted  in  the 
laboratory  and  field,  mainly  including  performance  of  Trichogramma  on  C.  suppressalis  under 
different  temperature  and  humidity;  parasitism  and  suitability  of  Trichogramma  on  different 
aged  eggs  of  C.  suppressalis ;  adaptation  to  intermediate  hosts  for  mass  production;  natural 
population  dynamics  of  four  Trichogramma  species  in  paddy  field;  evaluation  of  biocontrol 
efficiency  of  Trichogramma  against  C.  suppressalis  in  paddy  field.  On  the  whole,  T.  dendrolimi 
and  T.  japonicum  exhibited  better  biocontrol  potential  on  C.  suppressalis.  In  order  to  guarantee 
biocontrol  efficiency  and  reduce  production  cost,  we  developed  a  new  technology  of  biocontrol 


on  rice  stem  borers  with  mixing  release  of  T.  dendrolimi  produced  by  the  large  eggs  of 
Antheraea  pernyi  and  T.  japonicum  produced  by  the  small  eggs  of  Corcyra  cephalonica. 
Meanwhile,  we  also  developed  a  new  type  spherical  apparatus  for  releasing  Trichogramma  in 
paddy  field.  In  2014-2015,  a  total  area  of  3300  ha  was  controlled  on  the  rice  stem  borers  with 
Trichogramma  released  by  the  spherical  apparatus.  The  mean  biocontrol  efficiency  on  C. 
suppressalis  was  approximately  86%  with  360,000  T.  dendrolimi  and  90,000  T.  japonicum/ha 
divided  into  releasing  3  times. 
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Spotted  wing  Drosophila,  Drosophila  suzukii,  native  to  Eastern  Asia,  is  a  devastating  pest  of  soft 
skinned  fruits  and  has  rapidly  expanded  its  global  range  in  Europe  and  the  Americas.  We 
conducted  the  first  exploration  of  native  parasitoids  of  D.  suzukii  during  the  summers  of  2013 
and  2014  in  South  Korea  and  nine  different  parasitoid  species  were  obtained  at  the  UC 
Berkeley’s  Quarantine  from  the  collected  materials.  The  five  major  parasitoid  species,  including 
three  larval  parasitoids  Asobara  japonica  (Hym:  Braconidae),  Leptopilina  japonica  and 
Ganaspis  brasiliensis  (Hym:  Figitidae)  and  two  pupal  parasitoids  Pachycrepoideus  vindemiae 
(Hym.:Pteromalidae)  and  Trichopria  drosophilae  (Hym.:  Diapriidae),  were  evaluated  for  their 
potential  host  range  (i.e.,  non-target  risk).  All  five  parasitoids  readily  attack  and  develop  from  D. 
suzukii.  The  two  pupal  parasitoids  also  occur  in  North  America,  but  there  is  a  lack  of  resident 
larval  parasitoids  attacking  D.  suzukii.  Tests  with  a  wide  range  of  25  non-target  Drosophilidae 
species  (from  22  different  species  groups)  showed  that  P.  vindemiae  and  T.  drosophilae  are  most 
generalist,  being  able  to  attack  and  develop  from  all  tested  host  species.  Whereas  A.  japonica 
could  develop  from  the  majority  of  tested  hosts,  the  host  range  of  L.  japonica  or  G.  brasiliensis  is 
largely  limited  to  the  species  belonging  to  the  Melanogaster  group,  i.e.  species  that  are  closely 
related  to  D.  suzukii.  The  results  showed  the  plasticity  of  body  growth  and  development  of  these 


generalist  parasitoids  and  the  potential  of  introducing  more  specialized  larval  parasitoids  for 
biological  control  of  D.  suzukii  in  North  America. 
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Parasitoid-induced  transgenerational  fecundity  compensation  is  a  recently  described 
phenomenon  where  daughters  of  parasitized  aphids  reproduce  at  a  greater  rate  than  the  daughters 
of  healthy  aphids.  So  far,  this  phenomenon  has  only  been  described  in  soybean  aphids  ( Aphis 
glycines  Matsumura)  under  attack  by  the  parasitoid  Lysiphlebus  orientalis  Stary  &  Rakhshani. 
Here,  we  demonstrate  transgenerational  fecundity  compensation  in  a  second  aphid  host,  Aphis 
craccivora  Koch,  when  attacked  by  both  L.  orientalis  and  its  congener  Lysiphlebus  fabarum 
Marshall.  Individual  parasitized  and  healthy  aphids  and  their  daughters  were  observed  daily  to 
determine  differences  in  reproductive  rates.  An  increase  in  reproductive  rate  of  approximately 
one  nymph  per  day  over  the  first  four  days  of  reproduction  was  observed  for  daughters  of  aphids 
parasitized  by  either  parasitoid,  an  effect  similar  in  magnitude  to  what  was  reported  for  A. 
glycines.  Since  only  aphids  parasitized  as  4th  instar  nymphs  or  adults  were  able  to  reproduce,  host 
stage  preference  for  both  of  these  parasitoids  on  A.  craccivora  was  also  measured.  L.  orientalis 
tended  to  prefer  slightly  older  aphids  than  L.  fabarum ,  though  both  accepted  all  aphid  growth 
stages  as  hosts.  Consequences  of  transgenerational  fecundity  compensation  in  A.  craccivora  will 
be  discussed,  including  potential  effects  on  competition  between  L.  fabarum  and  L.  orientalis  in 
southeastern  Europe  where  L.  orientalis  has  recently  become  established. 
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Introduction:  Leek  moth,  Acrolepiopsis  assectella ,  is  an  invasive  alien  species  that  has  invaded 
Allium  spp.  crops  in  North  America.  The  pupal  parasitoid  Diadromus  pule  he  Hushes  been 
released  since  2010  as  a  classical  biological  control  agent. 

Methods:  To  assess  establishment  and  impact,  sentinel  plants  containing  naturally  infested  leek 
moth  pupae  were  placed  in  the  field:  after  1  week  plants  were  returned  to  the  lab  and  pupae 
reared.  To  validate  host  range  hypotheses,  sentinel  plants  containing  naturally  infested 
diamondback  moth  pupae  were  placed  in  the  field:  after  1  week  plants  were  returned  to  the  lab 
and  pupae  reared. 

Results/Conclusion:  Results  confirmed  that  D.  pulchellus  was  present  in  the  Allium  spp.  crop 
systems  and  that  host  specificity  hypotheses  were  supported. 
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The  banana  aphid  Pentalonia  nigronervosa  is  a  serious  pest  of  bananas  and  plantains  ( Musa 
spp.)  largely  because  of  its  status  as  the  principal  vector  of  Banana  bunchy  top  virus  (BBTV),  the 
causal  agent  of  banana  bunchy  top  disease  (BBTD).  In  surveys  conducted  in  sub-Saharan  Africa, 
we  showed  that  the  banana  aphid  was  widely  distributed  with  relatively  high  infestation  levels  in 
most  locations,  and  generally  3 -folds  higher  infestations  on  plantains  than  on  bananas.  Twenty 
four  ant  species  belonging  to  22  genera  were  found  associated  with  the  aphid.  Parasitism  was 
absent  from  all  surveyed  locations  and  all  subsequent  field  research,  including  foreign 
explorations  in  Southeast  Asia.  On-going  studies  of  the  genetic  variability  of  the  aphid  could 
help  us  in  pinpointing  with  greater  precision  its  probable  origin  and  better  targeting  of 
explorations  for  natural  enemies  that  can  be  used  for  its  control.  Studies  are  also  underway  to 
determine  the  diversity  of  endosymbionts  associated  with  the  banana  aphid  and  their  role  in 
aphid  biology  particularly  aphid-paras itoid  interactions.  Knowledge  of  aphid  biology  along  with 
information  from  studies  on  Mwsa-aphid-BBTV  interactions  are  being  used  in  developing  an 
integrated  strategy  for  the  management  of  BBTD  in  Africa. 
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Abstract  text: 

Biological  control  of  native  pest  species  on  crops  must  rely  on  native  or  naturalised  natural 
enemies.  Thus  it  is  important  to  know  the  diversity  of  natural  enemies  that  attack  these  pests,  and 
their  distribution  and  abundance  in  order  to  conserve  and  enhance  natural  enemy  activity  within 
the  crop  environment.  We  conducted  a  series  of  experimental  surveys  of  the  parasitoids  of  light 


brown  apple  moth,  Epiphyas postvittana ,  in  vineyards  and  adjacent  native  vegetation  in  South 
Australia  in  order  to  determine  which  species  contribute  to  parasitism.  E.  postvittana  is  the  most 
damaging  pest  of  grapes  in  southern  Australia,  and  it  is  attacked  by  a  range  of  parasitoid  species. 
Among  the  six  parasitoid  species  found  in  our  studies,  Dolichogenidea  tasmanica  was  the  most 
common  parasitoid  of  larval  E.  postvittana  within  vineyards,  while  Therophilus  unimaculatus 
was  most  commonly  found  in  adjacent  native  vegetation.  Both  species  shared  a  range  of  tortricid 
hosts.  Host  plants  were  shown  to  influence  the  behaviour  of  both  parasitoids  and  probably 
influence  their  distribution  among  habitats.  We  conclude  that  adjacent  vegetation  is  not 
necessarily  a  reliable  source  of  natural  enemies  for  biological  control  in  crops. 
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Introduction:  Prey  species  often  face  a  tradeoff  between  foraging  activity  and  predator 
avoidance,  such  that  greater  foraging  activity  increases  energy  intake  but  comes  at  the  cost  of  a 
higher  encounter  rate  with  predators.  In  agroecosystems,  host  plant  resistance  and  intercropping 
reduce  the  quality  and  quantity  of  herbivorous  pests’  host  plants,  respectively.  Thus,  these 
common  cropping  strategies  may  increase  pest  movement  and  vulnerability  to  predation.  We 
tested  this  ‘movement-risk’  hypothesis  using  the  potato  leafhopper  (Empoasca  fabae)  and  its 
primary  predator  ( Nobis  americoferus )  in  alfalfa. 

Methods:  A  field  was  planted  in  alternating  plots  of  leafhopper-susceptible  alfalfa,  leafhopper- 
resistant  alfalfa,  and  leafhopper-resistant  alfalfa  intercropped  with  orchardgrass  (a  nonhost  for 
leafhoppers).  The  three  plant  treatments  were  crossed  with  two  predator  treatments  (predator 
present,  predator  absent)  in  a  mesocosm  experiment.  Leafhopper  survival  was  calculated  after 
seven  days.  Furthermore,  Nab  is  collected  in  plots  of  the  three  plant  treatments  are  being  tested 
for  leafhopper  DNA  to  test  the  movement-risk  hypothesis  under  open  field  conditions. 


Results/Conclusion:  In  the  mesocosm  experiment,  Nabis  killed  fewer  leafhoppers  in  the 
susceptible  alfalfa  than  in  the  resistant  and  intercropped  resistant  alfalfa  treatments.  Laboratory 
assays  confirmed  that  leafhoppers  move  less  on  susceptible  alfalfa  than  on  resistant  and 
intercropped  resistant  alfalfa,  and  that  greater  leafhopper  movement  increases  the  probability  that 
NabiswiW  attack  leafhoppers.  The  outcomes  of  the  molecular  screenings,  which  are  currently 
being  conducted,  will  be  presented  as  well.  So  far  these  results  support  the  movement-risk 
hypothesis  and  suggest  that  host  plant  resistance  and  biological  control  act  synergistically  to 
control  potato  leafhoppers  in  alfalfa. 
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Abstract  text: 

The  avocado,  Per  sea  americana  Mill.,  is  a  tropical  fruit  widely  consumed  in  several  countries 
around  the  world.  The  worldwide  production  in  2013  was  4  million  tons.  Colombia  is  one  of  the 
top  avocado  producers  in  the  world  and  is  growing  as  an  avocado  exporter.  The  greatest  producer 
region  of  avocado  in  Colombia  is  the  Eastern  Region  of  Antioquia,  which  had  more  than  7000  ha 
planted  by  2013.  There  are  several  insect  pests  reported  in  this  region,  including  weevils, 

Heilipus  lauri  Boheman  and  Heilipus  trifasciatus  (Fabricius)  (Coleoptera:  Curculionidae), 
Phyllophaga  sp.  and  Anomala  sp.  (Coleoptera:  Scarabaeidae),  Stenoma  catenifer  Walsingham 
(Lepidoptera:  Elachistidae),  Monalonion  velezangeli  Carvalho  &  Costa  (Hemiptera:  Miridae) 
and  Thrips  sp.  (Thysanoptera).  The  presence  of  mites  is  also  common  in  avocado  trees  in  the 
Eastern  Region  of  Antioquia.  The  incidence  and  damage  caused  by  insect  pests  in  this  region 
were  estimated  in  more  than  20  avocado  farms.  Depending  on  the  avocado  area  planted,  15  or  25 
trees  were  sampled  randomly  in  each  farm.  Each  tree  was  sampled  in  the  four  cardinal  points 
(North,  South,  East  and  West).  At  each  point,  the  tree  was  divided  in  three  strata  (high,  medium 
and  low).  In  each  stratum,  a  branch  was  selected  and  the  fruits  and  leaves  present  were  checked, 
and  insect  presence  and  damage  were  recorded.  Incidence  and  severity  rates  were  calculated. 


Damage  caused  by  all  the  different  insect  pests  of  avocado  listed  was  confirmed;  however  not  in 
every  farm,  with  the  exception  of  thrips  damage  that  was  observed  in  every  farm  sampled. 
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Abstract  text: 

Citrus  leafminer  (CLM),  Phyllocnistis  citrella,  is  a  serious  and  economical  pest  of  citrus 
nurseries  and  orchards  in  Pakistan.  The  main  purpose  of  this  study  was  to  check  the  seasonal 
abundance  of  CLM  in  citrus  kinnow  ( Citrus  reticulata  Blanco)  orchards  in  three  different  tehsils 
(Sargodha,  Kotmomin,  Bhalwal)  of  District  Sargodha,  Pakistan  during  2014  to  2015.  The  results 
showed  that,  there  was  no  significant  difference  in  population  of  CLM  at  different  tehsils.  During 
whole  study  period,  population  of  CLM  was  significantly  higher  in  September  following  by  May 
and  June  for  both  years.  On  the  other  hand,  least  population  was  observed  in  January,  February 
and  March  during  2014-15.  The  overall,  CLM  abundance  was  high  in  2015  as  compared  to  2014. 
Relationship  of  abiotic  factors  with  CLM  infestation  was  not  uniform,  as  significant  positive 
correlation  of  infestation  was  observed  with  maximum  and  minimum  temperature,  but  humidity 
has  negative  correlation  during  both  years.  It  is  concluded  that,  the  most  favorable  time  for  CLM 
infestation  was  September.  This  study  will  aid  in  developing  a  sound  management  strategy  for 
the  control  of  important  insect  pests  of  citrus  crop. 
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Abstract  text: 

The  study  was  conducted  to  determine  the  effect  of  different  male  densities  (1:0,  1:1,  1:2,  1:3, 

1:4  and  1:5  female:  male)  and  different  types  of  food  sources  [papaya  ( Carica  papaya ), 
shoeflower  {Hibiscus  rosa-sinensis ),  tomato  {Lycopercicon  esculentum ),  potato  {Solarium 
tuberosum ),  brinjal  {Solarium  melongena ),  pumpkin  {Cucurbita  pepo ),  water  melon  {Citrullus 
lanatus),  silvery,  cucumber  {Cucumis  sativus )]  on  the  progeny  development  of  P.  solenopsis. 
The  results  revealed  that  the  maximum  eggs/ovisac  were  observed  in  silvery  (185.6)  and 
minimum  in  shoeflower  (99.5),  tomato  (98.5),  brinjal  (98.0)  and  cucumber  (93.457).  Similarly, 
maximum  off-springs  were  observed  on  silvery  (140.32)  and  minimum  on  shoeflower  (81.6). 
Female  feeding  on  brinjal  and  silvery  supported  maximum  male  production  (33.2-35.5 
males/ovisac)  and  pumpkin  administrated  minimum  males/ovisac  (18);  while,  female  feeding  on 
shoeflower  and  tomato  demonstrated  maximum  female  production  (40.2-45.4  females/ovisac) 
and  feeding  on  potato  and  pumpkin  exhibited  minimum  females  production  (20.2-21.9 
females/ovisac).  The  maximum  fecundity,  hatchability  and  mortality  were  demonstrated  in 
treatments  where  females  were  fed  on  the  silvery  and  papaya  as  food  source.  The  results  of 
second  experiment  revealed  that  number  of  eggs/ovisac  increased  with  increase  in  number  of 


males.  The  maximum  number  of  eggs/ovisac  (29.3),  offspring/ovisac  (29.7),  males/ovisac  (8.7) 
and  female/ovisac  (15.2)  were  produced  where  male-to-female  sex  ratio  was  maintained  at  5:1, 
3:1,  1:1  and  3:1,  respectively;  whereas,  maximum  mortality  was  recorded  at  male-female  sex 
ratio  of  3:1  (32.6%),  followed  by  4:1  (31.7%).  In  conclusion,  silvery  and  shoeflower  proved 
suitable  host-plants  as  former  supported  more  fecundity  and  hatchability  and  later  supported 
more  female  production.  However,  male  density  demonstrated  variable  results. 
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Abstract  text: 

Effective  pest  management  depends  on  knowing  where  insect  populations  build-up,  and  whether 
alternative  hosts  are  used  before  arriving  at  crops.  In  Australia,  green  mirids  ( Creontiades 
dilutus)  are  native  to  the  arid  continental  interior,  but  are  serious  pests  of  Bt  cotton  grown  in  sub¬ 
coastal  farmlands.  Gene  flow  analyses  indicate  that  mirids  move  long  distances  across 
landscapes,  but  the  contribution  of  long-distance  migrants,  relative  to  local  build-ups,  remains 
unclear. 

The  host-use  patterns  and  foraging  behaviors  of  green  mirids  were  quantified  using  a  series  of 
field  surveys  and  laboratory  experiments.  During  summer,  mirid  densities  were  substantially 
greater  on  lucerne  and  pigeon  pea  crops  than  on  nearby  cotton.  In  winter,  mirid  densities  were 
greatest  in  arid  regions  on  native  Cullen  and  Goodenia  hosts.  Prior  to  the  start  of  the  cotton 
season  low  densities  of  mirids  were  found  near  unplanted  cotton  fields  in  sub-coastal  agricultural 
landscapes,  suggesting  that  green  mirids  are  able  to  persist  in  local  off-farm  sites  when  cotton  is 
unavailable. 

In  laboratory  settings,  green  mirids  moved  between  hosts  only  at  night.  Most  previous  host-use 
assessments,  however,  have  been  based  on  daytime  observations.  If  green  mirids  are  nocturnal, 
then  diurnal  assessments  of  host-use  may  miss  the  temporal  periods  when  mirids  make  their 


foraging  decisions.  Collectively,  these  findings  identify  the  local  sites  that  can  be  monitored  for 
mirids  prior  to  cotton  infestations,  and  the  time  period  in  which  individuals  will  most  likely  take 
fight  in  search  of  new  hosts. 
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Introduction:  Turnip  mosaic  virus  (TuMV)  belongs  to  the  genus  Potyvirusin  the  family 
Potyviridae.  TuMV  is  distributed  worldwide  and  causes  serious  diseases  mostly  in  Brassicaceae. 
Because  TuMV  is  usually  spread  by  various  aphid  species,  simultaneous  clarifications  on 
dynamics  of  TuMV  and  aphid  vectors  are  important  to  understand  the  infection  mechanism.  In 
this  study,  we  surveyed  the  seasonal  occurrence  of  TuMV  and  potential  aphid  vectors  on  wild 
and  cultivated  brassicaceous  plants  in  Kyushu,  Japan. 

Methods:  Wild  and  cultivated  Brassicaceae  were  sampled  from  various  sites  in  different  seasons 
between  May  and  December  2015.  Then  TuMV  infection  was  assessed  by  enzyme-linked 
immunosorbent  assay  (ELISA).  In  addition,  aphid  dynamics  were  periodically  investigated  from 
October  2014  to  January  2016  in  a  Japanese  radish  Raphanus  sativusfxoXd  by  direct  observation 
of  wild  and  cultivated  plants  and  yellow  sticky  traps. 

Results/Conclusion:  TuMV  infection  was  detected  from  some  species  of  Brassicaceae  including 
R.  sativus  and  Rorippa  weeds  in  May  and  from  October  to  December,  but  not  from  July  to 
September.  During  the  periodical  investigation,  Myzus  persicae,  Aphis  craccivora  and  Lipaphis 
pseudobrassicae  were  predominant  on_plants  infected  by  TuMV.  From  June  to  August,  no 
aphids  were  found  on  plants  and  alates  were  seldom  captured  by  the  traps.  Among  brassicaceous 
plant,  only  RorippawQQ ds  were  continuously  found  throughout  the  year.  The  three  aphids 
mentioned  above  are  considered  as  potentially  important  vector  aphids  of  TuMV  in  Kyushu.  In 
summer,  TuMV  might  be  reserved  in  Rorippa  weeds  at  a  low  density  in  the  field. 
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Abstract  text: 

The  every  small  insect  of  the  order  Thysanoptera  feed  mostly  on  plants  by  piercing  and  sucking 
out  cells.  Additionally,  some  species  are  propagative  vectors  of  tospoviruses  and  other  plant 
viruses.  Effective  pest  management  necessitates  a  comprehensive  knowledge  of  pest  species, 
especially  of  the  reproductive  strategies.  Hence,  Echinothrips  americanus ,  a  widely  distributed 
species  and  a  possible  vector  of  several  pathogens,  was  used  to  analyze  fertility,  longevity  of 
adults,  sex  ratio  and  developmental  time  of  the  progeny  in  correlation  with  mating  status  and 
presence  of  other  individuals.  Mating  and  the  presence  of  the  opposite  sex  have  a  significant 
effect  on  both  sexes.  Females  permanently  reared  with  a  male  had  a  lower  probability  of 
survival,  a  lower  fecundity  and  a  lower  male  sex  ratio  of  her  offspring  compared  to  mated  but 
individual  reared  females.  In  addition,  the  presence  of  a  male  had  a  significant  effect  on  the 
developmental  time  of  mothers  offspring.  Duration  of  larval  development  of  a  mated  but 
individual  reared  or  virgin  mother,  is  significantly  shorter,  compared  to  offspring  of  permanently 
associated  ones.  In  response  to  conditions  of  a  lower  male  population  density,  Echinothrips 
americanus  seems  to  have  evolved  a  feedback  system,  responding  with  higher  female  fecundity, 
a  more  (or  exclusively)  male  biased  sex  ratio  and  a  faster  development  of  offspring.  Newly 
hatched  males  effects  mother-son  matings,  fertilizing  their  mothers,  and  thereby  ensure 
persistence  or  establishment  of  a  new  population.  Consequently,  the  generally  assumed  lower 
infestation  risk  of  arrhenotokous  species,  compared  to  thelytokous  species,  should  be 
reconsidered. 
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Abstract  text: 

Hessian  fly,  Mayetiola  destructor  (Say),  is  one  of  the  most  destructive  pests  of  wheat  ( Triticum 
aestivum)  worldwide.  The  objective  of  present  study  was  to  determine  the  oviposition  preference 
and  the  offspring  performance  of  Hessian  fly  for  wheat  of  different  seedling  ages  in  laboratory 
condition.  The  parameters  used  to  assess  performance  were  egg-to-pupa  survival,  time  to  adult 
emergence,  wing  length,  and  the  number  of  eggs  on  the  young  seedlings(  two-leaf  stage)  or  old 
seedlings  (five-  to  seven-leaf  stage).  No  significant  difference  in  the  survival  from  egg  to  pupa 
was  observed.  The  females  deposited  more  eggs  on  old  seedlings  than  that  on  young  seedlings, 
and  adults  had  significant  longer  wings  on  old  seedlings,  indicating  an  effect  of  seedling  ages 
on  female  oviposition  behavior,  female  prefer  to  lay  eggs  on  bigger  size  host  and  maximize  her 
reproductive  potential.  However,  both  females  and  males  showed  a  different  emergence  manner 
with  two  peaks  on  old  seedlings  but  only  one  peak  on  young  seedlings,  the  development  time  of 
egg-to-adult  was  longer  on  old  than  on  young  seedlings  accordingly,  suggesting  that  seedling 
ages  affect  the  emergence  strategy  of  Hessian  fly. 


Paper  (Oral)  Presentations 

Presentation  Title:  Survey  of  overwintering  sites  of  Riptortus  pedestris  (Fabricius)  (Hemiptera: 
Alydidae)  in  diverse  landscapes  in  South  Korea 

Author  Name:  Minhyung  Jung 

Author  Institution:  Gachon  University 

Session  Title:  Contributed  Papers:  Ecology  and  Population  Dynamics:  Pest  Management 
Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  3986 


DOI:  10. 1603/ICE.2016. 114297 
Abstract  text: 

Bean  bug,  Riptortus pedes tris ,  is  a  major  agricultural  pest  in  Korea.  To  develop  management 
strategy  for  this  pest,  we  need  to  understand  the  life  history  of  R.  pedestris.  However,  most 
studies  have  focused  on  the  summer  period  when  the  pest  is  active  and  attacks  crops.  Therefore, 
we  investigated  to  locate  and  characterize  the  overwintering  sites  of  adult  R.  pedestris.  First,  we 
conducted  laboratory  experiment  to  examine  which  structures  R.  pedestris  utilizes  for 
overwintering  habitats.  We  tested  three  natural  structures  including  rotten  wood,  leaf  litter,  and 
rocks  as  potential  overwintering  structures.  Second,  we  conducted  field  survey  to  characterize 
overwintering  sites  of  R.  pedestris  in  diverse  landscapes.  In  the  four  major  climate  zones  of 
Korea,  we  collected  organic  materials  above  the  soil  in  1-m2  grids  at  every  100  m  altitude  in 
high-elevation  mountains  (>800  m  elevation)  over  two  years.  The  samples  were  also  collected 
with  50  m  distance  from  low-elevation  forested  areas  in  urban  or  agricultural  landscapes.  In  the 
laboratory  conditions,  R.  pedestris  almost  exclusively  showed  overwintering  behavior  in  the  leaf 
litter  arena  (63%)  among  the  structures  tested  (rocks:  3%;  rotten  wood:  0%).  In  the  field,  we 
located  overwintering  adults  from  1 8%  of  the  samples  from  the  urban  areas  (n  =  49),  whereas  no 
overwintering  individuals  were  found  from  the  high-elevation  mountains  (n  =  106)  and 
agricultural  landscapes  (n  =  35).  Our  results  suggest  that  R.  pedestris  mainly  use  leaf  litter  as  an 
overwintering  structure,  and  low-elevation  forested  areas  near  urban  landscapes  seem  to  be  more 
preferred  overwintering  sites  by  the  insects. 
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Abstract  text: 

Introduction.  The  selection  pressure  imposed  by  the  widespread  use  of  transgenic  technologies 
can  lead  to  the  evolution  of  insect  resistance,  and  the  availability  of  refuge  areas  that  allow 
susceptible  homozygous  insects  to  survive  is  key  to  delaying  the  evolution  of  resistance  in 
agricultural  landscapes.  Different  strategies  to  exploit  refuge  areas  exist,  but  insect-related 
ecological  traits  like  larval  movement  may  influence  the  management  of  resistance  according  to 
the  refuge  strategy  adopted. 


Objectives.  Developing  a  computational  model  to  simulate  how  larval  movement  would  affect 
the  spatio-temporal  dynamics  of  the  evolution  of  resistance  of  Spodoptera  frugiperda  to  Bt  crops, 
under  different  landscape  configurations  based  on  refuge  strategies. 

Methods.  Simulations  were  run  for  landscapes  composed  of  three  refuge  configurations  (seed 
mixture,  blocks  and  stripes),  with  sizes  ranging  from  20%  to  50%  for  incomplete  and  complete 
resistance  and  three  rates  of  larval  movement  (proportion  of  larvae  moving  per  time  step). 

Results.  We  demonstrated  that  in  most  cases,  the  higher  the  rate  of  larval  movement,  the  higher 
the  proportion  of  resistant  insects  in  the  population  in  an  area  using  seed  mixture,  regardless  of 
the  type  of  resistance  tested.  The  opposite  trend  was  observed  for  strip  configurations.  In  a  block 
configuration,  the  number  of  resistant  larvae  was  the  highest  at  an  intermediate  rate. 

Conclusions.  We  concluded  that  larval  movement  is  an  important  variable  affecting  the  evolution 
of  resistance,  but  its  effect  depends  on  the  type  of  resistance  and  the  configuration  and  size  of  the 
refuge. 
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Abstract  text: 

The  use  of  insect-resistant  transgenic  crops  is  wide-spread  now  and  has  become  an  essential 
aspect  of  integrated  pest  management.  To  delay  the  evolution  of  resistance  to  insect-resistant 
transgenic  crops,  the  industry  currently  relies  on  pyramiding  events  expressing  two  or  more 
insecticidal  proteins  in  the  same  cultivars.  While  there  are  many  benefits  to  this  approach  for 
resistance  management,  there  are  also  potential  weaknesses.  If  insects  possess  a  mechanism  to 
prevent  large  molecular  weight  insecticidal  proteins  from  reaching  the  target  site,  the  benefits  of 


pyramiding  could  be  reduced.  Our  research  has  been  interested  in  this  possibility  and  looking  at 
the  impact  of  increase  rates  of  feeding  as  one  method  of  potential  cross  tolerance/resistance  to 
protein  toxins.  Our  research  shows  that  increased  temperature  and  feeding  rates  decrease  the 
susceptibly  of  tobacco  budworm  and  bollworm  toward  Bacillus  thuringiensis  (Bt).  We  also 
developed  a  methodology  to  group  individual  bollworm  caterpillars  (from  a  single  laboratory 
strain)  based  on  their  feeding  rates  at  a  fix  temperature.  When  we  compared  slow  versus  fast 
feeders  at  a  single  temperature,  the  latter  had  a  reduced  susceptibility  to  Bt  toxin.  Although  these 
studies  need  to  be  better  replicated  and  correlated  with  field  population  variations  in  feeding  rate 
and  Bt  susceptibility,  in  toto,  it  appears  caterpillars  have  at  least  one  mechanism  for  cross¬ 
tolerance  or  resistance  to  proteins.  More  work  is  needed  to  better  understand  this  mechanism  and 
its  relative  potential  for  impacting  the  use  of  Bt  cotton. 
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Abstract  text: 

Introduction: 

The  ATP-binding  cassette  (ABC)  transporters  represent  a  superfamily  of  proteins  that  have 
important  physiological  roles  in  both  prokaryotes  and  eukaryotes.  In  insects,  ABC  transporters 
have  previously  been  implicated  in  insecticide  resistance.  The  91-R  strain  of  Drosophila 
melanogaster  has  been  intensely  selected  with  DDT  over  six  decades.  A  recent  selective  sweeps 
analysis  of  91-R  implicated  the  potential  role  of  MDR49 ,  an  ABC  transporter,  in  DDT  resistance, 
however,  to  date  the  details  of  how  MDR49  may  play  a  role  in  resistance  have  not  been 
elucidated. 


Methods: 


We  investigated  the  impact  of  structural  changes  and  an  alternative  splicing  event  in  MDR49  on 
DDT-resistance  in  91 -R,  as  compared  to  the  DDT  susceptible  strain  91-C. 

Results/Conclusion: 

We  observed  three  amino  acid  differences  in  MDR49  when  91 -R  was  compared  with  91-C,  and 
only  one  isoform  (MDR49B)  was  implicated  in  DDT  resistance.  A  transgenic  Drosophila  strain 
containing  the  91-R-MDR49B  isoform  had  a  significantly  higher  LD50  value  as  compared  to  the 
91-C-MDR49B  isoform  at  the  early  time  points  (6  h  to  12  h)  during  DDT  exposure.  Our  data 
support  the  hypothesis  that  the  MDR49B  isoform,  with  three  amino  acid  mutations,  plays  a  role 
in  the  early  aspects  of  DDT  resistance  in  91-R. 
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Abstract  text: 

Resistance  to  the  Cry  1  Fa  protein  from  the  bacterium  Bacillus  thuringiensis  (Bt)  produced  in 
transgenic  Bt  corn  was  reported  in  populations  of  Spodoptera  frugiperda  (fall  armyworm)  in 
Puerto  Rico  in  2006.  In  our  previous  research  we  have  shown  that  resistance  in  the  456  strain  of 
S.  frugiperda  developed  from  field-collected  individuals  in  Puerto  Rico  was  associated  with 
reduced  CrylA  and  CrylFa  insecticidal  protein  binding  and  reduced  expression  of  a  GPI 
anchored  midgut  alkaline  phosphatase  that  serves  as  binding  site  for  CrylFa.  In  the  current  work 
we  present  data  from  linkage  analyses  that  identify  the  allele  genetically  linked  to  resistance 
against  CrylFa  corn  in  the  456  strain.  Our  data  provide  a  target  for  development  of  DNA-based 
field  monitoring  tools  detecting  the  allele  responsible  for  practical  field  resistance  to  CrylFa 
corn  in  S.  frugiperda  and  advance  our  understanding  of  the  mode  of  action  of  Cry  insecticidal 
proteins. 
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Abstract  text: 

Refuge  is  used  to  help  manage  insect  resistance  where  genetically  modified  maize  ( Zea  mays  F.) 
expressing  insecticidal  proteins  derived  from  Bacillus  thuringiensis  Berliner  (Bt)  are  cultivated. 


Currently,  refuge  is  deployed  in  different  ways  including  blocks,  field  strips,  or  seed  blends 
containing  Bt  and  non-Bt  maize.  Seed  blends  provide  practical  advantages  for  refuge 
implementation.  However,  concerns  related  to  the  movement  of  insect  larvae,  potential 
differential  survival  of  heterozygous  resistant  larvae,  reduction  in  insect  production,  and  cross¬ 
pollination  of  ears  resulting  in  sub-lethal  selection,  have  delayed  seed  blend  use  for  Lepidoptera. 
In  the  present  study,  we  evaluated  the  relative  survival  of  Diatraea  saccharalis  in  Bt  events  and 
in  seed  blends  compared  with  pure  stand  refuge  and  the  relative  survival  of  D.  saccharalis  on  the 
individual  components  of  the  pyramid  1507xMON810xMIR162.  The  results  can  be  used  in 
computer  simulation  modeling  efforts  to  evaluate  the  feasibility  of  seed  blends  as  a  refuge 
deployment  strategy  with  the  pyramid  1507xMON810xMIR162. 
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Abstract  text: 

Western  corn  rootworm  (WCR,  Diabrotica  virgifera  virgifera  LeConte)  is  highly  sensitive  to 
orally  delivered  double-stranded  RNA  (dsRNA).  RNAi  in  WCR  is  systemic  and  spreads 
throughout  the  insect  body.  This  raises  the  question  whether  transitive  RNAi  is  a  mechanism  that 
functions  in  WCR  to  amplify  the  RNAi  response  via  production  of  secondary  siRNA.  Secondary 
siRNA  production  is  achieved  through  RNA-dependent  RNA  polymerase  (RdRP)  activity  in 
other  eukaryotic  organisms,  but  RdRP  has  not  been  identified  in  WCR  and  other  insects.  The 
current  study  visualized  the  spread  of  the  RNAi-mediated  knockdown  of  Dv  v-ATPase  C  mRNA 
throughout  the  WCR  gut  and  other  tissues  using  high- sensitivity  branched  DNA  in  situ 
hybridization.  Furthermore,  we  did  not  detect  either  secondary  siRNA  production  or  transitive 
RNAi  in  WCR  through  siRNA  sequence  profile  analysis.  Nucleotide  mismatched  sequences 
introduced  into  either  the  sense  or  antisense  strand  of  v-ATPase  C  dsRNAs  were  maintained  in 
siRNAs  derived  from  WCR  fed  with  the  mismatched  dsRNAs  in  a  strand  specific  manner.  The 
distribution  of  all  siRNAs  was  restricted  to  within  the  original  target  sequence  regions,  which 


may  indicate  the  lack  of  new  dsRNA  synthesis  leading  to  production  of  secondary  siRNA.  Thus, 
the  systemic  spread  of  RNAi  in  WCR  may  be  derived  from  the  original  dsRNA  molecules  taken 
up  from  the  gut  lumen.  These  results  indicate  that  the  initial  dsRNA  dose  is  important  for  a 
lethal  systemic  RNAi  response  in  WCR  and  have  implications  in  developing  effective  dsRNA 
traits  to  control  WCR  and  in  resistance  management  to  prolong  the  durability  of  RNAi  trait 
technology. 
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Abstract  text: 

Genetically  modified  (GM)  hybrids  represent  a  pest  management  strategy  where  conventional 
control  is  impractical  to  a  pest,  such  as  the  stalk  borer,  Diatraea  saccharalis  (F.)  (Lepidoptera: 
Crambidae).  Research  was  carried  out  at  El  Camalote  and  Oso  Viejo,  in  Culiacan,  Mex.  to 
evaluate  resistance  of  the  GM  corn  hybrid  Agrisure®  Viptera™  3 1 1 1  to  the  stalk  borer  and 
compared  with  its  conventional  isolines  with  and  without  insecticide  treatment.  Low  pest 
incidence  was  found,  however;  stalk  injury  by  the  pest  was  lower  in  Agrisure®  Viptera™  3111 
than  in  its  conventional  isolines.  At  El  Camalote,  GM  plants  were  not  injured  by  the  pest; 
however,  conventional  hybrids  were  susceptible;  the  treatment  with  insecticide  had  an  average  of 
1.18  cm  on  gallery  length  and  0.35  cm  gallery  length  without  insecticide  (LSD,  P<  0.05;  F  — 
621).  Comparing  the  number  of  stalks  injured,  the  hybrid  with  chemical  treatment  had  3 1.02% 
and  1 1.25%  without  insecticide  treatment  (LSD,  P<  0.01;  F=  1 1.46).  At  Oso  Viejo,  the  GM 
hybrid  Agrisure®  Viptera™  3111,  had  galleries  of  1.55cm  in  length,  whereas  the  conventional 
hybrids  showed  galleries  of  10.23  and  6.95  cm  long  with  and  without  chemical  control 
respectively,  (LSD,  P<  0.05;  F=  7.18).  With  regard  the  number  of  stalks  injured,  Agrisure® 
Viptera™  3111  showed  27.1 1%  of  stalks  injured,  whereas  71.57%  and  57.10%  of  injured  stalks 
with  and  without  chemical  treatment  were  found  (LSD,  P<  0.001;  F=  29.33).  Agrisure® 


Viptera™  3111  hybrid  can  be  used  as  a  pest  management  tool  to  reduce  stalk  borer  injury  on 
corn. 
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Abstract  text: 

Transgenic  cotton  ( Gossypium  hirutum)  and  corn  ( Zea  mays)  with  Bt  events  for  control  of 
lepidopteran  pests  have  been  commercialized  for  approximately  20  years.  Transgenic  Bt  cotton 
and  corn  have  provided  good  control  of  bollworms/  corn  earworms  ( Helicoverpa  zea)  in  cotton 
and  corn  and  tobacco  budworms  ( Heliothis  virescens)  in  cotton.  A  meta- analysis  is  being 
conducted  to  evaluate  the  efficacy  of  currently  available  Bt  events  since  the  first  reports  in 
literature  to  present.  The  Bt  events  being  evaluated  are  Mon810,  Btl  1,  TCI 507,  Mon89034,  and 
MIR162  in  corn  and  Mon531,  Monl5985,  and  MXB-13  in  cotton.  Searches  for  articles  regarding 
efficacy  for  these  events  utilizing  the  terms  Bacillus  thuringiensis ,  Helicoverpa  zea ,  Heliothis 
virescens ,  Gossypium  hirsutum ,  and  Zea  mays  have  been  conducted  in  multiple  search  engines 
that  index  scientific  papers.  Currently  over  4000  unique  referred  articles  have  been  searched 
which  has  resulted  in  over  2000  comparisons  of  transgenic  corn  and  cotton  varieties  with  non -Bt 
varieties.  This  paper  will  present  data  on  changes  in  efficacy  of  these  Bt  events  in  papers 
published  between  1996  and  2015.  These  comparisons  will  include  the  efficacy  of  Bt  in  the 
presence  or  absence  of  insecticides  and  changes  in  efficacy  over  time  utilizing  data  from  insect 
counts,  plant  damage,  and  yield. 
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Abstract  text: 

Introduction  of  transgenic  traits  such  as  Bollgard  and  Bollgard  II  has  brought  about  revolutionary 
changes  in  cotton  ( Gossypium  hirsutum)  farming  with  regard  to  lepidopteran  pest 
control.  However,  no  such  option  is  currently  available  for  controlling  two  other  important  pests 
of  cotton;  thrips  (Thysanoptera:  Thripidae)  and  Lygus  (Hemiptera:  Miridae).  Thrips  typically 
cause  injury  to  cotton  early  in  the  season,  whereas  Lygus  infests  cotton  from  early  squaring 
stages  to  post  bloom.  Chemical  insecticides  are  currently  the  only  available  option  for  managing 
these  insects,  and  resistance  to  several  classes  of  insecticides  has  already  been  reported.  We 
have  identified  a  protein  derived  from  Bacillus  thuringiensis  that  exhibits  efficacy  against  these 
pests  and  through  protein  engineering  we  have  increased  its  activity.  Transgenic  cotton  plants 
expressing  this  improved  protein  have  demonstrated  excellent  protection  against  both  thrips  and 
Lygus  in  multi-year  field  studies.  This  represents  the  first  ever  transgenic  control  for  hemipteran 
and  thysanopteran  pests  of  cotton  and  its  commercial  adoption  should  help  to  further  reduce 
chemical  insecticide  use  in  the  cotton  agroecosystem. 
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Abstract  text: 

Introduction:  Transgenic  cotton  producing  Bacillus  thuringiensis  (Bt)  toxins  offers  many  benefits 
and  is  widely  used  to  control  key  lepidopteran  pests,  including  the  pink  bollworm  Pectinophora 
gossypiella  (Saunders)  (Lepidoptera:  Gelechiidae).  However,  the  evolution  of  resistance  to  Bt 
crops  by  such  pests  jeopardizes  the  continued  success  and  benefits  of  these  important 
management  tools.  Although  refuges  of  non-Bt  cotton,  pyramided  Bt  cotton  producing  both 
Cry  1  Ac  and  Cry2Ab,  and  sterile  moth  releases  have  effectively  controlled  pink  bollworm  and 
delayed  resistance  in  the  United  States,  some  populations  of  pink  bollworm  in  India  have 
evolved  resistance  to  transgenic  cotton  producing  both  toxins. 

Methods:  We  integrated  classical  genetics  with  modern  molecular  marker  technology  to  perform 
biphasic  genetic  linkage  analysis  in  a  laboratory  strain  of  pink  bollworm  highly  resistant  to 
Cry2Ab  and  moderately  resistant  to  Cry  1  Ac. 

Results/Conclusion:  Pink  bollworm  resistance  to  Cry2Ab  is  recessive,  autosomal,  and 
independent  of  CrylAc  resistance  and  the  cadherin  mutations  conferring  resistance  to  CrylAc. 
We  will  report  results  of  experiments  testing  the  hypothesis  that  resistance  to  Cry2Ab  is  linked  to 
a  gene  encoding  an  ATP-binding  cassette  (ABC)  transporter  protein. 
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Abstract  text: 


Intacta  RR2  Pro®  Soybean  was  introduced  in  South  America  in  2013  and  provides  excellent 
control  of  key  lepidopteran  pests  through  expression  of  Cry  1  Ac  from  Bacillus  thuringiensis  (Bt) 
and  glyphosate  herbicide  tolerance  (HT)  for  managing  weeds.  To  reduce  the  risk  of  resistance 
and  expand  the  spectrum  of  pests  controlled,  Monsanto  developed  second  generation  insect- 
protected  soybean  (IP2)  expressing  Cry2Ab  and  TIC  105  to  stack  with  Intacta  and  herbicide 
tolerance.  ‘Intacta  2’,  thus,  will  express  three  Bt  proteins.  The  insect  resistance  management 
(IRM)  value  of  the  Bt  proteins  is  greatest  if  each  is  expressed  at  an  ‘effective  dose’  (>  95% 
control)  against  target  pests  and  there  are  no  negative  interactive  effects  on  the  bioactivity  of  co¬ 
expressed  proteins.  Bt  protein  bioactivity,  both  individually  and  in  trait  stacks,  and  their  potential 
for  interactive  effects  was  evaluated  using  lyophilized  tissue  diet-incorporation  bioassays  against 
the  target  pests  Anticarsia  gemmatalis  (velvetbean  caterpillar)  and  Chrysodeixis  includens 
(soybean  looper).  Regression  analysis  of  response  data  suggest  Cry2Ab  is  expressed  at  a  ‘very 
effective  dose’  (>  99%  control)  and  CrylAc  and  TIC105  are  each  expressed  at  a  ‘high  dose’ 

(25  x  very  effective  dose)  against  A.  gemmatalis ,  the  three  proteins  providing  combined  control 
greatly  exceeding  high  dose.  All  three  proteins  are  expressed  a  very  effective  dose  against  C. 
includens ,  providing  combined  control  approaching  high  dose.  Tests  for  simple  similar  action 
suggest  an  additive  model  of  interaction  (i.e.,  no  synergistic  or  antagonistic  interactions)  best 
explains  the  bioactivity  of  stacked  Bt  proteins,  and  a  simple  empirical  method  suggests  no 
interactive  effects  due  to  herbicide  tolerance. 
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Abstract  text: 

Introduction:Neonicotinoid  insecticides  differ  in  their  acute  toxicity  to  honeybees  suggesting  the 
presence  of  selectivity  mechanisms  based  on  differences  in  their  detoxification  capacity.  In  this 
study  we  investigated  the  acute  toxicity  and  the  capacity  of  a  Buff-tailed  bumblebee  Bombus 
terrestristo  breakdown  of  two  chemically  closely  related  neonicotinoids  imidacloprid  and 
thiacloprid. 

Methods:We  conducted  acute  oral  and  topical  bioassays  on  adult  workers.  We  identified 
candidate  genes,  their  major  sites  of  expression  and  functionally  expressed  them  in  vitro  in  insect 
cell  lines.  Additionally  we  inserted  and  over-expressed  bumblebee  candidate  genes  in 
Drosophila  melanogaster .  We  further  validated  our  results  by  doing  RNAi  mediated  knockdown 
of  candidate  genes  in  adult  worker  bees. 

Results/  Conclusions:We  have  established  an  acute  LD50  for  both  compounds  and  we  have 
identified  two  P450  enzymes  belonging  to  the  CYP9Q  subfamily  responsible  for  metabolism  of 
thiacloprid,  which  results  in  decreased  susceptibility  of  bumblebee  workers  to  this  neonicotinoid. 
We  were  able  to  demonstrate  in  vitro  (insect  cells)  and  in  vivo  {D.  melanogaster)  their  direct 
involvement  in  thiacloprid  breakdown.  We  explored  the  evolution  of  the  gene  family  of  the  two 
identified  enzymes  and  its  link  with  the  birth  of  eusociality.  This  study  is  part  of  a  larger  project 
investigating  the  differential  toxicity  of  various  insecticides  belonging  to  the  same  mode  of 
action  group  in  important  pollinator  species. 
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Abstract  text: 

Introduction:  A  two-year,  multi-state  study  was  initiated  in  July  2014  with  the  goal  of  assessing 
pesticide  residues  in  samples  of  nectar  and  pollen  collected  by  honey  bee  foragers  in  urban  and 
suburban  environments. 

Methods :Pollen  and  nectar  samples  were  collected  monthly  from  15  hives  per  state  in  Florida 
(FL),  Michigan  (MI),  California  (CA),  and  Texas  (TX),  U.S.  The  percentage  of  urban  or 
developed  landscape  in  the  primary  foraging  range  (1.6-km  radius)  of  the  study  hives  ranged 
from  56.6-99.6  %  in  FT,  58.5-100  %  in  MI,  51.6-99.1  %  in  CA,  and  13.1-99.2%  in  TX.  The 
nectar  and  pollen  samples  were  submitted  to  the  USDA  NSF  for  multi-residue  analysis. 
Imidacloprid  parent,  imidacloprid  olefin  and  imidacloprid  5-hydroxy  at  the  level  of  detection  of 
1  ppb  were  included  among  the  174  compounds  screened  in  the  analysis. 

Results/ConclusiomDuring  the  initial  15  months  of  the  project,  458  nectar  and  523  pollen 
samples  have  been  analyzed  across  all  states,  except  TX.  The  percentage  of  nectar  samples  with 
detectable  imidacloprid  residues  in  FT,  MI  and  CA  was  0%  (n=160),  0%  (n=132)  and  14.5% 
(n=166),  respectively.  Fikewise,  the  percentage  of  pollen  samples  with  imidacloprid  residues  in 
FF,  MI  and  CA  was  6.3%  (n=174),  4.5%  (n=133)  and  26.4%  (n=216),  respectively.  The 
90thpercentile  for  residue  levels  in  nectar  was  <FOD,  while  in  pollen  was  2.5  ppb.  Thus  far,  the 
pollinator  risk  assessment  following  the  guidance  document  developed  by  the  North  American 
regulatory  agencies  indicates  the  risk  of  imidacloprid  exposure  to  honey  bee  colonies  in  urban 
and  suburban  environments  is  low. 
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Abstract  text: 

Introduction Tmidacloprid  is  used  in  the  greenhouse  and  nursery  industry  to  target  destructive 
insects  during  the  establishment  and  growing  production  of  plants. 

Methods:In  spring  2015,  a  study  was  initiated  to  determine  the  levels,  if  any,  of  total 
imidacloprid  residues  in  the  pollen  and  nectar  of  annual  or  perennial  flowering  bedding  plants  of 
selected  retail  garden  stores.  The  study  sites  were  select  stores  in  metropolitan  areas  in  Florida, 
California,  Kansas/Missouri,  and  North  Carolina.  The  study  was  conducted  in  two  phases:  1) 
sampling  plant  matrices  at  purchase  time  at  5  stores  each  in  Florida  and  California,  and  2) 
sampling  of  plant  matrices  at  purchase  time  at  5  stores  each  in  Kansas/Missouri  and  North 
Carolina  as  well  as  sampling  after  purchased  plants  were  grown  in  the  ground  for  approximately 
4  weeks  to  allow  for  re-bloom. 

Results/Conclusions  Preliminary  results  indicate  that  the  majority  of  the  plant  species  sampled 
after  purchase  were  below  the  level  of  concern  for  risk  to  honey  bee  colonies  for  either  pollen  or 
nectar  (98  and  93%  of  samples,  respectively).  Results  also  indicated  that  residues  in  plant 
matrices  significantly  decreased  and  were  all  below  the  level  of  concern  4  weeks  after  planting. 
Based  on  the  results  of  this  study,  the  plants  sold  in  the  selected  retail  garden  centers  represent  a 
minimal  risk  to  honey  bees  when  grown  in  residential  landscapes. 
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In  response  to  ongoing  registration  review  activities  in  the  US  and  Canada,  studies  were 
conducted  on  free-ranging  honey  bee  ( Apis  mellifera)  colonies  fed  sucrose  solutions  treated  with 
either  imidacloprid,  thiamethoxam,  or  clothianidin.  Each  study  consisted  of  five  test 
concentrations  in  which  treated  sucrose  solution  was  provided  twice  a  week  for  six  weeks  during 
the  summer.  Each  study  was  replicated  across  12  separate  apiaries  in  an  area  with  low 
agricultural  activity  (central  NC,  U.S.).  Colonies  were  assessed  before,  during,  and  after  the 
treatment  period  and  again  the  following  spring.  Across  all  the  tested  compounds,  pollen  stores 
and  capped  brood  were  the  first  and  most  affected  endpoints  with  reductions  beginning  after 
three  weeks  of  treatment.  In  subsequent  assessments,  reductions  in  adult  bee  strength,  eggs,  and 
open  brood  occurred  and  were  likely  downstream  of  initiating  effects.  These  effects  were 
characterized  by  concentration-response  curves  with  a  tendency  towards  recovery  after  the 
treatment  period  ended.  Assessments  at  later  time  points  did  not  result  in  effects  at  lower  test 
levels  indicating  that  the  most  significant  effects  occur  during  or  proximal  to  the  exposure 
period.  Likewise,  impacts  on  overwintering  were  not  observed  to  be  more  sensitive.  The  results 
of  these  studies,  carried  out  with  a  harmonized  testing  protocol,  generated  hazard  values  integral 
to  higher  tier  honey  bee  risk  assessment.  In  addition,  these  studies  allow  for  direct  comparisons 
across  the  nitroguanidine  neonicotinoid  insecticides  revealing  consistent  patterns  of  chronic 
effects  which  may  be  driven  by  reductions  in  pollen  stores. 
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Abstract  text: 


The  common  neurotoxic  neonicotinoid  pesticide  thiamethoxam  elicits  a  variety  of  sublethal 
effects  on  honey  bees  (Apis  mellifera  L.),  including  decreased  homing  success  (Henry  et  al., 
2012).  However,  it  is  unclear  if  neonicotinoids  can  reduce  the  ability  of  honey  bees  to  fly.  We 
used  flight  mills  to  test  the  effects  of  acute  or  chronic  exposures  to  thiamethoxam  upon  the  flight 
abilities  of  forager  bees.  Shortly  after  the  administration  of  the  neonicotinoid  (1.34  ng/bee,  as  in 
Henry  et  al.,  2012),  foragers  showed  excitation  and  significantly  increased  the  duration  and 
distance  of  their  flights.  However,  chronic  exposures  to  lower  (32.5  ppb)  or  higher  (45  ppb) 
thiamethoxam  concentrations,  which  resulted  in  field-relevant  daily  intakes,  significantly 
decreased  flight  ability  by  reducing  flight  duration,  distance,  average  velocity  and  maximum 
velocity.  These  results  demonstrate  that  a  neonicotinoid  can  significantly  alter  the  physical 
ability  of  bees  to  fly  after  acute  and  chronic  exposures.  These  sublethal  exposures  may  therefore 
alter  foraging  and  homing  behavior,  which  are  vital  to  normal  colony  function  and  fitness. 
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Abstract  text: 

A  total  of  104  and  1 1 1  samples  of  honey  bees  were  found  actively  foraging  on  vegetation  in 
bloom.They  were  collected  in  and  around  18  corn  fields  located  in  Southwestern  Ontario  from 
April  22  to  June  3  and  April  28  to  June  3  before,  during  and  after  the  2014  and  2015  corn 
planting  season,  respectively.  In  addition,  25  and  27  dead  bee  samples  were  also  collected  in 
Drop-Zone  Dead  Bee  traps  installed  in  front  of  four  hives  at  each  of  9  bee  yards  during  24  h 
intervals  from  May  6  to  June  2,  2014  and  April  28  to  June  3,  2015.  Frozen  bee  samples  were 
analysed  in  groups  of  10  individuals.  Samples  were  extracted  in  two  steps  (1)  whole  bees  washed 
in  water  to  determine  levels  found  on  surface  and  (2)  homogenized  rinsed  bees  to  determine 
internal  concentrations.  Levels  of  7  neonicotinoids  and  two  clothianidin  metabolites  N-(2- 


Chlorothiazol-5-ylmethol)-N’-nitroguanidine  (TZNG)  and  N-(2-Chlorothiazol-5-ylmethyl)-N’- 
methylurea  (TZMU)  were  determined  using  a  HPLC-ESI  (+)  -MS/MS  system.  The  toxicological 
significance  of  neonicotinoids  to  bees  and  the  feasibility  of  using  TZNG  and  TZMU  as  marker  of 
exposure  to  clothianidin  residues  in  the  field  will  be  discussed  in  this  poster. 
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Abstract  text: 

Fludipyrofurone  (Sivanto)  is  a  relatively  new  systemic  pesticide  that  is  not  a  neonicotinoid,  but 
also  acts  upon  insect  nicotinic  acetylcholine  receptors.  We  investigated  the  effects  of  field- 
realistic  doses  and  concentrations  of  fludipyrofurone  upon  honey  bee  (Apis  mellifera )  forager 
sucrose  response  thresholds  (an  important  factor  in  foraging  division  of  labor),  survival  after  cold 
stress,  and  orientation.  Our  research  is  ongoing,  and  we  will  present  our  preliminary  results. 
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Introduction:Hormesis,  a  biphasic  dose  response  whereby  exposure  to  low  doses  of  a  stressor  can 
stimulate  biological  processes,  has  been  reported  in  many  organisms. Amongst  these  organisms 
include  pest  insects  that  are  exposed  to  low  doses  of  a  pesticide.  However,  there  is  less 
awareness  of  the  hormesis  phenomenon  among  bee  researchers,  in  spite  of  the  increased 
emphasis  of  late  on  pollinator  toxicology  and  risk  assessment. 

Methods:  I  will  show  that  there  are  several  examples  in  the  literature  of  substances  that  are  toxic 
to  bees  at  high  doses  but  stimulatory  at  low  doses. 

Results/Conclusion:  Appreciation  of  the  hormetic  dose  response  by  bee  researchers  will  improve 
our  fundamental  understanding  of  how  bees  respond  to  low  doses  of  chemical  stressors,  and  may 
be  useful  in  pollinator  risk  assessment. 
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Abstract  text: 

Honey  bees  {Apis  mellifera)  provide  valuable  pollination  services  and  their  declining  populations 
continue  to  threaten  worldwide  agriculture.  Both  pesticides  and  viral  pathogens  are  among  the 


suspected  causal  agents  of  this  decline;  however,  neither  has  been  linked  definitively  with  colony 
failure.  Researchers  are  beginning  to  suspect  that  chemical  and  viral  stressors  may  be 
interacting.  By  using  an  in  vitro  rearing  technique,  this  research  demonstrates  a  synergistic 
increase  in  the  mortality  of  honeybee  larvae  when  exposed  to  a  widely  used  but  under  studied 
organosilicone  spray -tank  adjuvant  (OS)  and  a  virus  inoculum  containing  Israeli  Acute  Paralysis 
Virus  (IAPV).  Using  techniques  such  as  real-time  PCR  and  next-generation  sequencing,  the 
molecular  basis  of  the  observed  synergism  between  the  pesticide  adjuvant  and  viral  infection  will 
be  investigated. 
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Honey  bee  risk  assessment  requires  exploration  of  exposure  routes  that  take  into  account  real 
world  situations,  in  addition  to  other  factors.  In  assessing  the  risk  to  honey  bees  resulting  from 
exposure  to  highly  toxic  compounds,  mortality  is  measureable  in  finite  amounts.  Compounds 
that  are  less  toxic  may  not  be  adequately  assessed  when  mortality  is  not  feasible.  In  this  study, 
we  find  that  measuring  sub-lethal  toxicity  can  be  accomplished  by  conducting  behavioral 
analysis  on  the  most  practical  levels.  Nucleus  colonies  of  honey  bees  were  trained  to  feeders 
during  specific  time  frames  and  their  ability  to  locate,  consume,  and  recruit  colony  mates  to  a 
food  source  were  monitored  in  enclosed  choice  test  arenas.  This  technique  allowed  for  field 
application  rate  doses  of  insecticides  to  be  introduced  as  the  bee’s  only  external  food  source  over 
a  series  of  consecutive  days.  Measures  of  feeder  attendance  and  bee  behavior  at  the  feeder 
provided  behavioral  response  data  to  compounds  that  are  known  or  suspected  to  have  sub-lethal 
toxic  effects  on  bees.  Using  nucleus  colonies  that  were  provisioned  with  honey  and  pollen 
allowed  for  foragers,  and  hence  whole  colonies,  to  choose  to  not  feed  on  food  sources  that  may 
have  been  perceived  as  toxic  or  unacceptable.  Previous  experiments  have  not  used  colonies  with 
resources  sufficient  enough  to  survive  without  feeding  on  the  treated  (contaminated)  food.  The 


experimental  procedures  described  herein  enable  a  more  complete  picture  of  the  risk  to  honey 
bees  associated  with  various  compounds. 
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Many  honey  bee  colony  losses  in  the  US  can  be  linked  to  the  ectoparasite  Varroa  destructor. 
Currently  registered  varroacides  are  insufficient  to  manage  Varroa  reliably,  either  because  of 
low  innate  efficacy,  or  because  of  reported  widespread  increase  in  Varroa  resistance  to 
varroacides.  Therefore,  it  is  vital  to  understand  the  geographic  prevalence  of  varroacide-resistant 
populations.  Adult  honey  bee  workers  were  collected  across  six  states  (California,  Utah,  Illinois, 
Virgina,  North  Carolina,  and  Florida)  from  open  brood  frames.  Approximately  300  bees  were 
placed  into  a  bioassay  chamber,  with  one  bioassay  chamber  per  colony,  and  bees  were  exposed 
to  either  coumaphos  (Checkmite+),  to-fluvalinate  (Apistan),  amitraz  (Apivar),  and  flumethrin 
(Bayvarol).  Varroacide  efficacy  was  determined  by  dividing  the  number  of  susceptible  mites 
( Varroa  dropped  during  the  exposure  period)  by  the  total  number  of  mites  present  in  the  chamber 
as  determined  by  alcohol  washes.  While  amitraz  demonstrated  similar  efficacy  rates  across  the 
US  (92.4%  mean,  86.5%  -  98.8%  range),  coumaphos  (28.4%  mean,  0.4%  -  52.2%  range),  tau- 
fluvalinate  (64.6%  mean,  37.8%  -  82.8%  range),  and  flumethrin  (43.6%  mean,  18.8%  -  70.2% 
range)  showed  variable  efficacy  rates.  These  variable  rates  and  the  precedence  for  widespread 
resistance  underpin  the  need  for  effective  management  strategies  to  achieve  adequate  Varroa 
control.  In  a  separate  study,  we  measured  the  rate  of  Varroa  infestation  in  full-sized  colonies 
following  varroacide  applications  and  found  that  Varroa  populations  reach  threshold  treatment 
levels  (>3  mites/100  bees)  in  as  little  as  one  month  post-treatment.  The  need  for  effective 
monitoring  and  resistance  management  is  essential  for  minimizing  Varroa- induced  colony 
losses. 
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Abstract  text: 


Introduction:  The  putative  transfer  and  gene  regulatory  activities  of  diet-derived  miRNAs  in 
ingesting  animals  are  still  debated.  The  possibility  of  cross-kingdom  regulation  of  gene 
expression  via  this  mechanism  is  of  particular  interest  in  the  mutualistic  relationships  of  plants 
and  pollinators.  In  addition,  RNAi-based  technologies  which  take  advantage  of  cross-kingdom 
small  RNA  transfer,  including  genetically  engineered  (GE)  plants  and  topical  sprays,  will  be 
among  the  cutting  edge  developments  with  the  potential  to  transform  agriculture.  When  used  as 
pesticides,  these  technologies  require  rigorous  research  to  assess  their  safety,  especially  with 
regards  to  effects  on  off-target  organisms,  such  as  honey  bees,  critical  pollinators  in  both 
agricultural  and  natural  ecosystems. 

Methods:  We  explored  the  possibility  of  diet-derived  uptake  of  pollen  miRNA  using  Taqman 
qPCR  after  controlled  pollen  feeding  experiments  in  adult  honey  bees. 

Results/Conclusion:  We  observed  that  while  midguts  demonstrated  robust  increases  in  plant 
miRNAs  after  pollen  ingestion,  there  was  no  evidence  of  biologically  relevant  delivery  of  these 
molecules  to  tissues  of  recipient  honey  bees.  Our  results  support  the  premise  that  pollen  miRNAs 
ingested  as  part  of  a  typical  diet  are  not  robustly  taken  up  in  adult  honey  bees,  suggesting  that 
this  is  not  a  significant  means  of  pollinator-plant  communication.  These  data  also  support  the 
safety  of  small  RNA-based  technologies,  such  as  GE  plants,  for  off-target  organisms  under 
normal  conditions.  However,  important  concerns  still  remain.  Future  questions  include  whether 
other  small  RNA  species  behave  similarly,  whether  more  efficient  transport  is  possible  in  certain 
contexts,  and  whether  these  results  are  applicable  to  other  related  pollinators. 
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Insecticide  treatments  for  invasive  pests  are  radically  altering  the  citrus  IPM  program  in 
California.  A  number  of  pests  have  entered  California  in  the  past  15  years,  including  glassy¬ 
winged  sharpshooter  ( Homolodisca  vitripennis ),  citrus  leafminer  ( Phyllocnistis  citrella), 
Diaprepes  root  weevil  ( Diaprepes  abbreviatus)  and  others.  The  Asian  citrus  psyllid  ( Diaphorina 
citri )  is  the  top  concern  as  it  can  vector  a  bacterium  that  causes  huanglongbing  or  citrus  greening 
that  kills  citrus  trees  and  there  is  currently  no  cure.  California  citrus  growers  are  transitioning 
from  eradication  efforts  using  several  pesticides  per  year  to  areawide  treatments  applied 
throughout  the  season.  Many  of  these  treatments  are  applied  during  periods  of  time  such  as 
winter  harvest  and  bloom  when  insecticides  are  not  typically  applied.  In  addition,  the  most 
effective  insecticides  are  broad  spectrum  and  persistent,  reducing  natural  enemies  needed  for 
other  pests  and  making  organic  citrus  production  extremely  difficult.  The  long-term 
consequences  for  California  citrus  IPM  are  discussed. 
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Introduction:  The  Asian  citrus  psyllid,  Diaphorina  citri ,  is  the  most  detrimental  insect  pest  of 
citrus  crops  due  to  its  role  as  a  vector  of  Candidatus  Fiberibacter  asiaticus  (Fas),  the  pathogen 
responsible  for  huanglongbing  (HFB).  Current  management  practices  rely  on  regular  insecticide 
treatments  and  replanting  severely  infected  trees.  A  new  technique,  “thermal  therapy,”  utilizes 
pressurized  steam  to  reduce  Fas  titers  in  infected  trees  and  extend  the  life  of  the  tree.  We 
investigated  the  effects  of  thermal  therapy  on  Fas  titer  in  infected  trees  and  on  psyllid 
acquisition. 

Methods:  Thermal  therapy  was  applied  to  Fas-positive  sweet  orange  ( Citrus  sinensis)  in  two 
Florida  citrus  groves.  Trees  were  enclosed  in  a  canvas  tent  and  heated  to  approximately  55°F  for 
30  seconds.  Different  applicators  applied  the  thermal  therapy  at  each  field  site.  Additionally,  a 


laboratory  trial  was  conducted  on  potted  C.  sinensis  utilizing  whole-tree  thermal  therapy.  Psyllid 
acquisition  was  compared  between  treated  and  untreated  trees  at  two-month  intervals  by 
enclosing  branches  infested  with  D.  citri  nymphs.  Following  adult  emergence,  D.  citri  and  leaf 
tissue  were  collected.  Las  titers  in  D.  citri  and  leaves  were  quantified  using  quantitative  PCR 
(qPCR). 

Results  and  Conclusions:  Plant  Las  titer  and  psyllid  acquisition  did  not  differ  between  treated 
and  untreated  trees  at  field  sites.  Previous  investigations  demonstrated  reductions  of  Las  titer  in 
response  to  thermal  therapy.  The  current  results  suggest  that  further  development  of  field 
application  methods  is  needed  to  determine  the  utility  of  thermal  therapy  as  a  tool  for  HLB 
management. 
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False  codling  moth,  Thaumatotibia  leucotreta  Meyrick  (Lepidoptera:  Tortricidae),  is  an  internal 
pest  of  citrus  in  South  Africa,  and  its  postharvest  detection  will  be  of  great  value  to  the  industry, 
particularly  for  export  fruit.  Micro-focus  X-ray  tomography  detected  100%  of  T.  leucotreta 
infestations,  just  1  day  after  infestation,  but  this  took  35  min  per  fruit.  Subsequently,  emphasis 
has  been  placed  on  the  speed  of  the  scans  and  this  was  reduced  to  1  min  and  26  s.  Satsuma 
mandarin  fruit  infested  between  8  and  16  days  previously  were  scanned,  and  100%  of  T. 
leucotreta  penetrations  could  be  detected.  In  a  study  on  Delta  Valencia,  all  infestations  5  days 
and  older  could  be  detected.  Damage  from  all  second  instar  and  larger  larvae  was  detected. 
Larvae  which  had  entered  the  flesh  could  be  detected,  while  damage  in  the  rind  and  albedo  (blind 
penetrations)  could  not  be  detected.  At  3  days  after  infestation  90%  of  infestations  could  be 
detected.  Additionally,  volatile  emission  techniques  have  been  evaluated  using  GC-MS.  Results 


showed  that  limonene,  3,7-dimethyl- 1, 3, 6-octatriene,  (E)-4, 8-dimethyl- 1, 3, 7-nonatriene, 
caryophyllene  and  naphthalene  levels  were  affected  by  T.  leucotreta  infestation.  An  electronic 
nose  was  evaluated  for  T.  leucotreta  detection.  The  unit  is  able  to  detect  T.  leucotreta  infestation, 
and  variability  of  results  is  being  reduced  by  eliminating  volatile  contamination  in  the  laboratory. 
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Almond  and  pistachio  mummies  (=  non-harvested  nuts  remaining  in  trees)  have  been  the  focus 
of  dormant  season  cultural  management  strategies  for  limiting  navel  orangeworm,  Amyelois 
transitella  Walker,  populations  in  commercial  orchards  for  decades.  Mummy  sanitation 
thresholds  used  today  were  developed  by  researchers  in  the  1970s  and  1980s  and  were  based  on 
mummies  per  tree  rather  than  navel  orangeworm  population  estimates  within  the  mummies. 

We  propose  here  an  updated  methodology  that  includes  infestation  of  the  mummies  by  navel 
orangeworm  to  improve  integrated  pest  management  of  this  primary  multimillion  USD  pest  of 
nuts  in  California,  USA.  Ten  years  of  navel  orangeworm  infested  mummy  data  for  different 
cultivars  and  growing  regions  were  utilized  in  the  development  of  these  cultural  management 
strategy  revisions. 
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Turkey  produces  75%  of  the  world’s  hazelnuts.  Hazelnuts  are  normally  grown  conventionally.  In 
recent  decades,  they  have  also  been  grown  organically,  with  cultural  and  mechanical  methods 
used  to  manage  pests.  This  study  was  conducted  in  organic  hazelnut  plantations  in  Samsun 
Province  between  2013  and  2015  to  determine  the  efficacy  of  some  pest  control  methods  used  in 
organic  hazelnut  growing,  of  which  several  were  developed  by  organic  farmers.  The  experiment 
had  a  randomized  complete  block  design  with  3  replications  and  8  characters  (6 
applications/procedures,  a  standard  pesticide  Spinosad  and  a  control).  The 
applications/procedures  were:  remove  ‘big  buds’  which  are  formed  by  big  bud  mites,  hang 
sulphur-filled  bottles  on  branches,  burn  weeds  with  sulphur  in  a  car  tyre,  and  apply  i)  a  wood 
ash-lime  mixture,  ii)  boiled  walnut  and  nettle  leaves  extract,  iii)  Spinosad,  and  iv)  all  the 
applications  together.  Data  obtained  from  the  experiment  were  analysed  using  the  Kruskal- 
Wallis,  Mann- Whitney  U  test,  Henderson-Tilton  formula,  analysis  of  variance  and  Duncan’s 
multiple  range  test.  The  efficacy  of  the  big  bud  procedure  was  more  than  60%;  there  were  no 
differences  between  the  locations  but  there  were  differences  between  the  years  (P<0.01).  For  the 
other  applications/procedures,  there  were  significant  differences  between  the  control  and  the 
applications/procedures  and  between  the  years  (P<0.01).  While  there  was  a  high  number  (99.59 
±  6.47)  of  damaged  hazelnuts  per  1,000  g  in  2014,  the  number  was  lower  (19.51  ±  1.47)  in  2015. 
It  was  concluded  that  hazelnut  pests  can  be  successfully  controlled  with  some  cultural  and 
mechanical  applications. 
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Conopomorpha  cramerella,  the  cocoa  pod  borer  (CPB),  has  been  known  to  damage  cocoa  pods 
for  more  than  100  years,  but  information  on  the  ecology  of  this  species  is  scant  in  the  scientific 
literature.  That  which  does  exist  is  scattered  in  obscure  local  journals,  not  readily  accessible,  and 
often  unverified.  An  understanding  of  the  basic  ecology  and  behavior  of  the  moth  is  key  for 
successful  control  of  this  pest.  Several  fundamental  questions  still  need  to  be  answered  in  order 
to  improve  existing  and  conventional  control  methods,  and  to  develop  new  management 
strategies.  To  address  these  questions,  ecological  and  behavioral  observations  of  adult  CPB  were 
conducted  in  South  Sulawesi,  Indonesia,  and  at  USDA-ARS  laboratories  in  Florida,  USA.  In 
addition,  chemical  analyses  were  conducted  to  identify  volatile  emissions  from  known  hosts  of 
CPB. 
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The  Date  Palm  tree,  Phoenix  dactylifera  L.  (Arecales:  Arecaceae),  is  the  most  important  type  of 
component  fruit  tree  in  the  agro-ecosystem  of  the  Kingdom  of  Bahrain.  The  invasion  of  the  red 
palm  weevil,  Rhynchophorus  ferrugineus  Olivier  (Coleoptera,  Dryophthoridae),  poses  a  high  risk 
to  the  Kingdom’s  date  palm  cultivation  and  production.  The  risk  is  high  in  part  due  to  the 
behavior  of  the  pests  being  hidden  inside  the  palm  during  the  larval  development,  making  it 
difficult  to  detect.  Currently,  scouting  mainly  relies  on  a  visual  detection  method  to  assess  the 
incidence  of  red  palm  weevil  infestation  in  the  field.  Unfortunately,  visually  detecting  the 
infested  tree  is  tedious  and  time-consuming.  This  study  used  two  approaches,  a  direct  visual  field 
inspection  of  trees  for  red  palm  weevil  symptoms,  and  indirect  methods  using  remote  sensing 
analysis  for  detecting  date  palm  infestation.  The  results  can  be  used  to  validate  the  field  work 
and  improve  the  integrated  pest  management  program. 
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Pollination  is  necessary  for  successful  fruit-set  in  tree  crops  such  as  apple  and  cherry. 
Commercial  cherry  orchards  in  Pennsylvania  are  highly  dependent  on  managed  honey  bees  for 
pollination,  but  most  commercial  apple  orchards  rely  on  wild  pollinators  to  provide  the  necessary 
level  of  fruit  set  for  a  commercial  crop.  In  5  apple  orchards  over  3  years  and  in  4  cherry  orchards 
over  2  years,  we  investigated  wild  bee  abundance  and  diversity  in  the  heterogenous  landscapes 
typical  of  this  fruit  growing  region.  We  used  multiple  sampling  methods  to  measure  bee 
abundance  and  diversity,  and  measured  fruit  set  after  bloom  and  again  at  harvest  on  marked 
limbs  on  marked  trees  at  various  distances  from  the  orchard  edges  to  determine  if  the 
contributions  of  wild  pollinators  and  if  there  were  distances  at  which  pollination  was  limited. 

The  commercial  yield  of  cherries  was  estimated  from  this  data,  whereas  crop  load,  fruit  size  and 
weight  were  the  most  important  measures  of  apple  fruit  at  harvest.  For  apple  and  cherry,  the 
highest  wild  bee  abundance  and  diversity  was  found  closest  to  the  the  orchard  edges  and  quickly 
decreased  beyond  100  m.  Apple  fruit  quality  as  measured  by  weight  and  seed  count  did  not  vary 
even  at  200  m.  In  the  cherry  orchards,  wild  bee  abundance  and  diversity  also  declined  beyond 
100  m  from  the  orchard  edges,  but  the  addition  of  managed  colonies  of  the  Japanese  orchard  bee, 
Osmia  cornifrons ,  increased  cherry  yield  within  100  m  of  the  nest  dispensers. 
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Among  the  Economic  Community  of  West  African  States,  Senegal  ranks  fourth  in  mango 
(Mangifera  indica)  production  and  second  largest  mango  exporter  to  the  European  Union  (ITC 
2014).  The  mango  supply  chain  provides  40,000  jobs.  However,  an  economic  and  quarantine 
fruit  fly,  Bactrocera  dorsalis(DiptGYa:  Tephritidae),  invaded  Senegal  around  2004.  Bactrocera 
dorsalis ,  is  causing  loss  of  mango  production  up  to  60%.  The  objective  of  this  work  is  to 
evaluate  effect  of  neem  oil  and  Surround  WP  on  behavior  and  reproduction  in  the  lab  and  field. 
In  the  lab,  treated  mangoes  were  placed  in  cage  with  10  gravid  females;  behaviors  of  females 
were  recorded  with  a  digital  camera  for  5min.  48  hours  later,  mangoes  were  incubated 
individually  in  a  container  filled  with  sand  for  pupation  of  larvae.  Two  weeks  later,  numbers  of 
pupae  were  recorded.  In  the  field,  two  applications  of  neem  oil  and  Surround  were  made  with 
two  weeks  between  applications.  Three  weeks  after  the  last  application,  mangoes  were  harvested 
and  brought  in  the  lab  to  determine  percentage  of  infested  mango  and  number  of  pupae.  Results: 
in  the  lab,  results  showed  females  were  attracted  by  the  control  and  neem  oil,  while  mango 
treated  with  Surround  was  less  attractive.  However,  the  numbers  of  pupae  were  significantly 
different  in  treated  mangoes  than  in  the  control.  In  the  field,  percent  infestation  and  mean  pupae 
were  significantly  higher  in  the  neem  oil  than  in  the  control  and  Surround  treatments.  Lab  results 
did  not  match  with  results  from  the  field;  possible  reasons  will  be  discussed. 
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Introduction:  The  Cape  grapevine  leafminer,  Holocacista  capensis  Nieukerken  and  Geertsema 
(Lepidoptera:  Heliozelidae),  occurring  on  Vitis  vinifera  L.,  has  recently  become  of  economic 
importance  in  the  Western  Cape,  South  Africa.  The  leafminer  is  of  quarantine  importance  as 
cocoons  are  often  attached  to  grape  bunches  intended  for  export  when  grapevine  infestation  is 
severe. 

Methods:  In  an  effort  to  conduct  baseline  studies,  data  associated  with  the  seasonal  and 
geographical  distribution  of  the  moth  have  been  gathered  since  January,  2014.  In  addition, 
appropriate  action  thresholds  and  potential  post-harvest  cold  treatments  have  been  considered 
and  executed. 

Results/Conclusion:  Fortnightly  monitoring  efforts  have  indicated  that  the  moth  exhibits 
multivoltine  behaviours  which  are  likely  to  affect  potential  management  strategies.  Pheromone 
baited  traps,  placed  throughout  the  Western  Cape,  have  indicated  the  presence  of  the  moth  in  two 
of  the  largest  table  grape  producing  regions.  The  overall  distribution  of  the  moth  has  proven  to 
be  far  more  extensive  than  previously  thought  and  may  be  present  throughout  southern  Africa 
based  on  local  herbarium  samples  that  yield  symptoms  of  leafminer  damage.  Strong  evidence 
suggests  that  the  implementation  of  appropriate  management  strategies  (once  certain  action 
thresholds  have  been  met)  and  post-harvest  cold  treatments  may  be  suitable  for  the  control  of  H. 
capensis. 
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India  is  the  largest  producer  and  consumer  of  tea  worldwide.  Dooars  region  of  eastern  India 
significantly  contributes  to  the  total  national  tea  production.  A  recent  resurgence  of  tea  looper 
complex,  presumably  due  to  indiscriminate  use  of  insecticides,  multiple  overlapping  generations 
of  loopers,  and  destruction  of  natural  enemies,  has  jeopardized  the  tea  industry  in  Dooars  region. 
Although  several  other  looper  species  are  often  found  in  that  region,  our  preliminary  data 
suggests  that  Hyposidra  talaca  Walker  (Lepidoptera:  Geometridae)  is  the  most  important  species 
economically.  Hence,  a  decision  support  system  (DSS)  mediated  integrated  pest  management 
(IPM)  approach  was  initiated  against  this  geometrid  to  safeguard  Dooars  tea  industry.  A  robust 
analytical  framework  has  been  proposed  for  pest  monitoring  using  various  environmental 
parameters  and  ecological  aspects  supporting  the  DSS.  Human-pest-environment  interactions 
were  investigated  with  spatio-temporal  resolution  using  remote  sensing  and  geographic 
information  system  in  order  to  develop  optimal  IPM  strategy.  The  learning  approaches  and 
linked  differential  equations  were  used  for  developing  models  on  weather  parameters,  predator, 
and  looper  pest  population.  Looper  prevalence  was  positively  correlated  with  maximum 
temperature  and  minimum  temperature  but  negatively  correlated  with  rainfall.  The  spatio- 
temporal  models  also  suggested  that  inundative  predator  release  would  drive  looper  population 
below  economic  threshold  and  could  be  an  IPM  component.  Our  ongoing  study  is  focused  on 
developing  IPM  tactics  coupled  with  DSS  that  would  be  helpful  for  managing  looper  pest. 
Immediate  removal  of  plant  debris  and  barks  has  been  suggested  as  an  IPM  component  that 
prohibits  egg  laying  activities  of  looper. 
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Introduction:  The  genus  Culicoides  includes  the  primary  vectors  of  livestock  pathogens 
including  bluetongue  virus  (BTV),  African  horse  sickness  virus  (AHSV)  and  Schmallenberg 
virus  (SBV).  While  complete  annotated  genomes  are  available  for  mosquito  species,  these  have 
an  estimated  time  of  divergence  from  Culicoides  of  approximately  200  million  years.  With  the 
aim  of  understanding  the  genetics  of  BTV  transmission,  we  have  generated  the  first  genome  for 
C.  sonorensis ,  the  BTV  vector  species  in  North  America,  and  sequenced  the  transcriptomes  of  C. 
sonorensis females  susceptible  and  refractory  to  fully  disseminated  BTV  infections 

Methods:  We  have  sequenced  the  genome  of  C.  sonorensis  using  Illumina  and  PacBio  to 
improve  the  final  assembly.  To  study  vector  competence,  we  fed  female  C.  sonorensis  with 
blood  containing  BTV.  After  eight  days,  flies  were  tested  for  virus  dissemination  using  rtPCR. 
The  RNA  of  vector  competent  and  refractory  females  was  sequenced  and  the  differential 
expression  of  genes  analysed. 

Results/Conclusion:  Automated  annotation  of  the  genome  has  identified  a  similar  number  of 
genes  as  in  other  Diptera.  Among  the  differentially  expressed  genes  between  these  cohorts,  we 
have  found  an  antiviral  helicase  whose  expression  is  increased  in  the  females  resistant  to 
infection  and  a  Glutathione  s  transferase,  previously  identified  as  a  potential  candidate  for  BTV 
transmission.  In  this  presentation  we  further  discuss  the  genomic  and  transcriptomic  results  in 
relation  to  other  Nematoceran  species. 
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Emerging  infectious  diseases  caused  by  arthropod-borne  viruses  (arboviruses)  are  major  threats 
to  animal  and  human  health,  and  food  security  worldwide.  Culicoides  biting  midges  (Diptera: 
Ceratopogonidae)  are  currently  the  most  important  biological  vectors  of  livestock  arboviruses  in 
Europe.  They  transmit  bluetongue  virus  (BTV)  to  ruminants,  control  of  which  primarily  relies  on 
vaccination  campaigns  due  to  a  lack  of  vector  mitigation  methods.  Mermithids,  a  major  group  of 
endoparasitic  nematodes,  have  successfully  supressed  mosquito  populations  around  the 
Americas,  along  with  malaria  prevalence;  yet  haven’t  been  exploited  in  Culicoides.  Having 
recently  identified  a  novel  mermithid  species,  able  to  parasitise  BTV- vector  Culicoides ,  I’ve 
been  awarded  a  BBSRC  Fellowship  to  determine  the  use  of  these  parasites  as  a  natural  control 
method  for  both  Culicoides  populations  and  the  viruses  they  transmit.  Specific  objectives  include 
determining  the  distribution  of  mermithids  parasitising  UK  Culicoides  from  144  UK  sites; 
establishing  a  laboratory  model  for  mermithid  infection  of  Culicoides ;  determining  the  effect  of 
parasitism  on  the  fitness  and  survival  of  Culicoides ,  and  nematode-induced  effects  on  vector 
competence.  My  preliminary  data  highlights  remarkably  high  rates  of  parasitism  of  BTV  vectors 
(nulliparous  70%,  parous  63%,  gravid  20%)  and  a  possible  link  between  parasitism  and  a  female 
midge’s  ability  to  produce  and  mature  eggs.  Furthermore,  the  presence  of  female  mermithids 
carrying  fertilised  eggs  whilst  in  the  abdomen  of  Culicoides  raises  the  possibility  of  either 
parthenogenesis  or  copulation  of  mermithids  inside  the  midge  itself.  An  understanding  of  how 
mermithids  interact  with  Culicoides  could  lead  to  a  novel  biological  control  method  for  these 
insects. 


Paper  (Oral)  Presentations 

Presentation  Title:  Differential  expression  of  salivary  genes  of  Phlebotomus  papatasi  in  a  ZCL 
hyperendemic  area  of  Iran 

Author  Name:  Nasibeh  Hosseini-Vasoukolaei 

Author  Institution:  Tehran  University  of  Medical  Sciences 

Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Biting  Flies 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4030 


DOI:  10. 1603/ICE.2016.1 10546 


CANCELLED 


Paper  (Oral)  Presentations 

Presentation  Title:  A  paratransgenic  strategy  to  control  vectorial  transmission  of  leishmaniasis 

Author  Name:  Ivy  Hurwitz 

Author  Institution:  University  of  New  Mexico 

Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Biting  Flies 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4031 

DOI:  10.1 603/ICE.20 16.111 686 
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Feishmaniasis  is  a  neglected  tropical  disease  that  affects  over  13  million  people  worldwide.  This 
disease  is  caused  by  the  protozoan  parasite  of  the  genus  Leishmania ,  and  is  transmitted  to 
suitable  vertebrate  hosts,  including  humans,  through  the  bite  of  an  infected  female  phlebotomine 
sand  fly.  Efforts  to  control  disease  spread  are  primarily  through  vector  eradication.  However,  the 
application  of  insecticides  is  expensive,  may  promote  development  of  insecticide  resistance  in 
sand  flies,  and  has  detrimental  environmental  and  health  effects.  One  alternate  approach  to 
control  transmission  is  via  paratransgenesis.  In  this  approach  symbiotic  or  commensal  bacteria 
residing  within  the  gut  of  the  vector  are  genetically  modified  to  express  molecules  that  target  the 
parasite.  We  previously  identified  Enterobacter  cloacae  as  a  commensal  bacterium  in  field 
caught  Phlebotomus  papatasi.  Further,  we  had  demonstrated  that  when  used  in  combination,  the 
antimicrobial  peptides  melittin  and  histone  H2B  effectively  kill  promastigotes  at  very  low 
concentrations.  Here,  we  show  that  E.  cloacae  can  be  transformed  to  express  melittin  and  histone 
H2B.  E.  cloacae  transformants  were  fed  to  naive  sand  flies  via  sugar  meal.  An  increase  of  E. 
cloacae  load  was  seen  in  the  midgut  of  the  paratransgenic  flies  following  blood  meal,  with 
persistence  of  up  to  48  hours.  We  were  further  able  to  detect  the  presence  of  E.  cloacae- 
expressed  melittin  from  these  insects.  Finally,  we  challenged  the  paratransgenic  sand  flies  with 
Leishmania-lacQd  blood  meal.  Our  preliminary  results  suggest  a  decrease  in  parasite  load  in  sand 
flies  harboring  melittin  expressing  E.  cloacae ,  supporting  the  feasibility  of  the  paratransgenic 
approach. 
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Buffalo  flies  Haematobia  exigua  (BF)  and  closely  related  horn  flies  Haematobia  irritans  (HF) 
have  proven  to  be  extremely  invasive  species.  Both  have  significant  economic  and  welfare 
impacts  on  beef  and  dairy  production.  Horn  flies  entered  the  US  from  Europe  in  1886  and  have 
now  spread  throughout  the  Americas.  Buffalo  flies  entered  Australia  in  1838  but  have  spread 
more  slowly.  The  distribution  of  BF  now  extends  across  most  of  the  northern  beef  producing 
areas  of  Australia  and  down  the  eastern  seaboard  to  32.72°S.  Although  spread  was  interrupted 
between  1946  and  1974,  southward  expansion  of  BF  range  is  now  continuing  with  an  increase  in 
the  southerly  limit  of  BF  of  nearly  1000  km  in  the  past  40  years.  Biological  and  management 
factors  that  may  have  influenced  the  spread  of  BF  in  Australia  will  be  discussed.  The  results  of 
CFIMEX  modelling  suggesting  an  expanding  range  with  climate  change  and  the  potential  for 
establishment  of  persisting  BF  populations  as  far  south  as  coastal  regions  in  South  Australia  and 
south  west  Western  Australia  by  2030  will  be  presented. 


Paper  (Oral)  Presentations 

Presentation  Title:  Sandfly  diversity  and  speciation  using  high  resolution  melt  analysis  in  a  new 
visceral  leishmaniasis  foci,  Marsabit  County,  northern  Kenya 

Author  Name:  Damaris  Matoke-Muhia 

Author  Institution:  International  Centre  of  Insect  Physiology  and  Ecology 
Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Biting  Flies 
Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  4033 


DOI:  10. 1603/ICE.2016.1 14256 


Abstract  text: 

Introduction:  Visceral  leishmaniasis  (VL),  Kala-azar,  is  of  public  health  concern  in  Kenya.  VL  is 
largely  found  in  arid  and  semi-arid  regions  with  current  reports  of  fatality  in  Marsabit  County, 
Northern  Kenya.  Phlebotomine  sandflies  are  the  only  proven  vectors  of  VL.  Accurate  knowledge 
of  sandfly  species  diversity  and  identification  is  fundamental  in  understanding  the  epidemiology 
of  leishmaniasis  and  vector  control  in  endemic  areas.  Morphological  characteristics  are  the  gold 
standards  used  in  identification  of  sandfly  species  which  often  is  difficult  and  requires  taxonomic 
expertise.  Here,  we  explored  the  ability  of  using  High  Resolution  Melt  (HRM)  as  method  that 
can  be  used  in  identification  of  various  sandflies  species  collected  from  Marsabit  county, 
Northern  Kenya. 

Methods:  Sandflies  were  trapped  from  3  villages  (Loglogo,  Bubisa,  Shurr)  from  both  indoor  and 
outdoor  using  CDC  light  traps  and  sticky  papers.  Vectors  were  identified  morphologically  using 
taxonomic  features.  Cytochrome  c  oxidase  subunit  1  (COI)  gene  was  amplified  and  sequenced. 
The  DNA  was  further  profiled  using  HRM  and  compared  with  sequence  data. 

Results/Conclusion:  Six  distinct  sandfly  species  were  identified  morphologically.  P.  martini  and 
P.  orientalis  were  identified  as  the  possible  vectors  of  VL  in  Marsabit  County.  The  HRM  method 
distinctly  profiled  the  sandfly  species  collected.  The  study  documents  the  first  report  of 
occurrence  of  P.  orientalis  and  P.  martini  sandfly  species  in  Marsabit  county  which  could  be  the 
main  drivers  of  VL  in  the  area.  HRM  can  be  used  to  profile  the  various  species  of  sandflies. 
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Introduction:  African  horse  sickness  vims  (AHSV)  affects  all  equids  and  is  the  most  lethal  viral 
disease  of  horses  in  Africa.  It  occasionally  appears  elsewhere.  Its  vector  is  apparently  Culicoides 
imicola ,  C.  bolitinos  and  perhaps  other  Culicoides  species.  Outbreaks  in  the  Eastern  Cape  (EC), 
South  Africa,  were  thought  to  occur  when  midges  migrated  south  in  spring,  replenishing 
populations  that  failed  to  sustain  the  virus  over  winter.  However,  outbreaks  there  in  the  winters 
of  2012  and  2014  challenge  this  epidemiological  model.  Hypothetical  explanations  include  an 
influx  of  zebras  that  act  as  reservoirs;  climate  change  that  allows  local  overwintering;  and 
alternative  vectors. 

Methods:  Blood  samples  were  collected  from  EC  horses,  donkeys  and  zebras  over  two  years  and 
tested  for  serotypes  of  AHSV  and  equine  encephalosis  virus  (EEV).  Customised  UV  traps 
sampled  Culicoides  in  outbreak  season  near  suspected  cases  and  in  winter  near  all  three  equid 
species  in  high  alert  areas.  Blood  meals  were  analysed  for  viruses  and  blood  source. 

Results/Conclusion:  Genetically  consistent  AHS  serotypes  occurred  in  the  EC  each  year, 
supporting  overwintering  in  the  Eastern  Cape.  Culicoides  species  were  always  present,  but 
extremely  scarce  during  winter.  There  were  more  C.  bolitinos  and  several  bird-feeding  species 
and  fewer  C.  imicola  than  in  northern  regions.  Blood-meals  are  still  being  analysed.  AHSV- 
positive  cases  occurred  uncharacteristically  late  into  June  and  intermittently  from  September 
onwards.  AHSV  viraemia  in  zebras  lasts  ~40  days,  so  shortening  of  ‘midge-free’  winters  due  to 
climate  change  might  allow  autumn  viraemia  in  zebras  to  persist  long  enough  to  reinfect  midges 
in  early  spring. 
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Introduction:  Controlled  Release  Devices  (CRDs)  for  Field  and  Personal  Protection  were 
developed  for  optimized  spatial  coverage  of  insecticides,  maximizing  protection  and  limiting 
toxicity.  CRDs  for  Field  Protection  (CRDs-FP)  were  designed  for  semi-outdoor  environments, 
(e.g.  tents,  huts)  with  areas  of  about  25  m2.  CRDs  for  Personal  Protection  (CRDs-PP)  were 
designed  for  fabrics  integration,  (e.g.  Army  uniforms),  for  over  2-week  protection.  CRDs  rely  on 
an  exothermic  reaction  to  accelerate  dispersion  and  a  permeable  set  of  membranes  to  perform 
controlled  release  of  chemicals  in  air. 

Methods:  CRDs  were  prototyped  using  3D  printing  technology  and  subsequently  manufactured 
using  micro-injection  molding  technology,  defining  micro-structures  based  on  biodegradable 
polymers.  CRDs-FP  and  CRDs-PP  were  tested  against  A.  Aegypti.  A  number  of  spatial  repellents 
were  integrated  with  CRDs  including:  Transfluthrin  and  Metofluthrin.  Entomological 
experiments  included  semi-field  testing  of  CRDs-FP  in  a  standard  military  tent  with 
approximately  320  mosquitoes,  and  small  cage  trials  for  CRDs-PP  and  CRDs-FP. 

Results/Conclusion:  The  use  of  CRDs-FP  with  Metofluthrin  in  a  semi-outdoor  setting  resulted  in 
a  mortality  of  approximately  99  %  in  a  2-hour  period.  CRDs-FP  and  CRDs-PP  with 
Transfluthrin  were  tested  in  small  cage  trials,  resulting  in  100  %  knock-down  of  mosquitoes  in  a 
15  min  trial.  Additional  studies  demonstrated  70-90%  reduction  of  bites  during  a  28-day  period. 
A  new  set  of  experiments  will  be  performed  at  USDA  and  the  US  Naval  Medical  Research  Unit 
6  (NAMRU-6)  in  Peru,  to  test  CRDs  against  Anopheles  mosquitoes.  CRDs  represent  the  next 
generation  of  devices  that  leverage  the  use  of  advanced  engineering  against  vector-borne- 
diseases. 
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Introduction:  Pathogen  interference  greatly  restricts  infection  with  dengue  virus  (DENV)  and 
other  pathogens  in  W olbachia-mf Qctzd  Aedes  aegypti  mosquitoes,  currently  used  in  vector 
control  programs.  The  phenotype’s  causal  mechanism  is  complex:  it  may  have  unidentified 
components,  and  be  species  specific.  To  better  clarify  the  mechanism  of  this  important 
phenotype,  we  sought  to  understand  the  role  of  dietary  carbohydrate  metabolism  in  Wolbachia- 
infectedHe.  aegypti  on  interference  against  DENV  and  the  avian  malaria  Plasmodium 
gallinaceum. 

Methods:  W olbachia-mf Qctzd  mosquitoes  were  fed  one  of  four  different  sucrose  concentrations, 
and  then  challenged  with  either  P.  gallinaceum  or  DENV.  Immune  gene  expression,  Wolbachia 
density  and  EfCElevels,  all  traits  that  had  previously  been  linked  to  the  mechanism,  were  assayed 
using  RT-qPCR  and  the  Amplex  Red  Hydrogen  Peroxide/Peroxidase  Assay  Kit. 

Results/Conclusion:  Changing  the  diet  significantly  weakened  interference  against  P. 
gallinaceum ,  however  there  was  no  effect  on  DENV  interference.  Change  in  diet  did  not 
significantly  affect  either  immune  expression  or  Wolbachia  levels,  however  low  carbohydrate 
levels  led  to  a  loss  of  ROS  induction  in  Wolbachia-mfQctQd  mosquitoes.  These  results  confirm 
that  there  is  a  role  for  host  metabolism  in  the  pathogen  interference  mechanism  in  mosquitoes, 
however  they  also  indicate  that  there  are  pathogen  specific  differences  in  the  mechanism.  The 
fact  that  diet  strongly  affects  H2O2  levels  also  suggests  that  there  is  interaction  between  the 
components  of  the  mechanism.  These  results  highlight  the  complexity  of  the  pathogen 
interference  phenotype  and  its  causal  mechanism,  and  suggest  that  there  could  be  different 
pathways  to  interference  in  different  systems. 
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The  Asian  tiger  mosquito,  Aedes  albopictus,  is  highly  invasive  anthropophilic  mosquito 
transmitting  chikungunya,  dengue  and  Zika  viruses.  Suppression  of  Ae.  albopictus  population  is 
a  challenge  for  mosquito  control  programs  because  immatures  are  found  in  numerous  peri- 
domestic  cryptic  artificial  containers  such  as  corrugated  extension  gutters,  fence  pots,  etc.  that 
are  difficult  to  detect,  access,  and  eliminate.  The  station  was  loaded  with  oil  and  powder 
formulations  of  pyriproxyfen.  This  station  follows  the  pull-and-push  technology  that  attracts 
gravid  females  to  autodissemination  stations,  contaminates  them  with  pyriproxyfen,  and 
disseminate  the  insect  growth  regulator  to  larval  habitats  using  skip  oviposition  behavior.  Our 
study  assessed  the  station  efficacy  in  residential  hot  spots  of  Ae.  albopictus  at  Trenton,  NJ.  From 
120  acre  city  area,  four  treatment  and  four  control  plots  (~  3  acres  each  site)  with  >5  adult 
mosquitoes  per  BGS  trap  (hot  spot)  were  selected  for  the  seasonal  efficacy  of  the  stations.  Each 
plot  was  surrounded  with  barrier  treatment  to  minimize  immigration  of  mosquitoes  in  the  study 
area.  Autodissemination  stations  were  deployed  in  treatment  plots  for  8-12  weeks.  The 
population  density  of  eggs,  larvae  and  adults  of  Ae.  albopictus  in  controls  and  treatment  areas 
were  monitored  during  pre-  and  post-treatments  and  were  compared  to  assess  the  station  effect. 
Pupal  mortality  in  the  field  samples  was  assessed  with  3rd  instar  Ae.  albopictus  bioassay  was 
considered  to  detect  autodissemination  of  pyriproxyfen  in  sentinel  and  natural  habitats.  The 
findings  may  be  helpful  to  develop  a  better  management  approach  against  container-inhabiting 
mosquitoes. 
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Container  mosquitoes  such  as  Aedes  albopictus  and  Ae.  aegypti  are  vectors  of  dengue,  Zika  and 
chikungunya  viruses.  Management  of  these  species  has  been  difficult  in  large  part  due  to  the 
cryptic  nature  of  their  larval  habitats,  which  are  nearly  invulnerable  to  conventional  methods.  We 
explored  a  novel  way  of  targeting  these  habitats  by  exploiting  a  habitat  sharing  non-biting  midge 
(the  chironomid  Chironomus  decorus)  carrying  pyriproxyfen  (juvenile  hormone  analog).  In  a 
room  (30m3)  assay,  we  achieved  95.0  ±  1.6%  and  82  ±  3.4%  pupal  mortality  in  open  and  cryptic 
containers  after  releasing  20  pyriproxyfen-contaminated  females  of  C.  decorus.  Evidence  of 
midge  oviposition  in  the  containers  was  demonstrated  by  observing  C.  decorus  larvae  developing 
in  the  containers.  In  a  meshed  tunnel  (50  x  3  x  2m)  semi-field  study,  we  achieved  53  ±  9.91%,  76 
±  10.01%  and  90  ±  2.5%  pupal  mortalities  by  releasing  100  C.  decorus  females  treated  with  a 
pyriproxy fen-impregnated  oil  formulation,  50  treated  with  the  oil  plus  pyriproxy fen-impregnated 
silica  powder,  and  100  treated  with  both  the  oil  and  powder,  respectively.  Our  method  may  offer 
a  novel  and  effective  approach  for  managing  container  breeding  mosquitoes. 
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Introduction:  Female  mosquitoes,  guided  by  a  plethora  of  physical  and  chemical  cues,  must 
locate  and  obtain  a  blood  meal  from  a  vertebrate  host  in  order  to  synthesize  yolk  proteins  that  are 
essential  for  reproduction.  Among  the  chemical  cues  used  by  female  mosquitoes,  reception  of 
volatile  chemicals  by  the  olfactory  system  plays  a  particularly  important  role  in  mosquito  fitness. 
We  have  serendipitously  observed  that  while  feeding  on  blood,  females  of  the  southern  house 
mosquito,  Culex  quinquefasciatus,  produces  a  secretion  that  attracts  other  female  mosquitoes. 

Methods:  We  employed  behavioral  analysis  coupled  with  conventional  chemical  ecology 
approaches  to  identify  the  active  constituents  in  the  secretion  derived  from  feeding  females. 
Crude  extracts  were  fractionated  by  silica  gel  column  by  eluting  with  mixtures  of  hexane  and 
ether  in  increasing  polarity  and  fractions  were  analyzed  by  both  gas  chromatography  -mass 
spectrometry  (GC-MS)  and  behavioral  assay. 

Results/Conclusion:  In  this  presentation,  we  will  report  on  the  newly  isolated  and  identified 
active  ingredients  mediating  this  hitherto  unknown  female  mosquito  attractant  and  will  discuss 
details  of  this  newly  observed  mosquito  feeding  behavior.  Further  investigation  may  yield 
additional  insight  to  the  broader  ecological  consequences  of  this  behavior,  as  well  as  new 
methods  for  mosquito  vector  control  and  surveillance. 
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Abstract  text: 

Introduction:  Human  Landing  Catches  (HLCs)  used  in  vector  research  and  public  health 
monitoring  are  ethically  questionable  and  prone  to  random  error  through  lack  of  standardisation. 
Key  to  developing  highly  effective  trapping  technology  to  replace  this  method  is  a 
comprehensive  understanding  of  insect  behavioural  responses  to  individual  and  combined 
sensory  stimuli. 

Methods:  We  developed  the  Human  Decoy  Trap,  a  bio-rational  trap  for  malaria  vectors,  by 
incorporating  known  mosquito  responses  to  olfactory,  visual  and  thermal  cues  associated  with 
host  animals  and  exploiting  the  mosquito’s  landing  response.  Human  Decoy  Traps  were  tested 
outdoors  against  HLCs  in  Burkina  Laso  in  the  dry  and  rainy  season  over  a  total  of  44  trap 
collection  nights  in  2015. 

Results/Conclusion:  The  Human  Decoy  Trap  consistently  outperformed  HLCs  across  all  genera 
sampled.  During  rainy  season  collections,  Human  Decoy  Traps  caught  nearly  10  times  more 
anopheline  mosquitoes  than  HLCs.  This  persisted  during  the  low-density  dry  season;  Human 
Decoy  Traps  caught  1.4  -  2.6  times  more  anopheline  mosquitoes  than  HLCs.  Lurthermore, 

Culex,  Mansonia ,  and  Hedesspecies  were  also  caught  in  greater  numbers  on  Human  Decoy  Traps 
than  from  HLCs.  Results  for  Human  Decoy  Traps  demonstrate  they  are  a  viable  alternative  to 
HLCs  and  are  capable  of  working  outdoors,  where  current  sampling  of  adult  mosquitoes  is 
limited  to  HLCs.  Moreover,  the  large  numbers  of  malarial  mosquitoes  collected  by  individual 
traps  (e.g.  several  thousand  An.  gambiae  s.L  mosquitoes  per  trap  per  night)  suggests  they  have 
potential  as  an  outdoor  control  device. 
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Abstract  text: 

In  Malaysia,  an  attempt  to  combines  source  reduction  with  lethal  ovitraps  to  reduce  Aedes  spp. 
populations  during  outbreaks  was  studied.  Lethal  ovitraps  are  considered  a  sustainable  and 
environmentally  friendly  method  of  controlling  container-inhabiting  mosquitoes.  This  study 
assesses  the  potential  impact  of  lethal  ovitraps  In  Kuala  Lumpur,  Malaysia.  The  impact  on  Aedes 
mosquito  (Diptera:  Culicidae)  populations  using  lethal  ovitraps  (LOs)  was  measured  during  three 
mass-trapping  interventions.  To  assess  the  efficacy  of  the  LOs,  an  intervention  was  conducted  in 
three  discrete  areas,  each  lasting  12  weeks  with  the  following  treatments.  Over  234  LOs  were 
strategically  placed  in  78  clusters  at  those  three  locations  where  would  be  the  areas  of  Aedes 
resting  places.  The  baseline  data  showed  that  LOs  contained  a  total  of  mean  number  of  Aedes 
eggs  collected  was  1,701  eggs.  And  over  the  intervention  period,  the  mean  number  collections  of 
eggs  in  the  intervention  areas  were  decreasingly  steadily  to  1,545  at  the  fourth  week,  1,501  at  the 
eighth  week  and  1,269  at  the  twelfth  week,  respectively.  What  is  more  promising  is  the  number 
of  dengue  cases  combined  in  all  the  localities  decreased  from  14  cases  to  5  cases  in  three 
months’  time.  However,  throughout  the  intervention  period,  the  ovitrap  index  remained  high 
(>81%)  despite  the  decreasing  number  of  eggs  in  all  three  localities.  This  result  suggests  that 
mass  trapping  with  LOs  can  be  an  effective  component  of  a  dengue  control  strategy,  cost 
effective  operationally  which  requiring  minimal  staff  resources  for  placement  and  retrieval. 
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Maternal  effects,  such  as  carry-over  effects  from  the  adult  stage  to  offspring  performance,  are 
poorly  documented  in  container  mosquitoes.  Such  effects  may  take  the  form  of  natal 


environments  experienced  by  adult  females  which  can  influence  oviposition  site  selection,  larval 
development  rates  and  survival  to  adulthood.  We  tested  the  hypothesis  that  natal  environment 
affects  oviposition  preference  and  larval  performance  in  three  container  mosquitoes:  Aedes 
albopictus ,  Aedes  aegypti,  and  Culex  quinquefasciatus.  Mosquitoes  were  reared  under  three  natal 
environments:  animal  detritus  (crickets),  leaf  detritus  (red  maple),  and  animal  and  leaf  detritus. 
For  each  natal  environment  per  species,  gravid  females  were  introduced  to  field  bioassay  cages 
with  oviposition  infusion  bowls  containing  filtered  larval  water  from  each  natal  environment. 
Larvae  from  eggs  laid  in  animal  and  leaf  infusion  were  given  animal  and  leaf  detritus  whereas 
larvae  from  eggs  laid  in  animal  or  leaf  infusion  were  given  animal  or  leaf  detritus,  respectively. 
Larval  survivorship  and  population  performance  were  calculated  for  each  species.  In  Aedes 
albopictus  and  Culex  quinquefasciatus ,  adult  females  showed  equal  preference  for  all  infusion 
types,  regardless  of  their  natal  habitat.  For  Aedes  aegypti ,  females  from  leaf-only  natal  habitat 
preferentially  chose  infusions  from  natal  habitats  with  leaf  detritus.  There  was  no  significant 
difference  in  population  performance  of  mosquitoes  based  on  the  quality  of  infusions  chosen  by 
females.  This  study  improves  our  understanding  of  the  role  of  natal  habitat  preference  on 
performance  in  container  mosquitoes.  Future  studies  could  examine  the  roles  of  other 
environmental  conditions  and  their  effects  on  fitness  and  performance  in  container  mosquitoes. 
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In  1997,  US  Army  entomologists  Michael  Perich  and  Brian  Zeichner  submitted  their  first  patent 
application  for  a  lethal  mosquito  breeding  container,  the  lethal  ovitrap.  Seventeen  years  later,  the 
the  commercial  version  of  the  lethal  ovitrap,  the  Trap-N-Kill  mosquito  trap,  finally  appeared  on 
store  shelves.  This  talk  will  explore  the  hurdles  involved  in  developing  Perich  and  Zeichner’ s 
trap  from  the  proof  of  concept  stage  to  a  successful  commercial  product.  We’ll  review  how 
SpringStar  Inc.  was  originally  brought  onto  the  project  as  an  industry  partner,  lessons  learned 
from  field  trials  in  Florida  and  the  extensive  product  redesign  process  that  followed.  We’ll  also 


discuss  the  industrial  design,  regulatory  and  marketing  aspects  of  the  process  which  are  just  as 
important  but  aren’t  always  emphasized  in  academic  research  training.  Today,  the  Trap-N-Kill  is 
being  used  to  combat  the  dengue  epidemic  in  Hawaii  and  Zika  transmission  elsewhere;  this 
presentation  will  explain  how  it  got  there. 
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Mosquito  populations  are  the  result  of  two  separate  but  related  processes:  female  oviposition  and 
larval  survival.  Species  vary  in  traits  related  to  these  processes,  including  variation  in  behavior 
and  the  ability  to  withstand  environmental  conditions.  How  traits  associated  with  these  separate 
but  interrelated  processes  are  affected  by  the  environment  and  thus  shape  the  abundance  and 
distribution  of  mosquitoes  is  an  underexplored  area  of  research.  We  performed  interrelated  field 
and  laboratory  experiments  to  investigate  the  oviposition  and  survival  responses  of  Aedes 
albopictus  and  Culex  quinquefasciatus  to  environmental  factors  that  explained  patterns  of  larvae 
in  field  containers.  Aedes  albopictus  larvae  were  best  explained  by  pine  detritus  and  container 
volume,  and  Cx.  quinquefasciatus  were  best  explained  by  light  levels  and  volume.  Under  field 
experiments,  Ae.  albopictus  laid  a  similar  number  of  eggs  across  pine  detritus  levels  and  across 
different  container  volumes.  In  the  lab,  detritus  levels  and  volumes  did  not  affect  larval  survival. 
For  Cx.  quinquefasciatus ,  more  egg  rafts  were  laid  in  some  container  volumes  or  in  some  light 
levels  compared  to  others.  In  the  lab,  larvae  survived  equally  well  across  volumes  and  light 
levels.  In  an  additional  field  project  we  concurrently  tested  factors  treated  separately  in  earlier 
experiments,  and  used  a  structural  modeling  approach  to  test  how  oviposition,  survival,  and  adult 
traits  like  mass  and  development  time  were  affected  by  oviposition  patterns  and  larval  survival. 
Thus,  outcomes  of  oviposition  and  larval  survival  appear  closely  linked  for  Ae.  albopictus ,  but 
not  Cx.  quinquefasciatus ,  suggesting  difference  in  the  mechanism  explaining  larval  patterns  in 
nature. 
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Aedes  aegypti  and  Aedes  albopictus  are  known  to  flourish  in  a  variety  of  natural  and  residential 
habitats  and  are  competent  vectors  of  at  least  22  different  arboviruses  including  dengue, 
chikungunya,  and,  most  recently,  zika  ( Aedes  aegypti).  Their  global  distribution,  anthropophilic 
nature,  and  vector  competency  make  them  a  species  of  interest  for  control.  Lethal  ovitraps  with 
adulticiding  activity  have  been  evaluated  in  recent  years  for  the  control  of  these  mosquito 
populations  with  encouraging  results.  A  novel  durable  dual-action  lethal  ovitrap  (DDALO)  with 
combined  larviciding  and  adulticiding  effects  as  well  as  a  slow-release  polymer  was  designed  to 
specifically  target  these  container-breeding  mosquito  species.  The  trap  resulted  in  high  adult 
mortality  (-95-100%)  in  no-choice  laboratory  cage  studies  targeting  gravid  females  and 
successfully  prevented  all  deposited  eggs  from  hatching.  Aging  of  the  trap  maintained  some 
adult  mortality  (-50%)  and  continued  to  prevent  the  successful  hatching  of  eggs  for  6  months. 
Oviposition  preference  studies  resulted  in  a  significant  preference  for  DDALOs.  Small  cage 
multi-generational  studies  resulted  in  significantly  lower  populations  of  adult  mosquitoes  after  4 
weeks.  Based  on  successful  lab  studies,  the  DDALO  could  be  used  as  an  effective  tool  for 
controlling  wild  vector  populations  of  Aedes  aegypti  and  Aedes  albopictus. 
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Abstract  text: 

Ticks  are  important  vectors  of  the  agents  of  human  and  animal  diseases.  Ticks  transmit  a  greater 
variety  of  pathogenic  organisms  than  any  other  blood  feeding  arthropod.  Consequently, 
knowledge  of  the  biology  of  feeding  and  reproduction  is  essential  for  the  development  of  rational 
approaches  to  tick  control.  Of  special  importance  to  feeding  are  the  methods  and  biochemical 
pathways  utilized  by  ticks  to  locate  an  appropriate  host  and  gain  access  to  a  blood  meal. 
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Abstract  text: 

From  free  questing  Rhipicephalus  sanguineus  collected  from  13  localities  in  Israel,  Rickettsia 
massiliae  was  detected  in  12  tick  pools,  while  Rickettsia  conorii  israelensis  was  detected  in  3 
pools.  In  an  additional  study,  Rickettsia  massiliae,  Candidatus  Rickettsia  barbariae  and 
Rickettsia  conorii  were  isolated  from  free  questing  Rh.  sanguineus.  A  novel  Coxiella  sp.  was 
found  in  adult  ticks,  eggs  and  hatched  larvae  of  Rh.  sanguineus  collected  from  dogs,  indicating 
its  vertical  transmission.  Rickettsia  barbariae  DNA  was  detected  in  Rh.  turanicus  and  Rh. 
sanguineus  collected  from  vegetation,  while  the  DNA  of  Rickettsia  massiliae  was  found  in  Rh. 
sanguineus.  Rhipicephalus  sanguineus  larvae  and  nymphs  from  both  USA  and  Israel  colonies 
exposed  to  Rickettsia  conorii  conorii  strain  Malish  experienced  high  mortality  during  feeding 
and  molting  and  the  prevalence  of  infection  in  surviving  ticks  did  not  exceed  5%.  R.  conorii 
israelensis  infected  Rh.  sanguineus  adults  and  uninfected  nymphs  were  fed  simultaneously  upon 
either  naive  dogs  or  a  dog  previously  exposed  to  this  agent.  When  ticks  were  placed  upon  naive 
dogs,  92-100%  of  nymphs  acquired  the  infection  and  80-88%  of  infected  engorged  nymphs 
transmitted  it  transstadially.  In  the  Palestinian  Territories,  the  infection  rate  with  SFGR  in  Rh. 


sanguineus  collected  from  goats,  sheep,  camels,  dogs,  wolf  and  tortoises  was  1 1.6%,  while  R. 
massiliae,  C.  R.  barbariae  and  Candidatus  Rickettsia  goldwasserii  were  identified. 
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Abstract  text: 

Powassan  virus  (POWV)  is  a  tick-borne  flavivirus  that  continues  to  emerge  in  the  United  States, 
as  is  evident  by  the  surge  in  number  and  expanding  geographic  range  of  confirmed  cases  in  the 
past  decade.  This  neuroinvasive  virus  is  transmitted  to  humans  by  infected  tick  bites  during 
blood  feeding.  Successful  tick  feeding  is  facilitated  by  a  repertoire  of  pharmacologically  active 
factors/proteins  in  tick  saliva.  We  have  demonstrated  that  the  POWV  is  transmitted  to  the  host  as 
early  as  3  hours  post  tick  attachment.  During  this  early  feeding  period,  we  have  observed  a 
complex  inflammatory  micro-foci,  which  included  significant  upregulation  of  genes  related  to 
granulocyte  recruitment,  migration,  and  accumulation.  To  further  characterize  the  tick- virus-host 
interface,  we  are  currenlty  immunophenotyping  infiltrating  immune  cells  at  the  tick  feeding  site. 
Our  preliminary  studies  indicate  that  neutrophils  are  recruited  in  large  quantities.  However,  we 
could  not  detect  POWV  antigens  in  neutrophils.  Among  the  other  cells  tested,  macrophages  and 
fibroblasts  were  found  to  contain  POWV  antigens.  The  infiltration  of  immune  cells  appear  as 
early  as  1  hours  post  POWV  infected  tick  feeding,  while  the  infiltration  of  immune  cells  appear 
later  than  3  hours  post  uninfected  tick  feeding.  This  could  be  attributed  to  the  change  in  salivary 
secretion  in  the  POWV  infected  tick.  We  have  further  demonstrated  the  impact  of  tick  saliva  in 
facilitating  POWV  transmission  and  dissemination.  In  conclusion,  our  data  clearly  implicates 
that  the  interactions  between  host  immunity  and  tick  mediated  immunomodulation  are  central  to 
successful  POWV  transmission. 
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Abstract  text: 

In  the  Midwestern  and  Southwestern  United  States,  soft  tick  Ornithodoros  turicata  transmits 
Borrelia  turicatae,  the  causative  agent  of  relapsing  fever  in  humans.  Subolesin  is  an 
evolutionarily  conserved  and  cross-protective  transmission-blocking  vaccine  candidate  antigen  to 
control  infestations  of  various  arthropod  species  that  transmit  human  diseases.  The  role  of 
subolesin  has  been  suggested  to  be  involved  in  controlling  transcription  of  tick  genes  involved  in 
immune  responses,  blood  digestion,  reproduction  and  development.  In  this  study,  we  have 
identified  a  subolesin  ortholog  from  soft  ticks  O.  turicata  and  characterized  its  role  in  O. 
turicata-B.  turicatae  interactions  at  the  molecular  level.  The  data  reveals  that  O.  turicata 
subolesin  gene  expression  is  developmental^  regulated,  where;  adult  ticks  expressed 
significantly  higher  levels  in  comparison  to  the  larvae  or  nymphal  ticks.  The  expression  of 
subolesin  transcripts  varied  in  fed  ticks  with  peak  levels  at  day  14  post-feeding.  Phylogenetic 
analysis  revealed  that  O.  turicata  subolesin  showed  high  degree  of  sequence  conservation  with 
subolesin’ s  from  other  soft  and  hard  ticks.  In  addition,  this  study  provides  information  on  a 
simple  and  an  efficient  method  of  in  vitro  feeding  assay  to  evaluate  role  of  subolesin  in  O. 
turicata-B.  turicatae  interactions.  Results  that  delineate  efficacy  of  subolesin  as  a  vaccine 
candidate  to  treat/control  B.  turicatae  infection  are  discussed.  Collectively,  this  could  be  a 
transformative  study  that  not  only  decipher  molecular  mechanism(s)  for  the  surival  of  B. 
turicatae  in  these  ticks  but  also  provide  additional  information  on  the  role  of  subolesin  in  the 
interactions  of  several  human  pathogens  with  various  other  blood-sucking  arthropods. 
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Abstract  text: 

The  Gulf  Coast  tick  ( Amblyomma  maculatum )  is  a  serious  pest  of  humans,  domesticated  animals, 
and  wildlife  because  both  sexes  and  all  life  stages  are  obligate  blood-feeding  ectoparasites  that 
transmit  several  pathogens  of  concern.  Specifically,  this  species  has  a  significant  role  in 
transmission  of  Rickettsia  parkeri  to  humans  which  causes  Rickettsiosis,  Hepatozoon 
americanum  to  canines  which  causes  canine  Hepatozoonosis,  Ehrlichia  ruminantium  to  livestock 
which  causes  heartwater,  and  some  reports  have  identified  the  causative  agent  for  Lyme  disease 
( Borrelia  burgdorferi )  in  these  ticks.  Gulf  Coast  ticks  have  historically  been  established  within 
100km  of  the  Gulf  Coast,  but  since  2000  they  have  recently  expanded  northward  and  eastward 
along  the  Mississippi  river  and  the  Appalachian  mountains.  This  presentation  will  include  vector 
biology  data  on  field-collected  Gulf  Coast  ticks  including  their  population  structure  and 
microbial  community. 


Paper  (Oral)  Presentations 

Presentation  Title:  Field  and  laboratory  studies  on  Heartland  virus  (Bunyaviridae:  Phlebovirus), 
a  recently  described  human  pathogen,  in  the  lone  star  tick,  Amblyomma  americanum  (L.)  (Acari: 
Ixodidae) 

Author  Name:  Harry  Michael  Savage 

Author  Institution:  Centers  for  Disease  Control  and  Prevention 

Session  Title:  Contributed  Papers:  Medical  and  Veterinary  Entomology:  Ticks  II 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4054 

DOI:  10. 1603/ICE.20 16. 108503 

CANCELLED 


Paper  (Oral)  Presentations 


Presentation  Title:  Special  behavior  in  beetles  negates  a  developmental  constraint  against 
hyper-elongation  of  a  penis 

Author  Name:  Yoko  Matsumura 

Author  Institution:  Keio  University 

Session  Title:  Contributed  Papers:  Morphology,  Systematics,  and  Phylogeny:  Behavior, 
Chrysomelids,  Curculionids,  and  Scarabs 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4055 

DOI:  10.1603/ICE.2016.1 12639 

Abstract  text: 

Introduction:  Developmental  constraints  are  considered  to  play  a  major  role  in  determining  the 
evolution  of  forms  as  well  as  natural  selection  and  genetic  drift.  Nevertheless,  it  is  not  well 
understood  yet  because  of  the  difficulty  how  to  demonstrate  it.  I  will  present  an  exemplar  case  of 
the  developmental  constraint  history  in  the  evolution  of  an  extremely  elongated  penis  of  the 
criocerine  leaf  beetles.  Some  species  have  a  hyper-elongated  part  of  the  penis  called  the 
flagellum,  which  is  stored  in  a  specific  position  in  a  pocket  of  the  penis  and  presents  a  precise 
motion  control  requirement  for  sperm  transferring.  However,  the  morphogenesis  of  the  flagellum 
does  not  complete  the  functional  shape  required  for  it. 

Results/Conclusion:  Based  on  morphological  and  behavioral  comparative  investigations,  I  found 
that  after  emergence  males  repeatedly  perform  a  behavior  (i.e.,  eversion  and  withdrawal  of  the 
penis  without  mounting  on  a  female)  that  places  the  flagellum  in  the  functional  position.  This 
behavior  was  also  observed  in  other  related  species  with  a  substantially  shorter  flagellum.  With 
taking  into  account  a  developmental  process  of  the  penis,  it  is  likely  more  difficult  to  build  the 
flagellum  in  a  functional  position  compared  to  a  non-functional  position  during  morphogenesis. 
These  factors  suggest  a  potential  developmental  constraint  against  extreme  elongation,  and  the 
behavior  facilitates  functioning  the  flagellum  by  overriding  this  constraint. 
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Introduction:  Alternative  life-histories  may  be  maintained  due  to  variation  in  the  costs  and 
benefits  of  the  underlying  strategies.  In  this  study,  we  address  the  cost  of  dispersal  by  flying  as 
an  alternative  life  history  strategy  in  beetles.  One  part  of  the  population  engages  in  flight  in 
autumn  and  spring,  whereas  the  other  part  does  not  fly.  Flyers  emerge  earlier  than  non-flyers  and 
feed  on  a  spring  host  plant  before  the  emergence  of  the  main  host  plant. 

Methods:  In  this  study,  we  observed  the  flight  and  overwintering  behaviour  of  the  Chrysomelid 
Oreina  cacaliae  over  7  seasons.  By  collecting  flyers  from  the  spring  host  plant,  we  can  be  sure 
that  they  arrived  there  by  flight.  We  compared  morphology  and  reproductive  output  of  flyer  and 
non-flyer  phenotypes,  collected  later  in  the  season  on  the  main  host  plant.  Body  size  and  weight, 
number  of  larvae  produced,  life  span,  and  mating  success  between  flyers  and  non-flyers  were 
compared. 

Results/Conclusion:  Flyers  were  smaller  in  size,  lighter  in  weight,  had  a  reduced  fecundity  and  a 
shorter  life  span.  Wing  size  analysis  showed  no  difference  between  flyer  and  non-flyers 
indicating  a  lower  weight-to-wing  surface  ratio  for  flyers.  Behavioural  mating  experiments 
showed  larger  beetles  had  higher  (multiple)  mating  success.  No  size-assortative  mating  was 
observed.  Consequently,  it  seems  that  small  beetles  disperse  by  flight  to  possibly  escape 
competition,  and  start  reproduction  in  a  new  host  plant  patch.  The  overwhelming  quantity  of 
beetles  found  on  the  spring  host  every  year  reveals  that  this  flying  strategy  is  successful  despite 
of  the  risks. 
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We  documented  all  available  type  specimens  of  125  species  and  subspecies  of 
Diabrotica  Chevrolat  known  from  North  and  Central  America  and  prepared  a  richly  illustrated, 
morphologically  based,  interactive  key  to  species.  As  a  result,  we  found  several  new  synonyms, 
new  combinations,  a  need  to  restore  an  original  combination,  a  need  to  revise  species  status, 
discrepancies  in  the  type  specimen  gender  attribution,  and  identifications.  We  also  found  19 
species  new  to  science.  Altogether,  considering  new  synonyms  and  new  described  species  we 
recognize  107  valid  DiabroticaspQCiQS  in  North  and  Central  America. 

The  characters  of  the  internal  sac  of  aedeagus  are  the  most  reliable  for  species  identification.  The 
internal  sac  has  a  complex  armament  consisting  of  robust,  chitinized  hooks  and  plates,  with  2-6 
sclerites.  After  study  of  the  North  and  Central  American  DiabroticawQ  may  propose  dividing  the 
genus  into  9  to  10  species  groups  according  to  the  number  of  sclerites  in  their  internal  sac. 

The  study  was  financially  supported  by  USD  A- Agricultural  Research  Service  and  by  the 
Belarusian  Republican  Foundation  for  Fundamental  Research  (BRFFR)  (grant  E15B-001). 
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Abstract  text: 

Epitrix  is  a  large  genus  of  flea  beetles  with  over  200  described  species  worldwide  and  many 
more  undescribed.  They  are  associated  with  solanaceous  plants  and  some  species  are  major  pests 
of  crops  such  as  potato,  tomato,  eggplant,  and  tobacco.  The  genus  Acallepitrix  is  primarily 
neotropical  with  a  single  species  north  of  Mexico  and  is  also  associated  with  solanaceous 
plants.  In  this  work  I  redescribe  the  12  species  currently  known  from  America  north  of  Mexico 
as  well  as  several  new  country  records  and  numerous  undescribed  species  based  on  morphology. 
A  key  to  species,  habitus  photos  of  all  species,  and  preliminary  distributional  data  are  provided. 
A  phylogeny  is  provided  based  on  morphological  characters. 
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Abstract  text: 

Introduction:  The  influence  of  plants  in  the  diversification  of  herbivorous  insects,  specifically 
those  that  utilize  moribund  and  dead  hosts,  is  little  explored.  Host  shifts  are  expected  because  the 
effectiveness  of  toxic  secondary  chemicals  is  lessened  by  decay  of  dead  plants.  Feeding  on  dead 
plants  also  releases  herbivorous  insect  lineages  from  diversifying  within  a  particular  plant 
lineage.  Thus,  phylogenetic  constraints  on  the  herbivorous  insect  lineage  imposed  by  the  host 
plants  are  not  expected.  Scolytini,  a  diverse  weevil  tribe,  feed  on  many  dead  and  moribund  plant 
taxa.  These  species  and  their  hosts  offer  an  opportunity  to  examine  the  association  using  dead 
and  moribund  plant  hosts  with  the  extent  of  phylogenetic  constraints  on  the  breadth  of  plant  host 
lineages  exhibited  by  these  saproxlic  weevils. 


Methods:  A  phylogeny  of  the  Scolytini  was  reconstructed  with  Bayesian  analyses  of  DNA 
sequence  data  from  nuclear  (28S,  CAD,  ArgK)  and  mitochondrial  (COI)  genes.  Ancestral  host 
usage  was  reconstructed  using  likelihood  criteria. 

Results/Conclusion:  Diversification  of  the  Scolytini  generally  occurred  well  after  host  taxa 
diversified  and  on  common  and  widespread  hosts.  There  was  a  single  origination  of  conifer¬ 
feeding  from  angiosperm-feeding  species  and  evolution  of  fungus-feeding  from  phloem-feeding 
ancestors.  Overall,  the  observed  patterns  of  Scolytini  host-use  can  be  explained  by  a  combination 
of  host  switches  to  unrelated  plants  followed  by  diversification  with  the  host  plant  lineage.  These 
findings  suggest  that  the  diversification  of  these  saproxlic  weevils  is  influenced  by  characteristics 
of  host  plant  lineages  (e.g.  secondary  chemicals)  despite  the  reduction  of  selection  pressures 
imposed  by  feeding  on  dead  and  moribund  plants. 
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Abstract  text: 

Bark  beetles  play  a  significant  role  in  forest  ecosystems  around  the  world.  A  variety  of  bark 
beetle  species  have  been  reported  to  produce  acoustic  signals,  however  we  know  very  little  about 
their  acoustic  communication.  The  goal  of  this  research  is  to  review  bark  beetle  acoustic 
literature,  and  to  identify  important  gaps  in  our  understanding  of  bark  beetle  acoustic  sensory 
ecology.  Previous  literature  shows  that  there  are  currently  104  bark  beetle  species  known  or 
proposed  to  stridulate.  Comparing  this  list  with  the  latest  phylogeny  has  revealed  that  acoustic 
signaling  is  dispersed  throughout  the  group,  with  at  least  three  different  types  of  stridulatory 
mechanisms  having  evolved,  and  with  some  genera  even  possessing  the  unique  feature  of  having 
more  than  one  mechanism.  Further  phylogenetic  analysis  will  reveal  more  about  the  evolution  of 
sound  production  in  bark  beetles.  Acoustic  signals  have  been  reported  to  vary  within  and 


between  species,  but  the  lack  of  objective  and  quantitative  means  of  characterizing  signals  has 
impeded  our  understanding  of  signal  function.  Using  Ips  pini  as  a  model  species,  we  developed 
novel  methods  to  standardize  pulse  train  and  amplitude  envelope  analysis  that  can  aid  future 
comparative  research.  Based  on  anatomical  and  neurophysiological  studies,  possible  mechanisms 
of  acoustic  reception  will  be  discussed.  Additionally,  a  comprehensive  nomenclature  for  future 
bark  beetle  acoustic  research  based  on  quantitative  definitions  will  be  introduced.  While  research 
on  the  chemical  ecology  of  bark  beetles  is  well  understood,  our  understanding  of  acoustic 
communication  remains  an  unexplored  and  important  area  of  research  ripe  for  investigation. 
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Abstract  text: 

Introduction:  Weevil  rostra  are  unique  structures,  different  from  other  coleopteran  insects.  The 
weevil  rostrum  is  a  highly  integrated  anatomical  structure  with  high  diversity  among 
Curculionoidea. 

Methods:  In  this  study,  geometric  morphometric  methods  were  applied  to  identify  the  shape 
variation  of  rostrum  both  in  individual  or  higher  level  taxa.  An  innovative  landmark  system 
including  22  landmarks  was  promoted  for  the  first  time  in  this  essay  after  many  tries,  which  was 
a  critical  foundation  for  doing  a  geometric  morphometric  analysis  of  the  weevil  rostrum. 
Laterally  viewed  pictures  of  142  species  from  7  weevil  families  were  selected,  which  were  then 
classified  into  37  subgroups  referring  to  their  phylogeny.  And  principle  component  analysis 
(PCA)  of  those  shapes’  relative  warps  was  performed. 

Results/Conclusion:  It  showed  that  all  of  those  first  three  PCs  could  represent  the  whole 
diversity.  Then  PCs  were  mapped  on  to  phylogeny  by  squared-change  parsimony,  permutation 
test  shows  rostrum  has  a  strong  phylogeny  signal  in  subgroup  level  with  P-value  <0.0001. 


What’s  more,  weevil  ancestor  rostrum  was  reconstructed.  It  was  this  most  primitive  rostrum  that 
came  across  with  several  transformations,  like  increase  and  decrease  of  width  and  length,  fore 
and  aft  movement  of  antennal  insertion,  then  gradually  came  into  being  the  present  rostrum's 
highly  diverse  shape  pattern.  By  doing  the  comparison  of  the  phenetic  tree  with  phylogeny  and 
habits,  it  was  concluded  that  43.2%  of  the  weevils’  rostra  morphology  were  affected  by 
phylogenetic  relationship,  54.1%  of  those  were  influenced  by  function,  and  the  rest  had  nothing 
to  do  with  those  two  factors. 


Paper  (Oral)  Presentations 

Presentation  Title:  Genome-wide  species  delineation  in  inbred,  widespread,  and 
morphologically  variable  ambrosia  beetles 

Author  Name:  Caroline  Storer 

Author  Institution:  University  of  Florida 

Session  Title:  Contributed  Papers:  Morphology,  Systematics,  and  Phylogeny:  Behavior, 
Chrysomelids,  Curculionids,  and  Scarabs 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4062 

DOI:  10.1603/ICE.2016.1 12635 

Abstract  text: 

Insect  species  identification  is  especially  challenging  in  groups  with  unusual  reproductive 
systems,  particularly  where  inbreeding  is  involved.  For  example,  the  haplo-diploid, 
parthenogenetic  and  highly-inbred  Scolytinae  bark  and  ambrosia  beetles  are  among  the  most 
abundant  wood  borers  on  the  planet,  yet  definitions  of  even  common  American  species  are  still 
uncertain.  I  use  genome-wide  markers  for  species  delineation  in  highly  inbred,  widespread,  and 
morphologically  variable  beetle  lineages.  I  am  testing  whether  population  or  species  structure  of 
Xyleborus  ferrugineus  (Coleoptera:  Curculionidae:  Scolytinae:  Xyleborini)  across  its  native 
range  correlates  with  any  morphological  characters  or  geographic  provenance.  Using  double 
digest  RADSeq  (ddRADSeq),  which  enables  SNP  discovery  and  genotyping,  I  am  determining 
the  species  boundaries,  if  they  exist,  for  this  widespread  and  abundant  species  complex.  This 
research  is  proof-of-concept  that  partial  genome  sequencing,  range-wide  sampling,  and 
morphological  characters  can  resolve  complex  insect  assemblages  with  unusual  genetic  structure 
and  reproductive  strategies. 
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Abstract  text: 

Introduction:  The  ultrasculpture  of  egg  chorion  has  been  found  to  be  useful  in  species  delineation 
and  phylogenetic  interpretations  of  many  insects.  So,  the  egg  chorionic  structures  were  studied  in 
twenty  species  of  June  beetles  belonging  to  two  subfamilies  of  Scarabaeidae  (Coleoptera), 
Melolonthinae  and  Rutelinae. 

Methods:  The  adults  of  different  species  of  June  beetles  were  collected  live  from  different 
locations  of  North  India  in  light  traps  during  2013-15.  The  collected  species  were  identified  and 
reared  separately  to  obtain  eggs.  Three  to  four  day  old  eggs  of  20  scarab  species  were  processed 
for  Scanning  Electron  Microscopy  (SEM)  studies  to  observe  chorion  ultrasculpture. 

Results/Conclusion:  The  micrographs  obtained  revealed  distinct  species  specific  chorion 
ultrasculpture  patterns,  which  showed  variations,  exhibiting  reticulations  to  projections  in 
Melolonthinae  and  Rutelinae,  respectively.  Among  melolonthines,  the  reticulations  differed  in 
shapes  and  reliefs.  In  rutelines,  consistency  in  protuberances  was  observed  within  the  genus  but 
varied  among  genera.  Micropyles  and  aeropyles  were  not  observed  on  the  chorion  surface  in 
both  the  subfamilies.  The  type  and  density  of  reticulations/projections/protuberances  varied 
among  the  studied  species  and  yielded  valuable  information.  The  ultrasculpture  patterns  of  egg 
chorion  of  20  species  representing  eight  genera  of  Scarabaeidae  are  illustrated  and  documented. 
The  diagnostic  characteristics  enable  the  differentiation  of  species  at  egg  stage  itself.  These 
variations  in  ultrasculpture  might  enable  identification  of  taxa  in  their  egg  stage  to  subfamily, 
generic  and/or  species  levels 
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Abstract  text: 

For  the  majority  of  the  twentieth  century,  mosquito  genera  were  defined  by  morphological 
characters  useful  in  differential  identification.  Since  2000,  there  has  been  a  rapid  increase  in  the 
number  of  genera  within  the  tribe  Aedini,  primarily  due  to  the  elevation  of  subgenera  from 
within  the  genus  Aedes.  These  elevations  were  based  upon  cladistics  analyses  of  morphological 
characters.  More  recently,  additional  analyses  with  the  same  characters  called  into  question  the 
elevation  of  these  genera.  Given  the  conflicting  results  of  morphological  analyses,  the  need  for  a 
molecular  phylogeny  of  the  medically  important  Aedini  was  apparent.  Here  we  present  the 
results  from  the  most  comprehensive  molecular  phylogeny  of  mosquitoes  to  date,  with  a 
particular  focus  on  the  genus  Aedes ,  including  more  than  seventy  mosquito  species.  We  used  a 
database-driven  approach  in  R  to  build  a  supermatrix  from  five  gene  regions  for  use  in 
subsequent  analyses  in  PhyML.  We  discuss  our  results,  including  implications  for  the 
monophyly  of  the  genus  Aedes ,  and  present  potential  applications  of  the  phylogeny  for  use  in 
analyses  of  cophylogeny  between  mosquitoes  and  parasites. 
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Abstract  text: 

The  Nearctic  Dixidae  were  last  revised  fifty  years  ago.  Since  that  time,  only  a  few  isolated 
species  have  been  added  to  the  fauna.  A  two-pronged  morphological  and  molecular  systematic 
study  of  the  Nearctic  Dixidae  has  revealed  numerous  instances  of  taxonomic  confusion, 
including  erroneous  generic  assignments,  synonyms,  and  unrecognized  sibling  species.  In  this 
study  two  of  the  most  commonly  observed  eastern  Nearctic  species  of  Dixa  Meigen,  D. 
inextricata  Dyar  and  Shannon  and  D.  modest  a  Johannsen  sensu  Peters,  are  both  shown  to 
actually  be  comprised  of  three  valid  species.  Males  are  most  readily  separable  based  on  subtle 
though  highly  consistent  differences  in  key  structures  of  the  terminalia,  particularly  the 
gonocoxite,  gonostylus,  and  cercus.  Females  are  not  differentiable  beyond  the  level  of  species 
group.  In  each  of  these  groups,  widespread  geographic  and  temporal  sympatry  between  siblings 
occurs,  although  cohabitation  of  streams  is  extremely  rare  due  to  fine-scale  habitat  partitioning. 
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Abstract  text: 

Myriophora  is  a  species-rich  group  of  parasitoids  that  attacks  chemically  defended  millipedes  in 
the  superorder  Juliformia  and  order  Polydesmida.  Few  insect  predators  and  parasitoids  are  able 
to  exploit  millipedes  due  to  the  toxic  quinones  and  cyanogenic  compounds  present  in  their 
defensive  secretions,  but  Myriophora  have  co-opted  these  compounds  for  long-range  host 
location.  Worldwide,  there  are  an  estimated  200  species  of  Myriophora ,  and  65  are  known  from 
the  Nearctic  and  Neotropical  Regions.  We  present  the  first  phylogenetic  study  of  Myriophora 
from  a  dataset  composed  of  52  taxa,  molecular  data  from  three  mitochondrial  (16S,  COI ,  and 
ND1)  and  one  nuclear  marker  (AK),  and  40  morphological  characters  to  examine  biogeographic 
and  host  association  patterns.  We  find  that  the  most  probable  ancestral  area  for  Myriophora  is  the 


Nearctic  Region,  and  a  single  dispersal  event  to  the  Old  World  via  a  Beringian  route  took  place 
before  subsequent  spreading  to  the  Afrotropical  Region.  Furthermore,  our  collection  records 
indicate  that  Wallace's  Line  presents  a  natural  barrier  that  inhibits  dispersal  to  the  Australasian 
Region.  Benzoquinone-producing  juliform  millipedes  were  reconstructed  as  the  ancestral  hosts 
for  Myriophora ,  and  this  association  has  been  retained  throughout  the  Old  World  clade.  In  the 
Neotropical  Region,  species  of  Myriophora  that  are  associated  with  cyanide-producing 
polydesmidan  millipedes  are  confined  to  a  single  clade  that  shows  remarkably  little  genetic 
variation  between  clearly  morphologically  distinct  species. 
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Abstract  text: 

A  multi-year  project  is  underway  to  improve  our  knowledge  of  fruit  flies  of  the  New  World 
genus  Anastrepha  (Diptera:  Tephritidae).  Long-term  collecting  efforts  are  underway  in  Peru, 
Bolivia,  Colombia,  Ecuador,  Suriname,  and  Panama  primarily  by  use  of  2-component  multi-lure 
traps  and  collecting  infested  fruits  to  associate  immature  stages  with  adults.  Among  other 
findings,  the  diversity  of  Anastrepha  in  the  Amazon  Basin  is  much  higher  than  previously 
thought.  To  date,  about  130  species  have  been  collected.  Approximately  65  new  species  have 
been  discovered,  including  previously  unknown  pests  of  edible  fruits.  The  make-up  of  the 
Anastrepha  fraterculus  cryptic  species  complex  has  been  further  resolved  through  analysis  of 
nuclear  ribosomal  ITS  1  sequences.  Approximately  40  species  have  been  associated  with  their 
host  plants  by  rearing  larvae,  and  morphological  descriptions  of  immature  stages  are  in  progress. 
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Abstract  text: 

The  body  plan  of  adult  winged  insects  has  been  remarkably  conserved  for  over  350  million 
years:  with  a  head,  thorax,  and  an  abdomen  without  any  non-genital  appendages.  Flies  of  the 
family  Sepsidae  are  one  of  the  few  exceptions  to  this  body  plan;  several  sepsid  species  bear  a 
novel  appendage  on  the  fourth  abdominal  stemite.  Fourth  sternite  structures  can  range  from  flat 
plates  to  spectacular,  fully  articulated  appendages  with  capacities  for  controlled  movement.  The 
appearance  of  these  structures  provides  an  ideal  system  to  understand  how  appendages  evolve  de 
novo.  In  order  to  uncover  the  genes  in  the  regulatory  network  that  control  abdominal  appendage 
development,  we  optimized  CRISPR/Cas9  in  sepsids  to  knockout  candidate  patterning  genes  and 
test  their  function  in  the  development  of  fourth  sternite  appendages.  We  reconstruct  the  evolution 
of  abdominal  appendages  in  sepsids  using  a  combination  of  transcriptome  and  multiplex  PCR 
data.  This  will  identify  key  target  species  for  which  to  understand  the  origin  and  evolution  of  a 
gene  regulatory  network  that  lead  to  the  emergence  and  diversification  of  abdominal  appendages 
in  Sepsidae. 
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Abstract  text: 

The  subfamily  Eurybatinae  (Micropezidae)  is  a  mostly  Oriental-Australian  subfamily  of  85 
described  species  currently  divided  into  eleven  genera:  Nestima ,  Trepidarioides,  Crosa,  Papeza, 
Anaeropsis ,  Eurybata ,  Crepidochetus ,  Metopochetus ,  Cothornobata,  Notenthes  and  Badisis.  Of 
these,  only  the  monotypic  Central  American  genus  Notenthes  occurs  in  the  New  World. 
McAlpine  (1998)  reviewed  the  Australian  species  of  Eurybatinae,  and  Li  et  al.  (2015)  revised  the 
Oriental  species  of  Cothornobata  but  otherwise,  the  subfamily  remains  known  mostly  from  older 
type  specimens  only,  the  genera  remain  inadequately  defined,  and  many  species  remain  to  be 
described.  We  here  present  an  overview  of  the  biology,  distribution  and  systematics  of  the 
family,  outline  our  new  generic  concepts  and  preview  some  unpublished  new  taxa. 
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Abstract  text: 

Plocoscelus  is  a  Neotropical  genus  of  stilt-legged  flies  (Micropezidae)  with  17  described  species. 
They  often  resemble  ants  and  present  some  interesting  behaviours  in  nature,  such  as  mating 
aggregation,  transfer  of  regurgitated  fluids  between  male  and  female  and  stereotypical  mating 
movements.  Although  the  fascinating  courtship  behaviour  of  Plocoscelus  was  described  by 
William  Morton  Wheeler  in  1924,  the  group  remains  poorly  known  and  species  are  essentially 
unidentifiable.  We  here  update  the  taxonomy  of  the  genus,  introduce  13  new  species,  and  discuss 
the  phylogenetic  and  zoogeographic  significance  of  the  work. 
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Abstract  text: 

Sphaeroceridae  are  small  acalyptrate  flies  that  abound  in  decomposing  organic  material  in  almost 
every  terrestrial  habitat  around  the  world,  including  Australia  and  New  Zealand,  where  Howickia 
seems  to  be  the  most  diverse  genus.  The  New  Zealand  Howickia  species  were  revised  by 
Marshall  et  al.  (2014),  but  the  Australian  species  have  not  been  revised  since  1973  when 
Richards  described  13  winged  species,  one  brachypterous  species,  and  1  apterous  species. 
Examination  of  several  thousand  specimens  of  Australian  Sphaeroceridae  currently  held  in  the 
University  of  Guelph  Insect  Collection  shows  that  the  Australian  Howickia ,  as  currently  defined, 
includes  approximately  30  species,  about  14  of  which  are  undescribed,  and  half  of  which  are 
wingless.  We  here  outline  the  reasons  for  a  revised  definition  of  the  genus  Howickia  and  review 
the  systematics,  biology  and  distribution  of  the  Australian  species  and  species  groups. 
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Abstract  text: 

Sphaeroceridae  are  ubiquitous,  small  to  minute  flies.  On  the  end  of  the  “minute”  scale  is  an 
interesting  and  abundant  genus:  Bromeloecia.  There  are  only  four  formally  described  species  in 
the  genus  {B.  bromelarium  Knab  and  Malloch  1912,  B.  winnemana  Malloch  1925,  B.  seltzeri 
Marshall  1983  and  B.  tarsiglossa  Marshall  1983),  but  the  University  of  Guelph  collection  holds 
about  5000  specimens  and  includes  a  couple  of  dozen  new  species.  These  minute  and  seemingly 
ordinary  flies  are  characterized  either  by  character-rich  genitalia  or  by  unique  ornamental 
processes  on  the  hindtarsus.  Species  in  the  clade  characterized  by  ornamental  processes  have 
simple  and  uniform  genitalic  structures;  those  without  the  tarsal  processes  have  intricate  and 
interspecifically  variable  genitalia.  These  patterns  will  be  discussed  in  the  context  of  the 
evolution,  biology  and  distribution  of  the  genus. 
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Abstract  text: 

The  dipteran  clade  Calyptratae  comprises  two  superfamilies,  Hippoboscoidea  and  Oestroidea, 
and  the  muscoid  grade.  The  nearly  20,000  described  species  of  calyptrate  flies  make  up  the  most 
species-rich  and  ecologically  diverse  group  within  the  schizophoran  super-radiation.  Researchers 
have  reconstructed  calyptrate  phylogeny  at  different  taxonomic  levels  utilizing  morphological 
and  molecular  data,  but  relationships  among  major  parts  of  this  fly  radiation  are  still 
controversial.  The  mitochondrial  genome  has  been  widely  used  in  phylogenetic  research  on 
insects,  and  as  the  mitogenome  appears  to  evolve  faster  than  the  nuclear  genome,  it  should  have 
the  potential  for  a  finer  phylogenetic  resolution  (or  higher  branch  support  values)  in  fast- 
evolving  groups.  Thus,  we  reconstructed  the  phylogeny  of  this  group  of  flies  using  mitochondrial 
genomic  data.  In  addition  to  the  previously  determined  complete  mitogenomes,  we  newly 
documented  mitogenomic  sequences  of  two  purposefully  chosen  species  representing  the 


superfamily  Hippoboscoidea,  and  one  subfamily  from  Sarcophagidae  (Miltogrammatinae),  for 
which  mitogenomic  data  were  not  previously  known.  The  matrix  comprised  concatenated 
nucleotide  sequences  from  all  13  protein-coding  genes,  2  ribosomal  RNA  (rRNA),  and  22 
transfer  RNA  (tRNA)  genes,  and  these  data  were  subjected  to  Maximum  Parsimony,  Maximum 
Likelihood,  and  Bayesian  analyses.  We  evaluated  the  divergences  of  each  mitochondrial  gene, 
and  the  performances  of  each  gene  in  calyptrate  phylogeny  reconstruction.  We  also  compared  the 
resultant  trees  to  the  various  alternative  phylogenetic  hypotheses  that  have  been  proposed 
previously. 
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Abstract  text: 

Introduction:  Gasterophilus  larvae  are  obligate  parasites  constrained  in  the  digestive  tract  of 
equids  where  the  environmental  conditions  are  very  adverse.  The  morphology  of  these  species  is 
highly  distinctive  and  controversial  in  calyptrate  species.  The  purpose  of  this  study  is  to  provide 
novel  and  extensive  morphological  characters,  determine  how  these  traits  support  the 
phylogenetic  relationships  of  Gasterophilus  suggested  by  molecular  and  mainly  adult 
morphological  data  in  previous  studies,  and  reveal  the  morphological  evolutionary  trends  in  this 
genus. 

Methods:  The  general  ultra-morphology  of  six  out  of  eight  species  in  the  world  were  examined 
through  scanning  electron  microscope  (SEM)  and  confocal  laser  scanning  microscope  (CLSM). 
Series  of  characters  were  traced  on  published  cladograms. 

Results/Conclusion:  Synapomorphies  were  summarized  in  this  genus  (e.g.  robust  mouth-hooks 
and  spines,  developed  tracheae  and  cephaloskeleton,  multi-opening  anterior  spiracles  and 
numerous  sensilla  on  cuticle)  to  demonstrate  the  evolutionary  trends  of  this  genus.  The  paired 
labrums  are  only  developed  in  Gasterophilus  species  while  reduced  in  most  other  bot  flies.  The 


larval  terminology  was  also  revised  based  on  homology  in  Diptera  larvae.  The  morphology  of 
Gasterophilus  larvae  is  greatly  evolved  and  specialized,  which  implies  an  intriguing  model  for 
further  investigations  into  bio-diversifications,  host-parasite  interactions,  adaptations  and  co¬ 
evolution. 
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Abstract  text: 

The  Gasterophilus  (Diptera:  Oestridae)  larvae  are  obligate  parasites  of  equids  and  live  on  the 
mucosa  of  various  regions  of  the  equid  gastrointestinal  tract  inducing  horse  gastrointestinal 
myiasis.  Currently,  six  species  of  Gasterophilus  have  been  reported  to  exist  in  China,  while  eight 
species  exist  worldwide.  They  occupy  almost  the  same  niche  by  parasitizing  same/similar  hosts 
of  Equus  spp.,  sharing  almost  identical  life  cycles.  However,  they  differ  in  some  development 
strategies,  e.g.,  egg  production,  oviposition  sites,  conditions  for  egg  hatching,  and  development 
locations  of  each  larval  stage.  To  trace  the  evolution  of  Gasterophilus ,  mitochondrial  genomes  of 
those  widely  distributed  horse  botflies  are  sequenced  and  used  to  reconstruct  the  phylogeny  of 
Gasterophilus.  All  protein-coding  genes  and  rRNA  genes  are  aligned  and  concatenated,  and  then 
subjected  to  phylogeny  reconstruction.  The  results  reveal  that  the  mitochondrial  genomes 
of  Gasterophilus  spp.  are  very  similar  to  all  known  calyptrates  both  in  gene  order  and 
orientation.  They  are  circular  molecules  containing  all  37  genes  usually  present  in  bilaterians:  13 
protein-coding  genes  (PCGs),  2  ribosomal  RNA  (rRNA)  genes,  and  22  transfer  RNA  (tRNA) 
genes.  We  investigate  the  evolution  of  different  life  cycle  strategies  and  selected  morphological 
characters  based  on  the  resultant  trees  and  discuss  how  the  niche  differentiation  among  species 
of  Gasterophilus  may  have  evolved. 
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Abstract  text: 

Much  of  the  great  Neotropical  species  richness  of  the  parasitoid  fly  family  Tachinidae  (Diptera) 
is  found  within  the  exoristine  tribe  Blondeliini.  This  species  diversity  is  particularly  concentrated 
within  a  number  of  genera,  including  the  piercer-possessing  genera  of  the  Blondelia  genus 
group”.  Unfortunately,  the  blondeliines  are  plagued  with  a  history  of  taxonomic  inflation,  poor 
descriptions,  and  confusing  morphology,  thus  making  it  unclear  whether  these  intriguing 
oviposition  structures  are  homologous  or  convergent.  We  therefore  present  a  molecular 
phylogeny  for  the  Blondeliini  using  three  informative  nuclear  genes,  which  resolves  the 
relationships  between  the  key  centers  of  diversity  in  the  tribe  and  the  monophyly  of  the 
Blondelia  group.  This  framework  will  serve  as  a  baseline  for  future  taxonomic  work  within  the 
tribe. 
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Abstract  text: 

Hemiptera  are  the  largest  order  in  Hemimetabola.  One  of  their  prominent  characteristics  is  the 
development  of  the  inner  metathoracic  jumping  muscles.  This  character  can  be  observed  in  all 
four  hemipterous  suborders,  despite  taxa  with  the  metathoracic  jumping  ability  being  very 
restricted  among  other  insects.  In  particular,  the  plant  lice  (Sternorrhyncha),  planthoppers 
(Fulgoromorpha)  and  froghoppers  (Cicadomorpha)  have  strong  jumping  ability.  However,  the 
evolutionary  pattern  and  process  of  the  jumping  ability  in  Hemiptera  have  not  been  studied  so 
far.  In  this  study,  we  observed  the  thoracic  musculatures  of  all  auchenorrhynchan  and 
sternorrhynchan  superfamilies  to  elucidate  the  evolution  of  the  jumping  ability  in  Hemiptera.  We 
concluded  that  the  powerful  jumping  abilities  were  gained  independently  at  least  three  times 
(each  in  Sternorrhyncha,  Fulgoromorpha,  and  Cicadomorpha)  because  of  their  significantly 
different  conditions  of  the  jumping  muscles. 
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Abstract  text: 

Host  plant  association  is  often  one  of  the  main  characteristics  used  to  distinguish  between  closely 
related  aphid  species.  However,  host  association  also  can  be  one  of  the  main  sources  of 
misidentification  of  host-alternating  aphids.  Taxonomic  problems  have  been  created  when  aphid 
morphs  from  primary  (woody)  host  plants  have  been  treated  as  separate  species  from  those  found 
living  on  secondary  (herbaceous)  or  summer  host  plants  or  vice  versa.  We  present  a  case  of  the 
misidentification  of  the  species  Aphis  floridanae  that  has  been  resolved  using  morphological  and 
molecular  data.  A.  floridanae  is  a  native  species  that  feeds  on  Lactuca  floridana ,  Erechtites  spp., 
and  possibly  other  members  in  the  family  Asteraceae.  A.  floridanae  was  recognized  as  a  valid 
species  by  Eastop  &  Hille  Ris  Fambers  (1976);  however,  Remaudiere  &  Remaudiere  (1997) 


cited  A.  floridanae  as  a  synonym  of  A.  nasturtii.  The  morphological  studies  showed  that  this 
species  is  similar  to  A.  impatientis.  With  additional  specimens  collected  from  the  host  plants 
above,  along  with  morphological  examination,  and  sequencing  of  the  mitochondrial  cytochrome 
oxidase  1  ( Coxl ),  we  determined  the  taxonomic  status  of  A.  floridanae.  The  pair-wise  distances 
based  on  sequencing  between  collections  of  A.  impatientis  and  A.  floridanae  are  from  0.00-0.4%. 
A.  impatientis  was  described  only  from  an  annual  plant,  Impatiens  spp.  Recently,  Lagos-Kutz  et 
al.  (2016)  (in  print)  found  that  this  species  is  heteroecious  holocyclic,  and  that  its  primary  host 
plant  is  Cornus  spp.  Our  study  reveals  that  A.  impatientis  Thomas,  1878  is  the  senior  synonym  of 
A.  floridanae  Tissot  ,1933,  syn.  nov. 


Paper  (Oral)  Presentations 

Presentation  Title:  Chromosomal  variation  and  cryptic  species  in  the  Apiomorpha  minor 
species  complex 

Author  Name:  Penelope  Mills 

Author  Institution:  University  of  Queensland 

Session  Title:  Contributed  Papers:  Morphology,  Systematics,  and  Phylogeny:  Hemiptera 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4079 

DOI:  10.1603/ICE.2016.1 15289 

Abstract  text: 

Apiomorpha ,  a  genus  of  gall-inducing  scale  insects,  is  one  of  the  most  chromosomally  diverse 
animal  genera,  with  diploid  karyotypes  ranging  from  2n=4  to  2n  =  about  192.  This  chromosomal 
variation  has  arisen  relatively  rapidly  compared  with  morphological  change,  resulting  in  multiple 
cryptic  species-complexes  that  are  still  being  unravelled.  Within  the  A.  minor  species  complex, 
individuals  with  karyotypes  ranging  from  2n=6  to  2n=84  form  at  least  nine  reproductively 
isolated  genetic  lineages.  Several  of  these  lineages  comprise  individuals  with  very  different 
karyotypes,  possibly  indicating  additional  species  not  resolved  by  the  two  DNA-based  markers 
used  previously.  Here,  we  use  multi-gene  coalescence  to  test  whether  additional  cryptic  species 
are  present  in  this  unusual  group  of  scale  insects. 
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Abstract  text: 

The  plant-louse  genus  Russelliana  (Hemiptera:  Psylloidea),  restricted  to  temperate  and 
subtropical  South  America,  is  revised  and  its  internal  phylogenetic,  host-plant  and 
biogeographical  relationships  are  analysed.  Twenty-four  species  are  described  as  new,  bringing 
the  number  of  known  species  to  43.  Russelliana  is  notable  for  its  wide  host  range.  A 
phylogenetic  analysis  defines  three  monophyletic  clades  (2  spp.,  6  spp.  and  4  spp.)  associated 
with  Solanaceae,  each  one  monophyletic  clade  associated  with  Asteraceae  (4  spp.)  and  Fabaceae 
(13  spp.),  respectively,  and  one  paraphyletic  clade  with  Verbenaceae  (5  spp.).  This  pattern 
suggests  that  host  switches  are  relatively  frequent.  Whether  there  is  coevolution  within  some 
clades  and  their  hosts  remains  uncertain,  as  neither  the  psyllid  nor  the  host  phylogenies  are 
sufficiently  resolved.  On  the  other  hand,  geographical  vicariance  is  frequent  and  is  found  in  at 
least  five  species  groups  of  Russelliana.  Sixteen  Russelliana  species  develop  on  Solanaceae,  and 
may  be  candidates  for  future  pests. 
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Despite  recent  efforts  to  fill  in  the  leaves  of  the  insect  Tree  of  Life,  no  molecular  phylogeny  has 
been  proposed  for  Cicadidae  (Hemiptera:  Cicadoidea).  Here  we  present  the  first  cicada 
molecular  phylogeny  based  on  150  anchored  hybrid  enrichment  loci  and  100  cicada  taxa. 
Furthermore,  we  demonstrate  novel  methods  to  identify  sequence  contamination  and  paralogous 
locus  copies.  Lastly,  we  test  the  utility  of  novel  cicada  and  Hemiptera  1 : 1  orthologs  to  resolve 
evolutionary  relationships  among  closely  related  cicada  species  and  pest  Hemiptera  species. 
Neither  concatenated  phylogenies  nor  gene  tree  -  species  tree  analyses  support  the  monophyly 
for  the  three  cicada  subfamilies.  In  addition,  many  tribes  are  not  supported  by  phylogenomic 
data.  Additional  taxonomic  work  at  the  subfamily  and  tribal  ranks  is  needed.  Gene  tree  analyses 
detected  contamination  and  paralogous  locus  copies  for  some  species.  Removal  of  the  species 
with  contaminated/paralogous  sequences  or  individual  contaminated/paralogous  locus  sequences 
from  analyses,  improved  branch  support;  however,  tribal  and  subfamily  support  remain 
conflicted  with  taxonomy.  Additional  analyses  exploring  the  utility  of  Hemiptera  and  cicada  1 : 1 
orthologs  to  resolve  recent  divergences  suggest  they  have  little  use  resolving  recent  relationships. 
This  also  includes  the  ability  for  these  ortholog  sets  to  resolve  the  recent  divergences  of  the 
Bemisia  tabaci  (Hemiptera:  Aleyrodidae)  complex.  Based  on  our  analyses  we  suggest  1 : 1 
orthologs  should  be  estimated  for  each  group  in  question  respective  of  their  age. 
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Abstract  text: 

Delphacidae  is  currently  classified  into  three  subfamilies  and  14  tribes.  Male  terminalia  are  often 
relied  upon  in  identifying  these  subfamilies  and  tribes,  with  little  to  no  emphasis  on  female 
structures,  such  as  the  2nd  valvula  or  median  gonapophysis  IX.  However,  gonapophysis  IX  may 
be  invaluable  in  identifying  Delphacidae  at  higher  and  lower-levels,  such  as  the  case  with  other 
closely  related  Auchenorrhyncha,  for  example  Membracoidea.  In  observing  potential  useful 
characteristics  of  the  gonapophysis  we  dissected  3 1  genera,  with  at  least  one  exemplar  for  each 
tribe.  After  careful  examination  of  each  of  these  exemplars,  we  discovered  several  novel 
morphological  characteristics,  such  as  the  presence  or  absence  of  teeth  along  the  inner  margin; 
shape  and  number  of  these  teeth;  orientation  of  teeth;  sculpturing  on  outer  and  inner  surfaces; 
and  size  and  shape  of  the  entire  gonapophysis.  The  discovery  of  these  characteristics  may  offer 
some  utility  in  diagnostics  of  Delphacidae,  for  example  the  construction  of  taxonomic  keys,  and 
potentially  elucidate  cladistic  hypotheses  of  this  family. 
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Abstract  text: 

High-throughput  sequencing  techniques  are  now  enabling  the  retrieval  of  natural  history  data  that 
are  traditionally  difficult  to  document  across  species-rich  insect  groups  in  a  cost-effective 
manner.  Diet  profiles  within  assassin  bugs  (Reduviidae,  Heteroptera)  are  especially  limited  and 
sometimes  based  on  anecdotal  accounts  or  extrapolations  from  single  or  selected-species  studies. 
We  assess  here  the  feasibility  of  the  DNA  metabarcoding  technique  to  determine  the  diet  profiles 
of  various  assassin  bug  species  using  dissected  gut  contents.  We  sampled  broadly  across  various 
major  reduviid  lineages  to  compare  test  results  with  known  diet  profiles.  Not  only  can  we 
establish  a  better  defined  diet  profile  for  each  species  examined,  but  also,  recovery  of  more  than 
one  prey  item  from  each  gut  content  is  possible.  The  cost-effectiveness  and  sensitivity  issues  of 
this  technique  is  discussed  with  the  prospective  usage  on  species  with  unknown  prey  preferences. 
Ultimately,  gathering  a  more  refined  and  higher  resolution  dataset  of  the  dietary  prey  of  various 
assassin  bugs  allows  for  a  more  accurate  tracing  of  evolutionary  changes  in  prey  specialization 
among  Reduviidae. 
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Abstract  text: 

Introduction:  Phymata  Latreille,  the  largest  genus  of  ambush  bugs  (-108  spp.,  -46  sspp.),  are 
common  sit-and-wait  predators  of  flower- visiting  insects  and  serve  as  model  organisms  in 
evolutionary  studies  on  sexual  dimorphism  and  sexual  selection.  Many  North  American  taxa  are 
polymorphic  and  their  species  boundaries  are  not  clearly  defined.  Identification  of  taxa  that  share 
overlapping  ranges  can  be  quite  difficult  given  that  most  taxonomic  descriptions  rely  on 


characters  that  are  variable  among  conspecifics  (i.e.  body  coloration,  pronotal  shape,  antennal 
length,  degree  of  granulation). 

Methods:  To  improve  identification  of  difficult  taxa  and  enhance  our  understanding  of  the 
diversity  of  North  American  Phymata ,  we  use  molecular  species  delimitation  methods  and 
geometric  morphometries  to  uncover  species  boundaries. 

Conclusions:  Application  of  these  methods  have  revealed  potential  cryptic  species  level  diversity 
and  are  allowing  us  to  determine  which  morphological  characters  may  be  useful  for  species 
delimitation. 
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Abstract  text: 

Macadamia  is  an  endemic  Australian  plant  genus  that  was  first  cultivated  in  Hawaii  and  was 
subsequently  commercialised  on  the  eastern  seaboard  in  Australia.  Over  the  past  decade 
macadamia  production  has  been  severely  impacted  by  native  lace  bugs  that  have  become 
pestiferous  in  orchards  within  the  native  range  of  both  the  insect  and  plant.  Our  research 
examines  the  ecology,  systematics,  and  genetics  of  lace  bugs  of  the  genus  Ulonemia  (Hemiptera: 
Tingidae).  Using  molecular  and  morphological  data,  we  determined  that  four  lace  bug  species 
are  implicated  in  feeding  on  plantation  macadamias.  One  species  in  particular  -  Ulonemia 
decoris  -  has  been  found  to  be  the  main  pest  species,  causing  flower  damage  and  catastrophic 
nut  loss.  Multilocus  DNA  analyses  verified  the  separation  of  the  four  lace  bug  species  but  have 
brought  into  doubt  the  monophyly  of  the  genus.  The  bionomic  implications  of  these  results  will 
be  discussed. 
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Abstract  text: 

The  lacebugs  (Hemiptera:  Tingidae)  are  a  group  of  small  bugs  with  piercing  sucking  mouthparts, 
all  of  which  are  phytophagous.  Due  to  their  small  size  and  well-camouflaged  appearance,  they 
have  often  been  overlooked  during  general  collecting  expeditions.  Only  43  species  of  Tingidae 
have  been  recorded  from  Costa  Rica  in  the  literature  (Drake  &  Ruhoff  1965,  Guilbert  2015, 
Montemayor,  2011,  Guidoti  et  al.  2014).  There  are  many  other  species  of  Tingidae  found 
throughout  the  neotropics,  which  may  be  present  in  Costa  Rica.  Froeschner  (1996)  lists  58 
species  from  Panama,  many  of  which  have  not  been  found  in  Costa  Rica.  Drake  &  Ruhoff  (1965) 
also  list  42  additional  species  from  Guatemala,  which  may  also  be  present  in  Costa  Rica.  We 
expect  the  number  of  species  occurring  in  Costa  Rica  to  triple  from  what  is  currently  known. 

Many  specimens  from  Costa  Rica,  Panama  and  Nicaragua  have  been  examined  and  identified. 
Fifteen  new  species  have  been  discovered  and  will  be  described  taxonomically  for  the  first  time. 
New  species  being  described  are  from  the  following  genera:  Corycera  Drake,  Corythucha  Stal, 
Gargaphia  Stal,  Liotingis  Drake  and  Hambleton,  Phatnoma  Fieber,  Phymacysta  Monte,  and 
Stragulotingis  Froeschner.  Four  new  genera  have  also  been  discovered.  New  records  of  species 
from  the  following  genera  have  now  been  discovered  from  Costa  Rica:  Acysta  Champion, 
Ambotingis  Drake  and  Ruhoff,  Aristobyrsa  Drake  and  Poor,  Corycera  Drake,  Dicysta  Champion, 
Eocader  Drake  &  Hambleton,  Eurypharsa  Stal,  Liotingis  Drake  and  Hambleton,  Megalocysta 
Champion,  Phymacysta  Monte,  Stenocysta  Champion,  and  Zetekella  Drake. 
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Insects  are  epidermal  organisms  and  the  single-layered  epithelium  is  responsible  for  their 
tremendous  phenotypic  diversity.  Epidermal  cells  produce  the  cuticle,  the  acellular  exoskeleton 
that  is  the  subject  of  most  morphological  descriptions  in  insect  systematics.  The  dominance  of 
cuticular  characters  in  morphological  descriptions  is  easy  to  explain:  besides  the  remnants  of 
some  skeletal  muscles,  the  cuticle  is  perhaps  the  only  component  of  an  insect  body  that  can  be 
accurately  studied  even  on  an  improperly  fixed  specimen.  This  resilient  replica  of  the  pupal 
epidermis  can  be  studied  on  specimens  that  are  millions  of  years  old. 

We  investigate  cellular  processes  that  underlie  body  size  polyphenism,  by  utilizing  the 
correspondence  between  epidermal  cells  and  scutes,  polygonal  units  of  leather-like 
micro  sculpture  in  Hymenoptera.  Our  results  reveal  that  body  size  polyphenism  in  Megaspilidae 
is  most  likely  related  to  cell  number  and  not  cell  size  variation,  and  that  cell  size  differs  between 
epithelial  fields  of  the  head  and  that  of  the  mesosoma. 

Being  able  to  understand  cellular  processes  in  the  developing  epithelium  of  adult  insects  by 
reading  sculptural  elements  can  provide  invaluable  information  about  the  influence  of 
environmental  factors  on  allometric  differentiation.  Sculpture  remains  available  as  a  source  of 
biological  information  long  after  a  specimen  has  been  collected  or  preserved  as  a  fossil. 

Therefore  we  believe  that  sculpture,  a  witness  to  developmental  and  evolutionary  history  of 
arthropods,  could  serve  as  a  messenger  between  morphology  based  classical  arthropod  taxonomy 
and  the  21st  century  insect  ecology,  evolutionary  biology,  and  cell  and  developmental  biology. 
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Every  10th  species  of  wasp  in  Europe  belongs  to  a  single  family  of  minute  parasitoids,  the 
Pteromalidae.  Since  the  second  half  of  the  18th  century  this  group  has  been  studied  continuously. 
To  date  about  1,100  species  of  Pteromalidae  have  been  described  from  Northern  and  Central- 
Europe.  One  might  therefore  assume  that  the  European  fauna  is  comprehensively  recorded  and 
that  there  is  not  much  left  to  discover.  On  the  contrary,  estimates  reveal  that  a  great  number  of 
species  still  remains  unknown  to  science.  The  aim  of  my  PhD  project  is  to  assess  the  actual 
amount  of  undiscovered  species  diversity  of  Pteromalidae  in  North-  and  Central  Europe  and  to 
develop  fast  and  efficient  species  diagnoses  and  descriptions  by  integrative  taxonomy.  In  the  past 
decade  two  of  the  largest  initiatives  to  inventory  the  European  fauna,  the  German  Barcode  of 
Life  (GBOL)  and  the  Swedish  Malaise  Trap  Project  (SMTP)  yielded  a  vast  number  of  specimens 
to  study.  DNA  barcoding  of  the  Cytochrome-c-oxidase  subunit  I  (COI)  in  combination  with  a 
tree-based  approach  is  used  to  aid  in  the  morphological  identification  and  discovery  of  known 
and  unknown  species.  Additionally  a  database  is  established  by  associating  the  obtained 
barcodes  with  their  respective  perfectly  preserved  voucher  specimens  deposited  in  natural  history 
collections.  Results  show  the  existence  of  cryptic  species  complexes,  which  cannot  be  separated 
by  mere  morphological  identification,  thus  suggesting  a  largely  unrecognized  species  diversity. 
The  benefits  of  integrating  multiple  approaches  to  delimit  species  of  Pteromalidae  and  the 
problems  to  overcome  in  the  process  will  be  discussed. 
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Wasps  in  the  genus  Oobius  (Chalcidoidea:  Encyrtidae)  are  primarily  parasitoids  of  the  eggs  of 
wood-boring  Coleoptera.  Among  other  biological  control  agents,  Oobius  agrili ,  has  been 
imported  from  China  into  the  United  States  for  control  of  the  emerald  ash  borer,  Agrilus 
planipennis,  a  devastating  pest  of  ash  trees  in  North  America.  Natural  enemy  survey  and 
monitoring  programs  associated  with  emerald  ash  borer  have  revealed  a  rich  North  American 
Oobius  fauna,  with  several  new  species  in  need  of  formal  description.  We  present  preliminary 
taxonomic  results  for  these  new  species,  as  well  as  the  results  of  a  molecular  phylogeny  of 
Oobius  and  related  genera. 
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Chalcidoidea  is  a  highly  diverse  group  of  minute  parasitic  wasps  that  is  extremely  under¬ 
described.  The  family  Eucharitidae  is  the  only  insect  family  entirely  composed  of  parasitoids  that 
specialize  on  immature  ants.  These  wasps’  dynamic  lifecycle  involves,  often  species-specific, 
tritrophic  interactions  between  the  host  plant  in  which  they  oviposit  and  the  host  ant  on  which 
they  develop.  Their  larvae  are  strongly  sclerotized  and  mobile,  which  allows  them  to  get  from 
the  plant  into  the  ant  nest  by  phoretically  attaching  to  intermediate  hosts.  All  species  in  the 
subfamily  Oraseminae,  where  hosts  have  been  verified,  parasitize  the  ant  subfamily  Myrmicinae. 
The  most  diverse  of  the  four  genera  in  this  subfamily,  Orasema,  currently  has  60  described 
species  but  is  estimated  to  have  around  170  species  worldwide.  There  is  a  lot  of  rapid  speciation 


and  cryptic  species  diversity  in  this  group  that  traditional  morphological  and  Sanger  sequencing 
approaches  struggle  to  delineate.  Using  hybrid  probe  capture  to  sequence  hundreds  of  gene 
regions  for  77  taxa  (32  Oraseminae)  and  counting  has  enabled  us  to  produce  phylogenies  with 
stronger  support  and  has  given  us  evidence  of  an  Old  World  to  New  World  transition  in  a 
previously  ambiguous  area  of  the  tree.  Using  digital  databasing  tools,  like  FileMaker  and  MX,  to 
code  morphology  has  streamlined  the  descriptive  process  and  is  allowing  us  to  rapidly  produce 
species  group  revisions  for  our  1 1,800  databased  orasemine  specimens.  By  using  a  combination 
of  new  and  traditional  techniques,  we  will  be  able  to  thoroughly  revise  this  subfamily  and 
develop  robust  biogeographic  and  phylogenetic  hypotheses. 
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Habrobracon  hebetor  Say,  1836  (Hymenoptera:  Braconidae)  is  an  ectoparasitoid  and  an 
important  biological  control  agent.  Hosts  of  the  species  are  agricultural  pests  within  the  insect 
order  Lepidoptera,  mostly  of  stored  grain  infesting  pyralid  moth  larvae.  It  has  been  suspected 
that  H.  hebetor  consists  of  at  least  two  morphological  strains.  Here  we  present  our  findings  on 
the  relationship  and  identification  of  H.  hebetor's  cryptic  species.  In  this  study  we  used  the 
mitochondrial  gene  COl  and  the  ribosomal  gene  16S  as  well  as  morphological  characters.  We 
confirm  that  there  are  two  strains  of  H.  hebetor.  The  difference  of  more  than  3%  indicates  that 
there  are  two  species.  The  morphology  differs  not  much  among  the  two  strains,  given  the  wide 
range  of  colour  variation  within  H.  hebetor.  However,  each  strain  has  a  different  range  of  the 
numbers  of  antennomeres,  although  these  ranges  show  some  overlap  between  the  two  strains. 
The  morphological  difference  indicates,  that  the  cryptic  species  is  Habrobracon  brevicornis. 
Given  that  the  two  strains  do  not  breed,  show  morphological  differences,  and  differ  genetically, 
we  propose  to  resurrect  H.  brevicornis  from  H.  hebetor. 
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Eupelmus  ( Macroneura )  is  a  subgenus  of  Eupelmus  that  includes  parasitoid  wasp  species  with 
brachypterous  females  and  winged  males.  It  is  cosmopolitan  in  distribution  but  most  described 
species  are  from  the  Holarctic  ecozone.  An  integrative  approach  including  molecular  data  (COI 
and  28S  sequences),  morphology,  morphometry,  wing  interference  pattern  in  males, 
cytogenetics,  host  records,  and  specimens  from  a  broad  geographic  area  was  used  to  revise 
species  delimitations  within  Europe.  As  a  result,  a  complex  of  cryptic  species  was  identified 
under  what  historically  had  been  interpreted  as  E.  vesicularis  -  one  of  the  most  widespread 
species  of  Eupelmidae  in  Europe  introduced  to  North  America  by  European  settlers  probably 
prior  to  the  19th  century.  With  over  200  host  records  it  is  also  one  of  the  most  polyphagous 
chalcid  wasp  species.  After  a  reanalysis  of  the  host  records  using  revised  species  limits,  the 
species  of  the  complex  are  still  polyphagous  though  some  ecological  specialisations  are  apparent. 
Cytogenetically,  it  is  interesting  that  in  two  cases  morphologically  and  phylogenetically  close 
species  differ  markedly  in  chromosome  morphology  and  number,  though  the  implication  of 
chromosome  changes  in  the  speciation  process  is  still  speculative.  Out  of  12  regional  species, 
four  are  described  as  new  and  one  is  removed  from  synonymy  under  E.  vesicularis. 
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Toryminae  includes  55  valid  genera  and  about  950  described  species.  It  has  been  historically 
classified  together  with  Megastigminae  in  the  family  Torymidae,  but  our  recent  studies  have 
shown  that  these  two  subfamilies  are  not  closely  related.  One  of  Toryminae  tribes  is 
Podagrionini.  It  seems  all  Podagrionini  are  strictly  Mantodea  oothecae-associated  and  develope 
as  exoparasitoids  of  mantid  eggs  in  their  oothecae.  Free-living  parasitoid  females  usually  search 
for  oothecae  layed  and  glued  by  mantid  females  onto  different  kinds  of  substrate  and  oviposite 
into  oothecae  using  often  very  long  ovipositors.  On  the  other  hand,  we  know  also  species  with 
very  short  ovipositors.  Some  of  those  females  attach  to  mantid  females  and  oviposit  into  the 
mantids'  oothecae  as  they  are  formed.  Due  to  rapid  evolution  and  despite  extremely  similar  life- 
history,  Podagrionini  diversified  into  many  lineages.  However,  it  has  been  shown  recently  that 
morphological  classification  of  Podagrionini  does  not  correspond  to  molecular-based  study 
(4809  nucleotides  from  5  genes)  of  this  tribe.  Our  results  show  that  previous  morphology-based 
clasification  is  one  of  the  most  underestimated  over  the  entire  subfamily  Toryminae.  Therefore 
we  propose  a  new  classification  of  Podagrionini  using  molecular  phylogeny,  life-history  and 
morphological  data  of  extant  taxa  as  well  as  fossils  to  show  convergent  morphological 
adaptations  across  the  tribe.  Such  data  allow  us  to  reassess  the  evolutionary  history  of 
Podagrionini. 
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Abstract  text: 

The  present  knowledge  on  the  cephalic  anatomy  of  trichopteran  larvae  is  largely  restricted  to 
external  features  of  the  skeleton  (e.g.,  pigmentation,  setation).  Detailed  information  on  internal 
features  (soft  tissue  anatomy)  is  only  available  for  very  few  species,  mainly  representatives  of 
Integripalpia.  As  the  spicipalpian  families  played  a  crucial  role  in  the  early  evolution  and 
diversification  of  Trichoptera,  the  almost  complete  lack  of  data  on  the  larval  head  anatomy  in 
these  taxa  is  a  serious  problem.  Furthermore,  a  long-debated  problem  is  the  homology  of  the 
larval  mouthpart  sclerites  and  appendages,  which  are  variably  shaped  in  different  lineages.  The 
derivation  of  the  maxillary  and  labial  sclerites  can  only  be  assessed  with  detailed  knowledge  of 
the  associated  muscles. 

The  cephalic  anatomy  of  the  larvae  of  all  spicipalpian  families  and  representatives  of 
Annulipalpia  and  Integripalpia  was  studied  using  a  combination  of  traditional  (SEM,  histology) 
and  modern  techniques  (CLSM,  p-CT,  3D-reconstruction).  Based  on  comparative  investigations 
several  ground  plan  features  and  evolutionary  traits  of  the  larval  head  of  Trichoptera  will  be 
reconstructed.  Implications  on  the  phylogheny  of  the  group  will  be  discussed. 
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Abstract  text: 

RNA  interference  is  a  highly  conserved  post  transcriptional  gene  silencing  mechanism  that  is 
triggered  by  dsRNA  molecules  when  they  are  present  in  the  cell.  It  is  obvious  that  the  RNAi 
technology,  by  downregulating  essential  genes,  thereby  causing  mortality,  gained  significant 
interest  in  pest  management  research  over  the  past  years.  Several  studies  have  demonstrated  that 


this  technique  shows  great  potential  for  the  development  of  novel  strategies  for  selectively 
controlling  agricultural  pests.  Nevertheless,  several  important  issues  remain  to  be  solved  in  order 
to  optimize  the  use  of  RNAi  in  insect  pest  control  and  to  extend  its  use.  The  degree  of  sensitivity 
towards  RNAi  varies  strongly,  with  many  economically  important  species  being  refractory  to 
environmentally  delivered  dsRNA  (feeding  and/or  injection).  For  oral  delivery  of  dsRNA,  the 
insect  midgut  forms  the  first  barrier.  dsRNase  activity  has  been  demonstrated  in  gut  juice  of 
several  insects,  suggesting  that  dsRNA  degradation  in  the  alimentary  tract  could  contribute  to 
lower  RNAi  efficiencies.  In  addition,  the  cellular  uptake  of  dsRNA  from  the  gut  lumen  could 
also  constitute  an  important  rate-limiting  step  for  environmental  RNAi.  However,  most  studies 
regarding  the  mechanisms  of  dsRNA  uptake  are  not  focusing  on  uptake  mechanisms  directly 
from  the  gut  lumen,  but  rather  from  the  body  cavity  after  injection.  Therefore,  the  general  aim  of 
this  research  was  to  study  the  environmental  RNAi  response  with  a  focus  on  the  oral  uptake 
route  in  the  desert  locust  Schistocerca  gregaria ,  and  the  Colorado  potato  beetle,  Leptinotarsa 
decemlineata.  A  definitive  role  for  dsRNA  degradation  in  the  RNAi  response  was  shown. 
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Abstract  text: 

Ecdysteroids  play  a  critical  role  in  coordinating  a  number  of  pivotal  developmental  and 
physiological  events  in  insects.  The  enzymes  that  comprise  the  ecdysteroid  biosynthetic  pathway 
include  a  Rieske  oxygenase  (Neverland),  a  short  chain  dehydrogenase/reductase  (Shroud),  a 
glutathione-S-transferase  (noppera-bo),  and  a  suite  of  cytochrome  P450  mono-oxygenases 
collectively  termed  Halloween  genes  (Spook,  Phantom,  Disembodied,  Shadow,  and  Shade).  In 
this  study  we  used  recently  developed  transcriptomic  resources  to  identify  potential  orthologs  of 
all  but  the  glutathione-S-transferase  in  a  hemipteran  pest  species,  the  western  tarnished  plant  bug 
{Lygus  hesperus ).  To  examine  the  functional  importance  of  the  respective  transcripts  in 


development,  nymphs  were  injected  with  long  dsRNAs  (~  500  bp)  corresponding  to  fragments  of 
the  coding  sequence  for  each  gene.  Clear  phenotypic  effects  on  adult  development  were  observed 
following  knockdown  of  L.  hesperus  orthologs  of  shroud  and  spookiest,  shroud  knockdown 
partially  hindered  adult  development  with  most  nymphs  exhibiting  high  mortality  prior  to 
eclosion.  In  contrast,  nymphs  injected  with  dsRNAs  for  the  spookiest  ortholog  failed  to  undergo 
adult  eclosion,  maintained  a  nymphal  appearance  (absence  of  wings  and  smaller  size)  despite  the 
development  of  elongated  abdomens,  and  had  reduced  expression  levels  of  ecdysone-responsive 
genes.  Adult  eclosion,  however,  was  rescued  in  spookiest  knockdown  nymphs  following  the 
application  of  exogenous  20-hydroxyecdysone,  but  not  7-dehydrocholesterol.  Taken  together, 
our  findings  provide  a  molecular  framework  for  examining  the  role  Halloween  genes  have  on  the 
physiology  and  biology  of  hemimetabolous  pests,  and  thus  may  provide  an  avenue  for  the 
development  of  new  control  measures. 
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Abstract  text: 

Many  animals  have  twin-spot  markings  like  eyespots  on  their  bodies.  Twin  spots  on  caterpillars 
are  often  used  as  aposematic  signals.  There  are  a  couple  of  mutants  for  twin  spot  markings  in  the 
silkworm.  This  includes  Bombyx  mori,  which  is  a  good  case  to  study  the  formation  of  spot 
pattern.  One  of  the  mutants,  multistars  (ms)  has  twin-spot  markings  at  consecutive  larval 
segments.  Another  mutant,  multilunar  (L)  has  similar  but  large  brown  twin-spots  at  the  same 
position  of  ms.  Our  previous  report  has  shown  that  the  L  phenotype  is  caused  by  cis-regulatory 
change  of  Wntl.  On  the  other  hand,  we  recently  found  that  sloppy-paired  (slpl)  and  BmFOXGl 
(slp2  homolog),  which  is  known  to  be  up-regulated  by  Wntl  in  Drosophila ,  is  located  near  the 
ms  locus.  From  this,  we  hypothesize  that  Wntl  and  its  signaling  pathway  controls  twin  spot 
markings.  To  certify  this  idea,  we  analyzed  effects  of  knockdown  and  over  expression  of  Wntl 
signaling  genes  by  in  vivo  electroporation-mediated  siRNA  and  somatic  recombination  with 
piggyBac,  and  found  that  BmFOXGl  is  involved  in  the  formation  of  spot  markings.  It  is 
suggested  that  Wntl  expressed  at  the  spot  region  induces  the  expression  of  BmFOXGl ,  which 


further  upregulates  the  melanin  synthesis  pathway  genes.  Interestingly,  we  also  found  that  the 
FOXG1  expression  and  function  is  associated  with  twin-spot  markings  in  consecutive  larval 
segments  of  the  swallowtail  butterfly  Papilio  machaon,  which  is  distantly  related  to  B.  mori. 
This  result  indicates  that  FOXG1  is  involved  in  the  formation  of  aposematic  spot  markings  in 
wide  spread  of  lepidopteran  larvae. 
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Abstract  text: 

Introduction:  Red  flour  beetle  (RFB)  Tribolium  castaneum  Herbst  (Coleoptera:  Tenebrionidae)  is 
a  destructive  stored  products  pest  that  feeds  primarily  on  damaged  and  processed  cereal  grains. 
The  beetle  has  a  cosmopolitan  distribution  with  broad  host  range,  polyphenism,  high  fecundity 
and  host  adaptation  that  has  a  profound  influence  on  its  management.  Olfaction  is  a  necessary 
modality  for  an  insect  to  locate  food  sources,  to  find  mates,  to  find  oviposition  sites  and  to  avoid 
danger.  Odorant  binding  proteins  (OBPs)  in  an  insect  are  involved  in  olfaction.  They  are  highly 
expressed  in  olfactory  tissues  and  involved  in  the  first  step  of  odorant  reception  where  they  bind, 
solubilize  and  deliver  the  odorant  molecules  to  respective  odorant  receptors.  Reverse  genetics 
and  electrophysiological  approaches  are  combined  to  study  the  impact  of  odorant  binding 
proteins  on  odour  detection. 

Methods:  We  used  RNAi  approach  to  knockdown  OBPs  gene  expression  by  dsRNA,  involving 
degradation  of  target  mRNA.  Together  with  RNAi  tool,  we  employed  Electroantennography 
(EAG)  in  order  to  demonstrate  the  antennal  detectivity  of  the  RFB  to  selected  stimuli  and 
involvement  of  selected  OBPs  in  olfaction.  The  dsRNA  of  selected  OBPs  were  injected  at  the 
pupal  stage.  The  10-15  days  post  injection  (DPI)  period  of  dsRNA-treated  and  untreated  beetles 
were  used  for  EAG  recordings. 


Results:  Our  EAG  screening  of  94  compounds  allowed  us  identifying  structurally  different 
compounds  that  elicit  dose  dependency  from  both  sexes.  Knockdown  of  selected  OBPs  showed 
differentiated  impact  on  EAG  detectivity  of  selected  compounds.  This  hints  at  multifaceted 
functions  of  OBPs  in  the  RFB  olfactory  system. 
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Abstract  text: 

Introduction:  The  whole-genome  sequence  of  the  two-spotted  spider  mite,  Tetranychus  urticae,  is 
becoming  a  powerful  tool  that  provides  opportunities  to  develop  novel  acaricides  with  an 
independent  mode-of-action  and  to  investigate  molecular  mechanisms  in  its  biology.  RNA 
interference  (RNAi),  one  of  the  processes  of  post-transcriptional  gene  silencing,  represents  a 
reverse  genetics  approach  for  analyzing  gene  function.  In  methods  for  delivery  of  double- 
stranded  RNA  (dsRNA),  however,  injection  often  induces  lethal  damages  to  mites  because  of 
their  small  size.  This  will  be  a  major  obstacle  to  high-throughput  RNAi  screening.  Here  we 
developed  a  soaking  method  that  delivers  dsRNA  into  mites  noninvasively  and  easily. 

Methods:  In  this  method,  mites  were  submerged  into  a  dsRNA  solution  and  incubated  at  20°C 
for  24  h.  Fluorescein-labelled  dsRNA  was  observed  in  the  midgut  and  excretory  organ  of  soaked 
mites,  indicating  that  dsRNA  was  orally-delivered  into  their  digestive  system.  We  then  examined 
RNAi  focusing  on  vacuolar-type  H+-ATPase  ( V-ATPase ),  a  conserved  gene  encoding  an  ATP- 
driven  enzyme  that  functions  as  a  proton  pump  in  the  membrane  of  organelles. 

Results/Conclusion:  More  than  half  of  adult  females  soaked  in  dsRNA  of  V-ATPase  showed  dark 
body  color  that  was  probably  due  to  inhibition  of  digestion  and  excretion  of  food  particles.  The 
dark  females  showed  lower  levels  of  the  V-ATPase  expression,  oviposition  and  survival  than  the 
control  group.  Our  data  suggest  that  V-ATPase  plays  a  role  in  maintaining  the  digestive  system 


and  is  a  promising  target  for  controlling  T.  urticae.  In  addition,  our  method  is  expected  to  be 
useful  for  high-throughput  RNAi  screening  in  T.  urticae. 
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Abstract  text: 

The  current  demand  for  the  control  of  viruses  in  insects  makes  their  antiviral  immunity  a  subject 
of  great  interest.  RNA  interference  (RNAi)  is  a  post-transcriptional  gene  silencing  mechanism 
activated  by  dsRNA  and  it  constitutes  the  major  antiviral  response  in  this  class  of  animals. 
Interestingly,  this  pathway  has  been  demonstrated  to  play  a  role  not  only  in  the  immunity  against 
acute  infections,  but  also  in  the  interactions  that  maintain  persistent  viral  infections. 

Making  use  of  lepidopteran  cell  lines  persistently  infected  with  the  Macula  like  Latent  Virus 
(M1V)  and  of  the  Cricket  Paralysis  Virus  (CrPV),  which  is  characterized  by  causing  acute 
infections,  we  set  out  to  study  RNAi-based  host-virus  interactions.  We  have  observed  that 
overexpression  of  RNAi  machinery  (Dicer2,  Argonaute2,  R2D2)  did  not  result  in  obvious 
changes  in  the  levels  of  the  M1V  (persistent  infection).  In  addition,  our  preliminary  data  suggests 
that  the  acute  CrPV  infection  might  influence  the  course  of  the  M1V  persistency,  although  it  does 
not  seem  to  have  a  strong  effect  on  the  host  dsRNA-mediated  gene  silencing  efficiency.  We  are 
currently  further  investigating  these  observations  by  performing  overexpression  of  specific  viral 
proteins,  followed  by  quantification  of  the  M1V  levels  and  by  the  assessment  of  RNAi  efficiency. 

To  conclude,  our  results  contribute  to  a  better  understanding  of  the  RNAi-based  antiviral 
immunity  in  insect  cells,  as  well  as  of  the  interactions  between  these  hosts  and  persistent  viral 
infections. 
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Abstract  text: 

Introduction:  Food  contamination  by  insects  is  quite  omnipresent.  Some  insects  are  vectors  of 
foodborne  pathogens  or  indicators  of  insanitation.  During  food  processing,  insects  are  usually 
broken  into  small  fragments  which  can  be  recovered  and  recognized  by  trained  food  filth 
analysts.  Correct  identification  of  such  fragments  is  essential  for  final  decision  making. 

However,  identification  can  be  very  time  consuming  and  difficult  as  some  morphological 
characteristics  are  destroyed  during  food  manufacturing  procedures.  This  project,  initiated  by  the 
food  analysts  at  ORA’s  Arkansas  Regional  Laboratories,  addresses  an  urgent  need  for  a  fast, 
accurate  method  to  detect  and  identify  beetle  species  based  on  microscopic  images  of  elytral 
fragments  recovered  from  processed  food  products.  The  proposed  system  combining  classical 
entomological  identification  with  computer  technology  will  increase  the  reliability,  sensitivity, 
and  throughput  compared  to  methods  currently  used  by  the  FDA  for  the  identification  of  storage 
insect  fragments  found  in  FDA-regulated  food  products. 

Methods:  A  total  of  15  storage  product  beetle  species  frequently  detected  in  food  inspection  were 
selected  study.  The  elytra  were  separated  from  the  specimens  and  imaged  under  a  microscope. 
Both  global  and  local  characteristics  were  quantified  and  used  as  feature  inputs  to  artificial 
neural  networks  for  species  classification. 

Results/Conclusions:  Our  pilot  system  can  achieve  overall  accuracies  of  73.6%- 100%;  which 
indicates  that  the  feature  sets  could  differentiate  these  species.  Future  work  will  include  robust 
testing  with  more  beetle  species  and  algorithm  refinement  for  higher  accuracy.  This  project  has 
great  practical  significance  in  protecting  public  health  with  more  efficient  tools  for  food  safety. 
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Abstract  text: 

Introduction:  Tribolium  castaneum  is  a  major  pest  of  stored  food  products  worldwide,  but  these 
beetles  also  infest  stored  linted  cottonseeds  in  Australia.  Recent  research  indicates  that  the 
beetles  may  be  attracted  to  the  various  fungal  species  present  on  the  lint  of  cotton  seeds,  though 
the  extent  of  this  attraction  is  unknown. 


Methods:  We  isolated  several  fungal  genera  from  linted  cotton  seeds,  collected  from  storage  in 
South  East  Queensland,  including  Aspergillus ,  Fusarium,  Penicillium  and  Rhizopus.  The 
attraction  of  Tribolium  castaneum  to  each  of  these  species  was  assessed  in  the  laboratory  using 
both  olfactometer  and  wind  tunnel  analyses.  The  most  attractive  and  repellant  fungal  species 
were  also  used  in  field  experiments,  as  lures,  to  determine  if  the  beetles  would  fly  towards  and/or 
avoid  either  of  these  resources.  DNA  analyses  were  used  to  test  if  the  beetles  were  feeding  on 
either  of  these  fungal  species  in  the  laboratory.  Developmental  tests  were  also  conducted  to 
determine  if  the  insects  could  survive  and  reproduce  on  linted  cotton  seeds  that  had  been  infected 
with  each  of  the  fungal  isolates. 

Results/Conclusions:  Overall,  this  project  has  provided  insight  about  the  behaviour  of  this  major 
pest  species  and  may  lead  to  the  production  of  more  effective  lure  and  kill  trap  technologies  in 
the  future. 
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Six  commercially  available  bait  traps  were  tested  for  attractiveness  to  a  lab  population  of 
warehouse  beetle  and  a  field  collected  population  of  larger  cabinet  beetle.  Tests  were  conducted 
in  small  chambers  to  evaluate  which  baits  were  most  attractive  to  each  species,  and  possibly  help 
determine  which  may  work  best  on  a  larger  scale. 
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The  molecular  basis  for  the  strong  phosphine  resistance  genotype  is  due  to  one  or  more  point 
mutations  in  a  core  metabolic  enzyme,  dihydrolipoamide  dehydrogenase  (DLD)  in  Tribolium 
castaneum  and  Rhyzopertha  dominica  from  Australia  and  the  USA.  One  allele  in  T.  castaneum , 
P45S,  was  most  common  in  all  US  populations  and  one  population  from  Brazil  (TcRB),  whereas 
another  allele,  G131S,  was  discovered  only  from  Australian  T.  castaneum.  LC99for  TcRB  was 
1,207  ppm  whereas  it  was  464  ppm  for  the  most  resistant  US  population  collected  in  Kansas 
(TcRK-Min).  Based  on  LC50,  the  Brazilian  strain  was  found  to  be  255.6-fold  more  resistant 
compared  to  the  lab-susceptible  strain,  and  this  was  9-fold  greater  in  resistance  compared  to  a 
TcRK-Min  population.  Moreover,  two  additional  mutations  in  the  DLD  coding  region  G13  ID 
and  V167A,  were  identified  from  the  TcRB  population  by  sequencing  the  cDNA  of  DLD 
gene.We  then  developed  a  molecular  marker  to  detect  G13  ID  mutation  from  TcRB.  The  results 
from  genotyping  individuals  using  these  two  molecular  markers  revealed  that  only  two 
genotypes,  R1R1S2S2  and  R1S1R2S2,  existed  in  the  TcRB  population.  The  levels  of  phosphine 
resistance  were  similar  between  individuals  with  these  two  genotypes.  In  conclusion,  the  high 
level  of  phosphine  resistance  in  TcRB  may  be  due  to  either  the  presence  of  one  resistant  allele 
(P45S)  as  homozygosity  or  two  resistance  alleles  as  heterozygosity  in  DLD  gene  in  the  same 
individuals  of  the  population. 
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Introduction:  Phosphine  is  the  most  common  insecticide  applied  for  the  control  of  stored-product 
insect  pests  worldwide  and  is  routinely  used  in  the  United  States  for  treatment  of  bulk-stored 
commodities  such  as  cereal  grains,  nuts,  and  other  durable  stored  products.  Recent  studies  have 
shown  presence  of  phosphine  resistance  in  Tribolium  castaneum  (Herbst)  and  Plodia 
interpunctella  (Hiibner)  populations  from  almond  storage  and  processing  facilities  in  California. 
There  are  currently  no  published  studies  on  phosphine  resistance  in  Oryzaephilus 
surinamensis{L.)  in  the  United  States. 

Methods:  We  evaluated  eight  populations  of  O.  surinamensis  from  different  almond  storage 
facilities  for  resistance  to  phosphine. 

Results/Conclusions:  An  experiment  to  determine  the  discriminating  dose  (DD)  of  phosphine  for 
the  most  fumigant  tolerant  life  stage,  i.e.  eggs,  found  the  DD  for  O.  surinamensis  eggs  to  be  28.4 
ppm,  over  a  3-d  fumigation  period.  Discriminating  dose  assays  for  O.  surinamensis  adults 
conducted  using  the  FAO  recommended  DD  of  37.5  ppm  over  a  20-h  fumigation  period  at  25°C, 
determined  three  out  of  eight  populations  contained  phosphine-resistant  individuals  and 
resistance  frequencies  ranged  from  2-100%.  The  LC99  concentrations  for  the  laboratory 
susceptible  strain,  and  two  phosphine  resistant  populations,  Box  BR  and  Box  BM,  were  13.2, 
290.7,  and  320.5  ppm  over  a  3-d  fumigation  period.  The  most  resistant  O.  surinamensis 
population  was  24. 3 -times  more  resistant  than  the  susceptible  strain.  This  is  the  first  report  of 
phosphine  resistance  in  O.  surinamensis  from  the  USA.  Future  research  will  focus  on  testing 
more  populations  to  elucidate  the  extent  of  phosphine  resistance  in  California  almond  storage 
and  processing  facilities. 
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Insect  infestation  represents  a  major  threat  to  food  industries.  Therefore,  the  early  detection  of 
undesired  pest  species  in  food  becomes  a  major  mission.  Current  approaches  to  check  for  insect 
presence  in  stored  products,  such  as  processed  cereals,  are  often  insufficient  since  most 
concerning  pests  are  hidden  inside  the  grain  kernels  during  most  of  their  development  time. 
These  internal  feeders  are  three  species  of  the  genus  Sitophilus  (Coleoptera:  Curculionidae):  S. 
granarius  (L.),  S.  oryzae  (L.)  and  S.  zeamais  (Motschulsky);  Rhyzopertha  dominica  (Fabricius) 
(Coleoptera:  Bostrichidae)  and  the  moth  Sitotroga  cerealella(0\W\Qx)  (Lepidoptera: 
Gelechiidae). 

Along  the  last  decades  there  has  been  a  global  trend  to  use  molecular  approaches  for  diagnostic 
analyses.  Here,  we  present  two  different  molecular  methodologies  based  on  PCR  to  detect, 
identify  and  quantify  the  most  relevant  pest  species  in  stored  products.  A  multiplex  PCR,  which 
allows  the  simultaneous  detection  of  different  target  species,  has  been  designed  to  detect  and 
identify  the  internal  and  external  stages  of  these  five  most  concerning  pests  in  milling  industries. 
On  the  other  side,  a  real  time  PCR  methodology  has  been  also  designed  to  detect  all  R.  dominica 
developmental  stages  and  to  quantify  its  presence  in  brown  rice.  The  introduction  of  these 
approaches  in  stored  food  product  industries  for  the  diagnosis  of  insect  pest  species  offers  the 
possibility  to  early  detect  insect  pests  and  also  provides  useful  information  to  apply  control 
measures. 
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A  termite  survey  was  conducted  by  burying  wood  stakes  in  3 -meter  intervals  surrounding  three 
main  buildings  of  the  National  Palace  Museum,  Taipei,  Taiwan,  for  16  months.  A  total  of  24.8% 
survey  stakes  had  been  attacked  and  the  termite  detection  rate  were  3.5±0.5%  per  month  on 
average.  Three  termite  species,  Coptotermes  formosanus  Shiraki,  Reticulitermes  flaviceps 
(Oshima)  and  Odontotermes  formosanus  (Shiraki),  were  found  and  with  unequal  distribution  in 
the  survey  area.  Stakes  infested  by  two  or  three  species  were  observed  at  some  distinct  spots.  In 
addition,  two  species  could  also  infest  the  same  stake  at  separate  parts  simultaneously.  It  was 
proposed  that  foraging  tunnels  from  different  populations  were  very  close,  even  overlapped  in 
these  spots.  These  hot  spots  (termite  detection  time  >5)  were  baited  and  marked  as  risky  spots  for 
termite  re-invasion.  Station  abandon  rate  after  baiting  was  23.1%  and  28.6%  for  R.  flaviceps  and 
C.  formosanus ,  respectively.  On  average,  4.5±0.9  months  and  2.6±0.6  bait  tubes  were  required 
for  complete  control  of  R.  flaviceps.  Colony  elimination  of  C.  formosanus  took  3.1±0.7  months 
after  feeding  2.9±0.8  bait  tubes. 
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Through  the  use  of  molecular  markers  it  has  been  shown  that  termite  colonies  have  high, 
although  variable,  levels  of  inbreeding.  Colonies  of  the  eastern  subterranean  termite, 
Reticulitermes  flavipes ,  have  been  shown  to  have  a  clinal  variation  in  the  levels  of  inbreeding 
and  I  plan  to  investigate  some  of  the  factors  that  shape  the  colony  breeding  structure  we  observe. 
Subterranean  termites  are  constantly  exposed  to  soil  pathogens  and  the  effects  of  inbreeding 
depression  can  leave  termites  vulnerable  to  fatal  infections.  Soil  fungus  is  a  major  threat  to 
termite  colonies  and  the  fungal  communities  that  surround  termite  colonies  can  vary  greatly 
across  different  areas.  Many  termite  species  also  have  a  unique  chromosomal  translocation 
complex  that  may  preserve  heterozygosity  within  heavily  inbred  systems.  It  can  be  highly 
variable  within  a  species  and  has  been  shown  to  vary  with  latitude.  Termites  will  be  collected 
throughout  their  native  range  to  be  genotyped  at  several  microsatellite  loci  to  determine  the 
colony  structure.  Fungal  susceptibility  assays  and  karyotype  analyses  will  be  performed  on  these 
colonies  to  determine  if  there  is  a  relationship  between  these  factors  and  the  colony  structure. 
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Introduction:  The  Formosan  subterranean  termite,  Coptotermes  formosanus  Shiraki  (Isoptera: 
Rhinotermitidae),  has  become  a  pest  of  major  economic  importance  in  New  Orleans,  Louisiana 


since  its  introduction  into  the  city  following  World  War  II.  This  pest  causes  millions  of  dollars  in 
damage  to  buildings  and  trees  of  historic  significance  every  year.  Recently,  New  Orleans 
Mosquito  and  Termite  Control  Board  began  protecting  properties  located  at  Jackson  Barracks,  a 
military  institution  within  the  city. 

Methods:  Building  inspections  were  first  completed  to  determine  the  scope  of  termite 
infestations.  All  detectable  termite  colonies  were  delineated  using  microsatellite  genotyping. 
Baiting  technology  was  employed  by  installing  Sentricon®  Recruit  HD  in-ground  stations  and 
Recruit  IV  AG  stations.  The  relative  termite  activity  was  monitored  over  time  by  checking  the 
installed  bait  stations  and  by  collecting  alates  on  sticky  traps  during  the  swarm  season. 

Results/Conclusions:  Our  data  show  that  colonies  were  eliminated  using  bait,  reducing  the 
overall  termite  pressure  within  the  Barracks.  However,  alates  are  still  recovered  from  sticky 
traps,  indicating  that  termite  colonies  within  areas  surrounding  the  Barracks  are  a  cause  for 
concern  of  reinfestations. 
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Methods:  The  Sentricon®  System,  Recruit®  AG  FlexPack  with  a  new  briquetted  bait  matrix  was 
tested  both  in  the  lab  and  field. 

Results/Conclusions:  Lab  trials  showed  the  new  above  ground  bait  matrix  to  be  highly  palatable 
to  subterranean  termites  and  was  consumed  by  Reticulitermes  flavipes  (Kollar)  at  a  higher  rate 
than  the  previous  Recruit  IV  AG  bait  matrix.  Field  Trials  to  Coptotermes  formosanus  Shiraki  and 
Reticulitermes  spp.  showed  the  same  good  hit  rate,  bait  consumption  and  colony  eliminations  as 
Recruit  IV  AG.  Elimination  of  subterranean  termite  colonies  from  structures  was  observed  in 
approximately  two  to  four  months  from  initial  Recruit  AG  FlexPack  bait  installation. 
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Since  Termidor® 's  first  US  registration  in  2000,  many  Pest  Management  Professionals  (PMPs) 
have  relied  almost  exclusively  on  Termidor®  to  control  termites.  As  observed  in  the  USDA 
Forest  Services  trials,  Termidor®  has  provided  nearly  100%  control  at  labeled  rates.  In  addition, 
PMPs  claim  a  retreatment  reduction  to  less  than  1%  when  correctly  using  our  products.  Today, 
the  efficacy  of  current  control  methods  relies  on  a  methodology  that  involves  digging  trenches  to 
establish  continuous  treatment  zones  around  the  foundation  of  the  structure.  BASF’s  patented 
polymer  technology  incorporated  in  Termidor®  H*E  High-Efficiency  Termiticide  promotes 
product  soil  diffusion  while  reducing  labor  requirements.  Termidor®  H*E  High-Efficiency 
Termiticide  utilizes  50%  less  water  with  no  reduction  in  active  ingredient  in  the  soil,  33%  less 
labor,  and  it  delivers  100%  Termidor  effectiveness.  AtBASF  innovation  plays  an  important  role 
and  it  shows  our  commitment  to  PMPs  by  providing  them  with  the  most  advance  termite 
treatment  products.  Here  we  want  to  discuss  some  product  registration  and  marketing  challenges 
in  a  highly  regulated  pest  control  industry. 
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Methods:  Heartwood  extractives  from  White  mulberry  ( Morus  alba  L.),  an  introduced 
shrub,  were  investigated  for  antitermitic  activity  against  Reticulitermes  flavipes  (Kollar)  in 
laboratory  experiments  and  identified  using  GC-MS. 

Results/Conclusions:  A  dose  response  was  observed  from  extractives  obtained  via  soxhlet 
extraction  using  ethanol :toluene  (2:1)  of  Morus  alba  heartwood.  In  feeding  assays,  heartwood 
extractives  significantly  decreased  the  total  numbers  of  gut  protozoa  compared  to  untreated  and 
solvent  controls.  In  choice  and  no-choice  feeding  bioassays  with  extracted  and  un-extracted 
Morus  alba  wood  blocks,  increased  wood  consumption  by  termites  was  observed  on  solvent 
extracted  wood  compared  to  un-extracted  wood.  Termite  mortality  was  100%  after  feeding  on 


un-extracted  wood  compared  to  extracted  wood.  GC-MS  analysis  indicated  that  a  major 
chemical  component  in  Morus  alba  heartwood  was  the  phenol  compound  resorcinol.  Tests  using 
resorcinol  alone  required  higher  concentrations  to  induce  effects  similar  to  heartwood 
extractives,  indicating  synergy  with  other  components  in  the  heartwood.  Other  tests  showed 
that  mulberry  extractives  and  resorcinol  alone  imparted  resistance  to  non-durable  southern 
yellow  pine  (SYP)  wood  vacuum-pressure  treated  with  either  extractives  or  resorcinol.  Our 
results  indicate  that  isolated  botanical  compounds  from  Morus  alba  heartwood  have  antitermitic 
properties  and  may  be  potentially  useful  in  the  development  of  environment  friendly 
termiticides. 
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Introduction:  Although  many  previous  studies  focused  on  the  flow  of  sugar  water  transported 
within  ant  groups,  little  attention  has  been  paid  to  how  liquid  sugar  food  is  fed  upon. 

Methods:  In  the  present  study,  behavioral  responses  of  red  imported  fire  ants,  Solenopsis  invicta 
Buren,  to  drops  of  sucrose  water  were  observed  under  starvation  conditions  in  the  laboratory  and 
under  natural  conditions  in  the  field. 

Results/Conclusions:  Five  behavioral  patterns  were  identified:  (1)  No  feeding,  no  sucrose  water 
feeding  and  ant  recruitment  was  observed  though  solid  food  (frozen  cricket)  that  was  also  offered 
was  actively  foraged;  (2)  surround  feeding,  ants  surrounded  and  fed  along  the  edge  of  the  sucrose 
drop;  (3)  stack  feeding,  ants  stacked  and  fed  along  the  edge  of  the  sucrose  drop;  (4)  drop-break 
feeding,  ants  broke  the  liquid  drop  and  sucked  sucrose  water  that  soaked  on  surface  of  the 
substrate  or  particles  previously  transported  by  ants,  and  (5)  cover  feeding,  layers  of  ants  were 


assembled  to  cover  the  whole  sucrose  drop.  Cover  feeding  required  significantly  more  ants 
compared  to  the  other  patterns  and  sucrose  water  was  ingested  in  a  short  time  (40  to  50  min). 
Under  natural  conditions,  however,  cover  feeding  was  not  observed,  and  surround  feeding  was 
most  frequently  performed  by  S.  invicta.  Both  laboratory  and  field  studies  showed  colony 
heterogeneities.  In  addition,  individual  ants  were  tracked  in  videos  and  their  behavioral 
repertoires  leading  to  stack  feeding,  drop-break  feeding  or  cover  feeding  are  described. 
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Introduction:  An  overview  of  trends  in,  and  novel  approaches  to,  the  management  of  insect  pests 
of  rice  in  the  United  States  and  globally  will  be  presented,  with  an  emphasis  on  management  of 
insect  pests  in  U.S.  rice.  The  use  of  insect-resistant  and  hybrid  rice  varieties,  new  insecticide 
chemistries,  and  novel  cultural  practices  will  be  discussed.  The  importance  of  invasive  pests  will 
be  considered. 

Methods:  Results  from  a  combination  of  greenhouse  and  laboratory  experiments,  small-plot  field 
experiments,  and  commercial-scale  demonstration  trials  will  be  synthesized  to  demonstrate  the 
changing  trends  in  rice  pest  management  research  and  identify  future  opportunities. 

Results/Conclusion:  Significant  opportunities  exist  for  reducing  the  use  of  insecticides  and 
increasing  the  use  of  alternative  tactics  for  management  of  insect  pests  in  rice. 
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Abstract  text: 

Introduction:  Agricultural  landscapes  play  an  important  role  in  increasing  biodiversity  and 
improving  the  provision  of  ecosystem  services,  such  as  the  biological  control  of  pests.  These 
functions  can  be  enhanced  by  increasing  plant  diversity.  Our  research  explores  the  innate  factors 
regulating  herbivore  population  dynamics  in  a  region  where  migratory  insects  threaten  rice 
production. 

Methods:  Our  experimental  site  is  a  large  scale  rice  farm  located  in  Jiaxing,  northern  Zhejiang  in 
China.  The  three  treatments  were:  1)  plots  with  local  plant  species;  2)  plots  with  additional 
functional  plants,  such  as  Abelia  grandiflora,  a  perennial  that  flowers  continuously  and  Zinnia 
elegans ,  an  annual  herb,  and  3)  Farmers’  conventional  practices  with  high  chemical  use  and  no 
secondary  vegetation.  During  the  rice  growing  season  in  3  years  arthropods  were  sampled  using 
pitfall  traps  monthly  and  net  sweeping  and  plate-flapping  fortnightly.  Plants  were  sampled  at 
monthly  intervals  using  a  quadrat  system. 

Results/Conclusion:  (i)  The  arthropod  natural  enemy  composition  in  field  bunds  and  within  rice 
fields  had  strong  similarities,  indicating  that  the  native  plant  community  provided  habitat  and 
shelter  for  natural  enemies.  This  may  help  inhibit  population  growth  of  important  migratory  pests 
such  as  planthoppers.  (ii)  Introducing  new  plant  species  to  enhance  plant  diversity  can  promote 
positive  improvements  of  ecosystem  services  through  the  conservation  of  natural  enemies,  (iii) 
Populations  of  planthoppers  and  other  herbivorous  pests  in  the  rice  fields  were  closely  related  to 
plant  diversity  and  natural  enemy  populations.  Preserving  native  plant  flora  and  adding 
additional  functional  plants  can  increase  natural  enemy  densities  and  provide  effective  control  of 
rice  pests. 
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Abstract  text: 

Introduction:  The  total  area  under  rice  cultivation  in  the  EU  is  about  450,000  ha  and  the  main 
producers  are  Italy,  Spain,  Portugal,  Greece  and  France.  Due  to  the  position  of  Europe  in 
northern  latitudes  and  its  associated  temperate  climate,  endemic  local  insect  pests  cause  few 
problems  to  European  rice  production.  In  contrast,  Invasive  alien  species  (IAS)  pose  a  significant 
threat  to  biodiversity  in  the  EU,  as  they  often  have  to  be  controlled  with  chemicals. 

Methods:  The  key  IAS  affecting  rice  in  the  EU,  the  damage  they  cause  and  the  control  measures 
that  are  required  for  their  management  are  reviewed.  The  potential  impact  of  these  measures  on 
aquatic  biodiversity  is  examined,  and  alternative  control  strategies  are  discussed. 

Results/Conclusion:  Key  IAS  affecting  EU  rice  are  Chilo  suppressalis  which  is  well  established 
in  Spain,  Portugal  and  France,  and  Lissorhoptrus  oryzophilus  which  was  introduced  to  Italy  in 
2004  and  France  in  2015.  Recently  the  polyphagous  Halyomorpha  halys  was  detected  in  rice 
areas  in  France  (2012)  and  Italy  (2014),  but  its  role  in  rice  paddies  has  yet  to  be  evaluated.  Rice 
crop  management  is  focused  on  maximizing  yield,  however  rice  paddies  also  have  conservation 
value,  acting  as  surrogates  for  natural  wetlands.  Agricultural  practices  often  include  chemical 
applications  aimed  at  controlling  pest  species,  with  adverse  side  effects  on  non-target  aquatic 
invertebrates.  There  are  potential  alternatives  to  this  approach  which  combine  biological  and 
agroecological  control  methods  to  optimize  pest  control,  but  with  a  reduced  impact  on  the 
environment. 
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Abstract  text: 

Introduction:  When  high  densities  of  Cricotopus  larvae  (Diptera:  Chironomidae)  are  present  in 
direct-seeded  rice  crops  during  germination  and  early  establishment,  complete  destruction  of  the 
crop  can  occur.  Increasing  restrictions  on  the  use  of  pesticides  in  the  European  Union  and  the 
limited  efficacy  of  those  that  remain  available,  combined  with  the  production  of  rice  in  areas  of 
high  environmental  significance,  has  necessitated  the  development  of  an  integrated  approach  to 
midge  management  in  rice. 

Methods:  Extensive  small-plot  and  commercial  scale  trials  have  been  conducted  evaluating  the 
relationship  between  Cricotopus  larval  densities  and  crop  damage,  pesticide  efficacy  and 
different  sowing  strategies. 

Results/Conclusion:  Economic  thresholds  have  been  developed  that  farmers  can  use  to  decide 
whether  or  not  to  spray  their  crops.  Seed  treatments  with  chlorantraniliprole  have  provided 
farmers  with  an  alternative  and  much  more  effective  form  of  chemical  control.  Additionally, 
studies  on  delayed  sowing  after  mechanical  weed  control  show  this  drastically  reduces 
Cricotopus  damage  to  the  crop. 
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Abstract  text: 

Introduction:  Outbreaks  of  brown  planthopper  ( Nilaparvata  lugens,  Stal;  BPH)  have  occurred  in 
East  Asia  and  Indochina  since  2005.  Outbreaks  are  closely  related  to  the  development  of 
insecticide  resistance  and  the  change  of  virulence  to  resistant  rice  varieties. 

Methods:  The  insecticide  susceptibility  and  virulence  status  of  BPH  populations  collected  from 
East  Asia  and  northern/ southern  Vietnam  from  2006-2011  were  determined. 

Results/Conclusion:  Resistance  of  southern  Vietnam  populations  of  BPH  to  imidacloprid  was 
higher  than  those  from  northern  Vietnam  and  East  Asia,  and  increased  from  2006  -2010. 
Southern  Vietnam  populations  were  highly  virulent  to  the  rice  variety  Babawee  (carrying  the 
bph4  gene)  from  2006  onwards.  In  contrast,  populations  in  East  Asia  and  northern  Vietnam  were 
only  moderately  virulent  to  Babawee  and  fluctuated  yearly  after  2007.  The  rice  varieties  Rathu 
Heenati  (carrying  Bph3  and  Bphl  7)  and  Balamawee  (carrying  Bph28  and  unknown  genes)  had 
broad  resistance  to  all  BPH  populations  until  2009.  However,  virulence  to  these  two  varieties  in 
southern  Vietnam  populations  increased  slightly  after  2010.  Our  results  show  that  insecticide 
resistance  and  virulence  of  southern  Vietnam  BPH  populations  are  higher  than  those  in 
populations  in  northern  Vietnam  and  East  Asia.  In  Vietnam  the  rice  cropping  system  is  quite 
different  between  northern  and  southern  regions.  In  northern  Vietnam  two  crops  of  rice  are 
grown  each  year.  In  contrast,  high-yielding  improved  rice  varieties  are  cultivated  continuously  in 
southern  Vietnam.  The  BPH  populations  in  southern  Vietnam  have  developed  insecticide 
resistance  and  virulence  more  rapidly  than  in  the  north,  and  these  adaptations  may  have  been 
accelerated  by  continuous  rice  cropping. 
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Introduction:  California  rice  production  is  hindered  by  invertebrate  pests  especially  those  that 
hinder  1.)  seed/seedling  establishment,  e.g.,  tadpole  shrimp  ( Triops  longicaudatus),  2.)  the 
vegetative  stages,  e.g.,  rice  water  weevil  ( Lissorhoptrus  oryzophilus ),  and  3.)  the  developing 
grain/panicles  such  as  redshouldered  stink  bugs.  Rice  water  weevil  has  been  a  pest  for  ~60  years 
but  in  recent  years  populations  have  been  declining.  Changes  in  the  rice  agroecosystem  such  as 
mandated  reductions  in  postharvest  burning  of  rice  straw  and  greater  crop  diversity  probably 
account  for  increased  IPM  challenges  from  tadpole  shrimp  and  stink  bugs,  respectively. 

Methods:  Studies  emphasizing  an  IPM  approach  have  been  conducted  on  these  three  serious 
pests.  Reduced  risk  insecticides  including  bioinsecticides  and  cultural  control  measures  have 
been  investigated.  The  role  of  winter-flooding  of  rice  fields  in  IPM  of  invertebrate  pests  has  been 
studied;  this  is  now  a  common  method  to  mitigate  straw.  Studies  on  stink  bugs  have  concentrated 
on  the  species  involved,  conditions  favorable  for  populations,  damage  severity,  and  timing 
relative  to  panicle  development. 

Results/Conclusion:  For  rice  water  weevil,  the  biological  insecticide  Bacillus  thuringiensis  spp. 
galleriae  has  shown  larval  control  equal  to  the  chemical  insecticide  standard  in  greenhouse 
studies;  results  from  controlled  field  studies  have  been  moderately  successful.  A  newly  released 
medium-grain  variety,  compared  with  the  standard  medium-grain,  has  shown  an  increased 
amount  of  tolerance  to  weevil  injury.  This  likely  results  from  the  vigorous  nature  of  this  variety 
to  regenerate  root  tissue.  Redshouldered  stink  bugs  have  shown  the  ability  to  damage  panicles  in 
the  milk,  soft  dough,  and  hard  dough  stages  in  cage  studies. 
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Introduction:  The  relationship  between  injury  and  yield  loss  is  central  to  the  economic  injury 
level  (EIL)  concept.  However,  establishing  quantitative  relationships  between  populations,  injury 
and  yield  is  difficult  for  piercing/sucking  insects.  Stink  bug  injury  in  rice  is  difficult  to  quantify 
because  feeding  occurs  over  an  extended  period  of  time  and  the  injury  is  initially  indistinct. 

Yield  is  lost  through  the  combined  effects  of  injury  and  time. 

Methods:  We  conducted  field  experiments  to  determine  the  relationship  between  Tibraca 
limbativentris  infestation  and  rice  yield  loss.  Experimental  design  involved  randomized  complete 
blocks  with  at  least  four  replications.  Treatments  consisted  of  stink  bug  infestations  at  different 
population  densities.  Yield  was  regressed  against  stink  bugs/m2and  slope  of  the  linear  regression 
was  used  as  the  yield  loss/insect  density  variable  in  EIL  calculations. 

Results/Conclusion:  Although  T.  limbativentris  can  produce  large  numbers  of  "dead  hearts"  and 
“white  panicles”,  under  normal  conditions  (reasonably  fertile  soil,  limited  use  of  insecticides) 
yield  loss  can  have  limited  economic  significance.  However,  stink  bugs  and  “dead  hearts”  are 
highly  visible  and  create  farmer  perceptions  of  considerable  damage.  Alternative  methods  for 
assessing  the  need  for  therapeutic  action  are  required.  One  approach  may  be  to  set  targets  for  the 
number  of  undamaged  panicles  per  unit  area  to  optimize  yield,  rather  than  to  have  responses 
triggered  by  the  number  that  are  damaged.  The  insect/day  approach  is  other  useful  tool  that  could 
be  used  to  measure  the  intensity  of  stink  bug  attack  on  rice  plants,  because  it  combines  the 
number  of  insects  and  the  duration  of  their  feeding. 
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Abstract  text: 

Introduction:  A  single  irrigated  rice  crop  is  grown  in  SE  Australia  each  year,  with  annual 
production  showing  high  levels  of  variability.  Water  availability  is  the  main  constraint  on 


production,  and  is  affected  not  just  by  catchment  rainfall,  but  also  by  changing  government 
environmental  policies.  Maximizing  water  use  efficiency  (WUE)  is  a  major  industry  priority,  and 
agronomic  changes  implemented  to  improve  WUE  are  changing  the  status  of  many  pest  species. 

Methods:  This  paper  provides  an  overview  of  trends  in  agronomic  practices  aimed  at  increasing 
WUE  and  how  the  status  of  key  pests  has  been  affected.  Studies  on  pest  dormancy,  population 
dynamics  during  crop  rotations,  and  pesticide  response  experiments  highlight  opportunities  to 
improve  pest  management  in  Australian  rice  crops. 

Results/Conclusion:  Growers  have  responded  to  the  need  for  increased  WUE  by  repeat  cropping 
paddocks  in  successive  years,  reverting  to  drill  (as  opposed  to  aerial)  sowing  where  possible,  and 
in  some  cases  implementing  mid-season  crop  drainage.  Repeat  cropping  has  increased  snail 
problems,  as  the  native  snail  Isidorella  newcombi  can  remain  dormant  in  the  soil  between 
consecutive  rice  crops.  Chemical  control  of  water  snails  remains  problematic.  Anecdotal 
evidence  suggests  armyworm  ( Leucania  convecta)  problems  are  more  severe  in  mid-season 
drained  crops,  possibly  due  to  either  reduced  populations  of  beneficials  or  preferential 
oviposition  on  water-stressed  plants.  In  contrast,  drill  sowing  has  reduced  the  impact  of 
chironomids,  and  removal  of  irrigated  clover  pastures  from  crop  rotations  in  combination  with 
drill  sowing  has  lessened  the  impact  of  the  oligochaete  Eukerria  saltensis  during  crop 
establishment. 
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Abstract  text: 

Introduction:  The  brown  planthopper  (BPH)  Nilaparvata  lugens  is  a  serious  rice  pest  in  Asia, 
partly  due  to  its  robust  fecundity.  Our  work  is  directed  towards  identifying  genes  linked  to  high 
fecundity  and  using  those  genes  in  novel  approaches  to  BPH  management. 


Methods:  1 15  genes  were  selected  for  large-scale  RNAi  identification,  mainly  based  on 
transcriptomic  and  proteomic  data  previously  obtained  in  our  laboratory.  After  2  rounds  of  RNAi 
study,  a  novel  fecundity-related  gene  (A/23867)  was  chosen  for  iTRAQ  (isobaric  tags  for  relative 
and  absolute  quantification)  and  RNA-seq.  In  addition,  high-  and  low-fecundity  BPH 
populations  in  the  lab  and  4  populations  collected  in  the  field  were  used  for  discovery  of 
molecular  markers. 

Results/Conclusion:  Omics  data  analyses  showed  that  A/23867  may  be  involved  in  lipid 
synthesis  and  transport.  These  results  were  then  experimentally  confirmed.  Two  SNPs  (ACE-862 
and  VgR-8i6)  were  found  as  suitable  molecular  markers  for  BPH  fecundity.  These  2  SNPs  were 
used  to  set  up  a  fecundity  forecasting  model  with  a  very  good  degree  of  fit,  and  can  be  also  used 
in  population  regulation  studies.  The  fecundity-related  genes  found  here  may  be  potential  targets 
for  RNAi-based  pest  control  approaches. 

This  work  was  supported  by  the  National  Natural  Science  Foundation  of  China. 
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Introduction:  The  effects  of  increased  temperature  and  precipitation  on  insect  pests  have  often 
been  examined  individually,  but  understanding  their  interaction  has  received  less  attention.  The 
Intergovernmental  Panel  on  Climate  Change  (IPCC)  predicts  a  mean  temperature  increase  of  1 . 1 
to  5.4°C  by  the  year  2100,  which  is  expected  to  lead  to  an  increase  in  rainfall  of  10  to  15%  in 
tropical  areas.  Consequently,  the  effects  of  temperature  and  rainfall  changes  on  insect  pests  need 
to  be  evaluated  together,  rather  than  in  isolation. 


Methods:  To  assess  how  insect  pests  respond  to  simultaneous  changes  in  both  temperature  and 
precipitation  we  used  10  years  of  monthly  population  data  for  a  major  rice  pest,  Scirpophaga 
incertulas  Walker  (Lepidoptera:  Pyralidae)  and  corresponding  weather  data  to  model  population 
responses.  Several  statistical  approaches  were  used  including  cross-correlation  functions,  the 
ARIMA  model,  simple  linear  regression  and  a  generalized  linear  model. 

Results/Conclusion:  Higher  temperatures  negatively  affected  S.  incertulas  abundance  at  higher 
precipitation  rates,  but  had  a  positive  effect  when  combined  with  intermediate  to  low 
precipitation.  At  lower  temperatures  population  growth  rates  are  predicted  to  be  higher  under 
high  precipitation  rates.  In  contrast  to  the  results  of  studies  based  on  either  temperature  or  rainfall 
increases  assessed  individually,  assessment  based  on  the  interaction  of  simultaneous  increases  in 
both  parameters  suggests  that  the  risk  of  serious  S.  incertulas  outbreaks  might  unexpectedly  be 
reduced  as  the  temperature  and  rainfall  increase  in  response  to  climate  change,  and  that  scientists 
can  be  more  optimistic  when  estimating  some  of  the  impacts  of  climate  change  on  rice 
production. 
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Introduction:  Mating  disruption  technologies  have  been  engineered  with  the  following  criteria  in 
mind:  i)  release  of  pheromone  over  an  extended  time,  ii)  protection  of  the  pheromone  from 
degradation,  iii)  ease  of  application,  iv)  affordability,  and  v)  the  extent  to  which  mate-finding  is 
impeded.  The  greatest  commercial  successes  of  the  tactic  have  been  achieved  through  the  manual 
application  of  reservoir-type  release  devices. 

Methods:  A  new  pheromone  delivery  system,  called  the  Tangier®,  consists  of  a  module  loaded 
with  pheromone  and  a  launcher  operated  by  compressed  gas.  As  a  result  of  the  bola  design,  the 
propelled  modules  readily  become  tangled  in  the  tree  branches. 


Results/Conclusion:  In  field  trials,  a  single  application  of  Tangier  modules  provided  codling 
moth  control  equal  to  commercially  available  hand-applied  dispensers.  Moreover,  automated 
deployment  of  the  modules  was  5x  faster  than  hand  application.  Development  of  alternatives  to 
reservoir  formulations  has  been  driven  by  the  need  to  make  application  more  cost-effective.  The 
major  limitation  of  spray  able  microencapsulated  formulations  is  that  capsules  need  to  be 
reapplied  after  a  few  weeks  or  following  heavy  rainfall.  A  ‘pherogation’  system  designed  to 
deliver  small  doses  of  pheromone-filled  nanocapsules  each  evening  provided  orientation 
disruption  superior  to  that  achieved  through  airblast  sprayer  application.  Aerosol  devices 
facilitate  application  in  a  different  manner.  They  are  deployed  at  only  2-5  per  hectare,  but  each 
unit  releases  milligram  quantities  of  pheromone.  Aerosol  emitters  have  been  tested  across  a 
range  of  pests  and  commodities.  The  most  notable  commercial  adoption  has  been  for  disruption 
of  codling  moth  in  pome  fruit  and  nut  crops. 


Symposium 

Presentation  Title:  Fixed  spraying  systems  for  improved  pesticide  application  in  fruit  planting 
Author  Name:  Arthur  Agnello 
Author  Institution:  Cornell  University 

Session  Title:  Symposium:  Technological  Innovations  and  Integrated  Pest  Management 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4136 

DOI:  10. 1603/ICE. 2016. 94742 

Abstract  text: 

Introduction:  Pesticide  application  to  fruit  plantings  using  airblast  sprayers  can  be  inefficient  and 
inaccurate,  resulting  in  spray  drift,  off-target  contamination,  and  ineffective  pest  control. 

Methods:  A  spray  system  fixed  into  the  tree  canopy  was  developed  to  apply  pesticide  sprays  in 
high-density  apple  plantings.  All  sprays  were  applied  through  a  system  of  microsprinkler  nozzles 
attached  to  polyethylene  tubing  running  along  the  tops  of  tree  canopies  and  supplied  by  a  central 
tank  and  pumping  station.  Spray  nozzles  supplied  by  the  tubing  were  attached  to  a  support  wire 
above  the  trees;  microsprayer  nozzles  fitted  with  anti-drip  devices  were  suspended  on  tubing 
reservoirs  alternating  every  lm  along  the  lateral  tubing.  An  air  compressor  was  incorporated  to 
blow  residual  spray  solution  out  of  the  lines  after  an  application.  This  system  was  also  adapted 
for  pesticide  spray  applications  against  Drosophila  suzukii  in  high  tunnel  bramble  plantings. 


Results/Conclusion:  Comparable  control  was  obtained  in  fixed  vs.  conventionally  sprayed  fruit 
systems.  Spraying  an  entire  orchard  using  a  fixed  system  could  have  several  advantages  that 
would  justify  the  initial  establishment  costs  and  reduce  pesticide-associated  risks,  including 
reduced  spray  drift,  shorter  application  times,  ability  to  spray  when  the  ground  conditions  might 
make  it  impractical  to  drive  in  the  orchard,  and  the  ability  to  rely  more  on  short-residual 
biopesticides.  D.  suzukii  control  requires  multiple  insecticide  sprays  on  a  short  interval,  which 
can  be  achieved  efficiently  using  this  type  of  application  technology.  Fixed  spraying  systems 
may  be  particularly  cost-effective  in  high  tunnels  because  the  support  scaffolding  for  the  fixed 
lines  is  already  present. 
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Abstract  text: 

Introduction:  The  use  of  sex  pheromone-baited  insect  traps  for  precise  pest  monitoring  is  critical 
towards  implementation  of  effective  Integrated  Pest  Management  (IPM)  programs.  Automation 
of  insect  monitoring  has  the  potential  to  reduce  associated  labor  costs  necessary  for  the 
maintenance  of  traps. 

Methods:  During  the  2013-2015  seasons  we  evaluated  an  automated  pest  detection  system  using 
bio-impedance-based  electronic  sex  pheromone  prototype  traps  (Z-Trap)  to  monitor  pome  fruit 
pests  Cydia  pomonella  and  Grapholita  molesta.  Evaluations  were  aimed  at  determining  the 
accuracy  and  reliability  of  traps,  wireless  communication  system  and  the  functionality  of  a  web- 
based  user  interface  program. 

A  single  Z-Trap  system  consists  of  traps,  a  wireless  communication  device  and  a  web  based  user 
interface  (www.mytraps.com)  where  information  can  be  viewed,  stored  and  analyzed.  Each  trap 
is  equipped  with  electrically  charged  steel  rods  surrounding  a  sex  pheromone  lure.  After  each 
moth  capture  algorithm  is  applied  to  the  signal  to  validate  the  event  and/or  rule  out  non-target 
captures.  Daily  moth  capture  data  is  downloaded  to  the  web  interface,  which  organize  and 
display  data  specific  for  each  location. 

Results/Conclusion:  Standard  pheromone  traps  generally  captured  higher  cumulative  numbers  of 
moths  than  the  Z-Traps  throughout  the  season.  However,  the  overall  moth  capture  trends 
between  both  types  of  traps  were  reasonably  consistent  throughout  the  season.  Wireless 
communication  of  the  Z-traps  to  the  base  station  had  limited  distance  range  of  1.5  km. 

Research  and  further  improvement  of  the  Z-trap  system  is  an  on-going  process  and  still  require 
an  improvement  in  the  accuracy  of  moth  detections  and  increase  of  battery  life. 
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Abstract  text: 

Introduction:  In  the  northeast  of  Spain,  the  medfly  Ceratitis  capitata  (Wiedemann),  is  an 
important  pest  of  pome  fruit.  Medfly  has  one  population  peak  in  September-October,  coinciding 
with  the  harvest  of  the  main  apple  varieties  and  therefore  increasing  the  probability  of  detection 
of  pesticide  residues  on  fruits. 

Methods:  With  the  aim  to  minimize  the  pesticide  residues  on  fruits,  studies  were  carried  at 
orchard  and  area-wide  levels  to  determine  the  best  methodology  for  mass  trapping.  The  efficacy 
of  various  distributions  of  traps  in  the  field  (homogeneous  and  perimeter  trap  placement)  was 
assessed  at  the  orchard  level.  In  the  area-wide  approach  the  average  fruit  damage  and  the  number 
of  additional  insecticide  applications  were  recorded  during  four  years.  In  the  last  step  of  the 
project  we  evaluated  an  attract  and  kill  system  using  the  same  methodology  as  in  the  mass 
trapping  program. 

Results/Conclusion:  The  results  demonstrated  mass  trapping  effectively  protected  fruit  with  no 
significant  differences  (^=0.3544)  between  homogeneous  and  perimeter  trap  distributions, 
although  homogeneous  trap  layout  was  easier  to  manage  at  the  field  level.  The  area-wide  study 
revealed  lower  than  1%  fruit  damage  in  the  97%  of  the  orchards.  Only  average  of  1. 1  sprays 
were  needed  to  protect  the  system  from  medfly  injuries.  As  a  consequence,  the  residues  of 
pesticides  on  fruits  were  at  low  or  undetectable  levels.  The  results  of  using  attract  and  kill 
devices  used  with  the  same  methodology  as  mass  trappings  demonstrated  similar  efficacy, 
keeping  damage  at  less  than  1%.  The  advantages  and  disadvantages  of  each  system  are 
discussed. 
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Abstract  text: 

Introduction:  Brazil  is  the  third  largest  fruit  producing  country  in  the  world,  with  fruit  being 
grown  at  ca  2.8  mi  ha.  The  complex  of  fruit  flies  including  South  American  fruit  fly  Anastrepha 
fraterculus  and  the  Mediteranean  fruit  fly  Ceratitis  capitata  are  one  of  the  most  important  insect 
pests  of  tropical  and  temperate  fruit.  Additionally,  another  fruit  fly,  the  Bactrocera  carambolaeis 
a  new  quarantine  pest  under  official  restrictions  in  the  northern  region  of  Brazil.  Fruit  flies  are 
commonly  managed  by  multiple  applications  of  phosphorous  insecticides,  however  this 
particular  group  of  insecticides  faces  multiple  restrictions  related  to  the  high  toxicity  of  active 
ingredients  to  environment  and  poses  risk  to  human  health. 

Methods:  In  this  presentation  we  discuss  the  recent  advances  in  the  field  applications  of  mass 
trapping  system  using  hydrolyzed  protein  (Ceratrap®)  for  fruit  fly  control  in  orchards.  We  also 
show  results  related  to  new  toxic  bait  formulations  which  are  more  resistant  to  rainfall  and  with 
lower  toxicity  against  parasitoids  (Braconidae)  and  honey  bee  Apis  melifera.  These  toxic  bait 
formulations  are  based  on  wax  (Anamed®)  or  gel  (Gelsura®)  and  are  considered  as  effective 
alternatives  to  the  insecticide  spinosad  (Success®)  and  hydrolyzed  proteins  formulated  at  the 
farm  level  by  growers. 

Results/Conclusion:  Our  results  demonstrated  that  using  mass  trapping  and  new  toxic  bait 
formulations  greatly  improved  the  management  of  fruit  flies,  however,  the  successful  control  of 
fruit  fly  is  still  mostly  dependent  on  the  integration  of  various  techniques  such  as  cultural  control 
and  applications  of  neonicotinoid,  pyretroid  or  spinosin  based  insecticides. 
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Abstract  text: 


Introduction:  Trunk  injection  was  tested  as  a  novel  delivery  system  for  several  insecticides, 
including  imidacloprid  and  emamectin  benzoate,  in  apple  trees. 

Methods:  Seasonal  field  observations  of  apple  arthropod  pests  and  semi-field  bioassays  with 
obliquebanded  leafroller  larvae  were  used  to  measure  effectiveness  of  treatments. 

Results/Conclusion:  Residue  samples  of  fruit  and  foliage  were  taken  to  monitor  temporal 
patterns  in  the  tree  canopies.  Nectar  samples  were  taken  to  assess  potential  impacts  to 
pollinators. 
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Abstract  text: 

Introduction:  Field  trials  were  conducted  to  evaluate  the  relative  efficacy  of  different  microbial 
formulations  viz.  nuclear  polyhedrosis  virus  (HaNPV),  Bacillus  thuringiensis  and  Beauveria 
bassiana  and  Jasmonic  acid  (JA)  alone  and  in  combination  for  the  sustainable  management  of 
Helicoverpa  armigera  in  tomato  crop. 

Methods:  The  efficacy  of  various  formulations  was  recorded  on  average  larval  population,  fruit 
infestation  and  amount  of  losses  to  the  tomato  fruit. 

Results/Conclusion:  All  the  treatments  significantly  reduced  the  larval  population  of  H.  armigera 
when  compared  to  untreated  control.  Mean  larval  population  per  10  plants  varied  from  4.37±0.02 
to  0.66±0.09  larvae  after  first  spray  and  3.40±0.04  to  0.32±0.09  larvae  after  second  spray, 
respectively.  The  highest  fruit  infestation  on  weight  basis  (75.14±1.28%)  was  observed  in 
untreated  check  at  6th  picking  while  highest  losses  among  treatments  were  recorded  in  plants 
treated  with  JA  (19.68±0.76%)  followed  by  B.  thuringiensis  at  0.5  kg/ha  (15.28±0.49%)  at  first 


picking.  The  cost-benefit  ratio  was  maximum  1:19.10  in  plot  treated  with  combined  application 
of  B.  thuringiensis  at  0.5  kg/ha  and  HaNPV. 
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Abstract  text: 

The  tobacco  budworm  Heliothis  virescens  (Fabricius)  (Insecta:  Lepidoptera:  Noctuidae)  is 
notorious  ployphagous  pest  inflicting  huge  losses  all  over  the  world.  The  multitrophic 
interactions  Bt  cotton,  entomopathogenic  fungi  and  temperature  variations  were  investigated 
under  the  laboratory  conditions.  The  neonate  after  treating  with  entomopathogenic  fungus  1  x 
108  Beauveria  bassiana  sensu  lato  (Balsamo)  Vuillemin  (Clavicipitaceae:  Hypocreales)  were  fed 
on  Bt  cotton  powder  mixed  diet  and  exposed  to  constant,  25°C,  fluctuating  small  20-3 0°C  and 
fluctuating  large  20-3  5°C  temperatures.  Various  life  parameters  viz  larval  mortality,  larval 
stages,  larval  weight,  pupal  weight  and  sex  were  recorded.  The  data  on  larval  mortality,  larval 
stages  were  recorded  after  every  4  days,  larval  weight  after  8  and  16th  days.  The  pupal  weight 
and  sex  were  determined  soon  after  the  larvae  pupated.  Our  findings  made  evident  that  the 
interplay  between  Bt  cotton,  entomopathogenic  fungi  and  temperature  variations  has  a  direct 
effect  on  growth  parameter  responses  of  H.  virescens.  The  fungus  treated  neonate  fed  on  Bt 
cotton  powder  mixed  diet  at  constant  temperature  showed  highest  mortality,  lower  larval  weight, 
less  pupation  and  pupal  weight  as  compared  to  both  fluctuating  temperatures.  At  large 
fluctuating  temperatures,  the  time  of  pupation  was  shorten  with  more  larval  weight  on  all 
observation  dates  whereas,  reverse  happened  in  case  of  small  fluctuating  temperatures.  Studying 
the  effect  of  variations  of  these  factors  on  the  life  parameters  of  H.  virescens  can  lead  to  a  better 
understanding  of  the  potential  for  this  insect  to  evolve  in  response  to  environmental  changes  and 
integrated  management. 
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Introduction:  High  levels  of  the  ectoparasitic  mite  Varroa  and  deformed  wing  (DW)  virus  are 
associated  with  symptomatic  DW  disease  and  overwintering  honeybee  colony  losses.  We 
investigated  the  molecular  consequences  -  by  measuring  host  gene  expression  and  DWV  levels 
and  population  diversity  -  of  exposing  Varroa-nai've  larvae  to  mites  to  understand  how  the  route 
of  transmission  contributes  to  disease. 

Methods:  Frame-transfer  experiments  from  a  Varroa-free  to  Varroa- infested  colonies  were 
conducted.  Individual  age-matched  pupae  were  analysed  by  qRT-PCR,  next  generation 
sequencing  (NGS)  and  microarraying.  Further  studies  using  in  vitro  raised  larvae  directly 
injected  with  known  virus  populations  were  used  to  validate  results 

Results/Conclusion:  Purple-eyed  pupae  could  be  stratified  into  four  experimental  groups  by 
Varroa-exposure  and  DWV  levels.  Three  groups  -  controls,  no  Varroa  association  and  -20%  of 
Varroa-associated  pupae  -  exhibited  low  virus  levels  and  high  virus  diversity.  In  contrast,  -80% 
of  Varroa-exposed  pupae  had  1,000-10,000  times  the  level  of  a  single,  near-clonal,  DWV  type. 
Direct  injection  of  a  day  1  pupae  with  a  NGS-characterised  virus  mixture  resulted  in 
amplification  of  the  same  near-clonal,  virulent  strain  of  DWV  which  was  also  found,  again  at 
very  high  levels  and  near-clonal  diversity,  in  symptomatic  newly-emerged  workers.  In  contrast, 
Varroa  mites  contained  a  diversity  of  DWV  strains,  all  of  which  replicated.  We  conclude  that  the 
transmission  route  preferentially  amplifies  a  single  virulent  strain  of  DWV  and  are  investigating 
molecular  determinants  of  tropism  and  pathogenesis  using  a  reverse  genetic  system.  These 
studies  will  aid  diagnostics  and  monitoring  colony  health  when  testing  strategies  for  virus  or  mite 
control. 
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Abstract  text: 

Introduction:  Emerging  infectious  diseases  (EIDs)  have  contributed  significantly  to  the  current 
biodiversity  crisis,  leading  to  widespread  epidemics  and  population  loss.  Bees  are  considered  to 
be  threatened  globally,  with  severe  overwinter  losses  of  the  most  important  commercial 
pollinator  -  the  Western  honeybee  -  being  a  major  concern  in  the  Northern  Hemisphere. 
Although  EIDs  -  particularly  viruses  belonging  to  the  Deformed  wing  virus  (DWV)  complex  - 
have  been  correlated  with  honeybee  loss,  there  is  still  no  clear  explanation  for  the  elevated  rates 
of  mortality  seen  in  the  past  decade. 

Method:  We  combine  apiary  and  laboratory  experiments  with  a  systematic  field  survey  to 
address  whether  overwinter  honeybee  declines  are  caused  by  pathogens. 

Results/conclusion:  Our  findings  demonstrate  that  an  emerging  DWV  genotype  (DWV-B)  can 
drive  elevated  overwinter  honeybee  loss.  Furthermore,  we  show  that  DWV-B  is  widespread  in 
the  landscape  and  is  more  virulent  than  the  established  DWV  genotype  (DWV-A).  Although  the 
evolutionary  origins  and  global  distribution  of  DWV-B  are  not  well  understood,  its 
potential  emergence  in  naive  populations  of  honeybees,  including  via  recombination  with  DWV- 
A,  could  have  significant  ecological  and  economic  impacts.  Our  findings  emphasize  that 
knowledge  of  the  true  extent  of  pathogen  genetic  diversity  is  critical  to  understanding  drivers  of 
species  decline. 
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Introduction:  Paenibacillus  larvae  and  Melissococcus  plutonius ,  known  as  American  (AFB)  and 
European  foulbrood  (EFB)  respectively,  cause  bacterial  brood  diseases  of  the  European  honey 
bee  {Apis  mellifera).  In  the  UK,  AFB  and  EFB  are  managed  by  a  government  sponsored  control 
program,  but  both  remain  a  threat  to  honey  bee  populations  due  to  a  poor  understanding  of 
disease  epidemiology.  No  tools  provided  the  necessary  discrimination  to  track  disease 
transmission  events.  Constructing  typing  schemes  for  these  bacteria  using  conventional  genes 
proved  inadequate  so  we  turned  to  whole  genome  sequencing. 

Methods:  Genome  sequences  were  collected  from  isolates  of  P.  larvae  and  M.  plutoniusfrom 
unconnected  disease  outbreaks.  Genomes  were  aligned  and  variable  loci  identified.  Putative  loci 
were  tested  against  a  panel  of  isolates  and  those  demonstrating  the  most  sequence  variation 
incorporated  into  Multi-Locus-Sequence-Typing  (MLST)  schemes.  MLSTs  were  used  to 
complete  national  surveys  of  disease  outbreaks.  In  addition,  whole  genome  analysis  was  used  to 
investigate  a  persistent  outbreak  of  AFB. 

Results/Conclusion: 

•  Whole  genome  analysis  led  to  the  development  of  useful  MLST  schemes  for  P.  larvae 
and  M.  plutonius  -  both  accessible  to  all  (see  pubmlst.org). 

•  Laboratories  in  Germany,  Japan,  Scotland  and  Switzerland  are  using  the  schemes  to 
inform  their  honey  bee  disease  monitoring  programs. 

•  MLST  data  have  provided  new  insights  into  the  population  structure  and  epidemiology  of 
both  disease  causing  organisms  and  have  helped  to  track  and  trace  outbreaks. 
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Introduction:  Nosemosis,  a  disease  of  adult  honey  bees  caused  by  two  species  of  microsporidian 
parasite,  Nosema  ceranae  and  N.  apis ,  has  been  regarded  as  a  particular  threat  implicated  in 
alarming  colony  losses  worldwide,  emphasizing  the  urgent  need  for  safe  and  effective 
treatments. 

Methods:  High-throughput  genome  sequencing  and  comparative  genome  analyses  were 
performed  to  explore  genome-wide  genetic  differences  between  two  Nosema  species. 
Transcriptional  analysis  was  conducted  by  RNA-Seq  and  microarray  analysis  to  investigate  gene 
expression  in  bees  infected  by  N.  ceranae,  a  more  common  and  predominant  infection  of  two 
Nosema  species.  An  RNA  interference  (RNAi)  approach  was  used  to  downregulate  the 
expression  of  target  genes  required  for  the  parasite's  host  pathogenicity  or  involved  in  host 
susceptibility  to  the  parasite,  in  the  hope  of  developing  RNAi-based  therapeutics  for  controlling 
Nosema  disease. 

Results/Conclusion:  Comparative  genomic  analysis  led  to  the  identification  of  genes  that  are 
unique  characteristics  of  the  individual  Nosema  species,  thereby  providing  a  list  of  potential 
targets  for  innovative  therapeutics  to  break  the  life  cycle  of  the  parasite.  Transcriptional  profiling 
of  host  responses  to  TV.  ceranae  infection  resulted  in  the  identification  of  genes  and  pathways 
implicated  in  host-Nosema  interactions  and  potential  molecular  targets  for  RNAi  intervention. 
The  evidence  that  silencing  of  Nosema  virulent  genes  and  host  immune  suppressors  could  lead  to 
inhibition  of  Nosema  levels  in  infected  bees  offers  a  promising  new  avenue  for  controlling 
Nosema  disease. 
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Introduction:  Wild  bumble  bees  ( Bombus )  are  experiencing  population  declines  globally.  Causes 
of  declines  in  North  American  populations  are  unclear,  although  declining  species  are  more 
frequently  infected  by  the  pathogen  Nosema  bombi.  A  widely  accepted  hypothesis  suggests  that 
contact  with  European  species  during  domestication  led  to  the  introduction  of  an  exotic  Nosema 
bombi  strain. 

Methods:  By  screening  museum  specimens,  we  show  that  A.  bombi  prevalence  increased 
significantly  in  declining  species  in  the  early-mid  1990s,  coincident  with  Nosema  outbreaks  in 
North  American  commercial  stocks. 

Results/conclusion:  Based  on  data  from  reduced  representation  genome  sequencing,  there  is  no 
evidence  that  exotic  Nosema  was  introduced  from  Europe.  Regardless  of  invasive  or  native 
origins,  the  temporal  connection  between  Nosema  epizootics  in  commercial  Bombus  stocks  and 
increases  detected  in  wild  populations  suggests  a  substantial  risk  of  pathogen  transmission  with 
domestication. 
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Introduction:  The  honeybee  Apis  mellifera  has  a  huge  geographic  distribution  encompassing  a 
range  of  habitats.  There  is  considerable  phenotypic  variation  across  this  range,  and 
subpopulations  exhibit  local  adaptation.  However,  we  currently  know  little  about  the  genetic 
basis  of  this  variation,  which  could  be  vital  for  protecting  local  populations.  In  particular,  the 
Cape  bee  (A.  m.  capensis)  a  subspecies  restricted  to  the  southern  tip  of  Africa,  exhibits  a  variety 
of  traits  related  to  social  parasitism  although  their  genetic  basis  is  unknown. 

Methods:  We  sequenced  the  genomes  of  140  honeybees  from  a  worldwide  sample  of  14 
populations  across  the  entire  native  range  of  A.  mellifera ,  identifying  a  total  of  8.3  million  SNPs. 
We  used  genome  scans  for  selection  to  uncover  the  genetic  basis  of  local  adaptation  in  this 
species. 

Results/Conclusion:  Levels  of  genetic  diversity  are  surprisingly  high.  Patterns  of  genetic 
variation  reflect  large  historical  fluctuations  in  population  size  caused  by  past  oscillations  in  the 
earth’s  climate.  We  identify  genomic  signatures  of  adaptation  to  temperate  and  tropical  climates, 
which  are  enriched  in  un-methylated  genes  that  are  mainly  expressed  in  worker  bees.  These 
include  genes  involved  in  morphology,  innate  immunity  and  metabolism  that  likely  control 
geographic  variation  in  reproduction,  behaviour  and  disease  resistance.  We  also  identify  a  set  of 
loci  that  govern  social  parasitism  in  the  Cape  bee.  These  studies  reveal  the  genetic  underpinnings 
of  phenotypic  variation  in  A.  mellifera  and  will  enable  us  to  uncover  the  molecular  mechanisms 
by  which  bees  have  adapted  to  factors  such  as  climate  and  pathogens. 
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Introduction:  The  environment  is  highly  variable  and  can  change  rapidly  over  time  and  space. 
Behavioral  modifications  are  often  the  first  line  of  response  to  these  environmental  perturbations, 
and  species  often  modify  their  behaviors  in  multiple  ways:  through  dispersal,  behavioral 
plasticity,  or  through  genetic  changes.  Halictid  bees  (Hymenoptera:  Halictidae)  are  an  excellent 
model  for  studying  how  species  can  use  behavior  to  respond  to  novel  environmental  pressures 
because  they  exhibit  dramatic  variation  in  social  structure  within  and  between  species. 
Furthermore,  these  differences  in  social  behavior  are  strongly  correlated  with  local  environment. 

Methods:  Here  I  present  the  results  of  genetic  and  behavioral  studies  for  two  species  representing 
two,  independent  origins  of  eusociality:  Lasioglossum  albipes  and  Augochlorella  aurata.  Both 
species  are  polymorphic  and  capable  of  producing  either  solitary  or  eusocial  nests. 

Results/Conclusion:  In  L.  albipes ,  this  behavioral  polymorphism  is  found  across  populations  and 
common  garden  experiments  have  demonstrated  that  this  variation  has  a  genetic  underpinning.  In 
A.  aurata ,  solitary  and  eusocial  nests  can  occur  within  the  same  population,  and  the  species 
exhibits  a  cline  in  colony  size  across  its  latitudinal  range.  We  have  identifed  several  genetic 
polymorphisms  associated  with  behavioral  variation  in  these  species  as  well  as  some  of  the 
relevant  environmental  factors  that  may  be  shaping  this  trait.  The  results  of  these  studies  will 
help  to  elucidate  some  of  the  key  genetic  and  ecological  factors  underlying  the  local  adaptation 
of  these  native  pollinators  to  a  changing  environment. 
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Abstract  text: 

Introduction:  The  honey  bee,  Apis  mellifera,  harbors  a  specialized  gut  microbiota  that  is 
dominated  by  eight  bacterial  species.  While  the  majority  of  these  bacteria  are  likely  to  carry  out 
beneficial  functions,  certain  community  members  may  also  represent  commensals  or  parasites 
that  explore  the  nutrient-rich  environment  in  the  bee  gut.  Thus,  a  better  understanding  of  the 
different  roles  of  gut  bacteria  is  needed  to  evaluate  their  functions  and  hence  their  impact  on 
honey  bee  health. 

Methods:  I  present  findings  about  the  symbiotic  interaction  of  the  gut  bacterium  Frischella 
perrara  with  its  honey  bee  host.  Our  results  show  that  the  abundance  of  this  bacterium  varies 
between  adult  worker  bees  within  colonies. 

Results/Conclusion:  When  the  bacterium  is  present,  it  colonizes  a  specific  region  in  the  gut  and 
causes  the  so-called  scab  phenotype,  a  morphological  change  of  the  host  epithelium 
characterized  by  the  deposition  of  a  dark  material.  Gene  expression  analysis  suggests  that  this 
phenotype  is  the  result  of  a  melanization  process.  This  immune  response  of  insects  typically 
occurs  upon  tissue  damage,  suggesting  that  F.  perrara  may  have  a  negative  impact  on  the  host 
epithelium  in  the  gut.  Intriguingly,  genomic  analysis  of  F.  perrara  identified  a  number  of  genetic 
determinants  that  could  be  responsible  for  causing  host  damage  and  thus  resulting  in  the 
observed  scab  phenotype.  Our  current  research  focuses  on  the  important  questions:  to  what 
extent  F.  perrara  impacts  host  fitness  and  which  underlying  ecological  and  genetic  factors  are 
responsible  for  this  characteristic  symbiotic  interaction  in  the  bee  gut. 
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Introduction:  Our  view  of  the  microbial  world  in  the  pollination  environment  has  undergone  a 
renaissance  in  the  past  six  years. 

Methods:  High  throughput  sequencing  technologies  have  allowed  a  much  greater  understanding 
of  the  diversity  of  microbial  communities  and  the  ability  to  discover  previously  unknown 
bacteria. 

Results/Conclusion:  We  have  found  several  bacteria  that  can  reach  high  abundance  in  pollen 
provisions,  larval  guts,  and  adult  guts  from  various  distantly  related  wild  and  solitary  bee 
species.  These  bacteria  are  also  found  on  flowers,  suggesting  that  flowers  act  as  hubs  of 
transmission  for  putatively  beneficial  bacteria  among  diverse  bee  species.  Recent  research  in  my 
lab  is  largely  focused  on  the  most  abundant  of  the  pollination  environment  bacteria,  which  we 
are  currently  describing  as  Lactobacillus  micheneri.  We  have  sequenced  the  genomes  of  20 
isolates  of  this  bacterium:  10  from  flowers  and  10  from  wild  bees.  We  describe  how  strain 
diversity  partitions  out  to  these  different  environments,  and  how  these  genomes  have  led  to 
experiments  in  our  lab  aimed  at  elucidating  the  role  of  these  bacteria  in  bee  fitness.  By  creating 
sterile  brood  cells,  and  either  inoculating  the  cells  with  specific  strains  or  leaving  the  cells  sterile, 
we  have  been  tracking  down  whether  these  bacteria  aid  pollen  digestion,  retard  spoilage  of 
pollen  provisions,  act  as  commensals,  or  consume  enough  of  the  pollen  provision  to  negatively 
effect  bees.  We  therefore  use  these  genomic  tools  to  generate  testable  hypotheses,  with  the 
ultimate  goal  of  building  an  understanding  of  how  we  can  harness  microbes  to  assist  in  pollinator 
protection. 


Symposium 

Presentation  Title:  Pollination  of  European  crops  —  lessons  learned  across  boundaries 

Author  Name:  Tom  Breeze 

Author  Institution:  University  of  Reading 

Session  Title:  Symposium:  Integrated  Crop  Pollination  in  Theory  and  Practice 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4153 
DOI:  10. 1603/ICE. 2016. 94025 


Abstract  text: 


Introduction:  Following  increased  concern  about  declines  in  pollinator  abundance  and  diversity 
and  the  potential  consequences  for  wild  ecosystems  and  sustainable  crop  production,  pollination 
research  has  received  increased  political  and  financial  support. 

Methods:  A  number  of  National  and  European  initiatives  have  been  established  to  identify 
drivers  of  pollinator  decline,  understand  the  potential  consequences  of  these  declines  and  inform 
what  steps  can  be  taken  at  National  and  European  scales  to  respond  to  any  declines.  Here  we 
outline  a  number  of  European  initiatives  including  ‘STEP  -  Status  and  Trends  in  European 
Pollinator’,  ‘UK  Insect  Pollinators  Initiative’,  ‘SUPER-B’  and  ‘LIBERATION’  and  present 
some  of  the  major  findings  from  these  projects. 

Results/Conclusion:  Key  outcomes  include  quantifying  the  capacity  of  managed  pollinators  for 
crop  pollination  across  Europe,  valuing  European  crop  pollination  services  and  understanding  the 
impacts  of  insecticides  and  agri-environment  schemes  on  pollinators  and  pollination  service. 

How  this  research  has  gone  on  to  shape  European  policy  and  the  wider  implications  this  has  for 
pollinators  and  pollination  in  Europe  will  be  discussed. 
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Introduction:  Highbush  blueberry  production  is  dependent  on  insect-mediated  pollination  for 
marketable  berries.  As  part  of  a  collaborative  study,  pollination  service  and  pollinator  diversity 
were  examined  in  4  major  regions  of  highbush  blueberry  production  in  the  United  States  and 
Canada. 

Methods:  Standard  protocols  to  measure  floral  visitation  rates,  pollinator  richness,  and 
pollination  effects  on  fruit  set,  seed  set  and  berry  weight  were  used  in  Florida,  Michigan,  Oregon 
and  British  Columbia.  Measurements  were  taken  in  commercial  blueberry  fields  over  multiple 


years  at  4  distances  from  semi-natural  habitat.  Generalized  linear  models  were  used  to  examine 
factors  affecting  pollinator  diversity  and  abundance  across  the  4  regions.  Standardized  land  use 
categories  were  used  to  assess  landscape  effects. 

Results/Discussion:  Pollinator  abundance  and  diversity  varies  considerably  among  and  within 
regions  of  highbush  blueberry  production.  The  extent  of  semi-natural  habitat  and  its  effects  on 
pollinator  diversity  also  vary  among  regions.  Pollination  and  yield  deficits  are  more  evident  in 
some  regions  than  others  and  the  bee  community  most  responsible  for  reducing  pollination 
deficits  also  show  regional  differences.  Based  on  these  results,  region-specific  crop  pollination 
management  strategies  may  be  needed. 
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Introduction:  Pollination  by  insects  is  an  important  ecosystem  service,  necessary  for  the 
production  of  many  crops  and  essential  for  global  food  security.  Nevertheless,  there  is  relatively 
little  information  on  the  relative  contributions  of  honey  bees  {Apis  mellifera)  and  wild  insects  to 
crop  yield  in  managed  agricultural  systems,  and  on  the  relative  economic  value  they  provide. 

Methods:  We  measured  the  relative  importance  of  honey  bee  and  wild  pollinators  on  yield  in  a 
large-scale  study  involving  watermelon,  pumpkin,  cherry,  apple,  almond,  and  blueberry. 
Economic  contributions  were  compared  using  the  production  value  method,  which  estimates  the 
value  of  lost  yield  associated  with  potential  declines  in  pollinators  of  each  taxon. 

Results/Conclusions:  Visitation  rates  varied  widely  across  the  different  systems,  with  visits  by 
honey  bees  somewhat  more  frequent  overall  as  compared  with  visits  by  all  wild  bee  species 
combined.  Pollination  was  positively  correlated  with  yield  in  some  systems  (especially  the  early- 
flowering  crops),  suggesting  that  these  crops  might  be  pollination-limited.  We  will  present 


analyses  that  compare  the  economic  contributions  of  wild  insects  and  honey  bees  using  the 
production  value  method.  Implications  for  pollinator  conservation  and  crop  management  will  be 
discussed. 
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Introduction:  Agriculture  occupies  vast  regions  of  terrestrial  land  worldwide.  The  intensification 
of  agriculture  is  one  leading  threat  to  wild  and  managed  pollinators,  yet  ironically  fruit,  nut  and 
seed  crops  in  these  intensively  farmed  areas  often  depend  heavily  on  reliable  pollination  services 
from  bees  and  other  insects.  Establishing  pollinator  habitats  that  contain  diverse  flowering  plant 
communities  adjacent  to  crop  fields  is  a  leading  strategy  to  promote  pollinator  populations  and 
potentially  the  pollination  services  they  provide. 

Methods:  As  part  of  Integrated  Crop  Pollination  Projects  (ICP),  we  established  pollinator 
habitats  at  field  borders  of  different  specialty  crops  in  multiple  regions  of  North  America.  At 
replicate  sites  in  each  region  we  quantified  pollinator  abundance  and  diversity  in  the  pollinator 
habitat  and  paired  control  field  borders  and  estimated  pollination  and  yield  for  the  neighboring 
specialty  crop. 

Results/Conclusion:  At  all  regions  and  crops  we  found  significant  increases  in  wild  pollinator 
abundance  and  diversity  on  the  pollinator  habitats  compared  to  control  sites.  Pollination  by  wild 
bees  and  fruit  yield  of  adjacent  crops  is  enhanced  in  some  cases  and  less  so  in  others.  Differences 
in  pollination  may  result  from  the  relative  attractiveness  of  flower  plantings  versus  crops,  the 
timing  of  crop  and  wildflower  bloom,  the  duration  over  which  habitats  have  been  in  place  and 
the  relative  contributions  of  managed  and  wild  pollinators.  Pollinator  habitats  have  great 


potential  to  maintain  or  enhance  pollinator  communities  in  agricultural  lands  and  can  also 
contribute  to  increased  yield  of  neighboring  specialty  crops. 
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Introduction:  Florida  grows  more  watermelon  than  any  other  state  in  the  U.S.  Along  with  the  rise 
in  popularity  of  seedless,  triploid  watermelons  has  come  an  increasing  dependence  on  insect 
pollinators.  Over  the  past  3  years,  Project  Integrated  Crop  Pollination  (ICP)  has  explored  options 
for  sustainable  pollination  of  Florida  watermelons. 

Methods:  On-crop  surveys  in  27  fields  have  determined  the  most  abundant  bee  morphogroups 
already  pollinating  Florida  watermelons,  and  collections  of  stigmas  used  to  determine  if  there  is 
indeed  a  pollination  deficit  under  current  management  systems.  Current  landscape  conditions, 
including  the  presence  of  naturally  occurring  forage  plants  and  the  status  of  land  management 
practices,  have  been  evaluated,  as  well  as  the  possibility  of  providing  additional  forage  for 
pollinators.  Commercial  bumble  bees,  Bombus  impatiens ,  were  stocked  on  some  fields,  which 
were  compared  to  fields  which  did  not  have  commercial  bumble  bees  added. 

Results/Conclusion:  Following  managed  honey  bees,  wild  bees  from  the  morphogroups  “Green 
Bee”  ( Agapostemon  spp.)  and  “Tiny  Dark  Bee”  ( Lasioglossum  spp.)  were  most  abundant.  Even 
in  fields  which  had  commercially  purchased  Bombus  impatiens  hives  placed,  bumble  bees  were 
infrequently  seen  visiting  flowers.  The  usefulness  and  practicality  of  habitat  augmentation  and 
alternative  pollinators  will  be  discussed,  as  well  as  the  value  of  conserving  extant  pollinators  and 
their  habitat. 
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Introduction:  Growers  of  orchard  crops,  particularly  almond  in  California,  rely  heavily  on  honey 
bees  to  provide  almost  all  the  pollination  services  to  their  crops.  Recently,  however,  some 
almond  growers  have  supplemented  their  orchards  with  blue  orchard  bees,  Osmia  lignaria, 
which  are  solitary,  cavity-nesting  bees,  in  order  to  increase  nut  yield. 

Methods:  From  201 1  to  2016,  we  conducted  various  experiments  stocking  orchards  with  various 
densities  of  O.  lignaria  in  large  commercial  almond  orchards  to  quantify  and  assess  the  in¬ 
orchard  reproduction  of  O.  lignaria  under  different  nesting  site  densities,  nesting  box  colors,  and 
under  different  bee  release  strategies.  Comparative  almond  pollination  efficiencies  (i.e.  fruit  set 
and  nut  yield)  were  assessed  when  honey  bees  were  the  sole  pollinator  species  as  well  as  when 
O.  lignaria  were  used  in  addition  to  honey  bees. 

Results/Conclusion:  Almond  yield  generally  increased  in  O.  lignaria- supplemented  orchard 
areas,  but  there  was  some  variation  across  orchards  and  years.  Spatial  modeling  of  the  density  of 
nesting  O.  lignaria  females  foraging  from  their  nest  boxes  and  almond  trees  revealed  that  O. 
lignaria  generally  foraged  60-80  m  from  their  nesting  sites,  which  can  help  optimize  the  number 
and  location  of  boxes  distributed  throughout  the  orchard  to  enhance  evenness  of  pollination. 
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Abstract  text: 

Pollination  is  a  service  needed  to  maintain  optimal  yields  for  some  crops.  However,  the  key 
pollinators  and  optimal  farm  practices  that  support  these  pollinators  are  unknown  for  many 
specialty  crop  systems.  Researchers  associated  with  the  Integrated  Crop  Pollination  Project  are 
addressing  these  knowledge  gaps.  In  order  to  effectively  communicate  project  outcomes,  project 
partners  developed  an  outreach  and  extension  program.  Key  components  of  this  program  include 
engaging  project  stakeholders,  mapping  local  knowledge  networks,  using  experiential,  technical, 
and  social  learning  pathways,  and  developing  passive  and  active  learning  tools.  In  addition,  we 
partner  with  project  stakeholders  to  organize  and  deliver  workshops  and  to  establish 
demonstration  farms.  Demonstration  farms  will  be  used  for  field  days  where  practices  associated 
with  integrated  crop  pollination  (e.g.  the  combined  use  of  different  pollinator  species,  habitat 
augmentation,  and  pollinator  friendly  crop  management  practices)  can  be  observed.  Workshops 
and  field  days  use  a  combination  of  lectures  and  hands-on  activities.  Additional  communication 
strategies  include  developing  written  technical  guidelines  and  short,  informational  videos  that 
will  be  posted  on  Youtube  and  through  other  social  media  outlets.  Initial  grower  feedback 
suggest  that  growers  are  interested  in  adopting  practices  that  support  crop  pollinators. 
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Abstract  text: 

Introduction:  Many  crops  benefit  from  pollination  services  of  wild  and  managed  bees.  There  is 
increasing  recognition  that  a  combination  of  wild  and  managed  bees  are  needed  to  ensure  stable 
supply  of  crop  pollination  services.  However,  there  is  still  a  need  to  quantify  the  costs  and 
benefits  of  pollination  enhancement  strategies.  We  developed  a  spatially-explicit  modeling 
framework  designed  to  provide  insights  for  farmers  interested  in  integrating  wild  and  managed 
bee  enhancement  options  into  crop  pollination  management. 

Methods:  We  modified  a  model  that  predicts  crop  pollination  service  as  a  function  of  wild  bee 
habitat  quality  in  a  surrounding  landscape  and  use  it  evaluate  the  net  benefits  of  2  types  of 
pollination  enhancements:  floral  plantings  to  support  wild  bee  populations  and  using  managed 
honey  bee  hives.  We  address  whether  the  costs  of  the  enhancement  strategies  outweigh  the 
benefits  to  crop  yield  under  a  range  of  wild  bee  habitat  qualities.  We  also  incorporate 
stochasticity  in  wild  bee  habitat  quality  to  represent  year-to-year  variation  in  precipitation. 

Results/Conclusion:  We  find  that  as  the  quality  of  wild  bee  habitat  surrounding  a  farm  declines, 
year-to-year  variation  in  expected  yield  increases  and  the  expected  crop  value  declines.  The  use 
of  managed  hives  is  likely  to  reduce  variation  in  yield  and  improve  expected  value  up  to  a  point. 
Once  pollination  service  is  saturated,  adding  more  hives  increases  certainty  in  expected  value, 
but  also  reduces  the  expected  return.  Overall,  our  framework  can  be  used  to  provide  crop  and 
landscape-specific  recommendations  that  account  for  both  wild  and  managed  bee  costs  and 
benefits. 
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Abstract  text: 

Introduction:  Developing  and  implementing  sustainable  crop  pollination  practices  requires 
understanding  the  biological,  social,  and  economic  components  of  these  systems.  This 
interdisciplinary  approach  is  at  the  core  of  Integrated  Crop  Pollination  (ICP),  which  aims  to 
guide  growers  during  pollination  management  decision  making,  to  ensure  reliable  and 
economical  crop  pollination. 

Methods:  In  the  current  ICP  project,  a  team  of  researchers  and  extension  staff  have  studied 
multiple  specialty  crops  in  over  100  fields  and  orchards  across  the  United  States  and  in  British 
Columbia.  We  have  examined  the  relative  pollination  performance  in  farms  stocked  with  honey 
bees,  in  farms  augmented  with  alternative  managed  bees,  and  farms  with  habitat  enhancements 
for  wild  bee  populations.  In  field  assessments  of  bees  and  crop  yield  have  been  coupled  with 
assessments  of  the  relative  cost  and  benefit  of  different  practices,  and  surveys  of  growers  across 
primary  production  regions  of  pollinator-dependent  crops.  The  results  of  this  project  are  being 
integrated  into  an  online  tool  to  guide  decision  making  by  farmers. 

Results/Conclusion:  We  will  provide  an  overview  of  the  current  status  of  diversified  pollination 
systems  and  the  efforts  to  implement  this  approach.  While  great  strides  have  been  made  in 
understanding  the  contributions  of  different  bees  to  crop  pollination,  translating  that  knowledge 
into  more  integrated  and  sustainable  crop  pollination  practices  will  require  continued 
translational  efforts  in  research,  education,  and  extension  to  bring  this  knowledge  to  widespread 
adoption. 
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Abstract  text: 

Pollination  is  one  of  the  most  important  natural  services.  It  is  estimated  that  a  considerable 
proportion  of  the  world  food  production  depends  partially  or  totally  on  pollination.  In  2005, 
Gallai  et  al.  (2007)  estimated  the  worldwide  economic  value  of  pollination  to  be  €153  billion, 
accounting  for  ca.  10%  of  the  value  of  the  world  agricultural  production  used  for  human  food. 
The  authors  estimated  the  crop  losses  due  to  the  reduction  of  pollination  to  be  on  the  range  €190 
and  €310  billion.  For  sure,  these  figures  are  even  greater  10  years  after  calculation.  The 
pollinator  decline  all  over  the  world  is  a  phenomenon  that  has  called  attention  not  only  of 
scientists  but  also  of  the  authorities,  international  institutions  and  the  general  public.  Several 
reasons  have  been  proposed  for  the  decline,  specially  for  the  domestic  bee,  Apis  mellifera ,  the 
most  important  generalist  pollinator,  including  loss  of  habitat,  pests  and  diseases,  genetic 
weakening,  inadequate  management  of  commercial  colonies,  multivariate  stresses,  pesticides  and 
other  agricultural  practices,  and  the  still  unexplained  Colony  Collapse  Disorder  (CCD).  Unless 
the  pollinator  decline  and  the  deficit  of  pollination  can  be  quickly  reversed,  a  serious  threat  to  the 
world  food  supply  can  be  foreseen  for  the  medium  term.  Vegetables  and  fruits  will  be  more 
intensely  affected,  but  also  other  crops  like  cereals  and  oilcrops  will  be  negatively  affected. 
Actions  include  public  policies  favoring  pollination  services,  enhancement  of  habitat  sites, 
changes  on  the  agricultural  landscape  and  adaption  of  agricultural  production  systems  and 
technologies  to  be  pollinator  friendly. 
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The  pollination  service  participates  significantly  in  agricultural  production  and  contributes 
heavily  to  the  diversity  and  the  sustainability  of  a  large  part  of  wild  flora.  This  makes  it  an 
essential  ecosystem  service  for  the  wellbeing  of  our  society.  However,  the  abundance  and 
diversity  of  all  pollinators,  including  honeybees  managed  by  humans  and  wild  animals  provided 
by  nature,  are  declining.  In  order  to  better  understand  their  contribution  to  society  and  to  assess 
the  impact  of  this  decline,  the  economic  valuation  is  necessary  for  both  policy  makers  and 
stakeholders.  Nonetheless,  the  pollination  service  is  complex  to  valuate  because  it  has  multi¬ 
dimensional  impacts.  Indeed,  it  can  be  measured  at  the  field  scale,  regional,  national  and  even  at 
the  international  scale.  Furthermore,  the  status  of  pollinator  is  very  large  since  it  can  be  marketed 
when  considering  the  crop  or  honey  production,  or  not,  when  considering  the  impact  of 
pollination  on  the  wild.  This  presentation  will  present  the  different  frameworks  for  economic 
valuation  of  pollination  services.  It  will  explain  the  methods  used  to  value  the  contribution  of 
pollinators  and  the  consequence  of  their  decline,  taking  into  account  the  wild  animal  and  the 
managed  one.  Finally  it  will  analyze  and  discuss  the  main  results. 
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Insect  pollinators  are  a  fundamental  component  of  global  ecosystems  and  are  crucially  important 
for  food  production.  Pollinators  improve  the  yield  and  quality  of  over  75%  of  crop  species  and 
contribute  over  $3.61  billion  to  global  agriculture.  With  continued  environmental  change  and 
potential  pollinator  decline,  it  is  essential  to  understand  what  contribution  pollinators  make  to 
crop  production,  what  impact  any  declines  may  have  and  how  pollination  services  might  be 
managed  effectively  for  improved  food  security.  Here  we  present  research  identifying  which 
pollinators  are  most  important  for  crop  production  and  how  this  varies  between  crops  and 
regions.  We  discuss  why  pollinator  diversity  is  important  to  maintain  resilient  crop  production 
systems  in  the  face  of  spatial,  temporal  and  environmental  variability.  We  then  consider  the 


implications  of  this  for  pollinator  management  strategies  and  how  these  should  be  targeted  based 
on  crop  and  pollinator  traits  and  are  often  context  specific,  with  different  crops  in  different 
regions  requiring  different  management  approaches. 


Symposium 

Presentation  Title:  Impact  of  habitat  reduction  and  simplification  on  pollination  services 
Author  Name:  Stephen  D.  Wratten 
Author  Institution:  Lincoln  University 

Session  Title:  Symposium:  Interactions  Between  Pollination  Services  and  Agricultural  Practices 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4166 

DOI:  10. 1603/ICE.2016. 92411 

Abstract  text: 

Introduction:  The  science  of  biological  control  of  pests  has  long  been  considered  as  a  linear 
process  across  only  3  trophic  levels.  Many  simple  algebraic  models,  based  on  the  equations  of 
Nicholson  and  Bailey,  with  a  background  from  Lotka-Volterra,  usually  concentrated  on  host- 
specific  parasitoids  and  the  insect  or  mite  species  with  which  they  were  coupled.  Those  models, 
in  their  search  for  density  dependence  and  population  stability,  did  not  include  predators, 
including  polyphagous  ones.  Currently,  it  is  well  recognised  that  natural  enemy  interactions  are 
not  linear  but  take  place  in  what  can  be  complex  food  webs.  The  involvement  of  only  3  trophic 
levels  is  unusual  and  in  parasitoid-host  systems,  most  parasitoids  are  attacked  by 
hyperparasitoids  and  a  fifth  trophic  level.  This  complexity  makes  biological  control  research 
more  complicated  and  challenging.  A  further  realisation  following  those  models  is  that 
parasitoids  and  predators  must  have  access  to  SNAP  (Shelter,  Nectar,  Alternative  food  and 
Pollen)  for  improved  fitness. 

Methods:  A  combination  of  replicated  field  experiments  ranging  from  lettuces  to  vines,  with 
laboratory  experimentation  and  DNA  analysis  of  food  web  dynamics,  has  addressed  the  above 
challenges  and  a  summary  of  this  approach  will  be  presented  here. 

Results/Conclusion:  The  main  results  have  shown  the  heavy  dependence  of  almost  all  pest 
natural  enemies  on  SNAP.  Current  work  is  exploring  food  web  complexities  including  using  the 
cabbage  aphid  as  a  model  and  DNA  analysis  of  the  contents  of  its  mummies  across  a  wide  bio- 
geographical  range. 
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Methods:  To  better  understand  the  mechanisms  of  Nosema  ceranae  parasitism,  we  deep- 
sequenced  both  honey  bee  host  and  parasite  messenger  RNAs  and  small  RNA  throughout  a 
complete  6  day  infection  cycle. 

Results/Conclusion:  By  time-series  analysis,  1,122  parasite  genes  were  significantly  differently 
expressed  during  the  reproduction  cycle,  clustering  into  4  expression  patterns.  We  found  reactive 
mitochondrial  oxygen  species  modulator  1  of  the  host  to  be  significantly  down  regulated  during 
the  entire  infection  period.  The  expression  levels  of  17  host  microRNAs  were  significantly 
regulated.  The  number  of  single  nucleotide  polymorphism  (SNP)  positions  per  gene  and  the 
proportion  of  non- synonymous  substitutions  per  gene  were  significantly  reduced  from  2007  to 
2013,  suggesting  purifying  selection  on  the  parasite  genome.  Novel  microRNA-like  small  RNAs 
were  identified  and  confirmed  from  the  parasite  genome.  We  further  designed  small  interfering 
RNA  (siRNA)  to  target  the  parasite  RNAi  gene.  After  treating  the  host  with  siRNA,  the  spore 
load  was  significantly  reduced.  Our  data  provide  new  insights  into  N.  ceranae  pathogenesis  and 
control. 
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Abstract  text: 

Climate  change  has  caused  different  impacts  on  species’  habitats,  and  shifts  on  geographic 
distribution  have  been  already  reported.  Species  are  moving  to  find  climatic  refuges  on  new 
latitudes  and/or  altitudes,  seeking  suitable  areas  for  survival  and  reproduction.  However,  these 
changes  will  be  accentuated  in  the  coming  years  since  they  are  accelerated  due  to  the  crescent 
emission  of  greenhouse  gases.  Particularly,  the  impact  of  climate  change  on  bees  is  an  important 
issue.  Firstly,  because  bees  play  a  crucial  ecological  role  as  pollinators.  Several  studies  have 
shown  that  bees  are  important  pollinators  of  many  plants,  which  depend  on  these  insects  to  breed 
and  produce  their  fruits  and  seeds.  Secondly,  bees  have  been  reported  as  declining,  especially 
some  generalist  crop  pollinators  like  honey  bees  and  bumble  bees.  Multiple  factors,  including 
climate  change,  seem  to  be  the  cause  of  this,  and  the  impact  in  food  production  has  also  been  the 
subject  of  international  research.  Analyzing  the  impact  of  climate  change  on  bees  is  important 
not  only  for  alerting  to  the  problem  that  species  are  facing,  but  also  to  help  in  identifying  the 
most  appropriate  areas  for  their  future  distribution.  These  areas  can  be  considered  as  important 
targets  for  conservation  and/or  restoration.  Protecting  bees  can  include  the  introduction  of  plant 
species  that  are  more  resilient  to  climate  changes,  and  that  bloom  at  different  times,  providing 
food  resources  during  shortages.  These  practices  can  help  the  species  to  find  resources, 
contributing  to  their  protection,  and  improving  the  pollination  of  agricultural  crops. 
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Introduction:  Management  of  agriculture  pollination  is  mainly  based  on  a  relatively  few 
domesticated  bee  species,  most  notably  Apis  mellifera,  that  have  been  transported  across  the 
world  and  introduced  in  regions  outside  their  native  ranges.  A  few  of  these  species  have  become 
phenomenal  invaders  in  several  continents;  the  most  impressive  examples  are  the  Africanized 
honey  bee  (i.e.  a  hybrid  between  the  African  Apis  mellifera  scutellata  and  the  European  honey 
bee  subspecies)  in  the  Americas  and  the  European  bumble  bee  Bombus  terrestris  in  Southern 
South  America,  New  Zealand,  and  Japan.  Because  of  their  high  abundances,  these  invasive  bees 
can  change  the  nature,  from  mutualistic  to  antagonistic,  of  many  of  the  flower-pollinator 
interactions  they  usurp,  with  negative  consequences  even  for  crop  pollination.  This  is 
exemplified  with  a  study  of  the  effect  of  B.  terrestris  on  raspberry  pollination  in  southern  South 
America,  where  it  has  been  recorded  that  fruit  quality  decreases  above  a  few  bumble  bee  visits 
because  of  increasing  style  breakage.  Also,  nectar  robbing  of  raspberry  flower  buds  by  bumble 
bees  decreases  nectar  availability  for  a  more  legitimate  pollinator.  At  a  continental  scale, 
evidence  on  a  supposedly  positive  effect  of  the  invasion  of  the  Africanized  honey  bee  in  coffee 
yield  is  put  into  question,  showing  that  temporal  trends  in  yield  vary  greatly  among  countries  and 
that  yield  declines  have  occurred  in  some  Neotropical  countries  during  the  last  decades. 

Results/Conclusion:  It  is  concluded  that  invasive  bees  can  have  several  direct  and  indirect 
negative  effects  on  pollination  services,  and  further  introductions  should  be  discouraged. 
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Colony  Collapse  Disorder  (CCD),  Colony  Losses  and  honey  bee  {Apis  mellifera)  Population 
Decline  have  been  used  interchangeably  to  convey  concerns  about  honey  bee  health.  However, 
each  of  those  terms  characterize  very  different  phenomena,  and  may  have  different  drivers.  In 
this  presentation,  we  will  disambiguate  each  of  those  phenomena  (CCD,  mortality  and  decline), 
by  presenting  them  in  context  (both  geographical  and  historical),  describing  the  tools  used  to 
document  them  and  discuss  both  their  potential  drivers  and  consequences  for  agricultural 
pollination  services.  Population  decline  in  the  US  has  been  recently  mitigated  (USDA  NASS 
2008  to  2014)  by  beekeepers’  ability  to  recover  from  their  high  rates  of  losses  by  splitting 
surviving  colonies  (vanEngelsdorp  et  al.  2007).  The  number  of  colonies  suffering  from  CCD  has 
been  declining  after  its  peak  occurrence  in  2007  and  is  no  longer  a  main  cause  of  colony 
mortality  (vanEngelsdorp  et  al.  2010).  However,  Colony  Losses  sustained  by  beekeepers 
throughout  the  season  remain  higher  than  acceptable  (Lee  et  al.  2015),  and  may  be  higher  than 
sustainable  for  commercial  beekeepers.  The  factors  driving  Colony  Losses  are  various,  complex 
and  interacting.  The  main  drivers  are  believed  to  be  poor  nutrition,  parasites  and  pathogens,  and 
pesticides  (Potts  et  al.  2010;  vanEngelsdorp  and  Meixner,  2010).  Data  about  the  distribution  and 
loads  of  those  factors  in  the  field  (such  as  collected  by  USDA  APHIS  National  Honey  Bee 
Disease  Survey  for  pathogens)  is  essential  for  both  the  monitoring  of  abnormal  events  and  the 
determination  of  thresholds  against  which  to  judge  effectiveness  of  prevention  or  mitigation 
programs. 
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Introduction:  Honey  bee  {Apis  mellifera)  pollination  is  crucial  for  production  of  multiple 
pollination  dependent  crops  worth  an  estimated  $15  billion  in  the  U.S.  California  almond 
production  alone,  which  is  critically  dependent  on  1.6  million  honey  bee  colonies  for  pollination, 
is  valued  at  $4.2  billion  and  accounts  for  80%  of  the  world  production.  Many  commercial 
beekeepers  transport  their  colonies  throughout  the  year  to  key  cropping  systems  in  bloom  that 


require  bee  pollination  for  crop  yield.  Honey  bee  colonies  that  are  employed  for  pollination 
encounter  several  stresses  including  stress  from  transportation,  nutritional  stress,  and 
agrochemical  exposure  and  pest/pathogen  complex.  Several  cropping  systems  that  are  dependent 
on  pollination  may  not  provide  adequate  pollen  and  nectar  for  the  honey  bee  colonies  during 
pollination  events  leading  to  malnutrition  and  ultimate  decline  in  colony  population.  Large 
monocultures  that  are  dependent  on  bee  pollination  may  also  lead  to  restricted  diet  for  bees  in 
terms  of  pollen  diversity. 

Methods:  We  examined  the  pollen  diversity  available  to  honey  bees  in  few  major  cropping 
systems  in  the  western  Unites  States  and  studied  the  effects  of  pollen  diversity  on  honey  bee 
physiology  and  colony  growth.  We  also  analyzed  the  bee  collected  pollen  in  these  cropping 
systems  from  western  U.S.A  for  presence  of  agrochemicals  including  fungicides.  Further,  the 
potential  negative  impacts  of  transportation  of  bees  for  pollination  on  honey  bee  physiology  and 
queen  health  will  also  be  briefly  discussed  during  this  presentation. 
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Abstract  text: 

Pollination  as  a  factor  in  food  production  and  security  has  been  little  understood  and  appreciated 
in  the  past,  in  part  because  it  has  been  provided  by  nature  at  no  explicit  cost  to  human 
communities.  As  farm  fields  have  become  larger,  and  the  use  of  agricultural  chemicals  that 
impact  beneficial  insects  such  as  pollinators  along  with  plant  pests  has  increased,  pollination 
services  are  showing  declining  trends.  The  domesticated  honey  bee,  Apis  mellifera  (and  its 
several  Asian  relatives)  have  been  utilized  to  provide  managed  pollination  systems,  but  for  many 
crops,  honey  bees  are  either  not  effective  or  are  suboptimal  pollinators.  Thus,  the  process  of 
securing  effective  pollinators  to  “service”  large  agricultural  fields  is  proving  difficult  to  engineer, 
and  there  is  a  renewed  interest  in  helping  nature  provide  pollination  services.  With  now  more 
than  15  years  of  attention  being  applied  to  pollination  services  at  the  global  level,  through  FAO’s 


coordination  of  the  International  Pollinators  Initiative,  we  are  well  placed  to  provide  an 
evidence-based  assessment  of  the  importance  of  pollinators  as  an  essential  component  of 
agricultural  biodiversity,  meriting  focused  conservation  and  management. 
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Abstract  text: 

Introduction:  Most  bee  hazardous  insecticides  with  fast  modes  of  action  have  acute  effects  on 
bees  that  encounter  relevant  exposure.  The  relevance  and  magnitude  of  effects  of  different  routes 
of  exposure  were  investigated  with  specific  focus  on  acute  besides  mid-  and  long  term  impacts 
on  bees. 

Methods:  To  investigate  adverse  effects  especially  on  honey  bees  but  also  bumble  bees  and 
Osmia  spp.  in  some  trials,  semi-field  and  field  studies  were  conducted  in  Germany  with  different 
exposure  scenarios  using  neonicotinoid  treated  seeds.  Exposure  and  effects  were  quantified  for 
dust  drift  during  sowing  of  treated  seeds  of  maize,  barley  and  oilseed  rape  (2009-2015),  residues 
in  nectar  and  pollen  of  winter  oilseed  rape  (2013-2015)  as  well  as  guttation  (2009-2012)  in 
different  crops. 

Results/Conclusion:  The  studies  allow  insights  into  the  relevance  and  magnitude  of  effects  and 
acute  impacts  of  different  exposure  routes.  The  data  allow  a  proposal  for  a  dust-specific  risk 
assessment  scheme,  taking  into  account  crop-specific  dustiness  of  seeds,  but  also  considering 
suitable  step-wise  risk  mitigation  measures.  Systemic  residues  in  nectar  and  pollen  of  oilseed 
rape  showed  no  clear  impact  on  acute  mortality,  while  guttation  resulted  in  acute  impacts  only  in 
worst  case  semi-field  scenarios  in  maize  but  not  in  field  conditions.  The  findings  highlight  that 
for  different  exposure  routes  and  bee  species,  specific  testing  strategies  are  required  with 
different  need  to  emphasize  acute  versus  chronic  or  sublethal  effects,  however  the  data  question 
if  and  to  which  extent  considerable  differences  in  the  risk  for  these  species  are  likely  to  occur. 
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Abstract  text: 

Introduction:  Global  crop  production  will  need  to  be  doubled  between  1995  and  2025,  due  to 
population  increase,  modified  eating  habits,  increased  calorie,  meat,  fruit  and  vegetable 
consumption.  Between  2015  and  2050  more  than  a  doubling  of  crop  production  will  be  necessary 
to  feed  9.3  billion  people.  Considered  key  factors  are:  loss  of  arable  land  resulting  from 
urbanization,  industrialization,  and  desertification,  water  shortages,  shrinking  resources,  climate 
change,  species  extinction,  economic  disparities,  global  trade,  new  cutting  edge  technologies, 
and  digital  information  systems.  In  this  context,  pollination  is  a  key  process  providing 
food/nutrition  security  and  wider  ecosystem  stability. 

Methods:  Calculations/forecasts  based  on  around  400  actual  lead  papers  from  different  fields 
were  made  in  order  to  assess  the  demand  for,  and  importance  of,  pollination  services  in  global 
agriculture  by  2050. 

Results/Conclusion:  The  necessity  to  intensify  agricultural  production  implies  an  intensification 
of  commercial  and  wild  pollination  by  a  factor  of  3  by  2050.  A  “Pollinator  Vision  2025/2050” 
reflecting  the  increased  demand  for  crop  pollination  will  be  provided  in  order  to  demonstrate 
what  is  needed  for  feeding  the  global  population.  Essential  management  tools  will  be  shown  for 
the  safeguarding  of  pollination  in  agriculture  and  the  protection  of  ecosystem  services, 
threatened  species,  biodiversity  and  the  environment. 
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Abstract  text: 

Introduction:  Honeybees  live  in  complex  societies  in  which  they  show  coordinated  activity  and 
physiology.  The  circadian  clock  is  important  for  their  temporal  organization.  Social  factors 
influence  the  ontogeny  of  circadian  rhythms,  are  important  for  social  synchronization,  and 
modulate  task-related  plasticity  in  circadian  rhythms;  nurse  bees  attend  the  brood  around-the- 
clock  with  similar  levels  of  clock  gene  expression  throughout  the  day,  whereas  foragers  have 
strong  behavioral  and  molecular  circadian  rhythms. 

Methods:  We  manipulated  the  social  environment  and  light  exposure  for  worker  bees  in  field¬ 
foraging  colonies  and  in  the  lab.  We  then  transferred  the  bees  to  individual  cages  in  the 
laboratory,  monitored  their  locomotor  activity,  and  analyzed  their  circadian  rhythms  and  phase 
synchronization.  We  also  recorded  the  locomotor  activity  of  individually  isolated  bees  with  or 
without  brood. 

Results/Conclusion:  Individually  isolated  workers  switched  to  around-the-clock  activity  in  the 
presence  of  larvae  or  pupae.  These  findings  indicate  that  factors  other  than  the  need  to  feed 
hungry  larvae  induce  around-the-clock  activity  in  nursing  bees.  Nevertheless,  nest  bees  as  young 
as  two  days  of  age,  showed  strong  circadian  rhythms  shortly  after  being  removed  from  the 
colony.  Circadian  rhythms  were  synchronized  with  environmental  day-night  cycles  even  for  bees 
that  were  restricted  to  the  inner  dark  and  thermoregulated  cavity  of  the  nest  or  subjected  to 
conflicting  light-dark  illumination  cycles.  Thus,  the  clock  of  around-the-clock  active  nurse  bees 
generates  circadian  rhythms  and  is  socially  entrained.  Together  with  previous  studies,  our 
findings  suggest  that  the  evolution  of  sociality  has  influenced  the  characteristics  of  the  circadian 
system  in  honeybees. 
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Abstract  text: 

Introduction:  Temporal  polyethism  (age-related  task  specialization)  in  honey  bees  provides  an 
opportunity  to  examine  the  expression  of  circadian  clock-governed  behaviors  under  a  variety  of 
environmental  and  experiential  conditions.  It  is  now  well  established  that  newly  emerged  adult 
bees  are  behaviorally  arrhythmic  in  the  colony  but  develop  rhythmicity  in  anticipation  of 
becoming  foragers.  The  timing  of  the  arrhythmic-to-rhythmic  transition  responds  to 
environmental  influences.  Rhythmic  foragers,  under  appropriate  conditions,  even  have  the 
capacity  to  revert  back  to  arrhythmicity.  Foragers  rely  on  a  continuously  consulted  circadian 
clock  for  several  critical  functions  including  food-anticipatory  activity  (FAA,  also  called  the  time 
memory). 

Methods:  To  examine  the  potential  for  plasticity  associated  with  FAA  under  natural  conditions, 
foragers  were  trained  to  collect  sucrose  during  restricted  times  of  day,  for  one  or  more  days,  from 
feeding  stations.  The  number  and  timing  of  all  collection  visits  during  training  were  recorded. 
Following  training,  one  or  more  test  days  were  performed  during  which  all  arrivals  to  the 
unrewarded  training  station  were  monitored  throughout  the  day. 

Results/Conclusion:  Numerous  experiments  revealed  a  high  level  of  plasticity,  including 
evidence  that  (1)  temporal  accuracy  of  FAA  increases  with  number  of  training  days,  (2)  FAA 
extinction  depends  on  both  training  day  number  and  rewards  per  day,  (3)  extinction  is  delayed  in 
response  to  inclement  weather,  (4)  a  strong  time  memory  interferes  with  the  ability  to  be 
recruited  at  the  same  time  of  day,  (5)  foragers  have  the  ability  to  manage  at  least  two  overlapping 
time  memories  simultaneously  and  may  act  on  both  within  the  same  foraging  excursion. 
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Abstract  text: 

Introduction:  Honey  bees  spend  a  great  deal  of  energy  and  resources  to  maintain  their  colony 
temperature  within  a  narrow  range.  Although  there  is  evidence  indicating  that  division  of  labor 
is  regulated  by  pupal  developmental  temperature,  little  is  known  about  the  effects  of  temperature 
at  other  developmental  stages  such  as  young  adults  and  foragers  and  its  impact  on  behavior  and 
physiology. 

Methods:  To  investigate  the  role  of  colony  temperature  on  the  development  and  regulation  of 
circadian  rhythms,  the  locomotor  activity  pattern  of  young  worker  bees  and  foragers  was 
examined  for  10-14  days  under  controlled  laboratory  conditions  at  constant  temperatures  (25°C 
vs.  35°C).  In  addition,  we  characterize  circadian  oscillations  in  temperature  at  different  locations 
within  our  colonies  and  investigated  their  effects  at  the  behavioral  and  molecular  level. 

Results/Conclusion:  Our  findings  indicate  that  (1)  the  proportion  and  rate  of  individual  workers 
developing  circadian  rhythms  is  significantly  greater  at  35°C  than  at  25°C,  (2)  the  free  running 
period  of  both  young  workers  and  foragers  significantly  increases  with  temperature,  (3) 
temperature  is  constant  at  approximately  35°C  in  the  center  of  a  typical  colony,  but  dramatically 
oscillates  in  a  circadian  fashion  as  we  move  away  from  the  center,  (4)  foragers  exposed  to 
temperature  oscillations  simulating  those  observed  at  their  colonies,  exhibit  a  wide  range  of 
circadian  phases  with  respect  to  the  temperature  cycle,  (5)  individual  variation  in  circadian  phase 
under  temperature  cycles  correlates  with  variation  in  the  mRNA  expression  of  circadian  genes. 
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Abstract  text: 

Introduction:  RNA  editing  is  a  post-transcriptional-processing  mechanism  that  enhances  the 
diversity  of  gene  products  and  induces  functional  changes  particularly  in  nervous  systems  of 
metazoans.  It  thus  may  provide  a  potential  regulatory  mechanism  for  behavioural  adjustment  in 
eusocial  insect  castes. 

Methods:  To  assess  the  regulatory  role  of  RNA  editing  in  eusocial  insects,  we  carried  out  strand- 
specific  RNA-Seq  on  RNA  isolated  from  adult  head  tissues  of  the  three  female  castes  of  the  leaf¬ 
cutting  ant  Acromyrmex  echinatior :  gynes,  large  workers  and  small  workers.  We  sampled  three 
sympatric  colonies  and  sequenced  them  separately  to  serve  as  biological  replicates.  To  help 
filtering  out  possible  DNA-RNA  differences  caused  by  SNPs,  we  also  re-sequenced  the  DNA 
isolated  from  the  remaining  tissues  of  exactly  the  same  individuals  as  used  for  RNA-Seq. 

Results/Conclusion:  We  identified  ca.  1 1,000  RNA  editing  sites  in  the  ant  genomes.  These 
editing  sites  affect  800  genes  functionally  enriched  for  neural  functions,  RNA  splicing  and 
carboxylic  acid  biosynthesis.  Particularly,  we  observed  the  editing  of  many  circadian  rhythm 
genes,  such  as  qvr,  eye ,  ctrip,  Shaw ,  Rdl ,  lark  and  nocte.  This  has  never  been  found  in  other 
insects,  suggesting  that  the  regulation  of  circadian  cycles  may  be  highly  complex  in  A. 
echinatior.  Furthermore,  the  editing  events  on  some  circadian  genes  (e.g.  qvr ,  Rdl  and  lark)  have 
been  evolutionarily  conserved  across  ant  subfamilies  for  100  million  years.  Extensive  RNA 
editing  of  the  circadian  rhythm  genes  suggest  that  ants  may  possess  a  novel  mechanism  for 
adjusting  circadian  sleep/wake  cycles  with  very  short  response  times. 
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Abstract  text: 

Introduction:  The  hypopharyngeal  glands  (HPGs)  of  worker  honeybees  undergo  physiological 
changes  along  with  the  age-dependent  role  change  from  nursing  to  foraging:  nurse  bee  HPGs 
secrete  mainly  major  royal  jelly  proteins  (MRJPs)  for  brood  food,  whereas  forager  HPGs  secrete 
mainly  a-glucosidase  to  convert  the  sucrose  in  the  nectar  into  glucose  and  fructose.  Thus,  HPG 
physiology  has  a  close  relationship  with  age-dependent  role  change.  However,  it  remains  unclear 
about  the  molecular  mechanism  underlying  the  regulation  of  the  HPG  physiology  in  conjunction 
with  role  change. 

Methods:  To  examine  whether  the  expression  of  genes  related  to  HPG  physiology  is  regulated  in 
conjunction  with  worker’s  role  or  age,  we  quantified  the  expression  levels  of  mrjp2  and  a- 
glucosidase  in  the  HPGs  of  workers  collected  from  single-cohort  colonies  in  which  workers  of 
almost  the  same  age  perform  different  tasks.  Furthermore,  to  examine  the  effect  of  hormonal 
factors  on  the  regulation  of  gene  expression  related  to  HPG  physiology,  we  quantified  the 
expression  levels  of  mrjp2  and  a-glucosidase  in  the  HPGs  of  workers  treated  with  20- 
hydroxyecdysone  (20E),  or  juvenile  hormone  (JH)  analogue,  methoprene. 

Results/Conclusion:  Role-associated  expression  of  mrjp2  and  a-glucosidase  in  the  HPGs  of 
workers  from  single-cohort  colonies  was  observed,  suggesting  the  involvement  of  some 
hormonal  factors  in  the  regulation  of  gene  expression.  Furthermore,  20E-treatment  repressed  the 
expression  of  both  mrjp2  and  a-glucosidase ,  whereas  methoprene-treatment  enhanced  the  a- 
glucosidase-Qx pression  and  repressed  mrjp2-Qx pression,  in  the  HPGs.  Our  findings  suggest  that 
both  ecdysone-  and  JH-signaling  cooperatively  regulate  the  HPG  physiology  in  association  with 
the  worker’s  role. 
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Abstract  text: 

Introduction:  Dopamine  plays  an  important  role  in  promotion  of  the  reproduction  in  primitively 
and  highly  eusocial  hymenopterans.  In  honey  bees,  dopamine  promotes  the  ovarian  development 
in  reproductive  workers  and  the  mating  flight  activities  in  males.  Nutrition  containing  dopamine 
precursors  from  food  can  be  an  external  factor  affecting  the  brain  dopamine  levels,  but  the 
possibility  remains  to  be  tested. 

Methods:  To  examine  the  effects  of  dietary  tyrosine  (a  precursor  of  dopamine)  on  the  brain 
dopamine  in  workers  and  males,  oral  application  of  tyrosine  or  royal  jelly  to  them  under 
queenless  condition,  observation  of  food  exchanges  and  self-feeding,  measurements  of  biogenic 
amines  in  the  brains  and  evaluation  of  ovarian  development  in  workers  were  carried  out. 

Results/Conclusion:  Oral  application  of  tyrosine  and  royal  jelly  to  workers  and  males  led  to 
significantly  higher  levels  of  dopamine  and  its  metabolite  in  the  brains  than  in  control 
individuals.  The  sexually  immature  males  showed  less  effects  of  tyrosine  intakes  on  the 
dopamine  increase,  because  of  the  intakes  by  food  exchanges  with  workers.  The  workers  fed 
tyrosine  had  more  developed  ovaries  than  control  workers.  These  results  suggest  that  nutrition 
from  food  can  be  an  external  factor  regulating  brain  dopamine  in  workers  and  males.  The  higher 
levels  of  brain  dopamine  in  the  reproductive  workers  compared  with  normal  workers  can  be 
explained  by  the  tyrosine  supply  from  royal  jelly.  Such  a  nutritional  supply  could  drive  not  only 
the  dopamine  signaling,  but  also  other  signaling  systems  to  promote  the  reproduction  in  honey 
bees. 


Symposium 

Presentation  Title:  Pesticide  toxicity  varies  with  honey  bee  physiological  castes 

Author  Name:  Zachary  Y.  Huang 

Author  Institution:  Michigan  State  University 


Session  Title:  Symposium:  Regulation  of  Honey  Bee  Polyethism:  Clock,  Neuroendocrine 
System,  and  Environmental  Toxicants 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4181 

DOI:  10. 1603/ICE.20 16. 106710 

Abstract  text: 

Introduction:  Honey  bee  declines  and  losses  have  been  thought  due  to  multiple  stresses  including 
pesticides,  invasive  parasites,  pathogens,  pests,  climate  changes,  long  distance  transportation  and 
changing  land  use  or  synergistic  interactions  among  these  stresses.  Among  these  stresses,  that 
due  to  pesticides  was  considered  more  serious.  A  few  older  studies  suggested  that  nurse  bees 
were  more  sensitive  to  pesticides  but  differential  toxicities  of  different  classes  of  pesticides  to 
honey  bees  have  not  been  systematically  examined. 

Methods:  To  get  different  physiological  castes  of  honey  bees,  three  colonies  were  used  in  this 
study  and  some  measurements  were  performed  as  follows.  To  get  the  nurses,  the  newly  emerge 
adults  were  marked  with  paint  on  the  dorsal  thorax,  and  these  marked  bees  were  returned  to  their 
natal  colonies.  Seven  days  later,  the  marked  bees  were  collected  for  the  bioassay  as  nurses. 
Foragers  were  obtained  as  bees  returned  to  colonies  with  blocked  entrances.  “New  bees”  were 
obtained  as  bees  emerged  within  24  hrs  by  incubating  emerging  brood.  We  then  determined  the 
LC50  of  the  three  different  types  of  bees  for  various  types  of  pesticides. 

Results/Conclusion:  Foragers  were  the  most  sensitive  caste  when  exposed  to  neonictonioid 
(imidacloprid  or  thiamethoxam)  and  pyrethroid  (deltamethrin  and  fenvalerate)  pesticides. 
However  for  chlorpyrifos  (organophosphate),  nurses  were  the  most  sensitive  caste.  Our  results 
suggest  that  when  testing  for  toxicity  of  pesticides  to  honey  bees,  behavioral  status  has  to  be 
considered.  Other  factors  such  as  temperature  and  transportation  also  affected  pesticide  toxicity. 
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Introduction:  Variation  is  universal  in  the  responses  of  organisms  to  their  environment  and  in 
elements  of  their  nervous  system.  We  have  examined  the  importance  of  known  regulatory 
mechanisms  such  as  biogenic  amines  for  the  dramatic  differences  in  foraging  behavior  in  two 
geographically  distinct  bee  subspecies  from  Turkey.  Foragers  from  the  Apis  mellifera  caucasica 
are  generalists,  often  examining  and  visiting  different  flowers  in  the  field  and  in  the  laboratory. 

In  contrast,  the  subtropical  A.m.  syriaca  foragers  are  specialists,  and  typically  visit  only  one  of 
the  alternate  flower  morphs  presented  in  experiments.  This  difference  in  foraging  strategies  led 
to  examination  of  neural  mechanisms  of  reward  and  decision.  We  hypothesized  specialization 
differences  for  foraging  to  be  due  to  differences  in  strength  of  association  for  rewards. 

Methods:  Both  sensory  threshold  differences  and  associative  learning  are  modified  by  biogenic 
amines.  In  experiments  we  tested:  First,  a  learning  and  memory  difference  among  subspecies  that 
could  underlie  differences  in  forager  fidelity  in  complex  laboratory  learning  assays.  Secondly, 
indolamine  pathway  differences  among  subspecies  that  could  lead  to  plasticity  or  specialization 
were  explored  in  behavioral  and  neuropharmacology  experiments,  and  gene  expression 
analyses. 

Results/Conclusion:  We  demonstrated  both  associative  learning  differences  and  reward  and 
punishment  pathway  differences  across  specialist  and  generalist  bees.  We  discussed  these 
differences  as  bases  of  behavioral  plasticity  in  general.  This  basic  understanding  of  foraging 
behavior  is  also  important  for  the  global  pollinator  and  bee  health  problem.  This  is  because 
components  of  these  neural  mechanisms  are  potential  targets  of  environmental  challenges  to 
bees. 
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Introduction:  Mechanisms  that  regulate  age-dependent  polyethism  (APE)  in  Apis  mellifera  still 
remain  enigmatic.  Extirpation  of  the  corpora  allata  retained  APE  patterns,  thus  refuting  the 
Juvenile  Hormone  hypothesis.  We  sought  an  alternative  mechanism  based  on  the  arylalkylamine 
(aa)NAT  as  a  pivotal  enzyme  of  indoleamine  metabolic  pathways. 

Methods:  Injections  of  serotonin  and  melatonin  as  well  as  their  antagonists  and  depleters  were 
made  into  respective  ages  of  worker  and  consequent  behavioral  changes  were  observed.  Daily 
expression  patterns  and  post- injection  effects  were  also  observed  in  the  transcription  activities  of 
downstream  genes  such  as  serotonin  receptor,  aaNAT,  royalactin  (RA),  and  alpha-glucosidase. 
RNA  interference  was  applied  against  5HTR  (serotonin  receptor),  and  MT  (putative  melatonin 
receptor). 

Results/Conclusion:  aaNAT  as  well  as  melatonin  content  increased  with  adult  age.  Injection  of 
melatonin  into  nurses  induced  premature  foraging  and  waggle  dancing.  Luzindole,  a  melatonin 
receptor  antagonist,  and  dsRNA  against  putative  MT  kept  foragers  in  the  nest.  Injections  of 
serotonin  induced  RA  expression  and  dsRNA  against  one  of  the  four  5HTRs  known  in  the 
genome  knocked  out  RA  expression  in  nurses.  We  identified  an  NAT  out  of  6  NATs  known  in 
the  genome  that  increased  its  transcripts  around  day  20  when  nurses  are  usually  shifted  to 
foraging.  The  present  data  support  the  notion  that  APE  in  A.  mellifera  is  regulated  by  the 
indoleamine  metabolic  pathway. 
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Abstract  text: 

Introduction:  Rhipicephalus  sanguineus ,  known  as  the  kennel  or  brown  dog  tick,  has  a 
worldwide  distribution  and  is  a  major  vector  of  pathogens  in  dogs  (e.g.  Ehrlichia  canis, 
Anaplasma  platys ,  Babesia  vogeli ,  Hepatozoon  canis).  It  is  a  xerophile  endophile  tick,  with  a 
preference  for  dogs  at  all  stages.  It  is  found  in  dog's  environment  including  kennels,  but  also 
gardens,  backyards,  and  parks. 

Methods:  Several  mathematical  models,  in  parallel  to  field  surveys,  have  studied  the 
geographical  expansion  of  this  tick.  The  control  of  dog  infestation  relies  on  the  regular  use  of 
acaricidal  molecules  on  dogs.  Some  research  has  been  conducted  in  new  ways  of  controlling 
ticks.  New  products  providing  repellency  and/or  sustained  speed  of  kill  were  studied  recently. 
Huge  tick  infestations  are  common  in  certain  areas  and  environmental  treatments  should  be 
added  to  help  control  Rhipicephalus  tick  populations. 

Results/Conclusion:  The  impact  of  climate  changes  has  been  demonstrated  to  allow 
R.  sanguineus  to  reach  new  territories,  especially  to  move  from  Mediterranean  region  to  the 
North  since  1960.  Recent  treatments  on  dogs  have  been  shown  to  not  only  protect  against  tick 
infestation,  but  also  to  reduce  the  risk  of  pathogen  transmission,  even  for  pathogens  that  are 
transmitted  as  early  as  3h  post- infestation  like  E. canis.  Recent  data  showed  that  biological 
control  could  participate  in  the  reduction  of  tick  populations  and  resolve  problems  related  to  the 
use  of  pesticides  in  the  environment.  It  seems  possible  to  develop  devices  to  spread  conidia  of 
genetically-selected  fungi  including  Beauveria  bassiandi  or  Metarhizium  anisopliae ,  which  infect 
all  stages  of  Rhipicephalus. 
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Introduction:  The  brown  dog  tick  (BDT)  is  a  serious  pest  of  homes  because  one  engorged  female 
can  oviposit  up  to  5,000  eggs,  their  entire  life-cycle  can  be  completed  indoors,  and  high  acaricide 
resistance  levels  have  been  found  in  selected  populations  with  a  limited  number  of  effective 
products  that  can  be  included  in  a  IPM  program.  Ninety-five  percent  of  the  BDT’s  lifetime  is 
spent  off-host,  making  the  product  selection  of  area  treatments  an  important  factor  in  resistance 
mitigation.  Of  the  currently  registered  products  for  control  of  BDT,  those  in  the  pyrethroid  class 
have  been  approved  the  longest  and  are  most  commonly  used  for  both  area  and  on-animal 
treatments,  likely  contributing  to  the  high  levels  of  documented  resistance.  We  also  observed  that 
while  many  pest  control  operators  (PCOs)  did  not  completely  understand  the  life-cycle  of  the 
brown  dog  tick  and  the  importance  of  product  rotation,  homeowners  anecdotally  understood 
even  less. 

Methods:  The  PCOs  were  provided  pre-  and  post-test  questions  on  ticks,  one  specifically  on 
BDT.  Pre-  and  post-tests  also  included  questions  on  factors  contributing  to  resistance  and 
product  rotation. 

Results/Conclusion:  The  PCOs  can  be  trained  using  a  few  simple  concepts  to  develop  an  IPM 
program  for  BDT  that  includes  product  rotation.  Product  rotation  exercises  can  help  PCOs 
realize  that  product  selection  is  limited  and  that  an  IPM  approach  will  yield  more  successful 
control. 
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Introduction:  The  brown  dog  tick,  Rhipicephalus  sanguineus  Latreille,  is  an  ectoparasite  of  dogs 
worldwide  and  can  be  an  urban  pest.  This  three-host  tick  can  complete  its  entire  lifecycle  indoors 
and  this  has  lead  to  residential  infestations  that  are  reliant  on  chemical  control.  Additionally,  R. 
sanguineus  is  a  competent  vector  for  pathogens  including  Rickettsia ,  Babesia ,  and  Ehrlichia  spp. 

Methods:  To  evaluate  both  acaricide  resistance  levels  and  mechanisms,  ticks  were  collected  from 
residential  and  kennel  facilities  experiencing  difficult  to  eliminate  tick  infestations.  Permethrin 
and  fipronil  bioassays  were  completed  using  the  larval  packet  test  to  evaluate  resistance. 
Increased  metabolic  activity  was  evaluated  using  synergist  assays  and  esterase  activity  was 
confirmed  through  gel  electrophoresis. 

Results/Conclusion:  We  confirmed  permethrin  resistance  and  fipronil  tolerance  in  several  Florida 
R.  sanguineus  populations.  Increased  esterase  activity  was  found  to  be  the  most  common  form  of 
metabolic  resistance  in  these  populations.  Knowledge  of  resistance  status  and  resistance 
mechanisms  is  crucial  in  developing  a  best  management  program  for  this  tick  and  to  reduce 
unnecessary  acaricide  usage. 
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Abstract  text: 

Introduction:  The  brown  dog  tick,  Rhipicephalus  sanguineus  Latrielle,  is  an  important 
ectoparasite  of  dogs  and  occasionally  humans,  capable  of  vectoring  several  pathogens  of 
veterinary  and  medical  importance.  Rhipicephalus  sanguineus is  distributed  worldwide  and  has 
an  affinity  for  human  habitations  in  much  of  its  range.  In  some  populations,  lack  of  integrated 
pest  management  plans  and  overuse  of  pyrethroid  pesticides  has  resulted  in  high  levels  of 
resistance  to  permethrin. 


Methods:  Using  degenerate  primers  and  a  touchdown  PCR  procedure,  a  potential  mutation  was 
identified  in  the  sodium  channel  of  the  tick.  A  PCR  protocol  was  optimized  to  separate  ticks 
expressing  permethrin  resistance  from  those  in  the  susceptible  colony.  Thereafter,  multiple  field- 
collected  tick  strains  were  screened  using  a  diagnostic  concentration  in  a  larval  packet  test  at  a 
permethrin  concentration  twice  the  LC99  of  the  susceptible  strain.  Ticks  that  survived  and  ticks 
that  died  in  this  exposure  were  individually  genotyped  and  allelic  ratios  determined  for  this 
sodium  channel  mutation. 

Results/Conclusion:  A  base  pair  mutation  resulting  in  the  change  of  thymine  to  cytosine  on 
domain  III  of  the  sodium  channel  was  present  in  resistant  ticks,  which  agrees  with  recent  work 
on  the  closely  related  R.  (Boophilus)  microplus.  Results  of  field  collections  will  be  discussed. 
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Abstract  text: 

Introduction:  Brown  dog  ticks  morphologically  identifiable  as  Rhipicephalus  sanguineus  sensu 
lato,  are  distributed  world-wide  and  their  systematics  is  controversial.  Results  of  genetic  and 
reproductive  compatibility  studies  of  geographically  distinct  populations  of  R.  sanguineus  s.l. 
indicate  that  the  R.  sanguineus  complex  is  paraphyletic. 

Methods:  To  further  elucidate  systematic  relationships  within  R.  sanguineus  s.l.  and  geographic 
boundaries  of  its  lineages,  we  conducted  phylogeographical  study  of  131  tick  specimens  from  23 
countries.  Voucher  specimens  were  morphologically  identified.  A  phylogenetic  tree  was 
constructed  using  concatenated  partial  mitochondrial  12S  and  16S  rDNA  gene  sequences  and 
analyzed  by  the  Neighbor- Joining  method.  A  set  of  nineteen  "bioclim"  variables  within  the 
WorldClim  dataset  were  extracted  and  analyzed  to  assess  correlations  between  distribution  of  R. 
sanguineus  lineages  and  climatic  variables. 


Results/Conclusion:  The  following  branches  are  clearly  recognized  on  the  phylogenetic  tree:  R. 
sanguineus  -  tropical  and  temperate  clades,  R.  leporis,  and  R.  turanicus.  DNA  sequences  of  R. 
sanguineus  ticks  from  Israel  differ  from  those  of  other  groups.  Strong  association  between 
geographical  locations  of  major  clades  of  R.  sanguineus  and  temperature  was  identified.  Tropical 
clade  of  R.  sanguineus  s.l.  occupies  areas  with  the  annual  mean  temperature  (amt)  >20°C, 
whereas  the  temperate  clade  is  present  in  areas  with  the  amt  <20°C.  Our  results  indicate  that 
ticks  in  2  closely  related  phylogenetic  clades  are  adapted  to  different  environmental  conditions 
and  support  proposals  for  re-classification  of  R.  sanguineus  complex.  Differences  in  R. 
sanguineus  sensu  lato  ecology  and  human/animal  pathogens  transmitted  by  different  taxa  of 
brown  dog  tick  need  to  be  studied. 
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Abstract  text: 

Introduction:  The  brown  dog  tick  is  common  across  the  US  and  is  the  most  widely  distributed 
tick  in  the  world.  A  capable  vector  of  pathogens  that  cause  canine  ehrlichiosis  and  babesiosis  as 
well  as  other  disease  agents,  brown  dog  ticks  can  complete  their  entire  life  cycle  indoors,  making 
management  difficult.  Records  of  infestations  are  increasing  and  a  high  level  of  acaricide 
resistance  is  present  in  domestic  populations.  Acaricide  resistance  leads  to  aggressive  treatment 
regimes,  which  in  turn,  leads  to  increased  exposure  of  humans  and  pets  to  acaricide  residues. 
Alternatives  to  pesticide  applications  are  needed.  Studies  have  shown  that  brown  dog  ticks  are 
attracted  to  dog  odor,  a  blend  of  volatile  chemicals  (semiochemicals)  used  by  ticks  to  find  a 
bloodmeal. 

Methods:  Dogs  of  five  breeds  were  sampled  for  volatile  chemicals  using  various  sampling 
methods.  Hair  samples  from  different  breeds  were  tested  for  biological  activity  using  a  Y-tube 
bioassay.  Hair  and  skin  samples  were  extracted  through  solvent  elutions.  Extracts  were  anylsed 
by  gas  chromatography-electroantennography. 


Results/Conclusion:  Dog  hair  was  found  to  be  attractive  to  brown  dog  ticks  in  the  Y-tube 
bioassay.  Variation  in  attractiveness  to  dog  breeds  was  observed.  Further  results  will  be 
discussed.  Identification  of  the  chemicals  brown  dog  ticks  use  to  locate  a  dog  would  enable 
manipulation  of  tick  behavior  thereby  facilitating  management  and  reducing  the  need  for 
extensive  use  of  acaricides.  Improved  tick  control  without  the  need  for  increased  acaricide 
applications  will  improve  the  quality  of  life  for  dogs  and  their  owners  or  handlers. 
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Abstract  text: 

Introduction:  Brown  dog  ticks  are  paraphyletic  and  each  lineage  apparently  survives  long-term 
inside  homes  and  kennels.  Once  established,  ticks  can  be  very  difficult  to  eradicate  from 
premises  and  create  significant  canine  and  human  disease  risk.  Adult  brown  dog  ticks  readily 
move  between  hosts,  facilitating  intrastadial  transmission  of  pathogens 

Methods:  Long-term  indoor  persistence  of  brown  dog  ticks  (Rhipicephalus  sp.  II,  temperate 
lineage)  was  confirmed  by  monitoring  survival  of  immature  and  adult  stages  in  fabric  pouches  as 
compared  to  Ixodes  scapularis ,  Amblyomma  americanum,  and  Dermacentor  variabilis.  Efficacy 
of  thermal  treatment  for  eliminating  environmental  stages  of  brown  dog  ticks  was  evaluated  by 
incubating  immature  and  adult  ticks  at  high  temperatures  (>  50°C)  and  examining  for  viability 
immediately  and  at  24  and  48  hours  post-exposure.  Between-dog  movement  of  adult  R. 
sanguineus  was  evaluated  by  monitoring  attachment  behavior  of  color-coded  ticks  on  co-housed 
dogs. 

Results/Conclusion:  Thermal  treatment  at  temperatures  similar  to  those  targeting  environmental 
stages  of  bedbugs  (Cimex  lectularius)  resulted  in  100%  mortality  of  larvae,  nymphs,  and  adults 
of  R.  sanguineus.  Adults  and  nymphs  survived  laundering  by  washing  alone  but  were  killed  in  a 


high  heat  dryer.  Adult  ticks,  especially  males,  migrated  between  infested,  co-housed  dogs; 
emigration  rates  ranged  from  10.8%-35.2%.  Although  phylogenetically  diverse,  different 
lineages  of  brown  dog  ticks  survive  in  homes  long  term,  necessitating  further  exploration  of 
novel  control  methods  including  thermal  treatment.  Adult  brown  dog  ticks  readily  change  hosts, 
potentially  facilitating  transmission  of  tick-borne  infections. 
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Introduction:  As  part  of  Public  Health  England’s  work  on  assessing  the  risk  of  vector-borne 
disease  to  UK  public  health,  enhanced  surveillance  was  initiated  during  2014  in  response  to 
increasing  reports  of  tick  importations  on  recently  travelled  or  imported  dogs. 

Methods:  Tick  samples  are  regularly  submitted  to  PHE  from  veterinarians  for  identification  via 
the  Tick  Recording  Scheme.  A  number  of  these  samples  were  identified  as  the  brown  dog  tick, 
Rhipicephalus  sanguineus.  This  species  is  non-endemic  to  the  UK  and  presents  a  risk  to  both 
human  and  animal  health  due  to  its  role  in  the  transmission  of  various  tick-borne  pathogens. 
Although  current  climatic  conditions  in  the  UK  do  not  permit  the  survival  of  this  species 
outdoors,  infestations  indoors  can  occur  and  this  can  increase  the  risk  of  disease  transmission  to 
those  residing  within  an  infested  property. 

Results/Conclusion:  This  presentation  documents  a  number  of  house  infestations  that  have  been 
identified  as  a  result  of  rehoming  or  hosting  animals  imported  into  the  UK  via  animal  charities.  It 
will  include  information  on;  our  National  surveillance  scheme,  pest  control  response,  persistence 
of  the  ticks  within  the  properties  and  the  development  and  dissemination  of  public  health 
information  to  raise  awareness.  With  the  increasing  number  of  dogs  travelling  and  being 
imported  into  the  UK,  it  is  likely  that  importation  and  infestation  events  will  continue  to  increase 


and  may  result  in  disease  transmission.  It  is  therefore  important  to  raise  awareness  of  this  risk 
and  share  lessons  learned  to  improve  our  multidisciplinary  response  to  this  emerging  issue. 
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Introduction:  Rocky  Mountain  spotted  fever  (RMSF;  Rickettsia  rickettsii  infection)  has  been 
recognized  for  over  a  century,  and  continues  to  cause  significant  disease  and  fatalities  each 
year.  Recent  studies  have  shown  that  the  incidence  of  disease  has  been  increasing  in  the  U.S., 
Central  America,  and  parts  of  South  America  and  this  may  be  due  to  a  newly  recognized 
ecological  cycle  of  this  pathogen. 

Methods:  In  2003,  we  identified  RMSF  in  a  child  in  Arizona  where  few  cases  had  historically 
been  reported.  Since  that  time,  over  250  cases  and  20  deaths  have  been  identified  in  this  region; 
most  of  the  cases  are  in  young  children.  The  annual  incidence  is  many  times  that  found 
elsewhere  in  the  country.  We  discovered  that  R.  rickettsii  was  maintained  in  an  ecological  cycle 
involving  the  brown  dog  tick  {Rhipicephalus  sanguineus ),  a  tick  species  not  previously  thought 
to  play  a  role  in  RMSF  in  the  U.S.  In  2009-2010,  a  large  RMSF  outbreak  involving  hundreds  of 
cases  occurred  in  northern  Mexico.  Sporadic  cases  continue  to  date  in  both  Arizona  and 
Mexico.  In  both  countries,  transmission  is  closely  linked  with  exposure  to  large  populations  of 
R.  sanguineus  hosted  by  free-roaming  dogs. 

Results/Conclusion:  The  brown  dog  tick  transmission  of  pathogenic  rickettsiae  is  a  formidable 
problem  due  to  the  mobility  of  the  dog  hosts  transporting  ticks,  the  incredible  reproductive 
capacity  of  the  tick,  the  infection  rate  in  ticks,  and  the  difficulty  in  implementing  sustainable 
control  measures.This  presentation  will  review  the  situation  and  discuss  current  strategies  in  our 
effort  to  reduce  human  infection. 
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Introduction:  On  St.  Kitts  (West  Indies)  approximately  32%  of  dogs  have  been  exposed  to 
Ehrlichia  canis  with  12%  of  the  dogs  presenting  at  the  Ross  University  Veterinary  Clinic 
(RUVC)  requiring  treatment.  Rhipicephalus  sanguineus ,  the  vector  of  E.  canis ,  frequently 
invades  homes  on  St.  Kitts.  In  this  study,  the  preferred  products  used  by  clients  attending  the 
RUSVM  Clinic  were  assessed  and  the  efficacy  of  combining  topical  and  systemic  products 
evaluated. 

Methods:  The  RUVC  Clinic  records  were  reviewed  to  determine  products  commonly  used.  Forty 
dog  owners  were  selected  to  use  one  of  two  combinations  (Seresto®  collars  and  Revolution®; 
NexGard®  and  Frontline  Tritak®),  with  households  matched  by  geographical  location  and 
walking  habits.  Owners  examined  dogs  daily  for  ticks  with  full  examinations  by  a  trained  tick 
counter  conducted  every  two  weeks.  Dogs  were  examined  for  R.  sanguineus  and  tested  for  E. 
canis  before  and  after  the  study.  An  additional  20  households  with  topical  only  products  being 
used,  served  as  controls.  Three  months  of  data  will  be  presented. 

Results/Conclusion:  Products  typically  used  include  Seresto®  and  Preventic®  collars, 
Frontline®,  Parastar®,  Certifect®  and  K9  Advantix®  II.  Parastar®,  K9  Advantix®  II  and  collars 
were  considered  effective  with  low  tick  exposure  and  Certifect®  in  combination  with  a  collar  as 
better  for  heavy  tick  exposure.  NexGard®  and  Frontline  Tritak®  were  used  less  frequently,  both 
being  newer  products.  Preliminary  results  of  this  study  support  the  use  of  a  systemic  and  topical 
combination. 
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When  Harmonia  axyridis  larvae  were  subjected  to  amputation  of  a  foreleg  in  the  fourth  instar, 
83%  survived  and,  of  these,  75%  regenerated  the  leg  during  pupation.  Regenerators  pupated  at 
heavier  weights  than  controls  (unoperated)  or  non-regenerators,  and  spent  longer  in  pupation. 
Regenerated  males  were  preferred  by  females  in  choice  tests  and  produced  more  viable  progeny 
than  control  males.  Unregenerated  males  were  less  preferred  by  females,  copulated  for  shorter 
periods  than  control  males,  and  reduced  female  fecundity.  Amputation  diminished  beneficial 
paternal  effects,  whether  males  regenerated  or  not,  resulting  in  progeny  with  slower  development 
and  smaller  adult  body  mass  relative  to  control  paternity.  Progeny  of  unregenerated  males  had 
lower  survival  and  body  mass,  whether  male  or  female,  confirming  that  regeneration  was  an 
honest  signal  of  mate  quality.  When  offspring  had  a  foreleg  amputated,  a  regenerated  paternity 
yielded  higher  survival  than  control  paternity,  but  similar  rates  of  regeneration,  whereas  an 
unregenerated  paternity  yielded  lower  rates  of  survival  and  leg  regeneration  than  control 
paternity.  Regenerating  beetles  were  twice  as  likely  to  be  melanic  as  non-regenerating  or  control 
beetles,  suggesting  pleiotropic  effects  of  melanism  on  processes  involved  in  regeneration.  This  is 
the  first  report  of  complete  limb  regeneration  by  a  holometabolous  insect  in  the  pupal  stage,  and 
the  first  example  of  sexual  selection  for  regenerative  capacity. 
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Introduction:  The  Indian  coccinellid  fauna  is  rich  and  diverse  with  about  600  known  and 
hundreds  of  undescribed  species.  Coccinellids  of  several  biodiversity  hotspots  of  India  are  poorly 
known  and  taxonomic  revisions  of  large  genera  as  per  modern  classification  have  been  hampered 
by  lack  of  extensive  collections,  affecting  their  utilization. 

Utilization  in  applied  biological  control:  Cryptolaemus  montrouzieri  (introduced)  and  to  a 
limited  extent,  Chilocorus  nigrita  (native),  are  the  only  species  fairly  widely  mass  produced  in 
commercial  Indian  insectaries  for  augmentation  against  mealybugs  and  scales  on  horticultural 
and  plantation  crops.  Cheilomenes  sexmaculata ,  Coccinella  septempunctat a,  Pharoscymnus 
horni,  Pharoscymnus  flexibilis,  Brumoides  suturalis ,  and  Scymnus  coccivora  (native)  and 
Curinus  coeruleus  (introduced)  have  been  studied  well  and  utilized  in  biological  control  to  some 
extent.  Cryptolaemus  montrouzieri ,  introduced  in  1898,  was  perhaps  the  first  natural  enemy 
deliberately  introduced  in  India.  Of  the  22  species  introduced  in  India,  only  C.  montrouzieri,  C. 
coeruleus ,  and  Rodolia  cardinalis  have  established  well,  the  last  two  mainly  in  the  southern 
region,  and  provide  substantial  natural  control.  All  the  introductions  in  1960-85  except  C. 
coeruleus  were  targeted  against  Melanaspis  glomerata  on  sugarcane.  Native  species  such 
as  Serangium  parcesetosum  and  S.  montazerii,  introduced  in  other  countries  from  India  and 
found  promising,  are  not  used  in  India.  Poor  demand  and  problems  in  mass  production  hamper 
the  use  of  potential  species. 

Conclusion:  Needs  and  constraints  for  both  revisionary  taxonomic  studies  to  document  diversity 
and  for  effective  mass  production  techniques  to  promote  native  species  in  augmentative 
biological  control  in  Indian  agriculture  will  be  discussed. 
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To  estimate  what  impact  global  change  in  Harmonia  axyridis  has  had  on  overall  global 
coccinellid  diversity  a  baseline  profile  of  the  composition  of  species  other  than  H.  axyridis  was 
constructed.  Non -H.  axyridis  species  in  regions  were  analyzed  by  estimating  the  relationship  of 
rank  and  proportion  using  global  data.  The  relationship  was  highly  significant  (p<  0.0001)  and 
non-linear  (p<  0.0001)  with  slope  estimates  and  95%  confidence  intervals.  For  each  region  in 
each  year,  the  estimate  of  H.  axyridis  generated  was  used  to  decrease  the  proportion  of  non -H. 
axyridis  species  by  the  same  amount  that  H.  axyridis  increased.  The  global  effective  species  for 
each  year  was  calculated  with  a  best-fit  line  for  this  model  and  upper  and  lower  95%  confidence 
values  around  the  rank  vs  proportion  relationship.  The  upper  and  lower  boundaries  of  how 
global  coccinellid  diversity  might  have  changed  was  illustrated  by:  maximum  diversity  with 
complete  equality  (e.g.  no  slope  for  rank  vs  proportion)  among  the  species  in  each  region 
(effective  species  is  maximized  with  complete  evenness);  and  an  initial  state  of  almost  complete 
dominance  by  a  single  species  in  each  region  with  the  others  still  present  but  at  very  low 
levels.  This  allows  examination  of  the  best  estimate  of  change  within  these  extreme 
boundaries.  The  important  result  how  that  number  has  changed  over  time.  How  much  has  been 
lost  depends  on  the  initial  value.  Even  if  the  initial  value  was  lower  than  our  data  would 
estimate,  we  have  lost  a  substantial  amount  of  the  diversity  that  was  present  pre-homogenization. 
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How  can  we  characterize  how  much  diversity  has  been  lost?  The  ratio  of  effective  species  for 
three  models  (max,  min,  best  fit)  was  calculated  over  time  for  each  model  by  dividing  the 
number  of  effective  species  for  each  year  by  the  initial  value.  The  higher  the  initial  number  of 
effective  species  the  more  is  lost  over  time.  More  importantly,  an  alarming  amount  of  diversity 
is  lost  across  all  3  models.  The  min,  fit,  and  max  models  estimate  losses  of  74%,  81%,  and  86% 
respectively.  How  do  we  gauge  what  the  loss  of  coccinellid  diversity  (or  rise  in  Harmonia 
axyridis  dominance)  means  for  pest  suppression?  As  more  predators  are  lost  from  a  complex, 
pest  populations  will  grow  closer  to  their  carrying  capacity  (K),  and  assuming  that  since 
declining  effective  species  also  means  loss  of  diversity  it  should  also  be  correlated  with  less 
efficient  pest  suppression.  Furthermore,  if  there  was  a  rapid  decline  of  H.  axyridis  (a  pathogen 
seems  plausible  since  this  species  is  so  dense)  then  there  could  be  a  short  or  long-term  "predation 
gap"  if  the  other  species  reduced  by  H.  axyridis  were  not  able  to  pick  up  the  slack.  Conservation 
through  restoration  of  Coccinella  novemnotata  by  The  Lost  Ladybug  Project  is  introduced  as  a 
case  study.  Loss  of  diversity  and  conservation  plans  will  be  discussed  in  a  round  table  format 
with  the  audience  invited  to  fully  participate. 
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The  varied  and  potentially  widespread  broad  scale  impacts  due  to  the  current  dominance  of 
Harmonia  axyridis  have  implications  for  loss  of  particular  native  “service”  species  including 
Coccinella  novemnotata ,  C.  transversogutata ,  and  in  some  regions  Adalia  bipunctata.  The 
establishment  of  a  coccinellid  specialist  group  would  yield  new  opportunities  and  advance 
conservation  efforts.  Important  parts  of  a  proposal  are  to  name  the  potential  Chair,  the  potential 
Red  List  Authority  Coordinator,  and  potential  members  of  the  SG.  Most  importantly,  setting 
some  targets  for  the  next  IUCN  Quadrennium  (i.e.  2017-2020)  needs  to  be  discussed  by  a  wide 
group  of  scientists  interested  in  coccinellid  conservation.  These  targets  can  be  grouped  around 
different  topics.  As  a  new  specialist  group,  red  list  assessments  may  be  the  most  important  part 


(assessing  all  coccinellids  of  a  certain  taxonomic  group  or  geographic  region  -  or  a  random 
sample  across  all  species  for  a  Sampled  Red  List  Index).  For  certain  taxa,  strategic  conservation 
planning  or  awareness  programs  can  also  be  proposed.  Discussion  will  be  in  a  round  table  format 
with  the  audience  invited  to  fully  participate. 
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Introduction:  Ecuador  is  a  mega-biodiverse  country.  This  diversity  has  been  documented  for 
many  insect  groups  but  the  decomposer  community  has  been  ignored.  Factors  influencing 
recycling  of  nutrients  are  important  for  understanding  the  ecology  of  tropical  forests.  106  species 
of  termites  are  known  from  Ecuador  including  63  from  the  Amazon.  What  factors  promote 
termite  diversity? 

Methods:  Termites  were  collected  during  extensive  surveys.  Literature  and  museum  records  were 
used  to  compile  species  distributions. 

Results/Conclusion:  Endemism  in  the  Galapagos  has  resulted  in  two  endemic  termite  species. 
Two  additional  species  have  continental  distributions  but  arrived  in  Galapagos  by  different 
routes.  Allopatric  speciation  driven  by  the  rise  of  the  Andes  is  also  important.  Of  the  106  species 
only  4  are  found  on  both  sides  of  the  Andes.  Other  geographic  differences  may  also  be 
important.  Of  the  12  species  collected  north  of  the  Rio  Napo,  2  were  exclusively  found  in  this 
region.  The  other  10  were  widespread  species.  Surveys  in  the  Amazon  discovered  63  species  of 
termites.  These  are  separated  into  wood  and  soil  feeders.  Soil  feeders  use  cellulose  particles 
broken  down  by  animals  and  microbial  action.  Species  specialize  on  particles  with  differential 
conversion  to  specific  humic  acids.  Wood  feeding  species  may  specialize  in  different  wood 
types.  As  fallen  wood  is  rapidly  attacked  by  fungi,  the  species  of  fungi  and  degree  of 
colonization  may  make  wood  more  or  less  suitable  for  different  species.  The  microbiology  of 


termite  hindguts  may  be  more  diverse  than  previously  thought.  This  diversity  of  gut  symbiotes 
may  be  related  to  speciation  events. 
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Introduction:  Cockroaches  have  high  neotropical  diversity,  but  the  ecological  processes  that 
generate  and  maintain  this  diversity  at  different  scales  is  unstudied.  We  examine  the  role  that 
landscape  elements  play  in  affecting  community  composition  in  a  complex,  temporally  and 
spatially  heterogeneous  landscape.  The  study  region,  the  north  Rupununi  of  Guyana,  is  an 
expansive  savannah-forest  matrix.  During  the  wet  season,  large  regions  of  both  forest  and 
savannah  are  flooded,  fragmenting  the  landscape.  These  spatial  and  temporal  elements  could 
have  ecological  consequences  for  cockroaches  displaced  by  floods  and  limited  by  hot,  exposed 
savanna. 

Methods:  We  collected  <1300  individuals  of  17  species  from  28  sites.  Using  a  landscape 
classification  based  on  satellite  imagery  we  generated  models  of  the  relative  isolation  of  the  28 
sites  using  a  cost  of  travel  algorithm.  We  also  used  non-metric  multi-dimensional  scaling  and 
mantel  tests  to  determine  whether  the  similarity  of  cockroach  assemblages  could  be  explained  by 
different  landscape  element  types  or  by  geographical  distance. 

Results/Conclusion:  We  identified  a  single  model  that  best  predicted  observed  variation  in 
cockroach  abundance  and  species  richness.  Differences  in  assemblage  similarity  were  largely 
due  to  differences  in  the  forest-savanna  habitat  axis.  Geographic  distance  was  also  found  to 
effect  assemblage  similarity.  Our  data  suggest  that  savannas  and  permanent  waterways  are 
barriers  to  dispersal  but  flood  zones  are  not. 
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Abstract  text: 

Introduction:  Both  subsocial  Cryptocercus  cockroaches  (sister  group  of  termites),  and  basal, 
one-piece  termites  utilize  a  single  rotting  log  as  food  and  shelter;  as  such,  it  is  reasonable  to 
assume  that  termite  eusociality  evolved  within  that  ecological  context.  The  low  level  of  nitrogen 
that  characterizes  their  wood  diet  places  fundamental  limitations  on  resource  budgets  and 


provides  the  material  underpinnings  for  evolutionary  trade-offs  that  occurred  when  termite 
ancestors  made  the  transition  from  subsociality  to  eusociality. 

Methods:  The  literature  on  wood-feeding  cockroaches  and  one-piece  termites  is  reviewed. 

Results/Conclusion:  Wood-feeding  cockroaches  and  one-piece  termites  have  conspicuously 
different  life  history  strategies  with  regards  to  nitrogen  allocation.  Cryptocercus  is  characterized 
by  individual  level  accumulation  of  personal  reserves  into  a  large,  well-protected  body  over  a 
prolonged  developmental  period;  imagoes  then  utilize  the  accumulated  reserves  for  oviposition, 
somatic  maintenance  and  an  extended  period  of  parental  care.  In  contrast,  termites  co-opted  the 
small,  economical  morphotype  of  the  young  juvenile  stage  of  their  cockroach  ancestors.  After 
initial  colony  foundation,  nitrogenous  reserves  are  accumulated  at  the  colony  level,  then 
circulated  and  directed  according  to  the  needs  of  the  colony. 
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Abstract  text: 

Introduction: The  evolution  of  modern  termites  from  the  detritus-feeding  common  ancestor  of 
termites  and  wood-feeding  cockroaches  is  reconstructed  as  a  stepwise  process,  driven  by  the 
need  to  secure  the  vertical  transfer  of  increasingly  specialised  intestinal  symbionts. 

Methods:  Termite  behavioural,  ontogenetic  and  microbiological  characteristics  are  compared 
with  those  of  wood-feeding  and  other  cockroaches,  and  with  detritivorous  arthropods  employing 
an  external  rumen.  An  overview  of  the  symbioses  between  termites  and  microbes  is  presented, 
including  summary  tabulations  of  the  major  flagellate  and  bacterial  taxa  forming  the  intestinal 
communities  and  a  brief  discussion  of  their  presumptive  roles,  especially  the  relative 
contributions  of  host  and  microbiota  to  the  digestion  of  lignocellulose. 


Results/Conclusion:  Extant  termite  eusociality  is  characterised  by  generational  overlap, 
proctodaeal  feeding,  altricial  development,  paedomorphosis  and  coevolution  with 
microorganisms.  I  argue  that  the  transition  to  subsocial  organization  in  ancestors  of  modem 
termites  was  a  consequence  of  the  employment  of  the  external  rumen  principle  and  the 
associated  behaviour  of  coprophagy,  the  habit  of  feeding  on  faeces  of  other  individuals, 
conspecific  or  otherwise.  To  demonstrate  the  contemporary  ecological  importance  of  termites  in 
the  tropics  and  subtropics,  an  account  is  given  of  their  typical  abundance,  biomass,  trophic 
diversification  and  impacts  on  soil  health  and  the  carbon  cycle.  A  postscript  focuses  of  the 
fungus-growing  subfamily  Macrotermitinae  and  signals  continuing  uncertainties  concerning  the 
basidiomycete  symbiont  and  its  evolution.  Finally,  the  available  information  on  the  relative 
processing  of  plant  polysaccharides  and  lignin  by  termites  is  evaluated,  with  a  brief  summary  of 
new  insights  made  possible  by  molecular  sequencing. 
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Abstract  text: 

Introduction:  The  termite  subfamily  Nasutitermitinae  is  one  of  the  most  recently  evolved  and 
species  rich  termite  subfamilies,  containing  -600  species  that  are  commonly  found  in  Asia, 
Central/South  America,  Australia  and  Africa.  While  nests  of  Nasutitermitinae  representatives 
across  the  globe  are  usually  either  subterranean,  inside  wood  or  arboreal,  in  Australia  a  number 
of  representatives  build  mounds,  some  of  which  are  among  the  tallest  on  earth.  Australian 
nasutitermitines  also  show  high  diversity  in  diet.  The  group  is  therefore  ideal  for  studying  the 
evolution  of  termite  nesting  type  and  diet. 

Methods:  We  performed  the  first  comprehensive  molecular  phylogenetic  analysis  of  the 
Australian  Nasutitermitinae,  examining  35  recognized  plus  a  further  10  undescribed  species.  On 


the  basis  of  three  mitochondrial  and  one  nuclear  gene,  we  performed  molecular  dating  analysis 
and  ancestral  reconstruction  of  nesting  and  feeding  states. 

Results/Conclusion:  We  found  that  the  subfamily  is  likely  to  have  colonized  Australia  at  least  3 
times.  One  of  these  events  led  to  the  evolution  of  at  least  14  species  of  Nasutitermes,  while 
another  led  to  the  evolution  of  at  least  29  species  of  various  genera  including  Tumulitermes, 
Occasitermes,  Australitermes,  and  Occultitermes.  Mound  building  appears  to  have  arisen  on 
multiple  occasions  and  from  various  ancestral  nesting  habits.  Grass  feeding  appears  to  have 
evolved  via  one  of  two  routes  -  firstly  from  wood  feeding,  and  secondly  from  leaf  litter  feeding. 
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Abstract  text: 

Introduction:  The  fat  body  is  a  loosely  organized  whitish  tissue,  which  plays  a  key  role  in  the 
metabolic  and  reproductive  activities  of  termites.  Three  different  types  of  cells  are  present  in 
termite  fat  body:  adipocytes,  urocytes  and  mycetocytes,  the  latter  restricted  to  the  basal 
Mastotermes  darwiniensis. 

Methods:  This  comparative  study  investigated  the  stored  materials  of  fat  body  in  different  castes 
of  species  belonging  to  Mastotermitidae,  Kalotermitidae,  Serritermitidae,  Rhinotermitidae  and 
Termitidae  through  light  and  electron  microscopy. 

Results/Conclusion:  The  fat  body  stores  lipids,  proteins,  urates,  glycogen  and  seems  to  play  a 
role  in  nitrogen  recycling  in  M.  darwiniensis.  In  other  termite  species,  urate  accumulation  is 
referred  to  as  storage  excretion.  Larval  adipocytes  contain  few  lipid  droplets  and  proteins  are 
more  abundant  in  nymphs.  In  accordance  with  their  non-functional  reproductive  status,  the  fat 
body  of  pseudergates  and  workers  are  not  well-developed,  but  this  scenario  changes  during  the 


molting  process.  Histochemical  tests  with  xylidine-Ponceau  demonstrated  abundant  proteins  in 
the  fat  bodies  of  presoldiers  and  their  disappearance  in  soldiers.  The  fat  body  of  imagoes  had 
abundant  lipid  and  glycogen  and  these  reserves  will  be  used  during  the  nuptial  flight  and  colony 
foundation.  Physogastric  queens  show  a  royal  fat  body,  which  exhibits  few  lipids  and  a  large 
quantity  of  proteins  associated  with  high  egg  production.  Ultrastructure  of  adipocytes  show  a 
well-developed  rough  endoplasmic  reticulum  in  functional  queens  but  the  number  of  urocytes 
was  decreased.  The  cytological  appearance  of  fat  body  varies  greatly  during  molting  and 
reproductive  cycles  of  queens. 
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Abstract  text: 

Introduction:  Cockroaches  are  a  group  of  insects  that  evolved  early  in  geological  time  when  the 
bulk  of  their  diets  were  low  in  nitrogen.  However,  when  these  primitive  omnivores  encountered 
a  food  resource  rich  in  nitrogen,  any  excess  in  dietary  nitrogen  could  be  stored  as  nitrogen 
containing  urates  stored  in  specialized  fat  body  cells  (urocytes).  An  additional  fat  body  cell  type 
which  contain  intracellular  microbes  (mycetocytes)  apparently  play  an  important  role  in 
recycling  stored  urate  nitrogen.  The  management  of  cockroach  nitrogen  resources  is  dependent 
upon  the  integration  of  nitrogenous  contributions  provided  from  three  sources:  dietary 
acquisitions,  hindgut  microbial  nitrogen  metabolism  and  mycetocyte  metabolism.  Information 
on  the  integration  of  these  three  resources  under  various  dietary  conditions  is  lacking  and  is  the 
focus  of  this  study. 

Methods:  Cockroaches  maintained  on  various  nitrogen  containing  diets  and  antibiotics  have  been 
studied  with  various  analytical  methods  including  radioactive  (14C)  isotopes/scintillation 
counting  and  stable  (15N)  isotopes,  using  isotope  ratio  mass  spectroscopy  (IRMS)  and  high 
performance  liquid  chromatography-mass  spectroscopy  (HPLC-MS). 


Results/Conclusion:  Analysis  of  cockroach  nitrogen  pools  in  various  tissues  and  their  oothecae 
provides  new  information  on  microbial  influences  on  the  total  nitrogen  and  amino  acid  profiles 
on  insects  maintained  on  low  and  medium  nitrogen  diets  containing  antibiotics. 
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Abstract  text: 

Introduction:  Nitrogen  economy  is  often  cited  as  the  driving  force  for  the  evolution  of  sociality 
in  the  wood  feeding,  subsocial  Cryptocercus  cockroaches  and  the  emergence  of  their  sister-group 
the  eusocial  termites.  In  addition  to  complicated  nitrogen  economy,  there  is  evidence  that  the 
termites  are  capable  of  fixing  atmospheric  nitrogen  through  the  use  of  diazotrophic  bacteria 
present  in  their  gut.  Nitrogen  fixation  is  a  metabolically  expensive  biochemical  process;  however 
the  high  carbohydrate  diet  of  these  insects  may  offset  the  metabolic  cost.  It  has  been  proposed 
that  due  to  gut  physiology,  a  transfer  via  proctodeal  trophalaxis  with  a  nestmate  is  necessary  in 
order  to  mobilize  nitrogen  in  the  form  of  amino  acids  obtained  via  nitrogenase  activity  in  the 
hindgut.  This  has  been  roughly  demonstrated  in  the  termites,  however  not  in  the  Cryptocercus 
cockroaches.  This  study  proposes  that  in  addition  to  nitrogen  economy,  nitrogen  fixation  may 
also  have  played  a  role  in  the  emergence  of  sociality  in  these  two  groups. 

Methods:  Stable  isotope  (15N2)  gas  will  be  used  to  rear  Coptotermes  formosanus  and 
Cryptocercus  punctulatus.  A  cohort  of  a  colony  will  be  exposed  to  15N2  gas,  and  then  returned  to 
their  nestmates.  After  a  time  15N/14N  ratios  of  their  tissues  will  be  analyzed  using  mass 
spectrometry. 

Results/Conclusion:  Comparisons  of  15N/14N  ratios  within  and  between  these  two  groups  will  be 
presented.  Discussion  will  focus  particularly  on  the  social  aspect  of  N2  fixation,  and  implications 
on  the  evolution  of  eusociality  in  the  termites. 
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Abstract  text: 

Introduction:  Termites  are  a  monophyletic  group  within  cockroaches.  Caste  differentiation  is 
achieved  primarily  by  developmental  regulation  of  hemimetabolous  postembryonic  processes 
with  caste-specific  morphogenesis,  resulting  in  the  production  of  phenotypes  specialized  in 
colony  tasks.  Specific  regulatory  mechanisms  of  hormone  (e.g.  JH)  and  gene  expression  changes 
during  each  molting  event  might  be  evolved,  but  the  evolutionary  scenario  is  still  a  mystery. 

Methods:  We  focused  on  soldier  differentiation  of  lower  termites  ( Zootermopsis  nevadensis  and 
Reticulitermes  speratus ),  and  especially  on  the  development  of  the  first  soldier  in  the  incipient 
colony,  which  is  the  best  opportunity  to  observe  the  natural  progression  of  soldier  differentiation. 
Expression  analysis  of  some  candidate  genes  (e.g.  JH  synthesis  and  signals)  and  those  identified 
by  the  transcriptome  data  were  performed  during  the  worker-presoldier  and  presoldier-soldier 
molts.  RNA-seq  analysis  was  also  performed  during  the  nymphal  molt  in  the  sister  group  of 
termites  ( Cryptocercus  punctulatus). 

Results/Conclusion:  High  expressions  of  candidate  genes  involved  in  the  final  steps  of  JH 
biosynthetic  pathway  were  observed  during  the  worker-presoldier  molt.  These  periods  are  nearly 
equal  to  those  when  the  worker  destined  to  be  a  soldier  frequently  received  proctodeal 
trophallactic  foods  from  reproductives.  Moreover,  RNAi  of  JH  receptor  gene  in  these  periods 
caused  strong  effects  on  soldier  morphologies.  RNA-seq  analyses  revealed  some  highly 
expressed  genes  before  the  presoldier  molt,  and  RNAi  of  these  genes  affected  frequencies  of 
trophallaxis,  soldier  differentiation  rates  and  specific  morphogenesis.  Based  on  these  data,  we 
will  discuss  the  proximate  mechanisms  of  soldier  differentiation  and  an  evolutionary  scenario  of 
caste  acquisition  in  termites. 
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Abstract  text: 

Introduction:  Almost  all  cockroaches  harbor  the  bacterial  obligate  endosymbiont 
Blattabacterium  cuenoti,  which  synthesizes  amino  acids  and  vitamins  from  the  nitrogen  wastes 
of  the  host.  A  previous  study  indicated  that  the  genome  size  of  B.  cuenoti  in  the  wood-feeding 
cockroach  Cryptocercus  punctulatus  was  markedly  reduced.  Consequently,  it  resulted  in  a  loss  of 


some  genes  involved  in  amino  acid  synthesis.  The  genus  Cryptocercus  is  known  as  a  sister  group 
of  termites  and  shows  social  behaviors  including  proctodeal  trophallaxis  of  the  gut  fluid,  which 
enables  a  stable  transfer  of  their  intestinal  symbionts  to  offspring.  In  the  present  study,  the 
comparative  genomics  of  B.  cuenoti  strains  in  Cryptocercus  lineages  will  be  presented. 

Methods:  Cryptocercus  spp.  were  collected  in  Asia  and  North  America  and  the  genomes  of  B. 
cuenotistrCms  were  sequenced  with  the  next-generation  DNA  sequencer.  In  addition,  amino  acid 
contents  in  various  tissues  of  the  cockroaches  were  measured  with  HPLC. 

Results/Conclusion:  The  results  indicated  that  gene-loss  events  occurred  multiple  times  in 
Cryptocercus  lineages.  One  typical  example  was  the  presence  of  B.  cuenoti  strains  that  still 
retained  genes  of  cysteine  biosynthesis.  It  was  suggested  two  independent  cysteine  gene  loss 
events  during  evolution  of  C.  punctulatus.  Moreover,  B.  cuenoti  in  Asian  C.  kyebangensis  also 
retained  the  genes  of  cysteine  synthesis,  while  fewer  genes  were  lacking  compared  to  those  in  C. 
punctulatus.  Interestingly,  quantification  of  amino  acids  in  the  gut  indicated  considerable 
differences  between  these  species,  suggesting  that  some  gene  losses  were  related  to  evolutionary 
transitions  of  gut  symbionts  in  the  lineage  of  C.  punctulatus. 
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Abstract  text: 

Introduction:  Parabasalia  is  a  phylum  of  protists  that  inhabit  the  guts  of  animals,  both  vertebrates 
and  invertebrates,  though  a  few  are  free-living  and  a  few  are  disease-causing  parasites  (e.g. 
Trichomonas  vaginalis  of  humans).  The  vast  majority  of  parabasalid  species  live  in  termites, 
where  they  are  transmitted  from  one  generation  to  the  next  by  proctodeal  feeding.  This  symbiosis 
is  ancient,  dating  back  at  least  to  the  common  ancestor  of  Cryptocercus  and  termites. 


Parabasalids  have  broadly  co-evolved  with  their  termite  and  cockroach  hosts,  but  there  are  many 
incongruities.  We  seek  to  understand  the  origins,  diversity,  phylogeny,  and  transmission 
dynamics  of  termite-associated  parabasalids. 

Methods:  We  isolate  single  parabasalid  cells  for  morphological  study  by  light  and  electron 
microscopy  and  phylogenetic  analyses.  We  also  characterize  microbial  eukaryotic  hindgut 
communities  by  amplicon  sequencing  using  both  fresh  and  ethanol-preserved  termites. 

Results/Conclusions:  The  cockroach-associated  parabasalid  Lophomonas  was  determined  to 
form  a  sister  lineage  to  the  ( Cryptocercus+tGrmitQ)-spGcific  class  Trichonymphea,  suggesting  the 
termite/parabasalid  symbiosis  may  predate  even  the  ancestor  of  Cryptocercus  and  termites. 
Separately,  the  diversity  and  distribution  of  Trichonympha  species  (Trichonymphea,  Parabasalia) 
suggests  that  these  parabasalids  may  have  transferred  laterally  between  Zootermopsis  species. 
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Abstract  text: 

Introduction:  The  slow  growth  of  macroorganism-based  bio-control  can  be  partly  explained  by 
limited  research  and  development  (R&D)  capacities  of  the  industrial  sector  and  by  the 
insufficient  use  of  synergies  with  academic  research.  The  Marie-Curie  FP7-IAPP  program 
“COLBICS”  proposed  to  stimulate  and  accompany  the  growth  of  3  companies  via  the  creation  of 
private-public  R&D  teams. 

Methods:  The  program,  consisting  in  staff  exchange  between  6  participants  from  Belgium, 
France,  Spain  and  Chile,  has  focused  on  (i)  the  exploration  of  natural  enemy  biodiversity  and 


development  of  biological  control  agent  (BCA),  (ii)  production  methods  reducing  costs  and 
enhancing  BCA  performance,  (iii)  data  and  tools  supporting  the  use  and  integration  of  BCA  in 
cropping  systems. 

Results/Conclusion:  Surveys  were  performed  on  a  range  of  natural  enemy  in  Europe  and  Chile.  3 
companies  obtained  DNA  barcodes  for  their  BCA  and  uncertainties  about  taxonomic 
identifications  could  be  clarified.  New  production  methods  drastically  decreasing  costs  could  be 
set  for  3  BCA.  Experiments  revealed  contrasted  impacts  of  inbreeding  on  BCA  (several  species 
of  Coccinellidae,  Chrysopidae,  Miridae,  Encyrtidae)  or  paved  the  way  for  selection  programs 
aiming  at  improving  BCA  field-efficiency  (e.g.  Trichogramma).  Field  evaluations  were  carried 
out  with  8  biocontrol  products.  Contrasted  results  were  obtained,  ranging  from  no  detection  of 
short-term  impacts  to  significant  decrease  of  pest  populations  or  increase  of  natural  enemy 
populations.  Finally,  one  team  worked  on  the  improvement  of  a  pest-monitoring  service 
developed  in  Chile.  User-friendly  interfaces  and  tools  for  data  inputs  and  outputs  were  developed 
and  predictive  functions  based  on  monitoring  data  were  integrated  to  the  system. 
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Abstract  text: 

Introduction:  Armored  scale  insects  (Hemiptera:  Diaspididae)  and  soft  scale  insects  (Hemiptera: 
Coccidae)  are  among  the  most  invasive  species  in  the  world,  with  economic  impacts  on 
agriculture  as  well  as  ornamental  productions.  Although  only  13  species  of  Coccidae  and  61  of 
Diaspididae  are  mentioned  in  Chile,  scale  insects  impact  severely  the  Chilean  agriculture.  During 
the  last  century,  at  least  18  species  of  biological  control  agents  were  introduced  to  Chile.  Our 
objective  was  to  describe  the  diversity  of  scale  insects  and  associated  natural  enemies  currently 


present  in  Chilean  agrosystems  in  order  to  guide  future  decisions  of  research  and  development  of 
new  biocontrol  methods  in  Chile. 

Methods:  We  surveyed  and  identified  armored  and  soft  scale  insects  and  their  associated  natural 
enemies  (parasitoids  and  predators).  From  January  2015  to  February  2016,  we  sampled  scale 
insects  on  fruit  trees,  ornamental  and  endemic  plants  from  Arica  (18°S)  to  Valdivia  (39°S),  at  80 
sites.  Each  site  was  sampled  up  to  3  times.  Individuals  of  scale  insects,  and  natural  enemies 
emerging  from  the  sampled  material  were  subjected  to  molecular  and  morphological  analyses. 
Molecular  analyses  all  relied  on  the  sequencing  of  parts  of  the  28S  rDNA  region  and  the  COI 
mitochondrial  DNA  region. 

Results/Conclusion:  We  updated  the  species  of  scale  insects  and  of  their  natural  enemies 
mentioned  in  Chile.  For  the  armored  scale  insects,  the  most  relevant  species  belonged  to  the 
genus  of  Aspidiotus,  Hemiberlesia,  Diaspidiotus  and  Aonidiella.  The  black  scale,  Saissetia  oleae , 
was  the  most  distributed  species  of  Coccidae.  Potential  biological  control  agents  were  identified. 
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Abstract  text: 

Introduction:  Infestations  of  pome  and  stone  fruit  orchards  by  the  San  Jose  Scale  ( Diaspidiotus 
perniciosus)  in  Chile  can  decrease  fruit  production  until  30  %.  Also,  quarantine  rejections  of 
Chilean  fruit  affected  by  this  pest  reached  22  %  in  2014.  Economic  losses,  human  health 
concerns  caused  by  insecticide  use  and  recent  insecticide  resistance  of  this  scale  to  most  common 
insecticides  have  led  to  the  search  of  biological  control  methods. 


Methods:  In  this  work  performed  in  collaboration  between  the  industry  and  the  academia,  we 
surveyed  natural  enemies  of  the  San  Jose  scale  occurring  in  Chile,  characterized  them  by  DNA 
sequencing  and  morphological  examination  and  established  some  of  them  in  laboratory 
conditions  for  phenotypic  characterization  and  development  of  a  new  commercial  product. 

Results/conclusion:  One  multilocus  haplotype  of  the  scale  was  found,  while  several  species  of 
parasitoids  and  predators  were  identified.  The  most  common  parasitoid  species  were  of  the 
genera  Aphytis  and  Encarsia ,  while  the  most  common  species  of  predators  was  the  Coccinellidae 
of  the  genus  Rhizobius.  Laboratory  experiments  generated  data  about  host  or  prey  preferences  of 
a  few  selected  natural  enemy  species.  Production  methods  for  the  candidate  biological  products 
are  under  development. 
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Introduction:  Despite  the  relevance  of  the  genus  Trichogramma  for  both  applied  (biological 
control)  and  basic  research,  the  systematics  of  these  taxa  still  remains  challenging.  In  the  frame 
of  the  FP7  /  Marie-Curie  Project  /  IAPP  initiative  called  "COLBICS"  and  the  academic  project 
“Triptic”  (French  National  Research  Agency),  efforts  were  made  to  more  precisely  delineate 
interspecific  barriers  in  some  species  complexes  (e.g.  T.  brassicae  and  related  strains,  T. 
cacoeciae  -  T.  embryophagum ,  T.  evanescens  and  related  strains). 


Methods:  Species  delineation  was  investigated  using,  on  one  side,  a  molecular  characterization 
based  on  various  mitochondrial  and  nuclear  markers  and,  on  the  other,  crossing  experiments  in 
standardized  conditions.  Correlations  between  molecular  divergences  and  levels  of  reproductive 
compatibilities  were  then  investigated. 

Results/Conclusion:  Our  results  evidence  the  usefulness  of  such  an  integrative  approach  and 
provide  a  first  insight  on  both  inter-  and  intra-  specific  genetic  variabilities  at  the  European  level. 
Those  points  are  also  discussed  in  the  light  of  evolutionary  ecology  and  the  use  of  these  species 
as  biocontrol  agents. 
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Introduction:  Trichogramma  brassicae  is  commonly  used  as  a  biological  control  agent  (BCA) 
against  the  European  Corn  Borer,  Ostrinia  nubilalis.  Its  wide  use  and  its  economic  importance 
rank  it  as  a  suitable  case  study  for  selection  programmes  in  order  to  obtain  populations  with 
increased  fitness  and  efficiency  in  the  field. 

Methods:  Trichogramma  populations  were  sampled  in  different  regions  and  countries.  Crosses 
between  population  samples  were  performed  in  order  to  increase  intraspecific  variability  in  a 
single  large  laboratory  population.  Then  laboratory  strains  were  established  from  one  female  of 
this  laboratory  population.  The  strains  genotype  was  characterized  by  16  microsatellite  markers. 
In  addition,  the  strains  phenotype  was  characterized  for  several  traits  like  fecundity,  longevity, 
dispersion,  host  detection  capacity  and  oviposition  behaviour.  The  same  strains  were  field- 
released  to  characterize  their  dispersion  and  efficacy,  and  correlate  traits  measured  in  the 
laboratory  and  in  the  field. 


Results/Conclusion:  Results  show  variations  in  most  traits  between  the  laboratory  strains.  This 
approach  reveals  a  broad  heritability  for  several  quantitative  characters.  The  observed  pattern 
suggests  that  a  selection  programme  may  be  a  powerful  tool  to  improve  the  efficacy  of  T. 
brassicae  as  a  BCA,  especially  when  working  on  laboratory-measured  traits  which  are  correlated 
to  field  efficiency. 
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Introduction:  Cost-efficiency  of  macro-organisms  used  in  biological  control  is  often  strongly 
limited  by  the  high  production  costs.  Indeed,  producing  predatory  arthropods  generally  also 
requires  producing  phytophagous  organisms  and  their  host  plants.  Many  efforts  have  been 
dedicated  to  the  development  of  artificial  diets  to  produce  biological  control  agents  (BCA) 
within  the  last  50  years.  Yet,  for  many  reasons,  most  BCA  species  are  still  produced  in 
biocontrol  companies  without  the  use  of  cost-efficient  artificial  diets. 

Methods:  We  coupled  chemical  analyses  (of  host  plants,  phytophagous  insects  and  predatory 
insects),  formulation  work  and  rearing  experiments  to  develop  artificial  diets  for  3  BCA  species 
commercialized  in  Chile:  Chrysoperla  externa ,  Cryptolaemus  montrouzieri ,  Rhyzobius 
lophantae. 

Results/Conclusion:  Detailed  characterization  of  key  biochemical  elements  could  be  obtained  for 
6  insect  species.  This  allowed  the  development  of  candidate  diets  containg  the  supposedly  most 
important  elements  for  the  development  of  the  predatory  insects.  Rearing  tests  revealed  that 
some  diets  could  partially  or  fully  replace  living  insects  in  the  mass-rearing  settings.  Solid,  semi- 


liquid  and  liquid  media  as  well  as  several  encapsulation  techniques  were  tested  for  the  delivery 
of  the  most  promising  diet  compositions.  The  resulting  candidate  production  methods  were 
evaluated  according  to  their  cost-efficiency  and  suitability  to  several  industrial  contexts. 
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Introduction:  It  has  been  suggested  for  nearly  40  years  that  understanding  and  controlling 
population  genetics  of  biological  control  agents  is  an  important  tool  for  improvement  of  the 
efficiency  of  biocontrol.  Be  it  in  industrial  mass-rearing  or  field  conditions,  population  may 
indeed  suffer  from  inbreeding  depression  or  benefit  from  higher  genetic  diversity.  Hybridization 
of  populations  may  also  create  heterosis  effects  or  outbreeding  depression.  Although  theory  is 
clear  about  the  processes  at  play,  little  is  known  about  their  actual  importance  in  concrete 
industrial  productive  conditions. 

Methods:  We  studied  the  impact  of  inbreeding  and  outbreeding  on  several  biocontrol  agents  in 
mass-rearing  conditions.  We  used  Allotropa  burrelli  (Hymenoptera:  Platygastridae), 
Macrolophus pygmaeus  (Hemiptera:  Miridae ),  Chrysoperla  externa  (Neuroptera:  Chrysopidae) 
and  Cryptolaemus  montrouzieri  (Coleoptera:  Coccinellidae)  to  study  the  effects  of  inbreeding  on 
fitness-related  phenotypic  traits.  In  all  species,  we  compared  traits  between  individuals  generated 
by  random  or  sibling  crosses.  We  also  performed  crosses  between  4  European  populations  of  M. 
pygmaeus  to  test  the  effects  of  outbreeding. 

Results/Conclusion:  We  observed  different  levels  of  inbreeding  depression  suggesting  that  it  has 
to  be  taken  into  consideration  although  the  effect  range  depends  on  each  organism.  Moreover,  we 


observed  strong  variations  of  fitness  (from  hybrid  vigor  to  outbreeding  depression)  depending  on 
genetic  distance  between  M.  pygmaeus  populations.  We  finally  propose  strategies  to  take 
population  genetics  into  account  in  productive  settings. 


Symposium 

Presentation  Title:  Exploring  the  microbiome  of  biological  control  agents:  First  insights  and 
perspectives 

Author  Name:  Ferran  Palero 
Author  Institution:  INRA 

Session  Title:  Symposium:  Industry-Academia  Collaborative  Research  and  Development  in 
Biological  Control  of  Arthropod  Pests:  Results  from  Four  Years  of  Marie-Curie  Staff  Exchange, 
and  Perspectives 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4220 
DOI:  10.1603/ICE.2016.93813 
Abstract  text: 

Introduction:  Plant  bugs  are  heteropteran  insects  that  belong  to  the  large  family  Miridae.  Most  of 
the  best  known  mirids  are  either  harmful  to  agriculture  (sap-sucking  insects  and  vectors  of  plant 
diseases)  or  constitute  beneficial  insects  that  prey  on  agricultural  pests  such  as  mites,  psyllids, 
aphids  and  thrips. 

Methods:  The  present  study  describes  the  whole-microbiome  composition  of  several  species  of 
the  biological  control  agent  Macrolophus.  We  investigated  the  microbial  diversity  of  this 
important  group  by  using  16S  rDNA  amplicon  re-sequencing  on  the  MiSeq  platform  and  high- 
throughput  whole-DNA  sequencing  on  the  HiSeq  platform. 

Results/Conclusion:  The  main  bacterial  taxa  found  includes  several  species  of 
Alphaproteobacteria  belonging  to  the  families  Rickettsiaceae  and  Anaplasmataceae  (with  well- 
known  genera  such  as  Wolbachia)  and  Gammaproteobacteria  belonging  to  the 
Enterobacteriaceae  (a  large  family  of  Gram-negative  bacteria  that  includes  many  symbionts). 


Functional  analyses  revealed  key  metabolic  functions  present  within  the  insect  microbiome.  Our 
results  indicate  that  bacterial  community  diversity  and  composition  is  influenced  by  both 
geographic  and  host-plant  variation  and  expand  recent  studies  based  on  PCR-cloning  methods  by 
the  discovery  of  insect-bacteria  associations  previously  unknown  within  the  Miridae.  The 
microbiome  plays  a  crucial  role  in  the  growth,  development  and  environmental  adaptation  of  the 
insects,  and  should  be  recognized  as  a  major  genetic  resource  for  the  bio-industry. 
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Introduction:  Currently,  there  is  increasing  social  concern  about  the  use  of  pesticides  in  Europe 
which  has  resulted  in  stricter  regulations  covering  the  use  of  these  products.  Some  EU  directives 
such  as  2009/1 28/EC  have  increased  the  control  of  plant  protection  products,  resulting  in  greater 
interest  in  alternative  methods  such  as  biological  pest  control  for  the  management  of  agricultural 
pests.  In  Mediterranean  citrus  trees,  classical  and  conservative  biological  control  has  been  used 
traditionally,  and  some  of  the  main  pests  of  this  crop  are  generally  well  controlled  with  these 
techniques,  as  in  the  case  of  some  species  of  whiteflies  or  mealybugs. 

Methods:  The  present  work  studied  and  developed  new  strategies,  in  particular  those  applying 
augmentative  biological  control.  In  order  to  improve  control  of  some  major  citrus  pest  species, 
several  experiments  using  the  augmentative  release  of  natural  enemies  were  conducted  in  the 
field  over  3  years.  Gaeolaelaps  aculeifer ,  Stratiolaelaps  scimitus  and  Atheta  coriaria  were 
released  to  control  the  thrips  Pezothrips  kellyanus;  Aphytis  melinus  against  A onidiell a 
aurantii  and  the  phytoseiids  Iphiseius  degenerans  and  Phytoseiulus  persimilis  to 
control  Tetranychus  urticae. 


Results/Conclusion:  These  releases  succeeded  in  reducing  the  damage  caused  by  some  pest 
species.  Despite  this,  it  was  found  that;  overall,  the  results  obtained  in  the  field  were  much  more 
variable  than  those  obtained  under  controlled  conditions.  For  this  reason,  an  attempt  was  also 
made  to  improve  the  establishment  of  natural  enemies  in  the  field  using  other  methodologies 
such  as  shelter  and  food  supplements,  which  reduce  the  difficulties  that  these  natural  enemies 
encounter  in  the  Mediterranean  ecosystem. 
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Introduction:  The  research  focus  by  the  biological  control  industry  as  well  as  academia  has  long 
been  on  the  development  of  new  organisms  for  the  control  of  existing  and  novel  pests.  This  has 
resulted  in  an  ever  increasing  portfolio  of  natural  enemies  being  available  on  the  market. 

Recently,  there  has  been  an  important  change  in  this  respect.  While  it  remains  important  to 
develop  new  solutions  to  new  invasive  pests  such  as  the  fruit  fly  Drosophila  suzuki,  research  is 
now  increasingly  focusing  on  new  strategies  to  make  existing  biocontrol  agents  act  more 
effectively. 

Methods:  In  my  presentation,  I  will  cover  some  of  these  new  strategies  as  they  have  been 
recently  developed  and  implemented. 

Results/Conclusion:  I  will  cover  various  examples  of  how  food  supplements  can  be  used  to  allow 
preventative  establishment  of  biocontrol  agents  before  the  pest  arrives.  In  addition  the  use  of 
fibers  to  provide  oviposition  substrates  for  predatory  mites  will  be  discussed. 
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Introduction:  Phytoseiid  mites  (Acari:  Phytoseiidae)  are  amongst  the  most  important  natural 
enemies  of  pests  in  citrus.  Some  species  of  phytoseiids  present  in  citrus  consume  food  of  vegetal 
origin  such  as  floral  and  extra-floral  nectar  (i.e.  sugar)  or  pollen.  Therefore,  their  abundance  in 
this  ecosystem  will  depend  on  the  availability  of  non-prey  food  sources. 

Methods:  In  this  work  we  evaluated  the  impact  of  provisioning  sugars  or  pollen  of  the  narrow 
leaf  cattail  Typha  angustifolia  L.  alone  or  in  combination  on:  i)  the  population  development 
of  Euseius  stipulatus  (Athias-Henriot)  (Acari:  Phytoseidae)  in  semi-field  conditions,  ii)  the 
intraguild  predation  between  E.  stipulatus  and  Iphiseius  degenerans  (Berlesse),  and  iii)  the 
population  abundance  of  the  resident  phytoseiid  mites  in  a  long  term  experiment  (May  to 
November)  in  commercial  citrus  orchards. 

Results/Conclusion:  In  the  semi-field  trials  the  combined  provisioning  of  pollen  and  sugar 
significantly  increased  the  populations  of  E.  stipulatus  and  moreover  reduced  intraguild 
predation  between  E.  stipulatus  and  I.  degenerans  in  the  absence  of  prey.  Similarly,  in  the  field 
trial  the  combination  of  sugar  and  pollen  significantly  increased  the  populations  of  the  resident 
phytoseiid.  This  increase  was  higher  from  the  end  of  May  until  the  end  of  June  and  from 
September  until  the  end  of  October.  We  conclude  that  the  provisioning  of  sugar  and  pollen 
enhances  the  conservation  of  the  resident  phytoseiid  mites  in  citrus. 
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Abstract  text: 

Introduction:  Gaeolaelaps  aculeifer  and  Stratiolaelaps  scimitus  are  voracious  predators  of 
organisms  that  spend  time  in  the  soil  or  in  other  plant  growing  media.  They  are  effective 
biocontrol  agents  against  fungus  gnats,  bulb  or  mould  mites,  shore  flies  and  nematodes. 

Recently,  the  importance  of  both  species  against  thrips  is  increasing  in  greenhouse  and  open  field 
crops.  Nevertheless,  there  is  lack  of  information  about  basic  aspects  of  their  biology  and  ecology 
and  also  about  their  efficiency  against  thrips  in  open  field. 

Methods:  In  this  work  we  tested  the  oviposition  of  G.  aculeifer  and  S.  scimitus  on  several 
factitious  and  natural  prey  in  the  laboratory,  and  subsequently  we  tested  the  efficacy  of 
inoculative  releases  of  G.  aculeifer  against  the  invasive  thrips  Pezothrips  kellyanus  in 
commercial  citrus  orchards  during  2  consecutive  years. 

Results/Conclusion:  For  G.  aculeifer  oviposition  was  higher  when  feeding  on  saprophytic 
nematodes,  second  instars  of  thrips  ( Frankliniella  occidentals),  on  eggs  of  the  flour 
moth  Ephestia  kuehniella  or  cysts  of  the  brine  shrimp  Artemia  sp.  than  on  Tyrophagus 
putrescentiae  or  the  pollen  of  Typha  angustifolia.  For  S.  scimitus  no  differences  in  oviposition 
were  found  between  the  nematodes,  E.  kuehniella ,  T.  putrescentiae ,  ox  Artemia  sp.  cysts. 

Releases  of  G.  aculeifer  in  the  field  significantly  reduced  the  percentage  of  fruits  damaged  by  P. 
kellyanus  during  the  2  years  of  the  study.  Several  mulch  types  to  enhance  the  establishment  of  G. 
aculeifer  in  the  field  were  also  tested.  The  implication  of  these  results  for  the  use  of  G. 
aculeifer  and  S.  scimitus  in  biological  control  programs  is  discussed. 
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Abstract  text: 

Introduction:  Ants  can  act  simultaneously  as  predators  and  as  protectors  of  honey  dew  producing 
pests.  Thus,  their  role  regarding  plant  protection  can  be  positive  or  negative.  Due  to  their 
protecting  behavior  towards  honey  dew  producers  ants  interfere  with  the  activity  of  natural 
enemies  and  often  are  becoming  important  indirect  pests.  For  that  reason,  ant-exclusion  is 
employed  to  reduce  the  risk  of  population  outbreaks  of  honey  dew  producing  pests.  By  excluding 
ants  however  we  also  lose  their  services  as  biocontrol  agents. 

Methods:  We  tested  the  potential  of  artificial  sugar  supplements  to  disrupt  the  ant-pest 
interaction  and  eventually  improve  the  control  of  aphids  and  mealybugs  in  citrus  and  vineyards 
in  Spain.  Concretely  we  assessed  whether  the  provisioning  of  artificial  sugar  sources  i)  impacts 
ant  activity  ii)  disrupts  the  association  between  the  ants  and  the  aphids  or  the  mealybugs  and  iii) 
reduces  the  pest  populations. 

Results/Conclusion:  The  provisioning  of  sugars  altered  ant  activity,  reduced  the  ant  tending 
incidence  and  the  colony  size  of  the  honey  dew  producers  and  finally  significantly  increased  the 
probability  of  natural  enemies  being  associated  with  the  honey  dew  producers.  We  conclude  that 
the  provisioning  of  artificial  sugar  sources  has  practical  potential  as  a  strategy  for  ant 
management  in  support  of  biological  control  of  honey  dew  producing  herbivores. 
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Abstract  text: 

Introduction:  Implementation  of  Integrated  Pest  Management  strategies  and  increased  use  of 
biological  control  make  decisions  more  and  more  complex  for  growers  and  farm  advisors. 
Telematics  tools  are  useful  to  facilitate  multi-criteria  decision  processes.  Although  generic  tools 
exist,  research  and  development  are  often  needed  to  setup  tools  taking  into  account  the  target 
crops,  the  considered  crop  protection  issues  and  the  socio-economic  context.  Anasac-Xilema,  the 
most  important  biological  control  agent  manufacturers  in  Chile,  offers  a  monitoring  service  of 
crop  sanitary  state,  focusing  on  insect  pests.  This  service  is  the  corner  stone  of  the  biocontrol 
agent  commercialisation  activity  of  the  company.  Nonetheless,  this  service  had  an  economic  cost 
limiting  its  expansion  and  needed  optimisation  in  terms  of  cost-efficiency  and  accuracy  of  its 
decision  rules. 

Methods:  We  evaluated  the  monitoring  system,  from  field  work  to  decision  rules  and  interactions 
with  growers.  2  research  and  development  (R&D)  activities  were  carried  out:  (i)  field 
experiments  to  optimize  data  collection  protocols  and  develop  tools  responding  to  the  needs  of 
field  work,  and  (ii)  development  of  database  management  methods  to  provide  diagnosis  and 
advice  to  growers  and  farm  advisors. 

Results/conclusion:  We  developed  specific  programs  to  efficiently  and  reliably  collect  arthropod 
pest  density  data,  feed  a  database,  generate  reports  and  propose  biocontrol-based  management 
decisions  to  the  growers.  First  automated  decision  rules  could  be  implemented  in  the  system.  The 
final  result  is  a  gain  of  economic  efficiency  of  the  service  by  nearly  30%,  with  higher  capacity  to 
make  an  ex-post  evaluation  of  the  efficiencies  of  the  decision-rules. 
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Abstract  text: 

Introduction:  Gall  forming  insects  are  a  model  guild  to  study  geographic  patterns  of  species 
distribution  and  their  underlying  mechanisms.  Such  mechanisms  have  been  shown  to  vary 
widely  among  ecosystems,  with  some  ecosystems  lacking  the  most  basic  information  on  gall 
assemblages  such  as  the  temperate  forests  of  the  southern  hemisphere. 

Methods:  Gall  species  richness  and  abundance  associated  to  native  woody  species  were  surveyed 
across  a  west  to  east  precipitation  gradient  (N  =  32)  and  an  elevation  gradient  in  three  mountains 
(N=30)  in  northern  Patagonia,  Argentina. 

Results/Conclusion:  We  found  53  morphospecies  of  gall  inducers  on  25  host  plant  species  (17 
families),  revealing  that  50%  of  the  native  plant  species  hosts  between  1  and  6  gall  morphs  each. 
Across  the  W  to  E  precipitation  gradient  and  the  elevation  gradient,  all  biotic  and  abiotic 
variables  explained  ~60-70%  of  the  variation  observed  in  gall  species  richness  (alpha  diversity). 
Host-plant  richness  and  soil  nitrogen  content  were  the  variables  that  explained  most  of  this 
variation.  In  contrast,  changes  in  gall  species  composition  (beta  diversity)  along  the  two 
environmental  gradients  were  mainly  explained  by  variation  in  abiotic  variables  rather  than  host 
plant  richness.  Yet,  geographic  proximity  does  not  necessarily  drive  similarities  in  gall  species 
assemblages;  instead  gall  communities  often  mirror  plant  community  changes  across  the  two 
environmental  gradients.  Our  results  suggest  that  a  combination  of  physical  variables  and  plant 
traits  explain  the  richness  and  distribution  of  gall  forming  insects,  varying  their  relative 
importance  as  a  function  of  the  scale  of  analyses. 
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Abstract  text: 


Introduction:  For  short-lived  specialized  herbivores,  synchronization  with  their  host  plant 
phenology  and  avoiding  attacks  by  natural  enemies  are  primarily  important  for  their  survival.  To 
achieve  both,  some  herbivores  are  known  to  exhibit  polymodal  emergence  as  a  risk-diverging 
stragegy.  Daphnephila  is  a  common  group  of  Cecidomyiidae  in  the  evergreen  broadleaved 
forests  of  Taiwan.  Diverse  galls  induced  by  different  species  of  Daphnephila  often  concurrently 
exist  on  the  same  host  species  demonstrating  a  striking  niche  divergence  and  resource  sharing. 

Methods:  Populations  of  four  leaf-gall  inducing  Daphnephila  species  were  tracked  on  105 
Machilus  thunbergii  trees  at  four  sites  on  Mt.  Datun  in  Yangmingshan  National  Park  in  northern 
Taiwan  for  seven  years  (2004-2011). 

Results/Conclusion:  Our  long-term  field  observations  and  laboratory  experiments  have  revealed 
very  unique  life  histories  of  Taiwanese  Daphnephila  gall  midges,  which  comprises  quadrimodal 
adult  emergences  by  adopting  both  Type  A  and  Type  C  polymodalities  sensu  Waldbauer  in 
1978.  Based  on  the  study,  results  of  their  life  cycle,  host  phenology,  and  mortality  by 
parasitioids,  we  discuss  complex  niche  divergence  and  bed-hedging  strategies  of  these 
sympatrically  distributed  subtropical  gall  inducers. 
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Introduction:  Gall  midges  (Diptera:  Cecidomyiidae)  are  one  group  of  gall-inducing  arthropods 
with  the  most  abundant  species.  In  phytophagous  cecidomyiids,  tight  associations  between  gall 
midges  with  particular  host  plants  are  well-known,  such  as  in  Caryomyia  gall  midges  on  Carya 
(Juglandaceae),  Daphnephila  on  Machilus  (Lauraceae),  and  Rabdophaga  on  Salix  (Salicaceae). 


Recently,  gall  midge  inducing  leaf  bud  galls  on  Symplocos  cochinchinensis  (Symplocaceae)  were 
found  to  occur  on  Tanegashima  Island,  Kagoshima,  Japan. 

Methods:  Based  on  morphological  examinations,  the  gall  midge  was  identified  to  belong  to  the 
genus  Rabdophaga ,  and  it  is  considered  to  be  an  undescribed  species.  A  molecular  phylogenetic 
analysis  using  partial  sequences  of  mtDNA  COI  region  also  supported  this  taxonomic  treatment. 

Results/Conclusion:  Among  77  known  species  of  Rabdophaga ,  75  are  associated  with  Salix  and 
22  with  Populus  (Salicaceae).  Therefore,  the  present  species  is  the  first  example  of  Rabdophaga 
using  a  plant  species  other  than  Salicaceae. 
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Introduction:  Multivoltine  gall  inducers  exhibit  various  host-use  patterns.  For  example,  some  gall 
midges  and  gall  wasps  alternate  host  plants  or  host  organs  and  respective  generations  induce 
different  shapes  of  galls.  In  some  aphids,  several  generations  successively  use  the  same  gall 
induced  by  the  fundatrix  generation.  Such  multivoltine  gall  inducers  are  interesting  study 
materials  to  understand  the  evolution  of  life  history  strategies  and  gall-inducing  mechanisms  by 
herbivorous  insects.  In  this  study,  we  focused  on  a  multivoltine  and  gall-inducing  psyllid 
Stenopsylla  nigricornis  Kuwayama  (Hemiptera)  associated  with  Symplocos  lucida 
(Symplocaceae). 

Methods:  Field  surveys  were  conducted  in  Kyushu,  Japan,  to  clarify  its  life  history  and  host-use 
pattern.  Then  phytohormones  in  galls,  normal  plant  tissues,  and  nymphs  were  purified  with  solid- 


phase  extraction  columns  and  were  quantified  using  a  LC-MS/MS  device  to  examine  the  gall 
inducing  mechanism  by  S.  nigricornis. 

Results/Conclusion:  As  a  result,  S.  nigricornis  is  considered  to  have  bivoltine  life  history, 
consisting  of  spring  and  autumn  generations.  Nymphs  of  the  spring  generation  induced  galls  on 
leaves,  while  the  autumn  generation  was  first  clarified  to  induce  galls  on  flower  buds  and 
sometimes  on  overwintering  leaf  buds.  Because  nymphs  contained  extremely  higher 
concentrations  of  isopentenyladenin  (iP)  and  its  precursor,  isopentenyladenosine  (iPR)  than  in 
host  plant  tissues,  this  phytohormone  was  suggested  to  be  involved  in  the  gall  induction  by  S. 
nigricornis. 
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Abstract  text: 

Most  gall-inducing  insects  have  close  associations  with  their  host  plants  because  of  the 
biological  complexities  of  the  evolution  of  their  galling  habits.  Therefore,  we  have  frequently 
encountered  various  interesting  phenomena  of  direct  and  indirect  interactions  between  gall- 
inducing  insects  and  their  host  plants:  (1)  unique  gall  shape  as  an  extended  phenotype  of  each 
gall  inducing  insect,  (2)  polymorphism  in  gall  shape,  (3)  narrow  to  wide  host  range  and  host 
races,  (4)  preference-performance  linkage,  (5)  radiation  of  many  congeners  on  a  single  host 
plant  genus,  (6)  host  plant  alternation,  (7)  long-term  diapause,  (8)  synchronization  of  adult 
emergence  with  host  plant  phenology,  (9)  bottom-up  effects  of  host  plants  on  the  population 
dynamics  of  gall  inducers,  (10)  top-down  effects  of  gall  induction  on  the  survival  of  host  plant 
organs,  (11)  diversity  of  gall  inducers  in  different  environments,  (12)  colonization  by  gall 
inducers  in  relation  to  vegetation  succession,  and  (13)  manipulation  of  host  plants  other  than  by 
gall  induction.  I  provide  some  known  examples  under  these  headings  to  facilitate  further  studies 
of  the  interactions  between  gall-inducing  insects  and  their  host  plants. 
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Abstract  text: 

Introduction:  Within  the  gall-inducing  thrips  of  Australia,  genus  Kladothrips ,  is  a  single  origin  of 
a  soldier  caste.  This  origin  occurred  approximately  six  million  years  before  the  present,  and  that 
social  lineage  has  radiated  and  produced  more  than  a  dozen  species.  Within  this  emerging  clade 
are  also  two  species  that  are  likely  to  have  independently  lost  the  soldier  caste.  Both  of  these 
losses  of  soldiers  are  connected  to  a  historical  shift  of  these  insect’s  host-plant;  they  have  moved 
between  divergent  species  of  Acacia.  It  is  presumed  that  this  shift  has  enabled  these  thrips 
lineages  to  avoid  gall  invaders,  particularly  those  species  in  the  thrips  genus  Koptothrips. 

Methods:  The  Koptothrips  are  lethal  to  the  gall  makers,  such  that  they  have  been  thought  for  a 
long  time  to  be  the  main  selective  agents  in  the  origin  and  loss  of  sociality  in  the  gall-inducers. 
However,  the  soldier  caste  has  also  been  found  to  possess  antimicrobial  properties,  and  there  is 
some  evidence  to  support  that  it  is  through  a  symbiotic  relationship  with  a  strain  of  Streptomyces 
bacteria  that  they  can  control  the  growth  of  problematic  microbes  within  the  gall. 

Results/Conclusion:  I  will  be  presenting  our  latest  efforts  to  characterize  antimicrobial 
production  and  its  possible  role  in  the  evolution  and  loss  of  sociality  in  the  gall-inducing  thrips. 
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Abstract  text: 

Introduction:  Host  specificity  testing  is  a  critical  step  in  classical  biocontrol  programs.  Native  to 
South  America,  Brazilian  peppertree  {Schinus  ter ebinthif olid)  is  a  major  exotic  weed  in  natural 
and  disturbed  habitats  in  Florida,  Texas  and  Hawaii.  Explorations  in  Brazil  revealed  the  presence 
of  gall-inducing  Calophya  spp.  (Hemiptera:  Calophyidae)  associated  with  Brazilian  peppertree. 

Methods:  To  determine  whether  Calophya  latiforceps  Burckhardt  is  a  safe  candidate  for 
biocontrol  of  Brazilian  peppertree,  we  examined  the  host  specificity  and  the  presence  of  plant 
pathogens.  Adult  oviposition,  gall  formation,  and  adult  survival  of  C.  latiforceps  were  studied  on 
89  plant  species  under  no-choice  and  choice  conditions.  To  detect  the  presence  of  plant 
pathogens  in  C.  latiforceps  adults,  we  used  molecular  and  host  inoculation  methods. 

Results/Conclusion:  Results  revealed  that  C.  latiforceps  oviposition  occurred  in  seven  plant 
families;  however,  gall-induction  and  development  to  adulthood  occurred  only  on  Brazilian 
peppertree.  Adult  survival  under  no-choice  conditions  ranged  from  19  days  on  Brazilian 
peppertree  to  less  than  3  days  on  non-target  plants.  We  did  not  detect ' Candidatus  Liberibacter 
solanacearunf,  ‘ Ca .  L.  asiaticus’,  ‘Ca.  L.  americanus’,  ‘ Ca .  L.  africanus’.  In  addition,  we 
sequenced  ribosomal  RNA  gene  amplicons  generated  from  4  Calophya  spp.  populations.  All 
microbial  gene  sequences  fell  into  the  bacterial  domain.  No  gene  sequences  of  pathogenic 
bacteria  from  the  genera  Ca.  Liberibacter  or  Ca.  Phytoplasma  were  detected  in  the  microbiomes 
of  the  4  Calophya  populations.  We  conclude  that  due  to  the  monophaghy  on  Brazilian  peppertree 
and  the  absence  of  plant  pathogens,  releasing  C.  latiforceps  in  USA  will  have  extremely  low  risk 
to  non-target  plants. 
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Abstract  text: 

Introduction:  For  an  insect,  life  in  a  gall  comes  with  its  ups  and  downs.  Protection  and  nutrition 
are  the  most  obvious  benefits  provided  by  a  galling  life  style,  but  the  high  humidity  within  these 
galls  makes  a  great  breeding  ground  for  fungal  growth.  Defense  against  pathogenic 
microorganisms  is  a  major  threat  for  galling  insects,  and  its  implication  for  social  evolution  has 
been  only  recently  considered  in  sociobiology.  The  social  insects  that  reside  in  galls  would  seem 
to  be  highly  susceptible  to  colony  infection;  these  colonies  consist  of  large  numbers  of  highly 
related  individuals  in  close  quarters,  creating  the  perfect  environment  for  pathogen  transmission. 
Consequently,  social  insects  possess  collective  defensive  methods  against  pathogens,  termed 
social  immunity. 

Methods:  My  research  focuses  on  the  defense  mechanisms  of  the  social  aphid,  Pemphigus 
spyrothecae,  which  forms  spiral  shaped  galls  on  Lombardy  poplar.  The  aggressive,  thick  legged 
first  instar  soldiers  of  this  species  are  responsible  for  defense  of  the  colony  against  invaders,  as 
well  as  “housekeeping”  of  the  gall.  The  aphids'  defensive  behaviours  were  tested  both  early  and 
late  in  their  galling  life  cycle  using  two  generalist  entomopathogens,  Metarhizium  anisopliae  and 
Cordyceps  bassiana. 

Results/Conclusion:  The  potential  social  immunity  within  this  species  will  be  presented  in  light 
of  behavioural  and  biochemical  responses.  By  comparing  the  biochemical  response  of  P. 
spyrothecae ,  a  highly  social  aphid,  to  the  responses  of  non-social,  communal  aphids,  we  can 
determine  the  influence  of  pathogenic  microorganisms  on  the  evolution  of  sociality  in  aphids. 
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Introduction:  Gall-inducing  insects  and  their  host  plants  exemplify  patterns  of  parallel  biological 
diversification.  As  is  true  of  most  gall  inducers,  Tamalia  aphids  (Hemiptera:  Aphididae)  are 
highly  specific  to  their  host  plants,  specifically,  North  American  shrubs  in  the  Ericaceae.  Those 
species  of  Tamalia  capable  of  inducing  galls  serve  as  intermediaries  between  the  host  plants  and 
closely-related  inquiline  Tamalia  taxa,  which  act  as  obligate  parasites  of  the  gall-inducers.  Here  I 
use  data  from  phylogenetic  construction,  and  field  studies,  to  discuss  the  origins  and  rapid 
radiation  of  the  inquiline  clade. 

Methods:  Tamalia  galls  were  collected  from  13  species  of  host  plants  in  17  populations  in  the 
American  Southwest  and  California.  Nuclear  DNA,  mtDNA  and  DNA  from  an  aphid 
endo  symbiont,  Buchner  a,  was  extracted  and  purified  to  reconstruct  a  phylogeny  of  Tamalia  gall- 
inducers  and  inquilines.  In  a  study  population  of  host  plants,  gall-inducers,  and  inquilines, 
censuses  of  aphids  were  conducted  for  8  years,  and  relative  dispersal  modes  and  rates  measured. 
Host  plants  were  mapped  using  high-precision  GPS  technology  to  test  the  hypothesis  of 
minimum  dispersal  distance. 

Results/Conclusion:  Phylogenetic  analysis  reveals  a  common  origin  of  Tamalia  gall-inducers  and 
their  inquilines.  However,  population  structure,  as  well  as  differentiation  along  host-plant  lines, 
appears  greater  in  the  inquiline  clade  than  that  of  the  gall-inducers.  Field  data  are  consistent  with 
this  pattern,  in  that  they  indicate  relatively  low  rates  of  dispersal,  as  well  as  greater  population 
dynamics  in  the  inquilines.  These  results  have  general  implications  for  the  origins  of  biological 
diversity  in  phytophagous  insects  and  their  host  plants. 
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Introduction:  Plants  include  a  variety  of  lipids,  which  store  energy  in  cell  membranes.  In  insects, 
cholesterol  reinforces  cell-membrane  integrity  and  enables  synthesis  of  moulting  hormones.  In 
this  study  we  examined  complex  lipids  and  sterols  in  the  leaves  of  Eucalyptus  macrorhyncha ,  the 
host  of  an  unnamed  gall-inducing  species  of  Synglycaspis  (Aphalaridae),  to  explore  whether 
Synglycaspis ’  dependence  on  E.  macrorhyncha^  is  to  obtain  lipids  and  sterols  from  the  host 
plant. 

Methods:  To  focus  on  why  Synglycaspis  is  specific  to  E.  macrorhyncha ,  we  evaluated  the  levels 
of  complex  lipids  and  steroid  precursors  in  the  leaves  of  E.  rossii  and  E.  dives ,  close  relatives  of 
E.  macrorhyncha.  Low  levels  of  mono-  and  di-glycerides  found  in  the  leaves  of  E. 
macrorhyncha  of  different  developmental  stages  may  regulate  Synglycaspis  host  plant  choice. 

Results/Conclusion:  A  sterol-specific  liquid  chromatography-mass  spectrometry  (LC-MS) 
analysis  method  revealed  the  presence  of  sitosterol,  ergosterol,  stigmasterol,  and  19  unidentified 
mass  values,  3  of  which  were  highly  represented.  Sitosterol  and  unknown  sterols  with  apparent 
molecular  weights  corresponding  to  354,  382,  and  440  g/mol  occurred  maximally  in  the  leaves  of 
studied  Eucalyptus  species.  Ergosterol  quantity  increased  in  galls  that  included  the  second,  third 
and  fourth  instars  and  decreased  in  galls  that  included  the  fifth  instars  of  Synglycaspis ,  indicating 
the  production  and  utilization  of  this  sterol  during  gall  development.  The  unidentified  440 
g/mol  sterol  was  highly  represented  in  young  leaves  of  E.  macrorhyncha ,  and  may  be  a  key 
factor  in  the  selection  of  young  leaves  of  E.  macrorhyncha  by  Synglycaspis  for  oviposition  and 
subsequent  gall  development. 
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Introduction:  The  Lasiopterini  is  a  large,  chiefly  Old-World  tribe  of  gall  midges  which  is 
particularly  diverse  on  plants  of  the  family  Chenopodiaceae.  At  least  7  lasiopterine  genera  are 
currently  known  to  be  restricted  to  chenopods  but  their  concepts  are  poorly  defined  and  the 
relationships  among  them  have  never  been  studied  systematically. 

Methods:  We  used  representatives  of  the  major  lasiopterine  genera  in  a  molecular  phylogenetic 
analysis  aiming  to  infer  relationships  within  the  tribe  for  the  first  time,  with  an  emphasis  on 
species  associated  with  plants  of  the  genus  Suaeda. 

Results/Conclusion:  Our  results  support  the  monophyly  of  some  of  the  currently  recognized 
genera  from  Chenopodiaceae  but  highlight  the  need  to  revise  others.  We  found  that  the  great 
majority  of  cecidomyiid  species  that  develop  on  Suaeda  are  associated  with  a  specific  section 
within  this  plant  genus,  and  that  this  section  has  been  colonized  by  the  gall  midges  several  times 
independently.  Because  preference  for  the  same  Suaeda  section  is  seen  also  in  other  cecidomyiid 
groups,  it  appears  that  these  plants  possess  certain  attributes  which  make  them  favorable  hosts 
for  the  gall  midges.  We  discuss  habitat,  life-form  and  leaf  anatomy  as  plant  attributes  which  may 
have  promoted  diversification  of  the  relevant  gall  midge  taxa. 
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Introduction:  The  midge  genus  Bruggmanniella  contains  1 1  species  and  is  distributed  in  the 
Neotropical,  Nearctic,  Palaearctic  and  Oriental  regions.  Species  of  Bruggmanniella  can  be 
divided  into  2  groups  based  on  morphology,  biogeography  and  their  galls.  9  species  in  the  New 
World  form  a  group,  which  induces  galls  on  various  plant  organs  of  different  host  families,  while 
the  Old  World  species  form  another  group,  which  includes  2  Japanese  species  causing  stem  galls 
on  Lauraceae.  The  special  ecological  traits  and  distribution  pattern  provide  a  good  contrast  for 
understanding  the  biogeography  and  colonization  of  BruggmanniellabQtwQQn  these  2  groups. 

Methods:  In  this  presentation,  we  will  clarify  the  species  status  of  new  Taiwanese  taxa  and 
answer  the  following  questions  based  on  a  molecular  phylogeny  of  Taiwanese  and  related 
Bruggmanniella  species.  What  is  the  colonization  pathway  of  the  similar  stem-galling  species  of 
Bruggmanniella  on  Lauraceae  between  Japan  and  Taiwan?  Are  there  evolutionary  sequences  of 
the  plant  parts  used  by  those  Bruggmanniella  species  forming  galls  on  various  organs  of  Litsea 
acuminata ? 

Results/Conclusion:  In  Taiwan,  we  found  6  unnamed  Bruggmanniella  species  on  Lauraceae.  One 
stem  galler  from  L.  coreana  is  morphologically  similar  to  Japanese  B.  actinodaphnes  from 
Actinodaphne  lancifolia.  Another  stem  galler,  on  endemic  Taiwanese  Cinnamomum  species, 
resembles  the  Japanese  B.  cinnamomi  from  C.  japonicum.  Four  other  Bruggmanniella  species  are 
found  on  L.  acuminata ,  including  2  galling  on  leaves,  one  on  buds  and  another  on  stems.  The 
focus  of  the  current  study  on  the  diverse  performance  of  Oriental  species  also  helps  resolve 
historical  colonization  patterns  among  different  regions. 
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Introduction:  The  relationship  between  figs  and  galling  fig  wasps  is  a  special  one.  Of  all  the 
ovule-  or  seed-parasitic  brood-site  pollination  mutualisms,  it  is  the  only  one  in  which  the 
pollinator  galls  uniovulate  flowers  that  she  may  not  pollinate.  Pollinator  fig  wasps  (Agaonidae: 
Hymenoptera)  oviposit  from  inside  the  fig  and  the  larvae  feed  on  endosperm,  which  may  be 
triploid  or  induced  parthenogenetically.  However,  non-pollinating  fig  wasps  also  induce  galls 
from  the  inner  fig  wall,  floral  primordia  or  mature  flowers.  All  non-mutualistic  galler  species 
must  complete  their  development  to  coincide  with  that  of  the  pollinators,  since  only  pollinator 
males  can  release  wasps  from  the  fig  by  cutting  an  exit  hole  through  the  fig  wall.  The  fig  is 
therefore  a  microcosm  within  which  a  multiplicity  of  gallers  coexist,  and  many  evolutionary 
battles  are  fought.  We  investigate  the  galling  process  in  the  fig  wasp  community  of  Ficus 
racemosam  south  India,  consisting  of  one  pollinator  and  3  non-mutualistic  galler  species. 

Methods:  Using  exclusion  experiments,  we  allow  different  combinations  of  gallers  to  develop 
within  fig  microcosms.  We  employ  histological  methods  to  understand  how  different  gallers 
generate  nutritive  tissues  from  varied  cell  types.  We  examine  the  ontogeny  of  gall  development 
in  each  species,  and  the  role  of  oviposition  fluid  in  gall  induction. 

Results/Conclusion:  We  find  that  only  certain  combinations  of  gallers  at  particular  frequencies 
can  generate  stable  microcosms.  Our  results  have  great  bearing  on  how  800  fig  species 
worldwide  are  successful  in  controlling  parasites  so  that  the  fig  plant  and  its  pollinating  mutualist 
win  the  evolutionary  race. 
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The  existence  of  potentially  diverse  cynipid  fauna  on  the  strictly  Asian  subgenus 
Cyclobalanopsis  (cycle  cup  oaks)  was  proposed  in  2007.  The  association  between  the  tribe 


Cynipini  (oak  gall  wasps)  and  Cyclobalanopsis  was  first  confirmed  by  the  description  of 
Plagiotrochus  masudai  in  Japan  in  2010.  Subsequently,  2  species  of  Plagiotrochus,  2  species  of 
Dryocosmus ,  8  species  of  Cycloneuroterus  and  2  species  of  Cyclocynips  have  also  been 
described  as  oak  gall  wasps  that  depend  on  this  plant  subgenus.  Except  for  Cyclocynips ,  since  the 
host  range  of  each  genus  is  not  strictly  confined  to  Cyclobalanopsis ,  host  plant  association  is 
considered  to  have  radiated  in  several  Cynipini  lineages. 

Until  2013,  Cynipini  species  associated  with  Cyclobalanopsis  were  only  known  from  Japan  and 
Taiwan,  but  in  2014  they  were  discovered  in  Indochina  and  China.  Together,  these  findings 
support  the  hypothesis  that  a  diverse  cynipid  fauna  exists  on  Cyclobalanopsis  throughout  Asia. 
Moreover,  Synergus  itoensis  was  described  as  an  acorn  gall-inducing  wasp  on  Quercus 
(' Cyclobalanopsis )  glaucain  Japan  in  2011. 

The  genus  Synergus  is  deeply  nested  in  the  inquiline  tribe  Synergini  and  its  monophyly  is 
supported.  Consequently,  it  appears  that  a  lineage  of  gall  inducers  including  S.  itoensis 
secondarily  reverted  from  being  inquilines  back  to  being  gall  inducers  within  Synergus , 
supporting  the  hypothesis  for  multiple  transitions  between  gall  inducers  and  inquilines.  Further 
investigations  into  the  biology  of  Synergini  may  reveal  more  gall  inducers  in  this  tribe. 
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Introduction:  While  insects  produce  the  most  diverse  and  complex  galls  found  in  nature,  how 
these  galls  are  formed  is  unknown.  Phytohormones  have  long  been  hypothesized  to  play  a  key 
role  in  gall  production,  but  their  exact  role,  and  how  they  influence  galls,  has  been  unclear.  To 
elucidate  the  role  of  phytohormones  during  gall  induction,  we  explored  dynamics  of  some  key 
plant  defense  hormones  in  goldenrod  ( Solidago  altissima )  being  attacked  by  the  caterpillar 


Gnorimoschema  gallaesolidaginis  and  wheat  ( Triticum  aestivum)  being  attacked  by  the  maggot 
of  Hessian  fly  Mayetiola  destructor. 

Methods:  By  collecting  plant  tissue  from  infested  and  uninfested  plants,  we  compared 
phytohormone  dynamics  during  gall  induction  of  G.  gallaesolidaginis  attacking  goldenrod  and 
M.  destructor  attacking  wheat.  From  galled  and  ungalled  tissue  and  the  insects  themselves,  we 
extracted  phytohormones,  including  jasmonic  acid,  salicylic  acid,  abscisic  acid,  auxin,  and 
associated  compounds,  and  measured  them  using  coupled  gas  chromatography  mass 
spectrometry. 

Results/Conclusion:  Both  the  lepidopteran  and  dipteran  induced  high  levels  of  indole-3 -acetic 
acid  and  fatty  acid  precursors  of  jasmonic  acid,  but  not  jasmonic  acid  itself  nor  salicylic  acid. 
From  galled  stems  of  both  plant  species,  we  also  detected  significant  negative  relationships 
between  IAA  and  JA  that  were  not  present  in  control  plants.  Our  results  suggest  that  both  insect 
species  may  induce  nutritionally  beneficial  changes  while  concomitantly  altering  phytohormone 
levels  to  facilitate  plant-defense  avoidance.  Combining  these  results  with  existing  literature,  we 
propose  a  general  model  of  how  changes  in  levels  of  defense  phytohormones  may  have 
facilitated  evolution  of  gall  induction  in  insects. 
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Gall  wasps  (Cynipidae)  display  some  of  the  most  peculiar  host  relations  among  all  phytophagous 
insects.  Like  other  gall  inducers,  they  are  highly  host  specific  and  host  preferences  are  strongly 
phylogenetically  conserved.  For  instance,  the  radiation  of  oak  gallers  includes  around  1,000 
species  exclusively  restricted  to  oaks  and  their  allies.  Occasionally,  however,  gall  wasps  have 
colonized  new  host  plant  lineages  that  are  unrelated  to  their  previous  hosts.  In  some  cases,  these 
shifts  have  been  to  plant  lineages  that  are  already  hosting  other  gall  wasps.  A  possible 


explanation  for  this  is  facultative  parasitism:  if  some  individuals  take  over  the  galls  of  others 
rather  than  inducing  galls  of  their  own,  shifts  to  unrelated  plant  lineages  hosting  gall  wasps  might 
be  facilitated.  Many  cynipid  species  specialize  in  taking  over  the  galls  of  other  species,  so-called 
inquilinism,  but  facultative  inquilinism  within  species  has  rarely  been  reported  and  it  is  unclear 
whether  it  is  widespread.  In  any  case,  the  occurrence  of  these  radical  host  shifts  indicates  that 
cynipid  gall  induction  exploits  very  conservative  plant  traits.  We  still  know  very  little  about  the 
origin  of  gall-inducing  cynipids,  due  to  the  difficulty  of  resolving  relationships  among  basal 
lineages  of  gall  wasps  and  their  parasitic  relatives.  However,  recent  studies  suggest  gall  inducers 
may  have  evolved  repeatedly  from  inquilines.  If  true,  this  may  facilitate  ongoing  comparative 
studies  aimed  at  identifying  the  genetic  basis  of  gall  induction  in  cynipids,  which  is  still  largely 
unknown. 
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Abstract  text: 

Introduction:  The  pollen  beetle  is  a  pernicious  pest  of  oilseed  rape  (OSR).  The  crop  is  vulnerable 
during  their  spring  migration  and  control  relies  heavily  on  synthetic  insecticides,  primarily 
pyrethroids  and  neonicotinoids.  Overuse  and  poor  timing  of  spray  applications  has  led  to  the 
development  of  pyrethroid-resistant  populations  of  beetles  throughout  Europe.  In  order  to 
optimise  insecticide  application  by  forecasting  beetle  migration  and  predicting  their  arrival  in  the 
crop,  current  tools  are  based  primarily  on  phenological  models  and  only  able  to  predict  beetle 
influxes  up  to  three  days  in  advance.  If  the  factors  that  influence  the  timing  and  scale  of  the 
spring  migration  are  better  understood,  predictions  can  be  improved  -  both  improving  accuracy 
and  increasing  time.  Suction-traps  are  a  possible  method  to  utilise,  however  their  facility  to 
predict  ground-level  data  is  yet  to  be  tested. 

Methods:  Migrating  pollen  beetles  were  sampled  between  2008  and  2015  using  12.2m  suction- 
traps,  which  cover  most  of  the  UK.  Contemporaneous  field-level  data  in  the  form  of  sticky-traps 
and  transect  counts  were  taken  from  OSR  fields  across  the  country  -  a  total  of  196  site-years. 


These  data  were  compared  through  weighted  multilinear  regression  and  mixed  models  to 
determine  the  relationship  between  the  sampling  methods  was,  and  at  what  distance  (spatially 
and  temporally)  that  relationship  is  maintained. 

Results/Conclusion:  The  results  indicate  the  potential  for  using  suction-trap  data  to  predict 
numbers  of  pollen  beetles  in  OSR  fields  and  for  long-term  monitoring  data  from  these  traps  to  be 
utilised  in  more  complex  models  of  pest  migration  biology. 
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Abstract  text: 

Introduction:  The  native  budworm,  Helicoverpa  punctigera  (Wallengren),  is  a  serious  pest  of 
cotton  and  many  other  field  crops  in  Australia.  Daisies  and  native  legumes  are  important  sources 
of  H.  punctigera  moths  in  the  semi-arid  regions  of  inland  Australia.  Early  studies  on  the  ecology 
of  H.  punctigera  in  inland  Australia  in  the  mid- 1980’s  to  mid-90’s  suggested  that  moths 
emerging  in  early  spring  from  the  inland  migrate  on  strong  north-westerly  winds  that  accompany 
the  passage  of  cold  fronts,  towards  the  cropping  areas  in  the  south  and  east  of  the  continent.  This 
spring  migration  has  been  considered  to  be  the  key  ecological  reason  why  this  species  has  not 
developed  resistance  to  insecticides.  However,  recent  resistance  monitoring  in  transgenic  cotton 
demonstrated  temporary  increases  in  the  frequency  of  alleles  conferring  resistance  to  the  Cry2Ab 
toxin  in  H.  punctigera. 

Methods:  Since  2009  we  continued  the  long-term  monitoring  of  H.  punctigera  populations  in 
south-western  Queensland,  and  recently,  in  inland  South  Australia,  through  a  network  of 
pheromone  traps  and  host  plant  and  larval  surveys,  to  determine  whether  the  spring  migration 
system  in  H.  punctigera  has  changed  and  what  factors  might  have  contributed  to  this  change. 


Results/Conclusion:  An  overview  of  the  population  dynamics  of  H.  punctigera  in  inland 
Australia  will  be  presented.  Our  pheromone  trapping  data  for  non-cropping  regions  in  inland 
Australia  contribute  to  a  forecasting  system  for  H.  punctigera  migration  to  south-eastern 
Australia  during  spring,  which  is  initiated  by  CESAR  Australia  in  collaboration  with  other 
organisations  providing  data  for  cropping  regions  in  eastern  Australia. 
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Abstract  text: 

Introduction:  Helicoverpa  punctigera  is  one  of  two  major  pest  Heliothine  moths  in  Australia, 
the  other  being  H.  armigera.  H.  punctigera  is  regarded  as  the  more  migratory  of  the  two  and  the 
best  adapted  to  the  variable  and  unpredictable  environment  of  rangeland  and  desert  regions  of 
inland  Australia.  It  breeds  during  winter  on  native  host  plants  and  migrates  to  cropping  areas 
further  east  and  south  during  the  spring.  There  are  three  main  habitats  that  support  winter 
breeding,  given  favourable  rains  in  the  autumn  and  winter  -  floodplains,  sandy  deserts  and 
Acacia  shrublands.  However,  following  the  Millenium  drought  (2000  -  2009)  migration  has  been 
much  reduced. 

Methods: To  determine  reasons  for  this  we  analysed  a  database  of  992  georeferenced  vegetation 
records  from  1989-2000  (pre-drought),  and  846  records  from  2009-2015  (post  drought).  These 
records  contained  information  on  host  plant  presence  and  were  matched  with  Landsat  EVI. 

Results/Conclusion:  Across  all  three  habitats  there  has  been  a  decline  in  the  abundance  of  good 
host  plants  for  H.  punctigera ,  especially  in  the  Asteraceae,  and  an  increase  in  unsuitable  host 
plants,  especially  grasses.  In  some  habitats  there  has  been  an  increase  in  legume  hosts,  especially 
Cullen  spp.,  but  these  hosts  are  uncommon  in  the  Acacia  shrublands.  The  latter  are  located 
between  the  more  distant  floodplains  and  deserts,  and  the  cropping  areas,  and  would  serve  as  a 


’’green  bridge”  in  spring  if  suitable  hosts  are  present.  We  hypothesise  that  the  lack  of 
immigration  in  recent  years  is  the  result  of  lasting  host  vegetation  changes  following  the 
Millenium  drought. 
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Abstract  text: 

Introduction:  During  night-time  insect  migration,  a  strongly  unimodal  distribution  of  flight 
headings  (termed  ‘common  orientation’)  is  often  observed.  This  orientation  has  been  reported  to 
be  mostly  downwind,  but  sometimes  crosswind,  upwind,  or  at  a  fixed  compass  bearing. 


However,  the  mechanisms  involved  have  remained  elusive.  It  has  been  suggested  that  the  flight 
orientation  of  some  medium-sized  insects  (10-70  mg)  is  a  response  to  the  environment  in  which 
they  fly  and  depends  on  the  turning  wind  direction  with  height,  the  Ekman  spiral,  which  is 
controlled  by  the  Coriolis  effect.  This  effect  should  cause  medium-sized  insects  migrating  in 
shear  layers  to  orient  to  the  left  of  the  mean  wind  direction  in  the  Southern  Hemisphere. 

Method:  To  investigate  this  theory,  we  study  the  flight  orientations  of  the  Australian  Plague 
locust  Chortoicetes  terminfera  (Walker)  (50-250  mg)  and  other  insect  categories.  The 
observations  are  from  a  seven-year  dataset  of  insect  flight  directions,  speeds  and  body 
orientations  derived  from  an  insect  monitoring  radar  located  at  Bourke  in  inland  Australia. 
Besides,  CSIRO’s  The  Air  Pollution  Model  (TAPM)  is  used  to  estimate  the  wind  speed  and 
direction  for  the  heights  at  which  insects  fly  over  the  radar  site. 

Results/Conclusion:  It  has  been  found  in  Australia  that  species  like  the  Australian  plague  locust 
fly  with  orientations  that  vary  with  changes  in  the  wind  direction.  Moreover,  in  contrast  to  the 
predictions  of  the  Coriolis  response  model,  their  orientations  show  a  strong  bias  towards  the  right 
of  the  mean  wind  direction,  which  is  especially  clear  in  summer  and  autumn  migrations. 
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Abstract  text: 

Introduction:  Many  migratory  moths  finish  their  long  distance  movement  after  several 
consecutive  nights,  but  little  is  known  of  how  many  nights  they  can  take.  It  is  vital  information 
for  predicting  their  migration  pathways  and  improving  understanding  of  insect  migration. 

Methods:  The  rice  leaf  roller  Cnaphalocrocis  medinalis  (Guenee)  moths  were  studied  by  tethered 
flight  experiment  and  trajectory  analysis  to  explore  their  flight  potential. 


Results/Conclusion:  Tethered  flight  experiments  showed  that  the  ovarian  development  of 
females  sped  up  rapidly  during  first  three  days’  flight  than  those  which  did  not  experience  flight. 
Based  on  10  years’  field  data  from  Nanning,  Guangxi  Autonomous  Region,  forward  trajectories 
showed  that  most  moths  arrived  in  their  suitable  breeding  area  after  three  days’  flight.  This  result 
suggests  that  this  moth  mostly  finishes  its  migration  in  three  days  to  adapt  to  the  geographic 
distribution  of  host  plant.  Accordingly,  they  developed  their  ovaries  in  three  days’  flight  to 
maximize  the  investment  and  benefit  in  reproduction. 
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Abstract  text: 

Introduction:  The  common  cutworm,  Spodoptera  litura ,  is  an  insect  pest  of  soybean.  A 
pheromone  trap  is  usually  used  to  monitor  S.  litura  adult  males,  but  the  trend  of  the  catch  number 
does  not  predict  following  occurrences  of  leaf  damage.  To  understand  the  catch  trend,  an 
entomological  radar  was  employed. 

Methods:  The  radar  was  a  vertical  looking  radar  to  monitor  moths.  The  radar  and  a  pheromone 
trap  were  placed  near  soybean  fields  in  western  Japan.  They  were  operated  from  April  to  October 
in  2014  and  2015.  Radar  targets  similar  to  S.  litura  were  extracted  among  all  the  targets,  using 
estimated  insect  size  and  shape  for  each  target.  Daily  precipitation  data  were  obtained  from  a 
weather  station  near  the  survey  site. 

Results:  Events  were  found  in  which  the  number  of  S.  litura- like  targets  and  the  insect  catch  in 
the  trap  concurrently  increased  in  both  survey  years.  Among  the  events,  several  ones  occurred 
under  windy  weather  conditions  by  typhoon.  When  it  rains,  the  radar  cannot  observe  flying 
targets  in  principle.  Events,  however,  were  found  in  which  the  insect  catch  increased  in  rainy 
days.  A  low  pressure  system  usually  causes  both  rainfalls  and  winds  at  the  same  time. 


Conclusion:  The  study,  therefore,  suggests  that  S.  litura  adult  males  in  western  Japan  actively 
disperse  using  winds  in  both  rainy  and  non-precipitation  days.  Regarding  leaf  damage,  the  new 
arrival  of  S.  litura  female  adults  revealed  by  a  radar  and  a  search  light  trap  might  be  focused  on 
in  a  future  work. 
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Abstract  text: 


Introduction:  The  Spur-throated  Locust,  Austracris  guttulosa  (Walker),  a  univoltine  tropical 
species  with  reproductive  diapause  adapted  to  the  monsoonal  climate  with  a  long  dry  season, 
does  not  appear  to  overwinter  south  of  30°  S  but  often  spreads  to  the  temperate  region  for 
breeding  in  spring.  The  sexually  immature  adults  often  form  swarms  and  cause  severe  damage  to 
crops  and  trees  in  the  tropical  region  of  northern  Australia,  but  whether  they  are  partially 
returned  from  the  south  is  not  clear. 

Methods:  The  radar  echo  signature  of  Spur-throated  Locust,  which  was  previously  defined  from 
confirmed  migration  events,  was  used  to  identify  migration  events  with  the  nightly  observations 
of  two  special  purpose-built  entomological  radars  in  the  subtropical  region  of  eastern  Australia 
during  2007  -  2015.  The  detected  migrations  were  evaluated  with  weather  data,  light-trap  and 
field  survey  results,  and  the  redistribution  of  adult  populations  was  also  examined. 

Results/Conclusion:  Only  a  dozen  en  masse  nocturnal  long-distance  migrations  of  A.  guttulosa 
were  registered  on  the  radars  in  the  past  decade.  However  they  were  in  both  southward  and 
northward  directions,  just  more  prominent  to  the  south  after  overwintering.  Light-traps  detected 
much  higher  frequency  of  population  movements,  especially  in  the  tropical  Queensland  during 
late  autumn  and  winter.  Survey  data  often  showed  the  redistribution  of  adult  populations  after 
winter  with  much  less  abundance  in  the  temperate  region  in  early  season.  The  results  suggested 
that  A.  gutulosa  might  conduct  round-trip  migration  in  eastern  Australia,  and  diurnal  short-range 
swarm  flights  at  low  level  might  contribute  significantly  to  the  population  redistribution. 
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Abstract  text: 

Introduction:  The  Desert  Locust  (Schistocerca  gregaria  Forskal  1775)  is  the  most  damaging  of 
migratory  pests  in  Africa  and  Asia.  The  Food  and  Agriculture  Organization  of  the  United 
Nations  (UN  FAO)  operates  a  global  early  warning  system  as  part  of  the  preventive  control 


strategy  to  reduce  the  duration,  intensity  and  frequency  of  locust  plagues  and  to  protect 
livelihoods  and  food  security  in  some  of  the  world’s  poorest  countries. 

Methods:  A  key  component  of  this  system  is  the  accurate  forecasting  of  the  location,  time  and 
scale  of  locust  breeding  and  migration.  A  number  of  techniques,  tools  and  products  are  utilized 
to  provide  sub  national-level  forecasts  to  affected  countries  and  the  international  community  up 
to  six  weeks  in  advance. 

Results/Conclusion:  Despite  significant  advances  in  remote  sensing,  communications  and  other 
technologies,  formidable  challenges  associated  with  climate  change,  incomplete  monitoring, 
insecurity  and  sustainability  impact  the  early  warning  system.  As  a  result,  Desert  Locust 
forecasting  can  be  considered  as  much  art  as  it  is  science.  This  paper  will  illustrate  some  major 
successes  and  highlight  areas  that  require  additional  efforts  and  collaboration. 
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Abstract  text: 

Introduction:  Aphids  transmit  some  300  plant  viruses  that  result  in  considerable  economic  loss 
within  the  agricultural  sector.  Viruses  in  the  Luteoviridae  are  obligately  transmitted  by  aphids  in 
a  persistent  manner  that  requires  virion  accumulation  in  the  aphid  hemocoel.  To  enter  the 
hemocoel,  the  virion  must  bind  and  traverse  the  aphid  gut  epithelium.  The  molecular 
mechanisms  involved  in  this  process  are  only  now  being  elucidated,  including  identification  of  a 
luteovirus  receptor  in  the  gut  of  the  pea  aphid  Acyrthosiphon  pisum  Harris. 

Methods:  In  this  talk,  the  development  of  two  novel  aphid  management  technologies  based  on 
knowledge  of  pea  aphid  -  Pea  enation  mosaic  virus  molecular  interactions  will  be  described.  The 
first  is  based  on  identification  of  a  peptide  that  binds  to  the  gut  epithelium  of  A.  pisum  and 


impedes  the  update  of  Pea  enation  mosaic  virus  from  the  pea  aphid  gut  into  the 
hemocoel.  Addition  of  this  peptide  to  Bacillus  thuringiens is -derived  toxins  results  in  enhanced 
binding,  and  associated  toxicity.  The  second  technology  is  based  on  the  ability  of  the  luteovirus 
coat  protein  (CP)  to  bind  the  gut  receptor  and  transcytose  across  the  epithelial  layer:  the 
luteovirus  CP  can  be  used  to  deliver  insect  toxins  active  within  the  insect  hemocoel.  Hence,  these 
two  technologies  provide  enhanced  delivery  of  both  gut  active  and  neurotoxic  peptides. 
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Abstract  text: 

Introduction:  Bacillus  thuringiensis  (Bt)  is  a  gram-positive,  spore  forming  bacterium  which  can 
produce  insecticidal  proteins  (Cry  and  Cyt  toxins)  during  its  sporulation  stage.  These  proteins 
show  specific  toxicity  against  wide  range  of  insect  pests  in  Lepidoptera,  Diptera,  Coleoptera,  and 
other  taxa.  In  this  research  we  screened  Bt  strains  and  toxin  genes  to  control  sucking  insects: 
small  brown  planthopper  ( Laodelphax  striatellus)  on  rice  and  mirid  bug  ( Apolygus  lucorum )  on 
cotton. 

Methods:  To  evaluate  the  Bt  protein  toxicity,  we  developed  a  bioassay  system  used  for  protein 
toxicity.  In  total,  69  B.  thuringiensis  strains  and  360  Bt  isolates  were  screened  against  L. 
striatellus  and  A.  lucorum,  respectively. 

Results/Conclusion:  Two  strains  highly  toxic  to  L.  striatellus  were  obtained  and  20  Bt  isolates 
were  confirmed  toxic  to  A.  lucorum  with  corrected  mortalities  exceeding  40%.  The  toxin  genes 
ST1  and  ST2  cloned  from  Bt  strain  IPPBI0TSUC1O12  were  shown  toxic  against  L.  striatellus 
and  Sogatella  furcifera  with  a  LC50  of  3.15  |ig/mL  and  2.14  |ig/mL;  the  toxin  gene  ST3  cloned 
from  IPPBI0TSUCC9F1  exhibited  toxicity  against  L.  striatellus  with  LC50  of  7.01  pg/mL.  The 
A.  lucorum  toxin  strains  were  confirmed  not  to  contain  the  A.  lucorum  specific  toxin  Cry51Aa 


and  contain  potentially  novel  insecticidal  genes.  Furthermore,  a  previous  cloned  ETX-MTX2 
protein  Cry  15Aa  was  found  toxic  to  A.  lucorum,  with  a  corrected  mortality  of  30.5%  at  a 
concentration  of  120  pg/mL. 
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Abstract  text: 

Introduction:  The  polydnavirus  gene  CpBV-CSTl  was  identified  from  the  Cotesia plutellae 
bracovirus  (CpBV)  and  its  protein  product  showed  significant  evidence  of  toxicity  in 
lepidopteran  insects.  This  study  prepared  a  transgenic  tobacco  by  inserting  CpBV-CSTl  into  the 
plant  genome. 

Methods:  The  transgenic  tobacco  was  self-fertilized  to  produce  the  second  generation  (Tl)  of 
transgenic  tobacco  plants.  Different  Tl  individuals  were  then  assessed  in  their  expression  of 
CpBV-CSTl. 

Results/Conclusion:  All  tested  Tl  individuals  contained  CpBV-CSTl  in  their  genomes.  However, 
there  was  significant  variation  among  Tl  individuals  in  CpBV-CSTl  expression  levels,  evident  in 
mRNA  and  protein  amounts.  Subsequent  bioassays  against  young  larvae  of  Spodoptera  exigua 
showed  high  mortalities  on  all  Tl  individuals,  but  the  speed-to-kill  varied,  reflecting  the 
variation  in  CpBV-CSTl  expression  levels.  The  insecticidal  activity  of  the  tobacco  was  partially 
explained  by  the  S.  exigua  larvae's  non-preference  of  the  transgenic  plants.  Larvae  fed  with  the 
transgenic  tobacco  leaves  also  exhibited  a  significant  decrease  in  protease  activity  in  the  midgut 
compared  to  control  larvae,  indicating  antibiosis  also  played  a  crucial  role  in  the  insecticidal 
activity.  Furthermore,  the  transgenic  tobacco  exhibited  resistance  to  other  tobacco-infesting 
insects,  Helicoverpa  assulta  and  Myzus  persicae.  These  results  suggest  a  practical  application  to 
generate  other  transgenic  crops  with  CpBV-CSTl  to  control  various  insect  pests. 
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Abstract  text: 

Introduction:  Parasitoid  wasps  compose  one  of  the  most  abundant  and  diverse  hymenopteran 
groups  on  earth,  and  are  invaluable  in  classical  and  augmentative  biological  control  of  various 
insect  pests.  However,  the  investigation  and  utilization  of  individual  venom  proteins  are  still 
quite  limited.  The  wasp  Pteromalus  puparum  is  a  pupal  endoparasitoid  of  a  number  of  butterflies 
including  the  small  cabbage  white  butterfly  ( Pieris  rapae),  an  agricultural  pest. 

Methods:  We  investigated  the  venom  composition  of  P.  puparum  by  a  combination  of 
transcriptomic  and  proteomic  approaches.  We  used  homology  studies  and  assay-guided 
fractionation  to  unravel  specific  functions  of  venom  proteins.  To  investigate  their  potential  for 
pest  control,  the  proteins  PpCRT,  PpPLPI  and  PpKTPI  were  fused  with  Galanthus  nivalis 
agglutinin  (GNA)  and  fed  to  P.  rapae  larvae. 

Results/Conclusion:  Seventy  venom  proteins  were  identified  from  P.  puparum.  The  majority  are 
enzymes  and  a  quarter  are  unknown  proteins.  One  venom  protein,  PpCRT,  was  demonstrated  to 
inhibit  the  host  cellular  immunity  by  supressing  immune-related  genes.  A  Pacifastin-like 
protease  inhibitor  (PpPLPI)  and  a  Kazal-type  protease  inhibitor  (PpKTPI)  both  inhibited  the  host 
PPO  activation  but  not  activated  PO.  A  venom-specific  splicing  isoform  of  serpin  (PpSPN)  was 
also  separated  and  identified.  PpSPN  inhibited  host  PPO  activation  by  forming  complexes  with 
host  hemolyph  proteinase  HP8  and  PAP1.  Furthermore,  GNA  fused  PpCRT,  PpPLPI  and 
PpKTPI  significantly  decreased  the  survival  rate  of  P.  rapae  larvae.  Considering  the  diversity 
and  complexity  of  parasitoid  venoms,  these  may  be  a  rich  untapped  source  for  the  discovery  of 
new  pest-resistance  genes,  and  have  a  broad  application  in  pest  control. 
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Abstract  text: 

Introduction:  Parasitic  wasps  (order:  Hymenoptera)  colonize  insect  hosts  and  subvert  host 
physiology  to  best  meet  the  nutritional  and  developmental  needs  of  the  wasp  progeny.  This  host 
regulation  process  is  mediated  by  a  number  of  molecular  factors,  encoded  by  the  wasp  and  its 
viral  symbionts,  which  target  host  immunity,  development  and  reproduction.  The  study  of  the 
mechanisms  underlying  host-parasitoid  interactions  mediated  by  virulence  factors  allows  the 
isolation  of  molecules  with  potential  insecticide  activity  and  the  identification  of  their  cognate 
molecular  targets,  which  can  be  disrupted  with  novel  biotechnologies  for  pest  control. 

Methods:  Here  we  present  two  recent  applications  in  this  research  area,  developed  in  our 
laboratory,  on  the  basis  of  previous  work  on  the  host-parasitoid  association  Heliothis  virescens- 
Toxoneuron  nigriceps.  We  used  a  gene  of  the  bracovirus  harbored  by  this  wasp  (TwBV), 
encoding  a  viral  ankyrin  protein  which  impairs  nutrient  absorption  in  the  midgut,  to  generate 
transgenic  plants,  which  proved  to  be  resistant  against  the  lepidopteran  pest  Spodoptera  littoralis. 
Moreover,  the  identification  of  a  host  immune  gene  targeted  by  TnBY  has  allowed  the 
development  of  an  RNAi  based  pest  control  strategy,  aiming  to  enhance  the  activity  of 
entomopathogens. 

Results/Conclusion:  We  demonstrated  that  the  induced  immunosuppression  significantly 
enhances  mortality  triggered  by  Bacillus  thuringiensis  and  its  toxins,  which  is  caused  by  the 
proliferation  of  bacteria  of  the  midgut  microbiota  entering  the  body  cavity  through  toxin- induced 
epithelial  lesions. 
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Abstract  text: 

Introduction:  Eukaryotic  initiation  factor  (elF)  4  plays  critical  roles  in  translational  regulation, 
including  mediation  of  recruitment  of  mRNAs  to  ribosomes  to  initiate  translation.  The  eIF4 
group  includes  eIF4A,  DEAD-box  ATPase,  and  ATP-dependent  RNA  helicase;  eIF4B,  an  RNA- 
binding  protein  that  enhances  the  helicase  activity  of  eIF4A;  eIF4E,  binding  to  the  m7GpppG  5’ 
terminal  ‘cap’  structure  of  mRNA;  eIF4H,  an  RNA-binding  protein  that  enhances  the  helicase 
activity  of  eIF4A  and  its  homologous  to  a  fragment  of  eIF4B;  and  eIF4-Gamma,  the  central 
organizing  protein  that  colocalizes  eIF4E,  eIF4A  and  RNA  in  the  48S  initiation  complex. 
Microplitis  bicoloratus  and  Spodoptera  litura  form  a  model  research  system  to  explore  the  role 
of  host  translation-inhibitory  factor  in  molecular  interaction  between  host  and  parasitoid. 

Methods:  Methods  included  transcriptome  analysis,  protein  detection,  and  RNA  secondary 
structure  IRES. 

Results/Conclusion:  Transcriptome  analysis  suggested  that  40S  RPSs  were  upregulated  in 
hemocytes  of  S.  litura  after  parasitization  by  M.  bicoloratus ,  which  carry  the  polydnavirus 
named  Microplitis  bicoloratus  braco virus  (MbBV).  In  contrast,  eIF4  complex  presented  a 
downregulation  in  a  different  extent.  Further,  the  protein  level  of  eIF4E  strongly  decreased 
depending  on  the  time  of  parasitism.  Likewise,  eIF4G  was  also  degraded  following  by  time 
course  of  development  of  parasitoid  larva  as  well  as  eIF4B.  Intriguingly,  the  mRNA  level  of 
eIF4A  was  no  significant  changes  in  different  tissues  of  host  S.  litura  and  the  protein  level  of 
hemocytes  parasitoid  by  wasp  M.  bicoloratus.  Meanwhile,  M.  bicoloratus  bracovirus  genes, 
Vank86,  PTP65,  PTP67,  PTP66,  and  HP1 15,  which  contain  an  IRES,  were  expressed  in  the  host 
hemocytes. 
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Introduction:  It  is  unclear  that  how  endoparasites  passively  evade  their  host’s  immune  reactions. 

Methods:  Hemomucin  gene  was  cloned  by  5 ’and  3’  RACE,  and  its  expression  was  analyzed  by 
western  blotting  and  immunohistochemistry.  Encapsulation  of  embryos  was  analyzed  after  they 
were  blocked  with  anti-McHem  serum,  treated  with  dsRNA  of  McHem  or  digested  with  O- 
glycosidase.  Recombinant  McHem  was  expressed  in  Hi5  with  Bac-to-Bac  Baculovirus 
Expression  System. 

Results/Conclusion:  Hemomucin  is  a  97  kDa  transmembrane  protein  containing  51  potential  O- 
glycosylation  sites  specifically  recognized  by  Arachis  hypogaea  lectin.  McHem  mRNA  is  highly 
expressed  in  eggs,  morulae  and  secondary  embryos  of  parasitoid  Macrocentrus  cingulum ,  and 
McHEM  protein  is  mainly  located  on  the  extraembryonic  membrane  of  embryos.  When 
secondary  embryos  of  M  cingulum  were  transplanted  into  naive  larvae  of  their  host,  Ostrinia 
furnacalis ,  the  embryos  proliferated  to  generate  dozens  of  embryos.  However,  more  than  90%  of 
these  embryos  were  encapsulated  by  host  hemocytes  after  blocking  with  anti-McHEM  serum. 
Similarly,  more  <AHEM  treated  embryos  were  encapsulated  by  host  hemocytes  after 
transplantation  compared  to  untreated  ones  (P<0.01).  Furthermore,  approximately  70%  of  the 
embryos  were  encapsulated  by  host  hemocytes  following  digestion  with  O-glycosidase,  which 
specifically  digests  (3-gal  (1— >3)  linkages  between  GalNAc  and  Ser/Thr  of  proteins.  Binding  of 
the  recombinant  O-glycosylated  McHEM  expressed  in  Hi5  to  Ni  beads  may  obviously  decrease 
the  encapsulation  of  beads,  however  the  McHEM  without  being  glycosylated  cannot  (RO.Ol). 
All  these  results  indicate  that  O-glycosylated  protein  McHEM  may  protect  embryos  from  being 
encapsulated  by  their  host  hemocytes  and  the  sugar  chains  on  it  play  an  important  role. 
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Abstract  text: 

Introduction:  Insect  pests  have  traditionally  been  controlled  with  chemical  insecticides. 
However,  the  evolution  of  insecticide  resistance  in  target  insects,  combined  with  the  revocation 
of  key  insecticides  due  to  adverse  effects  on  the  environment  and  human  health,  has  created  an 
unmet  demand  for  a  new  generation  of  environmentally-friendly  insect  control  methods. 

Methods:  Spider  venoms  are  arguably  the  most  complex  chemical  arsenals  in  the  natural  world. 
They  are  replete  with  disulfide-rich  peptides  that  incapacitate  insect  prey  by  targeting  ion 
channels  and  receptors  in  the  insect  nervous  system.  We  screened  a  diverse  panel  of  spider 
venoms  in  order  to  isolate  peptide  toxins  that  specifically  target  insects. 

Results/Conclusion:  We  isolated  several  families  of  peptide  toxins  that  selectively  kill  insects  of 
agronomic  importance.  All  of  these  toxins  contain  a  signature  structural  motif  known  as  an 
inhibitor  cystine  knot  that  provides  them  with  high  levels  of  chemical,  thermal  and  biological 
stability.  These  spider-venom  peptides  incapacitate  insects  by  targeting  either  presynaptic  ion 
channels  and/or  postsynaptic  receptors.  I  will  demonstrate  that  these  insecticidal  toxins  can  be 
employed  as  bioinsecticides  via  foliar  sprays  or  by  incorporation  of  peptide -toxin  genes  into 
crops  or  entomopathogens. 
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Abstract  text: 

Two  strategies  for  developing  novel  biopesticides  will  be  reviewed.  The  first  strategy  is  to  use 
recombinant  protein  technology  to  produce  modified  versions  of  naturally  occurring  insecticidal 
proteins,  such  as  spider  venom  toxins.  Technical  problems  with  this  approach,  such  as  poor 
biological  activity  of  the  recombinant  toxins  due  to  misfolding  and  incorrect  disulphide  bond 
formation  can  be  overcome  by  methods  such  as  the  use  of  a  eukaryotic  microorganism,  the  yeast 
Pichia  pastoris ,  as  an  expression  system.  Many  toxins  also  have  low  or  no  toxicity  when 
delivered  orally,  as  their  targets  are  inside  the  insect  body  cavity,  and  they  cannot  cross  the  gut 
epithelium  to  access  them.  This  problem  can  be  addressed  by  expressing  toxins  in  fusions  with 
suitable  “carrier”  proteins,  which  can  enhance  their  transport  into  the  insect  haemolymph  from 
the  gut  contents.  Plant  lectins,  such  as  Galanthus  nivalis  agglutinin  (GNA)  have  been  shown  to 
be  suitable  fusion  partners  which  both  enhance  transport  of  toxins,  and  improve  their 
functionality  as  recombinant  proteins.  Developments  of  these  insecticidal  fusion  proteins,  and 
their  potential  use  in  transgenic  plants,  will  be  discussed.A  second  strategy  to  develop  novel 
biopesticides  is  to  exploit  the  RNAi  effect  to  down-regulate  genes  in  the  pest  which  are  essential 
for  survival.  Results  demonstrate  insecticidal  activity  of  dsRNAs  have  been  very  variable,  with 
different  insect  species  showing  strongly  differing  RNAi  responses,  whether  dsRNA  is  delivered 
into  the  haemolymph,  or  by  feeding.  Factors  which  may  influence  the  efficacy  of  RNAi- 
mediated  insecticidal  activity,  such  as  stability  and  delivery  of  dsRNA,  will  be  discussed. 
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Abstract  text: 

Introduction:  Over  the  past  decade,  RNA  interference  (RNAi),  the  sequence-specific  suppression 
of  gene  expression  triggered  by  specific  dsRNA  molecules,  has  proven  to  be  a  very  promising 
strategy  in  crop  protection.  The  main  advantages  of  RNAi  are  its  selectivity,  as  well  as  the  lack 
of  persistence  in  and  damage  of  the  environment  as  a  whole. 

Results/Conclusions:  In  this  paper,  we  report  on  the  promising  results  against  pest  insects  such  as 
the  western  corn  rootworm,  Diabrotica  virgifera.  Successes  have  been  reported  against  other 
beetle  pests  as  Colorado  potato  beetle,  but  also  sucking  pest  insects,  such  as  Asian  citrus  psyllids 
and  mites.  In  addition,  a  number  of  challenges  will  be  discussed  that  need  to  be  addressed  to 
implement  RNAi  as  a  widely-used  pest  control  strategy.  One  of  these  challenges  is  a  variable 
efficiency.  While  some  insects  show  a  very  robust,  efficient  and  systemic  RNAi  response,  many 
others  show  a  limited  or  variable  RNAi  response.  Possible  causes  for  this  variability  in 
sensitivity  are  degradation  of  the  dsRNA  in  the  insect  body,  insufficient  uptake  into  the  cells, 
viral  interactions  or  problems  with  the  RNAi  machinery  in  the  cells. 
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Abstract  text: 

Introduction:  Voltage-gated  sodium  ion  channels  (VGSCs)  are  central  to  physiological  processes 
including  the  rising  phase  of  action  potentials  in  nerve,  muscle  and  endocrine  cells  (both  central 
and  peripheral).  Thus  they  are  major  targets  for  effective  insecticides.  The  high  specificity  of 
RNA  interference  (RNAi)  has  been  exploited  to  analyse  gene  function,  but  more  recently,  its 


potential  to  contribute  to  novel  strategies  for  selectively  controlling  agricultural  pests  has  been 
demonstrated. 

Methods:  The  current  study  evaluates  the  delivery  of  double-stranded  RNA  targeted  to  the 
sodium  ion  channel  paralytic  A  (Para)  gene  in  Tribolium  castaneum  as  a  viable  means  of 
controlling  this  important  insect  pest. 

Results/Conclusion:  Delivery  of  dsRNA  to  T.  castaneum  larvae  and  pupae  resulted  in  a  dose 
dependant  knockdown  in  the  expression  of  genes  encoding  VGSCs,  resulting  in  severe 
developmental  arrest  with  larval  mortalities.  Whilst  this  study  provides  insights  into  utilising 
RNAi  towards  VGSCs  to  control  insect  pests,  it  also  identifies  a  targetable  gene  for  the 
development  of  RNAi-based  approaches  delivered  via  transgenic  plants  or  bio-insecticides. 
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Abstract  text: 

Introduction:  Producing  specific  insecticides  is  one  of  the  major  challenges  to  protect  crops, 
livestock  and  humans  from  pest  insects  since  intensive  use  of  old  generation  insecticides  led  to 
serious  issues  regarding  environmental  degradation,  human  health  and  biodiversity.  Currently, 
the  most  widely  used  insecticides  discriminate  poorly  between  pest  and  beneficial  insects,  even 
without  considering  the  effect  of  sub-lethal  doses.  Most  of  these  insecticides  target  ion  channels 
or  receptors,  opening  the  road  to  molecular  and  biophysical  studies  that  could,  together  with  drug 
design,  be  one  of  the  solutions  to  the  design  of  new  classes  of  highly  specific  insecticides  with  a 
restricted  spectrum  of  action  on  a  given  class  of  ion  channels  for  a  given  insect  species,  therefore 
also  reducing  costs  for  research  and  development. 


The  honeybee  ( Apis  mellifera )  is  clearly  one  of  the  beneficial  insects  that  has  focused  the 
attention  of  a  large  audience  during  the  last  decade,  mainly  because  of  the  increasing  number  of 
cases  of  colony  loss  (called  colony  collapse  disorder)  of  unknown  causes.  A.  mellifera  is  highly 
sensitive  to  environmental  stressors,  and  therefore  constitutes  a  true  sentinel  of  the  environment. 

Methods:  We  have  identified  and  cloned  the  genes  targeted  by  Fipronil  in  A.  mellifera. 
Heterologous  expression  in  Xenopus  laevis  oocytes  has  been  used  to  characterize  the  biophysical 
properties  and  the  pharmacological  profiles  of  this  gene. 

Results/Conclusion:  Studies  of  this  gene  in  a  given  pest  will  thus  allow  the  set-up  of  new  in  vitro 
differential  screens  to  identify  specific  compounds  that  will  affect  one  species  but  not  another. 
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Abstract  text: 

The  technology  of  genetically-modified  crops  producing  toxin  proteins  derived  from  the  soil 
bacterium  Bacillus  thuringiensis ,  Bt  technology,  has  been  adopted  in  Brazil  in  the  commercial 
crops  of  corn,  cotton  and,  since  the  2014/2015  crop  season,  in  large  areas  of  soybean.  Farmers 
are  attracted  to  Bt  technology  for  their  convenience  in  yield  protection  and  reduced  need  for 
chemical  insecticides.  This  presentation  will  present  data  from  intensive  cropping  system  areas 
in  a  scenario  of  Bt  technology  in  corn,  cotton  and  soybean  landscape.  The  challenges  to 
establishing  a  new  platform  of  IPM  in  this  Bt  scenario  in  tropical  areas  and  its  compatibility  with 
Insect  Resistance  Management  (IRM)  principles  and  recommendations  will  be  discussed. 
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Abstract  text: 

Argentina  is  the  third  largest  producer  of  genetically  modified  (GM)  crops,  after  the  United 
States  of  America  and  Brazil.  Since  1998,  the  crops  containing  genes  from  Bacillus  thuringiensis 
(Bt)  that  express  insecticidal  proteins  to  control  specific  target  pests  have  been  commercially 
released  and  widely  adopted  because  of  their  high  efficacy  and  ease  of  use  for  producers  in 
Argentina.  Bt  corn  has  become  a  valuable  control  agent  for  Diatraea  saccharalis  (Lep.: 
Crambidae)  and  Spodoptera  frugiperda  (Lep.:  Noctuidae),  the  most  important  pests  of  this  crop. 
During  the  2012/13  field  season  in  northeast  San  Luis  province  (Argentina),  unexpected  damage 
produced  by  D.  saccharalis  on  MON  89034  x  MON  88017  and  TCI 507  were  found.  On  the 
other  hand,  in  the  2012/13  and  2013/14  field  seasons,  damage  caused  by  S.  frugiperda  in  several 
corn  hybrids  were  reported  in  different  regions  of  Argentina.  All  of  these  early  reports  motivated 
studies  to  confirm  the  resistance  and  to  design  a  mitigation  plan.  Preliminary  results  showed  that 
the  low  performance  of  the  MON  89034  and  TCI  507  based  technology  reported  in  San  Luis 
corresponds  to  a  significant  shift  in  the  susceptibility  of  D.  saccharalis  to  the  protein  Cry  1  A.  105 
and  Cry  IF  respectively.  Similar  studies  are  being  made  for  S.  frugiperda,  which  would  confirm 
that  this  species  is  significantly  less  sensitive  to  the  Cry  IF  protein.  The  implementation  of 
resistance  management  strategies  is  urgent  in  order  to  preserve  this  technology  as  well  as  the 
pyramided  events  with  Cry  1  A.  105  and  Cry  IF  proteins  in  Argentina. 
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Abstract  text: 

Insect  resistance  is  an  important  threat  to  the  durability  of  Bt  crops.  Since  insect  resistance  is  the 
result  of  evolutionary  processes,  this  makes  it  easy  to  think  about  as  a  purely  biological  problem. 
Yet,  the  act  of  insect  management,  guided  by  human  production  of  food  and  fiber,  drives  this 
biological  process,  so  the  problem  is  socio-economic  as  well  as  biological.  The  purpose  of  this 
presentation  is  to  explain  how  well-known  socio-economic  phenomena  create  barriers  to  insect 
resistance  management  (IRM)  and  to  highlight  important  considerations  for  knocking  down 
these  barriers.  The  first  key  message  is  that  insect,  weed,  and  disease  protection  is  increasingly 
becoming  inextricably  linked,  making  IRM  a  more  multi-  dimensional  problem.  The  second  key 
message  is  that  this  multi-dimensional  problem  requires  a  multi-faceted  approach  that  recognizes 
differences  among  farmers;  engages  the  regulatory,  academic,  extension,  seed  and  chemical 
supplier,  and  farmer  communities;  and  aligns  the  diverse  interests  of  the  members  of  these 
communities  with  a  common  goal  that  benefits  all  —  more  sustainable  crop  protection.  It  also 
requires  an  adaptive  approach  that  transitions  from  more  uniform  and  costly  standards  and 
incentives  that  can  be  effective  in  the  near-term  but  unsustainable  in  the  long-term,  to  more 
targeted  and  less  costly  approaches  that  are  more  sustainable  in  the  long-term. 
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Abstract  text: 

The  fall  armyworm  (FAW)  Spodoptera  frugiperda  (J.  E.  Smith)  is  one  of  the  main  pests  of  corn 
in  many  areas  of  the  American  continent.  FAW  larvae  are  extremely  voracious  and  cause  severe 
damage  to  crops.  Total  crop  losses  are  common  in  areas  of  high  insect  infestation,  including 
tropical  and  subtropical  areas  of  Latin  America.  Genetically  engineered  (GE)  corn  with  genes 
coding  for  Bt  toxins  protects  the  plants  against  the  attack  of  FAW,  and  it  has  been  adopted  for 
FAW  control  in  the  U.S.  and  some  countries  in  South  America.  However,  there  are  still  many 
countries  in  South  America,  Central  America  and  Mexico  in  North  America,  where  the  control  of 
this  insect  rely  heavily  on  conventional  insecticides  including  old  chemistries  such  as 
organophosphates  and  pyrethroids.  In  recent  years  severe  infestations  of  FAW  have  been 
observed  early  in  the  crop  season,  forcing  farmers  to  spray  more  times  than  usual.  In  some  cases 
more  than  six  pesticide  applications  per  field  season  are  performed  without  following  an 
established  IRM  plan.  Lack  of  correct  use  of  the  refuge  and  crop  rotations  in  Bt  crops,  and 
intense  selection  pressure  with  conventional  insectides  are  key  factors  that  may  lead  to  the 
adaptation  of  FAW  to  these  compounds.  In  this  presentation,  we  discuss  the  historical  and 
current  perspective  of  FAW  field  evolved  resistance  to  Bt  and  conventional  insecticides  in  the 
Americas  with  emphasis  in  countries  that  haven’t  adopted  GE  corn.  Other  important  factors 
including  host  pattern,  migration,  and  lack  of  farmers  trained  in  IPM  are  discussed  too. 
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Abstract  text: 

Introduction  Spodoptera  frugiperda ,  fall  armyworm,  is  the  most  important  pest  of  maize  in 
Brazil. 

Methods:  We  created  a  simulation  model  of  fall  armyworm  in  Brazilian  maize  and  tested  it 
against  historical  data  for  resistance  to  Cry  IF,  which  was  one  of  the  first  insecticidal  traits 
expressed  in  Brazilian  maize. 

Results:  This  validation  allowed  us  to  narrow  the  set  of  parameter  values  that  make  sense  for  this 
system.  We  then  explored  the  durability  of  insecticidal  maize  as  part  of  future  IPM  in  Brazil. 
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Abstract  text: 

Spodoptera  frugiperda ,  fall  army  worm  (FAW),  is  a  polyphagous  lepidopteran  pest  mostly 
associated  with  graminaceous  plants.  This  insect  is  considered  one  of  the  main  pests  of  maize 


throughout  the  Americas.  Many  bioecological  studies  have  already  been  developed,  but  the 
increased  use  of  genetically  engineered  crops  has  led  entomologists  to  face  new  issues.  For 
example,  the  requirement  of  refuges  to  reduce  population  resistance  development  to  Bt  proteins 
raised  questions  associated  with  pest  movement.  Although  migration  was  already  reported, 
within-  and  between-crop  movement  needed  to  be  better  evaluated.  Dye-marked  FAW  adults 
were  captured  ca.  800  m  away  from  the  release  site  in  maize  fields.  Current  insect  resistance 
management  (IRM)  programs  establish  that  such  a  distance  should  be  rigorously  adopted  and 
refuges  should  not  be  positioned  beyond  that  limit.  Larval  movement  was  also  evaluated.  Newly 
hatched  larvae  may  move  between  plants  before  even  starting  to  feed  on  maize.  This  movement 
is  density  dependent  and  may  be  considered  a  strong  force  to  reduce  intraspecific  competition 
and  cannibalism.  Such  movement  may  jeopardize  the  use  of  refuge  in  the  bag  (seed  mixture) 
strategy  in  Bt  maize.  Studies  on  natural  mortality  factors  suggested  that  abiotic  factors  are  very 
important  to  reduce  egg  masses,  but  cannibalism  is  a  key  factor  to  regulate  larval  population. 
Predators  and  parasitoids  are  not  as  important  as  abiotic  factors  in  the  FAW  population 
regulation.  Despite  this  progress,  a  better  understanding  of  FAW  population  development  and 
regulation  in  different  cropping  systems  scenarios  is  still  necessary  to  improve  IPM  (including 
IRM)  programs. 
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Abstract  text: 

INTRODUCTION:  Effectively  managing  insect  pest  populations  is  one  of  the  most  problematic 
factors  impacting  crop  yields  in  tropical  environments.  Despite  the  success  of  Bt  crops,  the 
potential  evolution  of  Bt  resistance  in  target  insect  pests  remains  a  threat.  The  first  commercial 
Bt  soybean  (MON  87701  x  MON  89788)  expressing  Cry  1  Ac  protein  was  recently  approved  for 
cultivation  in  Brazil  and  launched  in  crop  season  2013/14  as  a  promising  alternative  for  control 
of  the  main  lepidopteran  pests  of  soybean. 


METHODS:  To  ensure  the  longevity  of  this  technology,  a  comprehensive  IRM  program  was 
implemented  based  on  a  robust  resistance  risk  assessment  of  target  pests  including  population 
ecology,  baseline  susceptibility,  efficacy  studies  and  incorporation  of  IRM  stewardship  into 
commercial  activities.  High  dose  criteria  were  assessed  for  the  most  relevant  soybean  pests  and 
resistance  allele  frequencies  were  estimated.  Also,  appropriate  insect  management  in  refuge 
areas  has  been  evaluated. 

RESULTS:  Three  key  factors  that  favour  success  of  a  refuge  strategy  were  evaluated:  recessive 
inheritance  of  resistance,  low  resistance  allele  frequency  and  abundant  refuges  of  non-Bt  host 
plants  near  Bt  crops.  Product  attributes  of  MON  87701  x  MON  89788  soybean  and  the  main 
target  pests  are  likely  to  meet  the  first  two  of  these  three  criteria.  The  refuge  implementation  is 
the  last  key  component  of  a  successful  IRM  strategy  and  must  be  largely  adopted.  Educational 
and  marketing  campaigns  were  implemented  to  ensure  refuge  adoption.  Additionally,  the 
insecticide  management  in  refuge  areas  should  be  done  precisely  to  allow  the  survivorship  of 
significant  numbers  of  susceptible  insects. 
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Abstract  text: 

The  potential  for  insects  developing  resistance  to  Bt  crops  is  a  serious  threat  to  the  durability  of 
these  technologies.  The  genetically  modified  maize  expressing  Vip3Aa20  (event  MIR  162) 
insecticidal  protein  from  Bacillus  thuringiensis  (Berliner)  is  a  biotechnological  option  for  the 
control  of  Spodoptera  frugiperda  (J.E.  Smith)  and  other  Lepidopteran  pests  in  Brazil.  Due  to 
agricultural  practices,  climate  and  pest  biology,  controlling  Lepidopteran  pests  in  Brazil  with  Bt 
technologies  is  challenging.  In  this  talk,  I  will  discuss  IPM  and  IRM  practices  that  can  influence 
resistance  development  and  outline  best  management  practices  for  sustaining  the  durability  of 
MIR  162. 
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Abstract  text: 

Bt  maize  is  genetically-modified  using  genes  from  Bacillus  thuringiensis  to  express  Cry  proteins 
to  reduce  losses  from  key  pests.  After  senescence,  transgenic  plant  debris  from  Bt  maize  enters 
streams  by  wind  transport.  Invertebrates  are  common  in  streams,  contribute  to  the  decomposition 
of  plant  debris,  and  certain  species  are  closely  related  to  target  pests  of  Cry  proteins.  As  a 
consequence,  non-target  invertebrates  may  be  adversely  affected  by  exposure  to  Cry  proteins. 


We  studied  exposure  by  both  transport  of  plant  debris  and  persistence  of  Cry  proteins  in  the 
environment.  We  performed  research  on  the  effect  of  CrylAb  in  laboratory  or  field  studies,  and 
found  no  evidence  of  harm. 

However,  we  documented  persistence  of  the  newer  Cry2Ab2  for  12  weeks  in  streams, 
demonstrating  exposure  of  invertebrates  to  the  Cry  protein.  We  are  currently  identifmg  risks  of 
Bt  maize  to  streams  by  (1)  developing  a  Tier  1  approach  for  testing  hazard  effects  of  Cry 
proteins  on  individual  invertebrate  species  using  artificial  food  suitable  for  aquatic  invertebrates, 
and  (2)  employing  a  landscape  approach  for  measuring  effects  on  aquatic  communities  and 
ecosystem  processes,  by  comparing  Bt  versus  non-Bt  crop  debris  on  whole  running  water 
ecosystems  draining  cropland.  Our  research  has  shown  that  aquatic  invertebrates  are  exposed  to 
Cry  proteins  in  the  environment,  and  so  our  current  focus  is  on  assessment  of  direct  impacts  of 
Cry  proteins  fed  to  non-target  aquatic  organisms.  In  addition,  we  are  providing  a  rigorous, 
landscape-level  test  of  non-target  effects  of  Bt  versus  non-Bt  crop  debris  on  ecosystem  services 
in  running  waters. 
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Abstract  text: 

Introduction:  Regional  acidification  of  aquatic  habitats  has  caused  severe  reductions  in 
biodiversity.  Reduced  sulfur  dioxide  emissions  over  the  past  several  decades  have  resulted  in 
increased  pH  and  alkalinity  in  some  areas  of  North  America  and  Europe.  However,  biological 
recovery  has  lagged  behind  increases  in  lake  pH.  Many  recovering  lakes  remain  fishless  because 
of  low  colonization  rates  and,  therefore,  support  a  high  abundance  of  macroinvertebrate 
predators  that  may  have  a  large  impact  on  zooplankton  community  structure. 


Methods:  We  assessed  the  distribution  of  water  beetles  in  relation  to  pH  and  presence/absence  of 
fish  in  29  lakes  on  the  Canadian  Shield. 

Results/Conclusion:  We  found  that  water  beetle  assemblage  composition  was  not  related  to  pH. 
However,  the  occurrence  of  fish  was  significantly  negatively  correlated  with  water  beetle 
distribution,  particularly  for  the  predaceous  diving  beetle,  Graphoderus  liberus  Say.  Mesocosm 
experiments  in  Swan  Lake,  a  fishless  lake  recovering  from  acidification,  revealed  that  larval  G. 
liberus  can  reduce  total  zooplankton  abundance,  species  richness,  and  species  diversity.  The  high 
abundance  of  G.  liberus  in  the  absence  of  fish  and  the  impact  of  larval  G.  liberus  predation  on 
crustacean  zooplankton  in  Swan  Lake  suggest  that  biological  resistance  may  be  an  important 
impediment  to  the  recovery  of  aquatic  food  webs,  despite  increasing  pH. 
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Abstract  text: 

Introduction:  Over  fifty  years  of  research  on  freshwater  macro-invertebrates  has  been  driven 
largely  by  the  state  of  the  taxonomy  of  these  organisms.  Significant  advances  have  been  and 
continue  to  be  made  in  developing  ever  more  refined  keys  to  macro-invertebrate  groups  (e.g. 
Merritt  et  al.  2008,  4th  ed.,  An  Introduction  to  the  Aquatic  Insects  of  North  America).  When 
advances  in  macro-  invertebrate  ecological  research  is  restricted  by  the  level  of  detail  in 
identifications,  then  analysis  by  function  is  a  viable  alternative. 

Methods:  The  focus  on  function,  namely  adaptations  of  macro-invertebrates  to  habitats  and  the 
utilization  of  food  resources,  has  facilitated  ecological  evaluation  of  freshwater  ecosystems 
throughout  the  World.  This  classification  is  based  not  on  what  insects  eat,  but  how  they  obtain 
their  food.  These  categories  are  called  “functional  feeding  groups,”  as  the  name  implies, 
denoting  their  functional  role  when  describing  how  and  where  they  feed.  This  is  the  basis  for  the 
functional  feeding  group  (FFG)  method  that  was  initially  developed  in  the  early  1960s. 


Taxonomy  is  applied  only  to  the  level  of  detail  that  allows  assignment  to  one  of  five  functional 
feeding  group  categories:  detrital  shredders,  scrapers,  filtering  collectors,  gatherers,  and 
predators. 

Results/Conclusion:  I  will  discuss  how  each  of  these  functional  groups  interacts  to  make  up  the 
“living  stream.” 
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Abstract  text: 

Introduction:  One  great  challenge  in  teaching  insect  identification  is  to  provide  appropriate 
morphological  specimens  for  reference.  Preserved  material  is  degraded  by  use,  and  beginning 
students  often  cannot  learn  or  interpret  information  by  themselves  without  an  instructor 
presenting  the  specimen  in  a  certain  view,  with  a  particular  aspect  indicated.  Web-based  keys  are 
often  accompanied  by  images  to  assist  with  evaluating  contrasting  couplets  when  running 
through  keys,  but  these  do  not  replace  having  a  correctly  identified  specimen  under  the 
microscope  for  general  examination  while  learning. 

Methods:  To  address  these  issues,  we  present  a  digital  teaching  collection  based  on  gigapixel 
images.  This  technology  effectively  turns  any  computer  screen  into  a  microscope,  permits 
students  to  survey  specimens,  highlights  structures  of  diagnostic  significance  at  various 
taxonomic  levels,  and  provides  supporting  material  including  video  clips  and  interviews  with 
experts. 

Results/Conclusion:  We  demonstrate  using  Ephemeroptera,  Plecoptera,  and  Trichoptera  of  value 
to  water  quality  analysis. 
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Introduction:  Aquatic  beetles  are  relevant  to  biodiversity  studies  because  of  their  role  to  support 
aquatic  community  structure,  so  they  may  play  a  key  role  for  aquatic  habitat  conservation.  In 
Mexico,  there  are  583  described  species  of  aquatic  beetles  estimated.  Yet,  survery  work  is  still 
scarce,  so  most  states  lack  reliable  species  lists,  as  in  the  case  of  the  small  central  state  of 
Tlaxcala.  This  work  aims  to  record  the  species  present  in  three  study  sites,  two  lotic  and  one 
lentic,  and  describe  the  pattern  of  local  diversity  (alpha  diversity)  and  species  turnover  between 
sites  (beta  diversity),  as  well  as  to  depict  a  pattern  of  phenology  in  a  year  cycle. 

Methods:  Sampling  was  bimonthly  from  October  2014  through  August  2015,  under 
semiquantitave  and  qualitative  criteria,  using  a  dip  net  and  collecting  both,  larvae  and  adults. 

Results/Conclusion:  Partial  results  of  the  first  four  sample  periods  (Octobre  2014  -  July  2015) 
are  1,512  adult  specimens,  belonging  to  15  species  in  14  genera  and  six  families.  Elmidae 
( Microcylloepus  sp.)  and  Dryopidae  (Helichus  sp.)  are  recorded  for  the  first  time  in  the  state,  as 
well  as  Peltodytes  ovalis  (Haliplidae),  Berosus  pugnax  (Hydrophilidae),  Ilibius 
subaeneus ,  Rhantus  gutticollis ,  and  Rhantus  calidus  (Dytiscidae). 
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Introduction:  Emerald  ash  borer  (EAB),  Agrilus  planipennis  Fairmaire,  has  killed  millions  of  ash 
trees  (Fraxinus  spp.)  since  it  was  first  identified  in  North  America  in  2002,  propelling  this 
invader  to  the  forefront  of  natural  resources  issues.  Despite  the  prominence  of  this  problem, 
information  about  the  impact  of  widespread  ash  mortality  on  aquatic  ecosystems  is  scarce. 
Mortality  of  ash  trees  along  stream  corridors  can  result  in  canopy  light  gaps,  potentially  affecting 
primary  production,  food  webs  or  aquatic  invertebrate  communities.  We  hypothesized  that  the 
stream  metacommunity  would  undergo  a  functional  shift,  with  differential  coupled 
macroinvertebrate  and  microbial  community  response  occurring  directly  below  the  canopy  gaps 
and  downstream  from  the  gaps. 

Methods:  In  2015,  we  identified  riparian  plant  communities  and  canopy  gaps  associated  with 
dead  ash  trees  in  nine  headwater  streams  in  southern  Michigan.  Leaf  litter  and  communities  of 
aquatic  macroinvertebrates  and  microbes  were  sampled  upstream,  downstream  and  beneath  two 
light  gaps  per  stream  before,  during  and  after  autumnal  leaf  senescence.  The  internal  microbiome 
of  representative  macroinvertebrates  was  characterized  to  match  the  leaf  microbial  communities 
to  the  macroinvertebrates  that  feed  on  them. 

Results/Conclusion:  Preliminary  results  suggest  that  EAB-related  ash  mortality  may  facilitate 
shifts  in  riparian  plant  communities,  including  an  increase  in  the  invasive  species  Japanese 
barberry  ( Berberis  thunbergii).  Microhabitat  conditions  may  also  be  altered.  Root  wad  presence, 
which  serves  as  a  habitat  and  food  source  for  stream  insects,  was  significantly  decreased  beneath 
canopy  gaps.  These  changes  result  in  shifts  in  stream  biofilm  communities,  which  in  turn 
influence  insect  gut  microbiomes  and  life  history  traits. 
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Introduction:  Recruiting  and  retaining  members  are  crucial  activities  for  any  professional  society, 
but  never  more  so  than  when  trying  to  enhance  diversity  in  membership.  We  used  the 
membership  database  of  the  Entomological  Society  of  America  to  develop  a  model  to  analyze 
trends  in  the  various  membership  classes. 

Methods:  The  model  we  developed  was  built  on  stock-and-flow  structure  using  STELLA,  and 
based  on  a  life-table  approach  -  membership  classes  were  analogous  to  insect  life  stages,  and 
transitions  between  member  classes  were  similar  to  insect  development. 


Results/Conclusion:  Using  all  membership  data,  the  initial  model  showed  that  the  transition  from 
Early  Professional  Member  to  Full  Member  was  the  limiting  factor  determining  long-term  stable 
membership.  Analysis  of  data  for  the  transitions  of  male  and  female  early  professionals  to  full 
members  pointed  out  similar  patterns  for  transitions,  but  of  different  magnitudes  for  males  and 
females.  Similar  analyses  for  other  measures  of  diverse  membership  are  ongoing.  Greater 
emphasis  on  novel  efforts  to  retain  early  professional  members  should  result  in  greater 
membership  stability  and  retention  of  diverse  members  at  critical  times  in  their  career  trajectory. 
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Women  are  the  largest  visibly  recognizable  "minority"  in  the  sciences.  Efforts  to  increase  their 
numbers  in  the  pipeline  as  students,  in  the  workplace,  in  positions  of  authority  or  leadership,  and 
recognition  for  their  work  in  terms  of  awards  and  salary,  may  be  transferable  to  other  groups 
whose  diversity  we  try  to  encourage  and  promote.  There  are  unique  qualities  that  affect 
discussions  of  women,  such  as  their  ability  to  bear  children,  but  obvious  biology  aside: 
recognizing  and  resolving  issues  such  as  overt  and  implicit  bias,  ensuring  that  meetings  and 
workspaces  are  safe  and  free  of  harassment,  and  taking  proactive  steps  toward  recruitment  and 
retention  of  women  and  recognizing  their  contributions,  all  help  pave  the  way  for  encouraging 
and  sustaining  diversity  in  all  its  aspects. 
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Every  day  worldwide,  millions  of  persons  head  to  their  workplaces  and  strive  to  make  their  lives 
better.  That  is  how  humans  have  achieved  progress  over  the  long  term.  Some  are  entomologists. 
Entomologists  have  organized  into  many  diverse,  cooperative  teams  and  organizations  over  time 
because  the  problems  of  entomological  pest  management  and  research  largely  exceed  the 
capabilities  of  any  one  individual  to  solve.  Many  seek  interactions  with  a  variety  of  local  and 
international  colleagues  of  different  skills  and  backgrounds  to  foster  innovative  efforts. 
Individuals  of  different  genders,  races,  sexual  orientations,  cultural  and  social  backgrounds,  and 
physical  and  mental  abilities  have  contributed  significantly  to  scientific  progress,  but  societal 
barriers  have  led  to  the  underrepresentation  of  particular  stigmatized  groups  in  the  entomological 
community.  This  presentation  will  explore  the  past  and  present  status  of  an  underrepresented 
group,  scientists  with  disabilities,  and  consider  potential  avenues  to  leverage  skills  and 
innovations  that  researchers  overcoming  mobility  or  cognitive  barriers  have  developed 
cooperatively  with  colleagues  in  the  passionate  pursuit  of  progress. 
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As  much  of  the  world’s  population  rapidly  changes  to  embrace  a  more  global  concept  of 
inclusion,  shifting  the  dominant  male  paradigm  to  the  background,  there  has  been  increasing 
interest  in  looking  at  diversity  in  academia  and  the  workplace.  Although  laudable,  these  efforts 
too  often  focus  on  the  more  visible  signs  of  diversity  such  as  race  and  gender.  However,  no 
attitudes  have  changed  as  rapidly  in  recent  times  as  those  around  Lesbian,  Gay,  Bisexual  and 
Transgender  (LGBT).  Understanding  LGBT  needs  within  entomology  or  the  broader  sciences  is 
difficult  due  to  remaining  societal  stigmas,  the  lack  of  workplace  protections  in  most  countries, 
and  concern  over  losing  one’s  career.  Therefore,  precious  few  data  points  are  available  and  are 
based  on  self-disclosure  through  such  means  as  surveys.  Related  work  on  LGBT  within  the 
workplace/universities  shows  there  is  a  cost  in  hiding  your  true  identity  (i.e.,  not  being  "out"  or 
"out  of  the  closet")  and  not  engaging  fully  in  your  career.  Employees  who  were  not  out  in  the 
workplace  reported  less  satisfaction  with  their  jobs;  were  more  likely  to  leave;  and  reported 
feeling  tired,  unhappy  and  depressed.  Thus  the  closeted  employ ee/student  can  obviously  create  a 
retention  issue.  In  this  presentation,  we  will  review  the  current  landscape  for  LGBT,  examine 
LGBT  resources  available  and  also  provide  guidance  for  allies  in  support  of  LGBT  within  their 
universities  and  workplaces.  Increasing  support,  understanding,  and  cultural  change  will 
hopefully  clear  the  way  for  an  increase  in  LGBT  who  will  feel  comfortable  being  themselves  as 
entomologists. 
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Success  in  multi-national  organizations  must  be  more  than  the  sum  of  their  parts.  The  cost  and 
complexity  of  product  development  requires  collaboration,  respect  for  local  circumstances,  and 
inclusivity  to  succeed.  Organization  charts  show  an  authoritative  hierarchy  for  the  firm,  but  the 
reality  is  that  project  and  people  leaders  must  ensure  that  product  attributes,  use  instructions,  and 
positioning  are  designed  with  the  local  customer  in  mind.  Communication  styles,  working 
norms,  and  local  priorities  must  all  be  part  of  defining  an  effectively  inclusive  multi-national 
team  to  reach  consensus-based  decisions  and  effective  organizations. 
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As  globalization  makes  the  world’s  frontiers  effectively  smaller,  people  are  increasingly  exposed 
to  new  cultures.  Culture  shock  describes  the  impact  of  moving  from  a  familiar  culture  to  one  that 
is  unfamiliar.  It  includes  the  shock  of  a  new  environment,  meeting  new  people,  and  learning  the 
ways  of  a  new  country.  International  students  and  researchers  are  particularly  vulnerable  to 
culture  shock,  at  least  upon  arrival.  Despite  all  the  initial  challenges,  the  impacts  of  experiencing 
life  outside  one’s  home  country  are  undoubtedly  positive  and  rewarding.  Living  abroad  clearly 
influences  the  career  path,  world-view,  and  self-confidence  of  students  and  scholars.  Although 
culture  shock  is  a  normal  and  temporary  experience,  it  can  be  negative  and  frustrating  at  times. 
This  presentation  will  define  culture  shock  and  explain  the  four  well-defined  phases: 
honeymoon,  frustration,  adjustment,  and  acceptance.  Specific  examples  are  provided,  as  well  as 
insights  from  my  own  experiences  as  an  international  student  from  Brazil.  Some  guidelines  and 
suggestions  to  help  fellow  international  students  and  scholars  cope  with  cultural  shock  are 
discussed. 
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Introduction:  Diversity  has  been  a  recurring  theme  in  recent  years  in  many  scientific  disciplines 
with  strong  opinions  from  both  sides.  The  benefits  of  diversity  are  evident  in  the  literature: 
people  tend  to  be  better  prepared  and  work  harder  when  working  with  people  from  different 
backgrounds,  resulting  in  greater  innovation  and  productivity.  Diversity,  which  is  relatively  easy 
to  find  in  the  student  population,  becomes  less  evident  in  faculty  and  management  positions. 

Methods:  We  interviewed  people  from  a  wide  range  of  backgrounds  to  investigate  potential 
reasons  for  the  discrepancy  between  diversity  in  students  and  advanced  positions  in  entomology. 
Our  objectives  were  to  1)  determine  if  discrimination  played  a  role  in  minorities  leaving 
entomology  and  2)  develop  concrete  recommendations  for  the  Entomological  Society  of 
America  to  attract  and  retain  a  diverse  group  of  young  scientists. 


Results/Conclusion:  Minorities  were  more  likely  to  experience  discrimination  based  on  their 
gender,  race,  or  sexual  orientation  compared  to  non-minority  students  and  often  did  not  seek  help 
because  the  behavior  was  expected  or  they  believed  they  would  suffer  repercussions  for 
reporting  the  behavior.  Often  those  experiencing  discrimination  viewed  it  as  an  indicator  of 
ignorance  rather  than  malicious  intent.  It  is  important  to  educate  people  in  positions  of  influence 
and  power  about  how  their  behaviors  may  be  interpreted  by  minorities.  It  is  also  essential  that 
people  feeling  marginalized  are  given  the  tools  necessary  to  report  these  issues.  A  series  of 
training  exercises  with  incentives  to  attend  may  help  both  the  sufferers  and  the  perpetrators  of 
discriminatory  behavior. 
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It  is  appropriate  to  review  the  history  and  describe  the  status  quo  but  these  activities  alone  are  not 
enough  to  move  organizations  more  rapidly  toward  diversity  and  inclusion.  For  instance,  despite 
many  good  intentions,  some  estimate  at  the  current  rate  of  change  it  will  take  over  a  century  to 
achieve  global  gender  parity.  It  will  require  purposeful  action  to  improve  this  situation  and  it  is 
common  for  leaders  to  ask  what  practical  steps  they  can  take  to  develop  an  inclusive 
environment.  In  this  presentation,  some  inclusive  behaviors  will  be  illustrated  and  approaches  for 
employing  them  in  different  environments  discussed. 
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The  Entomological  Society  of  America  (ESA)  is  a  venerable  institution  with  its  roots  dating  back 
to  the  late  1800s.  Its  reach  and  membership  is  global  and  currently  numbers  more  than  7,000. 

The  ESA  Governing  Board  has  developed  and  adopted  a  mission  statement:  The  Entomological 
Society  of  America  promotes  opportunities  for  entomologists  and  enables  them  to  share  their 
science  globally.  In  keeping  with  this  mission  statement,  ESA  developed  and  adopted  strategic 
principles  that  include  a  social  responsibility  to  develop  all  of  its  members,  recognition  of  the 
global  significance  of  the  science  of  entomology,  and  the  profession’s  need  to  reach  its  full 
potential  by  expanding  its  influence  in  society.  To  achieve  the  mission  statement  and  in  support 
of  its  principles,  ESA  realizes  the  importance  and  need  to  embrace  diversity  and  all  its 
components,  which  are  the  fabric  and  makeup  of  the  membership.  At  the  2015  ESA  annual 
meeting,  the  Diversity  and  Inclusion  Committee  was  established  and  charged  with  further 
flushing  out  the  details  and  tactics  to  achieve  the  mission  and  strategic  principles.  The  thirteen- 
member  committee  has  met  in  person  and  has  had  several  conference  calls  to  develop  a 
statement  and  parameters/outcomes  that  promote  and  foster  diversity  and  inclusion  among  ESA 
membership  and  staff.  During  my  presentation,  I  will  review  existing  diversity  data  on 
membership,  some  details  on  committee  deliberations,  planned  future  surveys,  and  several 
parameters/outcomes  to  increase  diversity  and  inclusion  over  the  next  several  years. 
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Introduction:  Many  insect  species  display  warning  signals,  such  as  striking  coloration, 
advertising  their  unpalatability,  because  predators  are  able  to  learn  to  associate  warning  signals 
with  distastefulness.  The  reduced  predation  risk  experienced  by  individuals  carrying  a  known 
warning  signal  favours  evolutionary  convergences  of  warning  signals  among  co-existing 
defended  species.  Mimicry  rings  formed  by  defended  species  sharing  a  common  warning  signal 
then  share  burden  of  predators’  learning.  However,  variations  in  levels  of  chemical  defences 
within  mimicry  rings  are  probably  widespread  and  can  influence  the  evolution  of  mimetic 
communities. 

Methods:  Here  we  studied  individual  variations  in  chemical  defences  in  eight  co-existing  species 
from  the  butterfly  genus  Heliconius, that  belong  to  four  different  mimicry  rings. 

Results/Conclusion:  We  quantified  cyanogenic  glucosides  (CG)  concentration  and  reported  large 
variations  within  and  among  sympatric  Heliconius  species.  Females  showed  a  higher  CG 
concentration  than  males,  probably  because  the  higher  predictability  of  their  behaviour  increases 
their  predation  risk.  Species  belonging  to  abundant  mimicry  rings  generally  exhibited  lower  CG 
concentration  suggesting  a  relaxed  selection  on  chemical  protection.  We  highlight  the  influence 
of  behaviour  and  ecology  on  the  evolution  of  chemical  defences  in  mimetic  species  and  also 
discuss  the  consequences  of  the  observed  variations  on  the  dynamics  of  mimetic  communities. 
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Abstract  text: 

The  nymphalid  butterfly  tribe  Ithomiini  contains  approximately  370  species  in  humid  forests 
throughout  the  Neotropical  region,  from  sea  level  to  nearly  3000  m  elevation.  Adult  ithomiines 
are  common  and  conspicuous  members  of  understorey  butterfly  communities,  and  up  to  55 
species  can  co-occur  in  the  most  diverse  communities  in  the  western  Amazon.  All  adult 
ithomiines  are  regarded  as  unpalatable  and  warningly  colored,  and  they  engage  in  some  of  the 
most  remarkable  examples  of  Mullerian  mimicry  known,  forming  mimicry  'rings'  of  dozens  of 
species.  Interestingly,  however,  most  communities  contain  multiple  mimicry  rings,  and  the 
question  as  to  what  maintains  such  mimicry  diversity  in  the  face  of  strong  stabilizing  selection 
one  that  is  relevant  to  understanding  niche  diversity  in  general.  I  discuss  the  hypothesis  that 
different  mimicry  patterns  are  associated  with  distinct  microhabitats,  which  contain  particular 
resources  and  predators,  and  thus  mimetic  patterns  can  be  seen  as  key  adaptations  associated 
with  multiple  niche  dimensions.  A  greater  diversity  of  mimicry  patterns  may  thus  permit  more 
species  to  coexist,  and  help  explain  geographic  patterns  of  community  diversity.  To  explore 
these  ideas  further  I  develop  a  classification  of  mimicry  patterns  in  the  Ithomiini,  and  examine 
how  spatial  patterns  of  diversity  in  mimicry  are  associated  with  spatial  patterns  in  diversity  of 
ithomiine  species  throughout  the  Neotropics. 
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Abstract  text: 

Animal  visual  signals  serve  multiple  functions,  including  mate  attraction  and  protection  from 
predators.  In  toxic  passion-vine  Heliconius  butterflies,  vivid  wing  color  patterns  serve  as  an 
aposematic  signal  to  warn  predators  of  their  unprofitability,  and  these  same  signals  are  used  to 


attract  mates.  The  butterfly  wings  also  contain  ultraviolet  (UV)  and  fluorescent  components. 
Although  work  has  been  done  on  UV  signaling  in  butterflies  with  respect  to  mate  preference,  it  is 
unclear  whether  UV  could  serve  as  an  aposematic  signal.  Furthermore,  despite  our  knowledge 
that  many  butterfly  species  contain  fluorescent  wing  pigments,  it  remains  unknown  whether 
naturally  occurring  fluorescence  in  butterflies  acts  as  a  visual  signal,  or  is  just  a  byproduct  of  the 
pigment.  We  found  that  in  natural  settings  avian  predators  are  unable  to  distinguish  between  the 
presence  and  absence  of  UV  and  fluorescence  in  butterfly  prey,  ruling  out  the  possibility  that 
these  features  could  act  as  aposematic  signals.  However  we  found  that  butterflies  use 
fluorescence,  in  addition  to  UV,  as  a  visual  signal  for  conspecific  recognition  and  that 
fluorescence  enhances  color  signals  under  low-light  conditions.  These  results  not  only  suggest  a 
new  adaptive  function  for  fluorescence  in  butterflies  (and  potentially  insects  in  general),  but  also 
support  that  UV  and  fluorescing  properties  in  Heliconius  wings  may  act  as  an  exclusive  channel 
for  communication  between  these  butterflies.  Our  findings  provide  insight  on  the  diversity  of 
inter-  and  intra-specific  visual  signals  in  animals  and  how  certain  signals  may  be  more  successful 
under  variable  environmental  conditions. 
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Abstract  text: 

Many  toxic  animals  have  bright  warning  colors  to  deter  predators  such  as  birds  and  lizards.  Often 
a  group  of  unrelated  species  mimic  one  another  by  sharing  a  single  defensive  pattern.  For  insects 
such  as  butterflies  that  use  wing  patterns  to  recognize  their  own  species,  especially  when  they  are 
choosing  mates,  mimics  of  different  species  might  be  confusing.  We  have  found  that  the  color 
vision  of  toxic  passion  vine  or  Heliconius  butterflies  are  able  to  distinguish  the  Heliconius 
yellow  wing  pigments  from  those  of  their  mimics,  whereas  the  two  types  of  yellow  pigment 
produce  colors  that  are  indistinguishable  for  bird  color  vision.  We  will  present  the  molecular, 
anatomical  and  physiological  basis  for  the  evolution  of  enhanced  color  vision  in  Heliconius 
butterflies. 
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Abstract  text: 

Fisher’s  principle  famously  explains  the  prevalence  of  unified  sex-ratios  according  to  the  fitness 
payoff  of  producing  sons-versus-daughters.  Most  taxa  conform  to  this  ratio,  but  departures  may 
be  engendered  by  the  action  of  selfish  genetic  elements.  In  insects,  these  encompass  maternally- 
inherited  endosymbionts  capable  of  killing  or  feminizing  male  genotypes.  While  potentially 
beneficial  for  endosymbionts,  such  effects  are  maladaptive  for  hosts.  This  divergence  in  selfish 
genetic  interests  can  generate  intriguing  evolutionary  “arms  races”,  ultimately  expressed  as  a 
battle  over  host  sex  ratio. 

Eurema  butterflies  present  a  classic  model  for  how  endosymbionts  achieve  sex  biases  via 
feminizing  genetic  male  hosts.  In  Japanese  E.  hecabe ,  the  bacterium  Wolbachia  manipulates 
male  (ZZ)  genotypes  to  develop  female  phenotypes.  These  “neo-females”  can  then  mate  and 
subsequently  produce  100%  daughters.  Here  we  outline  the  gender  consequence  of  Wolbachia  in 
a  larger  Australian  E.  hecabe  population.  Data  comprising  >10,000  individuals  indicate  smooth 
oscillation  in  population  sex  ratio  from  female-bias  (2008)  to  male-bias  (2012)  and  back  to  unity 
(2015).  This  is  driven  by  a  tension  between  the  incidence  of  female-versus-male-biased  broods. 
Whereas  molecular  assays  and  antibiotic  experiments  implicate  Wolbachia  as  the  agent  of 
female-bias,  male-biases  may  indicate  either  adaptive  host  resistance  or  son  overproduction.  An 
extensive  pedigree  experiment  in  2015  reveals  the  true  complexity  of  gender  dynamics  in  this 
population.  The  data  suggest  subversion  of  conventional  genetic  sex  determination,  hinting  at  a 
polygenic,  potentially  autosomal  basis  of  interaction  with  Wolbachia.  We  explore  the 
evolutionary  dynamics  of  this  interaction  and  discuss  the  consequences  of  sex-distortion  for 
sexually  antagonistic  evolution. 
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Abstract  text: 

Mimicry,  where  one  species  resembles  another  due  to  selective  benefits,  is  studied  as  a  pinnacle 
of  natural  selection.  However,  recently  cases  and  causes  of  imperfect  mimicry  have  become  of 
interest  in  examining  the  constraints  on  natural  selection.  Recent  papers  have  proposed  relaxed 
selection  on  small  bodied  mimics  and  relaxed  selection  on  diverse  communities  as  possibly 
important  causes  of  imperfect  mimicry  in  velvet  ants  and  hoverflies.  Here  I  investigate  the 
relationship  between  body  size,  community  diversity  and  signaling  strategy  in  a  group  of 
mimetic  Neotropical  butterflies,  the  ithomiines.  I  did  not  find  a  relationship  between  community 
diversity  in  color  pattern  or  species  diversity  and  mimetic  fidelity,  a  measurement  of  the 
goodness  of  mimicry.  I  do  find  a  relationship  between  body  size  and  mimetic  fidelity.  However, 
because  that  relationship  is  found  only  across  color  patterns  and  not  within  color  patterns,  I 
propose  an  additional  theory  that  aposematic  signal  as  opposed  to  mimetic  fidelity,  is  related  to 
body  size.  I  present  evidence  that  in  clearwinged  ithomiines,  which  are  mimetic  but  not 
aposematic,  are  smaller  and  more  mimetically  faithful. 
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Abstract  text: 

Morpho  helenor  narcissus  from  the  Caribbean  slope  is  all  blue  with  black  margins  while  M. 
helenor  marinita  from  central  and  south  pacific  slope  is  all  brown  except  by  a  blue  patch  on  sub 
marginal  anterior  wigs.  Laboratory  experiments  are  being  conducted  to  characterize  the 
hybrids.  The  early  stages  of  M.  h.  marinita  were  described  for  the  first  time  and  compared  with 
those  of  M.  h.  narcissus.  Additionally,  hybridization  was  experimentally  verified:  a  virgin  female 
of  M.  h.  narcissus  was  allowed  to  breed  with  a  male  M.  h.  marinita  yielding  21  hybrids  were 
obtained  and  a  virgin  female  of  M.  h.  marinita  allowed  to  breed  with  a  male  M.  h.  narcissus 
yielding  81  hybrids.  Three  different  phenotypes  are  observed  in  hybrid  offspring:  all  M.  h. 
marinita ,  all  M.  h.  narcissus ,  and  half  and  a  half  of  each.  In  the  pairing  of  female  M.h.  narcissus 
with  male  M.  h.  marinita  the  offspring  consisted  of  14  males,  13  of  them  half  and  a  half  and  1 
completely  M.  h  narcissus ,  7  females:  5  completely  M.  h.  marinita  and  2  completely  M.  h. 
narcissus.  In  the  pairing  of  female  M.  h.  marinita  with  male  M.  h  narcissus  56  males  were 
obtained,  46  half  and  a  half  and  10  completely  M.  h.  narcissus ,  from  the  25  females  obtained,  15 
were  half  and  a  half,  4  M.  h.  marinita  and  6  completely  M.  h.  narcissus.  Evidence  of 
hybridization  is  presented  here,  and  this  process  could,  in  long  term,  lead  to  the  loss  of  genetic 
diversity. 
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Abstract  text: 

The  hallmark  of  life  on  earth  is  morphological  diversity,  which  is  often  represented  in 
spectacular  sexually  dimorphic  and  polymorphic  phenotypes  across  species.  I  will  address 
ecological  pressures  and  biogeographic  processes  that  shape  the  evolution  of  species  and 
morphological  diversity  with  two  stories  of  the  iconic  Papilio  swallowtail  butterflies.  First,  I  will 
show  how  the  radiation  of  Papilio  in  the  geologically  complex  Indo-Australian  Region  is 
characterized  largely  by  reproductive  isolation  and  speciation  as  a  function  of  biogeographic 
separation.  Second,  I  will  demonstrate  using  a  phylogenetic  framework  and  likelihood  ancestral 
trait  reconstruction  how  Batesian  mimicry  has  driven  wing  pattern  diversification,  sexual 
dimorphism  and  polymorphism  in  Papilio.  I  will  show  that  frequency  dependent  natural 
selection  (predation)  and  sex-specific  advantages  of  mimicry  appear  to  have  driven  most  of  the 
wing  pattern  diversification  in  Papilio ,  not  sexual  selection  as  traditionally  believed.  These  two 
approaches  of  studying  speciation  in  the  context  of  biogeography,  and  wing  pattern  evolution  in 
the  context  of  ecological  opportunities,  have  provided  deeper  insights  into  how  speciation  and 
morphological  diversification  interact  to  produce  diversification  in  tropical  radiations. 
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Abstract  text: 

A  major  goal  of  evolutionary  biology  is  to  identify  the  genetic  changes  underlying  adaptation 
and  population  divergence.  Heliconius  butterflies  are  well  known  for  their  striking  warning 
patterns.  Because  wing  colour  patterns  are  also  used  as  mating  cues,  mimetic  shifts  can  cause 
both  pre-  and  post-mating  isolation.  A  long  tradition  of  crossing  experiments  between  mimetic 
forms  has  shown  that  major  colour-pattern  elements  are  controlled  by  just  a  handful  of 
Mendelian  loci.  Further  modularity  is  revealed  by  analyses  of  genome  sequence  data  from  across 


17  species  which  identify  narrow  regions  associated  with  two  distinct  red  colour  pattern 
elements,  dennis  and  ray.  We  hypothesise  that  these  modules  in  non-coding  sequence  represent 
distinct  czs-regulatory  loci  that  control  expression  of  the  transcription  factor  Optix,  which  in  turn 
controls  red  pattern  variation  across  Heliconius.  Behavioural  analyses  of  crosses  between  two 
sympatric  species  with  divergent  colour  patterns,  H.  cydno  and  H.  melpomene ,  reveal  that  at  least 
three  QTL  of  major  effect  influence  complex  behavioural  decisions  that  contribute  to 
reproductive  isolation  between  these  sympatric  species.  Of  these,  one  influences  attraction  to  the 
white  wing  patterns  of  H.  cydno ,  whilst  the  other  two  are  associated  with  attraction  to  the  red 
patterns  of  H.  melpomene.  This  represents  the  first  behavioural  study  in  Heliconius  to  robustly 
consider  genetic  effects  across  the  entire  genome.  In  addition,  because  different  loci  influence 
the  degree  of  attraction  to  white  females,  and  others  the  attraction  to  red  females,  these  results 
suggest  a  modularity  underlying  visual  mate  recognition,  paralleled  by  that  underlying  the 
corresponding  wing  pattern  cues. 
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Abstract  text: 

Classical  view  on  protective  coloration  assumes  that  unpalatable  butterflies  often  exhibit  bright 
and/or  contrasting  colors,  a  phenomenon  referred  to  as  aposematism  or  warning  coloration, 
whereas  palatable  ones  tend  to  be  cryptic.  However,  many  palatable  butterflies  also  exhibit 
bright  and/or  contrasting  colors.  Here  I  argue  that  butterflies  may  utilize  a  variety  of  escape 
tactics  against  insectivorous  birds  and  show  evidence  that  birds  do  recognize  and  avoid  attacking 
butterflies  that  have  a  high  probability  of  escaping.  I  suggest  that  signaling  escaping  ability  to 
predators  is  a  widespread  phenomenon  in  butterflies  and  this  ability  may  not  be  limited  to 
palatable  butterflies.  The  possibility  that  both  palatable  and  unpalatable  butterflies  use  bright 
colors  to  signal  escaping  ability  to  predators  has  not  been  fully  explored,  but  helps  explain  the 
existence  of  aposematic  coloration  and  escape  mimicry  in  butterflies  lacking  defensive  chemicals 


and  may  change  the  role  that  Mullerian  and  Batesian  mimics  play  in  a  variety  of  classical 
mimicry  rings,  thus  opening  new  perspectives  in  the  evolution  of  mimicry  in  butterflies. 
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Abstract  text: 

A  striking  pattern  in  lowland  Neotropical  insect  communities  is  the  presence  of  interspecific 
mimicry.  Species  in  these  “mimicry  complexes”  can  exhibit  extremely  similar  color  patterns 
between  both  protected  and  unprotected  species,  yet  predators  also  use  other  signal  components 
in  evaluating  prey,  such  as  body  size,  shape  and  movements.  To  test  whether  mimetic  species 
have  converged  in  a  suite  of  signal  components  other  than  color  pattern,  I  measured  morphology 
and  flight  kinematics  in  a  single  diverse  mimetic  community  comprising  58  species  in  the 
Amazon  basin.  Data  for  males  of  46  species  and  females  of  49  species  were  analyzed  using 
multivariate  statistics  as  well  as  phylogenetic  comparative  methods.  Overall,  I  found  strong 
evidence  for  convergence  among  co-mimics  in  body  size,  body  shape  and  flight 
kinematics.  Three  regions  of  multivariate  trait  space  were  identified  for  both  morphology  and 
kinematics.  The  presence  of  a  suite  of  convergent  signal  components  involved  in  mimetic 
resemblance  represents  a  potential  constraint  on  diversification  in  color  pattern 
mimicry.  Increased  signal  complexity  implies  that  to  be  protected  by  a  local  mimicry  complex,  a 
novel  color  pattern  must  resemble  its  co-mimics  in  morphology  and  kinematics  as  well  as  color 
pattern,  thereby  limiting  the  potential  number  of  adaptive  warning  patterns. 
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Abstract  text: 

Introduction:  Although  domesticated  crops  form  the  foundation  of  our  modern  food  system, 
relatively  little  is  known  on  how  domestication  shapes  interactions  among  plants,  endemic 
herbivores,  and  their  natural  enemies. 

Methods:  A  major  challenge  in  identifying  the  specific  role  of  domestication  is  that  few  studies 
explicitly  account  for  geography,  species  histories,  and  genotype  by  environment  interactions. 
We  examined  the  literature  to  determine  whether  there  are  trends  in  how  crop  domestication 
affects  naturally-selected  species  interactions  by  reviewing:  1)  tritrophic  interaction  studies 
examining  a  domestication  gradient  that  explicitly  accounted  for  the  geographic  origins  of  all 
interacting  species,  and  2)  more  generalized  tritrophic  interaction  studies  across  natural  and 
cultivated  systems. 


Results/Conclusion:  We  found  that  crop  domestication  has  frequently  reduced  plant  secondary 
metabolites,  resulting  in  improved  herbivore  performance.  Across  wild  and  cultivated  systems, 
insect  herbivores  appear  to  be  more  abundant  on  larger  plant  structures,  but  more  studies  are 
needed  to  confirm  this  along  domestication  gradients.  Selection  for  physical  traits  may  disrupt 
natural  enemy  activity  more  often  than  reductions  in  plant  secondary  compounds.  More  studies 
are  urgently  needed  to  resolve  the  direct  effects  of  domestication  on  natural  enemies  and  the 
resultant  natural  enemy-herbivore  interactions.  Given  that  insect  herbivores  appear  to  benefit 
from  directional  selection  on  a  wide  range  of  traits  favored  by  humans,  it  is  important  to  examine 
how  much  breeding  can  contribute  to  sustainable  pest  management. 
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Abstract  text: 

Introduction:  Blueberries  are  a  crop  native  to  the  northeast  U.S.  that  have  been  domesticated  for 
approximately  100  years.  During  the  breeding  process,  commercial  blueberries  were  selected  for 
several  agronomic  traits,  but  most  importantly  for  large  fruit  size  and  high  yields.  In  the  present 
study,  we  investigated  the  susceptibility  of  wild  and  cultivated  blueberries  to  the  invasive  fruit 
fly  spotted  wing  drosophila,  Drosophila  suzukii. 

Methods:  From  June-August  (2014-2015),  fruit  from  one  wild  and  one  cultivated  population 
(‘Duke’,  an  early  variety,  or  ‘Bluecrop’,  a  mid-season  variety)  of  blueberries  were  sampled  from 
each  of  12  different  sites  in  New  Jersey,  U.S..  Fruit  was  evaluated  for  number  of  D.  suzukii  eggs 
and  adult  emergence.  The  preference  and  performance  of  D.  suzukii  on  wild  and  cultivated 
blueberries  were  also  studied  in  choice  and  no-choice  bioassays.  In  addition,  we  compared  pH, 
size,  °Brix  (sugars),  firmness,  and  anthocyanin  and  phenolic  content  between  wild  and  cultivated 
fruit. 


Results/Conclusion:  Timing  of  D.  suzukii  fruit  infestation  in  the  field  was  similar  for  both 
populations  of  blueberries;  however,  the  cultivated  variety  ‘Duke’  escaped  infestation  during 
early  fruit  development.  In  choice  and  no-choice  bioassays,  more  eggs  were  oviposited  in,  and 
more  flies  emerged  from,  cultivated  than  from  wild  blueberries.  Cultivated  blueberries  were  T 
bigger  and  had  higher  pH  and  firmness  than  wild  blueberries.  In  contrast,  wild  blueberries  had 
25%  higher  °Brix  levels  and  0.8'  and  T  higher  anthocyanin  and  phenolic  content  than  cultivated 
blueberries.  This  study  is  the  first  to  document  the  potential  effects  of  crop  domestication  on  an 
invasive  insect  pest. 
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Abstract  text: 

Introduction:  Domestication  of  plants  is  assumed  to  have  weakened  their  chemical  defenses.  We 
hypothesize,  however,  that  artificial  crop  selection  has  maintained  natural  resistance  against  co¬ 
evolved  insects  in  order  to  minimize  yield  losses.  Studies  that  compare  insect  resistance  in 
cultivated  plants  and  wild  relatives  remain  largely  inconclusive,  as  they  often  lack  replication  at 
the  level  of  insect  species  and  plant  genotype.  This  also  pertains  to  chemical  analyses  that  might 
reveal  underlying  mechanisms. 

Methods:  We  assessed  the  performance  of  eight  species  of  insect  herbivores  belonging  to  three 
feeding  guilds  on  six  European  maize  lines  and  six  populations  of  their  wild  ancestor,  teosinte.  In 
addition,  a  metabolomic  approach  was  used  in  an  attempt  to  identify  compounds  responsible  for 
observed  differences  in  insect  performance. 

Results/Conclusion:  Insects  consistently  performed  better  on  maize  than  on  teosinte.  As 
hypothesized,  this  difference  was  greater  for  generalist  herbivores  that  are  normally  not  found  on 


teosinte.  We  also  found  clear  differences  in  defense  metabolites  among  the  different  genotypes, 
but  none  that  correlated  with  differences  in  performance.  Levels  of  benzoxazinoids,  which 
represent  the  main  chemical  defense  in  maize,  tended  to  be  higher  in  leaves  of  teosinte  compared 
to  leaves  of  cultivated  maize,  but  the  reverse  was  unmistakably  true  for  the  roots.  It  appears  that 
chemical  defenses  that  target  specialized  insects  are  still  present  at  higher  levels  in  cultivated 
maize  than  defense  compounds  that  are  more  effective  against  generalists.  These  weakened 
broad-spectrum  defenses  in  crops  may  explain  the  successes  of  novel  pests. 
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Abstract  text: 

Introduction:  Domestication  of  wild  plants  into  crops  can  fundamentally  alter  their  interactions 
with  other  species.  In  particular,  cultivation  practices  and  the  selection  for  increased  yield  in 
agricultural  plants  should  predictably  lead  to  reduced  investment  in  herbivore  resistance  and 
increased  investment  in  growth  and  reproduction.  Herbivore  induced  plant  volatiles  (HIPVs)  can 
increase  plant  resistance  of  herbivores  through  attraction  of  herbivore  natural  enemies,  and 
reductions  in  HIPV  attractiveness  in  crops  can  impact  multiple  trophic  levels. 

Methods:  We  performed  a  series  of  laboratory  and  field  experiments  to  detect  variation  in  HIPV 
attractiveness  across  a  domestication  gradient  in  tomato,  including  wild  relatives,  domesticated 
land  races,  and  commercially-available  tomato  cultivars.  We  examined  attractiveness  of  our 
plants  to  Cotesia  congregata,  a  parasitoid  wasp,  after  damage  by  tobacco  hornworm  ( Manduca 
sexta). 

Results/Conclusion:  In  Y-tube  olfactometer  trials,  wasps  chose  damaged  plants  in  greater 
proportion  than  non-damaged  plants,  independent  of  plant  evolutionary  history  (wild,  landrace, 
cultivated).  In  choosing  between  damaged  and  non-damaged  plants,  wasps  chose  damaged  plants 


fastest  when  those  plants  were  wild  relatives  of  tomato,  and  slowest  when  those  plants  were 
modern  cultivars.  In  direct  comparisons  of  wild  versus  modern  cultivars,  wasps  chose  wild 
relatives  more  often  and  faster  than  modern  tomato  cultivars.  In  field  trials,  hornworms 
recovered  from  wild  relatives  were  more  likely  to  be  parasitized  than  hornworms  recovered  from 
modern  cultivars.  Our  results  suggest  that  wild  tomato  relatives  are  more  attractive  to  herbivore 
natural  enemies  than  their  domesticated  counterparts.  Reduced  attractiveness  in  crop  tomatoes 
may  increase  their  herbivory  loads  and  represent  an  unintended  cost  of  domestication. 
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Abstract  text: 

Introduction:  During  the  process  of  domestication,  most  crops  have  been  dramatically  altered 
from  their  wild  ancestors  as  humans  have  selected  for  agronomically  important  traits.  These 
changes  have  increased  the  efficiency  of  agricultural  production,  but  they  may  have  also  led  to 
altered  interactions  between  plants  and  their  insect  herbivores. 

Methods:  To  better  understand  how  domestication  affects  plant-herbivore  interactions,  we 
conducted  a  phylogenetically-controlled  meta-analysis  of  published  studies  that  compared  plant 
defense  traits  or  herbivore  resistance  between  domesticated  crops  and  their  wild  relatives.  Our 
assembled  database  included  2,098  comparisons  taken  from  90  studies  that  examined  73  unique 
domestication  events. 

Results/Conclusion:  Surprisingly,  we  found  that  domestication  has  no  significant  effect  on  plant 
defense  traits  overall  or  on  any  of  the  three  categories  of  defense  traits  we  analyzed:  volatile 
secondary  metabolites,  non-volatile  secondary  metabolites,  and  physical  defenses.  There  was  a 
negative  effect  of  domestication  on  defense  traits  only  when  defenses  were  measured  in  fruits  or 
in  leaves  of  plants  that  were  cultivated  primarily  for  leaf  consumption.  In  contrast,  domestication 


did  consistently  reduce  herbivore  resistance  regardless  of  whether  it  was  measured  via  plant 
herbivory,  herbivore  performance,  or  herbivore  preference.  The  magnitude  of  the  effects  on 
herbivore  resistance  were  variable,  with  the  strongest  negative  effects  obtained  when  studies 
evaluated  resistance  as  the  inverse  of  plant  herbivory  or  focused  on  herbivore  responses  to  seeds. 
These  results  highlight  the  inherent  variability  in  the  trajectories  of  plant  evolution  under 
domestication  and  the  need  for  an  improved  theoretical  framework  to  predict  how  agronomic 
selection  can  influence  plant-herbivore  interactions. 
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Abstract  text: 

Introduction:  Plant  domestication  is  assumed  to  result  in  reduced  levels  of  defensive  compounds 
in  crops.  We  argue  that  this  should  mainly  be  reflected  in  the  concentrations  of  defense 
compounds  in  the  plant  parts  that  are  used  for  consumption  and  not  necessarily  for  other  parts  of 
crop  plants.  We  tested  this  hypothesis  by  investigating  the  relationship  between  chemical 
defenses  and  insect  performance  for  wild  and  cultivated  plants  of  Fima  bean,  Phaseolus  lunatus 
and  Brassica  rapa ,  cultivars  that  were  selected  for  different  valuable  traits. 

Methods:  Cultivated  varieties  and  wild  accessions  of  both  plant  species  were  analyzed  and 
characterized  for  their  concentration  of  chemical  compounds  that  are  known  to  be  toxic  to 
generalist  herbivores:  cyanogenic  glycosides  (CNGs)  for  beans  and  glucosinolates  for  Brassica. 
In  parallel,  we  conducted  laboratory  assays  to  determine  the  preference  and  performance  of 
generalist  leaf  herbivores  and  a  seed  beetle  (for  beans)  on  these  plants. 

Results/Conclusion:  Overall,  we  found  strong  support  for  our  hypothesis.  For  both  plant  species, 
the  chemical  defenses  in  cultivated  genotypes  were  considerably  lower  in  plant  tissues  that  were 


selected  for  consumption,  but  not  in  non-consumable  tissues.  This  correlated  nicely  with  insect 
performance  on  those  tissues.  For  Lima  bean,  insects  performed  better  on  cultivated  seeds,  but 
not  on  leaves.  Similarly,  in  Brassica ,  herbivores  performed  better  on  leaves  of  cultivated 
varieties  that  were  domesticated  for  leaf  consumption.  The  contrasting  effect  of  domestication  on 
different  plant  tissues  can  be  explained  by  the  fact  that  crops  have  been  selected  for  different 
purposes. 
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Abstract  text: 


Introduction:  Domestication  can  be  a  very  gradual  or  immediate  process  where  suites  of  changes 
distinguish  a  wild  ancestor  from  the  derived  crop.  Throughout  human  history,  selection  has 
proceeded  in  patterns,  and  these  can  be  predicted  by  the  intended  uses  of  plant  parts,  the 
environment,  the  life  history  of  the  species,  and  the  evolutionary  clade  of  the  species. 

Methods:  Meyer,  DuVal,  and  Jensen  (2012)  employed  review  and  meta-analysis  using  predictive 
extensions  of  logistic  regression  to  argue  that  while  visual  phenotypic  changes  are  the  most 
documented  examples  of  changes  accrued  in  crops  from  domestication  and  diversification, 
changes  to  secondary  metabolites  are  the  most  common.  These  predictive  patterns  are  more 
deeply  explored  in  case  studies  of  specific  model  and  non-model  crops. 

Results/Conclusion:  Patterns  gleaned  from  global  crops  show  several  cases,  especially  in  the 
Poales,  where  defense  compounds  are  reduced  in  order  to  improve  flavor.  This  is  often  not  just 
demonstrated  by  reduction  of  toxicity  or  increased  palatability,  but  by  selection  for  mimicry  of 
other  foods  and  for  the  enjoyment  of  the  unusual,  rendering  many  culturally  iconic  varieties 
more  susceptible  to  pathogens  and  herbivory.  A  variety  of  point  mutations  and  structural 
variations  altering  the  expression  and  function  of  enzymes  in  a  handful  of  important  defense 
pathways  have  been  traced. 


Symposium 

Presentation  Title:  Maize  domestication  and  spread  drove  the  emergence  of  contemporary  pests 
Author  Name:  Ana  Fontes-Puebla 
Author  Institution:  Texas  A&M  University 

Session  Title:  Symposium:  Crop  Domestication  Effects  on  Plant-Insect  Interactions:  Patterns, 
Mechanisms,  and  Future  Directions 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4320 

DOI:  10. 1603/ICE.20 16. 107789 

Abstract  text: 

Introduction:  Maize  ( Zea  mays  mays)  was  domesticated  -9,000  years  ago  in  a  Mexican 
subtropical  lowland.  Maize  agriculture  spread  rapidly  thereafter,  and  was  widespread  in  northern 
U.S.  by  -1,100  years  BP.  With  its  spread,  maize  agriculture  facilitated  the  movement  of 


associated  herbivores  beyond  the  range  of  their  original  teosinte  ( Zea  spp.)  hosts,  exposing  them 
to  novel  hosts  and  environments.  For  example,  our  studies  suggested  that  with  the  early  spread  of 
maize,  the  lowland  Corn  leafhopper  (CLH)  (. Dalbulus  maidis)  colonized  perennial  teosinte,  a 
maize  ancestor  exclusive  to  highland  temperate  forests. 

Methods:  Recently,  our  studies  included  Western  corn  rootworm  (WCR)  ( Diabrotica  virgifera 
virgifera ),  which  was  first  recorded  in  central  U.S.  in  the  late  1800s  and  doesn't  occur  in 
Mexican  subtropics.  Using  CLH  and  WCR  as  models,  our  studies  address  how  maize 
domestication  and  spread  may  have  mediated  the  emergence  and  evolution  of  insect  pests.  We 
used  a  series  of  accessions  representing  the  evolution  of  Zea  from  perennial  teosinte  to  modern 
maize  inbred  lines  to  examine  how  defenses  against  CLH  and  WCR  may  have  evolved  and  how 
they  may  have  evolved  in  parallel. 

Results/Conclusion:  Our  results  suggest  that  resistance  to  CLH  became  weaker  from  teosinte  to 
maize  inbreds,  while  tolerance  to  CLH  was  conserved.  Genetic  structuring  was  seen  in  CLH,  so 
that  maize  hosts  a  “pestiferous”  CLH  population,  while  perennial  teosinte  hosts  a  “wild” 
population.  A  decreasing  trend  in  resistance  and  increasing  trend  in  tolerance  to  WCR  were 
evident.  Interestingly,  maize  inbreds  seemed  to  depart  from  the  trend,  showing  intermediate 
resistance  and  tolerance  levels. 
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Abstract  text: 

Introduction:  The  domestication  of  plants  and  animals  is  one  of  the  most  important  activities  in 
human  history.  It  is  also  the  world’s  largest,  longest  lasting,  and  best  replicated  selection 
experiment.  By  comparing  domesticated  organisms  to  their  wild  relatives  we  can  address 


numerous  basic  and  applied  questions.  Here  we  tested  two  important  questions  1)  Does  rapid 
evolution  during  plant  domestication  reduce  resistance  to  generalist  herbivores?  and  2)  How  does 
crop  domestication  impact  the  evolutionary  dynamics  of  their  pests? 

Methods:  We  experimentally  compared  the  performance  of  two  generalist  pest  herbivores,  Myzus 
persicae  (the  green  peach  aphid)  and  Spodoptera  exigua  (the  beet  armyworm),  growing  on  29 
crop  species  and  their  closely  related  wild  relatives.  In  addition,  using  experimental  evolution,  on 
a  subset  of  these  taxa,  we  tested  how  plant  domestication  impacts  the  rate  and  direction  of  pest 
evolution. 

Results/Conclusion:  We  found  that  domestication  does  not  consistently  reduce  plant  resistance  as 
predicted  by  theory.  This  highlights  the  importance  of  studying  multiple  independent 
domestication  events.  In  addition,  aphids  evolve  13.5%  more  slowly  and  maintained  10.4% 
higher  genotypic  diversity  on  crops  than  on  wild  relatives.  This  effect  was  driven  by  reduced 
strength  of  natural  selection  and  genetic  drift  on  crops. 
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Abstract  text: 

From  Instagram,  to  Facebook  and  Twitter,  social  media  tools  are  pervasive  in  our  society  and 
have  a  role  to  play  in  entomology.  This  presentation  will  explore  some  concrete  ways  that  social 
media  tools  can  enhance  a  research  program,  improve  teaching,  and  help  to  communicate  with  a 
broad  audience  outside  of  institutional  boundaries.  From  a  research  perspective,  blogging  about 
research  results  can  lead  to  new  collaborations  and  can  create  new  avenues  of  study  for  a 
research  program  and  new  opportunities  for  dissemination  of  results.  Twitter  in  a  classroom  can 
increase  student  engagement,  and  improve  learning  dynamics,  as  will  be  illustrated  with  field 
course  experiences.  More  broadly,  using  social  media  can  allow  scientists  to  connect  directly 


with  interested  people,  whether  they  be  high  school  students,  journalists  or  politicians.  There  are 
innumerable  gains  to  using  social  media  tools  in  Entomology,  provided  the  approach  is  done  the 
right  way,  and  provided  some  straightforward  guidelines  are  followed.  In  the  end,  embracing 
social  media  tools  will  help  entomology,  and  bring  us  further  into  the  spotlight  as  a  central  and 
critical  discipline  as  we  continue  living  in  a  digital  age. 
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Biodiversity  specimen  data  is  one  of  the  richest  sources  of  information  for  life  on  earth  across 
both  space  and  time.  As  biodiversity  data  becomes  more  accessible  through  the  numerous 
digitization  efforts  (such  as  the  Advancing  Digitization  for  Biological  Collections  Program), 
many  new  research  and  educational  applications  for  specimen  data  are  being  realized.  Digitized 
data,  media,  and  digitization  programs  themselves  add  richness,  diversity,  and  authenticity  to 
outreach  programs  and  materials.  We  will  share  several  examples  of  projects  using  digitized 
specimens  in  education  and  outreach  activities  from  the  Thematic  Collections  Network  (The 
Fossil  Insect  Collaborative;  The  Symbiota  Collections  of  Arthropods  Network;  Tri-Trophic 
Thematic  Collections  Network;  Fichens,  Bryophytes,  and  Climate  Change)  and  beyond  (CalBug, 
iDigPaleo,  Notes  from  Nature).  We  will  explain  how  these  different  projects  foster  both  an 
appreciation  for  biodiversity  and  collections,  as  well  as  an  understanding  of  collections-based 
science  with  a  variety  of  audiences.  We  will  also  share  resources  and  programs  so  others  can  get 
involved  with  collections-centric  outreach  projects  through  digitization. 


Symposium 

Presentation  Title:  Technology  and  butterfly  citizen  science:  It's  not  just  about  getting  data! 


Author  Name:  Karen  Oberhauser 


Author  Institution:  University  of  Minnesota 

Session  Title:  Symposium:  Entomology  in  the  Digital  Age 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4324 

DOI:  10. 1603/ICE.2016. 94605 

Abstract  text: 

The  public’s  fascination  with  monarchs  (Danaus  plexippus )  has  inspired  a  rich  array  of  monarch 
citizen  science  programs,  and  the  thousands  of  hours  per  year  invested  by  these  volunteers  have 
resulted  in  data  that  address  basic  questions  about  how  and  when  monarchs  use  available  habitat, 
how  their  numbers  change  within  and  among  years,  and  how  they  are  responding  to  global 
change.  But  engagement  in  these  projects  has  important  educational  and  conservation  benefits  in 
addition  to  the  data,  and  many  of  these  outcomes  are  strengthened  by  the  growing  use  of 
advanced  technology,  from  apps  for  hand-held  devices  to  sophisticated  data  display  tools  that 
allow  increased  engagement  of  the  public  beyond  simple  data  collection.  Using  monarch  citizen 
science  as  a  case  study,  we  provide  examples  of  how  enhanced  interactions  with  project 
personnel,  fellow  volunteers,  data  manipulation,  and  project  outcomes  are  promoting  social, 
educational,  and  conservation  outcomes  in  addition  to  enabling  more  effective  data  collection 
and  curation.  Our  research  shows  that  volunteers  receive,  and  prefer  to  receive,  information  via 
multiple  technologies,  including  email  and  websites,  but  social  media  and  mobile  apps  are  being 
used  with  increasing  frequency. 
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Abstract  text: 

Connecting  scientists  and  the  community  is  critical.  This  is  particularly  the  case  for  medical 
entomologists  working  in  the  field  of  mosquito-borne  disease  where  the  translation  of 
entomological  research  into  improved  public  health  outcomes  is  a  priority.  While  traditional 
media  has  been  the  mainstay  of  public  health  communications  by  local  authorities,  social  media 
provides  new  avenues  for  disseminating  information  and  engaging  with  the  wider  community. 
This  presentation  will  share  some  insights  into  how  the  use  of  social  media  has  connected  new 
and  old  communications  strategies  to  not  only  extend  the  reach  of  public  health  messages  but 
also  provide  an  opportunity  to  promote  entomological  research  and  wetland  conservation.  A 
range  of  social  media  platforms,  including  Twitter,  Instagram,  and  Wordpress,  were  employed  to 
disseminate  public  health  messages  and  engage  the  community  and  traditional  media  outlets. 
Engagement  with  the  accounts  of  traditional  media  (e.g.  radio,  print,  television,  online)  was 
found  to  be  the  main  route  to  increased  exposure  and,  subsequently,  to  increased  access  of  public 
health  information  online.  With  the  increasing  accessibility  of  the  community  to  online  resources 
via  smartphones,  researchers  and  public  health  advocates  must  develop  strategies  to  effectively 
use  social  media.  Many  people  now  turn  to  social  media  as  a  source  of  news  and  information  and 
those  in  the  field  of  public  health,  as  well  as  entomological  research  more  generally,  must  take 
advantage  of  these  new  opportunities. 
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There  are  numerous  blogs  which  already  focus  on  insects  and  their  allies.  However,  we  at  "Ask 
an  Entomologist",  are  specifically  interested  in  what  the  public  wants  to  know.  Almost  two  years 
ago,  we  started  this  blog  to  address  people’s  questions  about  bugs  in  a  colloquial  and  entertaining 
way,  bridge  the  gap  between  scientists  and  the  public,  and  reduce  the  stigma  associated  with 
these  beautiful  animals.  By  specifically  targeting  questions  submitted  by  users,  we  have  created  a 
unique  and  successful  medium  for  science  communication.  After  two  years,  we  are  looking  back 
on  the  successful  development  of  "Ask  an  Entomologist"  and  towards  the  completion  of  new  and 
continuing  goals  of  the  project. 
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Currently  boasting  over  a  billion  active  users  from  all  over  the  world,  Facebook  is  capable  of 
bringing  the  public  and  scientists  together  to  discuss  scientific  topics  in  real  time.  Interacting 


with  journalists  has  long  been  the  classic  method  of  professional  interaction  with  the  public; 
however,  with  social  media,  a  new  option  to  personally  enter  the  public  arena  becomes  available 
to  scientists  that  seek  it.  Social  media  provides  a  unique  opportunity  for  entomologists  to  discuss 
their  research  and  connect  with  peers  while  interacting  with  people  who  are  interested  in  science. 
Entomologists  that  choose  to  have  a  social  media  presence  may  spark  an  interest  in  the  rising 
generation  to  pursue  a  career  in  entomology  or  inform  parents  whose  kids  are  fascinated  by 
anything  with  more  than  four  legs.  The  social  media  platform  allows  for  elucidation  of  issues  the 
general  public  considers  to  be  confusing  or  controversial,  such  as  climate  change,  evolution, 
vaccines,  disease  vectors,  pesticides,  biotechnology,  pollinator  health,  and  more  generally, 
scientific  literacy.  Online  misinformation  and  disinformation  concerning  these  topics  are  as 
readily  available  as  reproducible  results  from  peer  reviewed  journals,  and  while  being  available 
to  provide  accurate  information  is  important,  operating  under  the  impression  that  public  hostility 
towards  these  issues  solely  originates  from  ignorance  is  erroneous.  By  approaching  established 
subjects,  breaking  research,  and  controversial  topics  in  a  levelheaded  manner,  a  discussion-based 
media  can  greatly  benefit  all  parties  and  help  shape  the  public  perception  of  the  science  of 
entomology. 
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Western  Australia’s  role  as  a  major  exporter  of  agricultural  products  is  dependent  on  the  absence 
of  many  invasive  pests  and  diseases.  Pest  surveillance  protects  production  through  early 
detection  of  pests  as  well  as  market  access  through  proof  of  absence  of  biosecurity  threats. 
Community  engagement  in  pest  surveillance  is  becoming  increasingly  important  and  the 
MyPestGuide  mobile  app  provides  a  simple  and  cost  effective  solution.  It  was  developed  to  help 
the  community  identify  common  pests  and  threats  and  to  encourage  them  to  report  observations 
of  suspected  exotic  pests  to  the  Department  of  Agriculture  and  Food  (DAFWA).  MyPestGuide 
includes  a  comprehensive  pest  identification  guide  and  a  reporting  tool  linked  to  an  online 


database  which  is  monitored  by  DAFWA  staff.  Responses  which  confirm  the  identification  and 
risks  posed  by  the  pest  are  communicated  by  email  and  synchronised  to  the  user’s  device  to  help 
identify  and  manage  pests  of  export  industries.  Archived  information  is  analysed  and  used  to 
support  farm  biosecurity  and  protect  the  natural  environment.  Furthermore,  to  ensure  continued 
access  to  overseas  markets  and  to  build  new  markets,  MyPestGuide  reports  are  used  to  infer 
Australia’s  pest-free  trading  status,  supporting  claims  of  freedom  from  certain  pests  and  diseases. 
These  markets  provide  the  greatest  gains  for  the  Australian  agricultural  sector,  for  example,  and 
are  therefore  critical  to  an  industry  which  provides  over  $5  billion  to  the  Western  Australian 
economy.  Archived  reports  maps  and  download  sites  for  both  major  smartphone  platforms  are 
available  at  http://mvpestguide.agric.wa.gov.au. 
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The  recent  advent  of  mobile  applications,  widespread  use  of  smart  phones,  and  access  to  cellular 
internet  networks  in  rural  regions  now  allows  for  IPM  tools  and  agronomic  research  to  be 
integrated  and  delivered  in  ways  not  previously  conceived.  We  developed  a  set  of  mobile  apps  to 
facilitate  efficient  and  sustainable  integrated  pest  management  of  insects,  weeds,  and  diseases  of 
Canadian  field  crops.  Our  three  integrated  apps  include:  (1)  an  interactive  identification  tool  for 
insects,  weeds,  and  diseases;  (2)  a  forecasting  app  for  insects  and  diseases  with  real-time  data 
collection;  and  (3)  a  crop  management  tool  that  facilitates  collection  of  long  term  data  regarding 
on-farm  practices.  The  identification  tool  incorporates  high  resolution  imaging,  interactive  key 
technology,  and  accessible  language  to  facilitate  accurate  identification  of  crop  pests  by  non¬ 
experts.  Benefits  and  challenges  for  IPM  with  this  type  of  technology  will  be  discussed  based  on 
field  testing  of  the  apps  in  the  2016  growing  season  across  the  Canadian  Prairies. 
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At  iDigBio,  beyond  mobilizing  data,  we’re  working  with  our  data  providers  and  the  informatics 
community  to  enhance  museum  specimen  data  and  ensure  the  data  and  media  are  fit-for-use.  We 
are  engaging  researchers  and  data  providers  to  help  them  take  advantage  of  ever-growing  data 
sets,  and  the  tools,  methods,  and  apps  that  support  robust  data  creation  and  research  data  use.  For 
the  last  six  years,  through  our  collaborations  with  NSF  bio-centers  (NESCent,  BEACON, 
SESYNC,  DataONE),  Data  Carpentry,  iDigBio  workshops,  symposia,  surveys,  and  webinars,  we 
are  learning  a  lot  about  the  computational  and  data  literacy  skills  needs  of  our  stakeholders. 
People  in  our  collections  data  pipeline  include:  scientists  and  students  collecting  future 
specimens-to-be-accessioned,  collection  managers,  data  managers,  data  aggregators,  down¬ 
stream  researchers,  and  the  general  public.  As  museum  collections  mobilize  to  digitize  their 
holdings,  contributing  more-and-richer  data  to  our  community  portals  —  students,  museum  staff, 
and  researchers  are  often  finding  it’s  not  a  small  task  to  be  good  custodians  of  the  data.  While 
formal  science  programs  are  teaching  bioinformatics  skills  for  genomic  and  metagenomics 
research,  few  are  strategically  teaching  the  pre-requisite  skills  to  current  researchers,  students 
and  staff  that  are  necessary  to  manage  data  effectively  over  a  lifetime.  These  skills  help  insure 
data  is  discoverable,  and  standardized  format  that  supports  research  analysis  reproducibility.  This 
talk  provides  an  overview  of  the  current  landscape  for  biodiversity  informatics  skills  from  our 
experiences  at  iDigBio.  You  are  invited  to  share  your  experiences  and  insights  about  what  it  will 
take  to  address  these  needs  into  the  future. 
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Twenty  years  ago,  we  dreamed  the  Internet  could  help  provide  access  to  all  the  biodiversity 
information  needed  to  run  successful  scientific  programs  and  conservation  projects.  We  wanted 
this  information  in  a  form  that  could  be  used  outside  restricted  scientific  communities  in  order  to 
have  an  impact  on  broader  science  and  conservation  decisions.  Today,  we  are  close  to  that  goal. 
Electronic  technology  allows  easy  storage  and  distribution  of  research  results.  There  are 
extensive  retro-digitization  projects,  creating  a  wealth  of  genomic  data  and  citizen  scientists’ 
observation  data.  Furthermore,  global  search  engines  can  search  and  deliver  content  easily. 
However,  so  much  content  is  produced  that  relevant  scientific  content  often  is  lost.  While  we 
have  access  to  a  lot  of  research,  a  part  is  missing,  either  because  it  has  not  been  digitized, 
because  the  data  is  published  in  an  unstructured  way,  because  we  can’t  find  or  understand  it,  or 
because  there  is  restricted  access.  Despite  technological  advancements,  researchers  still  have  to 
spend  too  much  time  searching  and  combining  data.  Positively,  however,  the  biodiversity 
domain  is  among  the  leaders  in  advanced  open,  linked  scientific  publishing,  providing  access  to 
semantically  enhanced,  machine  readable  content.  Increasingly,  enhanced  publishing  is 
influencing  the  ways  we  provide  access  to  the  underlying  data,  too,  allowing  researchers  to 
reproduce  and  reuse  scientific  results  and  disseminate  them  instantaneously. 
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Introduction: 

Contemporary  ecology  covers  an  enormous  scale.  At  the  small  scale  level  basic  cellular 
processes  are  discovered,  while  at  the  other  end  global  ecology  research  focuses  on  climate 
change  and  its  correlation  to  large  scale  biodiversity  changes.  Unfortunately  there  is  no 
continuum  rather  than  a  “glaring”  gap  divorcing  one  end  from  the  other.  Odonata,  prominent 
model  systems  in  ecological  and  evolutionary  research,  evolve  as  candidates  to  bridge  this  gap. 
They  were  one  of  the  first  insect  orders  to  revolutionize  studies  of  sperm  competition  and  fitness 
correlates  in  nature  by  using  genetic  markers.  Taking  advantage  of  a  multitude  of  new 
comparative  genomic  approaches,  the  next  generation  ecological  research  topics  in  Odonata 
centers  around  the  genomics  of  adaption,  speciation  and  understanding  major  bauplan  transitions 
in  the  light  of  an  organism's  environment. 

Methods:  We  introduce  three  ongoing  genomic  studies  approaching  these  topics: 

i)  comparative  transcriptomics  of  non-adaptive  speciation  ( Megaloprepus  caerulatus,  M.  spec, 
nov.); 

ii)  speciation  by  adaptive  radiation  ( Thrithemis  stictica,  T.  palustris 
and  T.  morrisoni ); 

iii)  dynamics  of  developmental  processes  that  may  trigger  phenotypic  plasticity  ( Ischnura 
elegans). 

Results/Conclusion:  The  rationale  of  the  studies,  newest  results  and  an  outlook  to  the  future  will 
be  presented. 
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Introduction:  After  some  early  hiccups,  phylogenetic  reconstruction  of  odonate  relationships  is 
now  firmly  based  on  molecular  methods.  Wing  venation  patterns  previously  relied  upon  have 
been  found  to  suffer  from  homoplasies,  likely  due  to  biomechanical  constraints  of  flight. 

In  contrast  to  larvae  in  the  suborder  Anisoptera,  tested  larval  Zygoptera  have  shown  the  presence 
of  large  repertoires  of  ritualised  agonistic  displays,  used  in  intra-specific  interactions.  The 
ecological  imperatives  underlying  the  maintenance  of  such  costly  display  repertoires  are 
unknown,  however  from  casual  examination  it  is  clear  that  a  strong  phylogenetic  signal  is 
present  in  the  display  motor  patterns. 

Until  the  appearance  of  the  Dijkstra  et  al  (2013)-proposed  phylogeny  of  the  Zygoptera, 
examination  of  behavioural  repertoires  was  frustrating,  leading  largely  to  the  unhelpful 
conclusion  the  then-established  phylogenies  were  wrong  but  without  being  able  to  construct 
alternatives.  At  a  broad  level,  larval  agonistic  display  behaviours  now  fit  comfortably  within  the 
Dijkstra  et  al  framework,  enabling  progress  to  be  made. 

The  history  of  the  Odonata  has  deep  splits  and  bursts  of  rapid  radiation,  resulting  in  unresolved 
polytomies  in  molecular  analyses.  Conventional  displays  can  be  remarkably  stable  and,  subject 
to  display  turnover,  can  provide  complementary  data  to  molecular  methods. 

Methods:  Phylogenetic  methods  can  be  applied  to  signals  (Gray  et  al).  What  is  needed  are 
detailed  ethograms  collected  throughout  the  suborder  using  a  stabilised  terminology  and  coded 
for  analysis.  Higher  order  structure  within  displays  will  aid  in  interpretation  of  signal  space. 

Results/Conclusion:  A  complementary  method  to  generate  phylogenies. 
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Introduction:  Adaptive  radiations  have  long  served  as  living  libraries  to  study  the  build-up  of 
species  richness,  however,  they  do  not  provide  good  models  for  radiations  that  exhibit  negligible 
adaptive  disparity. 

Methods:  Here  we  review  work  on  damselflies  to  argue  that  non-adaptive  mechanisms  were 
predominant  in  the  radiation  of  this  group  and  have  driven  species  divergence  through  sexual 
selection  arising  from  male-female  mating  interactions.  Three  damselfly  genera  ( Calopteryx , 
Enallagma  and  Ischnura )  are  highlighted  and  the  extent  of  (i)  adaptive  ecological  divergence  in 
niche  use  and  (ii)  non-adaptive  differentiation  in  characters  associated  with  reproduction  (e.g. 
sexual  morphology  and  behaviours)  are  evaluated. 

Results/Conclusion:  We  demonstrate  that  species  diversification  in  the  genus  Calopteryx  is 
caused  by  non-adaptive  divergence  in  colouration  and  behaviour  affecting  premating  isolation 
and  structural  differentiation  in  reproductive  morphology  affecting  postmating  isolation. 
Similarly,  the  vast  majority  of  diversification  events  in  the  sister  genera  Enallagma  and  Ischnura 
are  entirely  driven  by  differentiation  in  genital  structures  used  in  species  recognition.  The  finding 
that  closely  related  species  can  show  negligible  ecological  differences  yet  are  completely 
reproductively  isolated  suggests  that  the  evolution  of  reproductive  isolation  can  be  uncoupled 
from  niche-based  divergent  natural  selection,  challenging  traditional  niche  models  of  species 
coexistence. 
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Abstract  text: 

Introduction:  It  has  been  proposed  that  wing  pigmented  spots  function  in  temperature  control  in 
male  calopterygids. 

Methods:  Using  two  ruby  spot  species,  Hetaerina  americana  and  H.  vulnerata ,  we  tested 
whether:  a)  spot  size  (SS)  and  color-modified  (using  blue  ink)  aspect  predicted  temperature  gain 
after  a  cooling  event;  b)  SS  was  related  to  temperature  needed  to-  and  how  long  it  took  to  fly; 
and,  c)  SS  was  related  to  seasonality  and  altitude. 

Results/Conclusion:  Our  results  did  not  support  any  of  these  relations.  Since  our  findings 
indicated  that  H.  vulnerata  achieved  flight  at  8  °C  less  than  H.  americana ,  we  further  tested 
whether  both  species  differed  in  latitudinal  and  geographical  distribution  and  responded 
differently  to  bioclimatic  variables.  Our  results  supported  that  H.  vulneratamhabii  higher 
altitudes,  and  is  able  to  tolerate  colder  environments  compared  to  H.  americana.  Thus,  wing 
spots  in  these  two  calopterygid  species  do  not  help  to  thermoregulate,  albeit  both  show  different 
temperature  control  ability.  This  difference  may  enable  them  to  colonize  different  environments 
and  reduce  interspecific  competition. 
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Introduction:  Dragonflies  propel  themselves  skillfully  through  the  air  at  high  speeds  and  with  an 
exceptional  high  lift  production  and  maneuverability.  Their  wings  consist  of  a  three-dimensional 
network  of  longitudinal  and  cross  veins,  with  thin  membrane  cells  spanned  in  between.  This 
corrugated  design  endows  the  wing  with  strong  span-wise  and  less  chord-wise  flexural  rigidity, 
allowing  the  ostensibly  stiff  wings  to  undergo  passive  deformations  adapted  to  the  momentary 
aerodynamic  situation,  thereby  improving  the  wings'  flight  performance.  The  wing's  directional 
flexibility  is  further  refined  by  the  presence  of  the  rubber-like  protein  resilin,  present  in  some 
vein  joints  connecting  cross  veins  to  longitudinal  veins,  and  its  stiffness  is  enhanced  by  cuticle 
sclerotization.  Whereas  tanned,  sclerotized  cuticle  is  stiff  and  contains  a  low  amount  of  water,  a 
well  hydrated  resilin  stands  out  for  its  long-range  deformability  and  an  almost  complete  elastic 
recovery. 

Methods:  By  using  confocal  laser  scanning  microscopy,  scanning  and  transmission  electron 
microscopy,  and  atomic  force  microscopy,  we  showed  that  resilin  is  not  only  present  in  vein 
joints,  but  also  in  the  wing  membrane  directly  abutting  on  veins,  and  in  internal  layers  of  the  vein 
cuticle  in  wings  of  Sympetrum  vulgatum. 

Results/Conclusion:  While  a  flexible  suspension  may  help  prevent  the  veins  from  tearing  off 
from  the  wing  membrane,  a  stiffness  gradient  in  the  veins'  cuticle,  originating  from  a  stiff  outer 
cuticle  layer  and  a  soft  inner  layer,  may  be  assumed  to  reduce  the  overall  vein  stiffness,  thereby 
influencing  the  extent  of  elastic  deformation  at  a  given  load,  to  enhance  elastic  energy  storage, 
and  to  delay  failure. 
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Introduction: 

Insect  flight  is  enabled  through  the  evolutionary  modification  of  the  thorax  to  a  complex  flight- 
apparatus.  The  wing  movement  is  achieved  in  two  different  ways,  by  thoracic  deformation  or 
actuating  the  wing  by  muscles  attached  to  the  wing  via  wing  base  sclerites.  The  latter  is  generic 
for  Odonata  and  is  characterised  by  the  direct  transfer  of  energy  from  the  musculature  to  the 
wing.  Recent  work  elucidating  the  origin  and  evolution  of  the  flight-apparatus  in  Odonata, 
proposes  and  elaborates  a  homologization  scheme  for  the  thoracic  musculature  throughout 
Pterygota.  This  will  allow  understanding  the  early  evolution  of  pterygote  insects  and  their  basal 
phylogenetic  relationship.  These  studies  of  the  odonatan  thorax  identify  1 1  formerly  undescribed 
muscles,  which  are  partly  used  to  increase  and  modulate  flight  abilities.  However,  the  functional 
mechanism  of  the  thoracic  musculature  and  its  interaction  with  the  wingbase  requires  further 
experimental  investigations. 

Methods: 

We  study  the  structure  of  the  flight- apparatus  of  Odonata,  its  biomechanics  and  material 
properties  using  X-ray  tomography,  fluorescence  microscopy,  advanced  cryo-SEM  as  well  as 
microindentation. 

Results/Conclusion: 

The  first  observations  of  the  wingbase  show  resilin-dominated  areas  surrounding  the  wing-bases 
and  allow  flexible  suspension.  Three  biomechanical-effects  will  be  discussed:  (i)  shock 
absorbing  (ii)  minimisation  of  fatigue  (iii)  modulating  and/or  enhancement  of  flight  ability. 
Furthermore,  the  presence  of  resilin  within  the  tendons  of  the  muscular  part  of  the  flight- 
apparatus  and  the  comparison  with  other  muscle  groups  (leg,  thoracic-longitudinal)  suggests  a 
spring-loaded  effect  of  the  former,  which  is  capable  of  modulation  of  the  wing  beat  and 
enhancement  of  flight  ability. 
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Abstract  text: 

Introduction:  Odonata  are,  together  with  the  Ephemeroptera,  the  oldest  extant  winged  insects  on 
Earth.  They  show  a  unique  mating  behaviour,  in  which  males  use  their  caudal  appendages  to 
clasp  the  female’s  thorax  or  head  before  and  during  mating  and  transfer  sperm  with  a  secondary 
copulatory  apparatus,  located  at  their  second  and  third  abdominal  segments.  By  doing  so,  male 
and  female  form  a  characteristic  mating  wheel  during  copulation.  The  male’s  copulatory  organs 
possess  a  remarkable  morphology,  and  the  shape  of  their  abdominal  claspers  is  very  diverse. 
Although  the  caudal  appendages  and  parts  of  the  secondary  copulatory  apparatus  of  males  are 
widely  used  in  taxonomy,  their  function  and  how  they  work  together  with  the  female  structures  is 
still  not  fully  understood. 

Methods:  It  is  difficult  to  obtain  precise  information  about  the  functional  mechanism  of 
structures  involved  in  tandem  formation  and  sperm  transfer  in  the  active  state  using  traditional 
anatomy  methods.  The  application  of  the  non-destructive  method  of  micro-computed 
tomography  enabled  us  to  analyse  the  mating-related  structures  of  lestid  and  coenagrionid 
species  in  their  natural  position  in  both  the  inactive  and  the  active  state  during  copulation  without 
manipulating  them. 

Results/Conclusion:  We  revealed  the  interactions  between  the  male’s  accessory  genitalia  and  the 
female’s  genitalia  and  differences  in  clasping  mechanisms.  Three  of  them  use  their  cerci,  and  one 
uses  the  paraprocts  to  clasp  the  female.  Together  with  previously  published  results  our  data 
suggest  that  using  the  cerci  for  clasping  is  most  likely  the  primordial  state  of  clasping  in 
Odonata. 
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Introduction:  Variation  in  traits  that  are  sexually  dimorphic  is  usually  attributed  to  sexual 
selection,  in  part  because  the  influence  of  ecological  differences  between  sexes  can  be  difficult  to 
identify.  Sex-limited  dimorphisms,  however,  provide  an  opportunity  to  test  ecological  selection 
disentangled  from  reproductive  differences  between  the  sexes. 

Methods:  We  tested  ecological  and  sexual  selection  hypotheses  for  the  evolution  of  body  color 
variation  within  and  between  sexes  in  a  radiation  of  endemic  Hawaiian  damselflies. 

Results/Conclusion:  In  a  phylogenetic  regression  with  17  species,  we  found  that  a  single 
ecological  variable,  exposure  to  solar  radiation,  predicts  body  color  variation  within  sexes 
(female-limited  dimorphism),  between  sexes  (sexual  dimorphism),  and  among  populations  and 
species.  Specifically,  redder  coloration  is  associated  with  more  exposure  to  solar  radiation,  both 
within  and  between  species.  In  a  behavioral  study  of  one  species  with  female-limited 
dimorphism,  we  found  that  body  color  does  not  affect  mating  behavior.  The  function  of 
pigmentation  may  primarily  be  antioxidant  properties  that  would  explain  the  association  with 
light  (specifically  UV)  exposure. 
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Introduction: 

Odonata  have  been  shown  to  have  the  most  molecularly  complex  visual  systems  among 
terrestrial  organisms,  especially  concerning  the  genes  involved  in  color  vision  (opsins).  The 
opsin  complexity  varies  widely  throughout  the  order  and  a  clear  picture  of  opsin  evolution  has 
not  yet  emerged.  The  distribution  of  the  different  opsin  classes  across  the  eye  and  the  presence  of 
sexual  dimorphism  are  less  well  known.  Odonata  are  also  among  the  most  colorful  insect  groups 
yet  the  evolution  of  color  across  the  group  is  unexplored. 

Methods: 

We  produced  transcriptomes  of  the  eye  from  across  Odonata  to  examine  for  the  diversity  of 
opsins  and  reconstructed  ancestral  character  states  for  opsins.  We  further  explored  the 
distribution  of  the  opsins  across  the  odonate  eye  and  the  different  expression  levels  for  individual 
opsin  copies.  Color  was  also  estimated  across  the  group  and  its  evolution  is  examined  in  a 
phylogenetic  context. 

Results/Conclusion: 

We  find  that  opsin  diversity  in  the  Odonata  is  extreme  and  a  clear  picture  of  their  evolutionary 
history  is  still  elusive.  We  also  show  that  classes  of  opsins  are  distributed  and  expressed 
differently  across  the  eye.  The  more  diverse  lineages  of  Odonata  also  exhibit  the  largest  array  of 
colors  when  species  diversity  is  controlled  for.  We  further  explore  a  possible  link  between  color 
diversity  and  opsin  complexity  in  the  visual  system. 
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Introduction: 

Odonata  have  the  largest  opsin  repertoire  of  any  insect  currently  known.  There  is  tremendous 
variation  in  opsin  copy  number  between  species,  particularly  in  the  long  wavelength  sensitive 
(LWS)  class. 

Methods: 

To  explore  the  evolutionary  models  underlying  opsin  expansions  and  test  for  the  selective 
pressures  driving  odonate  opsin  evolution,  we  used  RNA-seq  data  from  16  odonate  species  and 
two  Ephemeroptera  outgroup  taxa.  We  used  >770  loci  to  reconstruct  a  phylogeny  for  these 
species,  built  a  Bayesian  model  that  estimates  the  tempo  and  mode  of  selection  before  and  after 
opsin  duplication  events  using  opsin  gene  trees  and  tested  for  patterns  of  selection  within  and 
across  the  ancestral  opsins  for  the  three  major  spectral  classes. 

Results/Conclusion: 

We  found  exceptional  topological  and  branch  length  congruence  between  our  phylogenies  across 
the  different  strategies  and  methodologies  of  orthology  detection  and  tree  inference.  However, 
we  did  find  pronounced  discord  between  gene  trees  and  species  trees  at  deep  nodes,  providing 
evidence  to  support  a  hypothesis  of  ancestral  gene  flow.  Our  selection  diffusion  model 
demonstrates  that  both  LWS  and  blue  sensitive  (BS)  opsins  may  have  evolved  according  to  a 
permanent  heterozygote  model.  We  found  strong  evidence  for  positive  selection  among  the 
ancestral  branches  for  each  opsin  class  as  well  as  two  amino  acid  sites  in  the  ancesteral  LWS 
opsin  located  within  the  chromophore  binding  pocket.  Inferred  selection  patterns  demonstrate 
evidence  for  subfunctionalization  of  duplicated  opsin  genes.  Odonates  represent  an  excellent 
system  to  track  the  evolution  and  diversification  of  the  genes  that  underlie  phototransduction  at 
the  molecular  level. 
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Introduction:  Multiple  ecological,  evolutionary  and  historical  processes  shape  the  structure  of 
species  assemblages.  However,  it  remains  a  challenge  to  disentangle  the  relative  and  interactive 
effect  of  such  processes.  In  order  to  do  so,  we  must  study  local  species  assemblages  along  broad- 
scale  environmental  gradient.  Furthermore,  we  must  gain  a  strong  understanding  of  the 
functional  ecology  and  evolutionary  history  of  target  groups. 

Methods:  Here,  I  will  present  the  results  of  a  geographical  study  of  odonate  communities 
spanning  three  different  biomes  from  southern  to  northern  Canada.  I  use  high  quality  data  on  the 
relative  abundance  of  co-occurring  species,  together  with  data  on  functional  traits  and  a 
molecular  phylogeny,  to  investigate  the  processes  underpinning  community  assembly. 

Results/Conclusion:  Specifically,  by  integrating  this  information  within  newly  developed  null 
model  analyses,  we  are  able  to  quantify  the  relative  influence  of  environmental  filtering, 
dispersal  limitations  and  biotic  interactions  on  community  structure.  Moreover,  by  mapping  key 
functional  traits  on  a  phylogeny,  we  can  examine  the  strength  of  evolutionary  conservatism,  and 
therefore  link  evolutionary  processes  to  contemporary  community  membership. 
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Abstract  text: 

Introduction:  Within  today’s  rapidly  changing  world,  species  are  faced  with  great  challenges  to 
their  dispersal  and  adaptive  capacities,  which  together  underlie  the  persistence  of  biodiversity . 
Insects  are  often  highly  responsive  to  these  challenges  and  may  act  as  indicators  and  models  of 
evolutionary  change  for  climate-mediated  range-expansions. 

Methods:  Using  a  landscape  genomics  approach  with  >7000  Single  Nucleotide  Polymorphisms 
(SNPs),  we  examine  patterns  of  local  adaptaton  using  Environmental  Association  Analysis  and  a 
modeling  approach  to  examine  changes  in  allele  frequencies  along  an  environmental  gradient 
spanning  a  range  expansion  front  in  the  blue-tailed  damselfly,  Ischnura  elegans.  With  RADseq- 
derived  SNP  data  spanning  five  degrees  of  latitude  along  the  coast  of  Sweden,  we  ask:  how  do 
landscape  features  and  climate  variables  limit  or  facilitate  gene  flow  and  adaptation,  and  are 
there  thresholds  or  breakpoints  in  adaptive  signatures  along  environmental  gradients? 

Results/Conclusion:  Allele  frequency  variations  along  the  range  expanding  front  in  Sweden 
indicate  greater  adaptive  variability  at  the  range  margin  in  relation  to  temperature  and  landscape 
variables.  This  work  demonstrates  the  value  of  landscape  genomics  for  understanding 
evolutionary  processes  during  range  expansion  across  heterogeneous  landscapes,  where  species 
must  move  and  adapt  to  novel  conditions. 
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Abstract  text: 

Introduction:  Sexual  dimorphism  occurs  across  the  animal  kingdom  and  has  profound  effects  on 
many  life  history  traits  and  evolutionary  trajectories.  Here,  we  investigate  sex-specific  gene 
expression  in  Ischnura  elegans  (Odonata),  a  species  with  a  genetically  determined  female  limited 
colour  polymorphism  and  pronounced  sexual  differences. 

Methods:  Whole-organism  transcriptome  profiling  was  conducted  on  adults  of  both  sexes  to  gain 
insights  into  genes  and  pathways  involved  in  sexual  development  and  sexual  conflicts.  Illumina 
RNA  sequencing  of  adult  males  and  females  resulted  in  a  transcriptome  assembly  of  high  quality 
and  completeness. 

Results/Conclusion:  A  total  of  1,296  genes  were  differentially  expressed  between  sexes.  None  of 
these  were  part  of  the  sex-determining  pathway,  supporting,  as  expected,  that  such  regulation  is 
restricted  to  early  ontogeny.  Instead,  the  sexually  differentially  expressed  genes  commonly 
involved  sex-specific  physiological  and  reproductive  traits  (ovarian  yolk  proteins  and  sperm), 
and  differential  expression  of  several  olfactory  genes  proposes  interesting  sexual  components  in 
the  detection  of  pheromones  and  environmental  volatiles.  Several  important  pathways  were  up- 
regulated  in  females,  including  genes  in  the  pigmentation  (ommochrome)  and  the  hormone 
(ecdysone)  biosynthesis  pathways.  Interestingly,  females  showed  differential  up-regulation  of 
several  components  of  the  innate  immunity  pathway,  which  suggests  a  stronger  immune 
response  in  females,  potentially  related  to  the  high  level  of  male  mating  harassment  in  this 
species.  This  is  the  first  study  to  characterize  sex  specific  gene  expression  in  odonates,  one  of  the 
most  ancient  extant  insect  orders.  Results  from  this  study  will  provide  a  foundation  for  future 
work  on  sex  differences  in  I.  elegans  and  other  odonates. 
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Abstract  text: 

Bark  beetles  and  wood  borers  (Coleoptera:  Scolytinae)  are  well-known  vectors  of  some  of  the 
world’s  most  serious  tree  pathogens.  Most  of  these  pathogens  reside  in  a  broadly  defined  group 
known  as  the  Ophiostomatoid  fungi,  which  includes  species  in  the  phylogenetically  unrelated 
order  Ophiostomatales  and  the  family  Ceratocystidaceae.  Examples  of  the  former  group  are 
found  in  genera  such  as  Ophiostoma  (Dutch  elm  disease),  Raffaelea  (Laurel  wilt)  and 
Leptographium  (black  stain  root  disease).  In  the  latter  group,  numerous  species  of  Ceratocystis 
sensu  stricto\\m\  are  associated  with  wood-boring  insects  cause  serious  tree  diseases.  Research 
has  shown  that  in  some  cases,  the  associations  between  fungal  tree  pathogens  and  scolytine 
beetles  represent  tightly-linked  and  coevolved  symbioses.  The  diseases  caused  by  the  pathogens 
can  generally  be  attributed  to  an  accidental  introduction  of  a  pathogen  together  with  its  insect 
vector(s)  into  an  area  with  "naive"  and  highly  susceptible  tree  hosts.  Emerging  trends,  however, 
reflect  increasing  numbers  of  novel  associations  between  scolytine  beetles  and  virulent  tree 
pathogens.  In  some  cases,  neither  the  insect  nor  the  fungal  associate  had  previously  been 
considered  important,  but  their  association  when  exposed  to  a  highly  susceptible  tree  species  has 
resulted  in  widespread  tree  mortality.  Many  of  the  newly  emerging  tree  disease  problems  caused 
by  scoltyine  beetle  fungal  pathogen  symbioses  could  not  have  been  anticipated  prior  to  the 
appearance  of  large  numbers  of  trees  dying.  This  is  an  alarming  situation  that  calls  for  new 
thinking  regarding  the  prediction  and  avoidance  of  future  tree  disease  problems. 
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Abstract  text: 

Introduction:  Studies  on  fungal  associates  of  subcortical  insects  have  traditionally  focused  on 
Ophiostomatales  and  Microascales,  which  contain  pathogens  of  economically  important  tree 
crops.  However,  most  bark  beetles  are  not  pests,  and  the  majority  have  not  been  surveyed  for 
their  fungal  associates. 

Methods:  For  the  past  10  years,  we  have  been  conducting  culture-based  and  DNA-based  surveys 
of  bark  beetles  from  twigs  and  branches  across  Europe  and  the  U.S.  that  have  not  been 
previously  sampled.  We  quantified  the  entire  fungal  communities  rather  than  a  few  pre-selected 
groups. 

Results/Conclusion:  Bark  beetle  communities  can  be  broadly  separated  to  those  consistently 
vectoring  diverse  ophiostomatoid  fungi,  and  those  dominated  by  moulds  from  the  genus 
Geosmithia  (Ascomycota:  Hypocreales).  Geosmithia  includes  consistent  bark  beetle  phoretic 
associates,  true  ambrosia  fungi,  and  plant  pathogens.  Association  with  Geosmithia  is  typical  for 
the  beetles  feeding  on  most  hardwoods  (except  of  Betula ),  Cupressaceae  and  several  bark  beetle 
species  infesting  Abies,  Picea  and  Firms.  Most  Geosmithia  are  vectored  by  phloeophagous  bark 
beetles  that  attack  low  diameter  branches,  whereas  Ophiostomatales  are  associated  with  bark  and 
ambrosia  beetles  breeding  in  large  branches  and  trunks.  Differences  in  fungal  communities  at  the 
macro-scale  appear  to  be  due  to  water  content  and  temperature  stability.  Geosmithia  spp.  exhibit 
various  degrees  of  specificity  with  their  beetle  vectors,  ranging  from  specialist  fungi  limited  to 
monophagous  beetles  vectors,  to  generalists  associated  with  numerous  vectors,  to  free-living 
fungi.  The  level  of  GeosmzY/zmf-beetle-tree  specificity  is  maintained  globally.  Four  linages  of 
Geosmithia  evolved  into  nutritional  mutualists  of  ambrosia  beetles.  Geosmithia  diversity 
currently  exceeds  50  species. 
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Introduction:  The  lives  of  most  complex  organisms  are  dependent  on  the  deterministic  assembly 
of  a  suite  symbiotic  microbial  partners.  Thus  understanding  the  processes  that  guide  symbiont 
assembly  is  a  paramount  goal  of  organismal  biology.  Ambrosia  beetles  are  dependent  on 
nutritional  fungal  partners  that  they  farm  within  galleries  excavated  through  tree  xylem.  With 
each  generation,  newly  emerged  beetles  carry  fungal  symbionts  from  their  natal  gallery  to  a  new 
gallery  in  a  specialized  organ  called  the  mycangium.  Recent  evidence  has  shown  that  the 
mycangium  often  contains  a  great  diversity  of  microbial  taxa,  some  beneficial  and  some 
potentially  detrimental,  though  beneficial  symbionts  tend  to  be  dominant.  The  processes  that 
maintain  the  dominance  of  beneficial  fungi  within  the  mycangium  and  thus  secure  the  success  of 
the  next  generation  of  beetles,  are  unknown.  Ecological  theory  suggests  that  deterministic 
symbiont  community  assembly  can  be  driven  by  “top-down”  host  controls,  or  “bottom-up” 
processes  such  as  competition  for  resources. 

Methods:  Here,  we  used  laboratory  inoculation  experiments  to  assess  top-down  control  over 
fungal  colonization  of  the  mycangium.  Beetles  were  reared  within  wooden  galleries  supporting 
fungal  monocultures  that  included  symbionts,  close  relatives  of  symbionts,  and  more  distant 
fungal  taxa.  We  then  quantified  fungi  from  the  mycangia  of  emerging  beetles  to  determine  the 
degree  to  which  colonization  and  proliferation  of  specific  fungi  within  the  mycangium  was 
limited  by  the  beetle  in  the  absence  of  competing  fungal  taxa. 

Results/Conclusion:  Our  work  provides  a  better  understanding  of  the  processes  that  drive  the 
ecological  and  co-evolutionary  maintenance  of  microbial  mutualisms. 
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Introduction:  Sirex  noctilio  together  with  its  fungal  mutualist  Amylostereum  areolatum,  is  an 
important  pest  of  Pinus  plantations  in  the  Southern  Hemisphere.  During  the  course  of  the  past 
century,  an  extensive  body  of  knowledge  has  been  accumulated  relating  to  its  biology  and 
management.  Considerable  attention  has  also  been  given  to  its  biological  control,  in  particular 
using  the  parasitic  nematode,  Deladenus  siricidicola ,  and  the  parasitoid  wasp,  Ibalia 
leucospoides.  Despite  these  efforts,  S.  noctiliocontinuQS  to  spread  and  it  remains  a  serious  threat 
to  forestry  in  many  areas. 

Methods:  We  draw  on  a  variety  of  population  diversity  and  ecology  studies  over  the  past  15 
years  to  characterize  the  diversity  and  complex  patterns  of  interaction  between  all  these 
organisms,  their  hosts  and  environments.  These  include  the  use  of  in  vzYroand  field-based 
monitoring  of  interactions;  DNA  sequence  and  microsatellite  based  studies  of  population 
diversity,  origin  and  evolution  following  invasion;  and  knowledge  from  genome  analyses. 

Results/Conclusion:  Our  studies  have  revealed  a  complex  history  of  introduction  and  unique 
populations  emerging  in  different  parts  of  the  S.  noctilio  invasive  range.  These  unique 
populations  lead  to  variable  interactions  between  the  pest  and  its  natural  enemies,  as  well  as  with 
its  environment.  The  growing  knowledge  regarding  the  population  diversity  and  ecology  of  the 
Sirex  woodwasp  complex  has  and  will  continue  to  provide  opportunities  to  test  effects  of 
diversity  and  directed  evolution  on  ecological  outcomes  and  the  consequences  of  these  actions 
on  management  programs. 
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Abstract  text: 

Introduction:  Up  to  a  quarter  century  ago,  ambrosia  beetles  have  been  believed  as  timber  pests 
that  do  not  kill  healthy  living  trees.  However,  the  situation  has  changed  since  incidence  of  the 
Japanese  oak  wilt  (JOW)  emerged  late  1980s  in  Japan.  An  ascomycetous  fungus  Raffaelea 
quercivora  is  a  causal  agent  of  the  JOW,  which  is  vectored  by  an  ambrosia  beetle  Platypus 
quercivorus.  Mortality  by  the  JOW  differs  greatly  among  tree  species  belonging  to  the  family 
Fagaceae:  60-100%  for  Quercus  crispula,  5-50%  for  Quercus  serrata,  and  <15%  for  Lithocarpus 
edulis.  Generally  mortalities  of  evergreen  species  (<15%)  are  lower  than  those  of  deciduous 
ones.  There  is  no  JOW  incidence  outside  Japan  even  though  both  P.  quercivorus  and  R. 
quercivoraQxist. 

Methods:  Factors  influencing  the  mortality  will  be  discussed  from  a  viewpoint  of  “triangular 
relationship”  among  tree-fungus-insect. 

Results/Conclusion:  Inoculation  experiment  revealed  strong  virulence  of  R.  quercivora  isolates 
outside  Japan  and  weaker  tree  reaction  (necrosis)  in  evergreen  Fagaceae  than  deciduous  ones. 
Gum  exudation  was  also  an  important  factor  determining  success  of  the  insect  attacks.  Namely, 
defense  by  gum  against  boring  insects  was  weaker  in  Q.  crispula  (most  susceptible  species)  than 
in  Q.  serrata.  Area  of  healthy  sapwood  is  closely  related  to  success  of  mass  attacks  by  P. 
quercivorus  because  P.  quercivorus  males  escape  from  inadequate  host  trees  without  emitting 
aggregation  pheromone.  However,  proportion  of  sapwood  is  negatively  correlated  to  tree 
mortality  among  and  within  tree  species.  I  will  also  focus  on  these  contradictory  phenomena  that 
are  related  to  sapwood  area  and  proportion. 
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Abstract  text: 

Introduction:  Bark,  ambrosia,  and  pinhole  bark  borers  are  globally  distributed  pest  species 
capable  of  destroying  large  tracts  of  forested  land  during  an  outbreak  cycle.  It  is  often  the 
beetle’s  fungal  symbionts  that  ultimately  cause  tree  mortality.  Most  of  these  fungal  symbionts 
belong  to  the  order  Ophiostomatales  with  a  select  few  garnering  much  attention  due  to  their 
economic  significance.  However,  the  majority  of  this  attention  has  focused  primarily  on  fungi 
that  are  bark  beetle-associates,  rather  than  ambrosial  fungi,  which  are  farmed  by  their  beetle 
hosts.  This  distinction  is  important  when  considering  beetle  invasiveness,  fungal  pathogenicity, 
and  adaptation  to  new  ecological  niches.  Fungal  farming  evolved  independently  in  3  insect 
orders,  with  the  Attine  ants  and  Macrotermite  systems  receiving  the  majority  of  the  research 
attention.  Within  the  beetle  family  Curculionidae  agriculture  evolved  at  least  1 1  times  with 
beetles  from  2  different  subfamilies  domesticating  various  fungal  lineages.  This  insect-fungal 
agricultural  symbiosis  represents  the  most  diverse  assemblage  of  both  insects  and  cultivars 


making  it  amenable  to  comparative  genomic  studies  not  possible  in  in  either  the  ant  or  termite 
systems. 

Methods:  We  sequenced,  assembled,  and  annotated  7  Ophiostomatales  fungal  genomes,  6  of 
which  are  ambrosia  beetle  symbionts.  Using  our  annotation  and  that  of  related,  previously 
published  fungal  genomes  we  compared  the  evolution  of  protein  family  domains  among  beetle 
associated  fungi  and  free-living  species. 

Results/Conclusion:  Our  analysis  is  the  first  to  compare  cultivars  among  all  insect  farmer 
lineages  (ant,  termites,  and  beetles)  and  provides  insight  into  the  genes  and  pathways  relevant  to 
cultivation. 
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Introduction:  The  plant  pathogenic  fungus,  Geosmithia  morbida,  vectored  by  the  walnut  twig 
beetle  (WTB),  Pityophthorus  juglandis ,  has  been  associated  with  a  disease  complex  of  walnuts, 
Juglans  spp.,  known  as  thousand  cankers  disease  (TCD).  TCD,  originally  described  from  the 
western  United  States,  has  now  expanded  to  the  native  range  of  black  walnut  {J.  nigra)  in  the 
eastern  U.S.  TCD  has  recently  been  discovered  in  northwestern  Italy  on  both  black  and  native 
English  walnut  (J.  regia).  Due  to  pathogen  movement  and  possible  global  distribution,  there  is  a 
critical  need  to  understand  genetic  diversity  and  population  structure  of  the  fungal  pathogen,  G. 
morbida ,  and  its  vector,  WTB. 

Methods:  Using  traditional  and  molecular  tools,  we  investigated  the  biology,  life  cycle, 
population  genetics  and  rapid  detection  of  the  TCD  complex. 

Results/Conclusion:  Our  current  research  indicates  2  overlapping  WTB  generations  per  season  in 
the  U.S.  and  Italy.  We  have  developed  rapid  molecular  detection  methods  for  G.  morbida  and  its 
insect  vector,  using  microsatellite  loci,  significantly  reducing  disease  confirmation  time.  We 
have  found  high  genetic  diversity  among  G.  morbida  subpopulations  in  the  U.S.  and  Italy  with 
evidence  of  gene  flow  and  a  significant  correlation  between  geographic  and  genetic  distance.  We 
identified  5  distinct  genetic  fungal  clusters  and  no  evidence  of  sexual  reproduction  or  genetic 
recombination  with  Bayesian  clustering  analyses.  Our  results  support  the  hypothesis  that  G. 
morbida  was  disseminated  to  different  regions  multiple  times  from  multiple  sources. 
Understanding  genetic  structure  of  the  members  of  this  disease  complex,  as  well  as  their 
interactions,  can  aid  in  future  predictions  of  TCD  occurrences. 
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Introduction:  The  ambrosia  beetle  Euwallacea  fornicatus  was  formerly  known  as  a  single  species 
that  attacks  tea  and  a  broad  range  of  other  hosts,  but  recent  molecular  work  has  found  them  to  be 
a  complex  of  at  least  5  cryptic  species,  each  with  their  own  species  of  Fusarium ,  their  obligate 
fungal  associate.  Additional  molecular  work  studying  their  population  genetics  has  identified 
their  probable  geographic  origins.  Three  of  these  cryptic  species  have  become  invasive  in  the 
United  States:  one  species  in  Hawaii  and  Florida,  and  2  species  in  southern  California.  Their 
broad  range  of  host  trees,  and  their  ability  to  attack  and  infect  healthy  trees  with  Fusarium  and 
cause  Fusarium  dieback,  have  resulted  in  economic  and  environmental  damage,  particularly  in 
southern  California.  They  seriously  threaten  avocado,  Persea  Americana,  which  is  a  preferred 
host.  In  addition,  protected  native  trees  of  California  such  as  sycamore  and  oak,  and  about  a  1/3 
of  street  trees  in  southern  California  are  also  threatened. 

Methods:  Beetles  collected  from  Eos  Angeles  County  were  used  to  develop  artificial  rearing 
techniques.  Subsequently  additional  beetle  populations  from  Miami-Dade  and  San  Diego 
Counties  were  also  collected,  reared,  and  used  in  laboratory  crossing  experiments.  Additionally, 
semiochemicals  associated  with  the  beetles  were  identified  and  analyzed,  compared  between 
beetle  populations,  and  tested  for  behavioral  activity. 

Results/Conclusion:  Experimental  crossing  revealed  that  although  genetically  separate  species,  a 
degree  of  hybridization  was  possible  between  them,  but  with  decreased  fitness  in  subsequent 


generations.  Chemical  profiles  between  the  3  also  differed,  and  their  behavioral  activity  and 
biological  importance  will  be  discussed. 
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Introduction:  Xylophagous  insects  often  employ  microbial  symbionts  to  overcome  the  challenges 
of  feeding  on  recalcitrant  food  sources.  Asian  longhorned  beetle  (ALB;  Anoplophora 
glabripennis  (Cerambycidae:  Lamiinae))  is  an  exotic,  tree-killing  insect  introduced  into  the  U.S. 
from  China.  Its  gut  harbors  a  diverse  assemblage  of  bacteria  and  fungi  with  the  capacity  to 
provision  nutrients,  metabolize  lignocellulose,  and  detoxify  phytochemicals.  The  most  consistent 
community  member  is  Fusarium  solani  species  complex  6  (FSSC6),  a  non-pathogenic, 
lignocellulose-degrading  strain.  Previous  work  from  molecular  studies  suggest  a  robust 
association  of  FSSC6  with  ALB  larvae,  in  which  it  provides  nutritive  provisioning  roles  to  the 
host. 

Methods:  To  assess  transmission,  we  collected  paired  samples  of  adult  and  larval  guts,  egg,  and 
frass  and  sequenced  microbial  communities.  ALB  eggs  from  logs  were  collected  at  different 
times  post-oviposition  and  FSSC6  presence  was  detected  using  several  techniques. 
Presence/absence  of  FSSC6  was  manipulated  by  surface  sterilizing  eggs  from  logs  prior  to  larval 
eclosion,  followed  by  plating  gut  homogenate  onto  selective  growth  media. 

Results/Conclusion:  FSSC6  was  associated  with  all  life  stages  of  ALB.  Females  transfer  the 
fungus  by  depositing  frass  containing  fungal  propagules  into  the  oviposition  pit  that  she  chews  to 
bypass  the  bark  surface.  FSSC6  was  not  detected  on  eggs  until  1  week  post-oviposition.  FSSC6 
appears  to  accumulate  on  the  eggs  by  growth  in  the  oviposition  pit,  which  results  in  darkening 


and  softening  of  the  tree  tissues  in  the  pit  only.  When  the  female  chews  a  pit  but  does  not  deposit 
an  egg,  this  soft  rot  fungus  could  not  be  detected. 
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Detailed  tests  of  trained  worker  bees  demonstrated  three  input  pathways  in  parallel  that  are 
sufficient  and  necessary  to  explain  learning  and  recognition  in  the  foraging  behaviour.  Only  the 
blue  receptor  pathway  carries  a  measure  of  intensity.  As  the  eye  scans  in  the  horizontal  plane, 
vertical  edges  cause  modulations  in  blue  and  green  receptor  channels  that  are  summed  to  form 
cues  in  each  local  region  irrespective  of  the  pattern.  These  responses  are  independent  and  not  re¬ 
assembled  to  detect  lines,  shapes  or  textures,  except  for  local  average  orientation  via  the  green 
receptor  channel.  Bees  can  learn  the  location  and  measure  of  modulation,  position  of  the  average 
edge  orientation,  areas  of  blue,  and  positions  of  hubs  of  radial  and  circular  shapes.  When  bees 
discriminate  shapes  such  as  a  ring,  spokes,  a  square,  or  a  square  cross,  they  remember  only  the 
coincidence  of  these  positions  and  measures.  The  preferred  cues  are  edges  of  strong  contrast  in 
the  green  receptor  pathway.  Black  is  detected  as  the  absence  of  blue  and  white  by  its  large  blue 
content.  Flowers  are  distinguished  as  more  or  less  blue  than  background  and  by  simple  structural 
features  such  as  width.  Bees  fail  to  detect  a  tonic  component  of  yellow  or  green.  Structural 
features,  such  as  modulation,  pattern,  area,  and  height  of  the  centre,  are  all  confounded  with 
colour  because  they  share  the  same  receptor  inputs. 

Horridge,  A.  2016.  Inputs  for  bee  colour  vision.  Acta  Biolgica  Hungarica  (in  the  press). 
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Circadian  clocks  coordinate  time-of-day  specific  biological  processes  in  organisms  from  all 
kingdoms  of  life  to  maximize  performance  and  fitness.  A  key  feature  of  the  circadian  clock  is  its 
ability  to  respond  to  environmental  cues,  and  light  represents  one  of  the  strongest  zeitgeber  for 
clock  entrainment.  Over  the  past  two  decades,  insects  including  the  vinegar  fly  Drosophila 
melanogaster  have  been  used  as  animal  models  to  study  the  molecular  mechanisms  underlying 
clock  regulation.  The  clock  regulates  all  aspects  of  insect  biology,  including  activity  levels, 
eclosion  rhythms,  hormone  levels,  insecticide  detoxification,  immune  response,  mating  as  well 
as  feeding  rhythms.  We  now  understand  detailed  mechanisms  by  which  light  entrains  the 
molecular  oscillator  to  coordinate  these  rhythms  of  life,  and  causes  phase  advance  and  delay  if 
insects  are  exposed  to  light  at  inappropriate  times  of  the  day.  In  the  past,  light  has  been  used  as 
an  attractant  for  pest  control,  but  the  central  role  of  light  in  regulating  circadian  rhythms  in 
physiology  suggests  that  it  can  be  used  as  an  integrated  pest  management  tool  to  desynchronize 
the  circadian  pacemaker  and  negatively  impact  pest  insect  physiology.  Finally,  manipulation  of 
light  conditions  and  photoperiod  can  also  be  used  to  modulate  insect  seasonal  biology,  cold 
tolerance,  and  diapause  induction,  which  will  affect  the  starting  pest  population  for  the  next 
growing  season. 
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Abstract  text: 

Introduction:  Light  of  different  wavelengths  controls  various  physiological  processes  in  plants, 
including  growth,  reproduction  and  defense  reactions.  Ultraviolet  (UV)  radiation  can  activate 
defense  mechanisms  in  plants  and  enhance  the  biosynthesis  of  secondary  metabolites  such  as 
flavonoids  and  glucosinolates  responsible  for  plants’  resistance  to  some  herbivorous  insects.  The 
efficiency  of  metabolite  based  resistance  is  species  specific  and  depends  on  the  feeding  guild  and 
specialization  of  herbivores.  In  this  study  we  investigated  the  influence  of  exposing  plants  to 
narrow  band  wavelengths  of  light,  from  UVB  to  violet,  on  their  secondary  metabolism  and 
herbivore  performance. 

Methods:  Broccoli  ( Brassica  oleracea)  plants  were  grown  for  4  weeks  in  a  climate  chamber 
under  conventional  artificial  growth  light  and  additional  exposure  to  3 10  (UVB),  365,  385 
(UVA)  or  420  nm  (violet)  generated  with  UVB  tubes  and  LEDs.  HPLC  analyses  of  flavonol 
glycosides  and  glucosinolates  of  these  plants  were  performed.  The  development  of  the 
specialized  cabbage  aphid,  Brevicoryne  brassicae,  and  the  generalized  green  peach  aphid,  Myzus 
persicae,  on  these  plants  were  studied. 

Results/Conclusion:  The  content  of  kaempferol  (a  flavonol  glycoside)  increased  markedly  in 
plants  exposed  to  UVB.  The  content  of  4-hydroxy-3-indolylmethyl  (a  glucosinolate)  increased  2- 
folds  in  plants  exposed  to  both  UVB  and  UVA.  B.  brassicae  adult  weight  and  fecundity  were 
lower  on  UVB  exposed  plants.  In  contrast,  M.  persicae  adult  weight  and  fecundity  were 
increased  on  plants  exposed  to  both  UVA  and  UVB.  Before  employing  UV  radiation  for 
inducing  plant  protection  against  herbivores,  the  species  specificity  of  the  induced  effects  should 
be  determined. 
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Abstract  text: 


Introduction:  The  concept  of  integrated  biodiversity  management  includes  integrated  pest 
management  and  the  conservation  of  nature  around  cultivated  fields.  Increased  agro-ecosystem 
biodiversity  should  increase  beneficial  insects  that  are  natural  enemies  of  pests  and  limit  the 
occurrence  of  harmful  insects.  Companion  plants,  such  as  buckwheat  and  sesame,  encourage  the 
settlement  of  natural  enemies.  Attractive  light  emitting  diodes  (LED)  were  shown  to  recruit 
natural  enemies  from  surrounding  uncultivated  areas.  In  this  study  we  evaluated  the  effects  of 
using  companion  plants  and  attractive  LEDs  on  thrips  pests  of  eggplant  in  Japan. 

Methods:  Pesticide-free  eggplant  cultivation  with  companion  plants  was  performed  from  June  to 
October.  A  section  of  the  field  had  violet  LED  lights  and  the  section  without  LED  served  as  a 
control.  The  number  of  thrips  and  their  natural  enemies  were  determined. 

Results/Conclusion:  In  mid-summer,  the  density  of  thrips  Mycterothrips  glycines  was  50%  lower 
in  the  LED-illuminated  section  than  in  the  non-illuminated  section.  The  density  of  the  native 
predatory  bug  Orius  sauteri  increased  10-folds  in  the  LED-illuminated  section  compare  to  the 
non-illuminated  section.  Other  natural  enemies  that  were  often  observed  in  the  LED-illuminated 
section  included  lacewings,  spiders  and  tree  frogs.  This  study  showed  that  a  combination  of 
companion  plants  and  LED  illumination  enhanced  biodiversity  in  an  agro-ecosystem  and 
selective  attraction  of  natural  enemies  using  LED  illumination  is  effective  for  thrips  control  in  an 
open-field  eggplant  cultivation. 
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Introduction:  The  predatory  bug  Orius  sauteri  is  an  indigenous  natural  enemy  of  agricultural 
pests  such  as  thrips  and  whiteflies.  In  order  to  use  this  natural  enemy  for  pest  control,  it  is 
essential  to  develop  methods  for  attracting  and  inducing  the  settling  of  O.  sauteri.  Phototaxy  is 


one  possible  way.  This  study  examined  the  photo  responses  of  O.  sauteri  and  considered  its 
application  for  pest  control. 

Methods:  1)  We  investigated  the  spectral  preference  of  O.  sauteri.  Bugs  were  placed  in  a 
hexagonal  arena  equipped  with  six  light-emitting  diodes  (LEDs)  of  different  colors:  ultraviolet 
(365  nm),  violet  (405  nm),  blue  (450  nm),  green  (525  nm),  orange  (590  nm),  and  red  (660  nm). 
2)  We  investigated  the  effect  of  a  violet  LED  on  O.  sauteri  in  an  eggplant  field,  where  sesame, 
okra,  buckwheat,  and  blue  salvia  were  planted  as  insectary  plants.  The  eggplant  field  was 
subdivided  into  LED-illuminated  and  non-illuminated  sections  with  sorghum. 

Results/Conclusion:  1)  The  bugs  were  strongly  attracted  to  the  violet  light  (405  nm).  2)  In  the 
eggplant  field,  there  were  more  O.  sauteri  in  the  LED-illuminated  section,  and  the  number  of 
thrips  was  reduced  remarkably  in  that  section  compared  to  the  non-LED  section.  Violet  LEDs 
promote  the  attraction  and  settlement  of  O.  sauteri ,  which  suppressed  the  density  of  thrips. 
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Insect  pests  use  vision  for  finding  food  and  for  orientation.  The  frequency,  intensity,  size,  shape 
and  contrast  of  the  visual  cues  are  affecting  their  response.  Aphids,  whiteflies  and  thrips  are 
major  pests  causing  direct  feeding  damages  and  often  transmit  pathogenic  viruses  to  plants. 
These  pests  see  ultra- violate  (UV;  mainly  for  orientation)  and  green-yellow  (mainly  for  finding 
plants)  lights.  Thus,  manipulating  the  natural  sunlight  and/or  using  artificial  lights  can  interfere 
with  their  host  plants  finding  and  their  orientation. 


Experimental  results  suggest  two  ways  to  use  light  for  reducing  pests’  invasion  and 
establishment:  1)  Attractive  light  (e.g.  yellow)  divert  pests  away  from  host  plant  and  arrest  them; 
2)  High  reflection  of  the  light  deters  pests.  Both  ways  may  be  used  as  colored  mulch  for  field 
crops  or  as  optically  active  cladding  materials  for  protected  crops. 

When  growing  areas  have  no  UV  light,  pests  are  less  likely  to  enter  them  and  their  dispersal  rate 
in  them  is  decreased.  Thus,  covering  crops  with  cladding  materials  that  blocks  UV  often  reduce 
pests’  invasion  and  establishment.  Artificial  light  sources  (especially  LEDs)  may  be  used  for 
mass  trapping  of  pests  and  for  recruiting  natural  enemies.  Optical  manipulation  can  be  integrated 
into  IPM  pest  management  programs.  However,  the  light  required  by  beneficial  insects 
(pollinators,  predators  and  parasites)  must  be  considered  when  using  optical  manipulation  for 
pests. 
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Abstract  text: 

In  boreal  and  temperate  climates,  optical  manipulation  of  arthropod  pests  can  be  aimed  at 
preventing  them  from  invading  greenhouses,  interfering  with  their  host  finding  in  the 
greenhouse,  or  disrupting  their  physiological  photo-induced  responses.  Coloured  traps  are 
currently  the  most  widely  used  principle.  To  maximize  trapping  efficiency,  the  effect  of  adding 
species-specific  attractive  wavelengths  to  the  traps  with  light-emitting  diodes  (LEDs)  is  under 
investigation.  UV-LEDs  can  extend  the  trap’s  working  time  into  the  night,  e.g.  through 
stimulation  of  flight  activity  of  whiteflies  in  the  dark.  The  commercial  competitiveness  of  LED- 
traps  for  monitoring  and  mass-trapping  is  not  yet  clear.  Creating  trap  crops  by  irradiating  trap 
plants  with  wavelengths  such  as  yellow-green  while  the  crop  is  irradiated  with  blue  or  red  shows 
promise  for  whiteflies  in  poinsettia  and  thrips  in  vegetables.  Night-time  treatments  of  powdery 
mildew  infested  crops  with  UV-light  have  proven  an  efficient  control  method  that  is  now  being 


tested  on  a  commercial  scale.  Night-time  disruption  of  diapause  photo-induction  in  spider  mites 
and  disturbance  of  the  circadian  clock  entrainment  in  whiteflies  are  in  the  experimental  phase. 
The  influence  of  light-related  factors  on  beneficial  species  is  important  to  know  for  selecting  the 
most  suited  beneficials  under  summer  and  winter  conditions  and  different  artificial  lighting 
regimes.  Most  studies  in  this  respect  have  been  done  with  thrips,  spider  mites,  whiteflies,  aphids, 
parasitoids,  predatory  mites,  bugs  and  bumblebees.  As  each  species  has  a  unique  response  to 
light,  we  foresee  that  light-assisted  pest  control  solutions  need  to  be  tailored  to  different  crop- 
pest-beneficials  systems. 
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Introduction:  The  karyotype  of  an  organism  may  be  altered  in  response  to  adaptation  to  a 
heterogeneous  environment  via  complex  traits.  Recombination  among  complex  trait  loci  can 
generate  many  genetic  combinations  for  selection  to  act,  but  optimal  phenotypes  can  also  be  lost 
via  recombination  as  well.  We  are  testing  whether  chromosomal  inversions  arise  in  populations 
because  they  act  as  negative  modifiers  of  recombination  to  hold  beneficial  combinations  of  genes 
together.  We  are  using  the  third  chromosome  of  Drosophila  pseudoobscura as  a  model  system  to 
test  this  hypothesis  because  it  is  polymorphic  for  over  30  different  gene  arrangements  in  natural 
populations.  Geographic  and  altitudinal  gradients  in  gene  arrangement  frequency  provide 
indirect  evidence  that  selection  has  acted  to  increase  and  maintain  the  inversion  mutations  in 
populations,  but  the  exact  nature  of  what  might  be  selected  within  the  arrangements  is  unclear. 

Methods:  We  generated  complete  genome  sequences  and  collected  transcriptome  data  for  D. 
pseudoobscura  strains  that  differ  in  the  gene  arrangement  that  they  carry.  We  used  population 
genetic  analyses  to  test  whether  inversions  arose  because  of  their  indirect  effects  as 
recombination  suppressors. 


Results/Conclusion:  These  data  support  the  hypothesis  that  inversions  are  beneficial  because 
they  prevent  shuffling  of  allelic  variation  because  multiple  genes  within  and  immediately 
adjacent  to  the  inverted  regions  show  evidence  for  selection  either  because  of  amino  acid 
variation  in  proteins  or  differential  expression  of  genes.  Selected  genes  include  detoxification 
genes,  sensory  genes,  and  digestive  enzymes.  These  functions  suggest  that  environmental 
differences  in  toxins  and  food  sources  have  shaped  the  evolution  of  the  Drosophila  karyotype. 
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Introduction:  The  two-spotted  spider  mite  ( Tetranychus  urticae )  is  a  model  genetic  herbivore.  In 
terms  of  host  range,  T.  urticae  is  extreme,  and  has  been  documented  to  feed  on  over  1,000  hosts 
in  diverse  plant  families.  Along  with  this  broad  host  range,  and  potentially  related  to  its 
generalist  life  history,  the  species  is  of  note  because  of  its  rapid  evolution  of  resistance  to  diverse 
pesticide  classes. 

Methods:  To  shed  light  on  the  ability  of  the  species  to  persist  in  the  face  of  diverse  biotic  and 
abiotic  challenges,  we  are  using  genome  sequencing  to  describe  genetic  variation  in  thirty 
populations  or  inbred  lines. 

Results:  As  determined  from  alignments  of  high-throughput  sequencing  reads  to  the  Sanger- 
assembled  reference  sequence,  or  alternatively  by  direct  de  novo  assembly  of  inbred  lines,  we 
find  that  strains  typically  differ  from  each  other  by  one-half  to  two  million  variants  (a  variant 
about  every  100  bp  or  less  in  the  90  Mb  genome).  Our  sample  included  green  forms  of  T. 
urticae ,  but  also  red  forms  that  have  sometimes  been  referred  to  as  a  separate  species  (T. 
cinnabarinus). 


Conclusion:  Consistent  with  several  other  reports,  our  genome- wide  data  do  not  support  a 
species  distinction.  Patterns  of  linkage  disequilibrium  and  long  haplotype  blocks  are  consistent, 
at  least  for  North  American  strains,  with  a  recent  bottleneck  that  may  be  associated  with  spread 
as  an  agricultural  pest  (although  other  explanations  are  possible).  An  overview  of  patterns  of 
genome-wide  polymorphism,  and  specific  variation  in  genes  associated  with  host  plant  use  (for 
example,  detoxification  genes),  will  be  presented. 
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Introduction:  The  formation  of  new  species  gives  rise  to  the  wide  array  of  biodiversity  we  see 
today.  One  of  the  first  barriers  thought  to  arise  in  species  formation  is  that  of  behavioral 
isolation,  yet  very  little  is  known  about  its  underlying  genetic  and  neural  basis. 

Methods:  We  used  a  novel  genetic  mapping  approach  to  identify  three  genes  that  affect 
behavioral  isolation  between  Drosophila  melanogaster  and  D.  simulans. 

Results:  All  three  genes  affect  species-specific  female  mate  preference,  and  appear  to  act  via 
neural  patterning.  The  contributing  male  trait  and  subsequent  female  neural  processing  has  been 
evaluated  for  one  of  these  genes,  and  results  from  these  studies  will  be  presented. 
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Introduction:  The  monarch  butterfly,  Danaus  plexippus ,  is  famous  for  its  spectacular  annual 
migration  and  recent  worldwide  dispersal.  However,  we  know  little  about  the  genetic  basis  of 
these  hallmark  traits. 

Methods:  By  denovo  assembling  the  249-Mb  monarch  genome,  we  performed  a  comprehensive 
gene  annotation  on  gene  families  likely  involved  in  major  aspects  of  the  seasonal  migration.  We 
then  sequenced  additional  101  Danaus  genomes  from  around  the  globe  to  uncover  the  history  of 
the  monarch’s  evolutionary  origin  and  to  characterize  the  genes  and  pathways  associated  with 
migratory  behavior.  The  biological  interpretation  of  the  monarch  genome  advances  our 
understanding  of  the  genes  and  regulatory  elements  important  for  the  long-distance  migration. 

Results:  The  results  rewrite  our  previous  understanding,  showing  that  D.  plexippus  was 
ancestrally  migratory  and  dispersed  out  of  North  America  to  occupy  its  broad  distribution.  We 
also  find  the  strongest  signatures  of  selection  associated  with  migration  is  flight  muscle  function, 
resulting  in  more  powerful  flight  efficiency  among  migratory  butterflies. 
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Introduction:  Darwin  hypothesized  that  speciation  creates  a  continuum  of  forms,  as  adaptive 
polymorphism  within  populations  and  slight  differences  between  races  gradually  accumulate  by 
natural  selection  into  distinguishable  gaps  between  species.  However,  recent  theory  suggests  that 
divergent  selection  can  sometimes  reach  a  tipping  point  versus  gene  flow,  enabling  rapid 
divergence  and  the  appearance  of  more  punctuated  patterns  of  biodiversity . 

Methods:  Here,  we  report  results  for  apple  and  hawthorn-infesting  host  races  of  Rhagoletis 
pomonella  (Diptera:  Tephritidae)  and  their  sister  taxon,  the  undescribed  flowering  dogwood  fly 
(FDF),  consistent  with  such  a  non-linear  transition  during  speciation. 

Results/Conclusion:  Despite  experiencing  comparable  levels  of  gene  flow,  sharing  a  similar 
pattern  of  linkage  disequilibrium,  and  possessing  no  unique  allele  for  more  than  27,000  single 
nucleotide  polymorphisms,  the  FDF  shows  a  pronounced,  correlated  rise  in  genome-wide 
divergence  compared  to  the  races.  As  a  result,  the  FDF  forms  a  distinct  genetic  cluster  from  R. 
pomonella  across  their  range  of  overlap,  whereas  the  races  do  not.  Thus,  although  speciation  is  a 
continuous  process,  it  may  not  always  generate  an  even  continuum  of  biodiversity.  When 
conditions  are  conducive,  races  may  rapidly  evolve  into  new  species. 
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Introduction:  Although  hybridization  is  thought  to  be  rare  in  animals,  the  raw  genetic  material 
introduced  via  introgression  may  play  an  important  role  in  fueling  adaptation  and  adaptive 
radiation.  The  butterfly  genus  Heliconius  is  an  excellent  system  to  study  hybridization  and 
introgression  but  most  studies  have  focused  on  closely  related  species  such  as  H.  cydno  and  H. 
melpomene. 

Methods:  Here  we  characterize  genome-wide  patterns  of  introgression  between  H.  besckei ,  the 
only  species  with  a  red  and  yellow  banded  ‘postman’  wing  pattern  in  the  tiger-striped 
silvaniform  clade,  and  co-mimetic  H.  melpomene  nanna. 

Results/Conclusion:  We  find  a  pronounced  signature  of  putative  introgression  from  H. 
melpomene  into  H.  besckei  in  the  genomic  region  upstream  of  the  gene  optix ,  known  to  control 
red  wing  patterning,  suggesting  adaptive  introgression  of  wing  pattern  mimicry  between  these 
two  distantly  related  species.  At  least  42  additional  genomic  regions  show  signals  of 
introgression  as  strong  or  stronger  than  this  mimicry  locus.  Our  analysis  reveals  that  gene  flow 
has  been  on-going,  with  evidence  of  gene  exchange  at  multiple  timepoints,  and  bi-directional, 
moving  from  the  melpomene  to  the  silvaniform  clade  and  vice  versa.  The  history  of  gene 
exchange  has  also  been  complex,  with  contributions  from  multiple  silvaniform  species  in 
addition  to  H.  besckei.  We  also  detect  a  signature  of  ancient  introgression  of  the  entire  Z  (sex) 
chromosome  between  the  silvaniform  and  melpomene/ cydno  clades.  Our  study  provides  a 
genome-wide  portrait  of  introgression  between  distantly  related  butterfly  species  and  we  propose 
a  comprehensive  and  efficient  workflow  for  gene  flow  identification  in  genomic  data  sets. 
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Introduction:  The  ability  of  anophelines  to  transmit  malaria  is  influenced  by  their  sexual 
reproduction,  with  female  fecundity,  longevity  and  immunity  shaped  by  post-mating 
physiological  changes.  In  Anopheles  gambiae,  male  sexual  traits  -  transfer  of  a  mating  plug 
containing  the  steroid  hormone  20-hydroxy ecdysone  (20E)  -  triggers  major  physiological  events 
in  females  including  loss  of  receptivity  to  mating  and  increased  egg  development. 

Methods:  We  identified  vast  heterogeneity  in  these  male  reproductive  traits  across 
geographically  disperse  Anopheles  species,  with  transfer  of  both  a  mating  plug  and  20E 
occurring  exclusively  in  extant  species  of  the  subgenus  Cellia. 

Results/Conclusion:  Through  combining  phenotypic  and  phylogenetic  analyses,  we  demonstrate 
that  these  male  traits  are  derived  characters  that  coevolved  within  the  anophelines,  driving 
reciprocal  adaptation  of  a  female  20E-interacting  protein  that  increases  egg  development  via 
mechanisms  that  promote  malaria  parasite  progression.  We  show  intriguing  evidence  that  the 
evolution  of  a  mating  system  based  on  male  transfer  of  20E  has  influenced  female  post-blood 
feeding  physiology,  with  implications  for  mosquito  vectorial  capacity.  Our  data  help  elucidate 
the  biological  aspects  relevant  for  successful  malaria  transmission  in  different  anophelines,  and 
may  facilitate  control  strategies  aimed  at  reducing  mosquito  reproductive  success. 


Symposium 

Presentation  Title:  Helicoverpa  armigera :  A  global  perspective  on  the  species  population 
genetics 

Author  Name:  Tom  Walsh 
Author  Institution:  CSIRO 

Session  Title:  Symposium:  Arthropod  Population  Genomics 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4375 
DOI:  10. 1603/ICE.2016. 94588 
Abstract  text: 

Helicoverpa  armigera  is  one  of  the  most  significant  pests  of  agriculture  across  Asia,  Africa, 
Australia  and  Europe.  The  recent  invasion  of  H.  armigera  into  South  America  and  North 
America  makes  H.  armigera  a  truly  global  pest.  One  of  the  aspects  of  its  biology  that  makes  it 
such  a  successful  species  is  that  it  is  able  to  tolerate  a  wide  variety  of  different  environmental 
conditions  and  exploit  a  large  number  of  host  plant  species.  Many  of  these  host  plants  are  those 


that  we  rely  on  for  food  and  fibre.  Furthermore,  H.  armigera  has  developed  resistance  to  almost 
all  of  the  conventional  pesticides  deployed  to  control  it  and  genetically  modified  plants 
containing  insecticidal  proteins  from  Bacillus  thuringiensishavz  been  introduced.  In  this 
presentation  we  will  discuss  the  current  state  of  knowledge  of  the  global  population  genetics  of 
H.  armigerausing  a  variety  of  tools,  from  mitochondrial  markers,  whole  mitochondrial  genomes, 
whole  genome  scans  and  using  specific  markers  with  recent  selection  history.  With  any  pest 
species,  knowledge  of  the  population  genetics  is  vital  to  understand  the  movement  of  the  pest; 
over  its  geographical  range,  between  host  plant  species  and  during  incursions  into  new  areas,  as 
has  occurred  in  South  America.  In  this  presentation  we  focus  on  identifying  the  likely  origin  of 
H.  armigera  in  South  America  and  discuss  the  implications  for  the  spread  and  development  of 
resistance  in  this  species. 
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The  genetic  architecture  underlying  mimicry  polymorphism  in  the  tropical  butterfly  Heliconius 
numata  has  undergone  drastic  evolution,  from  a  multi-locus  architecture  to  a  supergene  behaving 
as  a  single  Mendelian  switch.  This  locus  however  switches  between  differentiated  suites  of 
characters  inherited  together.  Here  I  present  the  evolutionary  forces  acting  on  the  coadaptation  of 
the  different  traits,  the  signatures  of  their  evolution  and  recombination,  and  the  evolutionary 
paths  leading  to  the  formation  of  a  polymorphic  locus  with  highly  differentiated  alleles.  Selection 
for  local  mimicry  is  a  powerful  force  favouring  coadaptation,  and  selection  against  intermediate 
phenotypes  not  matching  a  mimetic  pattern  present  in  the  locality  has  shaped  the  coordination  of 
dominance  between  the  multiple  genetic  elements  forming  the  supergene.  Inversions  at  the 
supergene  reduce  recombination  and  maintain  the  coadaptation  between  variable  sites  across  the 
entire  rearranged  chromosomal  segment.  Association  studies  of  nucleotide  variation  and 
phenotypes  highlight  the  multiple  genes  likely  targeted  by  selection  and  kept  in  linkage 
disequilibrium  within  this  locus.  Finally,  phylogenomics  approaches  suggest  that  the  initial 


inversion  occurred  in  a  different  lineage  and  that  the  supergene  was  formed  by  the  introgression 
of  an  already  differentiated  allele  into  a  host  population.  The  implications  of  this  on  the 
mechanisms  maintaining  polymorphism  and  on  population  demography  are  discussed. 
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Introduction:  Mosquitoes  pose  a  significant  threat  to  global  public  health  because  of  their  ability 
to  effectively  vector  numerous  etiologic  disease  agents.  Every  year,  approximately  700,000 
people  die  from  complications  associated  with  the  spread  of  mosquito-borne  disease  agents. 
Moreover,  the  morbidity  and  burden  caused  by  these  diseases  is  grossly  underreported  and 
neglected  in  many  instances.  Repellent  compounds  offer  great  promise  in  controlling  the  spread 
of  mosquito-borne  disease  by  suppressing  the  bites  of  infected  mosquitoes.  In  recent  years,  our 
lab  has  identified  numerous  plant-derived  compounds  that  are  capable  of  repelling  various 
mosquito  species.  By  screening  a  large  number  of  these  natural  compounds,  we  have  identified 
two  major  classes  of  terpenes  that  are  potent  spatial  repellents,  monoterpenoids  and 
sesquiterpenoids. 

Methods:  Utilizing  a  static-air  repellency  chamber,  we  have  created  a  new  experimental  protocol 
that  allows  us  to  quantify  short-term  repellency  (up  to  2.5  hours)  and  long-term  repellency  (up  to 
7.5  hours). 

Results/Conclusion:  We  have  demonstrated  that  monoterpenoids  tend  to  be  potent  short-term 
repellents  but  are  too  volatile  to  be  appreciably  residual  on  treated  surfaces.  Sesquiterpenoids  are 
less  volatile  and  tend  to  be  better  long-term  repellents,  however  they  are  generally  slower  short¬ 
term  repellents  and  are  found  in  low  concentrations  in  commercially  available  plant  essential 
oils.  By  producing  numerous  synthetic  analogs  and  derivatives  of  these  natural  compounds,  we 


have  identified  unique  chemical  properties  that  increase  the  potential  short-term  and  long-term 
spatial  repellency  of  these  molecules.  It  is  our  goal  to  identify  novel,  natural  or  biorational 
compounds  or  mixtures  thereof  that  provide  potent  and  long-lasting  spatial  repellency. 
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Growing  interest  exists  in  formulating  essential  oils  as  mosquito  repellents  and 
deterrents.  Numerous  private  companies  are  developing  new  products  as  an  alternative  to  DEET 
and  other  chemical  repellents.  Florida  State  University  Panama  City  has  conducted  several 
controlled  experiments  using  the  K&D  in  vitro  system  to  screen  candidate  repellents  and 
deterrents.  The  primary  aims  of  these  studies  have  been  to  generate  efficacy  data  to  help  guide 
companies  in  developing  commercial  products.  This  presentation  will  review  the  approach  and 
results  of  several  completed  studies  against  Aedes  aegypti  and  Culex  quinquefasciatus. 

For  these  studies,  the  K&D  in  vitro  system  was  deployed  in  the  traditional  treated  fabric 
configuration  for  repellents  and  as  a  surrogate  host  system  without  the  fabric  for  feeding 
deterrents.  In  the  latter  case,  the  mosquitoes  are  treated  as  opposed  to  the  fabric. 

Since  many  of  the  tested  products  are  proprietary  and  have  not  yet  been  released  to  the  public, 
results  presented  will  be  coded  so  as  not  to  disclose  the  specific  blends.  Several  essential  oil 
blends  were  found  to  be  comparable  to  7%  and  15%  DEET  over  time  periods  ranging  to  6  hrs. 
post-treatment.  Encouraging  results  were  also  obtained  in  both  lab  and  field  cage  studies  for  new 
“pull-push”  feeding  deterrents  developed  for  small  area  control  of  mosquitoes.  Biting  counts 
were  reduced  by  over  80%  in  two  of  three  trials. 
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Introduction:  Fast-acting  pyrethroid  vapor  insecticides,  such  as  transfluthrin  and  metofluthrin, 
have  been  commercialized  in  household  and  leisure  products  for  indoor  and  outdoor  use  against 
flying  insects.  Whereas  metofluthrin  has  only  recently  been  registered,  transfluthrin  has  been 
marketed  for  a  decade  in  ~50  countries  worldwide.  High  vapor  pressure  is  the  useful 
physicochemical  property  of  these  and  related  fast-acting  pyrethroids,  giving  spatial  repellency 
and  quick  knockdown.  In  the  present  study  we  have  highlighted  threshold  between  spatial 
repellency  and  knockdown  action  using  technical  transfluthrin  as  model  compound. 

Methods:  Concentration  gradient  of  transfluthrin,  temperature  and  airflow  were  employed  as 
three  variables  in  closed  chamber  (greenhouse).  Blood  seeking  Aedes  aegypti  female  mosquitoes 
were  exposed  to  these  three  variables.  Spatial  repellency  and  knockdown  at  time  intervals 
ranging  from  10  minutes  to  60  minutes  were  recorded. 

Results/Conclusion:  Our  results  clearly  demonstrated  trend  of  shift  from  knockdown  to  spatial 
repellency  as  airflow  increased.  However  increase  in  concentration  of  transfluthrin  and 
temperature  tilted  the  balance  towards  insecticide  action. 
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Introduction:  Insect  repellents  provide  protection  from  disease  vectoring  mosquitoes  by 
reducing  contacts  between  the  mosquitoes  and  their  human  hosts.  While  repellents  may  be 
detected  by  olfactory  receptor  neurons  (ORNs)  at  a  distance,  much  less  is  known  about  how 
repellents  are  detected  by  the  mosquito  upon  contact  with  their  host. 

Methods:  Electrophysiological  responses  were  recorded  from  gustatory  receptor  neurons 
(GRNs)  housed  within  sensilla  on  the  labella  of  the  yellow-fever  mosquito,  Aedes  aegypti ,  and 
the  common  malaria  mosquito,  Anopheles  quadrimaculatus. 

Results/Conclusion:  We  show  that  labellar  sensilla  in  both  Ae.  aegypti  and  An.  quadrimaculatus 
house  GRNs  responsive  to  salt  (NaCl),  sugar  (sucrose,  a  feeding  stimulant)  or  quinine  (a  feeding 
deterrent).  Insect  repellents  with  differing  chemical  structures  stimulated  the  quinine-sensitive 
GRN  and  moderated  activity  of  the  sucrose-sensitive  GRN.  Prolonged  stimulation  (1-3  sec)  with 
high  concentrations  of  synthetic  repellents  such  as  DEET,  IR3535  and  picaridin  elicited  bursts  of 
neural  activity  from  neurons  associated  with  the  sensilla.  The  bitter- sensitive  GRN  may 
facilitate  the  screening  of  chemicals  for  use  as  repellents  or  feeding  deterrents  in  management  of 
these  important  disease  vectors. 
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Abstract  text: 

Control  of  pathogen  vectors  that  cause  infectious  diseases  to  livestock  and  humans  continues  to 
be  a  challenge.  Vector  behavior  modification  in  order  to  prevent  an  arthropod  entering  a  space 
occupied  by  a  potential  livestock  or  human  host  to  reduce  encounters  between  the  host  and 
vectors  thereby  eliminating  or  reducing  the  risk  of  pathogen  transmission  is  one  avenue  which 
may  lead  to  generation  of  effective  chemicals  and  novel  products  for  disease/vector  control.  The 
present  study  shows  how  differential  attraction  of  pathogen  vectors  to  vertebrate  animals  can 
lead  to  identification  of  novel  products  which  when  applied  on  preferred  host  animals  can  turn 
them  into  non-hosts  and  thus  provide  a  new  paradigm  for  innovative  vector  control.  In  our  study, 
novel  repellents  were  identified  from  un-preferred  vertebrate  animals  like  waterbuck  Kobus 
defassa  (Bovidae)  which  are  present  in  tsetse  ( Glossina  sp.)  habitats  but  are  not  fed  upon  even 
though  they  belong  to  the  same  family  as  the  preferred  hosts  (cattle).  While  dispensing  non-host 
odors  on  a  host  is  challenging,  we  also  demonstrate  how  through  the  development  of  innovative 
repellent  collars  that  individual  host  animals  wear  encircling  their  necks  contact  between  host 
and  vector  can  be  minimized/prevented  and  thus  disease  transmission  to  livestock  prevented.  We 
also  demonstrate  how  the  simultaneous  deployment  of  repellent  and  attractive  cues  constituting  a 
‘push-pull’  strategy  can  be  exploited  in  livestock  production  systems  to  reduce  disease  and 
vector  levels  (>80%)  similar  to  the  ‘push-pull’  strategy  that  has  been  widely  adopted  for  control 
of  stem  borer  moth  species. 
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Introduction:  Saltidin©  (KBR  3023,  Icaridin,  Picaridin)  is  a  new  generation  of  customized  active 
ingredient  specifically  designed  to  repel  a  variety  of  arthropods.  Saltidin  has  good  safety  profile 
and  cosmetic  properties.  It  does  not  significantly  attack  household  materials  including  plastics, 


coatings,  foils  and  varnishes.  Provides  long  lasting  protection  against  mosquitoes  transmit 
dengue,  chikungunya  and  West  Nile  virus;  ticks  that  transmit  Lyme  disease. 

Methods:  Safety  profile  of  Saltidin  is  well  characterized  by  conducting  studies  using  dermal 
route  of  exposure.  The  efficacy  data  was  generated  by  conducting  numerous  field  and  laboratory 
tests  with  various  formulations  using  human  volunteers  and  animals  in  different  environmental 
and  geographical  locations. 

Results/Conclusion:  Saltidin  is  poorly  absorbed  through  the  human  skin  with  low  toxicity  by  all 
routes  and  is  not  skin  sensitizer.  It  showed  no  neurotoxicity,  developmental  and  genotoxicity. 
Chronic  dermal  dosing  in  mice,  rats  and  dogs  showed  no  adverse  toxicity  or  oncogenicity.  Oral 
and  dermal  routes  had  similar  toxicology  profile  with  no  cumulative  effects.  No  end  points  were 
identified  and  risk  assessment  was  not  required. 

Saltidin  formulations  (cream,  pump  spray,  aerosol,  wipes)  provide  safe  and  effective  protection 
against  variety  of  arthropods  in  various  environmental  conditions  and  geographical  regions.  The 
20%  formulations  (cream,  pump  spray,  aerosol,  wipes)  provide  12  to  14-hour  protection  against 
mosquitoes  and  ticks  and  at  least  8  to  10-hour  protection  against  biting  flies,  sandflies,  and  biting 
midge.  It  provides  24-hour  protection  against  flies  and  mosquitoes  on  the  horses. 

It  can  be  concluded  that  Saltidin  based  products  provide  safe  and  long  lasting  protection  for  the 
whole  family. 
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Abstract  text: 

Introduction:  Semiochemical  pest  management  possesses  many  advantages  over  traditional 
insecticides,  including  species  specificity  (targets  a  specific  insect  while  leaving  non-target 


species  like  pollinators  unaffected),  reduced  environmental  and  health  hazards,  and  decreased 
likelihood  of  resistance.  One  way  semiochemicals  (naturally  occurring  compounds  that  affect 
insect  behavior)  may  be  used  in  pest  control  strategies  is  through  repellency,  to  drive  pests  away 
from  a  vulnerable  resource,  such  as  an  agricultural  crop,  a  forestry  resource,  or  human  or  animal 
population  susceptible  to  blood  feeding  by  disease  vectors. 

Methods:  We  discuss  3  repellent  formulations  developed  by  ISCA  Technologies,  one  each 
designed  for  a  forestry  pest,  an  agricultural  pest,  and  a  disease  vector  of  medical  and  veterinary 
importance.  First,  we  report  on  SPLAT®  Verb,  a  repellent  for  the  mountain  pine  beetle, 
Dendroctonus ponder osae,  a  major  forestry  pest  across  the  western  North  America,  using  the 
anti-aggregation  pheromone,  verbenone,  to  drive  beetles  away  from  treated  pines.  Second,  we 
describe  a  similar  repellent  formulation  for  the  coffee  berry  borer,  Hypothenemus  hampei,  the 
most  economically  important  pest  of  coffee  worldwide.  We  will  conclude  our  discussion  with 
one  of  ISCA’ s  first  attempts  to  develop  a  repellent  against  a  medical/veterinary  pest:  sand  flies, 
vectors  of  leishmaniasis,  a  parasitic  disease  that  kills  approximately  20,000  people  annually. 

Results/Conclusion:  Since  repellents  do  not  require  conventional  insecticide,  they  are  some  of 
the  most  environmentally  friendly  pest  management  strategies  available  today.  With  the 
development  of  these  products,  we  seek  to  demonstrate  the  efficacy  of  semiochemical  repellent 
technologies  for  insect  pests  in  multiple  areas:  agriculture,  forestry,  and  medical/veterinary 
science. 
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Abstract  text: 

Introduction:  The  advantages  and  drawbacks  of  topical  repellent  use  in  community-based 
malaria  prevention  are  explored,  reviewing  evidence  on  epidemiological  efficacy,  user 
acceptance  use  and  problems  related  to  diversion  to  non-users. 


Methods:  The  phenomenon  of  diversion  and  the  parameters  under  which  it  becomes 
epidemiologically  significant  are  examined  via  literature  review  and  simulation  using  a  novel 
agent-based  model  of  mosquito  host-seeking  behavior,  comparing  repellent-based  diversion  to 
diversion  caused  by  LLINs  whose  mass  killing  effect  has  been  compromised  by  insecticide 
resistance.  Also  discussed  is  the  role  topical  repellents  they  might  play  in  complementing 
existing  interventions  by  filling  the  gap  in  the  face  of  behavioral  adaptations  by  vectors  to  new 
biting  times  and  venues,  as  well  as  their  utility  in  protecting  migrant  workers  and  other  transient 
communities. 

Results/Conclusion:  Diversion  of  vector  bites  to  non-users,  while  significant,  does  not 
compromise  the  overall  benefit  of  topical  repellent  or  partially  effective  LLIN  use  at  a 
community  population  level,  based  on  field  studies  and  simulations. 
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Abstract  text: 

Introduction:  Mosquitoes  are  vectors  of  many  pathogens  that  cause  diseases  in  human  beings  and 
animals.  Efforts  are  being  made  to  find  some  practical  solutions  for  control  of  these  vectors.  We 
are  screening  natural  products  for  their  repellant  activity  against  mosquitoes. 

Methods:  Plants  present  novel  compounds  that  can  be  used  to  combat  this  problem.  To  find  a 
suitable  compound  for  control  of  these  vectors,  we  need  to  screen  these  novel  compounds  for 
their  repellency.  Various  methods  both  in  vitro  and  in  vivo  are  used  to  test  these  compounds  for 
their  repellent  activity. 


Results/Conclusion:  Bioassay  systems  that  are  being  used  for  testing  of  natural  compounds  as 
repellent  against  mosquitoes  will  be  discussed.  A  new  bioassay  which  has  recently  been 
developed  in  our  laboratory  will  also  be  described 


Symposium 

Presentation  Title:  Immune  defense  in  context  —  the  missing  piece 
Author  Name:  Paul  Schmid-Hempel 
Author  Institution:  ETH  Zurich 

Session  Title:  Symposium:  Eco-Immunology  of  Invertebrates 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4386 
DOI:  10. 1603/ICE.2016. 91939 
Abstract  text: 

Ecological  immunology  studies  immune  defences  and  the  strategies  of  using  them  in  the  context 
of  challenges  set  by  the  environment  of  organisms.  This  research  agenda  has  had  its  successes 
and  failures,  which  will  be  illustrated  here,  including  examples  from  our  own  studies.  Against 
the  background  of  this  experience,  it  is  asked:  what  have  we  learned  over  the  years,  is  this 
approach  useful,  and  does  it  capture  essential  elements  of  the  problem?  Further,  what  kind  of 
studies  should  we  do,  and  what  questions  would  be  pertinent?  The  aim  is  to  synthesize  these 
issues  in  a  useful  framework,  and  to  generate  a  critical  check-up  for  the  field. 


Symposium 

Presentation  Title:  Environmental  determinants  of  resistance:  Theoretical  models  and  Plodia 
interpunctella  vs  PiGV 

Author  Name:  Mike  Boots 

Author  Institution:  University  of  California 

Session  Title:  Symposium:  Eco-Immunology  of  Invertebrates 


Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4387 
DOI:  10. 1603/ICE.2016. 91942 
Abstract  text: 

Introduction:  Trade-offs  between  life-history  traits  play  a  central  role  in  determining  optimal 
traits  and  in  generating  and  maintaining  trait  diversity.  This  is  well  understood  in  the  context  of 
immune  defense  and  host-parasite  coevolution  more  generally.  There  are  a  number  of  studies 
that  show  costs  to  resistance  in  insects,  but  it  is  clear  that  both  resistance  and  costs  to  resistance 
are  likely  to  be  dependent  on  resources.  It  is  therefore  necessary  to  examine  both  immune 
response  and  correlated  life-history  correlations  across  a  range  of  resource  levels. 

Methods:  Using  a  selection  experiment  carried  out  across  a  broad  range  of  host  resources,  we 
examine  how  resistance  and  costs  depend  on  resource  availability.  Resistance  is  examined 
directly  by  infection  bioassays  of  the  selection  lines. 

Results/Conclusion:  Higher  resistance  evolves  when  there  are  more  resources,  directly 
demonstrating  a  clear  resource-dependent  cost  to  the  evolution  of  resistance.  Resistance  is  traded 
off  with  growth  rate  and  the  costs  are  stronger  under  poor  resource  environments,  although 
adaptation  to  poor  environments  partly  compensates  the  difference  in  costs.  The  level  of 
resistance  and  the  costs  that  are  paid  for  this  resistance  depend  on  both  the  selection  environment 
and  the  environment  in  which  hosts  are  assayed,  implying  that  different  resistance  mechanisms 
may  evolve  in  different  environments.  More  broadly,  the  results  emphasize  that  environmental 
heterogeneity  in  time  and  space  may  underpin  variation  in  immune  diversity. 
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Abstract  text: 

Introduction:  Holometabolous  insects  undergo  a  radical  anatomical  re-organisation  during 
metamorphosis.  This  poses  a  developmental  challenge:  the  host  must  replace  the  larval  gut  but  at 
the  same  time  retain  symbiotic  gut  microbes  and  avoid  infection  by  opportunistic  pathogens. 

Methods:  By  manipulating  host  immunity  and  bacterial  competitive  ability,  we  study  how  the 
host  immune  system  interacts  with  symbiotic  bacteria  to  manage  the  composition  of  the 
microbiota  during  metamorphosis. 

Results/Conclusion:  Disenabling  one  or  both  symbiotic  partners  alters  the  composition  of  the  gut 
microbiota,  which  incurs  fitness  costs:  adult  hosts  with  a  gut  microbiota  dominated  by  pathogens 
such  as  Serratia  and  Staphylococcus  die  early.  Our  results  reveal  an  interaction  that  guarantees 
the  safe  passage  of  the  symbiont  through  metamorphosis  and  benefits  the  resulting  adult  host. 
Moreover,  the  data  also  suggest  that  the  risk  of  opportunistic  infection  during  the  destruction  of 
the  larval  gut  is  countered  by  the  host  through  up-regulation  of  immune  function.  These  findings 
may  be  broadly  applicable  to  insects  with  complete  metamorphosis,  including  many  disease 
vectors. 
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Abstract  text: 

Introduction:  Immune  systems  exist  embedded  in  larger  physiological  networks.  Stress  responses 
reconfigure  physiological  networks  in  order  to  enhance  an  animal’s  response  to  threat.  These 
changes  alter  the  availability  of  molecular  resources  for  the  immune  system,  at  a  time  when  the 


risk  of  wounding  is  increased.  We  examine  how  the  immune  system  alters  its  network  structure 
in  response  to  changing  needs  and  resources. 

Methods:  Larval  caterpillars  ( Manduca  sexta )  were  exposed  to  model  predators  during  the  last 
larval  instar.  Physiological,  biochemical,  and  molecular  measures  of  integument  and  fat  body 
were  made. 

Results/Conclusion:  Caterpillars  gained  weight  less  quickly  when  exposed  to  predators  (F(l, 
128)=1 1.7,  p<0.001).  Total  hemocyte  number  was  unchanged;  phenoloxidase  activity  and 
lysozyme-like  activity  were  also  unaffected.  However,  glutathione  hemolymph  concentration 
was  depressed  in  caterpillars  exposed  to  the  model  predator  (F(l,  20)=4.3,  p=0.05).  In  an  in  vitro 
assay,  the  rate  of  hemolymph  melanization  was  not  affected,  but  melanization  started  more 
quickly  in  the  presence  of  a  predator  (F(l,  38)=4.6,  p=0.04).  Preliminary  qPCR  of  the  fat  body 
showed  increased  expression  of prophenoloxidase-activating-proteinase-3  (PAP-3),  an  activator 
of  the  phenoxidase  system  and  attacin-1,  an  antimicrobial  peptide,  after  predator  exposure.  The 
expression  of  serpin-3 ,  an  inhibitor  of  PAP-3,  was  unchanged.  qPCR  of  the  integument  found  no 
increase  in  the  expression  of  tyrosine  hydroxylase  with  predator  exposure.  The  results  suggest 
that  predator  exposure  shifts  the  immune  system  towards  a  pro-inflammatory  state  and  enhances 
early  immune  responses. 
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Abstract  text: 

Introduction:  Reproductive  and  immunological  processes  are  frequently  in  evolutionary  conflict. 
We  have  found  that  mating  reduces  immune  defense  of  the  fruit  fly,  Drosophila  melanogaster , 
against  generic  bacterial  infections.  Mated  females  show  reduced  capacity  to  induce  an  immune 
response,  reduced  survivorship  from  infection,  and  increased  mean  pathogen  loads  relative  to 
virgins.  The  male-produced  protein  Sex  Peptide  (SP)  is  transferred  in  the  seminal  fluid  to  the 


recipient  female,  where  it  stimulates  Juvenile  Hormone  (JH)  synthesis.  JH  has  previously  been 
shown  to  be  immunosuppressive  and  we  confirm  this  result. 

Methods:  We  use  several  genetic  and  physiological  manipulations,  including  application  of 
synthetic  JH  to  virgin  D.  melanogaster ,  and  mating  of  females  to  males  whose  SP  is  unable  to 
induce  JH  synthesis. 

Results/Conclusion:  We  find  that  Juvenile  Hormone  directly  or  indirectly  suppresses  female 
immune  function,  which  in  turn  allows  an  increased  rate  of  pathogen  proliferation.  This 
increased  rate  of  proliferation  allows  the  pathogen  to  achieve  an  acute  and  ultimately  lethal 
infection.  In  contrast,  virgin  females  are  more  likely  to  control  their  infections,  shunting  them 
into  a  sublethal  chronic  state.  We  believe  that  Juvenile  Hormone  triggers  a  physiological  re¬ 
allocation  of  energetics  and  tissue  utilization  from  somatic  maintenance  to  egg  provisioning, 
resulting  in  the  decreased  immunological  control  of  infection  and  providing  the  mechanistic 
basis  for  a  life  history  trade-off  between  reproduction  and  immunity. 
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Abstract  text: 

Introduction:  Insect  cellular  immunity  remains  a  largely  unexplored  and  understudied  discipline, 
probably  because  of  the  difficulty  of  (a)  studying  natural  haemocyte  behaviour  in  vitro  and  (b) 
the  difficulty  of  observing  haemocyte  interactions  in  vivo  in  an  open  haemocoel.  Consequently, 
most  studies  identify  haemocyte  types  by  anatomical  phenotype  in  monolayers  and  infer 
function.  Many  of  these  studies  are  not  quantitative,  and  are  explicitly  ex  vivo. 

Methods:  I  will  present  results  from  a  study  of  the  bed  bug  spermalege  -  a  unique  immune  organ 
filled  with  haemocytes  -  that  allows  us  to  examine  how  these  cells  deal  with  microbial  infection 


quantitatively  (using  flow  cytometry)  and  examine  cellular  function  without  removing  the  cells 
from  their  natural  environment  (the  spermalege)  over  time. 

Results/Conclusion:  The  results  from  this  study  will  be  presented  and  discussed. 
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Abstract  text: 

Introduction:  A  crucial  question  in  health  is  how  nutrients  are  utilized  during  illness.  Animals 
could  mitigate  the  costs  of  infection  by  shifting  their  intake  or  absorption  of  nutrients,  but 
whether  these  responses  are  adaptive  for  the  host  or  the  infectious  agent,  is  unclear. 

Methods:  We  employed  a  whole-organism  nutritional  geometry  approach  in  combination  with 
genetic,  chemical  analytic,  and  microbiology  techniques  to  assess  how  nutrients  are  managed  by 
the  fruit  fly,  Drosophila  melanogaster ,  when  serving  as  host  for  the  entomopathogenic  fungus, 
Metarhizium  robertsii. 

Results/Conclusion:  We  show  that  the  protein  animals  need  to  fight  infection  are  excreted  in 
response  to  infection  and  that  they  compensate  by  eating  proportionately  more  protein.  We  find 
that  fruit  flies  excrete  high  levels  of  protein  when  topically  infected.  We  show  that  fruit  flies 
adaptively  shift  their  protein/carbohydrate  ratio  dietary  intake,  but  these  changes  in  resource 
intake  are  ultimately  insufficient  to  overcome  losses  in  protein  absorption  and  carbohydrate- 
associated  microbiome  growth. 
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Abstract  text: 

Introduction:  Mounting  and  maintaining  an  effective  immune  response  after  infection  can  be 
costly;  its  outcome  will  depend  on  two  host  immune  strategies:  resistance  and  tolerance. 
Resistance  limits  pathogen  load  but  can  come  with  a  fitness  cost.  Tolerance  is  the  ability  of  hosts 
to  limit  the  negative  fitness  effects  of  an  infection.  Challenges  in  eco-immunology  include 
understanding  how  some  hosts  maintain  their  fitness  when  infected  while  others  succumb  to 
infection,  as  well  as  how  environmental  factors  affect  immunity. 

Methods:  We  tested  fitness,  resistance,  and  tolerance  in  response  to  dietary  protein  limitation. 
Because  infections  are  not  always  lethal,  and  so  that  we  can  assay  fitness,  we  established  our 
assays  using  two  bacteria,  Escherichia  coli  and  Lactococcus  lactis ,  at  doses  that  allow  for 
persistent  infections  in  the  host  but  which  do  not  affect  survival.  We  characterised  bacterial 
infection  pathology  in  individual  female  Drosophila  melanogaster  at  different  times  post 
infection  and  used  this  information  to  test  for  variation  in  resistance  and  tolerance. 

Results/Conclusion:  A  low  protein  diet  translated  into  lower  fitness,  yet  did  not  affect  resistance. 
We  found  evidence  for  diet-induced  variation  in  host  tolerance  to  E.  coli ,  but  not  to  L.  lactis.  The 
bacteria  species  exhibited  remarkably  different  infection  profiles  from  each  other,  and  persisted 
within  the  hosts  for  at  least  seven  days  post  infection.  We  have  since  extended  this  work  to 
multiple  host  genotypes  from  the  Drosophila  genetic  reference  panel  (DGRP)  of  fully  sequenced 
fly  lines.  We  hope  that  this  approach  may  shed  some  light  on  the  genes  underlying  resistance  and 
tolerance. 
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Introduction:  Migration  is  often  associated  with  movement  away  from  scarce  nutrients  or  other 
resources,  and  yet  migration  itself  is  energetically  demanding.  Mormon  crickets,  Anabrus 
simplex  (Orthoptera:  Tettigoniidae),  walk  in  dense  aggregations  as  migratory  bands  over 
rangeland  in  the  western  U.S..  Is  migration  associated  with  scarce  nutrients,  and  can  this  dietary 
deficiency  result  in  less  immunity  to  disease? 

Methods:  We  presented  Mormon  crickets  removed  from  migratory  bands  a  choice  of  protein  or 
carbohydrate  diets,  returned  them  to  the  band,  and  then  recaptured  them  by  radiotracking  their 
movement.  We  measured  the  generalized  immune  response  (phenoloxidase  activity), 
encapsulation  of  foreign  objects,  and  antibacterial  activity  of  recaptured  crickets.  In  the  lab,  we 
inoculated  Mormon  crickets  on  restricted  diets  with  the  pathogenic  fungus  Beauveria  bassiana. 

Results/Conclusion:  Some  bands  were  comprised  of  Mormon  crickets  that  ate  more  protein  than 
carbohydrates,  whereas  Mormon  crickets  in  other  bands  had  a  preference  for  carbohydrates. 
Access  to  a  protein  diet  slowed  the  movement  of  Mormon  crickets  in  bands  seeking  proteins, 
whereas  access  to  carbohydrates  slowed  the  migration  of  carbohydrate-seeking  Mormon  crickets. 
A  protein-restricted  but  carbohydrate-rich  diet  caused  Mormon  crickets  to  have  lower 
phenoloxidase  titers  in  both  the  field  and  lab,  slower  encapsulation  of  foreign  bodies,  and  greater 
mortality  from  Beauveria  bassiana  fungal  infection  than  they  had  when  fed  a  high  protein,  low 
carbohydrate  diet.  In  contrast,  Mormon  crickets  seeking  carbohydrates  had  lower  antibacterial 
activity.  Lipid  transporting  proteins  involved  in  both  locomotion  and  immunity  probably  cause 
migration  to  compromise  antibacterial  activity  in  these  carbohydrate-deprived  Mormon  crickets. 
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Abstract  text: 

Introduction:  Insects  found  in  cooler  and/or  drier  environments  tend  to  produce  highly  melanized 
cuticles  to  improve  thermoregulation  and/or  desiccation  resistance.  However,  melanin  is  also  a 
crucial  component  of  insect  immunity.  Given  that  cuticle  and  immune  melanin  are 
pleiotropically  linked,  direct  selection  on  cuticles  may  indirectly  shape  immune  competence. 
Accordingly,  warmer  environments  have  been  shown  to  produce  insects  with  weaker  melanin- 
based  immune  responses.  Extrapolation  implies  that  a  warming  climate  will  further  exacerbate 
this  pattern.  Alternatively,  extremely  warm  environments  could  increase  metabolic  rates  and 
immune  enzyme  efficiency,  which  may  entirely  compensate  for  decreased  melanin  production. 

Methods:  We  attempt  to  disentangle  these  two  possibilities  using  Drosophila  melanogaster.  To 
assess  metabolic  compensation,  flies  were  reared  in  ‘cool'  or  ‘hot’  environments  and  immunity 
of  each  treatment  was  assayed  in  both  environments.  To  assess  the  influence  of  climate  change, 
we  gradually  increased  the  temperature  of  experimental  populations  over  26  generations  by  3°C 
in  accordance  with  climate  models;  after  which,  cuticle  color  and  melanin-based  immune 
defense  were  assayed. 

Results/Conclusion:  We  found  that  increased  metabolic  activity  did  not  compensate  for  reduced 
immune-melanin  investment.  However,  we  found  that  flies  in  the  experimental  populations 
evolved  darker  cuticles  and  improved  immunity  compared  to  controls.  This  result  was  driven  by 
an  unexpected  and  dramatic  decrease  in  relative  humidity  in  the  experimental  treatment  relative 
to  the  controls  (54%  and  66%,  respectively).  These  data  suggest  that  immunity  might  (1)  weaken 
in  regions  predicted  to  increase  in  temperature  but  not  decrease  in  humidity,  and  (2)  improve  in 
those  regions  becoming  more  arid. 
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Abstract  text: 

Introduction:  The  devaluation  of  natural  history  and  taxonomy  has  added  to  the  failure  of 
ecologists  to  document  biodiversity  and  subsequently  to  understand  effects  of  parasites, 
pathogens,  and  global  change  parameters  on  growing  extinctions.  Natural  history  is  especially 
important  for  understanding  disease  ecology  and  networks  of  interactions  between  organisms 
and  their  parasites.  Phytochemical  interaction  diversity  is  one  metric  derived  from  well 
characterized  networks;  it  is  the  number  and  relative  abundance  of  chemically  mediated 
interactions  linking  species  together  into  communities  and  can  also  be  applied  to  host-parasite- 
pathogen  interactions.  This  particular  interaction  diversity  is  affected  by  host  immunity  as  well 
as  chemical  defenses  of  hosts  and  parasites,  and  it  is  very  dependent  on  the  scale  at  which  it  is 
measured. 

Methods:  We  use  a  combination  of  models,  observational  data,  and  experiments. 

Results/Conclusion:  We  demonstrate  that  interaction  diversity  measured  at  the  large  scales  that 
are  utilized  for  most  food  webs  and  for  host-parasite  interactions  are  misleading  and  not  relevant 
to  immunoecology.  We  also  examine  some  mechanisms  by  which  factors  such  as 
phytochemistry,  parasites,  and  pathogens  affect  interaction  and  species  diversity  at  different 
scales. 
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Introduction:  The  immunological  experience  of  insects  can  improve  their  immune  response  or 
that  of  their  offspring  to  subsequent  infection.  This  phenomenon  of  immune  priming  has  likely 
evolved  from  repetitive  challenges  by  local  microbial  pathogens  in  the  environment.  Such  a 
scenario  might  have  favoured  the  evolution  of  certain  levels  of  specificity  to  microbial  pathogens 
that  represent  the  most  important  pathogenic  threat  in  the  local  environment.  In  particular,  the 
priming  response  to  these  microbes  should  be  more  efficient  and  less  costly  than  the  one 
produced  against  unfamiliar  microbes. 

Methods:  To  test  this  hypothesis,  the  specificity  of  immune  priming  within  and  across 
generations  was  examined  in  the  mealworm  beetle,  Tenebrio  molitor ,  by  comparing  survival  of 
individuals  to  infection  with  bacteria  according  to  their  own  immunological  experience  or  that  of 
their  mother  with  these  bacteria. 

Results/Conclusion:  We  found  that  primed  individuals  with  Gram-positive  bacteria  became 
highly  protected  to  both  Gram-positive  and  Gram-negative  bacterial  infections  compared  to 
primed  individuals  with  Gram-negative  bacteria.  The  offspring  of  primed  females  either  with 
Gram-positive  or  Gram-negative  bacteria  exhibited  similar  levels  of  immune  protection  to  all 
kinds  of  bacterial  infection.  However,  offspring  from  primed  mothers  with  Gram-negative 
bacteria  showed  prolonged  larval  development  than  those  of  primed  mothers  with  Gram-positive 
bacteria.  These  results  suggest  that  whereas  T.  molitor  is  able  to  develop  some  levels  of  primed 
response  to  Gram-negative  bacteria,  immune  priming  might  have  particularly  evolved  from 
repetitive  infections  by  Gram-positive  pathogens,  confirming  that  the  latter  bacteria  might 
represent  the  most  important  pathogenic  threat  in  this  insect  species. 
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Introduction:  An  increasing  number  of  studies  indicate  that  invertebrate  immune  systems  possess 
the  ability  to  discriminate  between  parasite  types,  i.e.  they  show  specificity.  Specificity  is  highly 
relevant  for  the  field  of  eco-immunology.  First,  host-parasite  coevolution  critically  relies  on 
genetic  specificity,  which  will  facilitate  reciprocal  genetic  change  in  interacting  hosts  and 
parasites.  On  the  other  hand,  specificity  can  also  come  in  a  phenotypically  plastic  form,  when 
induced  immune  responses  show  specificity  for  a  certain  parasite  type  (i.e.  immune  memory  or 
'specific  immune  priming').  Here,  we  address  the  question  to  what  extent  these  different  forms  of 
specificity  can  evolve. 

Methods:  Experimental  host-parasite  coevolution  between  the  red  flour  beetle  Tribolium 
castaneum  and  its  microparasite  Bacillus  thuringiensis  served  to  test  whether  coevolution  creates 
genetic  specificity.  Moreover,  selection  lines  of  beetles  that  were  re-exposed  to  either  similar  or 
different  bacterial  species  or  strains  served  to  test  whether  the  immune  system  can  evolve 
towards  higher  or  lower  capacity  for  specific  immune  priming.  After  several  generations  of 
evolution,  re-sequencing  of  bacterial  populations  and  transcriptomic  studies  of  the  beetles  were 
used  to  identify  genetic  changes. 

Results/Conclusion:  Coevolution  selected  for  increased  pathogen  virulence  and  host  resistance 
already  occurs  after  seven  host  generations.  Our  transcriptomic  studies  could  identify  a  pattern  of 
gene  activation  that  is  specific  for  priming  in  an  unselected  host  population.  Differences  in 
priming  ability  resulting  from  the  selection  treatments  and  its  associated  transcriptomic  patterns 
are  currently  being  analyzed  and  will  be  presented  and  discussed  in  this  talk. 
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Abstract  text: 

Introduction:  The  priming  of  offspring  immune  systems  is  well-documented  in  vertebrate 
animals,  with  mammalian  antibody  transfer  being  the  classic  example.  However,  the  lack  of 
apparent  adaptive  immunity  in  the  invertebrate  system  led  to  the  widely  held  belief  that  parental 
immune  experience  did  not  affect  offspring  immunity  in  invertebrates.  This  has  been  shown  to 
be  untrue  in  an  increasing  number  of  insect  species,  with  a  variety  of  Lepidopteran,  Coleopteran, 
and  Hymenopteran  species  showing  enhanced  immunity  in  response  to  parental  immune 
challenge. 

Methods:  Using  the  bacteria  Photorhabdus  luminescens ,  and  the  bacterial  surface  protein 
lipopolysaccharide  to  simulate  a  maternal  immune  challenge  in  the  burying  beetle  Nicrophorus 
vespilloides ,  we  tested  for  the  priming  of  offspring  immune  systems  in  a  series  of  immune 
parameters.  We  looked  at  personal  immunity  in  both  larval  and  imago  stages  of  offspring 
development,  in  the  form  of  phenoloxidase  activity  in  the  haemolymph.  We  also  looked  at  the 
unusual  social  immune  response  this  species  exhibits,  excreted  by  both  parents  and  offspring 
during  breeding  events,  preserving  the  breeding  resource  from  bacterial  degradation. 

Results/Conclusion:  We  found  no  evidence  of  priming  in  response  to  the  bacterial  surface 
protein,  either  in  social  or  personal  immunity.  There  was  also  no  effect  of  maternal 
lipopolysaccaride  treatment  on  offspring  survival  of  infection.  We  did,  however,  find  evidence  of 
immune  priming  in  response  to  the  maternal  bacterial  challenge  in  the  form  of  enhanced  survival 
under  infection  regimes.  The  implications  of  these  findings  in  relation  to  the  process  and 
mechanism  of  trans-generational  immune  priming  will  be  discussed. 
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Introduction:  The  viviparous  tsetse  fly  utilizes  proline  as  a  hemolymph-borne  energy  source.  In 
tsetse,  biosynthesis  of  proline  from  alanine  involves  the  enzyme  alanine-glyoxylate 
aminotransferase  (AGAT),  which  requires  pyridoxal  phosphate  (vitamin  B6)  as  a  cofactor.  This 
vitamin  can  be  synthesized  by  tsetse's  obligate  symbiont,  Wigglesworthia  glossinidia. 

Methods:  In  this  study,  we  examined  the  role  of  Wiggle sw or f/na-produced  vitamin  B6  for 
maintenance  of  proline  homeostasis,  during  the  lactation  period  of  the  tsetse's  reproductive  cycle 
by  qPCR,  RNAi  and  biochemical  detection  of  proline  and  vitamin  B6. 

Results/Conclusion:  Expression  of  agat  and  genes  involved  in  vitamin  B6  metabolism  increases 
in  lactating  flies  in  the  host  and  symbiont.  Removal  of  symbionts  via  antibiotic  treatment  of  flies 
(aposymbiotic)  led  to  hypoprolinemia,  reduced  levels  of  vitamin  B6  in  lactating  females,  and 
decreased  fecundity.  Proline  homeostasis  and  fecundity  recovered  partially  when  aposymbiotic 
tsetse  were  fed  a  diet  supplemented  with  either  yeast  or  Wigglesworthia  extracts.  Knockdown  of 
agat  in  wild-type  flies  reduced  hemolymph  proline  levels  to  that  of  aposymbiotic  females. 
Aposymbiotic  flies  treated  with  agat  short  interfering  RNA  (siRNA)  remained  hypoprolinemic 
even  upon  dietary  supplementation  with  microbial  extracts  or  B  vitamins.  Flies  infected  with 
parasitic  African  trypanosomes  display  lower  hemolymph  proline  levels,  suggesting  that  reduced 
fecundity  in  parasitized  flies  could  result  from  parasite  interference  with  proline  homeostasis. 
This  could  be  manifested  by  competition  between  tsetse  and  trypanosomes  for  vitamins,  proline, 
or  other  factors  involved  in  their  synthesis.  These  results  indicate  that  the  presence  of 
Wigglesworthia  in  tsetse  is  critical  for  maintenance  of  proline  homeostasis  through  vitamin  B6 
production. 
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Introduction:  The  innate  immune  system  functions  to  protect  the  animal  from  complications 
arising  from  injury,  combating  disease,  and  regulating  the  microbial  community.  Environmental 
factors  can  influence  the  regulation  of  the  host  immune  system  by  stimulating  or  suppressing  the 
immune  response  during  stressful  conditions.  However,  how  does  the  host  respond  when  the 
environment  stresses  the  microbial  community  associated  with  the  host?  Using  the  model  system 
Nasonia ,  we  use  xenobiotics  to  stimulate  changes  in  the  microbial  community  and  determine 
host  immune  response  and  adaptation  to  the  changes  in  the  microbial  community  across  host 
generations. 

Methods:  NGS  approaches  were  used  to  determine  microbial  community  changes  as  well  as 
variations  in  host  immune  expression  in  successive  generations  of  xenobiotic-exposed  animals. 
Likewise,  metabolite  production,  mating  behavior,  and  fitness  were  compared  between  treatment 
groups.  Furthermore,  we  compare  immune  regulation  in  (i)  germfree  individuals  of  xenobiotic- 
exposed  and  control  Nasonia,  (ii)  individuals  inoculated  with  an  artificial  microbiota  and  (iii) 
conventional  wasps. 

Results/Conclusion:  We  observe  heritable  changes  in  the  microbial  community  in  response  to 
xenobiotic  exposure.  The  link  between  host  microbiota  and  innate  immunity  during  successive 
generations  of  xenobiotic  exposure  will  be  discussed. 
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Abstract  text: 

Introduction:  Although  one  bacterial  symbiont  is  sufficient  to  meet  the  nutritional  needs  of  some 
insect  hosts,  other  hosts  appear  to  require  two  or  more  bacterial  partners  with  different  metabolic 
capabilities.  Even  though  the  associations  involving  more  than  one  bacterial  partner  are 


hypothesized  to  have  arisen  from  genomic  deterioration  of  the  symbionts,  the  question  of  how 
the  metabolisms  of  the  different  partners  are  integrated  remains  to  be  adressed. 

Methods:  We  investigate  this  problem  in  an  association  that  thrives  under  conditions  of 
nutritional  scarcity.  Our  experimental  system  is  formed  by  a  sharpshooter  and  its  bacterial 
symbionts.  Our  strategy  is  to  use  genomic  and  meta-transcriptomic  data  in  order  to  reconstruct 
metabolic  models  for  the  two  symbionts  and  their  host. 

Results/Conclusion:  Our  results  confirm  that  Sulcia  and  Baumannia  are  the  principal  suppliers  of 
essential  amino  acids  (EAA)  to  the  host.  Data  analyses  demonstrate  the  role  of  the  host  in  the 
supply  of  different  precursors  to  both  symbionts. 
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Abstract  text: 

Introduction:  Honeybees  play  the  important  ecosystem  service  of  pollination  for  crops  and  wild 
plants.  The  recent  mass  declines  of  pollinators,  caused  by  abiotic  and  biotic  factors,  have 
severely  concerned  not  only  the  apiculture  sector,  but  also  the  scientific  community,  since  the 
strict  dependence  of  worldwide  crops  on  pollinators.  Although  many  studies  have  already  deeply 
described  the  microbial  communities  associated  to  honeybees,  little  is  known  about  how  gut 
symbionts  influence  insect  health.  Here,  we  demonstrate  that  selected  gut  symbionts  have 
promising  capabilities  in  the  preservation  of  the  host  health,  protecting  larvae  from  American 
Foulbrood  (AFB)  disease,  one  of  the  most  serious  threats  for  the  beehive,  caused  by  the  spore- 
forming  bacterium  Paenibacillus  larvae. 

Methods:  By  the  use  of  multiple  approaches  targeting  16S  rRNA  gene,  including  454-based  high 
throughput  sequencing,  phylochip  and  PCR-DGGE,  we  characterized  the  bacterial  microbiome 


associated  to  larvae  collected  from  symptomatic  and  asymptomatic  beehives.  Following  a 
culture-dependent  approach,  bacterial  isolates  obtained  from  asymptomatic  healthy  larvae  were 
screened  for  their  capability  to  induce  in  vitro ,  in  vivo  and  in  the  beehive  (field  condition) 
antagonistic  activity  against  the  pathogen. 

Results/Conclusion:  Asymptomatic  insects  showed  the  typical  microbiome  associated  to  healthy 
larvae,  while  individuals  from  symptomatic  beehives  were  dominated  by  P.  larvae  signatures. 
Among  the  isolates,  two  spore-forming  bacteria  were  selected  for  their  capability  to  counteract 
P.  larvae  growth.  Different  controlling  factors  were  involved  in  the  symbionts-mediated 
protection  including  elicitation  of  the  innate  immune  system  by  the  expression  of  antimicrobial 
peptides,  direct  antagonism  against  P.  larvae  and  competitive  exclusion  of  the  pathogen. 
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Introduction:  The  life  cycles  of  many  insect  species  include  an  obligatory  or  facultative  diapause 
stage  with  low  metabolic  activity  as  an  overwintering  strategy.  Despite  the  importance  of 
bacterial  symbionts  for  host  health,  development  and  evolution,  nothing  is  known  regarding  host- 
microbiota  interactions  during  diapause.  In  this  context,  the  parasitoid  wasp  genus 
Nasonia  illustrates  species-specific  microbiota  that  varies  in  composition  during  host 
development.  Here,  we  address  a  new  aspect  of  insect-bacterial  symbiosis  by  investigating  how 
host-microbiota  interactions  fare  during  larval  diapause. 

Methods:  We  compare  (i)  bacterial  titers  and  microbiota  composition,  (ii)  host  nutrient  and 
protein  stores,  and  (iii)  expression  levels  of  host  immune  genes  in  normal/early 
diapause/prolonged  diapause  larvae  in  two  Nasonia  species.  In  addition,  we  perform  immune 


challenge  experiments  in  order  to  investigate  whether  diapausing  larvae  are  still  able  to  mount  an 
immune  response  upon  pathogen  infection. 

Results/Conclusion:  We  will  demonstrate  that  diapause  is  a  more  dynamic  state  than  simply  a 
developmental  arrest,  especially  from  the  perspective  of  bacterial  symbionts:  Both  host 
metabolism  and  the  innate  immune  response  are  significantly  reduced,  which  allows  shifts  in  the 
microbiota  away  from  the  normal  state.  We  will  discuss  whether  the  latter  represents  a  potential 
pathogenic  risk.  For  the  host,  trade-offs  concerning  investment  in  energy  conservation  and 
immunity  will  be  different  during  diapause.  Through  this  work,  we  highlight  new  facets  of  host- 
microbiota  symbiosis  and  immunity  during  particular  life  stages  of  the  host. 
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Introduction:  Wolbachia  stimulates  innate  immune  responses  in  mosquitoes;  this  immune 
stimulation  is  likely  responsible  for  the  reduction  of  vector  capacity  of  mosquitoes,  toward  a 
variety  of  pathogens.  However,  the  use  of  Wolbachia  in  paratransgensis  control  is  impaired  by 
the  characteristics  of  this  bacterium:  it  is  an  obligate  intracellular  symbiont,  not  culturable  in 
cell-free  media,  not  very  resistant  outside  cells,  and  thus  it  is  unsuitable  for  release  in  the 
environment.  An  alternative  approach  could  be  the  identification  of  the  Wolbachia  effector 
molecules  responsible  for  the  reduction  of  the  vector  capacity  of  infected  arthropods.  Once 
Wolbachia  effector  molecules  are  identified,  culturable  and  transformable,  insect  symbionts 
could  be  modified  for  the  expression  of  these  molecules. 

Methods:  Following  these  assumptions,  we  engineered  an  exo-cellular  symbiotic  bacterium  of 
arthropod  vectors  {Asaia  platycodi)  to  express  the  Wolbachia  surface  protein  (WSP),  the  main 


antigenic  protein  of  Wolbachia,  well  recognized  to  elicit  innate  immune  induction  in  both 
humans  and  mice.  In  addition,  we  tested  this  chimeric  organism  against  vector-borne  pathogens. 

Results/Conclusion:  We  expect  that  the  activation  of  the  immune  response  in  arthropods, 
induced  by  WSP  expression,  hamper  the  infection  of  the  insect  by  pathogens,  and  should  then 
provide  a  novel  approach  for  the  development  of  further  tools  for  the  integrated  control  of 
vector-borne  diseases. 
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Abstract  text: 

Introduction:  Defense  against  pathogens  and  parasites  is  complex,  often  involving  a  combination 
of  physiological  immune  responses,  behavioral  changes  and  protection  from  microbes.  For 
example,  bacterial  symbionts  can  increase  aphid  resistance  to  fungal  pathogens,  but  these 
important  defense  mechanisms  are  coupled  with  defense  responses  of  the  aphid  immune  system 
and  with  behavioral  changes  upon  infection. 

Methods:  Here,  using  pea  aphids  ( Acythrosiphon pisum)  and  the  bacterial  symbiont  Regiella 
insecticola,  we  focus  on  how  aphid-symbiont  combinations  vary  in  their  resistance  and  tolerance 
to  fungal  pathogens.  Further,  how  aphids,  in  the  presence  and  absence  of  symbionts,  vary  in  their 
defense  response. 

Results/Conclusion:  We  find  that  symbiont  presence  alters  some  defense  measures  towards 
pathogens  but  not  others.  We  also  observe  that  defense  alteration  is  specific  to  host  genotype. 
This  has  important  implications  for  understanding  the  tangled  banks  that  are  host- symbiont- 
pathogen  ecological  and  evolutionary  dynamics. 
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Introduction:  Many  insects  sustain  long-term  relationships  with  intracellular  symbiotic  bacteria 
that  provide  them  with  essential  nutrients.  Such  endosymbiotic  relationships  likely  emerged  from 
ancestral  infections  of  the  host  by  free-living  bacteria,  the  genomes  of  which  experience  drastic 
gene  losses  and  rearrangements  during  the  host-symbiont  coevolution.  While  it  is  well 
documented  that  endosymbiont  genome  shrinkage  results  in  the  loss  of  bacterial  virulence  genes, 
whether  and  how  the  host  immune  system  evolves  towards  the  tolerance  and  control  of  bacterial 
partners  remains  questionable. 

Methods:  We  have  been  using  a  multidisciplinary  approach  that  includes  comparative  and 
functional  genomics,  cell  imaging  and  gene  inhibition  to  unravel  cell  processes  and  genes 
involved  in  endosymbiont  maintenance  and  control. 

Results/Conclusion:  Symbiotic  insects  rely  on  a  ‘compartmentalization  strategy’  that  consists  in 
secluding  endosymbionts  within  specialized  host  cells,  the  bacteriocytes,  thus  preventing  direct 
symbiont  contact  with  the  host  systemic  immune  system.  I  will  compile  recent  advances  in  the 
understanding  of  the  bacteriocyte  immune  and  cellular  regulations  involved  in  endosymbiont 
maintenance  and  control.  I  will  focus  on  the  cereal  weevils  Sitophilus  spp.,  in  which 
bacteriocytes  form  bacteriome  organs  that  strikingly  evolve  in  structure  and  number  according  to 
insect  development  and  physiological  needs.  I  will  discuss  how  weevils  track  endosymbiont 
dynamics  through  at  least  two  mechanisms:  i-  antimicrobial  peptide  synthesis  that  regulates 
endosymbiont  cell  cytokinesis  and  helps  to  maintain  a  homeostatic  state  within  bacteriocytes, 
and  ii-  cellular  processes  such  as  apoptosis  and  autophagy,  that  adjust  endosymbiont  load  to  the 
host  developmental  requirements,  hence  ensuring  a  fine-tuned  integration  of  symbiosis  costs  and 
benefits. 


Symposium 

Presentation  Title:  Fighting  malaria  with  engineered  symbiotic  bacteria  from  vector  mosquitoes 
Author  Name:  Marcelo  Jacobs-Lorena 

Author  Institution:  Johns  Hopkins  Bloomberg  School  of  Public  Health 

Session  Title:  Symposium:  Insect  Symbiosis  and  Immunity 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4408 

DOI:  10. 1603/ICE.2016. 92843 

Abstract  text: 

Introduction:  The  unbearable  burden  of  malaria  demands  urgent  development  of  novel 
approaches  to  fight  this  deadly  disease.  Genetic  modification  of  the  mosquito  to  reduce  its 
vectorial  competence  has  been  demonstrated  in  the  lab.  However,  the  technology  to  spread 
resistance  genes  into  mosquitoes  in  the  field  is  not  yet  available. 

Methods:  We  are  exploring  an  alternative  approach  based  on  the  fact  that  the  mosquito,  as  all 
higher  organisms,  carries  a  microbiota  in  its  midgut.  Rather  than  genetically  modifying 
mosquitoes,  our  strategy  is  to  engineer  symbiotic  bacteria  to  deliver  anti-malarial  effector 
molecules  (paratransgenesis).  Previously,  we  have  shown  that  the  bacterium  Pantoae 
agglomerans  engineered  to  express  and  secrete  anti  -Plasmodium  effector  molecules  strongly 
inhibits  Plasmodium  development  in  the  mosquito  by  up  to  98%. 

Results/Conclusion:  Recently,  we  have  identified  another  mosquito  symbiotic  bacterium  of  the 
genus  Serratia  that  is  transmitted  both  vertically  from  female  to  larval  progeny  and  horizontally 
from  male  to  female  during  mating.  These  transmission  properties  suggest  that  it  should  be 
possible  to  introduce  recombinant  Serratia  into  mosquito  populations  in  the  field  for  the  purpose 
of  malaria  control.  This  approach  is  Tow-tech’  and  may  be  “universal”,  as  these  bacteria  can 
populate  anophelines  from  Asia,  Africa  and  the  Americas  and  the  effector  molecules  efficiently 
inhibit  both  rodent  and  human  Plasmodium  parasites. 
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Abstract  text: 

Introduction:  The  field  of  microbial  symbiosis  has  achieved  astonishing  advances  but  the 
interplay  between  symbiotic  bacteria  and  the  host  immune  system  remains  largely  unexplored. 
New  insights  can  be  expected  from  aphids  that  host  several  facultative  endosymbionts  in 
addition  to  the  obligate  Buchneva  aphidicola.  Interestingly,  the  antibacterial  response  of  the  pea 
aphid  model  Acyrthosiphon  pisum  was  considered  to  be  weak  as  no  “common”  antibacterial 
peptides  were  identified  and  the  genome  lacks  key  immune  genes  (e.g.  imd). 

Methods:  Having  characterized  A.  pisum  immune  cells  (Schmitz  et  al.,2012),  we  observed  using 
microscopy  a  functional  cellular  response  to  both  free-living  bacteria  and  secondary  symbionts 
(SS).  We  then  questioned  whether  host  immune  components  (Phenol  Oxidase  activity,  number  of 
adherent  cells)  were  affected  by  the  presence  of  Hamiltonella  defensa,  Regiella  insecticola,  or 
Serratia  symbiotica,  using  aphid  lines  of  identical  genetic  background  hosting  a  different 
symbiont  species/strain.  We  also  followed-up  the  adherent  cells  number  and  PO  activity  during 
the  aphid  development  (with  and  without  SS).  Finally,  a  transcriptomic  analysis  of  adherent 
immune  cells  of  aphids  hosting  different  SS  species/strains  was  performed,  that  is  currently 
under  analysis. 

Results/Conclusion:  The  hosted  SS  species  and  strain  had  a  strong  effect  on  A.  pisum  immune 
components  in  contrast  to  the  host  genetic  background  and  the  “artificial  versus  natural” 
infection.  We  have  now  identified  the  developmental  stage  at  which  changes  occur  in  aphids 
hosting  impacting-SS.  Finally,  transcriptomic  data  will  hopefully  provide  insights  into  the 
immune  pathways  activated  in  response  to  SS  and  explain  the  phenotypic  effects  observed  in 
presence  of  some  of  these  symbionts. 
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Introduction:  Burying  beetles  ( Nicrophorus  spp.)  have  evolved  to  occupy  a  unique  ecological 
niche  by  reproducing  on  small  vertebrate  cadavers  buried  in  the  soil.  Carrion  is  a  valuable  but 
ephemeral  resource,  with  intense  competition  of  bacterial  and  fungal  decomposers,  which 
decrease  its  nutritional  value  and  render  it  unpalatable  to  animals.  Burying  beetles  are  therefore 
expected  to  utilize  effective  counterstrategies,  e.g.  by  reducing  microbial  activity  or  detoxifying 
microbial  compounds.  Adult  beetles  treat  the  carcass  with  secretions  but  although  the  anal 
exudates  have  been  shown  to  contain  molecules  with  antimicrobial  activity,  little  is  known  about 
the  sources,  identity  and  complexity  of  antimicrobials  as  well  as  factors  related  to  pre-digestion 
and  the  utilization  of  carcasses. 


Methods:  Using  RNAseq,  we  identified  a  large  number  of  AMPs  and  lysozymes,  some  of  which 
displayed  differential  expression  in  relation  to  the  presence  or  absence  of  carrion  and  larvae  and 
could  contribute  to  both  the  internal  and  external  immunity  of  the  beetles,  i.e.  controlling  the 
growth  of  unwanted  microbes  they  consume  as  well  as  preserving  the  carcass. 

Results/Conclusion:  A  detailed  characterization  of  microbial  communities  resulted  in  the 
identification  of  an  abundant  and  diverse  range  of  bacteria  and  yeasts.  Based  on  the  metabolic 
potential  of  the  identified  microbiota,  we  hypothesize  that  the  symbionts  are  involved  in 
detoxification  of  noxious  chemicals,  digestion  of  otherwise  inaccessible  nitrogen  and  energy 
sources  and  the  production  of  antimicrobials.  We  highlight  some  of  the  key  findings  and  discuss 
the  contributions  of  the  insect  host  and  the  associated  microbiota  to  conserve,  sanitize  and  utilize 
animal  carcasses. 
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Abstract  text: 

Mosquito  immunity  presents  an  important  line  of  defense  against  pathogen  infection,  and  is  a 
crucial  determinant  of  vector  competence.  Here  we  present  examples  of  how  processes  outside 
the  canonical  immune  system  affect  pathogen  infection  and  mosquito-microbe  interactions.  In  a 
screen  to  identify  binding  partners  of  the  AgMDLl  putative  pattern  recognition  receptor,  we 
identified  cytoplasmic  actin  5C,  which  was  also  identified  in  an  independent  screen  for  bacteria- 
binding  proteins.  We  further  showed  that  actin  is  secreted  by  cells  upon  immune  challenge,  and 
that  actin  5C  increases  bacterial  phagocytosis  and  bacterial  killing  in  insect  cells  in  vitro.  We 
also  showed  that  silencing  actin  5C  in  vivo  using  RNAi  results  in  lower  mosquito  survival  after 
bacterial  infection  and  higher  oocyst  numbers  after  Plasmodium  infection,  suggesting  actin  is  a 
Plasmodium  antagonist.  Through  a  similar  screen  for  binding  partners  of  the  LRRD7  pattern 
recognition  receptor,  we  identified  the  prefoldin  6  subunit.  Further  analyses  showed  it  is  a  highly 
potent  Plasmodium  agonist.  Targeting  of  prefoldin  6  with  either  RNAi  or  antibodies  resulted  in 


inhibition  of  Plasmodium  infection  at  the  pre-oocyst  stage,  indicating  it  as  a  promising 
transmission  blocking  target.  Finally,  we  have  shown  that  amino  acid  metabolism  can  have 
important  implications  for  controlling  gut  microbial  load.  We  detected  significant  differences  in 
gut  microbial  load  between  Aedes  mosquito  strains,  and  transcriptomic  comparison  between 
strains  revealed  significant  differences  in  the  Val-Leu-Ile  degradation  pathway.  Silencing  genes 
in  this  pathway  resulted  in  bacterial  proliferation  in  a  strain-specific  manner,  suggesting  that 
variability  in  metabolic  activity  may  influence  variation  in  gut  microbial  load. 
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Abstract  text: 

Introduction:  The  versatile  vector  competence  of  ticks  has  to  be  related  to  the  ability  of 
transmitted  pathogens  to  evade  tick  defense  mechanisms.  Humoral  and  cellular  immune 
reactions  within  the  tick  hemocoel  are  mediated  by  the  components  of  a  primitive  complement¬ 
like  system  that  comprises  thioester-containing  proteins  (a2-macroglobulins,  C3  complement 
components,  macroglobulin  complement  related  and  insect-type  TEPs),  family  of  fibrinogen- 
related  proteins  (Ixoderins)  and  putative  C3  convertases. 

Results/Conclusion:  RNAi-mediated  silencing  of  these  molecules  followed  by  a  robust  in-vitro 
phagocytic  assay  gradually  disclosed  the  roles  they  play  of  in  the  phagocytosis  of  model 
microbes  by  tick  hemocytes.  The  obtained  results  suggest  existence  of  at  least  two  distinct 
complement-like  pathways  for  Gram-negative  bacteria  and  yeast.  Recently,  we  have  focused  on 
the  interaction  of  Ixodes  ricinus  complement  system  with  the  spirochetes  Borrelia  afzelii ,  the 
most  important  causative  agent  of  Lyme  disease  in  Europe.  We  could  show  that  phagocytosis  of 
B.  afzelii  mainly  depends  on  two  C3 -complement  components  and  a  convertase  related  to  the 
factor  C2/Bf.  However,  in  vivo  experiments  exploiting  our  Borrelia  transmission  model  suggest 
that  none  of  the  tick  complement-like  molecules  play  any  significant  role  in  B.  afzelii 
transmission  from  infected  nymphs  to  the  naive  mice.  We  will  further  focus  on  the  interaction  of 
tick  complement  with  Babesia  sp.,  the  malaria-like  protozoa  transmitted  by  ticks. 
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Abstract  text: 

Introduction:  Trypanosoma  cruzi  in  order  to  complete  its  development  in  the  digestive  tract  of 
Rhodnius  prolixus  needs  to  overcome  the  immune  reactions  and  microbiota  trypanolytic  activity 
of  the  gut.  Therefore,  we  examined  the  relationship  of  R.  prolixus  between  the  T.  cruzi ,  the 
microbiota  and  the  insect’s  humoral  response. 

Methods:  The  insects  were  orally  infected  with  2  different  strains  of  T.  cruzi  and/or  with 
antibiotics.  The  midgut  bacteria  and  the  parasites  were  quantified  and  the  phenoloxidase  activity, 
nitrite  and  nitrate  production,  antimicrobial  activity  and  antimicrobial  peptides  expression  of  the 
insects  were  analyzed. 

Results/Conclusion:  We  demonstrated  that  in  R.  prolixus  infected  with  T.  cruzi  clone  Dm28c  in 
comparison  with  uninfected  control  insects,  the  midgut  contained  (i)  fewer  bacteria,  (ii)  higher 
parasite  numbers,  and  (iii)  reduced  nitrite  and  nitrate  production,  increased  phenoloxidase, 
antibacterial  activities  and  increase  in  defC  and prol  transcripts.  In  addition,  in  insects  pre -treated 
with  antibiotic  and  then  infected  with  Dm28c,  there  were  also  reduced  bacteria  numbers  and  a 
higher  parasite  load  compared  with  insects  solely  infected  with  parasites.  Furthermore,  and  in 
contrast  to  insects  infected  with  Dm28c,  infection  with  Y  strain  resulted  in  a  slight  decreased 
numbers  of  gut  bacteria  no  parasite  infection  and  no  alteration  in  the  AMP  gene  expression  and 
antibacterial  activity  in  the  digestive  tract.  We  conclude  that  infection  of  R.  prolixus  with  the  T. 
cruzi  Dm28c  clone  modifies  the  host  gut  immune  responses  to  decrease  the  microbiota 
population  and  these  changes  are  crucial  for  the  parasite  development  in  the  insect  gut. 
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Abstract  text: 

Introduction:  For  their  transmission,  African  trypanosomes  relay  on  their  blood-feeding  insect 
vector,  the  tsetse  fly  ( Glossina  sp.).  Here,  ingested  Trypanosoma  6rwce/parasites  have  to 
overcome  a  series  of  barriers  in  the  tsetse  fly  alimentary  tract  to  finally  establish  in  the  salivary 
glands  and  differentiate  into  the  infective  metacyclic  stage.  A  literature  update  will  be  presented 
on  our  current  knowledge  of  the  tsetse  fly  innate  immune  responses  that  interact  with 
trypanosome  development.  Indeed,  interaction  with  the  immune  deficiency-regulated  pathway 
and  reactive  oxygen/nitrogen  species  are  suggested  to  modulate  the  tsetse  fly  resistance  or 
tolerance  to  parasite  infection  and  ultimately  determine  the  insect’s  capacity  to  transmit  the 
parasite  to  a  new  mammalian  host. 

Methods :Recent  experimental  data  will  be  presented  on  the  trypanosome-associated  changes  in 
the  tsetse  fly  salivary  gland.  For  this,  we  used  a  whole  transcriptome  profiling  apporach  through 
RNA-seq  to  evaluate  the  global  changes  in  G.  m.  morsitans  gene  expression  in  response  to  T. 
brucei  salivary  gland  colonization. 

Results/Conclusion:  Differential  gene  expression  analysis  showed  significant  up  regulation  of  the 
IMD-signaling  pathway,  serine  proteases,  serpins,  thiolester-containing  proteins  as  well  as  genes 
involved  in  the  detoxification  of  reactive  oxygen  species,  cell  death,  cell  adhesion/  junction  and 
cytoskeletal  rearrangements.  In  conclusion,  T.  brucei  development  in  the  tsetse  salivary  glands 
seriously  affects  this  micro-environment  leading  to  tissue  damage  and  triggering  an  immune 
response  to  control  the  parasite  infection. 
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Abstract  text: 

Introduction:  For  most  vector  borne  parasites  the  ability  to  overcome  the  insect  midgut  defences 
is  central  to  transmission.  However,  for  many  such  diseases  we  know  virtually  nothing  about  the 
molecular  mechanisms  involved. 

Results/Conclusion:  We  suggest  that  a  comparative  approach,  in  which  kinetoplastid  interactions 
in  Drosophila  melanogaster  are  studied  in  the  first  instance,  will  permit  us  to  make  significant 
progress  in  understanding  more  important  cases  of  insect-parasite  interactions.  Herpetomonas 
megaseliae  is  a  natural  kinetoplastid  parasite  of  D.  melanogaster ,  which  establishes  infection  in 
the  midgut  of  the  fruit  fly.  Through  a  combination  of  genomics,  cell  biology  and  RNAi 
experiments  we  identified  the  host  genomic  contingent  involved  in  parasite  challenge  and  will 
discuss  how  the  fly  responds  to  parasite  infection  using  inter-organ  communication. 
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Abstract  text: 

Introduction:  Genetically  modified  (GM)  crops  for  resistance  to  herbicides  and  control  of  insect 
pests  have  been  widely  adopted  in  many  of  the  world’s  agricultural  regions.  Effects  of  GM  crops 
may  extend  beyond  their  target  pests  to  include  non-target  species,  which  often  provide 
ecological  and  pest  management  services.  In  this  presentation,  we  examine  environmental 
changes  imposed  by  GM  crops  upon  agroecosystems  and  on  services  provided  by  non-target 
organisms  when  used  as  stand-alone  pest-management  strategies,  especially  in  cropping  systems 
where  GM  technologies  are  used  as  a  sole  management  strategy  for  a  pest,  as  well  as  its 
compatibility  with  other  pest  control  methods  for  development  of  sustainable  pest  management 
strategies. 

Methods:  Both  toxicological  and  ecological  path  ways  through  which  non-target  species  are 
impacted  by  GM  crops  are  examined  and  recommendations  are  given  for  minizing  adverse 
impacts  of  GM  crops  on  benefical  insects  in  the  context  of  sustainable  pest  management. 

Results/Conclusion:  Understanding  the  ecological  pathways  through  which  natural  enemies 
interact  with  the  crop  environment,  as  well  as  how  GM  crops  change  agroecosystems  relative  to 
other  pest-management  tactics,  is  critical  to  evaluating  the  compatibility  of  biological  control  and 
GM  crops  for  sustainable  pest  management.  Moreover,  recognizing  the  strengths  and  weaknesses 
of  both  GM  crops  and  biological  control  provides  opportunities  for  integrating  these  two 
strategies  into  effective  and  sustainable  IPM  frameworks.  Many  of  the  ecological  challenges 
faced  in  the  integration  of  GM  crops  and  biological  control  are  not  unique  to  the  former 
technology,  but  inevitably  must  be  faced  with  this  technology  as  it  becomes  more  widespread. 
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Abstract  text: 

Introduction:  The  potential  environmental  impacts  of  GM  crops  on  non-target  organisms  (NTO) 
is  an  issue  still  debated,  even  after  two  decades  of  successful  commercialization  of  these 
varieties.  While  conducting  environmental  risk  assessment  (ERA)  the  evaluation  of  local 
ecological  and  agronomic  conditions  in  the  expected  receiving  environments  triggers  relevant 
scientific  questions 

Methods:  Case  studies  relevant  to  GM  maize  were  analyzed  in  regard  to  different  receiving 
environments.  The  characteristics  of  the  GM  event,  the  species  potentially  exposed,  above  and 
below  ground,  and  the  cropping  practices  in  the  selected  areas  were  considered 

Results/Conclusion:  Experimental  data  regarding  ERA  of  GM  crops  are  accumulating  at  a  steady 
pace.  The  use  of  surrogate  species  for  risk  assessment  for  NTO  showed  clear  limitations  when 
applied  broadly  to  any  GM  crop  application.  The  difference  in  agronomic  and  ecological 
conditions  (e.g.  different  uses  of  maize,  composition  of  adjacent  areas,  species  assemblages, 
sensitivity  of  local  species  to  the  stressors)  indicates  that  specific  considerations  of  the  receiving 
environments  are  necessary  to  conduct  ERA  based  on  sound  biological  considerations.  The 
analyses  of  our  case  studies  have  implications  in  the  development  of  ERA.  No  additional  burden 
is  expected  adopting  modified  procedures,  when  compared  to  the  standard  eco-toxicological 
approach.  The  quality  of  the  data  that  become  available  for  risk  managers,  may  support  a  more 
transparent  and  dependable  risk  assessment  of  existing  and  new  GM  events  as  well. 
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Abstract  text: 

Introduction:  The  aim  of  this  study  was  to  determine  the  effects  of  Bt  maize  hybrid  cultivation  on 
lepidopteran  communities  in  field  trial,  as  well  as  to  analyse  if  Bt-maize  can  be  integrated  in  the 
context  of  IPM  in  Europe. 

Methods:  The  trial  was  realized  during  2013-2015  in  Slovakia  and  Sweden.  The  hybrids  included 
in  the  experiment  were  Bt  maize  line  MON810  and  its  near-isogenic  line.  The  trial  included  the 
variants  with  Bt-maize  hybrid,  non-Bt  hybrid  with  chemical  control  (lambda-cyhalothrin,  50  g/1, 
0.25  1/ha)  and  non-Bt  hybrid  with  biological  control  ( Bacillus  thuringiensis  ssp.  kurstaki ),  1.5 
1/ha).  Each  variant  was  sown  in  four  repetitions  in  plots  30  m  x  30  m.  Each  plot  was  isolated 
from  the  other  plots  by  a  1 5  m  wide  strip  of  barley.  Plots  were  distributed  according  to  a 
completely  randomized  design. 

Results/Conclusion:  The  lowest  damage  caused  by  lepidopteran  insect  pest  (mainly  Ostrinia 
nubilalis  and  Helicoverpa  armigera)  was  found  in  the  variant  with  Bt  maize  line  and  the  highest 
in  the  variant  with  biological  control.  Generally  it  was  found  significantly  higher  yield  of  grain  in 
the  variant  with  Bt  maize  line.  The  results  showed  that  occurrence  of  springtails  or  carabid  bettle 
did  not  depend  on  the  maize  hybrid.  It  was  concluded  that  Bt-maize  can  be  succesfully  integrated 
in  the  context  of  IPM. 
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Abstract  text: 

Introduction:  Most  GM  crops  and  their  new  traits  have  the  potential  to  improve  crop  production 
especially  under  heavy  pest,  disease  and  weed  pressure.  In  particular  insecticidal  and  virus- 
resistant  crops  can  help  to  keep  pests  and  diseases  in  check,  to  lower  the  chemical  pesticide  load 
in  the  environment,  and  to  support  complementary  IPM  tactics  such  as  the  active  use  of 
biocontrol  agents,  and  increased  reliance  on  natural  control.  The  agroecological  benefits  of 
herbicide-tolerant  crops  remain  more  controversial,  as  no  clear  decrease  of  pesticide  inputs  can 
be  demonstrated.  Intensified  simplification  of  the  agroecosystem  hampers  ecosystem  services 
such  as  biocontrol  and  pollination. 

Methods:  A  range  of  currently  available  and  close-to-the-market  GM  crops  were  examined  for 
their  potential  contribution  to  biological  control  and  integrated  pest  management. 

Results/Conclusion:  The  theoretical  benefits  to  IPM  of  pest  and  disease  resistant  GM-crops 
seldom  seem  to  be  realized  in  a  sustainable  way  in  reality:  GM-crops  usually  are  seen  by  the 
growers  as  a  stand-alone  technology  without  any  real  attempt  to  integrate  them  as  a  component 
in  integrated  pest  management.  This  leads  to  short-term,  unsustainable  agroecological  benefits, 
and  eventual  loss  of  these  benefits  as  has  been  observed  in  parts  of  the  USA  by  the  return  of  the 
growers  to  conventional  maize  varieties.  Similarly,  mechanical  weeding  is  increasingly  needed 
in  HT-GM  cotton.  Thus,  the  ’’reality  gap”  appears  to  erode  the  contribution  of  GM-crops  to  IPM, 
and  results  in  the  wastage  of  rare  opportunities  to  increase  the  sustainability  of  our  food 
production  by  short-sighted  production  strategies. 
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Abstract  text: 

Introduction:  The  sugarcane  borer,  Diatraea  sac  char  alls  (Fabricius)  (Lepidoptera:  Crambidae), 
is  considered  one  of  the  most  harmful  pests  of  corn  ( Zea  mays)  in  the  world.  In  Argentina,  since 
1998,  transgenic  corn  hybrids  expressing  the  Bacillus  thuringiensis  (Bt)  insecticidal  Cry  protein 
have  been  used  for  managing  stalk  borers  damage.  In  several  countries  the  extensive  adoption  of 
this  technology  facilitated  the  evolution  of  resistance  in  the  target  pest  populations.  In  2012/13 
after  fifteen  years  of  Bt  crop  adoption,  a  resistant  population  of  D.  saccharalis  to  Bt  corn  was 
detected  for  the  first  and  unique  time  in  Argentina 

Methods:  In  this  study,  one  objective  was  to  investigate  whether  the  resistant  D.  saccharalis 
population  shared  the  same  haplotypes  with  other  Argentinean  populations  of  D.  Saccharalis. 
We  used  mitochondrial  COI  to  examine  genetic  variation  among  populations  that  belong  from 
several  places  along  the  country. 

Results/Conclusion: 

We  found  genetic  structure  among  sampled  regions  and  no  private  haplotypes  were  found  in  the 
resistant  population. 

Additionaly,  to  identify  genes  potentially  involved  in  the  resistance  to  Bt  maize  and  to  elucidate 
the  mechanisms  underlying  resistance,  RNAseq  analysis  were  performed  from  larvae  midguts 
from  D.  saccharalis  resistant  and  susceptible  to  the  pyramided  Bt  trait  Cry2Ab2  and  Cry  1A.  105, 
using  an  Illumina  HiSeql500  sequencer.  Transcriptome  de  novo  assembly  was  carried  out  by 
Trinity  software,  the  assembled  unigenes  were  used  for  BLAST  searches  and  annotated  against 
the  NR,  Swiss-prot  protein  database,  KEGG.  We  also  are  trying  to  identify  molecular  markers 
that  discriminate  resistant  D.  saccharalis  biotypes  for  control  strategies  and  resistance 
monitoring. 
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Abstract  text: 

Introduction:  Economic  impacts  at  the  farm  level  are  likely  to  explain  the  phenomenal  adoption 
rates  of  GM  crops  by  farmers  in  countries  where  these  varieties  are  available.  Farm-level  impacts 
of  GM  crop  adoption  may  arise  from  a  variety  of  factors  including  yield  effects,  effects  on  costs 
of  production,  and  effects  on  farm  profits  resulting  from  yield  and  cost  effects.  Non-pecuniary 
benefits  are  also  reported  as  part  of  the  benefits  of  adopting  GM  crops.  Flexibility  and  simplicity 
of  the  technology  leads  to  less  time  spent  on  scouting  and  spraying  fields  by  farmers.  Such  time¬ 
saving  may  be  used  for  other  activities  that  may  raise  farmers’  incomes. 

Methods:  Case  studies  were  analyzed  to  assess  these  assumptions  in  European  conditions 


Results/Conclusion:  Five  out  of  the  six  studies,  which  analysed  the  yield  of  Bt  maize,  found  that 
it  outperformed  conventional  maize.  The  financial  benefits  of  GM  varieties  are  usually  higher 
than  those  achieved  by  conventional  varieties  due  to  the  combination  of  yield  protection,  and  the 
lower  production  costs  associated  with  a  saving  in  pesticides,  despite  the  increase  in  seed  costs. 
Four  out  of  the  seven  studies,  which  compared  the  production  costs  of  Bt  and  conventional 
maize,  found  Bt  maize  production  costs  to  be  higher  than  those  of  conventional  maize 
production.  A  total  of  seven  out  of  the  eight  studies,  which  analysed  the  gross  margin  of  Bt 
maize  in  comparison  with  conventional  maize,  found  Bt  maize  gross  margins  to  be  higher  than 
conventional  maize  gross  margins.  The  average  gross  margin  difference  between  Bt  maize  and 
conventional  maize  was  52  €/ha. 
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Abstract  text: 

Introduction:  In  China,  widespread  adoption  of  Bt  cotton  has  effectively  managed  cotton 
bollworm  (CBW),  Helicoverpa  armigera,  and  reduced  insecticide  use  on  this  pest.  Because 
insecticides  negatively  impact  arthropod  natural  enemies,  less  insecticide  use  associated  with  Bt 
crops  could  have  enhanced  biocontrol  services  against  various  pests.  We  tested  this  hypothesis  in 
the  context  of  long-term  landscape-level  impacts,  focusing  on  a  key  pest  in  cotton  crops,  the 
cotton  aphid  ( Aphis  gossypii ). 

Methods:  During  1999-2000,  field-plot  experiments  indicated  that  lower  densities  of  predators 
allowed  aphid  outbreaks  in  insecticide -treated  plots  vs.  insecticide-free  plots.  During  2001-2011, 
no  significant  difference  was  found  for  predator  and  aphid  abundances  between  Bt  cotton  and 
non-Bt  cotton  without  insecticide  sprays;  however,  predator  abundance  was  lower  and  aphid 
abundance  was  higher  in  insecticide-treated  plots  for  CBW  management  in  comparison  with 
insecticide-free  plots.  Bt  cotton  did  not  itself  affect  predator  and  aphid  population  levels,  but  Bt 


cotton  planting  efficiently  prevented  cotton  aphid  resurgence  by  decreasing  insecticide  use.  Field 
surveys  across  North  China  (36  locations,  1990-2010)  indicated  that  predator  population  levels 
gradually  increased  and  aphid  population  level  decreased  across  the  agricultural  landscape.  We 
showed  that  less  insecticide  use  against  CBW  was  a  driving  factor  for  enhancing  predator 
population  level  in  cotton;  moreover,  increasing  generalist  predator  populations  were  correlated 
with  decreasing  aphid  abundance.  Field-plot  trials  (2001-201 1)  indicated  that  there  was  a 
positive  relationship  between  predator  abundance  in  cotton  and  neighboring  crops,  with  a 
possible  spill-over  of  biocontrol  services. 

Results/Conclusion:  Our  study  suggested  that  the  widespread  adoption  of  Bt  cotton  may  support 
conservation  biological  control  at  the  landscape  level. 
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Introduction:  The  development  of  pesticidal  RNAs  to  silence  critical  gene  function  in  important 
agricultural  pests  has  great  potential  for  pest  management,  but  the  risks  to  non-target  organisms 
must  be  considered  before  adoption  of  this  new  technology  into  an  integrated  pest  management 
strategy. 

Methods:  In  silico  analyses  may  be  used  as  a  screening  tool  to  identify  potenial  gene  targets,  but 
this  has  yet  to  be  applied  within  a  risk  assessment  framework. 

Results/Conclusion:  Published  insecticidal  dsRNA  sequences  (n=101)  all  shared  a  high  level  of 
sequence  homology  with  honey  bee  genomic  regions.  The  likelihood  of  off-target  homology 
increased  as  the  length  of  the  dsRNA  molecule  increased.  The  incidence  of  homology  between 
the  target  pest  and  honey  bee  ( Apis  mellifera )  was  not  influenced  by  taxonomic  relatedness. 
Certain  gene  groups  also  shared  a  disproportionately  high  level  of  sequence  homology  with 
pesticidal  dsRNAs  relative  to  other  regions  of  the  genome.  Laboratory  toxicity  assays  and 
microarray  analysis  can  be  used  to  validate  a  phenotypic  effect  and  establish  whether  specific 
pesticidal  dsRNAs  pose  a  credible  threat  to  non-target  organisms. 
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Abstract  text: 


Introduction:  The  cultivation  of  Genetically  Modified  (GM)  Bt  maize  may  impact  those  non¬ 
target  organisms  which  are  sensitive  to  the  Bt  toxin  and  may  be  exposed  to  Bt  maize  pollen.  As 
pollen  dispersal  of  pollen  occurs  over  long-distances  and  depend  upon  climatic  and  agronomic 
factors,  modelling  approaches  can  support  a  quantitative  risk  assessment  and  help  design 
mitigation  scenarios. 

Methods:  A  modelling  package  has  been  developed  to  (i)  design  a  spatially-explicit  exposure 
model  for  both  the  pollen  dispersal  and  the  spatial  dynamics  of  non-target  Lepidoptera  and  (ii) 
account  for  the  temporal  dimension  of  the  exposure  model  (phenology  of  Lepidoptera  and  maize 
flowering  periods). 

Spatial  statistics  and  stochastic  geometry  were  used  to  simulate  landscapes  where  spatial 
aggregation  of  GM  fields  and  position  of  field  margins,  where  Lepidoptera  lay  eggs  on  host 
plants,  may  vary.  Pollen  dispersal  is  estimated  by  integration  of  individual  plant  pollen  emission 
over  distance  while  locations  of  Lepidoptera  are  drawn  by  point  processes.  Pollen  adherence  and 
loss  on  host  plants  are  considered  as  well  as  the  individual  toxicological  response  to  pollen 
ingestion,  makes  it  possible  to  predict  mortality  for  each  exposed  larva. 

Results/Conclusion:  This  modelling  framework  is  operational  through  an  R  package 
“SEHmodel”.  A  sensitivity  analysis  made  it  possible  to  identify  the  key  drivers  impacting 
population  mortality  and  suggests  that  landscape  management  (e.g.,  allocation  of  GM  maize 
fields)  may  mitigate  the  risk  on  non-target  Lepidoptera.  The  paper  also  discusses  the  possible  use 
of  such  an  exposure  model  within  the  regulatory  framework  of  Environmental  Risk  Assessment 
of  GM  crops. 
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Abstract  text: 

Introduction:  GM  crops  include  a  broad  range  of  flowering  crops  that  provide  pollen  and  nectar 
sources  for  wild  and  managed  pollinators,  including  solitary  and  social  wild  bees  and  the 
European  honeybee  (Apis  mellifera)  and  rely  on  pollination  services  by  insects.  GM  crops  are 
currently  not  allowed  in  most  European  countries.  Nonetheless  environmental  risk  assessment  of 
potential  detrimental  effects  of  GM  crops  on  different  pollinator  groups  is  highly  relevant. 
Potential  effects  of  GM  crops  on  pollinators  have  been  studied  in  a  tired  approach  in  the 
laboratory,  in  field  cage  experiments  and  as  pre-release  studies  in  real  agroecosystems. 

Methods:  We  have  established  an  in  vitro  rearing  system  for  honeybee  larvae  to  test  dose- 
dependent  responses  to  different  Bt  toxins  and  combined  effects  of  Bt  toxins  and  nutritional 
quality  on  multiple  endpoints  such  as  stage-dependent  developmental  times,  mortality  rates  and 
weight  gains,  and  behavioural  fitness  traits  of  adult  bees.  In  cage  experiments  we  tested  in  a 
replicated,  randomised  design  the  response  of  small  standardised  honey  bee  colonies  to  different 
Bt  varieties  with  conventional  isolines  as  controls.  Foraging  activity,  lifespan  of  individual  bees 
and  colony  growth  rates  as  endpoints  were  measured.  In  real  agroecosystems  we  studied  the 
exposure  risk  of  honeybee  colonies  to  potential  GM  crop  species  such  as  maize  and  oilseed  rape 
in  relation  to  landscape  composition,  with  the  area  of  focal  crops  species  and  seminatural 
habitats  as  main  explanatory  factors. 

Results/Conclusion:  We  evaluate  our  results  regarding  potential  effects  of  GM  crops  on 
pollinator  diversity  and  the  provisioning  of  crop  pollination  services. 
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Abstract  text: 


Introduction:  Dioscorea  rotundata  is  an  important  crop  utilized  as  food  and  in  the 
pharmaceutical  industry.  Therefore,  controlling  its  pests  would  ultimately  lead  to  improved  yield 
and  market  value. 

Methods:  The  experiments  were  conducted  in  Benue  state,  located  at  the  Southern  guinea 
savannah  ecological  zone  of  Nigeria,  West  Africa.  Laboratory  and  field  experiments  were 
conducted  for  3-5years  using  botanicals  formulated  with  organic  ash  at  25%  and  50%w/w 
concentratiosn  and  applied  as  soil  treatment  in  a  split-plot  experimental  design  against  the  major 
arthropod  pests  of  D.  rotundata.  The  economic  analysis  of  the  formulations  was  carried  out  to 
determine  their  profitability  and  economic  efficiency  using  gross  margin  technique  and  Shepherd 
futre  model.  Phytochemical  analysis  was  conducted  to  investigate  secondary  metabolites  present 
in  the  plant  materials  applied  and  the  susceptible/resistant  species  of  Dioscorea.  Experiments 
were  also  conducted  to  investigate  the  potential  of  botanical  lures  developed  to  monitor  insects 
on  D.  rotundata  at  vegetative  and  tuber  formation  stages  of  growth. 

Results/Conclusion:  The  results  showed  significant  (P<0.05)  reduction  in  feeding  indices  and 
percentage  of  tuber  damage  at  25%  and  50%w/w  formulated  dusts  on  these  pests:  Heteroligus 
meles  Bilb  (Coleoptera),  Armitermes  evuncifer  Silv  (Isoptera),  Spirostreptus  assiniensis  Attems 
(Diplopoda).  The  economic  analysis  revealed  that  25%w/w  concentration  was  more  economical 
with  increased  profitability.  The  study  on  botanical  lures  demonstrated  behavioural  responses  of 
various  arthropod  pests  to  the  bioassays.  The  lures  attracted  grasshoppers  (Orthoptera), 
Gryllotalpa  africana  (Orthoptera)  and  Spirostreptus  assiniensis  were  significantly  (P<0.05) 
trapped  using  student  Newman  Keuls  Test  (SNK).  The  botanical  lures  will  serve  as  alternative  to 
pheromones. 
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Abstract  text: 

Introduction:  Pollinators,  especially  honey  bee  are  one  of  natures’  means  of  achieving  global 
biodiversity  in  most  ecosystems  through  ecological  processes  such  as  pollination  by  which 
reproductive  success  of  most  native  and  cultivated  plants  are  maintained.  This  study  surveys, 
identifies,  determines  and  documents  trees,  foods  and  other  valuable  plants  visited  and  pollinated 
by  honey  bees  in  apiaries  of  two  ecozones  of  Nigeria. 

Methods:  Visual  observation  of  plants  visited  by  worker  bees  was  carried  out.  Plants  with  bee 
sustained  nectar  and  or  pollen  were  recorded.  Sampled  plant  parts  were  collected.The  species, 
scientific,  common  and  local  names  were  identified. 

Results/Conclusion:  TThis  study  revealed  that  of  seven  thousand  and  thirty  seven  (7037)  tree 
samples  visited  by  worker  bees,  four  thousand,  one  hundred  and  twenty  six  (2126)  were 
encountered  in  the  Guinea  savannah  apiary  while  two  thousand,  nine  hundred  and  eleven  (2911) 
are  of  Derived  savannah  ecological  zone.  Parkia  biglobosa  (18.71%)  was  recorded  as  the  highest 
bee  visited  tree  in  the  Guinea  savannah  while  Moringa  oleifera  (17.97%)  was  recorded  as  the 
highest  for  the  Derived  savannah.  Of  the  food  crops,  Arachis  hypogea  (24.06%)  was  the  most 
frequently  visited  in  Guinea  savannah  apiary  while  Abelmoschus  esculentus  (28.38%)  was 
similarly  recorded  for  the  Derived  savannah.  Boerhavia  diffusa ,  Vernonia  amygdalina ,  Tridax 
procumbens  and  Jatropha  gossypifola  are  weeds  commonly  visited  by  bees  of  both  ecological 
zones. 
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Abstract  text: 

Introduction:  Gammalin-20,  though  banned,  is  still  widely  used  in  the  storage  of  Kolanuts  and 
dried  fish  in  Nigeria.  The  effectiveness  of  Spintor  dust  and  Gammalin-20  was  compared  in  the 
storage  and  preservation  of  Kolanuts  against  the  weevil,  Balanogastris  kolae  and  dried  fish 
against  the  beetle,  Dermestes  maculatus.  The  effect  of  the  Spintor  on  the  liver  of  rat,  Rattus 
rattus  was  also  investigated. 

Methods:  Efficacy  of  different  concentrations  of  Spintor  dust  and  Gammalin-20  in  protecting 
Kolanuts  from  infestation  by  Balanogastris  kolae  was  evaluated  for  90  Days  while  the  efficacy 
and  residual  effect  of  Spintor  was  evaluated  on  dried  fish  at  60  days  after  treatment  (DAT).  The 
rat,  R.  rattus,  was  fed  with  fish  treated  with  different  concentration  of  Spintor  for  90days  and  the 
liver  examined  thereafter. 


Results/Conclusion:  Spintor  dust  (land  2g/kg)  and  Gammalin  20  (0.5ml/l),  were  relatively 
effective  in  protecting  kolanuts  from  B.  kolae  infestations  for  90  days.  On  treated  dried  fish, 
Spintor  dust  was  more  toxic  on  Dermestes  maculatus  adult  than  on  the  larvae.  Adult  mortality 
was  significantly  highest  in  the  dried  fish  treated  with  0.5%  Spintor  dust  than  in  the  control.  No 
Larva  emerged  from  0.5%  concentration  of  spintor  while  a  mean  of  629  larvae  developed  in 
untreated  fish  (control).  The  Histopathological  test  of  the  liver  of  the  rats  fed  with  fish  treated 
with  Spintor  and  control  had  no  alterations  in  their  hepatic  lobes.  Hence,  Spintor  dust  can  be 
used  as  an  alternative  to  Gammalin-20  to  protect  Kolanuts  and  dried  fish  against  Balanogastris 
kolae  and  D.  maculatus  infestations  respectively 
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Abstract  text: 

Introduction:  The  use  of  botanicals  in  mosquito  control,  especially  for  larvae,  as  an  alternative  to 
synthetic  insecticides  offer  a  more  environmentally  friendly  method  of  insect  control.  There  are 
still  lots  of  plant  products  yet  to  be  evaluated  in  the  control  of  Mosquitoes 

Methods:  The  bioassays  were  conducted  with  different  concentrations  of  Piper  nigrum  and 
Curcuma  longa  using  their  aqueous,  methanolic  extracts  and  essential  oils  to  determine  the 
toxicity  of  the  plants  on  Anopheles  gambiae.  The  coils  were  used  to  determine  the  repellency  of 
the  plants  on  A.  gambiae. 

Results/Conclusion:  The  essential  oils  were  most  effective  against  A.  gambiae  larvae  (100%)  and 
Adults  (95%)  for  both  P.  nigrum  and  C.  longa.  LC  50  for  larvae  was  15ppm  and  149ppm  for 
both  P.  nigrum  and  C.  longa  respectively.  The  methanolic  extracts  had  LC  50  of  27  and  214ppm 
for  P.  nigrum  and  C.  longa  respectively.  There  was  no  significant  effect  of  the  oils  and  extracts 
on  the  pupae  of  A.  gambiae.  The  coil  gave  70%  and  76.7%  knockdown  action  of  the  adult 


mosquitoes  using  100%  concentration  of  P.  nigrum  and  C.  longa  respectively.  Therefore,  P. 
nigrum  and  C.  longa  could  serve  as  a  repellents  against  A  gambiae  and  be  used  in  Integrated 
Vector  Management  (IVM). 
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Abstract  text: 

Introduction:  The  cotton,  Gossypium  hirsutum  L.,  Cowpea,  Vigna  unguiculata  L.,  groundnuts, 
Arachis  hypogea  L.,  and  Sorghum,  Sorghum  bicolor  L.,  are  attacked  by  a  wide  range  of  insect 
pests  worldwide.  The  optimum  performance  these  crops  are  limited  due  to  the  infestation  by 
these  complex  range  insect  pests. 

Methods:  The  experiments  were  carried  out  on  farmer’s  field  at  various  time  staggered  from 
1993-2012.  The  treatments  involve  manipulation  of  planting  dates,  harvesting  methods, 
application  of  some  botanicals  (leaf  extracts  of  tobacco,  tomatoes,  basil)  and  cypermethrin  on 
Cowpea,  Sherpa-plus  on  seed-cotton  and  Sorghum;  while  different  harvesting  time  and  methods 
was  used  to  control  insect  pests  of  Groundnut.  Various  insect  pests  causing  yield  reduction  were 
collected  and  identified.  The  data  were  analyzed  with  ANOVA  and  mean  were  separated  using 
Student-Newman-Keuls  (SNK)  at  5%  probability. 

Results/Conclusion:  The  major  insect  pests  found  were  Aphis  craccivora,  Clavigralla 
tomentosicollis,  Anoplecnomis  curvipes,  Ootheca  mutabilis,  Maruca  vitrata,  Riptortus  dentripes 
and  Mylabris  spp.  Cowpea  grain  yield  on  all  the  treated  (cypermethrin,  basil,  tobacco  and 
tomato)  plots  was  significantly  higher  (860.4kg  ha'1,  850.1kg  ha'1,  756.3kg  ha'1,  589.8kg  ha" 

')  than  untreated  324.8kg  ha'1  respectively  on  cowpea.  Sylepta  derogota ;  Aphis  gossypii , 
Dysdercus  volkeri ,  Bemisia  tabaci ,  Empoasca  spp.  and  boll-worms  ( Diaparopsis  water  si, 
Helicoverpa  armigera ,  Earias  biplaga ,  E.  insulana ,  Pectinophora  gossypiella  and  Crytophlebia 
leucotreta )  on  cotton;  while  Buseola  fusca  and  various  species  of  head  bugs  especially 
Eury stylus  oldi  were  major  pests  of  sorghum  in  addition  of  the  above.  Pest  of  major  importance 
on  groundnuts  causing  yield  reduction  up  to  40%  is  Rhyparochromus  littoralis. 
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Abstract  text: 

Introduction:  Production  agriculture  is  under  ever  increasing  pressure  from  the  pubic,  as  well 
major  retail  chains,  to  decrease  its  use  of  synthetic  pesticides.  The  development  of  new  pest 
management  tactics  to  meet  this  demand  is  needed.  It  is  well  known  that  nutrient  management 
can  be  used  as  an  IPM  tactic  to  directly  impact  pest  populations.  Silicon,  a  plant  beneficial 
nutrient,  has  been  shown  in  many  crops  to  have  a  positive  effect  on  the  plant,  however  the 
literature  on  silicon  supplementation  and  its  effects  on  arthropod  pests  is  not  in  agreement. 

Methods:  This  project  looked  at  silicon  supplementation  as  a  control  tactic  for  Liriomyza  trifolii 
(Diptera:  Agromyzidae)  in  floriculture  crops.  The  project  focused  on  chrysanthemum  because  of 
its  prominence  in  the  floriculture  industry,  as  well  as  preliminary  work  indicating  some  efficacy 
of  silicon  supplementation.  For  these  studies  potassium  silicate  solution  was  injected  into  the 
irrigation  system  at  a  constant  concentration  of  300ppm  silicon  throughout  the  trial  to  simulate  a 
silicon  containing  nutrient  blend. 

Results/Conclusion:  Silicon  supplementation  was  found  to  be  an  effective  tactic  to  reduce 
leafminer  larval  presence  in  pot  chrysanthemum  in  both  caged  and  field  realistic  studies. 
Furthermore,  plants  treated  with  silicon  had  an  elevated  level  of  silicon  in  the  leaf  tissue.  These 
findings  support  the  use  of  silicon  supplementation  in  pot  chrysanthemum  production  as  a  means 
of  reducing  L.  trifolii  damage. 
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Abstract  text: 

Introduction:  Eriococcus  lager stroemiae,  commonly  referred  to  as  the  crapemyrtle  bark  scale 
(CMBS),  is  a  relatively  new  pest  scale  species  of  crapemyrtles  in  the  USA.  First  reported  in  near 
Dallas  (TX)  in  2004,  the  CMBS  is  now  found  as  far  as  East  as  Virginia  and  a  current  report 
suggests  it  may  have  reached  as  far  West  as  Seattle.  Crapemyrtles  are  a  common  landscape 
ornamental  plant,  especially  in  the  southern  United  States.  A  high  CMBS  infestation  often  results 
in  decreased  plant  growth,  excessive  sticky  residue  (honeydew),  reduced  flowering,  sooty  mold, 
and  reduced  aesthetics.  A  few  naturally  occurring  coccinellid  species  consume  CMBS,  however 
their  impact  on  CMBS  infestations  are  currently  unknown.  Current  efforts  are  aimed  at 
developing  effective  IPM  tools  for  management  of  CMBS  in  nursery  and  landscape  settings. 

Methods:  We  used  a  combination  of  potted  crapemyrtle  trials  and  field  trials  to  study  the  efficacy 
of  different  management  strategies.  We  used  monitoring  data  from  several  sites  in  Texas  to 
understand  the  seasonal  population  dynamics  of  CMBS,  and  in  turn  determine  the  timing  of 
spray  applications.  Additionally,  we  used  softer  and  selective  insecticides,  and  mechanical 
control  methods  to  reduce  CMBS  populations. 

Results/Conclusion:  We  have  found  promising  strategies  for  management  of  CMBS,  which  can 
be  applied  both  in  a  nursery  and  landscape  setting.  Future  studies  may  investigate  the  possibility 
of  early  augmentation  and  release  of  naturally  occurring  coccinellids  to  suppress  CMBS 
populations. 
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Abstract  text: 

Population  growth  of  two  aphids,  Myzus  persicae  and  Aulac or thum  solani,  was  measured  on  two 
plant  species,  Viola  tricolor  var.  hortensis  and  Capsicum  annuum ,  which  were  grown  using  one 
of  6  fertilizer  treatments,  including  conventional  liquid  feed,  controlled-release,  and  organic 
fertilizers.  Population  growth  differed  significantly  by  plant  species,  fertilizer  treatment,  and 
aphid  species.The  effect  of  aphid  natural  enemy  releases  on  aphid  population  growth  was 
compared  on  combinations  of  plant  species  and  fertilizer  treatment. 
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Abstract  text: 

Introduction:  Only  44%  of  Oklahoma  greenhouse  producers  use  biological  control  to  manage 
key  pests  such  as  aphids  and  whiteflies.  While  many  biological  control  options  exist  for  these 
pests,  factors  such  as  efficacy,  predictability,  and  cost  limit  the  adoption  of  biological  control  in 
greenhouse  pest  management  programs.  Similar  to  use  of  conventional  pesticides,  natural 
enemies  that  are  deployed  against  arthropod  pests  must  be  effective  and  produce  consistent 


results  at  minimal  cost.  Optimizing  all  of  these  factors  is  a  challenging  but  necessary  step  to 
increase  adoption  of  biological  control  by  greenhouse  producers.  Banker  plants,  or  open-rearing 
systems,  combine  augmentative  and  conservation  strategies  that  can  meet  this  challenge. 
Although  the  banker  plant  concept  was  introduced  during  the  late  1970’s,  we  have  much  to  learn 
about  basic  biological  principles  driving  banker  plant  systems  including  identifying  optimal  host 
plants  for  rearing  alternative  hosts/prey  of  biological  control  agents.  Moreover,  there  may  be 
variable  climatic  factors  that  determine  how  well  certain  host  plants  thrive  in  various  geographic 
regions. 

Methods:  In  Oklahoma,  we  are  working  with  growers  to  increase  awareness  and  adoption  of 
biological  control  by  (1)  evaluating  established  banker  plant  systems  for  control  of  green  peach 
aphid,  Myzus  persicae  (Sulzer),  and  (2)  identifying  warm-season  Poaceae  varieties  that  are 
hardier  than  wheat  and  serve  as  banker  plants  in  hot,  arid  climates. 

Results/ConclusiomResults  of  our  research  objectives  from  2016  will  be  discussed. 
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Introduction:  Rove  beetles  are  important  predators  of  arthropods  in  soil  habitats.  However, 
minimal  information  exists  on  their  effectiveness,  including  Dalotia  coriaria ,  which  is  a  reported 
biological  control  agent  of  fungus  gnats  ( Bradysia  spp.)  in  greenhouses. 

Methods:  In  this  study,  predation  of  D.  coriaria  on  Bradysia  sp.  nr.  coprophila  was  investigated 
in  473  mL  containers  under  laboratory  conditions  using  different  numbers  and  ratios  of  predators 
and  prey. 


Results/Conclusion:  In  tests  with  1  to  5  rove  beetle  adults  and  10  to  40  fungus  gnat  larvae, 
predation  was  highest  at  each  prey  density  when  four  rove  beetle  adults  were  released,  and 
lowest  at  three  or  four  prey  densities  when  five  adult  rove  beetles  were  released.  Per  capita  prey 
consumption  was  highest  when  only  one  rove  beetle  was  present,  and  predation  efficiency 
decreased  as  predator  numbers  increased.  Thus,  while  using  four  rove  beetle  adults  in 
conjunction  with  10  to  40  fungus  gnat  larvae  increased  overall  effectiveness  based  on  the  number 
of  prey  consumed,  increasing  the  number  of  predators  negatively  affected  predation  efficiency. 
When  predator  and  prey  numbers  were  increased,  the  level  of  predation  also  increased,  but  only 
at  the  highest  predator-prey  ratio  (1:5).  At  lower  predator-prey  ratios  (1:10  and  1:20),  adjusting 
numbers  of  predators  and  prey  had  no  effect  on  predation.  Therefore,  when  used  appropriately, 

D.  coriaria  may  be  a  viable  augmentative  biological  control  agent  for  fungus  gnats  in 
greenhouse  production  systems. 
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Introduction:  In  a  field,  pests  first  enter  a  crop  followed  at  some  time  period  by  natural 
enemies.  The  idea  of  putting  biological  control  agents  (BCA)  in  first,  means  that  they  must  be 
fed  to  establish  and  become  a  'standing  army'  before  the  pests  arrive.  Since  the  presence  of  non¬ 
crop  banker  plants  can  disrupt  planting  and  harvesting  in  the  limited  space  in  greenhouses, 
methods  of  provisioning  BCAs  are  being  developed.  Different  types  of  food  and  means  of 
delivery  have  been  shown  to  enhance  BCA  populations  such  as:  flour  moth  eggs,  brine  shrimp 
cysts  and  pollen.  The  provisioning  of  supplemental  food  is  not  without  drawbacks:  some  pests 
such  as  thrips  feed  on  pollen  and  their  populations  may  be  enhanced,  and  there  are  effects  on 
intraguild  predation. 

Methods:  Pollen  was  harvested  from  organic  corn  and  stored  at  -  80  C  until  used.  Pollen  was 
applied  by  various  means  on  pepper  and  strawberry  plants  at  different  rates  and  all 
arthropods  were  monitored  weekly. 

Results/Conclusion:  Our  work  with  the  application  of  supplemental  pollen  has  examined  the 
benefits  -  increased  predatory  mite  and  Orius  laevigatus  populations  and  concomitant  pest 
reduction  -  and  risks  of  IPG.  The  ramifications  of  supplemental  food  in  greenhouses  will  be 
discussed. 


Symposium 

Presentation  Title:  Production  of  biological  control  agents  in  Honduras 

Author  Name:  Rogelio  Trabanino 

Author  Institution:  Escuela  Agricola  Panamericana 

Session  Title:  Symposium:  Greenhouse  Insect  Management  Around  the  World:  Common 
Problems  and  Solutions  from  Scientific  Collaborations 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4460 

DOI:  10. 1603/ICE.2016. 95261 

Abstract  text: 

Zamorano  University  is  a  pioneer  in  agriculture  education  in  Latin  America,  one  of  the  strongest 
programs  teaches  students  Integrated  Pest  Management,  especially  the  use  of  biological  control. 
Although  most  of  the  vegetable  production  in  Honduras  and  Central  America  is  in  open  fields,  it 
has  become  popular,  especially  for  exporters,  to  produce  under  greenhouses  because  of  the 
higher  yields.  Biological  control  practices  have  become  an  alternative  to  farmers  that  look  for 
specialty  markets  and  had  problems  commercializing  their  production  because  of  pesticide 
residues.  Main  biological  control  agents  used  in  Honduras  are  Trichoderma  harzianum  and 
Bacillus  subtilis  for  the  control  of  damping  off  problems  in  vegetables  and  in  nurseries  for  the 
production  of  fruit  plants  and  coffee.  Metarhizium  anisopliaz  for  the  control  of  spittlebug  in 
sugarcane  and  soil  pests.  Beauveria  bassiana  for  the  coffee  berry  borer.  Another  important 
success  has  been  the  use  of  Heterorhabditis  bacteriophora  for  the  control  of  soil  insect  pest  of 
sweet  potatoes  such  as  Cylas  formicarius.  Orius  insidiosus  and  Neoseiulus  longispinosus  are 
other  predatory  species  commonly  used  to  control  pests.  Farmers  have  noticed  the  cost  reduction 
in  the  use  of  these  organisms  and  improved  control  efficiency.  An  important  aspect  about 
Zamorano  is  that  every  year  300  students  from  21  Latin  American  countries  are  expose  to  real 
issues  in  Latin  American  agriculture  and  they  learn  how  use  and  produce  biological  control 
agents  for  the  pest  control. 
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Abstract  text: 

Over  the  last  decade  losses  of  pesticide  susceptibility  of  greenhouse  pest  such  as  twospotted 
spider  mite,  Tetranychus  urticae  (Acari:  Tetranychidae),  Western  flower  thrips,  Frankliniella 
occidentalis  (Thysanoptera:  Thripidae)  in  cut  flowers,  sweetpotato  whitefly  Bemisia  tabaci 
(Hemiptera:  Aleyrodidae)  and  Tuta  absoluta  (Lepidoptera:  Gelechiidae)  in  tomatoes  in  various 
regions  of  the  world,  have  resulted  in  increased  use  of  biological  control  agents  as  well  as 
botanical  extracts.  Control  of  mites  has  been  done  using  Phytoseiulus  persimilis  and  Neoseiulus 
californicus  (Acari:  Phytoseiidae),  with  excellent  results.  In  fact,  several  flower  production 
facilities  have  managed  mites  by  relying  only  on  predatory  mites.  With  regards  to  thrips  control, 
it  is  only  now  that  the  use  of  biological  control  agents  is  being  required,  mainly  because  of  the 
problems  on  export  crops.  In  the  case  of  tomato,  the  current  insecticide  use  has  prevented  full 
implementation  of  biological  control  programs.  The  most  used  agents  are  Encarisa  formosa, 
Amitus  fuscipennis  and  Apanteles  gelechiidivoris.  The  microorganism  that  continues  to  be  used 
with  success  against  Tuta  absoluta  is  Bacillus  thuringiensis  with  excellent  results. 
Entomopathogenic  fungi  have  also  been  successful  against  whiteflies.  Recently,  and  because  of 
demand,  there  has  been  an  increase  in  the  number  and  output  of  companies  producing  biological 
control  agents  both  local  and  international.  Significant  investment  in  research  and  support  of 
local  micro  enterprises  (startups)  by  industry  and  the  government  is  needed  to  advance  biological 
control  in  greenhouses  and  to  increase  the  available  species  used  for  control. 
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Abstract  text: 

Introduction:  Over  the  last  decade,  use  of  biocontrol  in  commercial  greenhouse  operations  has 
increased  from  26%  in  2001  to  68%  in  2014.  Three  quarters  of  the  Ontario  flower  growers  in 
2014  were  using  biocontrol  throughout  the  crop  production  cycle.  One  major  factor  driving  this 
change  was  control  of  western  flower  thrips.  When  this  pest  developed  resistance  to  spinosad, 
Canadian  growers  were  left  with  few,  if  any,  registered  pesticide  options  and  a  pest  group  which 
was  formerly  the  major  obstacle  to  greater  use  of  biological  control,  became  the  primary  driver 
of  change.  The  switch  to  biological  control  of  thrips  necessitated  the  use  of  biological  control  for 
other  pests  as  well,  due  to  limited  availability  of  pesticides  compatible  with  the  natural  enemies 
used  for  thrips  control. 

Methods:  Biocontrol  is  often  seen  as  less  reliable  and  more  expensive  than  the  chemical 
alternatives.  One  of  the  causes  for  these  perceptions  is  that  many  growers  still  hold  a  “replace 
pesticides  with  biocontrol  agents”  mentality.  Switching  to  biological  control-based  IPM  involves 
a  paradigm  shift  that  involves  a  change  from  reactive  interventions  to  redesigning  the 
components  of  the  production  ecosystem  to  address  underlying  weaknesses  that  have  allowed 


organisms  to  reach  pest  status.  Economic  analysis  and  grower  experience  also  showed  that  after 
an  initial  increase  in  costs  related  to  the  transition  period,  biocontrol  is  the  most  viable  option  for 
pest  management  in  Ontario  flower  crops. 

Results/Conclusion:  The  Ontario  experience  has  taught  us  that  biocontrol-based  IPM  is  cost- 
effective  and  a  sustainable,  long-term  approach  to  pest  management  in  greenhouse  floriculture. 
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Abstract  text: 

California,  Florida  and  Hawaii  are  leading  states  in  ornamental  plant  production;  many  are 
produced  from  cuttings,  which  are  largely  imported  from  Central  America  and  the  Caribbean. 
Imported  cuttings  have  been  identified  as  an  important  source  in  invasive  pest  introduction  into 
the  U.  S.  These  pests  cause  significant  threat  to  a  wide  range  of  crops.  Preventing  movement  of 
the  invasive  pests  by  insecticide  applications  prior  to  harvesting  cuttings  hasn’t  proven  effective 
enough  to  prevent  their  introduction.  Our  project  seeks  effective  biological  agents  and  soft 
pesticides  that  can  be  applied  immediately  after  the  cuttings  were  removed  from  the  plants.  Plant 
pests  are  counted  on  the  cuttings  then  they  are  immediately  treated  with  the  designated  treatment 
type,  packaged,  and  shipped  to  and  from  California,  Florida  and  Hawaii  by  next  day  air  in  a 
Styrofoam  shipping  container  with  ice  packs.  We  have  identified  effective  control  measures  and 
the  difficulties  such  as  phytotoxicity  that  are  associated  with  the  use  of  these  products  prior  to 
boxing  and  shipping  ornamental  plant  cuttings.  We  determined  that  the  use  of  Beauveria 
bassiana  was  effective  against  the  citrus  mealybug  and  that  hot  water  dips  were  effective  against 
leafminers.  Some  chemical  treatments  and  hot  water  treatments,  however,  were  phytotoxic  to 
chrysanthemum,  poinsettia  and  mint. 
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Abstract  text: 

Introduction:  There  are  many  driving  forces  behind  the  expanded  use  of  biological  control  agents 
in  commercial  greenhouse  growing  operations  in  the  USA.  A  biocontrol  program  can  have  many 
moving  parts,  but  often  getting  started  is  the  most  challenging.  Many  growers  began  using 
biological  control  programs  to  address  insecticide  and  miticide  resistance  issues  in  the  USA.  This 
is  especially  true  with  sweetpotato  whitefly,  Bemisia  tabaci  (Gennadius),  western  flower  thrips, 


Frankliniella  occidentalis  (Pergande)  and  the  two-spotted  spider  mites,  Tetranychus 
urticae( Koch).  Today  more  operations  are  implementing  biocontrol  agents  to  address  concerns 
about  worker  safety,  plant  health  and  pollinator  health. 

Methods:  This  topic  will  cover  how  to  get  started  on  overcoming  some  of  the  challenges  of 
implementing  biocontrol.  More  specifically,  we  will  look  at  how  to  evaluate  the  pest  complex 
and  determine  if  there  are  viable  biological  control  options  that  will  work  under  the  given 
environmental  conditions,  analyzing  spray  records  to  determine  appropriate  release  schedule  and 
developing  a  comprehensive  scouting  program  to  evaluate  progress.  This  will  allow  for 
adjustments  in  the  program  as  the  crop  matures.  State  and  federal  regulatory  laws  need  to  be 
taken  into  consideration  when  implementing  any  program  in  the  USA. 

Results/Conclusion:  Today  many  greenhouse  operations  are  running  successful  and  economical 
biological  programs  controlling  a  variety  of  arthropod  pests.  There  is  a  learning  curve  involved, 
and  commitment  is  necessary,  but  growers  are  successfully  managing  pest  issues  with  biocontrol, 
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Introduction:  BIK1  plays  important  roles  in  induced  defense  against  fungal  and  bacterial 
pathogens  in  Arabidopsis.  Its  tomato  homolog  is  required  for  host  plant  resistance  to  a  chewing 
insect  herbivore.  However,  it  is  unknown  whether  BIK1  functions  in  plant  defense  against 
phloem  sap-feeding  aphids.  Here,  we  investigated  the  potential  role  of  BIK1  in  Arabidopsis 
infested  with  the  green  peach  aphid,  Myzus  persicae. 


Methods:  Aphid  no-choice  and  choice  tests  were  performed  to  assess  the  antibiotic  and 
antixenotic  resistance  of  different  Arabidops is  genotypes.  Plant  damage  assays,  3,3'- 
diaminobenzidine  (DAB)  staining  and  trypan  blue  staining  were  used  to  visualize  plant 
symptoms.  Plant  hormones  JA,  SA,  ABA  and  ET  were  meansured  in  wild-type  Col-0  and  bikl 
mutant.  RT-qPCR  was  performed  for  gene  expression  analyses. 

Results/Conclusion:  Loss  of  BIK1  function  adversely  impacted  aphid  settling,  feeding  and 
reproduction.  Relative  to  Col-0  plants,  bikl  displayed  higher  aphid-induced  H2O2  accumulation 
and  more  severe  lesions,  underscoring  the  role  of  ROS  and  cell  death  in  plant  defense  against 
phloem  sap-feeding  insects.  Elevated  SA  levels  in  bikl  did  not  contribute  to  the  HR-like 
symptoms  or  to  the  heightened  aphid  resistance  associated  with  the  bikl  mutant.  Elevated  ET 
levels  in  bikl  accounted  for  an  initial,  short-term  repellence.  Intriguingly,  introducing  a  loss-of- 
function  mutation  in  the  aphid  resistance  and  senescence-promoting  gene  PHYTOALEXIN 
DEFICIENT4  ( PAD4 )  into  the  bikl  background  blocked  both  aphid  resistance  and  HR-like 
symptoms,  indicating  bikl -mediated  resistance  to  aphids  is  PAD4-dependent.  Therefore, 
Arabidopsis  BIK1  confers  susceptibility  to  aphid  infestation  through  its  suppression  of  PAD4 
expression. 
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Abstract  text: 

Introduction:  When  insect  herbivores  and  plants  interact  at  the  ecological  time  scale,  they  “spy” 
on  each  other  by  utilizing  signals  from  the  other  side  to  escalate  their  defense  in  the  case  of 
plants,  or  counter-defense  in  the  case  of  insects.  How  insects  perceive  and  transduce  plant 
defense  allelochemicals  into  elevated  counter-defense  phenotype  remains  largely  unknown. 


Methods:  To  address  this  general  question,  various  techniques  including  promoter 
deletion/mutation,  cell  transfection  and  induction,  promoter  activity  assay,  and  gel  shift  assay 
were  combined  to  study  the  allelochemical-induced  upregulation  of  the  Heliocverpa  zea  counter¬ 
defense  gene  CYP321A1. 

Results/Conclusion:  The  data  obtained  show  that  H.  zea  counter-defense  gene  CYP321A1 
transcripts  are  constitutively  low  but  highly  inducible  by  allelochemicals,  particularly  flavone 
and  xanthotoxin.  Flavone  and  xanthotoxin  elicitation  of  CYP321A1  requires  XRE-Fla,  a  36-bp 
essential  cis- acting  element  composed  of  2  reversely  orientated,  overlapping  ARE-like  motifs. 
CYP321A1  is  also  highly  inducible  by  DEM  and  tBHQ,  two  ARE-Nrf2  pathway  markers,  and 
such  induction  is  XRE-Fla-dependent.  Exposure  of  H.  zea  fat  body  cells  to  flavone,  xanthotoxin 
and  DEM  results  in  a  ROS  burst,  which  in  turn  leads  to  nuclear  translocation  of  the  transcription 
factor  that  binds  to  XRE-Fla.  These  data  suggest  that  the  allelochecmial  signal  is  transduced  into 
higher  counter-defense  phenotype  via  the  ARE  pathway  in  H.  zea. 
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Abstract  text: 

Introduction:  Leafminers  are  an  important  group  of  vegetable  pests  worldwide.  The  objective  of 
this  study  was  to  understand  the  competition  and  displacement  between  2  invasive  leafminer 
species  ( Liriomyza  sativae  and  L.  trifolii)  that  have  extremely  similar  ecological  niches  through  a 
continuous  8-year  sampling  and  analysis  of  their  population  dynamics  in  Hainan  Province, 

China. 

Methods:  The  8-year  sampling  data  of  the  leafminer  population  dynamics  in  Hainan,  China  were 
summarized  by  focusing  on  insecticide  resistance,  suitable  temperature  and  host  plant  range,  and 


reproductive  interference  between  the  2  leafminer  species.  A  total  of  24  leafminer  samples  from 
6  locations  (i.e.,  Sanya,  Dongfang,  Haikou,  Ledong,  Lingshui  and  Qionghai  cities)  was  collected 
every  year  across  Hainan,  China. 

Results/Conclusion:  Host  plant  range  of  L.  trifolii  was  broader  than  that  of  L.  sativae.  Liriomyza 
trifolii  was  distributed  across  Hainan  province  since  it  was  first  detected  in  only  four  locations  in 
2006.  The  survey  results  from  2012  and  2013  indicated  that  L.  trifoliiwas  the  predominant 
species  in  Sanya,  Ledong  and  Lingshui  and  its  proportion  was  95%  of  the  2  species. 

The  competitive  advantages  of  L.  trifolii  were  greater  than  that  of  L.  sativae.  The  key  ecological 
factors  that  contributed  to  the  displacement  of  L.  sativae  with  L.  trifolii  were  its  reproductive 
interference,  insecticide  resistance  and  the  broader  range  of  suitable  temperatures  and  host 
plants.  The  findings  from  this  study  suggested  that  the  potential  suitable  establishment  areas  of  L. 
trifolii  were  greater  than  L.  sativae  in  China  in  general. 
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Abstract  text: 

Introduction:  An  understanding  of  the  interaction  between  the  black  pecan  aphid,  Melanocallis 
caryaefoliae  (Davis)  (Hemiptera:  Aphididae),  and  the  chlorosis  it  causes  to  foliage  of  its  pecan 
[Carya  illinoinensis  (Wangenh.)  K.  Koch)]  host  is  incomplete.  However,  it  has  been  shown  that 
elicitation  of  leaf  chlorosis  by  the  black  pecan  aphid  is  vital  to  normal  black  pecan  aphid 
development.  In  fact,  adults  and  nymphs  prefer  to  settle  on  previously  elicited  chlorotic  lesions. 
Different  levels  of  host  plant  resistance  occur  among  pecan  cultivars,  especially  early  in  the 
season  when  auxins,  gibberellic  acid  and  cytokinin  levels  are  higher.  When  foliar  ethylene, 


jasmonic  acid  and  abcisic  acid  levels  increase  later  in  the  season,  all  pecan  cultivars  become 
susceptible  to  the  black  pecan  aphid. 

Methods:  Studies  have  shown  that  foliar-applied  gibberellic  acid  and  forchlorfenuron  actually 
mitigate  elicitation  of  chlorotic  lesions  by  the  black  pecan  aphid. 

Results/Conclusion:  Thus,  an  understanding  of  the  endogenous  levels  of  plant  bioregulators  and 
their  interaction  with  the  black  pecan  aphid  is  needed. 
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Abstract  text: 

Introduction:  Asian  corn  borer  (ACB)  ,  Ostrinia  furnacalis(GuQr\QQ),  is  an  important  insect 
pest  of  maize  throughout  most  of  Asia  that  commonly  reduces  yields  by  5-10%  or  more.  The 
rind  of  maize  stalk  is  an  important  barrier  against  corn  borer  larval  boring  and  tunneling  into  the 
plant.  There  is  a  need  to  better  understand  the  relationship  between  stalk  strength  and  ACB  larval 
injury,  particularly  for  a  large  number  of  maize  genotypes.  This  study  was  to  determine  whether 
stalk  strength  is  involved  in  maize  resistance  to  ACB  injury. 

Methods:  Rind  puncture  strength  (RPS)  was  measured  at  tasseling  and  milk  stages  as  a  possible 
stalk  resistance  trait  to  ACB. 

Results/Conclusion:  RPS  measures  of  internodes  near  the  ear  at  tasseling  and  milk  stages  are 
negatively  related  to  ACB  injury  (measured  as  number  of  holes)  for  first  and  second  generation 
ACB,  respectively.  However,  the  correlation  coefficients  are  moderate  and  coefficient  of 
determination  of  regression  equations  are  all  less  than  0.5.  Relationships  between  stalk  RPS 


values  and  tunnel  length  are  weak.  Results  suggest  that  harder  stalks  (higher  RPS  values)  may 
have  enhanced  resistance  to  ACB  stalk  boring  but  not  to  pith  feeding  or  tunneling  of  ACB 
larvae.  An  efficient  approach  for  classical  maize  breeders  to  consider  for  improving  stalk 
strength  would  include  determining  RPS  values  for  the  internode  of  the  primary  ear 
during  tasseling  stage  for  first  generation  ACB  resistance  and  milk  stage  for  second  generation 
ACB  resistance. 
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Abstract  text: 

Introduction:  Use  of  superior  corn  hybrids  is  an  effective  and  economical  approach  to  reducing 
yield  and  grain  quality  losses  from  drought  stress,  insect  damage,  and  mycotoxin  contamination. 
The  objective  of  this  research  was  to  develop  drought  tolerant  and  insect  resistant  com  lines  and 
hybrids  by  introgressing  desirable  native  genes  from  tropical  germplasm. 

Methods:  Breeding  crosses  were  made  by  crossing  elite  temperate  corn  lines  with  tropical 
landraces.  Plants  from  the  breeding  crosses  were  self-pollinated  and  desirable  plants  were  further 
selfed  and  advanced  to  inbred  lines  with  a  pedigree  breeding  method.  Inbred  lines  and  their 
hybrids  were  evaluated  for  drought  tolerance,  insect  resistance,  and  aflatoxin  contamination  in 
multiple  locations  in  Texas  and  Georgia.  Drought  tolerance  evaluation  was  conducted  by 
subjecting  the  plants  to  managed  drought  stress  conditions  in  the  field.  Insect  and  aflatoxin 
resistance  was  examined  under  severe  natural  infestation  or  artificial  inoculation. 

Results/Conclusions:  Superior  lines  and  hybrids  well  adapted  to  the  southern  United  States  have 
been  developed.  Inbred  lines  developed  CUBA1 17:S  1 5  showed  good  grain  quality  and  stress 
tolerance,  and  their  hybrids  produced  competitive  grain  yield  and  significantly  low  aflatoxin  as 


compared  to  widely  grown  commercial  hybrids.  Inbred  lines  selected  from  ANTIG01:N16  were 
highly  resistant  to  fall  army  worm  and  fusarium  ear  rots. 
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Abstract  text: 

Introduction:  Sorghum  midge,  Stenodiplosis  sorghicola  (Coquillett)  is  one  of  the  most  ubiquitous 
and  damaging  insect  pest  of  sorghum.  Discovery  of  cytoplasmic  male  sterility  (CMS)  system  in 
sorghum  in  1954  made  it  easier  to  develop  hybrids  and  incorporate  desired  traits.  However,  most 
of  the  sorghum  hybrids  grown  across  world  are  based  on  mzYo-cytoplasm,  which  have  been  found 
highly  susceptible  to  insect  pests.  Breeding  program  for  resistance  to  sorghum  midge  began  at 
ICRISAT,  India  in  1980  wherein  a  study  on  effects  of  CMS  on  expression  resistance  to  midge 
has  been  the  landmark  research  in  development  of  midge-resistant  hybrids. 

Methods:  Midge-resistant  and  susceptible  CMS  and  their  maintainer  lines,  restorer  lines,  and  the 
Fi  hybrids  based  on  different  resistant  and  susceptible  CMS  and  restorer  cross  combinations  were 
tested  for  various  midge  resistance  traits. 

Results/Conclusion:  Low  damage  and  reduced  midge  emergence  was  recorded  on  midge-resistant 
B-lines  than  corresponding  A-lines.  Midge-resistant  CMS  x  susceptible  restorer  based  hybrids 
were  less  susceptible  to  midge  damage  than  susceptible  CMS  x  susceptible  restorer  based  hybrids, 
indicating  greater  influence  of  CMS  on  expression  of  resistance  to  midge.  Therefore,  it  is  important 
to  transfer  genes  conferring  resistance  to  midge  into  CMS,  maintainer,  and  restorer  lines  to  develop 
hybrids  with  high  grain  yield  and  resistance  to  this  pest.  Exclusive  use  of  mz/o-cytoplasm  as  a 
source  of  male- sterility  in  commercial  hybrids  might  restrict  nuclear  diversity  of  male-sterile  and 
restorer  lines,  thus  increased  vulnerability  to  other  biotic  stresses.  Therefore,  deployment  of 


different  CMS  systems  in  diverse  genetic  backgrounds  is  necessary  to  nullify  the  CMS  effect  and 
develop  insect-resistant  hybrids. 
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Abstract  text: 

Introduction:  Yield  and  quality  losses  caused  insects,  diseases,  and  mycotoxin  contaminations 
are  the  critical  impediments  for  maize  production  under  warm  climate.  In  order  to  develop  maize 
germplasm  lines  with  resistance  to  multiple  insect  pests  and  aflatoxin  accumulation,  a  set  of  13 
reciprocal  breeding  crosses  was  made  using  maize  inbred  lines  with  fall  army  resistance  and  high 
levels  of  kauralexins  or  zealexins. 

Methods:  These  breeding  crosses  were  evaluated  under  the  field  conditions  in  2013  and  2014.  In 
each  year,  the  13  breeding  crosses  and  4  commercial  controls  were  evaluated  for  yield,  insect 
and  disease  resistance,  and  aflatoxin  contamination  utilized  a  randomized  complete  block  design 
with  four  replications.  Fall  army  worm  [Spodoptera  frugiperda  (J.E.  Smith)]  and  corn  earworm 
[Helicoverpa  zea  (Boddie)]  resistance,  and  aflatoxin  contamination,  produced  by  Aspergillus 
flavus  were  screened  with  artificial  inoculations.  The  infection  of  southern  rust,  Puccinia 
polysora  Underwood,  was  evaluated  based  on  heavy  natural  infection  in  2014. 

Results/Conclusion:  Significant  difference  was  detected  among  these  breeding  crosses  in  yield, 
fall  armyworm,  corn  earworm,  and  southern  rust  resistance,  and  level  of  aflatoxin 
contamination.  The  best  breeding  crosses  with  good  yield  potential,  insect  and  southern  rust 
resistance  and  low  level  of  aflatoxin  contamination  would  be  advanced  for  new  maize 
germplasm  development. 
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Abstract  text: 

Introduction:  The  Hessian  fly,  Mayetiola  destructor  (Diptera:  Cecidomyiidae),  is  a  destructive 
pests  of  winter  wheat  in  the  southeastern  U.S.  It  is  a  cool-season  pest  and  aestivates  in  the 
puparial  stage  in  the  summer.  Activity  ceases  in  the  spring  when  air  temperatures  exceed  80°F  for 
several  days.  Plant  resistance  using  single  dominant  R  genes  is  the  most  effective  control 
method. 

Methods:  Trials  in  Georgia  from  1986  through  2012  were  used  to  (i)examine  the  effects  of  El 
Nino-Southern  Oscillation  (ENSO)  on  Hessian  fly  infestation  and  (ii)  to  develop  a  weather-based 
Hessian  fly  infestation  model  for  wheat  yield  loss  prediction. 

Results/Conclusion:  Hessian  fly  infestation  and  yield  losses  were  greatest  during  the  La  Nina  and 
least  during  the  El  Nino  phase.  The  risk  of  infestation  and  yield  loss  was  higher  under  wetter, 
cooler  conditions  during  August- September  and  under  drier,  warmer  conditions  during  October- 
February.  This  study  also  provides  a  long-term  measure  of  the  value  of  plant  resistance  to 
Hessian  fly  in  the  southeastern  U.S. 
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Abstract  text: 

Introduction:  The  invasive  emerald  ash  borer  (EAB),  Agrilus  planipennis,  has  been  threatening 
ash  resources  in  USA  since  2002.  In  southern  California,  the  invasive  stem-infesting  goldspotted 
oak  borer  (GSOB),  Agrilus  auroguttatus ,  has  caused  great  oak  mortality  in  San  Diego  County 
since  2004.  Adults  of  both  insect  species  feed  on  host  foliage  during  their  lifetime. 

Methods:  In  this  study,  we  compared  the  nutritional  ecology  of  the  EAB-ash  tree  and  GSOB-oak 
tree  systems.  In  each  study  system,  we  first  conducted  adult  feeding  preference  (no-choice  and 
dual-choice  tests)  among  different  tree  species.  We  then  collected  and  analyzed  macro-  and 
micronutrients  of  foliage  from  the  tested  tree  species,  aiming  to  elucidate  roles  that  nutrients  play 
in  these  2  systems. 

Results/Conclusion:  High  boron  and  copper,  and  low  phosphorus  and  zinc  might  explain  EAB 
adult’s  marginal  preference  for  white  ash.  The  collective  effects  of  four  macronutrients  (nitrogen, 
sulfur,  phosphorus,  and  potassium)  and  2  micronutrients  (copper  and  zinc)  suggest  that  these 
might  be  the  nutrients  directing  preferential  feeding  of  GSOB  adults  on  foliage  of  California 
black  oak.  EAB  and  GSOB  adult  feeding  preference  might  be  determined  by  different  nutrients. 
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Abstract  text: 

Introduction:  One  of  the  many  extremes  resulted  from  the  global  change  is  the  frequent 
appearance  of  extraordinarily  daily  high  temperature.  A  transient  high  temperature,  particularly 
early  in  embryonic  stage,  can  profoundly  affect  insect  performance  across  all  subsequent  life 
stages. 

Methods:  Effects  of  a  transient  high  temperature  on  the  fitness-related  parameters  were  examined 
by  exposing  eggs  of  Ostrinia  furnacalis  to  37,  39,  41,  43  and  45°C  for  90  min,  and  then 
transferred  to  25°C. 

Results/Conclusion:  In  comparison  with  control  (25°C),  the  hatching  rates  significantly  declined 
22. 1  and  33.9%  in  treatment  temperature  up  to  41  and  43°C.  No  egg  hatched  into  larvae  in  45°C. 
Egg  development  times  were  not  significantly  different  among  treatments.  However,  larval  and 
pupal  development  times  increased  significantly  in  41  and  43  °C  compared  to  25-39°C.  Although 
moths  in  treatment  of  39°C  had  the  longest  life  times,  there  was  no  significant  difference  among 
treatments.  Larval  growth  rate  tended  to  increase  as  treatment  temperature  increasing  from  25  to 
39°C,  but  significantly  declined  in  41  and  43°C.  There  was  no  significant  difference  in  pupal 
weight  among  treatments  although  the  highest  was  in  39°C.  There  was  no  significant  difference 
in  sex  ratio  and  number  of  eggs  laid  per  female  among  treatments.  The  results  suggested  that  the 
critical  temperature  of  a  transient  (90  min)  exposure  for  optimal  adaptation  was  between  39  to 
41°C.  A  transient  exposure  to  extremely  high  temperature  during  egg  stage  will  affect  the 
fitness-related  parameters  of  egg  and  larvae  of  O.  furnacalis. 
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Abstract  text: 

Introduction:  Pesticide  residues  in  fruits  are  one  of  the  key  safety  concerns  in  apple  production. 
Standardization  of  orchard-based  integrated  pest  management  (IPM)  program  is  critical  for 
sustaining  apple  fruit  safety  for  family-owned  small  orchards  in  central  China.  The  effect  of 
standardized  practices  in  the  IPM  program  of  orchard  pests  on  fruit  safety  was  examined  on 
family-owned  small  apple  orchards  in  Shaanxi,  China,  in  201 1  to  2014. 

Methods:  A  total  of  29  villages  and  5-10  families  per  village  were  selected  for  the  study.  Key 
management  measures  include:  1)  Reduction  of  flowering  buds  and  increase  of  complexity  of 
groundcover  were  used  to  sustain  good  soil  fertility,  increase  natural  enemy  abundance,  and 
reduce  insecticide  applications;  2)  preventative  management  of  pests  in  winter  and  spring, 
instead  of  all  year  long,  were  used  to  reduce  cost;  and  3)  Monitoring  and  managing  initial 
infestations  was  limited  only  to  early  and  critical  insecticide  applications. 

Results/Conclusion:  Extension  specialist-led  demonstrations  of  the  standardized  IPM  programs 
resulted  in  90%  family  adoption  in  a  village.  The  holistic  approach  of  combining  monitoring  and 
targeting  initial  infestations  has  reduced  insecticide  applications  by  45%.  The  economic  cost  was 
reduced  56%,  that  is,  $494  (from  $881  to  $357)  per  hectare.  Labor  cost  was  reduced  by  67% 
(from  90  to  30  man  hours).  Insecticide  residues  were  lower  than  national  standards  for  green 
food  class  A. 

The  standardization  has  transformed  IPM  Programs  in  apple  orchard  ecosystem  in  central  China 
from  previously  experience-based  to  the  standardized  market-driven  practice,  which  would 
ensure  fruit  safety  and  reduce  cost. 
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Abstract  text: 

Introduction:  Breeding  the  wheat  cultivars  with  resistance  is  considered  to  be  the  most  efficient 
and  environmentally  friendly  pest  management  strategy  for  controlling  damage  from  Sitobion 
avenae  (F.)  (Hemiptera:  Aphididae). 

Methods:  We  selected  the  tolerant  genotype  from  20  genotypes  based  on  their  categories  of 
resistance  to  S.  avenae  under  field  and  controlled  greenhouse  conditions.  The  winter  wheat 
genotype  XN98- 10-35  is  tolerant  to  S.  avenae.  To  identify  the  candidate  genes  responsible  for 
tolerant  to  S.  avenae  in  genotype  XN98-10-35,  differential-display  reverse  transcription-PCR  was 
used  to  identify  the  corresponding  differentially  expressed  sequences  in  current  study. 

Results/Conclusion:  The  backcross  progenies  were  obtained  by  crossing  the  tolerant  genotype 
with  the  susceptible  genotype  XN1376.  Six  potential  expected-differential  bands  were 
sequenced.  Lengths  of  the  expressed  sequence  tags  ranged  from  128  to  532  bp.  Although  these 
expressed  sequences  were  likely  associated  with  S.  avenae  resistance,  there  was  1  expressed 
sequence  tag  located  on  7DL  Chromosome,  and  its  potential  function  may  associate  with  the 
ability  to  maintain  photosynthesis  in  wheat.  That  serves  as  an  active  way  for  tolerant  common 
wheat  with  resistant  to  S.  avenae.  Therefore,  cloning  the  full  length  of  these  sequences  would 
help  us  thoroughly  understand  the  mechanism  of  wheat  resistance  to  S.  avenae  and  be  valuable 
for  breeding  cultivars  with  S.  avenae  resistance. 
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Abstract  text: 


An  update  of  a  program  to  contain  and  eradicate  Spotted  lanternfly  (HEMIPTERA: 
FULGORIDAE:  Lycorma  delicatula  (WHITE))  which  was  implemented  in  Pennsylvania  by  the 
Pennsylvania  Department  of  Agriculture  is  summarized.  An  account  of  field  recorded  dates  for 
Spotted  Lanternfly  show  egg  laying  to  be  October  13,  2014,  hatch  to  be  May  12,  2015,  second 
instar  June  03,  2015,  third  instar  June  24,  2015,  fourth  instar  July  7,  2015  and  adults  on  July  24, 
2015.  Tree  bands  were  found  to  be  effective  in  killing  first  through  third  instar  nymphs  while 
fourth  instar  nymphs  and  adults  required  active  capture  techniques.  Adults  were  found  to  be 
associated  primarily  with  tree  of  heaven  ( Ailanthus  altissima  (Philip  Miller)Swingle),  so  a 
strategy  of  tree  of  heaven  removal  and  trap  tree  establishment  was  employed.  Combined  control 
measures  including  egg  mass  scraping,  tree  banding,  and  active  capture  performed  by  volunteers 
and  paid  crew  killed  793,571  spotted  lanternfly  in  2015.  Spotted  lanternfly  was  detected  at  2,772 
individual  points  on  435  separate  properties  in  2015.  Many  new  sites  were  detected  as  a  result  of 
public  reports.  The  insect  is  now  known  from  four  counties  (Berks,  Bucks,  Chester,  and 
Montgomery)  and  15  townships  in  Pennsylvania,  with  most  sites  located  within  5  miles  of  the 
original  detection.  A  quarantine  restricting  the  movement  of  the  pest  and  conveyances  was 
extended  the  new  areas  of  detection.  Surveys  at  4,712  other  locations  in  Pennsylvania  were 
negative  as  were  trace  forward  surveys  in  other  states.  Tree  removal  and  trap  tree  establishment 
are  taking  place. 
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Abstract  text: 

Introduction:  To  identify  the  origin  of  Lycorma  delicatula  in  Pennsylvania,  and  characterize 
parasitoids  and  microbial  associates  of  these  insects,  three  subprojects  were  conducted: 


1.  Microsatellite  sequencing:  Six  microsatellite  loci  were  sequenced  for  32  individuals  from  the 
Pennsylvania  population,  25  individuals  from  each  of  three  Korean  populations,  and  10 
individuals  from  Beijing,  China.  Results  indicate  1)  the  Pennsylvania  population  appears  to 
represent  a  single  introduction,  and  2)  Korea  does  not  appear  to  be  the  origin  of  this  invasion. 
Additional  Chinese  samples  are  being  processed,  and  results  will  be  presented  based  on  this 
more  expansive  sampling. 

2.  Parasitoid  survey:  approximately  100  eggs  are  being  sampled  from  the  Pennsylvania 
population.  Amplifying  and  deep  sequencing  the  cytochrome  oxidase  I  gene  (using 
Hymenoptera-specific  primers)  on  the  Illumina  platform  will  reveal  whether  any  native 
parasitoids  have  attempted  to  attack  the  invasive  L.  delicatula  population.  Results  of  this  survey 
will  be  presented. 

3.  Microbial  associates:  the  16S  rRNA  gene  was  amplified  and  deep  sequenced  to  characterize 
the  bacterial  communities  harbored  in  the  abdomen  and  proboscis  of  individuals  from  the 
Pennsylvania  population.  Bacteria  from  the  proboscis  did  not  amplify  for  any  individuals. 
Abdominal  bacterial  communities  were  dominated  by  three  obligate  endosymbionts,  Sulcia 
muelleri,  Vidania  fulgoroideae ,  and  an  uncharacterized  Gammaproteobacterium,  consistent  with 
other  sampled  outgroup  species  of  Fulgoridae.  However,  principal  components  analysis  indicated 
L.  delicatula  was  distinctly  different  from  other  sampled  Fulgoridae  and  Dictyopharidae,  perhaps 
reflecting  a  unique  bacterial  community  within  the  gut  due  to  feeding  on  Ailanthus.  Results  of 
sequencing  of  digestive  tracts  alone  will  also  be  presented. 
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Abstract  text: 


Introduction:  Since  lantern  flies  were  first  reported  in  2004  in  South  Korea,  they  only  caused 
problems  in  grape  orchards  after  2006. 1  have  founded  that  lantern  flies  were  spread  across  South 
Korea  each  season  and  year.  Damaged  areas  were  dramatically  increased  from  1  ha  (2006),  7  ha 
(2007),  91  ha  (2008),  2,765  ha  (2009),  8,738  ha  (2010),  7,400  ha  (201 1),  6,900  ha  (2012),  6,900 
ha  (2013)  to  6,900  ha  (2014).  The  mean  dispersal  distance  in  every  year  was  speculated  around 
70  Km.  The  co-operation  controls  of  lantern  flies  among  central  government,  local  government, 
and  farmers  made  successful  controls  of  them  in  grape  orchards. 

Methods:  Currently  we  performed  two  winter  hibernated  egg  density  surveys  and  two  spring 
hatching  larvae  density  surveys  every  years  to  prevent  damage  from  lantern  flies. 

Results/Conclusion:  My  genetics  and  geographic  analysis  of  lantern  flies  suggested  that  outbreak 
of  lantern  flies  were  caused  by  mass  influx  from  China.  Thus,  to  develop  biological  control 
method  in  South  Korea,  we  are  now  mass  rearing  parasitic  wasps  of  lantern  flies  which  were 
introduced  from  China. 
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Abstract  text: 

Spotted  lanternfly  ( Lycorma  delicatula)  is  a  new  invasive  planthopper  that  can  feed  on  a  wide 
range  of  host  plants.  In  addition  to  tree  of  heaven  (Ailanthus  altissima),  this  species  may  also 
have  a  preference  for  grapevine  ( Vitis  spp.).  This  feeding  preference  may  endanger 
Pennsylvania’s  more  than  20.5  million  dollar  grape  industry.  Currently  there  is  little  information 
on  how  L.  delicatula  impacts  grapevine  and  there  are  no  recommendations  for  chemical  control 
in  Pennsylvania  vineyards. 


Methods:  Populations  of  L.  delicatula  were  caged  on  grapevines  in  an  experimental  vineyard 
located  within  the  quarantine  zone  in  Berks  Co.,  PA,  to  access  how  feeding  impacts  grapevine 
vigor  and  grape  production.  Various  insecticides  registered  for  use  in  vineyards  were  evaluated 
in  both  small  scale  laboratory  trials  and  in  the  field.  The  results  of  these  experiments  will  provide 
information  about  the  severity  of  spotted  lanternfly  damage  and  will  assist  grape  growers  in 
making  insecticide  control  decisions. 
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Abstract  text: 

Introduction:  The  spotted  lanternfly  or  Lycorma  delicatula(oxdQX  Hemiptera,  family  Llulgoridae) 
is  a  planthopper  native  to  China,  India,  and  Vietnam.  Although  it  has  two  pairs  of  wings,  it 
jumps  more  than  it  flies.  Its  host  plants  are  grapes,  pines,  stone  fruits,  and  Malus  spp.  It  was 
accidentally  introduced  in  Korea  in  2004. 

Methods:  This  study  was  conducted  to  find  out  the  damage  symptoms,  and  biological 
characteristics  of  spotted  lanternfly  ,  L.  delicatula  in  vine  and  the  effect  of  chemical  and  organic 
pesticides  to  L.  delicatula. 

Results/Conclusiomln  vineyards,  the  grapes  is  damaged  by  L.  delicatula  that  sucks  the  stems  and 
secretes  nectar  which  cause  the  sooty  mold.  So  the  commercial  value  of  grapes  is  fell  down.  The 
ratio  of  grapes'  commercial  value  was  19.2%  with  no  paper  bag  in  organic  farming  because  of  L. 
delicatula 's  nectar.  The  number  of  egg  per  egg  mass  was  32.69±6.49.  The  cumulative  ratio  of 
hatchability  was  27%  at  25  °C,  16%  at  20  °C,  14%  at  15  °C,  3%  at  30  °C  and  0%  at 
10  °C.  And  the  hatching  period  of  L.  delicatula  was  12.73±2.602  day  at  25  °C.  By  straight 
regression  equation(the  growth  ratio/treatment  degree)  the  growth  zero  degree  of  L.  delicatula 


was  12.75  °C.  The  experiments  of  mortality  of  egg,  4th  nymph  and  adult  of  L.  delicatula  with 

chemical  and  organic  material  pesticides  were  performed.  The  mortalities  of  4th  nymph  and 
adult  L.  delicatula  with  10  chemical  pesticides  were  reached  to  100%  within  24hr.  And  the 
mortalities  with  5  organic  material  pesticides  were  over  more  than  95%. 
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Abstract  text: 

Introduction:  The  spotted  lanternfly  ( Lycorma  deliculata  (White);  Hemiptera:  Fulgoridae)  is  one 
of  a  number  of  planthopper  species  that  have  been  introduced  to  the  United  States. 

Methods: The  life  history  of  this  species  is  discussed  and  is  compared  to  that  of  other  invasive 
planthoppers.  The  status  of  introduced  acanaloniid,  caliscelid,  cixiid,  delphacid,  flatid,  and 
ricaniid  planthoppers  is  surveyed  with  regard  to  their  economic  importance  and  potential  to 
expand  their  ranges.  Techniques  used  to  predict  range  expansion  of  the  flatid  planthopper 
Metcalfa pruinosa  (Say)  are  used  to  examine  the  potential  for  range  expansion  by  L.  deliculata. 


Symposium 

Presentation  Title:  A  success  story:  State  and  federal  agencies,  universities,  municipalities,  and 
citizens  working  together 


Author  Name:  Alan  Deppen 


Author  Institution:  Pennsylvania  Department  of  Agriculture 

Session  Title:  Symposium:  An  Invasive  Planthopper  Goes  Global:  Shedding  Light  on  the 
Spotted  Lanternfly  ( Lycorma  delicatula) 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4486 

DOI:  10.1 603/ICE.20 16.1 0902 1 

Abstract  text: 

Introduction:  How  can  distinct  regulatory  agencies,  universities,  local  elected  officials  and 
citizens  work  achieve  one  common  goal?  What  communication  methods  must  be  developed  for 
to  have  a  common  language  and  understanding?  How  does  a  community  caring  about  a  new 
pest?  How  do  you  achieve  regulatory  agencies  caring  about  a  rural  community’s  needs  and 
expectations?  Answer:  Find  a  common  goal. 

No  one  in  the  regulatory  realm  had  heard  of  Lycorma  delicatula.  Berks  County  was  not  familiar 
with  regulatory  entities  in  agriculture.  Only  a  few  researchers  had  heard  of  this  insect.  When  the 
insect  was  found,  this  unlikely  group  (researchers,  regulatory  personnel,  citizens)  came  together 
to  work  on  a  solution. 

Methods:  Provide  information  and  examples  of  steps  utilized  to  achieve  a  successful 
communication  and  education.  Example:  An  Advisory  Group  was  formed.  This  group  consists 
of  local  elected  officials,  federal,  state  and  local  agencies.  Monthly  calls  and/or  meetings  are 
held  to  give  program  updates,  vet  community  concerns,  and  address  communication  needs. 

Results/Conclusions:  Demonstrate  the  success  multiple  groups  from  a  wide  range  of  interest  and 
perspectives  can  find  a  common  element.  This  will  show  that  while  communication  can  be  the 
downfall  of  many  pest  education  and/or  eradication  programs,  it  can  be  done  effectively  with 
buy  in  from  each  stakeholder  represented  within  the  community  residents  and  officials, 
regulatory  agencies  and  university  extension  educators  and  researchers. 
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Abstract  text: 

Introduction:  The  spotted  lanternfly,  Lycorma  delicatula  (White)  (Hemiptera:  Fulgoridae),  an 
exotic  pest  of  tree-of-heaven  ( Ailanthus  altissima)  and  other  trees  and  grape  vines  in  Asia,  was 
recently  discovered  in  North  America.  It  is  now  found  in  four  eastern  counties  (Berks,  Bucks, 
Chester,  and  Montgomery)  in  Pennsylvania.  Containment  strategy  since  its  discovery  in  North 
America  has  been  focused  on  mechanical/chemical  host  tree  removal  and  population  suppression 
through  egg  scraping,  tree  banding  and  insecticide  treatments. 

Methods:  In  this  study,  we  report  our  findings  on  its  biology  (e.g.  egg  mass  size,  egg  hatching 
rate,  life  stage  duration,  sex  ratio,  fecundity,  etc.)  on  A.  altissima  under  laboratory  conditions, 
and  results  of  natural  enemy  survey  through  laboratory  rearing  and  field  collections  in 
Pennsylvania. 

Resuhs/Conclusiomlmpact  of  pest  biological  characteristics  and  native  natural  enemies  on  future 
survey  and  management  including  biological  control  of  L.  delicatula  will  also  be  discussed. 
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Abstract  text: 


Introduction/Methods:  Scanning  electron  microscopy  is  used  to  investigate  the  diversity, 
disparity  and  evolution  of  the  antennal  sensory  units  of  the  spotted  Lanternfly,  Lycorma 
delicatula  (White)  (Hemiptera:  Fulgoromorpha:  Fulgoridae),  a  new  invasive  and  potential  pest  in 
Pensylvania,  USA. 

Results:  Several  sensilla  types  are  reported:  trichodea,  chaetica,  campaniformia  and  two  complex 
sensory  units:  the  planthopper  characteristic  pedicel  sensory  plate  organs  and  the  flagellum 
Bourgoin’s  organ  that  bears  2-3  internal  coeloconica  sensilla.  During  postembryonic 
development,  number  and  size  of  the  pedicel  plate  organs,  which  are  absent  in  1st  instar,  increase 
latter  sharply,  while  a  pair  of  them,  observed  for  the  first  time  at  the  base  of  the  flagellum  in 
planthoppers  in  the  1st  instar,  decreasing  regularly  in  size  and  eventually  disappears  in  the  3rd 
instar.  The  total  sensory  surface  offered  by  the  plate  organs  that  might  support  a  fundamental 
chemoreceptive  function  was  estimated  and  analyzed  for  the  first  time  in  planthoppers.  In  L. 
delicatula,  it  shifts  from  a  flagellum  to  a  pedicel  location,  it  increases  with  each  stage  and  a 
significant  sexual  dimorphism  is  observed  in  adults:  between  the  1st  (0.02mm2)  and  the 
last  instar  (0.67mm2)  is  it  is  multiplied  by  33,  by  68  in  males  (1.36mm2),  and  by  125  in  females 
(2.51mm2).  The  largest  increase  occurred  between  the  2nd  and  3rd  instar  where  it  is  multiplied 
by  5. 

Discussion:  Evolution  of  these  sensory  units  and  their  reported  sexual  dimorphism  are  analysed 
and  discussed  at  the  light  of  known  behaviors  of  the  planthopper  in  association  with  its  host 
plants. 
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Abstract  text: 

Introduction:  The  pink  hibiscus  mealybug,  Maconellicoccus  hirsutus ,  invaded  the  Caribbean  and 
North  America  in  the  mid-1990s. 

Methods:  In  anticipation  of  the  need  of  climatically-adapted  natural  enemies  for  biological 
control  programs,  foreign  exploration  for  natural  enemies  of  pink  hibiscus  mealybug  was 
conducted  in  Australia  from  2000  to  2002. 

Results/Conclusion:  In  Queensland,  the  predaceous  beetle  Cryptolaemus  montrouzieri ,  the 
predaceous  drosophilid  fly,  Cacoxenus  perspicax  and  the  encrytid  parasitoid  Gyranusoidea 
indica  were  recovered.  In  Western  Australia  and  the  Northern  Territory  a  predatory  noctuid, 
Mataeomera  sp.,  an  aphelinid  parasitoid  Coccophagus  sp.,  and  a  probable  encyrtid 
hyperparasitoid,  Coccidoctonus  sp.  were  reared  from  M.  hirsutus  on  a  native  Hibiscus  species.  A 
field  study  was  conducted  from  February  2000  to  March  2002  in  Sherwood,  Queensland  to 
document  the  seasonal  phenology  of  M.  hirsutus  in  its  native  habitat  on  its  preferred  host, 
Hibiscus  rosa-sinensis.  Populations  of  the  mealybug  stayed  at  or  below  detectable  levels  for 
most  of  the  study  with  minor  population  peaks  in  the  summer  months. 
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Abstract  text: 

Introduction:  The  hibiscus  mealybug  is  an  important  pest  on  grapevine,  guava,  soybean,  peanut 
and  some  other  plants  in  Egypt.  Ten  parasitoid  species  are  found  in  Egypt.  The  aims  of  this 
work  are  to  survey  for  the  diversity  and  abundance  of  parasitoids  and  evaluate  control  by  the 
most  effective  parasitoid  of  the  hibiscus  mealybug. 

Methods:  Samples  were  collected  from  different  locations  and  host  plants  in  2014- 
2015.  Immature  mealybugs  on  leaf  samples  were  counted  under  steriomicroscopes,  and  held  in 
ventilated  0.5-liter  cardboard  containers  to  allow  emergence  of  the  parasitoids.  All  adult 
mealybugs  and  parasitoids  found  at  the  bottom  of  the  containers  were  collected,  counted  and 
identified.  Identification  of  mealybugs  and  parasitoids  was  confirmed  based  on  the  comparison 
with  newly  collected  samples  mounted  in  Hoyer’s  medium  and  voucher  specimens.  Mass 
rearing,  release  and  evaluation  of  the  effective  parasitoid,  Anagyrus  kamali  was  conducted.  The 
semi-field  releases  were  conducted  and  evaluated  on  grapevine  for  five  times  during  2014-2015. 

Results/Conclusion:  The  results  indicated  that  the  hibiscus  mealybug  were  associated  with  12 
parasitoid  and  3  hyperparasitoid  species  in  Egypt.  Anagyrus  kamali  was  the  dominant  parasitoid 
species,  with  an  average  parasitism  rate  of  17.5%  (1 1-33%).  About  100,000  individuals  were 
released  in  semi-field  test.  The  releases  increased  the  parasitism  rate  from  19-23%  pre-release  to 
44-53%  post-release.  It  was  concluded  thatH.  kamali  is  a  promising  biological  control  agent 
against  the  hibiscus  mealybug  on  grapevine  in  Egypt. 
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Abstract  text: 

Introduction:  During  summer  and  autumn  of  2014  on  a  coastal  area  of  Tunisia,  several 
ornamental  plants  in  public  and  private  gardens  displayed  similar  damage  on  different  plant 
parts.  Collected  infested  leaves,  shoots,  and  plant  collars  indicated  that  this  damage  was  due  to 
mealybug  species. 

Methods:  Sampling,  examination,  and  identification  of  the  mealybug  species  was  performed. 

Results/  conclusion:  Three  mealybug  species  were  identified:  Maconellicoccus  hirsutus  Green 
(Hemiptera:  Pseudococcidae),  Phenacoccus  peruvianus  Granara  de  Willink  (Hemiptera: 
Pseudococcidae)  on  Cestrum  nocturnum( Solanaceae),  Glabra  (Nyctaginaceae)  and  Citharexylum 
quadrangular  is  (Verbenacae),  and  Phenacoccus  madeirensis  Green  (Hemiptera: 

Pseudococcidae)  on  Cestrum  woctwrwwm(Solanaceae). 

These  three  mealybug  species  were  detected  for  the  first  time  in  North  Africa  and  Tunisia. 
Nevertheless,  M.  hirsutus  is  a  first  report  in  the  Weastern  Mediterranean  region  on  Hibiscus 
rosa-sinensis  (Malvacae).  This  species  has  quickly  invaded  different  areas  of  Tunisia.  Collection 
of  natural  enemies  from  these  mealybugs  in  2014  and  2015  is  in  progress. 
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Introduction:  The  hibiscus  mealybug  is  a  serious  pest  of  ornamental  and  fruit  crops  in  the 
Mariana  Islands. 

Methods:  We  surveyed  the  mealybug’s  locally  recruited  natural  enemies  and  their  effects  on  its 
population  in  the  Mariana  Islands  (Guam,  Rota,  Saipan,  and  Tinian)  to  assess  whether  there  is  a 
need  for  introduction  of  exotic  natural  enemies.  We  monitored  population  densities  of  M. 
hirsutus ,  and  its  natural  enemies  for  three  years. 

Results/Conclusion:  Our  surveys  revealed  presence  of  two  parasitoids,  Anagyrus  kamali  Moursi 
(Hymenoptera:  Encyrtidae)  and  Allotropa  sp.  near  mecrida  (Walker)  (Hymenoptera: 
Platygastridae),  fortuitously  introduced  to  the  Mariana  Islands  with  M.  hirsutus.  The  predator 
Cryptolaemus  montrouzieri  Mulsant  (Coleoptera:  Coccinellidae)  also  was  regularly  found 
feeding  on  M.  hirsutus.  Population  density  of  M.  hirsutus  was  below  the  economic  threshold  at 
all  locations.  Rainfall  seemed  to  affect  mean  numbers  of  M.  hirsutus  and  mean  numbers  of  eggs 
at  some  locations.  On  all  four  islands,  the  two  parasitoids,  complemented  by  the  predator,  were 
effectively  controlling  the  M.  hirsutus  population.  Our  surveys  also  indicated  that  there  is  no 
indication  of  hyperparasitism.  Currently,  M.  hirsutus  is  not  causing  an  economic  damage  to  crops 
in  the  Mariana  Islands.  The  fortuitously  introduced  natural  enemies  A.  kamali  and  A.  mecrida  are 
providing  satisfactory  control,  and  there  is  no  need  to  introduce  additional  natural  enemies  to 
control  hibiscus  mealybug. 
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Abstract  text: 

Introduction:  The  pink  hibiscus  mealybug  (PHM),  Maconellicoccus  hirsutus  (Green)  was  first 
discovered  in  Hawaii  heavily  infesting  hibiscus  in  1983  on  the  island  of  Oahu. 

Methods:  Two  species  of  Anagyrus  spp.  parasitoids  previously  unreported  in  Hawaii ,  were 
reared  from  specimens  of  the  newly  discovered  M.  hirsutus  and  provided  fortuitous  biological 
control. 

Results/Conclusion:  Heavy  infestations  of  were  soon  suppressed  by  Anagyrus  spp.  and  PHM 
never  caused  long  term  serious  impact  on  host  crops  and  plants  in  the  landscape  and  forest  in 
Hawaii.  Several  insecticides  and  insect  growth  regulators  were  evaluated  against  PHM  mass- 
reared  on  string  beans.  The  most  effective  insecticides  were  chlorpyrifos  and  imidacloprid  and 
the  insect  growth  regulator,  buprofezin,  was  also  highly  effective  against  PHM.  Interestingly, 
the  insect  growth  regulators,  kinoprene  and  pyriproxyfen  prevented  immature  male  development 
to  winged  adults  leaving  females  unfertilized.  Only  when  treated  kinoprene  and/or  pyriproxyfen 
females  were  mated  with  untreated  males,  females  began  to  lay  viable  eggs.  Posharvest 
disinfestation  treatments  for  quarantine  security  included  hot  water  dips  and  irradiation.  Hot 
water  immersion  studies  of  PHM  found  that  eggs  were  the  most  resistant  stage.  Quarantine 
security  can  be  achieved  with  immersions  of  74.2,  30.3,  and  17.7  min  at  47,  48,  and  49  C, 
respectively.  Irradiation  studies  of  PHM  determined  radiotolerance  increased  with  maturity  and 
adults  were  most  resistant.  A  dose  of  100  Gy  controlled  eggs,  crawlers  and  nymphs,  while  250 
GY  was  needed  to  prevent  eggs  of  treated  adults  from  eclosing.  The  minimum  effective  dose  for 
PHM  quarantine  security  is  between  100  and  250  GY. 
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Abstract  text: 

Introduction:  The  Greater  Caribbean  region  is  especially  at  risk  to  the  entry  of  exotic  mealybug 
pests  that  ultimately  spread  rapidly  through  the  region.  One  of  the  main  reasons  for  the 
vulnerability  is  the  limited  plant  and  animal  health  resources  and  capabilities  available  within  the 
safeguarding  system  in  those  countries.  Three  invasive  mealybugs,  the  pink  hibiscus  mealybug 
{Maconellicoccus  hirsutus  (Green)),  the  papaya  mealybug  (Paracoccus  marginatus  Williams  and 
Granara  de  Willink)  and  the  passionvine  mealybug  (Planococcus  minor  (Masked))  posed  serious 
economic  threats  to  agriculture  and  the  nursery  industry  in  the  region  with  additional  losses 
caused  by  quarantine  restrictions  both  nationally  and  internationally. 

Methods:  Cooperative  action  by  USDA  APHIS  PPQ,  APHIS  IS,  Universities,  research 
institutions  and  local  governments  evaluated  and  developed  biological  control  strategies  that 
successfully  reduced  populations. 

Results/Conclusion:  Through  the  development  of  regional  insectaries,  the  biological  control 
agents  were  available  immediately  after  the  pest’s  detection.  Technical  experts  were  also  trained 
and  sent  to  assist  in  the  release  and  monitoring  of  the  biological  control  agents.  Developing  the 
biological  control  program  off-shore  enabled  the  rapid  deployment  of  the  natural  enemies  in  the 
U.S.A.  (California,  Florida,  Louisiana,  Puerto  Rico,  Texas,  and  U.S.  Virgin  Islands)  and  multiple 
countries  (Barbados,  Bahamas,  Belize,  Cayman  Islands,  Dominican  Republic,  Haiti,  Guyana, 
and  St.  Kits)  where  they  are  helping  to  contain  and  mitigate  the  impact  of  the  pest. 
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Abstract  text: 


Introduction:  The  pink  hibiscus  mealybug,  Maconellicoccus  hirsutus ,  invaded  Florida,  U.S.A.  in 
2002.  Since  then,  infestation  has  been  detected  in  the  states  of  Alabama,  Georgia,  Louisiana, 
Oklahoma,  New  York,  North  Carolina,  South  Carolina,  Tennessee  and  Texas.  Predictive  models 
determiend  that  the  pink  hibiscus  mealybug  is  able  to  spread  throughout  the  southern  U.S.,  with 
significant  economic  damage  to  horticultural  and  agronomic  crops.  The  long  distance  dispersal 
of  the  pink  hibiscus  mealybug  is  accomplished  through  the  shipment  of  live  plant  materials, 
particularly  that  of  ornamental  plants. 

Methods:  This  presentation  reviews  the  biology  and  ecology  of  pink  hibiscus  mealybug  in  the 
southern  US.  This  presentation  also  discuss  current  detection  and  management  approach  to 
reduce  pink  hibiscus  mealybug  infestations  in  ornamental  plant  nurseries  and  urban  landscapes, 
thus  reduce  the  spread  of  the  pest  species. 

Results/Conclusion:  In  the  ornamental  plant  nurseries,  insecticides  remain  the  main  management 
tools  against  the  pink  hibiscus  mealybug  to  satisfy  regulatory  restrictions  and  consumer 
preference  for  pest-free  plants.  In  the  urban  landscapes,  biological  control  is  the  preferred 
management  strategy  in  reducing  infestations.  Inappropriate  use  of  insecticides  in  landscapes 
may  exacerbate  problems  with  this  pest  species. 
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Abstract  text: 

Introduction:  In  Mexico  the  Pink  Hibiscus  Mealybug  Maconellicoccus  hirsutus  was  first  detected 
in  urban  areas  of  Mexicali,  Baja  California  Sur  in  December  1999,  exotic  natural  enemies  were 


released  and  established.  A  second  incursion  of  PHM  was  detected  in  the  area  of  Bahia  de 
Banderas  in  Nayarit  and  Jalisco  in  February  2004,  where  this  pest  infested  high  numbers  of 
agricultural  crops  such  as  mango,  guava,  soursop,  starfruit  and  teak,  a  forest  crop,  ornamental 
plants  such  as  Hibiscus  rosa-sinencis ,  Hibiscus  pernambucensis ,  Enterolobium  cyclocarpummd 
other  Fabaceae  species. 

Methods:  In  2004  SENASICA  established  an  Integrated  Pest  Management  Regional  Program 
that  included:  a  classical  biological  control  program,  with  the  introduction  of  two  wasps 
Anagyrus  kamali  and  Giranusoidea  indica  and  the  predator  Cryptolaemus  montrouzieri ,  and 
other  control  strategies  such  as  monitoring,  chemical,  cultural,  post  harvest  treatment  and  plant 
quarantine  regulation. 

Results/Conclusion:  Within  9  months  of  releasing  the  exotic  natural  enemies  (mid  of  2005),  two 
of  them  A.  kamali  and  C.  montrouzieri  established  in  Bahia  de  Banderas,  and  reduced  PHM 
infestations  to  very  low  levels  in  commercial  orchards,  urban  and  forest  areas.  SENASICA  PHM 
national  IPM  program  maintains  an  augmentative  biological  program  as  the  main  control 
strategy,  producing  around  5  million  A.  kamali  per  month  at  the  Bahia  de  Banderas  Lab  to 
distribute  nationally.  Currently,  PHM  populations  have  been  maintained  by  this  IPM  program  at 
low  levels  (less  than  1.0  PHM/shoots)  and  has  restricted  this  pest  to  urban  areas,  mainly  because 
of  the  activity  of  the  wasp  A.  kamali. 
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Abstract  text: 

Introduction:  Maconellicoccus  hirsutus ,  the  pink  hibiscus  mealybug,  has  been  in  portions  of  the 
United  States  for  more  than  30  years,  first  established  in  Hawaii  in  1983,  California  in  1999  and 


then  moving  to  the  east  in  Florida  and  Louisiana  in  2002  and  2006,  respectively.  The  use  of 
biological  control  agents  that  were  introduced  for  the  pink  hibiscus  mealybug  have  allowed  this 
pest  to  be  managed  at  populations  generally  below  economic  damage  levels.  The  spread  and 
potential  area  of  establishment  and  risk  remain  crucial  information  pieces  for  regulatory  decision 
making. 

Methods:  Early  predictive  mapping  efforts  were  conducted  in  2005  by  USD  A- APHIS  to  provide 
information  to  the  agency. 

Results/Conclusion:  Spatial  data  and  modeling  methods,  in  addition  to  biological  knowledge 
about  the  pink  hibiscus  mealybug  have  improved  since  2005  and  provide  updated  information  on 
the  risk  and  future  regulatory  needs. 
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Abstract  text: 

Introduction:  The  invasive  pest  Maconellicoccus  hirsutus  was  first  recorded  in  Brazil  in  2010, 
more  than  10  years  after  it  was  initially  noted  in  neighboring  countries  of  Caribbean  South 
America.  After  initial  detection  of  M.  hirsutus  in  northern  Brazil,  it  was  observed  in  southeastern 
Brazil  in  2012,  and  soon  thereafter  noted  in  many  other  areas  of  the  country.  These  observations 
indicate  that  quarantine  efforts  were  effective  in  delaying  entry  of  M.  hirsutus  into  Brazil  from 
neighboring  regions  but  unfortunately  efforts  to  inhibit  dispersal  of  the  pest  within  the  country 
were  less  effective,  and  this  insect  now  threatens  economically  important  crops  as  well  as  native 
Neotropical  biodiversity  in  much  of  South  America. 

Methods:  Observations  of  the  ongoing  invasion  of  Brazil  by  M.  hirsutus  and  similar  invasive 
insects  will  be  noted  and  discussed  with  respect  to  lessons  learned  from  other  regions  for 
management  of  invasive  pests. 

Results/Conclusion:  Classical  biological  control  has  been  considered  to  be  effective  in  reducing 
harmful  impacts  of  M.  hirsutus  in  many  other  areas  invaded  by  this  pest.  Should  host-specific 
parasitoids  of  M.  hirsutus  be  introduced  to  areas  in  Brazil  where  they  are  not  currently  present  to 
help  control  this  invasive  insect?  Many  other  invasive  pests,  such  as  Quadrastichus  erythrinae, 
have  also  recently  invaded  Brazil.  What  is  the  impact  of  such  invasive  insects  on  Neotropical 
biodiversity?  What  should  be  done  to  reduce  the  threat  to  the  largely  unknown  biodiversity  posed 
by  invasive  insects  in  areas  such  as  South  America?  It  is  concluded  that  support  for  research  to 
address  such  questions  is  urgently  needed. 
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Abstract  text: 

Introduction:  The  superfamily  Curculionoidea,  generally  called  weevils,  of  Coleoptera  is  the 
largest  group  of  Insecta,  with  up  to  62,000  recorded  species.  Weevils  are  also  the  group  of  most 
invasive  species,  which  includes  a  large  number  of  well-known  pests  such  as  rice  water  weevil, 
red  palm  weevil,  cotton  boll  weevil,  etc.  Some  species  of  a  country  probably  have  the  potential 
to  be  invasive  species  into  other  countries.  A  total  of  10  weevil  taxonomists  were  invited  to  visit 
the  Institute  of  Zoology,  Chinese  Academy  of  Sciences  in  Beijing  for  cooperative  research  work 
from  2013  to  2015. 

Methods:  A  major  International  Joint  Research  Project  ‘Potential  Invasive  Weevils  of  the  World’ 
supported  by  NNFC  of  China  since  2013  provides  the  opportunity  to  weevil  taxonomists  to  work 
together.  We  are  developing  checklists  of  important  economic  weevils  in  main  geological 
regions,  which  includes  140  species  from  North  America,  80  species  from  South  America,  174 
species  from  palaearctic  region,  60  species  from  Australia,  58  species  from  Africa  and  120 
species  from  Asia.  The  website  of  Potential  Invasive  Weevils  of  the  World  has  been  established 
at:  www.piweevils.com.  The  information  on  this  website  can  be  obtained  free  of  cost  world¬ 
wide. 

Results/Conclusion:  The  focus  of  this  study  is  on  classical  taxonomy  methods  combined  with 
molecular  identification  and  risk  analysis  of  important  weevil  species.  The  ordinary 
morphological  characters  will  be  studied  according  to  comparative  morphological  methods.  The 
CLIMEX  model  will  be  used  to  analyze  the  climate  parameters  such  as  growth  index,  inhibition 
index  and  limiting  conditions  of  potentially  invasive  weevils. 
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Abstract  text: 

Introduction:  The  cowpea  curculio,  Chalcodermus  aeneus  (Boheman)  (Coleoptera: 
Curculionidae),  is  the  key  pest  of  southern  pea  or  cowpea,  Vigna  unguiculata(L .),  in  Georgia  and 
elsewhere  in  the  southeastern  USA  where  the  crop  is  currently  grown  for  the  fresh  frozen  food 
market.  It  has  been  the  major  pest  of  cowpea  in  this  region  for  over  one  century,  historically 
causing  widespread  damage  throughout  the  southeastern  coastal  plain  of  the  USA. 

Methods:  During  this  study,  a  modified  Tedder’s  trap  was  tested  against  standard  boll  weevil 
traps  and  yellow  sticky  traps.  The  new  trap  was  used  to  monitor  weekly  movement  of  C.  aeneus 
adults  for  two  annual  cycles  in  2012  and  2013  at  multiple  locations  and  seasonal  cycles  in  2014 
to  2015. 

Results/Conclusion:  The  detection  of  adults  was  consistent  with  early  spring  movement  from 
overwintering  sites  followed  by  a  summer  generation  and  a  fall  generation.  The  temporal 
distribution  of  C.  aeneus  in  traps  over  the  season  suggests  three  distinct  periods  of  adult  activity 
from  mid- April  to  mid- June,  late- July  to  early-October  and  then  mid-November  to  mid- 
December.  Our  recent  data  indicated  that  as  little  as  10%  “stung”  peas  results  in  42.6  bushels  lost 
per  acre  based  on  an  average  of  150  bushels  per  acre  expected  yield.  Also  until  recently,  there 
has  never  been  an  effective  trapping  method  reported  for  this  pest.  The  shipment  of  fresh  market 
cowpeas  harvested  green  would  be  the  only  concern  for  new  regional  invasion  as  that  is  the  only 
stage  of  the  produce  that  would  contain  live  cowpea  curculio. 
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Abstract  text: 

Introduction:  Myllocerus  undecimpustulatus  undatus ,  sometimes  called  “Sri  Lankan  weevil”  was 
first  identified  in  Florida  in  2000.  The  weevil  has  spread  through  much  of  south  and  central 
Florida  feeding  on  more  than  100  plant  species  which  include  many  important  tropical  fruit  and 
ornamental  plants.  Some  host  plants  can  become  almost  completely  defoliated  in  both 
agricultural  and  landscape  settings.  Weevil  feeding  can  also  impact  subsequent  fruit  production 
on  many  of  the  tropical  fruits. 

Methods:  Laboratory  bioassays  were  conducted  to  determine  the  biology  of  this  pest.  Trapping 
studies  were  conducted  in  a  landscape  setting  to  determine  annual  population  dynamics  and 
oviposition  sites  in  reference  to  the  host  plant.  Two  types  of  traps  were  used  (emergence  and 
Tedders  traps).  Visual  observations  were  also  made  on  the  host  plant  and  weedy  hosts. 

Results/Conclusion:  The  life  cycle  was  determined  to  be  2  months  at  constant  temperature. 
Females  live  longer  than  males  and  produced  on  average  426.3  eggs.  Eggs  were  laid  in  the  soil. 
Emergence  of  adults  was  greatest  closest  to  the  host  tree.  Many  of  the  adults  tended  to  walk  to 
the  host  tree  after  emergence.  Peak  emergence  occurred  in  the  Fall.  Visual  observations  of  adults 
on  the  foliage  gave  a  good  representation  of  the  population  caught  in  traps.  Adults  often  fed  on 
weeds  in  the  area  with  no  preference  for  particular  weeds. 
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Abstract  text: 

Introduction:  Invasive  alien  insects  are  a  continuous  threat  to  trees,  landscapes,  and  ecosystem 
stability.  Bark  and  ambrosia  beetles  (Scolytinae)  are  diverse  lineages  of  saproxylic 
Curculionidae.  Because  they  spend  most  of  their  life  cycles  under  bark,  they  are  often  introduced 
to  new  locations  through  wooden  packing  materials  used  in  international  trade.  This  project 
reports  the  identification  of  four  alien  species  reared  in  the  Osa  peninsula  of  Costa  Rica. 

Methods:  Bait  branches  from  40  trees  in  five  plant  families  (Fabaceae,  Lecythidaceae,  Moraceae, 
Malvaceae,  and  Sapotaceae)  were  exposed  to  saproxylic  beetles  in  old  growth  and  secondary 
forest. 

Results/Conclusion:  The  branches  yielded  >3,000  scolytines  in  35  species.  Four  of  these  are 
invasive  alien  species:  Coccotrypes  cyperi  (Beeson),  Premnobius 
cavipennis  (Eichhoff),  Xylosandrus  crassiusculus  (Motschulsky),  and  Xylosandrus 
morigerus  (Blandford).  Premnobious  cavipennis  was  the  most  abundant  species,  represented  by 
>  800  individuals.  It  was  reared  from  three  plant  families  (Fabaceae,  Lecythidaceae,  and 
Sapotaceae),  all  in  old  growth  forest.  While  X  crassiusculus  is  considered  a  serious  economic 
pest  in  tree  nurseries  and  is  commonly  collected  in  La  Selva,  only  10  individuals  were 
reared.  Although  primary  forests  are  expected  to  resist  invasion  by  alien  species,  in  this  study 
alien  scolytines  were  preferentially  reared  from  branches  in  old  growth  forests  (except  for  A 
morigerus,  from  trees  in  secondary  forest).  All  four  species  are  polyphagous  inbreeders;  these 
life  history  traits  appear  to  allow  rapid  population  growth  and  facilitate  invasion. 
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Abstract  text: 

Introduction:  The  Sri  Lankan  weevil,  Myllocerus  undecimpustulatus  undatus  Marshall 
(Coleoptera:  Curculionidae)  is  becoming  a  major  pest  of  ornamentals  and  tropical  fruit  trees  in 
the  southern  states,  especially  in  Florida.  Recent  findings  of  this  species  in  Florida  citrus  groves 
justify  research  into  their  biology  and  ecology.  Identification  of  semiochemicals  involved  in  their 
behavioral  and  chemical  communication  will  help  to  develop  insect  control  strategies.  We 
studied  morphological  and  sexually  dimorphic  characters  of  this  species  as  an  aid  to  rapid 
separation  of  sexes  for  studies  aiming  to  identify  semiochemicals  that  may  be  of  management 
value. 

Methods :Female  weevils  collected  from  the  field  in  southeastern  Florida  were  significantly 
larger  than  males  in  length  of  head,  abdomen  and  overall  length. 

Results/Conclusion:  Female  weight  was  approximately  twice  that  of  the  male.  The  distance 
between  coxal  articulations  with  the  metathorax  was  significantly  greater  for  females  than  males. 
Females,  but  not  males  have  a  characteristic  black-gray  marking  extending  from  the  ventral 
mesosternum  to  the  second  abdominal  segment.  Scanning  electron  microscopic  images  revealed 
that  females  had  fewer  ovate-to-obovate  scales  in  this  region  of  characteristic  black-gray 
marking,  and  more  plumose  scales  compared  with  males.  Deposition  of  white  cuticular 
hydrocarbons  in  this  region  was  less  dense  on  females  compared  with  males.  These  characters 
proved  sufficient  to  separate  sexes  100%  of  the  time  in  a  blind  test  and  should  allow  researchers 
to  develop  an  accurate  gestalt  to  separate  males  and  females  of  the  Sri  Lankan  weevil.  Current 
research  on  the  chemical  ecology  and  host  plant  selection  of  the  weevil  also  will  be  presented. 
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Abstract  text: 

Introduction:  Several  weevil  (Curculionoidea)  species  have  recently  gained  notice  in  agricultural 
sectors  of  Mexico  for  the  damage  they  caused  and  their  abundance  in  various  crops  and  represent 
possible  invasive  pests  for  other  regions  of  the  world.  These  species  represent  new  reports  as 
pests  or  occasional  pests  that  have  become  more  damaging. 

Methods:  Information  was  received  from  growers  and  government  agencies  seeking 
identification  and  management  recommendations.  Biological  and  distributional  data  was  also 
gathered  in  the  field  in  affected  areas. 

Results/Conclusion:  Three  weevils  have  gained  recent  importance  as  pests  of  sugarcane: 
Sphenophorus  incurrens  Gyllenhal  (Dryophthorinae),  Apinocis  angustus  (Casey)  and  Apinocis 
subnudus  (Buchanan)  (Curculionidae:  Baridinae).  Since  2012,  S.  incurrens  has  increased  in 
importance  as  a  pest  of  rootstock  and  young  plantings  of  sugarcane  in  the  states  of  Morelos  and 
Michoacan.  Apinocis  angustus  was  reported  in  2013  as  a  new  and  damaging  pest  of  sugarcane  in 
the  states  of  Morleos  and  Sinaloa  and  recent  specimens,  identified  as  A.  subnudus,  have  been 
collected  from  sugarcane  in  Veracruz.  Further  systematic  and  molecular  study  is  needed  of  these 
latter  populations  to  determine  species  status  and  origin.  In  2015,  Epicaerus  mexicanus 
Boheman,  a  species  from  Mexico  and  Texas  was  found  in  significant  densities  feeding  on  citrus 
in  the  state  of  Veracruz.  Several  other  species  of  Entiminae  not  normally  considered  pests  have 
also  been  found  attacking  various  crops,  perhaps  due  to  recent  changes  in  rainfall  patterns.  These 
and  other  possible  invasive  species  will  be  discussed  and  an  update  will  be  given  of  recent 
invasions  of  weevils  into  Mexico. 
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Abstract  text: 

Introduction:  Asexuality  provides  demographic  advantages  for  invading  new  areas.  A  single, 
unmated  female  can  initiate  a  new  colony,  thus  avoiding  the  impact  of  inbreeding  depression  and 
cost  of  both  male  production  and  mate  searching.  However,  pre-existing  adaptations  of 
parthenogens  are  identified  as  key  factors  contributing  to  a  successful  outcome.  Parthenogenesis 
is  common  in  weevils,  accounting  for  about  22%  of  all  known  species  of  asexual  insects. 
Naupactus  leucoloma  and  A.  cervinus  (Coleoptera:  Curculionidae:  Naupactini)  are 
parthenogenetic  weevils  native  to  and  partially  co-distributed  in  South  America,  that  have  been 
able  to  successfully  invade  very  distant  locations  around  the  world.  Naupactus  xanthographus  is 
a  bisexual  weevil  whose  geographic  distribution  partially  overlaps  in  South  America  with  the 
former  species,  but  has  been  never  found  outside  the  continent.  All  these  insects  are  considered 
pests  for  economically  important  crops. 

Methods:  We  applied  phylogeographic  and  Ecological  Niche  Modeling  (ENM)  approaches  to 
investigate  whether  parthenogenesis  in  these  weevils  was  associated  with  higher  colonization 
ability  in  marginal  environments. 

Results/Conclusion:  Phylogeography  allowed  formulating  hypothesis  on  central  and  marginal 
areas  of  distribution,  detecting  demographic  and  range  expansions,  and  establishing  routes  of 
colonization.  ENM  allowed  defining  geographic  areas  with  most  suitable  environments  for  the 
species  under  study.  Our  results  support  the  idea  that  parthenogenetic  species  are  more 
successful  than  bisexual  ones  in  colonizing  new  environments.  However,  certain  asexual 
lineages  would  have  been  able  to  adapt  to  unsuitable  conditions.  We  postulate  that 
parthenogenesis  not  only  provides  demographic  advantages,  but  would  also  prevent  the  break-up 
of  successful  gene  combinations  for  adaptation  to  marginal  environments. 
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Abstract  text: 

Introduction:  Rhynchophorus  ferrugineus  is  an  internally  feeding  pest  of  palms  in  many 
subtropical  regions.  A  related  species,  R.  cruentatus ,  is  an  internally  feeding  pest  in  the 
southeastern  US.  Because  they  feed  inside  the  trunk,  the  damage  caused  by  larvae  of  both 
species  often  remains  unnoticed  until  irreparable  damage  is  caused.  Early  detection  is  important 
for  managing  and  reducing  the  spread  of  both  pests.  Acoustic  activity  of  early  instars  of  both 
species  have  been  monitored  and  have  been  found  to  rise  and  fall  in  a  cyclical  pattern,  suggesting 
that  it  decreases  during  molting  periods.  We  report  here  on  typical  temporal  patterns  and 
consider  implications  for  early  detection  of  infestations  in  field  environments. 

Methods:  Two  holes  were  drilled  into  opposite  sides  of  12  small  Canary  Island  date  palms  into 
which  15-d-old  R.  ferrugineus  were  inserted.  Single  holes  were  drilled  into  10  Sabal  palm 
fronds,  into  which  neonate  R.  cruentatus  were  inserted.  An  insect  acoustic  detection  system  was 
used  to  record  R.  ferrugineus  signals  onto  a  digital  recorder  for  180  s  periods  on  multiple  days 
over  a  40  d  period  in  a  greenhouse  in  Alicante,  Spain.  A  similar  system  was  used  to  record  R. 
cruentatus  signals  for  120  s  periods  on  multiple  days  over  a  56  d  period  in  laboratory  and  urban 
environments  in  Tallahassee,  FL.  Digital  signal  analyses  were  used  to  monitor  the  rates  of  insect 
sound  bursts. 


Results/Conclusion:  The  effects  of  cyclical  activity  patterns  on  early  instar  detectability  are 
discussed  in  relation  to  management  of  both  pests. 
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Introduction:  Since  erection  of  the  genus  Baris  Germar  (1817),  over  600  species  have  been 
attributed  to  it  with  a  worldwide  distribution.  While  much  of  this  diversity  has  been  recently 
apportioned  to  several  other  genera,  the  still  heterogeneous  composition  of  Baris  remains  poorly 
understood,  as  does  its  relationship  to  nearby  genera.  While  its  broader  definition  embodied  a 
considerable  significance  to  agriculture,  with  several  species  being  found  at  least  on  cultivated 
members  of  Moraceae,  Brassicaceae,  Bromeliaceae,  Cucurbitaceae,  and  Portulacaceae,  the  genus 
does  not  appear  to  contain  any  significant  pests  as  it  currently  is  recognized.  However,  due  to  the 
economic  importance  of  related  genera  and  the  vague  characterization  of  Baris  itself,  outlining 
an  evolutionary  framework  of  these  genera  is  of  great  interest.  Therefore,  a  preliminary 
phylogeny  is  being  constructed  to  aid  in  recognizing  diagnostic  features  and  detailing  the 
evolutionary  history  of  these  genera,  with  particular  reference  to  Baris. 

Methods:  Phylogeny  reconstruction  was  based  on  sampling  125  morphological  characters  in 
more  than  eighty  taxa.  Parsimony  analyses  were  run  using  Nona  (Goloboff  1999)  and  TNT 
(Goloboff  et  al.  2003). 

Results/Conclusion:  While  results  remain  quite  tentative,  a  smaller  clade  comprising  Baris  from 
the  Nearctic  and  Neotropical  regions  appears  distinct  from  those  taxa  in  the  Palaearctic.  As 
morphological  features  spanning  the  entire  adult  body  are  being  sampled,  useful  diagnostic 
features  are  emerging  from  mouthparts,  thorax,  and  terminalia. 
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Abstract  text: 

Introduction:  Broad-nosed  weevils,  Entiminae  Schoenherr,  the  largest  subfamily  of 
Curculionidae,  including  55  tribes,  1370  genera  and  over  12,000  species  in  the  world,  occurs  in 
almost  all  biogeographical  regions.  Authors  reviewed  the  current  status  of  entimine  weevils 
distributed  in  China. 


Methods:  A  review  based  on  the  specimens  preserved  in  the  National  Zoological  Museum  of 
China  and  historic  literature. 

Results/Conclusion:  Until  the  end  of  2014,  20  tribes,  108  genera  and  624  species  of  Entiminae 
were  recorded  from  China,  distributed  in  almost  all  provinces.  Chinese  entimine  weevils  and 
their  study  have  several  distinct  characters:  1)  68%  of  Entiminae  recorded  from  China  are 
endemic  species.  Tanymecini  and  Cyphicerini  have  224  and  100  endemic  species  respectively, 
which  are  80%  and  66%  of  the  known  Chinese  species.  Celeuthetini,  Sciaphilini  and 
Tropiphorini  with  all  known  species  from  China  are  endemic.  2)  Xizang,  Xinjiang  and  Qinghai 
are  the  top  three  provinces  with  highest  species  richness,  having  132,  100  and  62  entimine 
species  respectively.  3)  Many  species  from  this  subfamily  are  important  pests,  accounting  for 
54%  of  known  pest  weevils  in  China.  4)  Most  of  Chinese  pest  entimine  weevils  feed  on  a  variety 
of  plants,  and  also  inhabit  environments  in  different  climatic  zones,  which  give  them  potential 
ability  for  invasion.  5)  Many  unkown  tribes,  such  as  Cyphicerini,  need  a  thorough  study  of  the 
Chinese  fauna.  Many  unknown  species  are  awaiting  describtion.  6)  Since  a  soil-dwelling  larva  is 
a  characteristic  feature  of  Entiminae,  they  are  very  easily  missed  by  quarantine  on  soil  of 
imported  seedlings. 
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Introduction:  Globally,  Dryophthorinae  includes  approximately  1,200  species  in  152  genera  and 
5  tribes  (Cryptodermatini;  Dryophthorini;  Strombocerini;  Orthognathini  and  Rhynchophorini) 
with  most  species  associated  with  woody  monocots.  Non-native  Dryophthorinae  are  commonly 
intercepted  at  ports  of  entry  and  many  pose  a  significant  risk  to  world  agriculture  wherever  they 
invade  and  become  established.  Some  of  the  most  devastating  weevil  pests  that  have  plagued 
human  agriculture  have  been  dryophthorines  (for  example  granary  weevil  [Sitophilus  granarius 
(Linnaeus)]  and  palm  weevils  (Rhyne hophorus  ferrugineus,  R.  vulneratus ,  and  R.  palmarum). 


Dryophthorines  are  also  considered  to  be  major  pests  of  banana  ( Cosmopolites  sordidus );  agave 
(the  sisal  weevil;  Scyphophorus  acupunctatus );  coconut  palm  ( Rhinostomus  barbirostris , 
Rhabdoscelus  obscurus ,  Rhynchophorus  palmarum );  sugar  cane,  ( Metamasius  hemipterus ; 
Rhabdoscelus  obscurus ),  oil  and  sago  palm  ( Rhabdoscleus  obscurus  and  Rhynchophorus 
palmarum  and  R.  ferrugineus );  and  date  palm  ( Rhynchophorus  palmarum)  among  other 
monocotyledons. 

Methods:  This  study  focuses  on  the  Dryophthorinae  as  a  whole  with  a  preliminary  morphological 
and  molecular  based  phylogenetic  analysis  of  more  than  30  genera  comprising  all  major  lineages. 
The  resulting  phylogenetic  hypothesis  will  be  integrated  with  host-plant  preferences  to  test 
whether  related  species  are  consuming  phylogenetically  related  host-plants  and  whether  there 
have  been  significant  host  shifts  in  these  preferences.  This  study  also  makes  use  of  historic  data 
from  the  USDA’s  APHIS  PPQ  to  make  predictions  about  potentially  new  invasive 
dryophthorines. 

Results/Conclusion:  New  immature/adult  and  host  plant  associations  have  been  made.  The 
hypothesized  phylogeny  has  important  implications  for  agriculture  because  predictions  can  be 
made  about  host-plant  associations  for  taxa  whose  biology  and  host  preference  remain  unknown. 
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Abstract  text: 

Introduction:  The  Caribbean  basin  is  the  epicenter  of  a  heavy  flux  of  tourism,  trade,  and 
transportation  in  North  America,  Central  America  and  South  America.  Every  year,  the  port  of 
Miami  alone  intercepts  hundreds  of  invasive  insect  species.  Curculionid  species  are  considered 
to  be  one  of  the  leading  economic  plant  pests  on  cut  flowers,  vegetables,  fruits  &  nuts,  grain 
storage,  and  forests.  In  the  past,  several  pest  weevil  species  have  been  established  in  the  United 


States,  particularly  in  Florida,  which  costs  millions  of  dollars  per  year  to  manage.  Based  on  the 
potential  of  weevil  pest  species  to  become  invasive,  we  have  developed  a  list  of  such  weevils 
which  might  use  the  Caribbean  pathways  to  reach  the  United  States  using  Florida’s  port  of 
entries. 

Methods:  Numerous  weevil  species  from  the  Caribbean  countries  were  collected  from  a  number 
of  commodities.  High  definition  images  and  spreadsheets  were  developed  to  alert  the  inspectors 
at  the  port  of  entries,  growers,  industry  and  international  partners  to  properly  identify,  monitor, 
and  manage  these  serious  insect  pests. 

Results/Conclusion:  Regulatory  agencies  and  industry  rely  on  reliable  information  on  the 
potentially  invasive  weevil  species  to  properly  identify,  monitor,  and  manage  serious  pests 
beyond  the  borders.  The  cost  of  managing  invasive  and  potentially  invasive  pest  species  is 
increasing  every  year  in  the  United  States  and  around  the  World.  Images  based  digital 
identification  tools,  reliable  monitoring  techniques,  and  geographical  models  are  useful  to 
understand  and  predict  the  possible  invasion  and  pathways  of  invasive  pest  species  to  new  areas 
and  on  commercial  host  plants. 
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Introduction:  Ticks  are  blood  feeding  arthropod  ectoparasites  that  transmit  pathogens  causing 
diseases  in  humans  and  animals  worldwide.  Host-tick-pathogen  interactions  have  evolved  trough 
dynamic  processes  involving  genetic  traits  of  hosts,  pathogens  and  ticks  that  mediate  their 
development  and  survival.  New  approaches  for  tick  control  are  dependent  on  defining  molecular 
interactions  between  hosts,  ticks  and  pathogens  to  allow  for  discovery  of  key  molecules  that 
could  be  tested  in  vaccines  for  control  of  tick-borne  diseases. 

Methods:  The  complex  molecular  interactions  between  vertebrate  hosts,  ticks  and  pathogens  are 
analyzed  by  a  systems  biology  approach  that  allow  the  integrated  analysis  of  metabolomics, 
transcriptomics,  proteomics  and  other  omics  datasets  for  discovery  of  key  pathways  and 
molecules  that  mediate  host-tick-pathogen  interactions.  A  vaccinomics  approach  could  then  be 
used  to  identify  and  fully  characterize  candidate  protective  antigens  and  validate  vaccine 
formulations,  including  development  of  effective  screening  platforms  and  algorithms  for 
discovery  and  validation  of  candidate  protective  antigens. 

Results/Conclusion:  New  candidate  protective  antigens  will  be  identified  by  focusing  on 
abundant  proteins  with  relevant  biological  function  in  tick  feeding,  reproduction,  development, 
immune  response,  subversion  of  host  immunity  and  pathogen  transmission.  Additionally,  the 
evolution  of  similar  strategies  for  some  pathogens  such  as  A.  phagocytophilum  to  infect 
vertebrate  and  tick  cells  suggest  the  possibility  of  developing  strategies  to  control  pathogen 
infection  in  both  vertebrate  hosts  and  tick  vectors.  Tick  vaccines  that  affect  both  tick  infestations 
and  pathogen  infection  and  transmission  could  be  developed  for  the  control  of  vector-borne 
diseases. 
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Introduction:  The  Gulf  Coast  tick  ( Amblyomma  maculatum)  is  a  competent  vector  of  Rickettsia 
parkeri ,  a  Spotted  Fever  Group  Rickettsial  pathogen  of  public  health  significance.  In  this  study, 
R.  parkeri  infected  and  uninfected  A.  maculatum  colonies  were  maintained  to  study  tick- 
pathogen  interactions  at  the  molecular  level.  We  tested  the  hypothesis  that  R.  parkeri  infection 
induces  the  differential  expression  of  tick’s  antioxidant  and  innate  immune  systems  in  order  to 
survive  and  propagate  with  the  tick  host  before  saliva-assisted  transmission  to  the  vertebrate 
host. 

Methods:  To  test  the  hypothesis  a  RNA-Seq  approach  was  utilized  to  determine  the  differentially 
regulated  gene  expression  upon  R.  parkeri  infection  of  tick  host  salivary  glands.  The  reads  were 
mapped  using  A.  maculatum  reference  transcriptome.  The  expression  of  select  tick  antioxidant, 
and  immunity  related  genes  were  validated  by  qRT-PCR.  RNA  interference  based  approach  was 
used  to  elucidate  the  functional  role  of  differentially  expressed  tick  genes  in  R.  parkeri 
colonization  within  the  tick  host. 

Results/Conclusion:  RNA-Seq  analysis  of  the  sialomes  revealed  more  than  15,000  CDS 
differentially  expressed  with  R.  parkeri  infection.  There  were  990  transcripts  10X  overexpressed. 
Of  these,  542  are  salivary  proteins  and  143  are  lipocalins,  on  average  1000  fold  overexpressed, 
while  67  are  protease  inhibitors,  on  average  2853X  overexpressed.  The  induced  expression  of 
tick’s  antioxidant  machinery,  and  immunity  related  genes  were  validated  using  a  qRT- 
PCR  assay.  The  RNAi  assay  showed  the  silencing  of  antioxidant  target  genes  significantly 
decreased  the  R.  parkeri  infection  level  in  tick  tissues.  Our  results  provide  an  insight  into  tick- 
pathogen  interaction  and  the  functional  role  of  selenoproteins  and  tick  innate  immunity  in  vector 
competence  and  possibility  of  vaccine  development. 
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Introduction:  In  Japan,  Ixodes  persulcatus  is  the  specific  vector  of  the  Lyme  disease  agent.  In 
addition  to  this  information,  I.  persulcatus  has  recently  drawn  some  attention  as  a  vector  for 
Anaplasma  phagocytophilum,  the  causative  agent  of  human  granulocytic  anaplasmosis,  and 
Borrelia  miyamotoi ,  the  causative  agent  of  relapsing  fever.  However,  unlike  the  abundant  data 
available  for  I.  scapularis  or  I.  ricinus ,  there  is  only  limited  information  concerning  tick 
molecules  from  I.  persulcatus.  In  addition,  vaccinating  antigens  against  I.  persulcatush&vQ  not 
been  reported  till  date. 

Methods:  An  I.  persulcatus  laboratory  colony  was  established  to  understand  the  tick’s  biology 
and  events  in  I  persulcatus-bome  pathogen  transmission,  and  identified  several  tick  molecules. 

Results/Conclusion: We  identified  some  molecules  such  as  defensin  (Saito  et  al.,  2009),  Salpl5 
(Mori  et  al.,  2010),  lipocalins  (Konnai  et  al.,  2011),  TROSPA  (Konnai  et  al.,  2012),  Salpl6 
(Hidano  et  al.,  2014),  Ipis  (Toyomane  et  al.,  2015),  sL2  (Ochi  et  al.,  in  submission)  and 
metalloproteases  (Ali  et  al.,  2014).  Among  them,  Salpl6,  Ipis  and  sL2  from  I  persulcatus 
strongly  inhibited  T  cell  proliferation  and  cytokine  productions,  suggesting  the 
immunosuppressor  that  might  play  an  important  role  in  the  modulation  of  host  immune 
responses.  IperSalpl5  binds  to  OspC  from  Lyme  disease  Borrelia  species,  and  this  binding  likely 
protected  the  spirochete  from  antibody-mediated  cytotoxicity  in  vitro.  In  addition,  IperSalpl5 
facilitates  infection  in  mice  (Murase  et  al.,  2015).  Further  characterization  of  tick  molecules 
could  lead  to  the  development  of  effective  vaccine  against  I.  persulcatus  as  new  strategies  to 
prevent  the  transmission  of  tick-borne  diseases. 
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Introduction:  Ticks  are  obligate  haematophagous  ectoparasites,  and  can  transmit  a  remarkable 
variety  of  tick-borne  pathogens  to  animals  and  humans.  Vaccines  offer  an  attractive  alternative  to 
acaricides  for  controlling  tick  and  tick-borne  infections.  However,  identification  of  tick 
protective  antigens  remains  the  limiting  step  in  vaccine  development.  To  develop  the  vaccine 
against  tick  Rhipicephalus  haemaphysaloides ,  which  are  the  important  vector  ticks  in  south  of 
China,  we  focus  on  identification  of  key  molecules  in  this  tick  salivary  glands. 


Methods:  Differentially  expressed  proteins  between  the  fed  and  unfed  tick  R.  haemaphysaloides 
were  taken  as  the  targets  by  transcriptome  and  proteomic  analysis  of  tick  salivary  glands.  A 
series  of  bioactive  molecules  involving  in  attachment  cement,  anti-clotting,  anti-inflammatory 
and  immunomodulatory  functions  were  found  and  characterized  by  bioinformatic  analysis  and 
recombinant  protein  activity  studies.  The  vaccine  effects  were  tested  by  recombinant  protein 
vaccine  tests  and  RNA  interference. 

Results/Conclusion:  a  RH50,  a  glycine-rich  protein,  showed  a  significant  vaccine  effect  in  rabbit 
vaccine  test;  Rhipilin-1,  a  Kunitz-type  anticoagulant  protein,  indicated  an  obvious  relationship 
with  tick  attachment  by  RNA  interference.  RH-IGBP,  an  immunoglobulin-binding  protein,  was 
identified  as  a  vaccine  candidate  by  vaccine  tests.  RH-P36,  a  homolog  of  immunosuppressive 
protein,  was  found  to  have  the  suppressant  role  on  host  immune  reaction  and  also  the  key  role  in 
tick  oviposition.  These  results  indicate  these  salivary  glands  molecules  involving  in  tick  blood 
feeding  and  reproduction,  and  possible  future  application  as  the  vaccine  candidates. 
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Introduction:  The  cattle  tick,  Rhipicephalus  microplus  (Canestrini,  1888),  is  an  economically 
important  parasite  affecting  cattle  production  in  tropical  and  subtropical  regions  around  the 
world  due  to  its  haematophagous  behavior  and  vectorial  capacity.  Pesticides  have  been 
traditionally  used  to  control  ticks,  however,  acaricide  resistance  has  emerged.  Therefore  tick 
vaccines  became  an  alternative  for  tick  control.  Protective  peptides,  have  demonstrated  enhanced 
protection  against  cattle  tick  infestations.  The  aim  of  the  present  study  was  to  predict  in  silico 
protective  epitopes  on  the  Sub  gene  sequence  in  order  to  design  and  express  in  E.  coli,  a 


recombinant  peptide  containing  the  predicted  protective  epitopes.  Two  different  epitope  types, 
linear  B -cells  epitopes  and  conformational  discontinuous  epitopes,  were  identified. 

Methods:  The  Sub  gene  from  R.  microplus  was  in  silico  analyzed  and  a  peptide  containing  linear 
B-cells  and  conformational  and  discontinuous  epitopes  was  PCR  amplified,  cloned  and 
expressed.  Eight-month-old  calves  of  European  crossbred  were  immunized  with  two 
subcutaneous  doses  of  the  recombinant  peptide  at  30-day  intervals.  The  IgG  immune  response 
elicited  against  the  peptide  was  evaluated  by  ELISA,  and  tick  reproductive  parameters  were 
evaluated. 

Results/Conclusion:  After  tick  feeding,  reduction  in  the  number  of  engorged  females  (79%),  and 
reduction  in  egg  hatching  (19%)  were  observed  in  tick  population  that  fed  on  immunized 
bovines.  The  results  showed  a  high  efficacy  for  the  recombinant  peptide  with  regards  to  other 
studies  reported,  demonstrating  that  the  use  of  algorithms  to  predict  protective  epitopes  may  lead 
to  improve  the  immune  response  elicited  against  tick  recombinant  peptides  and  therefore  to 
prevent  cattle  tick  infestations. 
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Introduction:  Diptera  is  the  first  group  of  organisms  which  received  formal  phylogenetic 
treatment  in  the  literature.  One  of  the  megadiverse  orders  of  insects,  the  relationships  among  its 
160+  families  with  extant  species  and  almost  70  extinct  families  have  been  largely  resolved, 
despite  problems  at  given  levels.  These  levels,  however,  have  remained  particularly 
challenging — as  is  the  case  with  the  relationships  at  the  base  of  dipteran  evolution.  After  the 
initial  contribution  from  Willi  Hennig,  relationships  at  this  level  have  been  addressed  primarily 


by  using  characters  of  immatures,  male  terminalia,  wing  venation,  and,  more  recently,  molecular 
data.  The  conflict  among  topologies  proposed  in  different  published  analyses,  however,  is 
remarkable.  There  is  no  agreement  on  the  monophyly  of  most  of  the  suborders,  some  families 
float  among  major  clades,  and  the  relationships  between  the  suborders,  including  the  Brachycera, 
is  a  problem  as  well.  Trichoceridae,  Nymphomyiidae,  Deuterophlebiidae,  and  Axymyiidae  are 
examples  of  families  that  have  appeared  in  different  positions. 

Methods:  In  this  presentation,  we  will  address  old  sources  of  phylogenetic  information, 
particularly  thoracic  sclerite  morphology  and  wing  venation,  to  extract  features  that  add  to 
solving  these  problems.  All  nematoceran  families  have  been  sampled  for  the  study. 

Results/Conclusion:  Although  there  is  some  level  of  homoplasy  for  thoracic  characters,  the 
general  structure  of  the  thoracic  pleural  sclerites  is  considerably  stable  within  each  of  the  major 
clades  and  within  each  family.  Congruence  between  the  thorax  features  and  other  sources  of 
evidence  is  examined.  We  propose  some  lines  of  investigation  to  overcome  persisting  points  of 
conflicts. 
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Abstract  text: 

Introduction:  Advances  in  molecular  biology  and  bioinformatics  have  accelerated  our  knowledge 
of  the  tree  of  life.  Next-generation  sequencing  (NGS)  methods  create  new  ways  of  approaching 
questions  in  evolutionary  biology.  True  flies,  an  excellent  model  taxon  for  genomics,  are  one  of 
the  most  diverse  and  rapidly  radiated  groups  in  insects.  Despite  the  importance  of  larval  habits  in 
the  evolution  of  holometabolous  insects,  immature  stages  are  still  less  known  for  most  insects. 
The  fly  infraorder  Bibionomorpha  is  a  great  system  for  understanding  trophic  and  life  history 
evolution.  According  to  recent  phylogenetic  studies,  the  Bibionomorpha  is  placed  as  sister  to 


Brachycera,  which  together  form  a  monophyletic  group  called  “Neodiptera.”  Some 
bibionomorphan  flies  are  important  vectors  of  fungal  spores.  Both  synanthropic  Brachycera  and 
plant  pest  Bibionomorpha  carry  various  microorganisms  and  facilitate  their  spread  by 
mechanical  transmission. 

Methods:  In  this  study,  we  compile  and  characterize  available  information  on  larval, 
morphology,  life  history,  and  behavior  for  bibionomorphan  families.  We  also  reconstruct  the 
phylogeny  of  the  Bibionomorpha  using  NGS-based  transcriptome  and  anchored  hybrid 
enrichment  datasets. 

Results/Conclusion:  Our  revised  phylogenetic  estimate  for  Bibionomorpha  reveals  the 
evolutionary  history  of  diverse  lineages  in  this  group  and  establishes  a  framework  for 
investigating  the  interactions  and  impact  of  their  association  with  fungi  and  plants,  both  living 
and  decaying,  in  diverse  ecological  communities. 
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Abstract  text: 

Introduction:  Dipteran  larvae  live  mostly  in  wet  environments  and  are  frequently  aquatic.  The 
majority  of  them,  especially  brachyceran  larvae,  live  in  the  substrate  they  feed  on.  In  contrast  to 
aquatic  and  free  living  larvae  with  a  fully  exposed  head,  larvae  living  in  their  substrate  show  a 
tendency  to  retract  the  head  into  the  anterior  thorax.  This  process  is  accompanied  by  a  more  or 
less  far-reaching  reduction  of  the  sclerotized  parts  of  the  head  capsule.  Although,  described 
morphologically,  the  underlying  genetic  basis  for  this  change  is  widely  unknown. 

Methods:  In  our  study  we  compared  larval  and  adult  head  transcriptome s  of  different 
representatives  of  Diptera,  i.e.,  Anopheles  gambiae  (Culicidae),  Hermetia  illucens 


(Stratiomyidae),  and  Drosophila  melanogaster  (Drosophilidae)  along  with  comprehensive 
investigations  of  their  head  morphology. 

Results/Conclusion:  By  combining  both  approaches,  we  aim  to  identify  key  genes  which  played 
a  role  in  remodeling  the  processes  of  the  head. 
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Abstract  text: 

Introduction:  Among  the  seven  major  deposits  of  Cretaceous  amber  in  the  world,  the  largest  and 
most  diverse  archive  of  arthropods  is  in  99  myo  deposits  from  northern  Myanmar. 

Methods:  At  least  25  families  of  basal  Brachycera  are  preserved  within  the  Stratiomyomorpha, 
Tabanomorpha,  Asiloidea,  Empidoidea,  non-schizophoran  Cyclorrhapha,  and  isolated  families. 
Particularly  significant  are  the  following:  two  species  in  the  Cretaceous  family  Zhangsolvidae, 
which  were  aposematically  colored  and  had  long  proboscides  for  feeding  from  gymnosperm 
reproductive  structures;  some  had  remarkable,  whip-like  antennae. 

Results/Conclusion:  For  two  other  family-groupings  there  are  only  species  fossilized  in  amber: 
Nemestrinidae  (ca.  250  living  species)  and  the  exclusively  Mesozoic  Archisargoidea  (all  others 
[67  species  in  4  families]  are  lithified).  Based  on  the  amber  archisargoid,  this  superfamily  is 
placed  within  the  Muscomorpha  and  they  appear  to  have  been  specialized  parasitoids.  Three 
enigmatic  genera,  two  possibly  related,  have  vestigial  mouthparts  and  venation,  and  highly 
specialized  antennae  and  oviscapts.  There  are  also  diverse  stem-group  species  in/near  living 
families  of  basal  (non-Schizophoran)  Cyclorrhapha:  Lonchopteridae,  Platypezidae,  Phoridae,  and 
Ironomyiidae,  as  well  as  a  stem-group  syrphoid  fly— the  most  derived  fly  yet  known  from  the 


Mesozoic.  Preservation  with  microscopic,  life-like  fidelity  in  amber  allows  uniquely  refined 
phylogenetic  and  evolutionary  interpretation  of  extinct  species.  Major  lineages  (e.g.,  infraorders, 
superfamilies,  families)  of  basal  Brachycera  were  established  by  100  mya,  and  the  Schizophora 
(acalyptrates  and  calyptrates)  appear  to  be  the  most  explosive  radiation  in  all  phyla  of  life  within 
the  past  66  my  of  the  Tertiary  Period. 
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Abstract  text: 

Introduction:  Soldier  flies  (Diptera:  Stratiomyidae)  are  one  of  the  most  morphologically  diverse 
groups  of  Diptera  in  the  world.  Their  larvae  are  both  terrestrial  and  aquatic  and  are  extremely 
important  nutrient  recyclers  and  biological  indicators  of  water  quality.  The  taxonomy  of  the 
family  is  notoriously  difficult,  with  a  paucity  of  attention  from  previous  workers  and  a  lack  of 
keys  and  comparative  material  making  the  fauna  virtually  impossible  to  identify.  The  Australian 
fauna  comprises  eight  subfamilies,  33  genera,  and  over  110  species  currently  described.  These 
numbers  are  expected  to  increase  with  the  renewed  interest  in  the  family  through  ABRS-funded 
research  being  conducted  by  the  ANIC,  CDF  A,  and  the  USNM. 

Methods:  By  applying  anchored  hybrid  enrichment  (NGS)  protocols,  over  250  genes  will  be 
captured  and  analyzed  to  produce  a  robust  phylogenetic  framework  for  soldier  fly  subfamilies. 
This  will  be  essential,  in  combination  with  morphological  data,  to  revise  the  taxonomic  concepts 
for  the  Australian  genera. 

Results/Conclusion:  Our  fragmented  current  knowledge  indicates  that  a  number  of  the  Australian 
genera  and  subfamilies  are  shared  with  South  America,  suggesting  austral  biogeographic 
relationships.  New  genera  and  species  will  be  described,  illustrated  and  named,  and  original  keys 
will  be  produced  for  identification. 
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Abstract  text: 

Introduction:  Phylogenetic  relationships  between  the  earliest  evolving  lineages  of  Brachycera  are 
not  resolved,  while  there  is  no  doubt  that  the  group  as  a  whole  is  monophyletic. 

Methods:  We  present  the  results  of  our  phylogenomic  analysis  using  -2000  orthologous  single¬ 
copy  genes  derived  from  transcriptome  data  from  the  1KITE  project.  Using  around  40  terminal 
taxa  spanning  the  phylogenetic  region  of  interest,  we  performed  partitioned  analyses  of  our 
dataset  based  on  protein  domains  and  optimized  partitioning  schemes  to  improve  modeling 
during  phylogenetic  inference.  We  reduced  the  amount  of  missing  data  by  selecting  only 
partitions  for  phylogenetic  inference  that  have  the  necessary  taxon  coverage  for  the  question  at 
hand.  Furthermore,  we  assess  whether  our  primary  dataset  matches  the  compositional  and  time- 
reversible  conditions  assumed  in  phylogenetic  inference. 

Results/Conclusion:  We  analyze  this  dataset  in  combination  with  a  comprehensive 
morphological  matrix  to  assess  transformations  in  the  early  evolution  of  the  megadiverse 
Brachycera. 
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Abstract  text: 

Introduction:  Within  insects,  flies  are  an  ideal  group  for  phylogenomic  studies  because  their 
biology  is  well-known  and,  to  date,  there  are  97  publicly-accessible  Diptera  genomes  on 
GenBank.  However,  these  genomes  mostly  belong  to  lineages  of  flies  positioned  in  the  two 
extremities  of  the  Diptera  Tree  of  Life.  For  instance,  the  genomes  belong  to  early  diverged  and 
medically  important  mosquitoes  and  higher  flies  such  as  the  model  organism  Drosophila ;  these 
organisms  diverged  about  250  my  a  and  their  average  sequence  identity  is  comparable  to  that  of 
humans  and  puffer  fish  (Tetraodontidae),  which  diverged  about  450  mya.  The  generation  of 
phylogenomic  data  representing  other  major  fly  lineages  is  needed  to  fill  this  evolutionary  gap, 
and  the  target  taxa  of  this  project  are  positioned  evolutionarily  between  mosquitoes  and  vinegar 
flies,  in  the  center  of  the  Diptera  Tree  of  Life.  Asiloid  flies  comprise  the  Apioceridae,  Mydidae, 
and  Asilidae,  which  is  the  3rd  most  speciose  family  taxon  of  Diptera  with  more  than  7,500 
described  species. 

Methods:  Genome,  transcriptome  (the  set  of  expressed  genes),  and  target-enrichment  sequencing 
techniques  are  employed  to  investigate  the  evolutionary  history  of  asiloid  flies. 

Results/Conclusion:  Phylogenetic  analyses  enable  us  to  better  understand  the  relationships  within 
this  group,  to  test  character  evolution,  and  the  monophyly  of  several  newly  established  taxa  with 
many  more  loci  in  addition  to  available  morphological  data.  A  divergence  time  analysis 
estimates  the  ages  of  major  lineages  within  the  radiation  of  asiloid  flies.  The  genome  sequencing 
also  provides  the  first  reference  genome  for  Asiloidea  and  Orthorrhapha. 
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Introduction:  Anchored  hybrid  enrichment  is  a  form  of  next-generation  sequencing  that  uses 
oligonucleotide  probes  in  order  to  acquire  data  useful  for  phylogenetics.  Due  to  their  diverse 
nature,  importance  as  pollinators,  and  historical  instability  with  regards  to  higher  classification, 
Syrphidae  (flower  flies  or  hover  flies),  are  an  ideal  candidate  for  anchored  hybrid  enrichment- 
based  phylogenetics,  especially  since  recent  molecular  phylogenies  of  Syrphidae  using  only  a 
few  markers  have  resulted  in  highly  unresolved  topologies. 

Methods:  We  present  the  first  use  of  this  technique  in  Diptera  phylogenetics  on  a  dataset 
containing  30  flower-fly  species  from  across  all  four  subfamilies  and  11  out  of  15  tribes.  To 
produce  a  phylogenetic  hypothesis,  374  loci  were  sampled  to  produce  a  final  dataset  containing 
226,989  base  pairs  of  sequence  data. 

Results/Conclusion:  Bootstrap  support  values  were  almost  universally  >95,  and  subfamilial 
reconstruction  is  concordant  with  recent  hypotheses  produced  using  two  and  three  molecular 
markers.  The  subfamily  Eristalinae  is  recovered  as  paraphyletic,  with  the  strongest  support  for 
this  hypothesis  to  date.  The  fascinating  ant  predators  in  the  Microdontinae  are  hypothesized  to  be 
sister  to  the  rest  of  the  syrphids. 
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Abstract  text: 

Introduction:  Phylogenetic  placement  of  taxa  belonging  to  the  traditional  Aschiza  has  long  been 
in  debate.  Most  recent  evidence  suggests  that  Aschiza  is  paraphyletic  and  should  be  considered  a 
grade  renamed  the  Lower  Cyclorrhapha.  Despite  this  general  consensus,  the  position  of  the 
families  within  this  grade  continues  to  be  debated. 

Methods:  We  will  present  cladograms  based  on  the  most  recent  unpublished  morphological  data 
matrix  for  the  group,  a  three-gene  analysis,  and  an  anchored  hybridization  enrichment  molecular 
dataset. 

Results/Conclusion:  The  morphological  results  are  rather  incongruent  with  the  molecular  data, 
but  the  multi-gene  Sanger  data  produce  trees  that  are  nearly  identical  to  the  anchored  hybrid 
enrichment  trees.  The  Sanger  analyses  relied  on  only  three  genes:  CAD,  28S  and  12S  (5,057  bp) 
while  the  anchored  hybrid  enrichment  data  sampled  374  loci  to  produce  a  final  dataset  containing 
226,989  bp  of  sequence  data. 
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Abstract  text: 


Introduction:  The  Oestridae  (bot  flies)  constitute  a  highly  derived  group  of  calyptrate  flies,  all  of 
which  are  obligate  mammal  parasites  in  the  larval  stage.  Their  monophyly  seems  strongly 
corroborated  by  morphology,  but  molecular  data  are  still  sparse  and  inconclusive  and  their 
phylogenetic  position  within  the  oestroid  Calyptratae  is  entirely  unsettled. 

Methods:  The  placement  of  Oestridae  in  the  calyptrate  phylogeny  was  analyzed  based  on  a 
smaller  taxon  sample  (38  species)  for  which  complete  mitochondrial  genomes  were  available,  as 
well  as  a  taxon  sample  of  the  same  size  (39  species),  but  with  a  much  broader  coverage  and 
based  on  transcriptome  sequence  data. 

Results/Conclusion:  Morphology  would  seem  to  put  Oestridae  with  or  even  within  the  main 
group  of  blow  flies,  but  the  evidence  is  not  particularly  conclusive.  Mitochondrial  genome 
analyses  place  Oestridae  in  a  clade  also  containing  ( Pollenia  +  Tachinidae),  and  with  other 
“Calliphoridae”  at  the  base  of  the  Oestroidea.  Transcriptome  data  quite  surprisingly  show  a 
possible  sister-group  relationship  between  Oestridae  and  Sarcophagidae,  which  has  never  been 
suggested  before,  and  with  this  clade  being  the  sister  taxon  of  a  clade  consisting  of  most  other 
“Calliphoridae”  +  Rhinophoridae  +  (Pollenia  +  Tachinidae).  The  phylogenetic  position  of 
Oestridae  appears  heavily  influenced  by  long  branch  attraction,  and  a  denser  taxon  sampling  is 
called  for.  At  the  subfamily  level,  morphology  supports  Cuterebrinae  as  the  sister  taxon  to  the 
remaining  subfamilies,  while  molecular  data  have  either  Cuterebrinae  or  Gasterophilinae  at  the 
base. 
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Abstract  text: 


Introduction:  The  hyperdiverse  genus  Sarcophaga  Meigen,  with  about  890  valid  species 
arranged  within  about  160  subgenera,  accounts  for  almost  half  of  the  diversity  of  the  subfamily 
Sarcophaginae.  Current  phylogenetic  hypotheses  for  this  genus  are  poorly  supported  or  based  on 
small  taxon  sampling,  or  both. 

Methods:  Here,  we  used  molecular  data  from  the  genes  COI  and  28S  to  reconstruct  the 
phylogeny  of  Sarcophaga  based  on  the  most  comprehensive  taxon  sampling  ever  presented  for 
the  group:  144  species  from  47  subgenera,  including  representatives  from  all  regional  faunas  for 
the  first  time.  Branch  supports  and  tree  resolution  increased  remarkably  through  identification  of 
rogue  taxa  and  subsequent  exclusion.  Rogue  behavior  was  explained  mostly  as  a  missing  data 
problem.  The  RogueNaRok  web-service  and  the  algorithms  chkmoves ,  IterPCR  and  prunmajor 
implemented  in  the  computer  program  TNT  were  equally  good  at  identifying  critical  rogue 
species,  but  chkmoves  and  IterPCRalso  identified  rogue  nodes. 

Results/Conclusion:  Pruning  rogues  increased  the  number  of  monophyletic  subgenera  in 
consensus  trees  from  one  to  six  out  of  19  subgenera  with  more  than  one  representative  species. 
Bayesian  Inference,  Maximum  Likelihood,  and  Parsimony  analyses  recovered  more 
monophyletic  subgenera  after  the  removal  of  rogue  taxa,  with  Parsimony  showing  the  largest 
improvements  in  branch  support  and  resolution.  Although  with  low  support,  Nearctic  taxa  were 
found  to  be  the  earliest  diverging  lineages,  followed  by  a  subsequent  diversification  of  Old 
World  faunas,  which  is  in  agreement  with  currently  available  evidence  of  a  New  World  origin 
and  early  diversification  of  Sarcophaga. 
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Introduction:  Tachinidae  is  a  diverse  and  important  group  of  dipteran  parasitoids.  The  very 
recent  and  rapid  radiation  of  the  family  has  posed  problems  for  taxonomic  classification  and  for 
understanding  evolutionary  relationships  among  taxa  and  patterns  of  host  use. 

Methods:  Here  we  present  a  molecular  phylogenetic  analysis  of  the  family  employing  more  than 
350  exemplar  taxa  and  4  nuclear  genes  (ca.  6  Kb). 

Results/Conclusion:  Maximum  Likelihood  and  Bayesian  analyses  largely  support  modern 
classification  schemes  based  on  morphology  and  recent  phylogenetic  analyses,  with  some 
important  exceptions.  In  particular,  the  subfamily  Tachininae  is  both  poly-  and  paraphyletic  with 
one  smaller  lineage  reconstructed  as  sister  to  all  remaining  tachinids,  and  the  other  main  lineage 
also  containing  the  subfamily  Exoristinae.  In  general,  relationships  among  taxa  are  well  resolved, 
however,  a  number  of  relationships  within  the  Dexiinae  and  between  the  Dexiinae  and  Phasiinae 
remain  contentious.  Evolutionary  reconstruction  of  host  associations  indicates  that,  although 
some  large  clades  exhibit  host  conservatism  (e.g.  Phasiinae),  transitions  among  host  orders  are 
relatively  frequent.  Basal  lineages  tend  to  be  associated  with  hemimetabolous  or  adult 
holometabolous  host  taxa  and  transitions  to  larval  Holometabola,  particularly  within 
Lepidoptera,  are  associated  with  elevated  rates  of  diversification. 
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Abstract  text: 

Introduction:  Many  species-rich  arthropod  clades  can  be  sampled  efficiently  with  techniques  like 
canopy-fogging  and  Malaise-trapping.  However,  the  subsequent  processing  of  the  samples  is 
very  challenging  for  species-  and  specimen-rich  taxa  because  species-level  sorting  based  on 
morphology  by  parataxonomists  yields  unpredictable  results,  and  taxonomic  experts  usually  do 
not  have  the  time  to  thoroughly  examine  thousands  of  specimens.  DNA  barcoding  could  be  an 
(imperfect)  alternative,  but  traditional  Sanger  barcodes  are  too  expensive. 

Methods:  Here  we  document  how  next-generation  sequencing  (NGS)  barcodes  can  reduce  the 
cost  per  barcode  to  <$1  per  specimen.  Using  NGS  barcodes,  specimens  can  be  pre-sorted  into 
molecular  taxonomic  units  (MOTUs)  and  many  of  these  MOTUs  can  be  converted  into  strong 
species  hypotheses  through  morphological  study  of  a  small  number  of  specimens. 

Results/Conclusion:  New  methods  are  needed  for  processing  those  insect  taxa  that  are  species- 
and  specimen-rich.  NGS  barcodes  are  a  promising  tool  because  they  allow  for  pre-sorting 
specimens  approximately  to  species-level.  NGS  is  also  useful  for  placing  these  taxa  on  the  Tree 
of  Life.  The  proposed  methods  have  the  potential  to  expedite  the  processing  of  large  numbers  of 
specimens  and  to  help  with  the  discovery  and  phylogenetic  placement  of  large  numbers  of 
species. 
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Abstract  text: 

Introduction:  Today,  research  results  can  be  much  more  easily  shared  through  the  availability  of 
data  depositories  and  the  world  wide  web.  In  order  to  link  original  data  sources  with  hypotheses 
of  phylogenetic  relationships,  for  example,  unique  identifiers  are  necessary. 

Methods:  Here,  I  will  explore  the  need  to  utilize  unique  identifiers  not  just  for  published  articles, 
but  also  for  authors,  data  sets,  specimen  occurrence  data,  illustrations  or  tree  diagrams  contained 
in  articles,  and  other  data  objects  contained  in  publications.  The  potential  of  a  network  of  data 
sources  that  build  on  each  other  and  provide  an  easy  mean  to  test  scientific  hypotheses  postulated 
previously  can  only  function  properly  in  an  open-access  publishing  model.  Existing  identifier 
models  such  as  DOIs  (Digital  Object  Identifier),  ARKs  (Archival  Resource  Key),  UUIDs/GUIDs 
(Universally  /  Globally  Unique  Identifier),  or  ORCiDs  (orcid.org)  need  to  be  employed  wherever 
possible  in  addition  to  what  publishers  provide  or  mandate. 

Results/Conclusion:  It  is  upon  us  scientists  to  utilize  these  identifiers  and  push  the  publishing 
industry  to  demand  the  use  of  unique  identifiers  for  all  data  sources  so  as  to  link  research  results 
and  ultimately  enable  us  to  test,  re-use,  and  re-purpose  previously  gathered  data. 
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Abstract  text: 

Introduction:  A  large-scale  phylogenetic  study  is  presented  for  Cucujoidea  (Coleoptera),  a 
diverse  superfamily  of  beetles  that  has  been  taxonomically  difficult  historically. 

Methods:  This  study  is  the  most  comprehensive  analysis  of  cucujoid  taxa  to  date,  with  DNA 
sequence  data  from  eight  genes  (four  nuclear,  four  mitochondrial)  for  384  coleopteran  taxa, 
including  exemplars  of  35  (of  37)  families  and  289  genera  of  Cucujoidea.  Maximum  likelihood 
analyses  were  conducted  and  present  many  significant  relationships. 

Results/Conclusion:  The  nitidulid  series  is  recovered  as  the  earliest-diverging  core  cucujoid 
lineage,  though  the  earliest  divergences  among  core  Cucujoidea  are  weakly  supported.  The 
cerylonid  series  is  recovered  as  a  monophyletic  major  Cucujiform  clade,  sister  group  to  the 
remaining  superfamilies  of  Cucujiformia.  Currently  recognized  taxa  that  were  not  recovered  as 
monophyletic  include  Cucujoidea,  Endomychidae,  Cerylonidae,  and  Bothrideridae.  Biphyllidae 
and  Byturidae  were  recovered  in  Cleroidea.  The  remaining  Cucujoidea  were  recovered  in  two 
major  clades:  one  comprising  the  nitidulid  series  +  erotylid  series  +  Boganiidae  and  Hobartiidae 
+  cucujid  series,  and  the  other  clade  comprising  the  cerylonid  series.  The  cerylonid  series 
includes  two  major  clades,  the  bothriderid  group  and  the  coccinellid  group.  Many  formal 
changes  to  cucujiform  beetle  classification  are  proposed.  Propalticidae  are  subsumed  within 
Laemophloeidae.  Biphyllidae  and  Byturidae  are  transferred  to  Cleroidea.  The  cerylonid  series  is 
formally  recognized  as  a  new  superfamily,  Coccinelloidea.  Current  subfamilies  elevated  to 
family  status  include:  Murmidiidae,  Teredidae,  Euxestidae,  Anamorphidae,  Eupsilobiidae,  and 
Mycetaeidae.  The  following  taxa  are  redefined:  Cleroidea,  Cucujoidea,  Cerylonidae, 
Bothrideridae,  and  Endomychidae.  A  new  subfamily,  Cyclotominae,  is  described. 


Symposium 

Presentation  Title:  Mesozoic  cucujoid  beetles  from  Northeastern  China 

Author  Name:  Hong  Pang 

Author  Institution:  Sun  Yat-sen  University 

Session  Title:  Symposium:  Evolution,  Classification,  and  Biology  of  Cucujoid  Beetles 
(Coleoptera:  Cucujoidea) 

Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  4539 


DOI:  10.1603/ICE.2016.94312 


Abstract  text: 

Beetles  (Coleoptera)  of  the  Mesozoic  Era  were  very  common  and  much  more  diverse  than  in  the 
late  Palaeozoic.  There  were  two  main  stages  of  beetle  evolution  in  the  Mesozoic:  one  in  the 
Triassic  and  first  half  of  the  Jurassic  and  another  in  the  second  half  of  the  Jurassic  and  early 
Cretaceous.  Beetles  of  the  late  Cretaceous  are  usually  more  closely  related  to  the  Cenozoic  and 
Recent  faunas.  Unfortunately,  very  few  well  preserved  fossils  of  Cucujoidea  have  been  described 
to  date  as  most  of  the  Jurassic  beetles  belonged  to  Archostemata,  Adephaga  or  elateroid 
Polyphaga.  Here  we  present  a  review  of  impression  fossils  that  can  be  attributed  to  Cucujoidea 
from  the  Middle  Jurassic  site  of  Daohugou  (Jiulongshan  Formation),  Inner  Mongolia,  China 
(Bathonian,  163-167  mya)  and  the  Yixian  Formation  in  Liaoning  Province,  China  (Late  Jurassic 
or  Early  Cretaceous  (Tithonian-Beriasian).  Both  sites  have  produced  a  rich  selection  of  Cucujoid 
fossils  many  of  which  are  yet  to  be  described.  Some  recently  discovered  Cucujoid  fossils  from 
the  Cretaceous  amber  sites  of  Myanmar  are  also  discussed. 
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Abstract  text: 

Introduction:  Beetles  (Coleoptera)  are  the  most  diverse  and  species-rich  insect  group, 
representing  an  impressive  explosive  radiation  in  the  evolutionary  history  of  insects.  Despite 
many  attempts  of  molecular  phylogenetics,  deep  beetle  evolutionary  relationships  have  been 
difficult  to  resolve.  The  amount  of  “traditional  markers”  (e.g.,  mitochondrial  genes  and 
ribosomal  rDNAs)  for  beetle  phylogenetics  is  small  and  these  markers  often  lack  sufficient 
signals  in  resolving  relationships  for  such  a  rapid-radiation  lineage. 


Methods:  Here,  based  on  the  available  genome  data  of  beetles  and  other  related  insect  species, 
we  performed  a  genome-wide  survey  to  search  new  protein-coding  genes  for  beetle 
phylogenetics.  As  a  result,  we  identified  1470  candidate  loci  and  tentatively  developed  95 
nuclear  markers  which  can  be  PCR  amplified  from  standard  genomic  DNA  extracts.  These  new 
nuclear  markers  are  universally  applicable  across  Coleoptera,  with  an  average  amplification 
success  rate  of  90%.  Many  of  these  new  markers  have  phylogenetic  informativeness  similar  to 
that  of  the  widely-used  CAD  gene. 

Results/Conclusion:  We  tested  the  phylogenetic  utility  of  these  markers  by  investigating  the 
backbone  phylogeny  of  Coleoptera  (18  families  sampled)  and  the  ladybird  (Coccinellidae) 
phylogeny  (39  species  sampled).  Both  of  the  phylogenies  are  well  resolved  (average  BS  >  95%), 
showing  that  our  markers  can  be  used  to  study  phylogenetic  questions  of  various  evolutionary 
spans  (from  species  level  to  family  level).  In  general,  the  newly  developed  nuclear  markers  are 
much  easier  to  use  and  more  phylogenetically  informative  than  the  “traditional  markers”,  and 
show  great  promise  and  potential  to  help  resolving  the  Beetle  Tree  of  Life. 
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Abstract  text: 

Introduction:  Monotomidae  (“minute  clubbed  beetles”)  have  had  a  confusing  history,  including  a 
misleading  former  common  name  (“root  eating  beetles”),  conflicting  phylogenetic  placements, 
and  unclear  internal  relationships.  Recent  studies  have  started  to  clarify  aspects  of  monotomid 
evolution.  Several  higher-level  molecular  and  morphological  analyses  have  narrowed  the  number 
of  potential  sister-groups,  and  novel  fossil  discoveries  have  provided  minimum  ages  for  events  in 
their  evolutionary  history.  However,  the  potential  value  of  monotomid  fossils  is  limited  by  the 
current  state  of  taxonomic  development  in  the  family.  Monotomidae  includes  many  undescribed 
species  and  poorly  defined  genera.  The  family  lacks  a  robust  phylogenetic  hypothesis  of  the 
internal  relationships. 

Methods:  To  improve  the  taxonomic  condition  of  the  family,  a  revision  was  undertaken  for  one 
of  the  most  problematic  genera,  Crime  Pascoe  (formerly  Bactridium  LeConte)  and  a  morphology- 
based,  phylogenetic  analysis  was  conducted  to  provide  some  insights  about  the  placement  of  the 
genus  in  Monotomidae. 

Results/Conclusion:  Based  on  these  results,  a  revised  intrafamilial  classification  is  proposed. 
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Abstract  text: 

The  Phalacridae  are  a  worldwide  group  of  about  650  described  species  of  round,  shiny 
Cucujoidea.  Although  the  group  received  a  world  genus-level  revision  three  years  ago,  it  remains 
among  the  poorest  known  beetle  families  at  the  species  level.  Another  issue  plaguing  the  family 
is  the  lack  of  a  higher  classification  for  the  34  described  genera,  other  than  a  few  “genus  groups” 
proposed  in  the  literature.  I  report  on  recent  work  performed  towards  rectifying  this  state  of 
affairs  though  vouchering  of  DNA-quality  material  and  species-level  revisions  of  several  genera, 
and  also  on  which  topics  represent  the  largest  remaining  gaps  in  our  knowledge  of  the  diversity 
and  relationships  among  Phalacridae.  Shown  along  the  way  are  some  oddities  that  have  surfaced 
in  recent  years  from  the  Middle  East  and  Indian  Subcontinent. 
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Abstract  text: 

Until  recently,  Pharaxanotha  Reitter  (Erotylidae:  Coleoptera)  contained  a  few  rarely  seen 
species  from  the  New  World  and  southeastern  Asia  that  were  known  or  suspected  to  be  strictly 
cycad  pollinators.  Recent  field  work  revealed  additional  taxa  in  these  regions,  as  well  as  in 
Africa.  Use  of  morphological  and  molecular  analyses  has  elucidated  many  undescribed  taxa  that 
place  additional  doubt  on  the  generic  and  subfamily  classification  of  the  group.  This  talk  will 
review  some  of  the  morphological  and  geographical  patterns  we  have  discovered,  including 
evidence  that  these  species  are  not  all  cycad  pollinators. 
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Abstract  text: 

The  ladybird  beetles  (Coleoptera:  Coccinellidae),  also  known  as  ladybirds  or  ladybugs  are  a 
familiar  and  iconic  group  of  beetles  with  approximately  360  genera  and  6000  described  species 
worldwide.  In  spite  of  several  molecular  papers  on  the  phylogeny  of  Coccinellidae,  the 
phylogenetic  framework  for  the  entire  family  is  still  very  unsatisfactory,  and  it  is  divided  into 
many  tribes  without  phylogenetic  background.  The  most  comprehensive  analysis  of  phylogenetic 
relationships  within  Coccinellidae  are  based  on  molecular  and  morphology  data.  The  results 
from  maximum  likelihood  and  Bayesian  analyses  were  highly  resolved  and  congruent,  providing 
framework  for  the  internal  classification  of  this  taxonomically  difficult  group  as  well  as 
background  for  further  studies  and  more  stable  classification. 
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Abstract  text: 

Introduction:  The  ladybird  beetles  (Coleoptera:  Coccinellidae,  also  known  as  ladybirds  or 
ladybugs)  are  a  familiar  and  iconic  group  of  beetles  with  about  360  genera  and  6000  described 
species  worldwide.  However,  this  general  recognition  mostly  pertains  to  the  large,  brightly 
colored  with  contrasting  pattern  “true  ladybirds”  of  the  subfamily  Coccinellinae.  The  majority  of 
small  and  hairy  taxa  are  rarely  recognized  as  ladybirds.  With  5  recognized  tribes,  90  genera,  and 
about  1000  species;  Coccinellinae  is  the  second  largest  monophyletic  group  in  family 
Coccinellidae.  They  are  generally  regarded  as  aphid  predators,  however  their  diet  is  much  more 
diverse  and  includes  other  hemipterous  insects,  larvae,  pollen,  fungi  and  even  plant  tissue. 
Coccinellini  display  extraordinary  morphological  diversity  in  all  life  stages  and  are  important 
model  organsisms  for  biological  and  ecological  research,  Surprisingly,  despite  the  notorious 
relevance  of  Coccinellini,  relatively  little  is  known  about  their  relationships  and  evolution. 
Published  partial  morphological  and  molecular  phylogenies  are  not  congruent. 

Methods:  A  phylogenetic  analysis  of  comprehensive  sampling  of  130  terminals  of  Coccinellinae 
was  performed  based  on  the  combined  analyses  of  four  gene  fragments:  mitochondrial  COI  and 
nuclear  genes  CAD,  Topoisomerase  I,  and  Wingless  using  maximum  likelihood  and  Bayesian 
methods. 

Results/Conclusion:  Both  analyses  strongly  supported  Coccinellinae  as  a  monophyletic  group 
with  former  tribes  Halyziini,  Tytthaspidini,  Singikalini  and  Discotomini  derived  from  within 
other  groups  of  Coccinellinae.  Four  clades  within  ‘true  ladybird  beetles’  were  recognized, 
representing  major  geographic  and  trophic  radiations  leading  to  revised  generic  and  suprageneric 
classification  of  this  group. 
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Abstract  text: 

Introduction:  Ladybirds  (Coleoptera:  Coccinellidae)  possess  bitter  alkaloids  which  render  them 
unpalatable  or  even  toxic.  They  are  often  aposematically  colored  and  are  popular  models  for 
mimicry  by  other  beetles,  cockroaches,  hemipteroids,  and  spiders.  Members  of  the  tribe 
Coccinellini  feed  predominantly  on  plant  pests  in  the  Hemipteran  suborder  Sternorrhyncha 
(i.e.  aphids,  and  other  plant  lice),  but  many  feed  opportunistically  on  the  larvae  or  eggs  of  several 
insect  orders  (Lepidoptera,  Diptera,  Coleoptera),  or  other  soft-bodied  arthropods.  Some 
coccinellines  are  valued  for  controlling  leaf  beetles  ( e.g .  Leptinotarsas pp.;  Coleoptera: 
Chrysomelidae),  but  studies  show  the  ladybirds  suffer  higher  mortality,  or  prolonged 
developmental  times  by  doing  so.  Chrysomelids  also  possess  chemical  defenses  that  discourage 
generalist  predators,  and  with  few  exceptions,  Coccinelline  species  appear  not  to  have  adapted 
well  to  such  a  diet.  For  example,  willow  leaf  beetles  ( Plagiodera ,  Chrysomela )  use  host  plant 
salicin  to  make  a  defensive  secretion,  salicylaldehyde,  that  deters  all  but  the  most  specialized 
predators  and  parasitoids.  Neoharmonia  venusta  Melsheimer  (Coccinellidae)  has  been  identified 
as  one  predator  that  has  managed  to  overcome  those  defenses. 

Methods:  The  genus  Neoharmonia  is  revised  and  the  species  examined  and  illustrated  using 
established  methods  of  dissection  and  microscopy. 

Results/Conclusion:  The  authors  discovered  new  and  misclassified  members 
of  Neoharmonia  and  a  predominant  pattern  of  chrysomelidophagy  centering  on  the  consumption 
of  willow  leaf  beetles.  The  newly  circumscribed  Neoharmonia  includes  diverse  body  forms  that 
are  superficially  more  similar  to  their  chrysomelid  prey  than  to  each  other.  In  a  surprising  role 
reversal,  Neoharmonia  spp.  appear  to  visually  mimic  the  adults  of  their  chrysomelid  prey. 
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Abstract  text: 

Biological  control  is  the  application  of  an  organism  on  an  environment  to  reduce  the  population 
density  of  another  organism.  It  has  been  empirically  tested  for  years  and  has  been  widely  used  in 
pest  management  since  the  end  of  the  nineteenth  century.  In  Brazil,  there  is  no  precedent  for 
using  Coccinellidae  to  control  pests  on  the  field.  There  are  610  Coccinellidae  species  recorded 
from  Brazil  and  about  20  of  them  have  been  studied  in  laboratory  in  order  to  know  their  potential 
to  be  used  as  agents.  Besides,  organic  production  has  grown  as  people  are  becoming  aware  of  its 
health  benefits.  Therefore,  there  is  a  demand  of  knowledge  about  ladybeetle  species  that  can 
replace  insecticides  for  controlling  aphids  and  coccids  that  cause  agricultural  losses.  To  use 
coccinellids  efficiently  as  a  biological  agent,  it  is  necessary  to  better  know  the  fauna  of  Brazil 
and  to  select  the  most  efficient  species  through  biological  studies  in  the  laboratory.  Also,  the 
development  of  special  programs  for  research  through  Brazilian  founding  agencies  is  needed.  To 
achieve  these  objectives  it  is  important  to  capacitate  students  with  taxonomic  and  ecological 
training,  as  well  as  to  warn  the  producers  about  the  benefits  of  using  these  insects.  The  question: 
“Can  Brazilian  Coccinellidae  species  be  used  as  Biological  Control  agents?”  remains 
unanswered  until  these  issues  are  solved. 
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Members  of  the  family  Anamorphidae  have  variably  been  treated  as  a  separate  family,  but 
throughout  most  of  its  history  it  has  been  considered  a  subfamily  of  Endomy chidae,  despite 
compelling  evidence  suggesting  its  inclusion  was  based  on  homoplasy  rather  than  homology. 
Despite  showing  morphological  affinities  to  several  other  families  within  the  superfamily 


Coccinelloidea  (formerly  the  Cerylonid  Series),  it  has  been  repeatedly  agrued  that  Anamorphidae 
is  improperly  placed  within  Endomychidae.  Recent  phylogenetic  analyses  of  the  Coccinelloidea 
families  based  on  morphology  of  adults,  larvae,  and  molecular  sequence  data  have  yielded 
conflicting  results  regarding  the  placement  of  this  family  relative  to  other  similar  families,  and 
have  proven  highly  sensitive  to  outgroup  selection.  This  study  used  a  9-gene  sampling  with 
extensive  outgroup  selection  across  the  Coccinelloidea  to  reconstruct  a  robust  phylogenetic 
hypothesis  for  the  internal  relationships  of  the  family.  Thus,  a  new  subfamilial  classification  for 
Anamorphidae  based  on  morphology  and  informed  by  the  molecular  analysis  will  be  proposed. 

A  review  of  the  morphological  and  ecological  diversity  of  the  family  will  also  be  provided. 
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Abstract  text: 

Neuroendocrine  circuits  play  key  roles  in  timing  the  initiation  of  juvenile  to  adult  transitions  in 
many  organisms.  In  insects,  release  of  the  neuropeptide  prothoracicotropic  hormone  (PTTH) 
from  a  pair  of  neurons  in  each  brain  hemisphere  is  thought  to  be  key  to  generating  pulses  of  the 
steroid  hormone  20-hydroxyecdysone  (20E)  that  initiates  metamorphosis.  PTTH  binds  to  Torso, 
an  RTK  that  transduces  signals  through  Ras/ERK  to  mediate  transcriptional  up  regulation  of  20E 
biosynthetic  enzymes  in  the  prothoracic  gland  (PG).  We  have  eliminated  PTTH  production  by 
two  methods:  a)  genetic  ablation  of  the  PTTH  producing  neurons  (PG  neurons)  and  b)  through 
TALEN  generated  null  mutations.  Surprisingly,  PTTH  null  mutations  produce  a  1-day 
developmental  delay  while  genetic  ablation  of  the  PG  neurons  produces  a  5-6  day  delay.  These 
results  suggest  that  the  PG  neurons  produce  other  prothoracicotropic  factors  in  addition  to  PTTH. 
Using  genetic  screens,  as  well  as  a  candidate  gene  approach,  we  find  that  the  novel  ligand  Jelly 
belly  (Jeb)  is  expressed  in  the  PG  neurons  while  its  RTK  receptor  Aik  is  expressed  in  the  PG 
itself.  Furthermore,  we  show  that  Jeb/Alk  signaling  plays  a  key  role  in  regulating  induction  of 
autophagy  in  the  PG  in  response  to  starvation.  We  will  discuss  a  model  for  how  these  two 
signaling  systems  interact  with  each  other  to  control  developmental  timing  in  Drosophila  by 
helping  set  the  "Critical  Weight"  checkpoint. 
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Abstract  text: 

Steroid  hormones  are  signal  molecules  synthesized  from  sterols  that  regulate  a  variety  of 
processes  during  development  and  underlie  pathologies  of  many  disorders.  To  systematically 
identify  genes  required  for  steroidogenic  cell  function,  we  performed  a  genome-wide  in  vivo 
RNAi  screen  in  the  ecdysone-producing  prothoracic  gland  (PG)  of  Drosophila.  We  reduced  the 
expression  of  12,504  genes  in  the  PG  cells  to  investigate  their  potential  role  in  steroid 
biosynthesis.  We  recovered  1906  genes  (15.2%),  of  which  1289  have  human  homologs  that  are 
important  for  steroidogenic  activity.  Although  steroid  synthesis  in  endocrine  cells  requires 
cholesterol,  the  mechanisms  regulating  cholesterol  uptake,  storage  and  availability  for  steroid 
production  are  poorly  understood.  To  identify  novel  genes  involved  in  cholesterol  uptake  and 
transportation,  we  performed  a  secondary  screen  to  analyze  which  of  the  genes  identified  in  our 
primary  screen  for  steroidogenesis  are  specifically  involved  in  cholesterol  trafficking.  Loss  of 
genes  identified  in  our  screen  caused  defects  in  the  formation  of  cholesterol-rich  lipid  droplets, 
indicating  that  the  genes  are  involved  in  uptake,  trafficking  or  storage  of  cholesterol. 
Interestingly,  we  also  found  PG-enriched  expression  of  genes  involved  in  lipid  transport  and 
synthesis,  suggesting  a  specific  role  in  the  steroidogenic  tissue.  We  show  that  genes  involved  in 
fatty  acid  elongation  and  sphingolipid  biosynthesis  are  required  for  endosomal  trafficking  of 
cholesterol.  Our  data  suggest  that  cholesterol  trafficking  is  coordinated  by  TOR  and  ecdysone 
signaling,  and  involves  an  autophagy-dependent  cholesterol  sorting  mechanism.  We  show  that 
inhibition  of  autophagy  leads  to  a  significant  accumulation  of  cholesterol  lipid  storage  droplets. 
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Abstract  text: 

The  transcriptional  control  of  endocrine  regulation  remains  largely  unexplored  even  though  it 
plays  critical  roles  in  development.  Our  lab  has  focused  on  the  endocrine  functions  of  the  POU 
factor  Ventral  veins  lacking  (Vvl)  in  several  insect  species.  RNA  interference-mediated  silencing 
of  Vvl  shows  that  Vvl  is  necessary  for  molting  in  the  flour  beetle  Tribolium  castaneum.  In 
particular,  Vvl  appears  to  regulate  ecdy steroidogenesis  in  both  the  oenocytes  and  the  prothoracic 
glands.  To  determine  whether  the  endocrine  role  of  Vvl  was  also  conserved  in  other  insects,  Vvl 
was  silenced  in  the  hemimetabolous  insect  Oncopeltus  fasciatus.  Molting  was  inhibited,  and 
ecdysone  biosynthesis  gene  expression  was  suppressed  in  Vvl  knockdown  Oncopeltus  nymphs. 
Furthermore,  oogenesis  was  also  inhibited  in  Oncopeltus  adult  females,  suggesting  that  Vvl  has 
an  endocrine  function  during  both  the  nymphal  and  adult  stages.  We  discuss  how  the 
transcriptional  regulation  of  endocrine  system  provides  important  insights  into  insect 
development  and  evolution. 
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Abstract  text: 

Gametogenesis  and  mating  are  two  essential  components  of  animal  reproduction.  Gametogenesis 
must  be  modulated  by  the  need  for  gametes,  yet  little  is  known  of  how  mating,  a  process  that 
consumes  gametes,  may  modulate  the  process  of  gametogenesis.  Here,  we  report  that  mating 
stimulates  female  germline  stem  cell  (GSC)  proliferation  via  neuronal  and  endocrine  systems  in 
Drosophila.  Mating-induced  GSC  proliferation  is  not  simply  due  to  a  mating-induced  active  egg 
laying,  but  rather  is  caused  by  the  mating  stimulus  itself  from  males  to  females.  We  show  that 
mating-induced  GSC  proliferation  requires  ovarian  biosynthesis  of  ecdysteroids,  the  principal 
insect  steroid  hormones.  We  further  demonstrate  that  the  ecdy steroid-dependent  increase  in  GSC 
numbers  is  caused  by  a  sex  peptide  (SP)  and  its  receptor  SPR,  the  canonical  pathway  to 
transduce  the  signal  from  male  seminal  fluid  to  female  flies.  All  of  our  data  suggest  that  a 
mating-induced  increase  in  female  GSC  number  is  regulated  by  the  ovarian  ecdysteroid  whose 
biosynthesis  is  positively  controlled  by  neuronal  SP-SPR  signaling  in  mated  female  flies.  This  is 
the  first  study  to  show  that  GSC  proliferation  is  under  the  control  of  the  characterized 
neuroendocrine  system  in  response  to  an  external  stimulus,  mating. 
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Abstract  text: 

Insulin-like  peptides  (ILPs)  play  key  biological  roles  in  the  control  of  growth  and  metabolism  in 
metazoans  including  insects.  In  the  fruit  fly  Drosophila ,  ILPs  (DILPs)  are  mainly  produced  by 
brain  neurosecretory  cells  known  as  insulin-producing  cells  (IPCs).  Although  nutrient-dependent 
roles  of  DILPs  are  well  understood,  how  IPCs  sense  the  nutritional  signals  and  control  the 


production  of  DILPs  remains  largely  unknown.  All  experiments  were  conducted  under  non- 
crowded  conditions  at  25°C  (or  29°C  for  RNAi  experiments).  For  starvation  experiments,  larvae 
were  transferred  to  agar  vials.  We  found  that  FoxO  is  a  critical  transcription  factor  that  regulates 
the  nutrient-dependent  expression  of  dilp5 ,  one  of  the  IPCs-derived  DILPs  whose  gene 
expression  is  tightly  regulated  by  nutrient  availability.  FoxO  is  highly  expressed  in  IPCs,  and  its 
localization  is  tightly  regulated  by  nutrient  availability.  We  further  found  that  Dilp6  produced 
from  the  surface  glia  acts  for  cholinergic  neurons,  which  produce  the  secreted  ligand  Jelly  belly 
and  up-regulate  dilp5  expression  in  the  nearby  IPCs  through  a  receptor  ALK  and  the  PI3K 
signaling  pathway.  The  induction  of  dilp5  is  critical  for  sustaining  body  growth  under  restricted 
food  conditions.  These  results  provide  a  molecular  framework  that  explains  how  the  production 
of  an  endocrine  hormone  in  a  specific  tissue  is  coordinated  with  environmental  conditions. 
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Abstract  text: 

The  closely  linked  insulin-PI3K  and  TORC1  signaling  pathways  are  key  regulators  of  cellular 
growth.  Their  main  negative  regulators  are  the  tumor  suppressors  PTEN  and  Tscl/2, 
respectively.  Whereas  the  loss  of  PTEN  is  associated  with  many  human  cancer  types,  mutations 
in  Tscl/2  rather  result  in  benign  hamartomas.  We  have  established  a  model  for  early  tumorigenic 
stages  in  imaginal  discs  of  Drosophila  melanogaster.  Upon  nutrient  restriction  (NR),  cells 
mutant  for  PTEN  shift  from  hypertrophy  to  massive  hyperplasia,  resulting  in  overgrown  organs 
almost  completely  composed  of  PTEN  mutant  tissue.  Unlike  PTEN  mutant  cells,  cells  lacking 
Tscl  do  not  display  a  hyperproliferative  behavior  upon  NR;  the  observed  overgrowth  of  the 
affected  organs  is  exclusively  caused  by  hypertrophy.  Our  genetic  analysis  demonstrates  that  the 
transcription  factor  FoxO  acts  as  a  proliferation  brake  in  Tscl  mutant  cells.  To  understand  the 
mechanisms  underlying  the  hyperproliferation  of  PTEN  mutant  cells  upon  NR,  we  analyzed 


transcriptional  changes  in  eye  imaginal  discs  mostly  composed  of  PTEN  mutant  tissue  as 
compared  to  wild-type  discs  by  means  of  RNA-seq.  Our  analysis  revealed  1 12  genes 
differentially  responding  to  NR  in  PTEN  mutant  cells.  Among  the  differentially  expressed 
candidates  are  genes  encoding  secreted  peptides  potentially  impinging  on  the  EGFR,  Wingless 
and  insulin-PI3K  signaling  pathways.  Expression  of  these  peptides  may  thus  be  a  mechanism  by 
which  PTEN  mutant  cells  modulate  the  growth  behavior  of  the  surrounding  tissue. 
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Ants  live  in  a  highly  organized  and  social  environment.  In  an  ant  colony,  the  queen  and  workers 
are  almost  genetically  identical,  but  exhibit  striking  differences  in  behavior  and  lifespan.  In 
contrast  to  most  social  insect  species,  adult  individuals  in  the  ant  Harpegnathos  saltator  display 
strong  phenotypic  plasticity:  the  loss  of  reproductive  individuals  in  a  colony  triggers  dominance 
fight  among  workers,  whereby  some  workers  become  reproductive  gamergates  (pseudo-queens) 
and  exhibit  queen-like  behavior.  Notably,  the  worker  to  gamergate  transition  extends  the  lifespan 
by  approximately  5-fold.  In  most  animals,  longevity  is  associated  with  decreased  insulin 
signaling,  which  suppresses  reproduction.  Therefore,  the  positive  correlation  between  longevity 
and  reproduction  in  social  insects  raises  an  intriguing  question:  how  does  the  insulin  pathway 
regulate  reproductive  longevity?  In  H.  saltator ,  there  are  two  insulin-like  peptides  (ilps).  The 
expression  of  both  ilps  is  upregulated  during  the  worker  to  gamergate  transition.  Interestingly, 
we  found  that  one  ilp  may  functionally  inhibit  insulin  signaling.  This  finding  suggests  that  ilps  in 
H.  saltator  may  differentially  regulate  reproduction  and  longevity,  thereby  enabling  gamergates 
to  keep  reproducing  in  their  long  lives. 
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In  almost  all  animals,  hypoxia  during  development  slows  growth  and  reduces  final  body  size. 
Despite  the  ubiquity  of  this  phenomenon,  however,  the  developmental  mechanisms  by  which 
insufficient  oxygen  levels  affect  growth  are  largely  unknown.  In  particular,  it  is  unclear  whether 
the  response  of  growth  to  hypoxia  is  a  result  of  cell-autonomous  processes  that  limit  proliferation 
due  to  the  metabolic  constraints  imposed  by  low  oxygen,  or  a  regulated  process  that  is  controlled 
systemically.  We  have  previously  shown  that  in  Drosophila ,  hypoxia  elevates  basal  levels  of 
ecdysone  during  the  third  larval  instar.  Ecdysone  is  known  to  suppress  body  growth  by  inhibiting 
the  insulin-signaling  pathway.  We  tested  the  hypothesis  that  elevated  ecdysone  is  necessary  for 
growth  suppression  in  hypoxic  conditions  by  comparing  the  growth  rate  of  Drosophila  larvae 
with  and  without  ecdysone  in  normoxic  (21%  O2)  and  hypoxic  (10%  O2)  conditions.  We 
eliminated  ecdysone  by  genetically  ablating  the  prothoracic  gland.  Here  we  present  evidence  that 
the  effect  of  hypoxia  on  growth  rate  is  regulated  systemically  in  Drosophila.  Consistent  with  our 
hypothesis,  the  loss  of  ecdysone  significantly  rescued  growth  rate  in  hypoxic  conditions.  We 
further  explored  the  molecular  genetic  mechanism  by  which  hypoxia  mediates  ecdysone 
synthesis,  by  manipulating  the  expression  of  HIF- signaling  genes  in  the  ring  gland,  in  normoxic 
and  hypoxic  conditions.  Collectively,  our  data  indicate  that  the  effects  of  hypoxia  on  body  size 
can  occur  as  a  programmed  inhibition  of  growth,  possibly  as  a  means  to  respond  to  low  oxygen 
levels  in  a  controlled  and  coordinated  manner. 


Symposium 

Presentation  Title:  20E-induced  autophagy  activates  fat  body  lipid  degradation  for  insect 
metamorphic  development 

Author  Name:  Ling  Tian 

Author  Institution:  Chinese  Academy  of  Sciences 


Session  Title:  Symposium:  Molecular  Endocrinology 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4558 
DOI:  10. 1603/ICE. 20 16. 107745 
Abstract  text: 

20-hydroxy ecdysone  (20E)  plays  dominant  roles  during  insect  metamorphic  development.  For 
example,  20E  determines  fat  body  remodeling,  including  autophagy,  apoptosis,  and  cell 
dissociation,  during  the  larval-pupal  transition.  By  combining  LysoTracker  Red  staining,  TEM 
analysis,  ATG8  protein  level  and  acid  phosphatase  activity,  we  developed  an  efficient  approach 
to  detect  autophagy  in  the  Bombyx  fat  body.  We  have  previously  used  this  approach  to 
demonstrate  that  in  addition  to  blocking  TORC1  activity  for  autophagosome  initiation,  20E 
signaling  upregulates  almost  all  Atg  genes  to  induce  autophagy  in  the  Bombyx  fat  body.  Here,  we 
show  that  20E-induced  autophagy  is  involved  in  fat  body  lipid  degradation  during  Bombyx 
metamorphosis.  Reducing  expression  of  each  Atg  gene  by  RNAi  blocked  autophagosome 
formation  and  lipid  degradation  in  the  fat  body,  attenuated  lipid  accumulation  in  the  hemolymph, 
prevented  the  decrease  of  pupal  weight,  and  resulted  in  lethality  during  metamorphosis. 
CRISPR/Cas9-mediated  knockout  of  Atgl,  Atg5,  Atg6 ,  and  Atg8  caused  phenotypic  changes 
similar  to  RNAi.  We  are  currently  using  lipidomics  to  reveal  the  details  of  how  autophagy 
activates  lipid  degradation  using  the  Atg  mutants.  Moreover,  gain-of-function  and  loss-of- 
function  studies  in  Drosophila  suggest  a  general  mechanism  through  which  20E-induced 
autophagy  activates  fat  body  lipid  degradation  for  insect  metamorphic  development. 
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Abstract  text: 


Complete  metamorphosis  (holometaboly)  is  a  key  innovation  underlying  the  spectacular  success 
of  holometabolous  insects.  Phylogenetic  relationships  reveal  that  Holometabola  form  a 
monophyletic  group  that  evolved  from  ancestors  with  hemimetabolous  development.  The 
molecular  mechanisms  underlying  this  crucial  transition,  including  the  evolution  of  the 
holometabolan  pupal  stage,  are  poorly  understood.  In  order  to  decipher  the  evolutionary  changes 
that  underlie  holometaboly,  we  have  focused  on  the  characterization  of  genetic  interactions 
among  three  key  transcription  factor  genes.  These  are  Kriippel-homolog  1  {Kr-hl),  a  juvenile 
hormone-dependent  factor  that  prevents  metamorphosis  until  the  final  juvenile  stage,  the  pupal- 
specifier  Broad-complex  { Br-C ),  and  E93,  which  we  have  recently  identified  as  a  factor 
promoting  adult  differentiation.  The  three  genes  form  an  evolutionarily  conserved  metamorphic 
toolkit  that  controls  metamorphosis  in  hemimetabolous  and  holometabolous  insects.  Here,  by 
using  the  holometabolous  insects  Tribolium  castaneum  and  Drosophila  melanogaster,  and  the 
hemimetabolous  Blattella  germanica ,  we  demonstrate  that  the  appearance  of  the  holometabolan- 
specific  pupal  stage  has  been  facilitated  by  changes  in  the  timing  of  expression  and  mutual 
regulation  of  the  metamorphic  toolkit  genes  from  hemimetabolous  to  holometabolous  insects.  In 
addition,  we  also  show  that  in  holometabolous  insects,  the  activation  of  E93  and  the  repression 
of  Kr-hl,  the  two  key  events  that  trigger  the  onset  of  metamorphosis,  depend  on  the  attainment 
of  the  critical  weight,  defined  as  the  minimal  body  size  necessary  to  end  larval  development  and 
initiate  metamorphosis. 
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Abstract  text: 

Recent  studies  have  revealed  key  genes  for  pupal  and  adult  metamorphosis  in  insects.  In  a 
current  model,  Kruppel  homolog  1  {Kr-hl)  maintains  larval  or  nymphal  status,  broad  specifies 
the  pupal  program  in  holometabolous  insects,  and  E93  triggers  adult  morphogenesis  in  both 
hemimetabolous  and  holometabolous  insects.  One  of  the  next  challenges  in  insect  molecular 


endocrinology  will  be  elucidating  the  precise  mechanism  of  the  MEKRE93  (Met-Kr-hl-E93) 
pathway.  Here,  we  report  the  characterization  of  these  key  genes  ( Kr-hl ,  broad ,  and  E93)  in  the 
silkworm,  Bombyx  mori.  Our  TALEN-mediated  GO  mosaic  analysis  in  the  epidermis  showed  that 
(i)  Kr-hl  mutant  epidermis  precociously  metamorphosed  to  pupal  after  the  3rd  larval  instar  (L3) 
at  the  earliest,  (ii)  broad  mutant  epidermis  remained  larval  even  though  the  hosts  metamorphosed 
to  pupa  or  adult,  and  (iii)  E93  mutant  epidermis  underwent  pupal-pupal  molt  when  the  host  pupa 
metamorphosed  to  adult.  These  results  clearly  demonstrate  that  Kr-hl ,  broad ,  and  E93  act  cell- 
autonomously  to  specify  larval,  pupal,  and  adult  programs,  respectively.  Interestingly,  Kr-hl 
mutant  pupal  patches  formed  in  the  L4  epidermis  produced  the  second  pupal  cuticle  when  the 
host  molted  to  L5,  suggesting  that  Kr-hl  is  essential  for  JH-mediated  suppression  of  broad. 
Although  most  of  those  GO  mosaic  animals  were  lethal,  we  were  able  to  recover  genetic 
knockout  mutants  by  improving  the  injection  method.  The  latest  results  of  phenotypic  analysis  of 
single  and  double  knockouts  will  also  be  presented. 
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Introduction:  In  holometabolous  insects,  juvenile  hormone  (JH)  prevents  pupal  metamorphosis 
by  inducing  a  metamorphosis  inhibitor,  Kriippel  homolog  1  {Kr-hl).  Concurrently  JH  suppresses 
20-hydroxyecdysone  (20E)-dependent  induction  of  the  pupal  specifier,  Broad-complex  ( BR-C ). 
Although  a  genetic  study  in  Drosophila  suggested  that  Kr-hl  inhibits  BR-C  action,  mechanistic 
links  between  the  two  molecules  remained  unclear.  To  better  understand  the  molecular 
mechanisms  of  pupal  metamorphosis,  we  have  evaluated  the  molecular  interaction  between  Kr- 
hl  and  BR-C. 

Methods:  In  a  Bombyx  mori  cell  line  BM-N,  JH  prevents  20E-dependent  induction  of  BR-C ,  as 
observed  in  larval  epidermis.  Using  repoter  assays,  we  have  analyzed  the  transcriptional 


regulation  of  BR-C  by  20E  and  JH.  We  further  analyzed  the  interaction  of  BR-C  promoter  and 
Kr-hl  protein  by  electrophoretic  mobility  shift  assay  (EMSA). 

Results/Conclusion:  In  BM-N  cells,  a  luciferase  reporter  with  a  BR-C  promoter  region  was 
activated  by  20E  and  this  induction  was  suppressed  by  JH.  RNAi-mediated  knockdown  of  Kr-hl 
attenuated  JH-dependent  suppression,  while  ectopic  expression  of  Kr-hl  mimicked  the 
suppression  even  in  the  absence  of  JH.  By  reporter  assays  with  successively  truncated  promoters, 
we  have  identified  a  responsible  sequence  for  the  suppression  by  Kr-hl  (Kr-hl  binding  site; 
KBS).  Finally,  EMSA  revealed  that  two  Kr-hl  molecules  directly  bound  to  the  KBS.  From  these 
results,  we  proposed  a  mechanism  how  JH  prevents  pupal  metamorphosis  in  holometabolous 
larvae:  JH  binds  to  JH  receptor  complex  Met/Tai  and  induces  Kr-hl  transcription.  Resultant  Kr- 
hl  protein  molecules  physically  bind  to  the  KBS  and  suppress  transcription  of  BR-C  by  20E, 
thereby  inhibiting  precocious  pupal  metamorphosis  until  JH  disappears. 
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The  arthropod-specific  juvenile  hormone  (JH)  controls  numerous  essential  functions.  In  the 
Dengue  mosquito  Aedes  aegypti ,  JH  controls  post  eclosion  (PE)  development  in  adult  females,  a 
phase  required  for  blood  meal  competence  and  subsequent  egg  maturation.  Even  after  the 
discovery  and  establishment  of  bHLH-PAS  protein  Methoprene-tolerant  (Met)  as  its  receptor,  the 
JH  signaling  pathway  largely  remains  a  mystery.  The  strict  JH  regulation  of  PE  makes  Ae. 
aegypti  an  excellent  model  to  study  the  molecular  mechanism  of  JH  action.  In  our  previous 
transcriptomic  studies  we  defined  distinct  gene  expression  patterns  during  PE.  The  role  of  Met  in 
controlling  the  transcription  of  several  members  of  these  gene  cohorts  was  also  established.  The 
current  study  goes  a  step  further  to  probe  possible  involvement  of  transcription  factors  in  the  JH 
signaling  pathway  downstream  of  Met.  Combining  RNAi  with  RNAseq  technologies,  we  have 


identified  significant  overlaps  between  two  transcription  factors  -  Hairy  and  Kriippel  homolog  1 
(Kr-hl)  with  that  of  Met.  Using  translational  blocker  cycloheximide  in  in-vitro  tissue  culture 
experiments,  these  factors  were  established  as  pathway  intermediates  in  JH  gene  repression. 
Interestingly,  133  genes  are  co-regulated  by  both  these  factors  indicating  regulatory  complexity. 
Utilizing  bioinformatics,  EMSAs  and  cell  cultures,  we  have  identified  the  binding  motifs  of 
'Hairy'  and  'Kr-hl'  from  respective  gene  sets.  Furthermore,  Hairy  binds  DNA  and  recruits  co¬ 
repressor  Groucho  (Gro)  to  exert  its  repressive  action  in  this  context.  Taken  together  this  study 
enhances  our  understanding  of  JH  signaling  pathway  and  how  it  regulates  reproductive 
development  in  mosquitoes. 
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Kruppel-homolog  1  (Kr-hl)  is  a  zinc  finger  transcription  factor  that  is  upregulated  in  insects  by 
juvenile  hormone  (JH)  and  is  critical  for  metamorphosis  and  adult  reproduction.  Although  Kr-hl 
has  been  shown  to  mediate  the  anti-metamorphic  effect  of  JH,  the  molecular  function  of  Kr-hl 
remains  largely  unknown.  In  Aedes  aegypti  mosquitoes,  JH  concentrations  elevate  shortly  after 
eclosion.  The  mRNA  levels  of  Kr-hl  increase  after  eclosion,  peak  at  about  24  h  post  eclosion 
(PE),  then  decline  gradually.  Using  a  chromatin  immunoprecipitation  (ChlP)-cloning  approach, 
we  identified  over  thirty  in  vivo  binding  sites  of  Kr-hl  in  female  mosquitoes  at  30  h  PE.  While 
the  expression  of  Kr-hl  was  upregulated  by  JH  at  30  h  PE  compared  to  newly  emerged 
mosquitoes  (0  h  PE),  in  vivo  binding  of  Kr-hl  to  its  targets  was  not  always  in  sync  with  the 
abundance  of  Kr-hl  protein.  On  some  target  sites,  the  binding  of  Kr-hl  was  much  weaker  at  30  h 
PE  than  at  0  h  PE,  suggesting  that  DNA  binding  of  Kr-hl  is  regulated  by  additional  factors.  In 
addition,  RNAi  experiments  indicated  that  Kr-hl  played  distinct  roles  when  it  bound  to 
individual  target  genes.  For  example,  depletion  of  Kr-hl  led  to  substantial  upregulation  of 
AAEL005545  and  AAEL004444  genes,  but  also  resulted  in  significantly  decreased  expression  of 


AAEL005957  and  AAEL01 3 177  when  compared  with  the  control  mosquitoes.  In  summary,  Kr-hl 
directly  binds  to  regulatory  regions  of  its  target  genes  and  acts  as  a  transcriptional  activator  or  a 
repressor  in  a  promoter-specific  manner. 


Symposium 

Presentation  Title:  Exquisite  ligand  selectivity  contrasts  with  broad  agonist  repertoire  of  the 
juvenile  hormone  receptor 

Author  Name:  Marek  Jindra 

Author  Institution:  Czech  Academy  of  Sciences 

Session  Title:  Symposium:  Molecular  Endocrinology 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4564 

DOI:  10. 1603/ICE.2016. 107749 

Abstract  text: 

The  sesquiterpenoid  juvenile  hormone  (JH)  is  critical  for  arthropod  development  and 
reproduction,  yet  the  intracellular  JH  receptor  has  been  established  only  recently.  JH  triggers 
target  gene  expression  by  binding  to  a  specific  pocket  within  the  bHLH-PAS  protein, 
Methoprene-tolerant  (Met),  or  its  Drosophila  paralog,  Gee.  Our  recent  evidence  from  the 
Drosophila  model  has  shown  that  this  hormone-binding  capacity  is  necessary  for  Met/Gce  to 
sustain  normal  insect  development.  Interestingly,  many  diverse  compounds  exert  JH-like  effects, 
and  some  serve  as  potent  insecticides.  However,  little  is  known  about  how  the  native  or  synthetic 
agonists  interact  with  the  JH  receptor.  It  is  also  unclear  whether  Met/Gce  discriminates  between 
JH  species  naturally  occurring  in  insects.  We  have  addressed  these  questions  by  combining  in- 
vitro  ligand-binding  assays,  cell-based  gene  activation  assays,  and  examination  of  morphogenetic 
effects  and  JH-dependent  gene  expression  in  developing  insects.  Our  data  show  that  in  addition 
to  the  native  JH  III,  Drosophila  Met  and  Gee  can  be  activated  by  binding  to  JH  I,  or  the 
unepoxidated  JH  precursor  methyl  farnesoate,  or  by  synthetic  JH  mimics  such  as  methoprene, 
pyriproxyfen,  fenoxycarb,  and  other  related  compounds.  Despite  the  remarkable  ability  of  the 
JH-binding  pocket  of  Met/Gce  to  accommodate  ligands  of  disparate  chemistries,  we  show  that 
the  JH  receptor  strictly  discriminates  between  multiple  geometric  and  optical  isomers  derived 
from  the  same  native  JH  or  a  synthetic  JH-mimicking  compound.  Importantly,  those 
stereoisomers  that  best  bind  the  receptor  or  activate  it  in  the  cell-based  assay  are  also  the  most 
potent  when  tested  on  live  insects. 
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Introduction:  The  biogenic  amine  histamine  (HA)  is  not  only  the  neurotransmitter  of 
photoreceptors  but  also  has  important  roles  in  mechano sensory  reception,  temperature 
preference,  and  sleep  in  insects.  We  cloned  cDNAs  encoding  HA  receptors  from  the  housefly 
Musca  domestica  and  examined  their  functions  and  pharmacological  characteristics. 

Methods:  Two  cDNAs  ( MdhclA  and  MdhclB )  that  encode  HA-gated  chloride  channel  subunits 
(MdHCLA  and  MdHCLB)  were  cloned  from  M.  domestica.  The  cRNAs  were  injected  into 
Xenopus  laevis  oocytes  to  examine  the  responses  of  MdHCLA  and  MdHCLB  channels  to 
agonists  and  antagonists  using  a  two-electrode  voltage  clamp  method. 

Results/Conclusion:  HA  activated  MdHCLA  and  MdHCLB  channels  to  evoke  inward  currents 
with  EC50S  of  33.1  pM  and  6.28  pM,  respectively.  HA  docking  simulation  using  homology 
models  predicted  that  this  difference  is  due  to  differences  in  interacting  amino  acids  between 
these  channels.  Co-injection  of  MdhclA  and  MdhclB  failed  to  produce  functional  channels  that 
elicit  robust  currents  in  response  to  HA.  2-(3-Trifluoromethylphenyl)histamine,  an  HA  Hi 
receptor  agonist,  was  a  partial  agonist  of  MdHCLB  receptors  with  an  EC50  of  49.4  pM. 
MdHCLB  channels  were  also  activated  by  y-aminobutyric  acid  (GABA)  and  monoamines,  such 
as  octopamine,  serotonin  (5-HT),  and  dopamine  (DA);  5-HT  and  DA  also  acted  as  competitive 
antagonists.  GABA  acted  as  a  full  agonist  of  MdHCLB  receptors  with  an  EC50  of  1. 1 1  mM.  d- 
Tubocurarine,  cimetidine,  and  picrotoxinin  were  poor  inhibitors  of  HA-  and  GABA-evoked 
currents  in  MdHCLB  channels.  Our  data  show  that  HCLB  channels,  which  are  activated  by  HA 
and  GABA,  are  more  susceptible  to  various  chemicals  when  compared  with  HCLA  channels. 
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Introduction:  Voltage-gated  chloride  channels  are  involved  in  a  number  of  physiological 
functions,  including  chloride  ion  secretion  and  resorption,  cell  volume  regulation,  maintenance 
of  electrical  excitability,  and  intravesicular  acidification.  Thus,  chloride  channels  are  important 
potential  target  sites  for  insecticides  with  novel  modes  of  action.  Classical  blockers  of  these 
channels  were  previously  shown  to  be  insecticidal  and  nematicidal,  which  suggests  they  are 
worthy  of  further  investigation. 

Methods:  The  present  experiments  screened  insect  cell  lines  with  established  chloride  channel- 
directed  compounds  as  a  model  screening  system.  Cell  counting  experiments  were  used  for 
growth  and  longevity  experiments,  while  planar  and  whole  cell  patching  techniques  were  used  to 
record  electrophysiological  properties  of  the  cells. 

Results/Conclusion:  Anopheles  gambiae  (SualB)  cells  exposed  to  lindane  and  DIDS  exhibited 
reduced  cell  growth.  In  patch  clamp  studies,  DIDS  produced  partial  inhibition  (69%)  of  chloride 
currents,  and  an  IC50  of  5.1  pM.  Some  chloride  channels  showed  no  response  to  DIDS;  however, 
inhibition  (64%)  of  these  currents  was  achieved  using  a  low  chloride  saline  solution,  confirming 
their  identity  as  chloride  channels.  In  contrast,  lindane  increased  chloride  current  amplitude 
(EC50  =116  nM),  which  was  reversed  when  cells  were  bathed  in  calcium-free  extracellular 
solution.  Voltage-sensitive  chloride  channels  were  also  inhibited  by  fenvalerate,  a  type  2 
pyrethroid,  but  not  significantly  blocked  by  type  1  allethrin,  an  effect  not  previously  shown  in 
insects.  The  implications  of  these  results  for  the  search  for  novel  insecticides  targeting  the 
chloride  channel  will  be  presented,  along  with  examination  of  the  factors  that  influence  strategies 
for  insecticide  discovery  and  development. 
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Introduction:  Olfactory  memory  is  a  key  process  by  which  honeybees  detect  food,  individuals 
and  hives,  and  is  thus  crucial  for  individuals  and  colony  long-term  survival.  It  has  been  studied 
extensively  over  the  past  decades,  but  the  molecular  actors  are  still  poorly  identified  and 
characterized.  While  Ca2+  influx  has  been  shown,  on  living  bees,  to  be  involved  in  memory 
formation,  the  nature  and  biophysics  of  the  underlying  Ca2+channels  are  still  unknown. 

Methods:  Analysis  of  the  honeybee  genome  allowed  the  identification  and  the  cloning  of  the 
genes  encoding  for  the  3  types  of  voltage-gated  Ca2+  channels  Cayl,  Cay2  and  Cav3  and  their 
regulatory  a2-5  and  Cavp  subunits.  The  functional  properties  of  the  Cav  gene  products  have 
been  analyzed  after  expression  in  Xenopus  oocytes  and  their  expression  profiles  in  various 
central  and  peripheral  neurons  as  well  as  in  muscle  cells.  Recording  Ca2+  channel  activity  in 
these  cell  types  allowed  a  preliminary  characterization  of  the  role  of  these  genes  in  the 
Ca2+influx. 

Results/Conclusion:  Their  biophysical/pharmacological  characterization  identified  one  LVA  and 
two  HVA  Ca2+  channels  and  suggests  that  they  could  represent  a  potential  collateral  target  of  the 
widely  used  pyrethroids  insecticides.  Moreover,  since  the  insect  Cav  genes  are  less  conserved 
than  the  Nay  ones,  they  may  thus  also  constitute  an  alternative  target  for  insecticides  with  the 
potential  of  being  selective  for  pest  versus  beneficial  insects.  Our  work  thus  provides  new  tools 
allowing  anticipating  the  toxicity  of  various  environmental  pollutants  for  the  honeybee  Apis 
mellifera. 
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Introduction:  The  nitric  oxide  (NO)  signaling  pathway  plays  a  crucial  role  in  insect  olfactory 
learning.  To  elucidate  the  role  of  NO  in  olfactory  learning,  we  investigated  the  ion  channels 
of  intrinsic  neurons  of  the  mushroom  bodies,  known  as  Kenyon  cells,  in  the  cricket  Gryllus 
bimaculatus.  We  then  examined  the  modulation  of  the  ion  channels  by  NO  signaling  and  its 
possible  upstream  pathway. 

Methods:  Single-channel  and  whole-cell  current  recordings  were  performed  using  the  cell- 
attached  and  perforated  patch  clamp  techniques,  respectively,  in  enzymatically  dissociated 
Kenyon  cells. 

Results/Conclusion:  Application  of  NO  donor  resulted  in  an  increase  in  open  probability  (Po)  of 
L-type  Ca2+  channels,  of  both  fast  and  slow  Na+  channels,  and  of  large  conductance  Ca2+- 
activated  K+  channels,  but  a  decrease  in  Po  of  Na+-activated  K+  channels  via  the  cGMP/PKG 
signaling  pathway.  These  actions  were  found  to  result  in  increased  membrane  excitability  of 
Kenyon  cells.  Next,  we  analyzed  the  role  in  the  NO  signaling  cascade  of  acetylcholine  (ACh), 
which  is  known  to  convey  olfactory  information  to  Kenyon  cells,  and  found  its  action 
was  basically  similar  to  that  of  NO.  Furthermore,  the  ACh-induced  effects  were  blocked  by  Mi 
muscarinic  ACh  receptor  antagonist,  PLC  inhibitor,  calmodulin  antagonist,  and  NO  synthase 
inhibitor.  These  results  suggest  that  ACh  promotes  NO  production  by  activating  NOS  enzymes 
and  that  released  NO  acts  on  Kenyon  cells  as  an  excitatory  modulator.  This  study  suggests 
directions  for  future  studies  of  the  functional  significance  of  the  ACh/NO  signaling  cascade  in 
relation  to  olfactory  learning  in  insects. 
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Introduction:  Insect  Malpighian  tubules  secrete  fluid  faster  on  a  per  cell  volume  basis  than  any 
other  epithelium  in  biology,  and  study  of  tubule  function  has  provided  valuable  insights  into 
strategies  of  osmoregulation  and  excretion  in  select  insect  species.  However,  how  can  such 
studies  in  individual  species  address  the  extraordinary  biodiversity  of  insects,  especially  when 
osmoregulatory  function  may  be  expected  to  play  a  key  role  to  adaptation  to  particular  niches? 

Methods:  We  have  designed  approaches  based  on  comparative  genomics,  transcriptomics, 
physiology  and  receptor  pharmacology  to  systematically  identify  suitable  representative  species 
from  each  major  Order,  and  to  characterise  their  tubules  and  thus  infer  evolutionary  relationships 
in  renal  function. 

Results/Conclusion:  Our  data1'4  show  that,  while  insect  renal  function  is  characterised  by  more 
similarities  than  differences,  there  are  fundamental  differences  between  exopterygote  and 
endopterygote  Orders,  particularly  in  appearance  of  specialised  secondary  cells  in  the  latter. 
Furthermore,  the  large  Order  Coleoptera  seem  to  differ  sharply  from  other  endopterygotes  in 
terms  of  their  neuroendocrine  control.  References:  1.  Terhzaz,  S.  et  al.  Insect  capa  neuropeptides 
impact  desiccation  and  cold  tolerance.  Proc.  Natl.  Acad.  Sci.  USA  112,  2882-2887  (2015);  2. 
Overend,  G.  et  al.  A  comprehensive  transcriptomic  view  of  renal  function  in  the  malaria  vector, 
Anopheles  gambiae.  Insect  Biochem.  Mol.  Biol. in  press  (2015);  3.  Halberg,  K.  A.,  et  al.  Tracing 
the  evolutionary  origins  of  insect  renal  function.  Nat.  Commun.  6,  6800  (2015);  4.  Chintapalli,  V. 
R.  et  al.  Transpor  proteins  NHA1  and  NHA2  are  essential  for  survival,  but  have  distinct  transport 
modalities.  Proc.  Natl.  Acad.  Sci.  USA  112,  11720-11725  (2015). 
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Abstract  text: 

Introduction:  Inward  rectifier  K+  (Kir)  channels  are  best  characterized  in  mammals  where  they 
play  fundamental  roles  in  nerve,  muscle,  endocrine,  and  epithelial  physiology.  In  insects,  the 
physiological  roles  of  Kir  channels  have  only  recently  begun  to  emerge.  Our  group  has  focused 
on  characterizing  the  molecular  physiology  of  Kir  channels  in  adult  female  mosquitoes,  with  a 
focus  on  their  functional  roles  in  the  renal  (Malpighian)  tubules. 

Methods:  We  have  integrated  molecular,  pharmacological,  heterologous  expression,  and 
physiological  approaches. 

Results/Conclusion:  In  the  genome  of  the  yellow  fever  mosquito  Aedes  aegypti,  we  identified  5 
genes  encoding  putative  Kir  subunits  (Kiri,  Kir2A,  Kir2B,  Kir2B’,  and  Kir3)  and  demonstrated 
that  Kiri,  Kir2B,  and  Kir3  mRNAs  are  expressed  abundantly  in  Malpighian  tubules  of  adult 
females.  Kiri  and  Kir2B  each  form  barium- sensitive  homomeric  K+  channels  when  expressed  in 
Xenopus  oocytes  and  localize  to  the  basolateral  membrane  of  Malpighian  tubules  where  they 
collectively  contribute  to  over  60%  of  the  transepithelial  K+  transport.  On  the  other  hand  Kir3 
does  not  form  functional  K+  channels  when  expressed  in  Xenopus  oocytes  and  localizes  to 
intracellular  compartments  of  the  tubule  epithelium;  its  physiological  role  remains  a  mystery. 
Small  molecules  that  inhibit  Kiri  expressed  heterologously  in  vitro  also  disrupt  1)  transepithelial 
K+  secretion  in  isolated  Malpighian  tubules  and  2)  renal  excretory  processes  in  the  whole  animal, 
leading  to  incapacitation  or  death  of  the  mosquito  within  24  hours.  Our  findings  suggest  that  Kir 
channels  are  novel  molecular  targets  for  the  development  of  insecticides  that  would  act  in  part 
via  a  novel  mechanism  of  action:  i.e.,  renal  failure. 
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Abstract  text: 

Introduction:  The  concept  of  water  transport  in  insects  was  first  hypothesized  in  the  1950s  to  60s, 
and  since  then  much  work  on  insect  osmoregulation  has  focused  on  the  gain  and  loss  of  water 
from  their  small  bodies.  Molecular  characterization  of  insect  AQPs  has  advance  rapidly  and  a 
classification  system  for  insect  AQPs  has  been  refined  in  the  last  decade.  Our  group  has  focused 
on  characterizing  the  molecular  physiology  of  AQPs  in  lepidopteran  caterpillars. 


Methods:  We  have  cloned  cDNAs  encoding  for  putative  AQP  subtypes  from  the  silkworm 
Bombyx  mori.  The  functional  analyses  of  each  gene  were  evaluated  with  the  heterologous 
expression  in  Xenopus  oocytes.  The  expression  of  each  AQP  in  various  tissues  was  examined  by 
Western  blot  analyses  and  immunohistochemistry. 

Results/Conclusion:  Most  insect  AQPs  tested  experimentally  are  water-specific,  and  are  grouped 
into  two  AQP  clusters.  We  have  identified  two  subtypes  in  the  larval  hindgut  of  B.  mori.  These 
are  abundantly  expressed  in  fluid-transporting  epithelia,  e.g.  the  cryptonephric  rectal  complex, 
and  function  to  prevent  unnecessary  water  loss  and  desiccation  through  the  excretion  of  very  dry 
feces.  Another  AQP  gene  cluster  includes  aquaglyceroporins  (GLPs),  which  transport  glycerol, 
urea  and  other  non-charged  solutes  and  are  structurally  distinct  from  the  mammalian  GLPs.  The 
existence  of  only  a  handful  of  these  has  been  experimentally  demonstrated,  and  they  appear  to 
occur  predominantly  in  the  midgut  and  Malpighian  tubules.  There  is  emerging  evidence  that  it 
may  contain  crucial  multifunctional  non-charged  solute  transporters  central  to  insect  survival 
strategies  such  as  diapause  and  symbiosis. 
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Introduction:  G-protein-coupled  receptors  (GPCRs)  are  involved  in  animal  steroid  hormone 
signaling,  but  their  mechanism  is  unclear.  In  this  research,  we  report  that  a  GPCR  called 
ErGPCR-2  controls  steroid  hormone  20-hydroxyecdysone  (20E)  signaling  in  the  cell  membrane 
of  the  lepidopteran  insect  Helicoverpa  armigera. 


Methods:  We  used  RNA  interference,  calcium  ions  assay,  protein  phosphorylation  detection, 
overexpression  of  ErGPCR-2  and  its  mutants,  chromatin  immunoprecipitation  assay  and  [3H]Pon 
A-binding  assays  for  the  studies. 

Results/Conclusion:  ErGPCR-2  was  highly  expressed  during  molting  and  metamorphosis.  20E 
via  ErGPCR-2  regulated  rapid  intracellular  calcium  increase,  protein  phosphorylation,  gene 
transcription,  and  insect  metamorphosis.  ErGPCR-2  was  located  in  the  cell  surface  and  was 
internalized  by  20E  induction.  GPCR  kinase  2  participated  in  20E-induced  ErGPCR-2 
phosphorylation  and  internalization.  The  internalized  ErGPCR-2  was  degraded  by  proteases  to 
desensitize  20E  signaling.  ErGPCR-2  knockdown  suppressed  the  entrance  of  20E  analog  [3H] 
ponasterone  A  ([3H]Pon  A)  into  the  cells.  ErGPCR-2  overexpression  or  blocking  of  ErGPCR-2 
internalization  increased  the  entrance  of  [3H]Pon  A  into  the  cells.  However,  ErGPCR-2  did  not 
bind  to  [3H]Pon  A.  ErGPCR-2  is  a  key  control  factor  for  the  entrance  of  20E  into  cells.  20E  via 
ErGPCR-2  regulates  rapid  intracellular  Ca2+increase  and  phosphorylation  of  USP1  and  CDK10, 
which  induce  gene  transcription  in  the  20E  pathway,  thereby  regulating  metamorphosis. 
ErGPCR-2  is  phosphorylated  and  internalized  via  GRK2  for  degradation  to  desensitize  20E 
signaling. 
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Foundation  of  China  (3 1230067),  the  National  Basic  Research  Program  of  China  (973  Program, 
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Abstract  text: 


Introduction:  Insect  physiology  and  behavior  are  regulated  by  various  neurotransmitters  and 
hormones.  Biogenic  amines  act  as  neurotransmitters,  neuromodulators,  and  neurohormones 
through  the  agency  of  G  protein-coupled  receptors  (GPCRs).  We  explored  the  regulatory  roles 
played  by  biogenic  amines  and  GPCRs  in  the  feeding  behavior  of  the  silkworm  Bombyx  mori. 

Methods:  We  examined  the  effects  of  injected  biogenic  amines,  or  agonists/antagonists  thereof, 
on  feeding  behavior.  As  dopamine  (DA)  agonists/antagonists  effectively  regulated  feeding,  we 
used  the  cAMP  assay  to  explore  how  these  compounds  interacted  pharmacologically  with  three 
cloned  Bombyx  DA  receptors  (BmDopRl-3)  expressed  in  HEK-293  cells.  We  employed  the 
CRE-SEAP  reporter  assay  to  identify  the  BmDopR2  antagonist  that  most  effectively  inhibited 
feeding  behavior. 

Results/Conclusion:  Injected  octopamine  slightly  increased  larval  food  consumption  but 
serotonin  exerted  the  opposite  effect.  Neither  tyramine  nor  DA  had  any  effect.  The  antagonists 
flupentixol  and  chlorpromazine  suppressed  feeding;  the  antagonistic  activity  was  in  the  order 
BmDopR2>BmDopRl»BmDopR3.  Methiotepin  was  the  most  potent  BmDopR2  antagonist, 
inhibiting  feeding  more  strongly  than  did  flupentixol.  Interestingly,  the  DA  agonist 
bromocriptine  enhanced  both  feeding  and  fecal  excretion,  and  prolonged  both  feeding  and 
locomotion.  Bromocriptine  was  a  specific  agonist  of  BmDopR3.  We  recently  found  that  the 
agonist  pergolide  increased  food  intake  but  had  no  effect  on  fecal  excretion.  This  suggested  that 
an  additional  insect  D2-like  DA  receptor  played  a  role  in  regulation  of  feeding  behavior;  we 
cloned  the  relevant  gene  ( BmDopR4 ).  Bombyx  feeding  behavior  is  likely  controlled  by  biogenic 
amine  GPCRs,  principally  DA  receptors  (including  BmDopR4). 
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Abstract  text: 


Introduction:  In  vertebrates,  the  nervous  and  endocrine  systems  can  alter  immune  function 
because  they  synthesize  and  release  factors  that  can  bind  to  receptors  found  on  immune  cells. 
Similarly,  immune  cells  have  been  shown  to  synthesize  and  release  compounds  that  can  directly 
and/or  indirectly  produce  changes  in  neuronal  activity.  There  are  no  examples  of  an  immune- 
behavioral  interaction  in  insects  in  which  all  of  the  necessary  steps  from  synthesis  of  chemical 
signals  to  activation  of  the  appropriate  receptors  has  been  well-established.  Here  I  will  introduce 
our  recent  work  about  how  hemocytes-derived  biogenic  amines  regulate  insect  immunity  through 
their  specific  receptors  and  whether  such  autocrine  signaling  is  important  for  insects  to  defense 
against  pathogens. 

Methods:  We  used  a  combination  of  approaches  from  pharmacology,  cell  biology,  molecular 
biology,  biochemistry,  immunology  and  genetics  to  study  the  functions  of  biogenic  amine 
receptors  in  lepidopteran  insects  ( Chilo  suppressalis  and  Pieris  rapae)  and  model  animal 
Drosophila  melanogaster. 

Results/Conclusion:  We  found  that  insect  hemocytes  can  synthesize  and  release  biogenic  amines, 
which  regulate  phagocytosis  via  corresponding  receptors  on  the  hemocyte  membrane.  Genetic 
study  in  Drosophila  also  implied  that  these  neuromodulator  receptors  may  be  necessary  for 
insects  to  fight  bacteria  infections.  These  findings  suggest  that  the  neuro-immune  interactions 
appear  to  be  consistent  across  phyla,  and  it  will  be  useful  to  study  these  connections  in  less 
complicated  animals  such  as  insects,  which  have  a  simple  nervous  and  immune  system. 
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Abstract  text: 


Introduction:  GABA  (y-aminobutyric  acid)  is  the  predominant  inhibitory  neurotransmitter  in  the 
central  nervous  system.  The  effects  of  GABA  are  mediated  by  either  ionotropic  GABAa 
receptors  or  metabotropic  GABAb  receptors.  GABAb  receptors  are  members  of  the  G-protein- 
coupled  receptor  family  and  regulate,  via  Gi/0  proteins,  ion  channels,  and  adenylyl  cyclases.  In 
the  American  cockroach,  Periplaneta  americana ,  an  axon  of  the  GABAergic  salivary  neuron  2 
(SN2)  projects  from  the  subesophageal  ganglion  via  the  salivary  duct  nerve  towards  the  salivary 
gland.  When  applied  during  salivary  duct  nerve  stimulation,  GABA  enhances  the  electrical 
response  of  acinar  cells  and  increases  the  rate  of  fluid  and  protein  secretion.  The  effect  on 
electrical  cell  responses  is  mimicked  by  GABAb  receptor  agonists  and  blocked  by  the 
GABABreceptor  antagonists. 

Methods:  We  have  cloned  cDNAs  coding  for  putative  GABAb  receptor  subtypes  1  and  2  of 
P.  americana  (PeaGBl  and  PeaGB2).  Both  receptor  proteins  were  co-expressed  in  HEK  293 
cells  for  functional  and  pharmacological  characterization.  Receptor  expression  in  various  organs 
and  tissues  was  examined  by  Western  blot  analyses  and  immunohistochemistry. 

Results/Conclusion:  Activation  of  the  receptor  heteromer  with  GABA  leads  to  a  dose-dependent 
decrease  in  cAMP  production.  The  pharmacological  profile  differs  from  that  of  mammalian  and 
Drosophila  GABAb  receptors.  Western  blotting  with  polyclonal  antibodies  revealed  the 
expression  of  PeaGBl  and  PeaGB2  in  the  CNS  of  the  American  cockroach.  In  addition,  PeaGBl 
is  expressed  in  salivary  glands  and  male  accessory  glands.  Notably,  PeaGBl -like 
immunoreactivity  has  been  detected  in  the  GABAergic  SN2,  suggesting  that  GABAb  receptors 
act  as  autoreceptors  in  this  neuron. 
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Abstract  text: 

Introduction:  Male  sex  peptide  (SP),  a  product  of  the  male  accessory  gland,  belongs  to  a  class  of 
seminal  fluid  proteins  that  have  diverse  effects  on  the  physiology  and  behaviour  of  the  post- 
mated  female.  SP  was  first  characterised  from  D.  melanogaster  and  shown  to  be  a  36  amino  acid 
peptide  with  three  structural  and  functionally  distinct  regions.  These  domains  are  well  conserved 
in  the  SP  from  other  Drosophila  species,  e.g.  D.  suzukii  and  D.  yakuba ,  although  details  of  post- 
translational  modifications  of  these  peptides  is  lacking.  The  responses  of  the  female  to  the  male 
SP  has  been  thoroughly  investigated  in  D.  melanogaster  and  include  the  rejection  of  courting 
males,  increase  in  egg-laying,  production  of  antimicrobial  peptides,  loss  of  siesta  sleep  as  well  as 
changes  in  food  preferences. 

Methods:  We  have  used  mass  spectrometry  (MS)  to  characterise  SP  extracted  from  male 
accessory  glands  of  D.  melanogaster,  D.  suzukii  and  D.  yakuba  and  trikinetics  activity  monitors 
and  video  recording  equipment  to  record  and  compare  post-mated  behaviours  of  all  three  species. 
These  studies  have  been  conducted  under  conditions  that  simulate  natural  daily  fluctuations  in 
temperature,  humidity  and  light. 

Results/Conclusion:  We  reveal  post-translational  modifications  of  SP  and  follow  its  transfer  to 
the  post-mated  female  by  MS.  Our  results  show  that  mating  and  transfer  of  seminal  fluid  changes 
the  sleep/  activity  behaviour  of  females,  but  not  males,  in  a  species  specific  manner.  This  switch 
of  behaviour  is  probably  a  evolutionarily  conserved  adaptation  linked  to  greater  foraging  activity 
and  searching  for  suitable  egg-laying  sites  by  the  post-mated  female. 
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Abstract  text: 

Introduction: 

The  adipokinetic  hormones  (AKHs)  are  multi-functional  invertebrate  neuropeptides  observed 
primarily  or  exclusively  in  neurosecretory  cells  of  the 

Methods: 

To  identify  the  SFPs  of 
Results/Conclusion: 

We  found  the  precursor  protein  of  AKH-I  expressed  in  the  male  reproductive  accessory  glands 
and  transferred  to  females  during  mating.  Results  of  functional  assays  and  gene  expression 
patterns  across  Diptera  will  be  reported.  The  work  is  important  because  it  is  the  first  to 
investigate  the  roles  and  mechanisms  of  action  of  AKH  that  is  derived  from  reproductive  tissues. 
This  research  will  advance  the  field  of  neuropeptidomics  by  expanding  the  defined  roles  of  an 
important  neuropeptide. 
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Abstract  text: 

Introduction:  Since  the  genomes  of  different  ant  species  have  been  sequenced,  putative  inotocin 
precursor  (homolog  of  oxytocin)  and  receptor  were  discovered.  Commonly  in  invertebrates  - 
similar  to  the  vertebrate  system  -  oxytocin/vasopressin-like  signaling  appears  to  be  important  for 
water  homeostasis,  reproduction,  learning,  memory  and  behavior. 

Methods:  We  utilized  transcriptome  sequencing  of  insects,  in  particular  of  several  ant  species,  to 
obtain  peptide  and  receptor  sequences.  The  cognate  receptor  sequence  was  validated  by  PCR  and 
the  specific  interaction  with  its  native  ligand  inotocin  was  confirmed  by  in  vitro  pharmacology. 
We  further  quantified  expression  levels  of  both  the  receptor  and  peptide  precursor  in  different 
parts  of  the  body  and  developmental  stages  in  ants  using  qPCR.  We  aim  to  design  novel  peptide 
ligands  based  on  their  natural  templates  for  studying  structure-activity  relationships  and  to 
develop  ligands  for  pharmacological  manipulation  of  inotocin  signaling  in  vivo. 

Results/Conclusion:  We  obtained  an  overview  of  the  presence/absence  of  oxytocin-like 
signalling  components  (receptor  and  precursor)  in  Insecta.  Furthermore  we  utilzed  peptide 
chemistry  and  pharmacology  to  develop  and  characterize  stable  neuropeptide  ligands  for 
funictonal  in  vivo  studies.  To  characterize  the  physiological  function  of  inotocin  siganlling,  we 
tested  the  expression  levels  of  the  receptor  and  precursor  in  different  castes  and  at  developmental 
stages  of  ants,  and  by  using  immunohistochemistry.  These  preliminary  outcomes  will  be 
important  for  further  functional  studies  to  elucidate  the  role  of  inotocin  signaling  for  physiology 
and  behavior  in  ant  societies,  and  insects  in  general. 
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Abstract  text: 

Introduction:  There  is  an  on-going  need  for  the  discovery  and  development  of  new  pesticides  due 
to  the  loss  of  existing  products  through  the  continuing  development  of  resistance,  the  desire  for 
products  with  more  favourable  environmental  and  toxicological  profiles  and  the  need  to 
implement  the  principles  of  integrated  pest  management. Insect  GPCRs  have  important  roles  in 
modulating  biology,  physiology  and  behaviour,  including  reproduction,  osmoregulation,  growth 
and  development.  Modifying  normal  receptor  function  by  blocking  or  over  stimulating  its  actions 
may  either  result  in  the  death  of  a  pest  or  disrupt  its  normal  fitness  or  reproductive  capacity  to 
reduce  pest  populations.  Hence  GPCRs  offer  potential  targets  for  the  development  of  next 
generation  pesticides  providing  opportunities  to  discover  new  chemistries  for  invertebrate  pest 
control.  Such  receptors  are  important  targets  for  pharmaceutical  drugs,  but  are  under-exploited 
by  the  agro-chemical  industry. 

Methods:  GPCRs  involved  in  reproduction  and/or  development  and  their  ligands  have  been 
structurally  characterized  from  Drosophila  suzukii  and  Delia  radicum  using  a  combination  of 
molecular  and  biochemical  techniques.  Cell  based  assays  were  developed  to  allow  for  screening 
of  compounds  that  interact  with  receptors,  and  in  vivo  assays  used  to  evaluate  effects  of  ligands. 

Results/Conclusion:  A  number  of  GPCRs  have  been  identified  from  D.  suzukii  and/or  Delia 
radicum  and  selected  receptors  (e.g.  the  corticotropin-related  diuretic  hormone  and 
myosuppressin  receptors)  structurally  characterized.  A  variety  of  compounds  have  been  screened 
to  identify  potential  lead  compounds.  In  vivo  assays  have  also  demonstrated  the  insecticidal 
activity  of  natural  ligands. 
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Abstract  text: 

Introduction:  The  desert  locust  is  a  phytophagous  pest  insect  that  can  ruin  harvests  in  a  vast 
region,  spanning  Northern  Africa,  the  Middle  East  and  the  Indian  subcontinent. 

Schistocerca  gregariais  is  characterized  by  an  extreme  form  of  phenotypic  plasticity,  occurring 
in  a  relatively  harmless  solitary  phase,  but  also  in  a  swarming  gregarious  phase.  Currently,  locust 
swarms  are  controlled  using  non-selective  insecticides  that  also  affect  non-target  organisms. 
More  selective  control  strategies  are  needed  to  combat  this  pest  in  its  already  fragile  habitat 
which  includes  some  of  the  world's  poorest  countries.  In  this  aspect,  the  classic  insect  hormones, 
20-hydroxyecdysone  (20E)  and  juvenile  hormone  (JH)  are  excellent  targets.  Earlier  reports  in 
locusts  have  ascribed  different  roles  to  these  hormones  in  growth,  metamorphosis,  phase 
transition  and  reproduction.  Most  of  these  reports  are  based  on  older  physiological  data.  The 
characterization  of  factors  upstream  and  downstream  of  these  hormones  now  allows  for  novel 
and  more  extensive  ways  to  re-evaluate  their  functions. 

Methods:  Making  use  of  the  locust's  effective  and  systemic  RNAi  response,  our  study  has 
targeted  several  downstream  factors  in  20E  and  JH  signaling  during  female  reproduction. 

Results/Conclusion:  Our  results  show  there  is  an  intricate  interplay  between  nutritional  signals 
and  hormones,  such  as  neuroparsins  (NP)  and  insulin-like  peptides  (ILP),  JH  and  20E. 
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Abstract  text: 


Introduction:  After  nearly  a  fifty-year  absence,  the  bed  bug  Cimex  lectularius  L.,  has  re-emerged 
as  a  very  important  urban  pest  affecting  persons  of  all  economic  strata.  Nowhere  is  the  impact  of 
bed  bugs  greater  than  in  affordable  housing  communities,  where  financial  resources  are  limited 
and  the  quality  of  pest  control  often  poor.  Research  on  the  behavioral  ecology  of  bed  bugs  is 
essential  in  creating  pest  management  approaches  that  are  more  effective,  efficient  and 
economical. 

Methods:  We  conducted  a  series  of  experiments  in  apartments  to  better  understand  the 
behavioral  ecology  and  control  of  bed  bugs  under  field  conditions.  The  experiments  provided 
valuable  information  regarding  the  effective  detection  of  bed  bugs,  as  well  as  movement  of  bed 
bugs  within  and  between  apartments,  and  the  effect  of  various  interventions  on  low-level 
populations. 

Results/Conclusion:  Based  upon  our  research  findings  a  highly  successful  model  IPM  program 
for  bed  bugs  was  developed  and  implemented  in  an  affordable  housing  community,  which 
provides  a  template  for  successful  bed  bug  control  in  similar  living  communities. 
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Abstract  text: 

Introduction:  The  resurgence  of  bed  bugs  ( Cimex  spp.)  have  occurred  within  the  last  10-20  years 
in  the  U.S.  and  other  countries.  In  spite  of  the  development  of  some  effective  control  tools  and 
methods,  bed  bug  infestations  continue  to  be  a  persistence  pest  in  urban  communities 

Methods:  We  reviewed  the  published  research  and  bed  bug  reports  from  news  media  about  bed 
bug  infestations  and  control  practices  in  the  U.S.  and  China.  People’s  attitudes,  socioeconomic 
status  toward  bed  bug  infestations,  and  bed  bug  control  practices  are  some  of  the  factors 


associated  with  bed  bug  prevalence.  Community- wide  bed  bug  inspections  were  conducted  in 
four  cities  including  2,300  apartments.  Bed  bug  infestations  in  the  U.S.  are  concentrated  in  low- 
income  communities.  Whereas,  most  reported  bed  bug  cases  in  China  were  found  in  factory 
dormitories  and  railway  cars. 

Results/Conclusion:  Community-wide  elimination  efforts,  adopting  more  effective  pest  control 
policy,  and  better  implementation  of  proven  effective  control  methods  and  tools  are 
recommended  to  reduce  the  current  bed  bug  infestations. 
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Abstract  text: 

Introduction:  Research  on  field  strains  of  Cimex  lectularius  from  Australia  has  identified 
widespread  resistance  to  pyrethroid  insecticides,  but  variability  in  the  magnitude  expressed.  To 
determine  if  differences  in  resistance  mechanisms  exist,  collected  strains  were  examined  for  the 
presence  of  metabolic  detoxification  and/or  cuticle  thickening. 

Methods:  The  presence  and  relative  contribution  of  detoxifying  esterases  or  cytochrome  P450 
monooxygenases  were  assessed.  Bed  bugs  collected  from  Parramatta  (NSW),  Melbourne  (VIC) 
-  2  strains,  4N°  2’  and  4N°4’,  and  Alice  Springs  (NT)  were  exposed  in  topical  bioassays 
employing  deltamethrin  and  two  pyrethroid  synergists:  piperonyl  butoxide  (PBO)  and  EN1 6/5-1. 
PBO  inhibits  both  monooxygenases  and  esterases,  whereas  EN 16/5-1  will  inhibit  esterases  only. 
Thus  in  a  comparative  bioassay,  the  results  can  infer  the  dominant  enzyme  system. 

The  Parramatta  strain  was  then  selected  to  study  the  potential  presence  of  cuticle  thickening. 
Nine-day-old  male  bed  bugs  were  exposed  to  filter  papers  treated  with  the  highest  label  rate  of 


Demand  Insecticide®(200mL/10L  of  25g/L  lambda-cyhalothrin)  and  were  grouped  according  to 
time-to-knockdown  (<  2  hours,  >  4  hours,  and  survivors  at  24  hours).  Measurements  of  mean 
cuticle  thickness  at  the  transverse  midpoint  of  the  second  leg  tarsus  were  taken  under  electron 
microscope. 

Results/Conclusion:  All  strains  possessed  resistance  that  was  inhibited  by  the  synergists,  with  the 
Parramatta  and  Melbourne  N°  2  indicating  esterase-dominance,  and  Alice  Springs  and 
Melbourne  N°  4  indicating  cytochrome  P450  monooxygenase-dominance.  Cuticular 
measurements  demonstrated  that  bed  bugs  surviving  deltamethrin  exposure  had  significantly 
thicker  cuticles,  denoting  a  novel  form  of  resistance  in  these  insects. 
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Abstract  text: 

Introduction:  Over  the  last  two  decades,  bed  bugs  (both  Cimex  lectularius  L.  and  C.  hemipterus 
F.)  have  been  undergoing  a  major  global  resurgence.  Insecticide  resistance,  notably  with  the 
pyrethroids  (a  major  insecticide  class  that  is  widely  used  to  control  insect  pests,  included  bed 
bugs),  is  one  of  the  major  causes  of  the  resurgence  of  bed  bug  infestations.  There  is  a  need  to 
better  understand  insecticide  resistance  mechanisms  and  their  detection  based  on  molecular 
methods. 

Methods:  This  review  paper  is  produced  to  enhance  the  awareness  of  the  molecular  basis  of  bed 
bug  insecticide  resistance  mechanisms. 


Results/Conclusion:An  outline  for  the  detection  of  pyrethroid  resistance  in  bed  bugs  based  on 
molecular  method  is  provided.  Recommendations  to  improve  bed  bug  management  based  on  our 
studies  will  be  discussed. 
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Abstract  text: 

Introduction:  Two  strains  of  the  common  bed  bug,  Cimex  lectularius  L.,  eggs  and  first  instars 
collected  from  pyrethroid-resistant  adults  were  evaluated  for  insecticide  resistance  and  compared 
to  a  susceptible  strain. 

Methods:  Dose-response  bioassays  were  conducted  using  two  insecticide  formulations  (Temprid: 
imidacloprid/p-cyfhithrin,  and  Transport:  acetamiprid/  bifenthrin). 

Results/Conclusion:  The  lethal  concentration  (LC50)  for  the  two  resistant  egg  strains  exposed  to 
imidacloprid/p-cyfhithrin  ranged  from  3  to  5-fold  higher  than  susceptible  strain  eggs. 

Resistant  strain  eggs  dipped  into  formulations  of  acetamiprid/bifenthrin  had  LC50  values  which 
were  significantly  greater  (39  to  1,080-fold)  than  susceptible  strain  eggs.  Similar  to  eggs, 
resistant  strain  first  instars  exposed  to  residual  applications  of  imidacloprid/p-cyfhithrin  had 
LC50  values  ranging  from  121  to  493-fold  greater  than  susceptible  strain  first  instars.  When 
resistant  strain  first  instars  were  treated  with  acetamiprid/bifenthrin,  they  had  LC50  values  that 
were  99  to  >  1,900-fold  greater  than  susceptible  strain  first  instars.  To  determine  differences 
between  egg  and  first  instar  resistance,  stage  resistance  ratios  (SRR)  were  compared  between  the 
two  stages.  There  was  little  difference  between  the  egg  and  first  instar  stages,  indicated  by  small 


SRR  values  ranging  from  1.1  to  10.0.  This  study  suggests  that  insecticide  resistance  is  expressed 
early  during  bed  bug  development. 
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Abstract  text: 


Introduction:  Alteration  of  one  or  more  life  history  parameters  is  often  associated  with  adaptation 
to  a  new  environment.  Populations  of  insects  that  are  resistant  to  insecticides  frequently  have 
reduced  fitness  relative  to  susceptible  populations  in  environments  free  of  insecticides.  Our 
previous  work  showed  that  three  populations  of  bed  bugs,  Cimex  lectularius  L.,  evolved 
significantly  increased  levels  of  resistance  to  one  commercial  insecticide  containing  two  active 
ingredients  (p-cyfluthrin  and  imidacloprid)  after  one  generation  of  selection  allowing  us  to 
explore  potential  tradeoffs  between  life  history  parameters  and  resistance  using  susceptible  and 
resistant  strains  of  the  same  populations. 

Methods:  Life  history  tables  were  compiled  by  collecting  weekly  data  on  mortality  and  fecundity 
of  bugs  from  each  strain  and  treatment  throughout  their  lives. 

Results/Conclusion:  Selection  led  to  a  male-biased  sex  ratio,  shortened  oviposition  period,  and 
decreased  life-time  reproductive  rate.  Generation  time  was  shortened  by  selection,  a  change  that 
represents  a  benefit  rather  than  a  cost.  Using  these  life  history  characteristics  we  calculated  that 
there  would  be  a  90%  return  to  pre-selection  levels  of  susceptibility  within  2-  6.5  generations 
depending  on  strain.  An  integrated  pest  management  approach  to  bed  bug  control  should  be 
considered  involving  the  characterization  of  population  susceptibility  and  the  implementation  of 
insecticide  resistance  management  strategies  such  as  insecticide  rotation  or  utilization  of  non- 
insecticidal  control  tactics. 
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Abstract  text: 

Introduction:  The  Common  bed  bug,  Cimex  lectularius  L.  is  a  temporary  ecto-parasite  of 
humans.  Once  nearly  extirpated  from  western  industrialized  nations  during  the  latter  half  of  the 
20th  century,  it  has  been  reintroduced  via  human  movement  and  is  established.  Not  well 
understood  is  the  insect's  adaptive  behaviors,  born  from  its  co-evolution  with  humans. 

Methods:  Behaviors  include  reclusive  adaptations,  here-to  fore  unobserved  female  and  male 
reproductive  behavior  and  post  reproductive  longevity,  hybrid  vigor,  pre-social  behaviors,  host 
seeking,  feeding  behavior  and  starvation  tolerance,  adaptation  to  predation,  morphology,  and 
distribution  behavior. 

Results/Conclusion:  Understanding  C.  lectularius  behavior  is  an  integral  part  of  integrated  pest 
management  (IPM)  of  this  insect. 
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Introduction:  Recent  resurgence  throughout  western  industrialized  nations  of  the  common  bed 
bug  Cimex  lectularius  L.  has  in  part  been  facilitated  by  the  insect  acquiring  pesticide  resistance. 
Novel  techniques,  including  xenointoxication  should  be  considered  to  combat  the  bed  bug 
problem. 

Methods:  Ivermectin,  which  is  U.S.  Food  and  Drug  Administration  (FDA)-approved  for 
treatment  of  some  human  parasites,  and  the  antiparasitic  drug  moxidectin,  which  is  currently 
being  explored  for  clinical  use  in  humans,  were  evaluated  for  efficacy  against  Cimex 
lectularius  L. 

Results/Conclusion:  Results  showed  that  C.  lectularius  who  fed  on  blood  containing  25-100 
ng/mL  of  ivermectin  or  moxidectin  both  had  significantly  higher  mortality  (60-100%)  than 
controls  (p<0.001)  between  6-81  days  of  observation.  Bed  bugs  that  survived  a  blood  meal 
containing  ivermectin  suffered  long-term  sequela  including  the  inability  to  feed  again  during  the 
post  treatment  observation  period,  lack  of  fecundity,  and  incomplete  nymphal  molting.  Unlike 
with  ivermectin,  some  bed  bugs  that  survived  a  blood  meal  containing  moxidectin  were  able  to 
feed  and  reproduce. 
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Introduction:  Working  as  a  consulting  entomologist  and  pest  management  expert  has  afforded 
unique  opportunities  to  work  with  bed  bugs  ( Cimex  lectularius  L.).  These  opportunities  include 
the  resolution  of  long  standing  bed  bug  infestations  at  all  types  of  locations  inhabited  by  humans. 
While  the  goal  is  to  provide  successful  elimination  of  bed  bug  infestations,  at  times  this  seems 
much  easier  said  than  achieved.  The  observance  of  real  world  successes  and  failures  regarding 
bed  bug  control  work  provides  the  opportunity  to  review  and  observe  how  various  failed  aspects 
has  led  to  avoidable  circumstances  which  eventually  deteriorated  to  litigation. 

Methods:  Review  of  numerous  bed  bug  control  situations  and  case  litigations  to  identify  and 
characterize  the  most  frequent  and  common  factors  contributing  to  the  overall  failure  of  bed  bug 
control  efforts  which  occur.  Characterize  the  most  common  and  frequent  causes  of  failed  bed 
bug  control  efforts  such  that  these  factors  may  become  more  recognizable. 

Results/Conclusion:  Successful  bed  bug  control  work  is  simply  not  as  complex  as  it  may  seem. 
Clearly,  the  work  is  more  difficult  than  it  is  scientifically  complex  and  there  are  logistical 
challenges  which  must  be  properly  identified  and  overcome  in  order  to  successfully  eliminate 
and  control  bed  bugs  long  term.  The  results  and  conclusions  presented  include  how  to  properly 
address  the  common  flaws  and  mistakes  such  that  these  errors  may  be  avoided  by  competent  bed 
bug  professionals.  Thus  reviewing  a  range  of  legal  cases  would  be  quite  compelling,  including 
successful  and  unsuccessful  litigation,  and  the  circumstances  that  predicated  the  legal  outcome. 
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Abstract  text: 

In  social  insects,  the  postembryonic  development  of  individuals  exhibits  strong  plasticity  in 
response  to  social  condition.  In  many  termite  species,  upon  the  death  of  primary  queen  and  king, 
workers  can  molt  into  ergatoid  reproductives  and  engage  in  reproduction  in  the  natal  colony. 


However,  the  regulation  of  this  differentiation  is  not  fully  understood.  Our  study  demonstrated 
that,  in  the  eastern  subterranean  termite,  Reticulitermes  flavipes ,  worker-reproductive  transition 
is  regulated  in  a  sex-specific  manner.  Ergatoid  reproductives  inhibit  workers  of  the  same  sex 
from  differentiating  into  additional  reproductives,  but  stimulate  the  opposite  sex  to  become 
ergatoids.  There  are  distinct  differences  in  the  abundance  and  composition  of  cuticular 
hydrocarbons  between  workers  and  ergatoid  reproductives.  The  reproductive-specific 
hydrocarbon  profiles  may  involve  in  mediating  the  development  and  behavior  of  workers.  Our 
findings  are  important  for  understanding  the  reproductive  division  of  labor  in  termites,  one  of  the 
few  hemimetabolous  eusocial  insects  with  both  male  and  female  workers. 
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Abstract  text: 

Agricultural  intensification  has  caused  a  reduction  in  the  extent  of  semi-natural  areas  and  wild 
flowering  plants.  Pollinating  insects  may  now  depend  on  pockets  of  seasonal  resources  scattered 
across  the  landscape.  Few  studies  have  attempted  to  quantify  this  resource.  Our  aim  was  to  build 
a  landscape  map  of  resource  availability,  and  to  investigate  whether  a  resource  deficit,  in  the 
landscape  or  season,  may  be  hindering  bumblebee  colony  success.  We  first  calculated  colony 
resource  requirements  in  a  closed  experiment  and  investigated  the  effects  of  restricting  pollen 
and  nectar  supply  on  bumblebee  ( Bombus  terrestris  audax)  colony  growth,  adult  size  and 
number.  Ad-lib  colonies  consumed  in  excess  of  176  g  pollen  and  1,186  g  sugar  in  their  lifetime. 
Bumblebee  colonies  that  were  given  limited  food  from  an  early  stage  (5  workers)  grew  little  with 
anything  less  than  ad-lib  nectar,  while  more-established  colonies  (mean  18  workers)  coped 
better,  and  increased  in  weight  even  with  low  levels  of  nectar.  This  suggests  that  a  shortage  of 
resources  in  early  spring  may  be  most  damaging  to  bumblebee  colonies.  We  next  recorded 
bumblebee  visitation  in  four  broad  habitat  types  through  their  flight  season.  We  characterized 
each  habitat  by  pollen  and  nectar  resources  and  analysed  resource  availability  in  relation  to 
colony  density,  growth  and  success.  This  study  provides  a  base  line  for  the  developmental 


requirements  of  bumblebee  colonies,  indicates  the  effects  a  resource  deficit  may  have  on  their 
development  and  reproduction,  and  makes  the  first  attempts  at  mapping  pollen  and  nectar 
resources  over  time  in  an  agro-ecosystem. 
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Abstract  text: 

Pesticides  can  be  used  only  after  an  exhaustive  evaluation  by  regulatory  authorities.  Agricultural 
pesticides  deliver  critical  services  by  controlling  plant  diseases,  insect  pests  and  weeds.  Feeding 
sustainably  the  UN-projected  9.6  billion  people  living  on  planet  Earth  by  2050  will  require 
pesticides  to  maintain  and  improve  crop  yields  on  existing  farmland  acreage.  Simultaneously,  the 
European  honey  bee  (Apis  mellifera  L.)  must  continue  to  provide  necessary  pollination  services 
to  nutritionally  and  economically  important  crops.  Environmental  toxicologists  have  the 
responsibility  to  employ  rigorous  scientific  methods  as  they  gather  experimental  evidence 
evaluating  the  safety  of  pesticide  products  to  honey  bees.  Studies  on  the  effects  of  pesticides  on 
honey  bees  should  be  designed  to  adequately  characterize  the  dose-time-toxic  response 
relationship,  ultimately,  to  determine  whether  the  pesticide,  as  used  under  typical  agricultural 
conditions,  affects  the  survival,  growth  and  reproduction  of  honey  bees  at  the  colony  level. 
Although  much  useful  science  may  be  done  to  elucidate  biochemical,  mechanistic,  behavioral  or 
sub-lethal  effects  on  honey  bees,  reductionist  methods  often  fail  to  provide  a  plausible,  definitive 
and  actionable  adverse  outcome  pathway  linkage  to  colony-level  endpoints  that  matter  to  the 
beekeeper.  Risk  assessment  provides  an  objective,  quantitative  methodology  for  evaluating  the 
probability  of  adverse  effects  on  honey  bees.  However,  the  uncertainty  inherent  in  all  scientific 
endeavors,  always  irreducible  to  zero,  and  especially  so  when  experimentally  testing  a  highly 
complex  eusocial  super-organism  as  the  honey  bee  colony,  requires  a  high  degree  of  professional 
scientific  judgment,  indeed  wisdom,  to  comprehensively  evaluate  the  evidence  brought  to  the 
regulatory  process. 
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Abstract  text: 

The  feeding  mechanism  of  butterfly  proboscises  was  reported  to  rely  solely  on  the  sucking  pump 
in  the  head  to  generate  the  pressure  differential  for  the  transportation  of  fluids  (i.e.,  a  drinking 
straw).  Recent  studies  have  indicated  that  capillarity  plays  a  role  in  bringing  fluids  into  the 
proboscis,  comparable  to  a  sponge,  which  is  then  followed  by  action  of  the  sucking  pump.  Here, 
we  indicate  that  fluid  rise  in  the  food  canal  can  be  driven  solely  by  the  structural  configuration  of 
the  proboscis,  thus  not  completely  relying  on  the  sucking  pump.  We  split  proboscises  of  multiple 
lepidopteran  species,  dipped  their  ends  into  liquids,  and  calculated  fluid  flow  rates;  this  is 
analogous  to  cutting  a  drinking  straw  lengthwise  to  create  C-shaped  conduits  and  observing  fluid 
rise  without  sucking  action.  We  found  that  fluids  can  travel  the  entire  proboscis  length  and  that 
live  butterflies  can  feed  with  a  split  proboscis;  however,  feeding  ability  was  reduced.  We  suggest 
that  the  role  of  the  sucking  pump  performs  two  actions,  1)  it  increases  the  rate  of  fluid  flow 
through  the  proboscis,  and  2)  it  acts  as  a  method  of  swallowing  liquids,  not  just  sucking  them. 

We  hypothesize  that  ancestral  lepidopterans  with  reduced  proboscis  lengths  (e.g.,  Eriocraniidae) 
might  solely  employ  capillarity  for  fluid  rise  followed  by  the  sucking  pump  assisting  in 
swallowing  fluids.  As  proboscis  length  increased  in  derived  species,  the  role  of  the  sucking  pump 
might  have  taken  on  an  important  role  of  increasing  fluid  flow  rates  for  transportation  over 
greater  distances. 
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Abstract  text: 

As  the  body’s  most  exposed  interface  with  the  environment,  insect  integument  is  constantly 
challenged  by  potentially  pathogenic  microbes.  What  function  the  integument  may  play,  in 
addition  to  acting  as  a  physical  barrier  against  microbe  infection,  is  an  interesting  question  to  be 
answered.  In  this  study,  several  important  immune-related  genes  (PGRP-S2,  PGRP-L1,  Spatzle4 
and  Spatzle5)  were  cloned  for  the  first  time  from  the  integument  of  silkworm,  Bombyx  mori. 
Microbe-induced  transcription  of  these  genes  was  analyzed,  and  RNA  interference  (RNAi) 
experiments  were  performed  to  elucidate  the  signaling  pathways  in  which  these  genes  were 
involved.  The  results  showed  that  PGRP-S2  and  PGRP-L1  transcription  were  up-regulated  in  the 
integument  by  the  injection  of  gram-negative  bacteria,  whereas  Spatzle4  and  Spatzle5 
transcription  were  induced  by  the  injection  of  fungi  or  gram-positive  bacteria.  RNAi  experiments 
indicated  that  RNAi  knockdown  of  PGRP-S2  or  P  GRP -LI  caused  remarkable  reduction  in  the 
transcription  levels  of  the  transcription  factor  Relish  gene  and  the  antibacterial  effector  A  ttacin, 
Gloverin ,  and  Moricin  genes,  which  indicated  that  PGRP-S2  and  PGRP-L1  participate  in  the  Imd 
signal  transduction  pathway  in  the  integument  of  silkworm,  B.  mori.  With  the  same 
methodology,  it  was  demonstrated  that  Spatzle5  is  involved  in  the  Toll  pathway  in  the 
integument.  Hence,  the  silkworm  integument,  which  is  often  considered  as  inert  protective 
armor,  is  actively  participating  in  defense  against  microbial  infection. 
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Abstract  text: 

A  variety  of  pest  species  and  diseases  are  associated  with  honey  bee,  Apis  millifera 
(Hymenoptera:  Apidae),  colonies.  The  impact  of  these  organisms  on  colony  health  can  be 
profound  and  is  of  particular  significance  to  commercial  beekeeping.  For  this  reason  in  the  US, 
monitoring  and  evaluation  of  honey  bee  pests  and  diseases  is  a  formal  activity  subject  to 
regulatory  statutes.  Monitoring  (to  observe,  record,  or  detect)  involves  colony  inspection  and 
data  collection,  whereas  evaluation  (to  appraise)  involves  interpretation  of  results.  Herein,  we 
describe  a  spatially  explicit  enterprise  system  for  monitoring  and  evaluating  honeybee  pests  and 
disease  organisms.  Monitoring  is  facilitated  through  a  data  logging  devise  that  provide  spatial 
coordinates  for  the  inspection  site  and  standardized  fields  for  survey  data.  These  data  are  input 
into  a  database  management  system  that  facilitates  summary  and  reporting  in  a  variety  of  spatial 
and  tabular  formats.  The  system,  (The  Texas  Apiary  Inspection  System  -  TAISystem),  which  is 
being  used  operationally  by  the  Texas  Apiary  Inspection  Service,  can  be  tailored  to 
accommodate  novel  survey/inspection  programs. 
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Abstract  text: 

In  many  ant  species,  multiple  unrelated  queens  jointly  initiate  a  colony.  Cooperation  typically 
ends  after  the  first  workers  emerged,  and  all  queens  except  one  are  culled.  However  in  about  a 
dozen  species,  the  queens  remain  alive  and  co-reproduce.  This  relatively  rare  social  strategy, 
termed  primary  polygyny,  presents  an  interesting  evolutionary  puzzle.  It  is  known  that  the 
reproductive  output  of  individual  queens  in  a  group  is  lower  than  queens  that  are  alone.  Hence 
there  must  be  benefits  outweighing  this  cost  for  primary  polygyny  to  evolve. 


The  honey  ant  Myrmecocystus  mendax  was  discovered  exhibiting  primary  polygyny.  Using 
microsatellites,  I  conducted  a  sociogenetic  survey  of  multiple  populations  in  Arizona  (USA)  and 
detected  variability  in  social  organization.  Some  populations  only  have  multi-queen  colonies, 
some  populations  contain  single-queen  colonies  exclusively,  and  other  populations  are  mixed.  I 
investigated  the  proximate  benefits  of  primary  polygyny  in  a  focal  population  using  behavioral 
assays  and  lab-reared  incipient  colonies,  and  discovered  that  colonies  with  more  queens  produce 
more  workers,  and  colonies  with  more  workers  are  more  competitive  during  intraspecific  brood 
raiding.  Interestingly,  colonies  (queens,  workers,  and  broods)  often  merge  with  instead  of  being 
eliminated  by  their  competitor.  Primary  polygyny  is  likely  adaptive  in  M.  mendax  because  it 
increases  and  maintains  workforce  size  and  consequently  queen  survival  in  the  context  of 
territoriality.  Similarly,  merging  may  be  selected  for  if  adopting  unrelated  queens  and  colonies 
improves  the  survivorship  of  resident  queens  through  workforce  size,  assuming  adopted  queens 
produce  workers.  Stronger  territorial  pressures  are  expected  in  populations  with  primary 
polygyny  than  monogynous  populations. 
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Abstract  text: 

The  flacherie  is  a  common  disease  occurring  in  insects  such  as  Antheraea  assamensis  Heifer, 
commonly  known  as  muga  silkworm.  Flacherie  refers  to  an  infection  by  pathogenic  bacteria.  The 
aim  of  this  study  is  to  isolate  and  characterize  the  bacteria  from  flacherie  diseased  muga 
silkworms  and  to  assess  their  pathogenicity.  Five  bacterial  strains  were  isolated  and  identified  as 
Pseudomonas  aeruginosa  strain  DRK1,  Ornithobacilus  bavariensis  strain  DRK2, 

Achromobacter  xylosoxidans  strain  KH3,  Staphylococcus  aureus  strain  FLG1,  Bacillus 
thuringiens  is  strain  MK1  by  using  culture  dependent  techniques  based  on  the  sequencing  of  the 
16S  rRNA  gene  fragment.  After  screening  of  these  bacterial  strains  for  pathogenicity  in  the  same 
host  by  survivability  analysis,  3  of  them  (i.e  DRK1,  FLGland  MK1)  were  identified  as  potential 


virulence  strains.  Lethal  concentrations  of  these  strains  were  observed  at  various  time  intervals. 

It  was  also  observed  that  a  combination  of  the  strains  MK1  and  DRK1  showed  significantly 
lower  survivability.  Phenoloxidase  and  lysozyme  enzymes,  which  are  a  proxy  for  immune 
response,  showed  significantly  higher  activity  in  bacterial  infected  groups  than  the  control  group. 
After  infection  with  pathogenic  strains,  the  phagocytosis  activity  of  granulocytes  and 
plasmatocytes,  which  act  as  phagocytic  cells,  were  increased  .  Total  and  differential  hemocyte 
count  (granulocytes  and  plasmatocytes)  also  increased  after  24,  48,  72  and  96  hours  of  infection 
of  pathogenic  bacteria.  The  study  improves  the  basic  understanding  of  the  flacherie  disease  in 
muga  silkworm  which  may  be  helpful  to  develop  new  strategies  for  controlling  the  disease. 
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Abstract  text: 

Studies  have  demonstrated  that  the  regulatory  network  of  division  of  labor  in  honey  bee  workers 
has  reproductive  components:  ovariole  number  and  vitellogenin  (vg,  a  yolk  precursor).  In 
parallel,  several  quantitative  trait  loci  (QTL)  studies  have  suggested  that  a  genomic  region  (Pln2) 
may  be  responsible  for  worker  ovariole  number  and  their  social  behavioral  traits.  One  of 
candidate  genes  in  Pln2  is  tyramine  receptor  1  (TYR1)  which  ligand,  tyramine,  and  itself  has 
been  associated  with  both  ovariole  number  and  worker  social  behavior.  Here  we  hypothesized 
that  TA  pathway  determines  ovariole  number  at  larval  stage,  and  also  regulates  vg  production  in 
adult  workers.  We  performed  three  studies  to  test  our  hypothesis:  1)  we  fed  larvae  at  the  last 
larval  stage  with  TA  and  observed  the  ovariole  number  in  adult  bees;  2)  we  fed  newly  emerged 
bees  with  TA  observed  ovary  development  and  investigated  gene  expression  of  vg  and  other 
candidate  genes;  3)  we  knocked  down  TYR1  and  measured  gene  expression  of  vg,  and  candidate 
genes  in  different  pathways.  Overall,  we  found  TA  pathway  regulates  worker  reproductive 
system  at  both  larval  stage  and  adult  stage:  TA  determines  ovariole  number  at  the  last  larval 
stage  and  regulates  ovary  uptake  of  vg  in  adult  workers.  Our  gene  expression  data  suggest  that 
TA  itself  does  not  regulate  vg  production,  instead  TYR1  regulates  the  sensitivity  of  fat  body  to 


respond  to  systematic  signals  such  as  ecdysteroid,  juvenile  hormone  (JH),  insulin  (IIS)  and 
adipokenetic  hormone  (AKH),  which  may  synergistically  regulate  vg  production. 
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Abstract  text: 

Primary  polygyny,  the  cooperation  of  multiple  unrelated  queens  in  a  social  insect  colony,  creates 
a  multi-family  group,  often  composed  of  unrelated  queens  and  their  offspring.  This  form  of  non¬ 
kin  cooperation  has  been  documented  in  multiple  taxa  but  little  is  known  about  the  resulting 
costs  and  benefits  to  the  individual  queens.  The  harvester  ant  Pogonomyrmex  californicus  has 
geographically  distinct  populations  dominated  by  either  monogynous  (single  queen)  or 
polygynous  (multi-queen)  colonies.  We  captured  and  quantified  the  reproductive  flights  of 
colonies  from  three  populations:  a)  one  dominated  by  polygynous  colonies;  b)  one  dominated  by 
monogynous  colonies,  and  c)  a  population  with  a  mix  of  polygynous  and  monogynous  colonies. 
Microsatellites  were  used  to  determine  the  relative  reproductive  and  workforce  investment  by 
each  queen  in  polygynous  colonies.  We  also  assessed  potential  ecological  drivers  of  cooperation 
by  performing  environmental  surveys  at  each  population.  Colonies  in  the  mostly  polygynous 
population  were  less  likely  to  reproduce  and  had  smaller  reproductive  investment  than  did 
colonies  in  the  mostly  monogynous  population.  In  all  populations,  we  found  a  lower  slope  in  the 
relationship  between  colony  size  and  reproduction  for  polygynous  colonies  than  monogynous 
colonies,  suggesting  they  invest  more  conservatively  in  reproductive  output,  relative  to  colony 
growth.  Colony  density  was  higher  in  the  polygynous  population,  potentially  creating  stronger 
competitive  pressure  in  this  area  that  could  contribute  to  the  evolution  and  maintenance  of 
cooperation. 
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Pollination  ecology,  pollinator  diversity  and  the  behaviour  of  pollinators  was  investigated  in 
bitter  gourd  (M  charantia  L.),  a  monoecious  crop.  The  study  was  carried  out  over  three  seasons 
in  Bangalore,  India  between  2014  and  2016.  Flowering  began  40  ±  1.85  days  after 
germination.  Anthesis  commenced  around  2.00  am  and  continued  till  5.30  am  with  the  opening 
of  staminate  flowers  followed  by  pistillate  flowers.  Staminate  and  pistillate  buds  took  18.87  ± 
0.97  and  6.7±  0.97  days  respectively,  for  anthesis.  Anther  dehiscence  commenced  immediately 
after  opening  of  the  flower.  The  ovary  had  three  carpels,  each  with  16  to  20  ovules.  Pollen 
viability  and  stigma  receptivity  coincided  with  peak  activity  of  pollinators  {Apis  cerana  and  A. 
florea).  Longevity  of  flowers  was  one  day.  While  the  staminate  flowers  offered  rewards  (nectar: 
3.74  ±  0.58  pL/flower/day;  pollen:  9056.00  ±  1280.00)  for  flower  visitors,  the  pistillate  flowers 
offered  nothing.  The  ratio  between  staminate  to  pistillate  flowers  was  20:1.  Despite  their  lower 
numbers  the  pistillate  flowers  were  visited  by  foraging  bees  at  a  frequency  of  6.19:1  resulting  in 
pollination.  Apis  cerana  visitation,  hand  pollination  and  natural  pollination  resulted  in  nearly  100 
per  cent  fruit  set.  However,  fruit  weight  and  seed  numbers  were  significantly  higher  in  A.  cerana 
pollinated  flowers  (267.30  ±  46.60  gm  and  37.90  ±  4.08)  when  compared  to  those  that  were 
allowed  for  natural  pollination  (200.26  ±  51.53  g  and  22.80  ±  5.38)  and  hand  pollination  (191.32 
±  27.00  g  and  18.74  ±3.50). 
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Introduction:  Heterotermes  is  a  genus  of  subterranean  termites  that  is  well-adapted  to  arid 
environments  in  subtropical  and  tropical  regions  of  the  world,  including  Puerto  Rico  and  many 
other  islands  of  the  Caribbean.  The  purpose  of  the  current  study  was  to  assess  the  genetic 
diversity  of  Puerto  Rican  Heterotermes  species  using  sequence  data  from  three  loci:  16S  rRNA 
and  cytochrome  oxidase  II  (COII)  from  the  mitochondrial  genome,  and  the  internal  transcribed 
spacer  (ITS)  array  from  the  nuclear  genome,  which  was  included  in  a  concatenated  dataset.  We 
also  sought  to  determine  which  genetic  markers,  if  any,  provided  the  best  differentiation  among 
Heterotermes.  Methods:  Maximum  likelihood  and  Bayesian  inference  analyses  were  conducted 
for  75  Heterotermes  samples  collected  from  Puerto  Rico  as  well  as  GenBank  samples. 
Results/Conclusions:  Phylogenetic  analyses  of  these  mitochondrial  and  nuclear  loci  suggested 
the  presence  of  four  putative  species  of  Heterotermes  on  Puerto  Rico:  H.  cardini,  H. 
convexinotatus,  H.  tenuis,  and  an  undescribed  Heterotermes  species;  morphological  characters 
supported  these  taxonomic  assignments.  Single-gene  phylogenetic  analyses  using  the  16S  rRNA 
gene  provided  the  least  resolution  of  species  within  the  genus  Heterotermes  due  to  extensive 
polytomies.  The  concatenated  tree  likewise  was  fraught  with  numerous  polytomies.  The  COII 
gene  provided  the  best  resolution  of  Heterotermes  spp.,  and  it  indicated  that  the  undescribed 
Heterotermes  was  a  distinct  species  and  not  part  of  a  species  complex  with  H.  cardini. 
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Abstract  text: 


Stinging  insects  in  the  aculeate  Hymenoptera  use  their  stingers  two  main  ways:  1)  to  inactivate 
prey  to  feed  themselves  or  their  young;  and  2)  for  personal  defense  or  defense  of  their 
nestmates.  These  actions  are  achieved  using  stinger-delivered  venom  to  paralyze  or  kill  prey,  or 
to  cause  pain  and  damage  in  potential  predators.  From  a  public  point  of  view,  defensive  use  of 
stings  and  venom  is  of  interest  because  stinging  insects  represent  direct  personal  threats.  We  can 
measure  the  threat  from  defensive  stings  two  ways  -  toxicity,  best  represented  as  lethality,  and 
pain.  Because  no  tidy  means  of  measuring  pain  is  available,  a  stinging  insect  pain  scale  was 
developed  based  on  numerical  pain  intensity  ratings  ranging  from  1  to  4,  with  4  being  the  most 
intense  pain.  By  combining  measurements  of  both  the  pain  and  toxicity  of  stings,  theoretical 
questions  of  behavior  and  evolution  can  be  addressed.  Data  derived  from  over  60  species  in  48 
genera  of  stinging  insects  supported  the  hypothesis  that  sociality,  especially  higher  sociality,  in 
Hymenoptera  was  possible  largely  because  the  sting  enabled  them  to  effectively  defend  against 
large,  often  millions  times  larger,  predators  (J.  Human  Evolution  71:  12-19  [2014]).  The  public 
is  not  normally  inclined  to  consider  theoretical  science,  especially  behavioral  evolution  in 
insects,  to  be  of  peak  interest.  The  public  is,  however,  fascinated  by  the  stinging  insect  pain 
scale.  This  provides  outreach  opportunities  to  make  science  relevant  and  interesting  to  the  public 
(The  Sting  of  the  Wild.  2016.  Johns  Hopkins  Univ.  Press,  Baltimore,  MD). 
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Abstract  text: 

A  central  question  in  the  evolution  of  sociality  is  that  of  how  large  a  group  should  be;  i.e.,  what 
are  the  costs  and  benefits  of  living  with  multiple  other  individuals,  and  how  do  these  scale  with 
group  size?  To  answer  this  question,  we  need  to  consider  the  emergent  social  interaction  effects 
of  group  number,  and  their  effect  on  group  function  and  productivity.  In  social  insect  colonies, 
the  answer  to  “how  large  should  we  be”  can  be  thousands  to  millions.  For  cooperatively 
communal  societies,  however,  the  answer  tends  to  be  orders  of  magnitude  lower.  In  some  ant 
species,  queens  form  cooperative  groups  to  initiate  colonies.  These  groups  tend  to  be  small;  in 


harvester  ants  (Pogonomyrmex  calif ornicus),  they  average  around  3-4  queens.  I  present  data  to 
illustrate  the  emergent  effects  of  group  size  on  social  interactions,  focusing  particularly  on 
changes  in  task  performance,  and  division  of  labor.  In  groups  of  2-6,  division  of  labor  is 
amplified  with  group  size,  so  that  some  tasks  are  performed  more  quickly.  However,  disparities 
in  task-associated  survival  may  also  be  amplified.  Above  that  size  range,  division  of  labor 
becomes  less  functional  and  associated  survival  and  productivity  benefits  decline.  Thus  social 
dynamics  can  have  profound  effects  on  individual  survival  and  group  productivity,  even  across 
small  size  ranges.  I  will  discuss  the  rationale  for  why  this  happens  in  communal  ant  associations 
but  not  in  the  eusocial  colonies  that  they  produce. 
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Introduction: 

Lagodekhi  Reserve  (LPA)  was  established  in  1912  and  is  the  oldest  nature  reserve  in  the 
Caucasus  region.  LPA  is  one  of  the  best-preserved  wilderness  areas  among  the  temperate  glacial 
refugees.  It  is  located  in  Lagodekhi,  the  extreme  north-eastern  part  of  the  southern  slopes  of 
Grate  Caucasus  and  extends  at  an  altitude  of  590-3500  m.  The  main  purpose  of  the  project 
described  here  was  to  study  Hymenoptera  diversity  and  it's  relation  with  altitude  and  plant 
composition,  however  other  groups,  such  as  Hemiptera,  Coleoptera,  Mecoptera  and  spiders  are 
also  under  consideration. 

Methods: 

One  hundred  and  fourteen  containers  of  insect  material  have  been  collected  during  the  2014 
vegetation  season  from  Lagodekhi  Reserve  using  Malaise  Traps.  Traps  were  placed  in  7  different 


altitudes  from  600  to  2600  m  and  material  was  collected  every  10  days.  Further  investigation  of 
collected  material  is  actively  going  on. 

Results/Conclusion: 

All  material  is  already  sorted  and  are  under  identification  by  taxonomists.  More  than  200  species 
have  been  already  identified,  however  our  estimation  is  much  more  and  can  exceed  several 
thousand  species.  Only  part  of  Encyrtidae,  Eulophidae,  Chrysididae,  Bethylidae,  Heloridae, 
Crabronidae,  Evaniidae,  Pompillidae,  Vespoidea  were  identified  and  almost  30%  of  these  species 
are  either  new  records  for  Georgia,  Transcaucasus  or  new  species.  Further  identification  work 
and  results  will  likely  reveal  vast  amounts  of  new  records  not  only  for  Georgia  from  LPA  but  for 
all  the  Caucasus  region. 
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Salvemos  Nuestro  Abejorro  was  created  in  2014  and  uses  the  model  of  citizen  science  in 
procuring  data.  The  main  objectives  are  to  investigate,  record  and  disseminate  information  of  the 
Chilean-Argentine  bumblebee  ( Bombus  dahlbomii ).  Our  unltimate  goal  is  to  generate  actions  that 
contribute  to  the  conservation  of  this  species,  which  is  threatened  after  the  introduction  of  exotic 
bumblebees  ( B .  ruder atus  and  B.  terrestris )  to  Chile  in  the  mid  80’ s  and  thereafter. 

One  of  our  main  lines  of  action  is  gathering  information  on  the  current  distribution  of  both  native 
and  introduced  bumblebees  in  Chile  by  collecting  citizen  pictures  of  bumblebees  which  are 
stored  in  a  virtual  database  (Flickr).  Each  of  these  pictures  provides  valuable  information  (date, 
place,  associated  flower,  etc.)  which  is  contrasted  with  historical  information  (museums  and 


literature  records).  Also  data  on  the  relative  abundance  of  each  species  has  been  collected  with 
census  transects.  To  date,  our  social  site  (https://www.facebook.com/groups/456701147797736/) 
has  over  3,000  members  and  the  virtual  database  has  nearly  2,000  photographic  records 
(https://www.flickr.com/groups/dahlbomii/).  Our  data  suggests  that  the  distribution  of  one  of  the 
exotic  species  (B.  terrestris )  overlaps  with  the  historical  distribution  of  the  native  bumblebee. 
Also,  a  higher  relative  abundance  of  this  exotic  species  has  been  recorded. 

Using  data  gathered  by  this  citizen-science  group,  in  2015  we  submitted  an  application  that 
would  place  B.  dahlbomii  in  the  Chilean  red  list.  In  November  2015,  the  species  was  included  as 
an  endangered  species  in  the  IUCN  red-list. 
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Native  bees  provide  important  pollination  services  within  our  agroecosystems,  and  like  the 
managed  honey  bee,  some  species  have  been  documented  to  be  in  decline.  Potential  drivers  of 
these  declines  are  pathogens  transmitted  between  commercial  bees  and  wild  bee  populations.  To 
help  determine  the  effect  of  pathogens  on  bee  diversity  and  abundance,  we  sampled  bees  at  84 
sites  across  Canada  along  a  land  use  gradient.  Bees  were  individually  screened  for  10  pathogens 
(Sacbrood  virus,  Deformed  wing  virus,  Acute  bee  paralysis  virus,  Kashmir  bee  virus,  Israeli 
acute  bee  virus,  Black  queen  cell  virus,  Chronic  bee  virus,  Nosema  apis,  Nosema  bombi,  and 
Nosema  ceranae)  using  a  2-step  multiplex  RT-PCR  approach.  In  addition,  a  next-generation 
RNAseq  approach  was  used  to  investigate  a  broader  spectrum  of  pathogens  found  in  pooled 
samples  of  bees  at  select  sites.  In  this  presentation,  we  will  report  on  the  pathogen  communities 
associated  with  over  170  different  species  of  native  bees  within  agroecosystems. 
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Introduction:  Haplogonatopus  oratorius  (Westwood)  is  a  parasitoid  in  the  family  Delphacidae 
and  is  known  as  a  generalist  predator.  Laodelphax  striatellus  (Fallen)  is  an  important  species  in 
Asian  countries  because  of  its  abundance,  and  it  is  parasitized  by  H.  oratorius.  The  female  H. 
oratorius  lack  wings,  and  thus  they  have  very  low  dispersal  ability.  However,  L.  striatellus  is  a 
long-distance  dispersal  migrant  from  continental  China  and  Taiwan  to  Korea  and  Japan  (Otuka, 
2013),  and  they  can  carry  dryinid  larvae.  Therefore,  the  host  dispersal  is  considered  to  affect  the 
genetic  structure  of  H.  oratorius  (Mita  et  al.,  2013). 

Methods:  Molecular  analysis  based  on  COI  was  performed  to  clarify  genetic  difference  between 
localities  (8  collection  sites  from  the  continental  China,  Taiwan,  Korea  and  Japan). 

Results/conclusion:  The  northern-most  Japan  (Hokkaido)  and  the  pacific  coast  of  central  Honshu 
(Kanto)  populations  were  discriminated  from  other  localities  based  on  Fst  and  corrected  average 
pairwise  difference;  however,  the  continental  China,  Taiwan,  Korea,  and  western  Japan 
(Kyushu)  populations  were  not  discriminated  from  each  other.  Dominant  haplotypes  in 
continental  China  were  frequently  observed  among  those  localities  and  the  northern  coast  of 
Honshu.  Those  "continental"  haplotypes  were  less  abundant  in  Hokkaido  and  were  absent  in 
Kanto,  but  a  high  proportion  of  endemic  haplotypes  for  the  Japanese  population  was  observed. 
This  result  indicates  that  migrants  of  L.  striatellus  from  the  continental  China  and  Taiwan  may 
not  disperse  to  those  localities  enough  to  greatly  replace  the  endemic  parasitoid  population. 
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The  family  Vespidae  includes  six  subfamilies,  four  of  which  occur  in  Canada.  The  number  of 
species  of  potter  and  mason  wasps,  pollen  wasps  and  social  wasps  of  Canada  is  currently 
recorded  as  102,  including  four  introduced  and  established,  and  an  additional  eight  adventive. 
Two  subfamilies  with  mostly  tropical  or  southern  montane  distributions,  the  Polistinae  and 
Masarinae  respectively,  reach  the  northern  limits  of  their  global  distributions  in  western  Canada. 
Some  older  records  based  only  on  literature  are  difficult  to  confirm.  The  most  diverse  faunas  of 
vespids  occur  in  British  Columbia  (71  spp),  Alberta  (62  spp)  and  Ontario  (61  spp)  at  least  partly 
because  of  unique  ecozones  like  the  southern  Okanagan  in  BC,  the  southern  grasslands  of 
Alberta  and  the  Carolinian  zone  in  Ontario.  More  intensive  collecting  is  likely  to  yield  additional 
species  from  southern  Alberta  and  Saskatchewan,  and  BC.  More  extensive  collecting  in  the  north 
is  needed  to  provide  a  more  complete  inventory. 
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Abstract  text: 

Agriculture  intensification  and  the  expansion  of  monoculture  are  usually  associated  with  the 
reduction  of  biodiversity,  including  beneficial  insects  such  as  parasitoids.  Monoculture  systems 
may  disrupt  the  suitability  of  habitat  for  parasitoids  and  affect  overall  host-parasitoid 
interactions.  Although  parasitoids  may  still  be  found  in  monoculture  fields,  their  effectiveness  to 
which  they  control  their  hosts  may  be  drastically  reduced.  In  this  research,  we  investigated  the 
effect  of  landscape  simplification  on  shaping  community  structure,  trophic  interaction  and  traits 
of  parasitoids  in  tropical  agricultural  area.  In  total,  16  agricultural  landscapes,  located  in  Bogor- 
Indonesia  and  its  surrounding  area,  were  observed.  Cucumber  fields  were  used  to  study  host 
parasitoid  relationships.  Each  landscape  was  mapped  and  the  landscape  parameters  were 
quantified  using  cucumber  fields  as  the  center.  On  each  cucumber  field,  parasitoids  were 
collected  using  direct  host  collection  and  yellow  pan  traps  planted  in  the  field  during  the  planting 
season.  We  analyzed  the  relationship  between  landscape  parameters  and  community  structure, 
trophic  interaction  and  traits.  Abundance  of  parasitoids  was  significantly  correlated  with 
landscape  parameters  especially  the  number  of  patches  (NumP),  mean  patch  edge  (MPE)  and 
mean  shape  index  (MSI).  In  addition,  increasing  NumP  was  also  correlated  with  increasing 
variation  of  body  size  of  the  parasitoids.  This  suggests  that  landscape  simplification  causes  the 
decrease  of  parasitoid  abundance  and  trait  variation  in  an  agricultural  area.  In  conclusion,  our 
results  showed  that  the  conservation  of  parasitoids  in  agricultural  area  is  interlinked  with 
landscape  structure.  The  results  can  be  used  for  recommendation  for  best  management  of 
agricultural  landscape. 
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Bees  are  the  most  important  pollinators  in  Canada,  making  significant  contributions  to  regional 
and  national  levels  of  agricultural  productivity,  and  to  the  maintenance  of  our  natural  ecosystems 
which  depend  on  pollination.  Our  demands  for  the  pollination  services  provided  by  bees  continue 
to  change  -  the  continued  conversion  of  natural  habitat  to  crop  land  will  require  more 
pollination,  but  ultimately  the  associated  loss  of  spatial  and  temporal  floral  diversity  and  nesting 
habitat  associated  with  these  conversions  may  have  negative  consequences  for  most  pollinator 
species.  As  such,  there  is  a  great  need  to  document  the  country’s  bee  fauna,  and  to  increase  our 
knowledge  of  the  specific  habitat  requirements  of  each  species.  Our  knowledge  of  the  diversity 
and  distribution  of  bees  in  Canada  has  increased  greatly  in  the  last  decade,  presently  with  over 
800  documented  species.  Canada’s  bee  fauna  has  now  been  reasonably  well  surveyed  in  most 
areas  containing  high  species  diversity,  and  these  efforts  have  facilitated  the  development  of  a 
representative  DNA  barcode  library  for  bee  species  identification.  In  addition,  these  efforts  have 
facilitated  the  first  national  status  assessment  of  Canada’s  bee  fauna,  and  to  the  development  of  a 
national  “Bees  of  Canada”  website  dedicated  to  providing  information  on  the  biology  and 
taxonomy  of  all  species,  with  high  quality  images  of  important  diagnostic  characters  to  facilitate 
species  identification,  and  a  full  specimen  database.  A  summary  of  these  initiatives,  including  a 
discussion  of  their  utility  for  pollinator  conservation  in  Canada  will  be  discussed. 
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A  survey  to  characterize  the  bee  visitors  in  pumpkin  ( Curcubita  pepo  pepo )  fields  was  conducted 
in  2015  as  part  of  a  regulatory  study  evaluating  potential  effects  of  imidacloprid  to  honey  bee 
(Apis  mellifera  L.)  and  bumble  bee  (Bombus  impatiens  Cresson)  colonies.  Four  sets  of  nine 
elevated  bowl  traps  were  placed  in  ten  16-hectare  fields  (5  treated  fields  and  5  untreated  fields) 
in  central  South  Dakota.  Sampling  occurred  at  three  time  intervals:  beginning,  middle,  and  end 
of  the  flowering.  Preliminary  results  indicate  that  1 1,491  bees  were  collected  in  four  families. 
The  most  abundant  genera  represented  included  species  in  Melissodes ,  Agapostemon ,  and 
Lasioglossum  (Dialictus).  There  were  no  statistical  differences  (p>0.05)  in  the  total  number  of 
trapped  bees  between  treated  and  untreated  fields  at  any  of  the  sampling  time  points.  Our  results 
indicate  that  a  soil  application  of  imidacloprid  at  the  rate  of  (0.43  kg/ha)  did  not  cause  any 
significant  impact  in  the  number  and  diversity  of  bee  visitors  to  pumpkin  fields. 


Paper  (Oral)  Presentations 

Presentation  Title:  An  assessment  of  bee  richness  and  guild  structure  across  agroecosystems  on 
the  Southern  High  Plains  (Texas,  USA) 

Author  Name:  Scott  Longing 

Author  Institution:  Texas  Tech  University 

Session  Title:  Contributed  Papers:  Biodiversity,  Biogeography,  and  Conservation  of  Arthropods: 
Hymenoptera 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4619 
DOI:  10.1603/ICE.2016.1 15465 


Abstract  text: 


While  the  issue  of  pollinator  decline  has  advanced  information  on  bee  biodiversity  and 
contributions  of  wild  and  managed  bees  to  agricultural  production  in  many  regions  of  the  U.S., 
less  is  known  about  these  patterns  and  processes  on  the  Southern  High  Plains  of  western 
Texas.  In  an  effort  to  better  understand  bee  biodiversity  and  guild  structure  in  this  region,  we 
conducted  sampling  using  bee  bowls,  hand  netting,  and  direct  observation  across  a  diverse  set  of 
agroecosystems,  including  conventional  and  organic  cotton,  apple  orchards,  small  vegetable 
farms,  pumpkin/melon  farms,  and  adjacent  non-cultivated  lands  (e.g.  native  grassland  remnants 
and  Conservation  Reserve  Program  land).  Existing  habitat  including  crop  type,  non-crop 
flowering  vegetation,  ground  habitat  and  farm  management  attributes  were  recorded  at  each 
farm.  Multivariate  ordination  was  used  to  assess  similarities  in  bee  communities  and  guild 
structure  across  systems,  and  indicator  species  analysis  was  used  to  determine  associations  of 
bees  with  a  particular  system  based  on  their  frequencies  and  abundances.  Total  species  richness 
across  the  different  systems  was  compared  to  richness  reported  from  studies  in  other 
regions.  This  initial  assessment  of  bee  diversity  and  guild  structure  associated  with  a  variety  of 
agricultural  systems  supports  further  assessments  of  local  pollinator  communities  associated  with 
crop  production  and  pollinator  habitat  conservation  and  restoration  on  the  Southern  High  Plains. 
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Managed  honey  bees  and  wild  bees  (Hymenoptera:  Apoidea:  Anthophila)  provide  essential 
pollination  services  worldwide,  helping  to  maintain  native  plant  communities  and  contribute  to 
agricultural  production.  Loss  of  natural  habitat  due  to  changes  in  land  cover  is  one  of  the  key 
drivers  of  pollinator  decline  worldwide.  In  the  U.S.,  Texas  has  an  estimated  900  bee  species; 
however,  the  number  of  species  occurring  on  the  Southern  High  Plains  of  western  Texas,  and 
potential  changes  in  overall  diversity  attributed  to  widespread  conversion  of  native  lands  to 
agriculture,  are  unclear.  To  better  understand  how  pollinator  diversity  has  been  impacted  by 


changes  in  land  cover,  it  is  necessary  to  compare  historical  museum  records  with  collections 
from  recent  surveys.  The  objective  of  this  study  was  to  assess  changes  in  bee  species  richness 
and  guild  structure  over  time  and  to  determine  if  potential  differences  are  related  to  major  land 
cover  change  on  the  Southern  High  Plains.  Changes  in  land  cover  for  selected  counties  will  be 
quantified  and  compared  to  changes  in  aggregate  species  richness  and  guild  structure  over 
time.  Results  from  this  study  could  help  support  actions  for  future  monitoring  and  restoration  of 
pollinators  and  their  habitat  in  a  region  dominated  by  agriculture. 
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Declining  populations  of  commercial  and  wild  pollinators  threaten  the  security  of  our  food 
supply  and  the  health  of  our  natural  ecosystems.  In  response  to  honey  bee  colony  losses,  the 
federal  bee  health  task  force  has  set  increasing  pollinator  habitat  as  a  priority  for  maintaining  the 
ecosystems  services  bees  and  other  pollinators  provide.  However,  our  knowledge  of  the  habitat 
needs  for  native  bees  species  are  still  very  lacking.  Open  habitats  and  highly  agricultural  areas 
have  been  best  studied,  but  forests  have  been  overlooked  as  bee  habitat  despite  being  important 
resources  for  a  diverse  assemblage  of  wild  bees,  particularly  in  the  Eastern  United  States.  In  a 
community  effort  utilizing  citizen  scientists,  we  surveyed  bees  in  more  than  100  woodlots 
throughout  Maryland  and  Delaware  with  the  goal  of  identifying  patterns  in  native  bee 
distribution  and  species  composition  across  a  network  of  woodlands  in  a  heterogeneous  regional 
landscape. 
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Global  declines  in  pollinators  and  pollination  services  have  triggered  international  interest  in 
relevant  landscape  ecological  research  and  conservation.  Conservation  measures  are  best  planned 
when  the  factors  limiting  a  population’s  success  are  known  and  key  resources  can  be  identified. 
However,  social  bee  (e.g.  honey  and  bumble  bee)  activities  and  resource  use  are  difficult  to 
assess  at  broad  landscape  scales  and  are  known  to  differ  depending  on  the  composition  of  the 
landscape.  This  study  responds  to  the  question  of  how  landscape  composition  and  configuration 
relate  to  bee  presence  by  portraying  patterns  of  bumble  bee  occurrence  across  the  exurban  to 
urban  gradient  assessed  through  a  systematic  transect  survey  of  bumble  bees  surrounding 
Madison,  WI.  The  resulting  point  data  associated  with  2,000+  non-lethally  surveyed  bumble  bees 
were  analyzed  with  regard  to  floral  diversity  and  abundance  data  along  transects,  as  well  as 
underlying  land  cover  classification  on  more  than  150km  of  transects.  These  data  were  used  to 
test  hypotheses  regarding  bee  affinity  to  place  based  on  floral  assemblage,  and  land  cover  type. 
Hypotheses  included,  for  example,  (1)  bees  most  often  utilize  agricultural  borders  and  major 
road  edges  in  the  ex-urban  space  and  flower-rich  residential  spaces  and  parks  in  urban  spaces 
and  (2)  native  plants  are  preferable  to  ornamental  plant  species.  The  resulting  knowledge  of  bee- 
resource  associations  is  essential  to  understand  how  landscape  factors  such  as  pesticide-use 
policies,  nesting  habitat  conservation,  or  flower  resource  enhancement  may  affect  the  bees. 
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The  use  of  databases  and  visualizations  for  data  exploration  and  presentation  have  become  a 
fairly  standard  practice  in  science,  including  biodiversity  sciences.  This  practice  is  especially 
essential  when  it  comes  to  large-volume  datasets.  To  effectively  make  use  of  a  comprehensive 
ant  biodiversity  database  containing  over  1.7  million  records  and  to  allow  the  wider  community 
to  improve  the  dataset,  we  developed  an  interactive  client-server  web  mapping  application, 
antmaps.org,  which  visualizes  the  geographic  distributions  of  over  15,000  ant  species  and 
aggregate  patterns  of  their  diversity  and  biogeography,  and  which  allows  users  to  query  and 
retrieve  data  on  the  fly  as  well  as  to  oversee  and  contribute  data.  The  basic  functionalities  of 
antmaps.org  is  based  on  how  scientists  may  want  to  approach  biodiversity  data,  and  includes 
three  fundamental  views:  species  view  (the  native  and  non-native  distribution  of  a  particular 
species),  diversity  view  (the  distribution  of  whole  taxonomic  groups  or  all  ants),  and  region 
comparison  view  (the  fauna  of  a  given  place).  The  client-side  of  antmaps.org  was  built  using 
HTML5,  D3  and  Leaflet  while  the  server-side  is  written  on  Python/Django,  running  on  an 
Apache  server.  An  iterative,  user-centered  approach  was  taken  during  the  design  and 
implementation  of  antmaps.org  as  input  was  repeatedly  gathered  from  target  users  and  changes 
made  to  the  interface  accordingly  throughout  the  design  process.  While  antmaps.org  was 
developed  to  visualize  ant  biodiversity  data,  the  basic  framework,  design,  and  functionality  are 
not  specific  to  ants  and  could  be  adapted  for  other  taxonomic  groups. 


Paper  (Oral)  Presentations 

Presentation  Title:  Using  museums  and  molecules  to  advance  insect  biodiversity  science 
Author  Name:  Joel  Gibson 

Author  Institution:  Royal  British  Columbia  Museum 

Session  Title:  Contributed  Papers:  Biodiversity,  Biogeography,  and  Conservation  of  Arthropods: 
Novel  Methods 


Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  4624 


DOI:  10.1603/ICE.2016.1 11567 
Abstract  text: 

A  study  of  insect  biodiversity  should  include  not  only  a  catalogue  of  the  species  present  in  a 
region  but  also  a  knowledge  of  how  those  species  interact  with  one  another  and  with  their 
environment.  Information  on  the  geographic  limitations  of  species  allows  us  to  ask  where  to  find 
species,  why  they  are  found  there,  and  how  their  range  has  or  will  change  with  anthropogenic 
and  natural  impacts  to  the  environment.  The  historical  and  ongoing  legacy  of  museum 
collections  are  an  invaluable  resource  in  these  scientific  pursuits.  The  Entomology  Collection  at 
the  Royal  BC  Museum  contains  nearly  400,000  specimens  across  a  broad  taxonomic  range,  with 
historical  records  dating  back  over  130  years.  The  collection’s  focus  on  British  Columbia 
encompasses  a  large  number  of  ecozones  and  endemic  habitats.  New  DNA  sequencing  methods 
allow  insect  systematists  to  identify  specimens  to  the  species  level  using  their  genetic  code. 
Recent  developments  have  expanded  this  technology  to  enable  identification  of  large,  field- 
collected  mixtures  of  insects  and  also  to  identify  insect  diets  from  individuals. 

New  research  directions  at  the  Royal  BC  Museum  will  incorporate  new  molecular  techniques  to 
extract  biodiversity  information  from  existing  and  newly-collected  specimens.  Morphology  and 
DNA-based  identification  will  be  used  to  test  if  species  ranges  are  changing  for  important  groups 
of  Diptera.  Bulk  collections  (i.e.,  Malaise  and  pan  traps)  will  be  subjected  to  DNA  extraction, 
sequencing,  and  identification.  Key  individual  specimens  (e.g.,  parasitoid  flies  and  pollinators) 
will  be  subjected  to  sequencing  to  determine  their  interactions  with  other  species. 
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We  designed  a  software  framework  to  perform  taxonomic  study  -  Biology  Expert  System  (BES). 
Taxonomists  can  process  and  anlyse  various  kinds  of  biology  data  with  BES  through  flexible 
plug-in  interfaces,  which  are  publically  available  to  programmers.  Based  on  BES,  we  implement 
two  independent  systems  for  identification  of  insect  specimens:  (1)  Identification  System  on 
Insect  Specimen  Image  at  Order  Level  adopts  a  series  of  image  features  and  took  the  artificial 
neural  network  as  the  core  method.  The  identification  accuracy  of  approximate  80%  on  225 
images  (belonged  to  221  species  or  8  groups  or  7  orders)  which  seems  to  be  a  good  level  of 
accuracy;  (2)  Identification  System  Online  on  Butterfly  Images  adopts  content-based  image 
retrieval  (CBIR)  technology  for  the  research  of  automatic  identification  on  butterfly  specimen 
images  at  the  family  level.  On  the  basis  of  the  existing  test  data,  we  obtained  a  result  of  accurate 
matching  rate  of  84%  on  Papilionidae,  which  includes  enough  images  distributied  in  nearly  all 
species  of  this  family  in  China. 
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The  greenhouse  thrips,  Heliothrips  haemorrhoidalis  (Bouche)  (Thysanoptera:  Thripidae),  is  a 
significant  economic  pest  of  numerous  crops,  that  has  spread  worldwide.  Originally  native  to 
South  America,  invasive  populations  of  this  species  demonstrate  obligate  thelytoky,  under  which 
males  are  completely  absent.  Thelytoky  in  H.  haemorrhoidalis  was  long  thought  to  be  induced 
by  the  maternally  inherited  bacterium  Wolbachia ,  but  recent  evidence  suggests  that  bacterial 
reproductive  manipulators  are  in  fact  not  involved.  Instead,  polyploidy  has  been  implicated  as  a 
likely  factor  in  the  thelytokous  reproduction  of  H.  haemorrhoidalis.  The  incidence  of  males  in 
H.  haemorrhoidalis  populations  from  Peru  suggests  that  sexual  reproduction  still  occurs  in  the 
native  range,  and  points  to  the  possible  existence  of  an  ancestral  sexual  population  from  which 
the  global-conquering  thelytokous  form  originated.  This  idea  is  supported  by  evidence  from  a 


geographically  broad  sample  of  invasive  populations  that  revealed  very  low  levels  of  genetic 
diversity.  Here  we  use  a  combination  of  mitochondrial  and  nuclear  markers,  to  characterize 
invasive,  thelytokous  populations  of  H.  haemorrhoidalis  worldwide,  and  compare  them  with 
native  sexual  populations  from  Peru.  In  contrast  to  earlier  findings,  we  found  surprisingly  high 
(and  corroborating)  levels  of  genetic  divergence  in  both  the  mitochondrial  and  nuclear  genes  of 
individuals  identified  morphologically  as  H.  haemorrhoidalis.  Levels  of  divergence  suggest  as 
many  as  six  species  may  currently  be  hiding  under  the  guise  of  H.  haemorrhoidalis.  These 
"species"  are  variously  infected  with  Wolbachia.  The  potential  roles  of  polyploidy  and  bacterial 
reproductive  manipulators  in  the  evolution,  maintenance,  and  success,  of  the  greenhouse  thrips 
will  be  discussed. 
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The  Atlantic  Coastal  Plain  (ACP)  of  the  southeastern  United  States  is  garnering  recognition  as  a 
biodiversity  hotspot,  boasting  high  species  richness  and  high  levels  of  endemism  in  a  number  of 
ecological  communities.  However,  the  region  has  suffered  severe  impacts  from  urbanization, 
agriculture,  timber  production,  and  fire  suppression,  and  faces  growing  threats  from  climate 
change,  especially  sea-level  rise.  Despite  their  critical  roles  in  natural  and  managed  ecosystems, 
knowledge  of  the  region's  insect  fauna  is  meager.  This  project  will  inventory  several  ecologically 
and  economically  important  insect  groups,  and  integrate  this  with  historic  and  phylogeographic 
data  to  reconstruct  community  trajectories  over  a  broad  time  scale.  Work  to  date  has  assembled 
preliminary  inventories  for  several  sites,  and  begun  to  establish  specimen  and  data-sharing 
protocols. 
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Jumping  plant  lice  and  lerp  insects  or  ‘psyllids’  (Hemiptera:  Psylloidea)  have  undergone 
spectacular  radiations  on  certain  plant  families  in  Australia.  They  generally  show  a  high  level  of 
host  specificity,  where  psyllid  families  are  associated  with  certain  plant  taxa,  often  with 
congruence  at  the  generic  level,  and  many  species  are  associated  with  single,  or  closely  related 
plant  species. 

The  Australian  psyllid  fauna  currently  comprise  a  little  over  400  described  species  with  major 
radiations  of  spondyliaspidine  Aphalaridae,  host  specific  to  the  Myrtaceae,  a  diverse  assemblage 
of  Triozidae  on  the  Casuarinaceae,  Myrtaceae  and  Scrophulariaceae,  and  of  Psyllidae  on  multiple 
hosts  including  Loranthaceae,  Mimosaceae,  Proteaceae  and  Sapindaceae.  A  new  molecular 
phylogeny  of  the  Australian  Psylloidea  depicts  a  high  degree  of  genetic  structure  associated  with 
their  respective  host  taxa.  Additionally,  many  new  species,  perhaps  200,  remain  to  be  described, 
including  a  major  radiation  of  Acizziafrom  the  Fabaceae;  and  a  number  of  poorly  represented 
psylloid  families  from  unrecorded  Australian  host  associations. 

A  number  of  psyllids  are  emerging  as  economic  horticultural  or  forest  pests.  Some  30  species  of 
Australian  psyllids  are  now  recorded  as  exotics  in  other  countries,  either  through  deliberate 
introduction  as  biocontrol  agents,  accidental  introductions  on  ornamentals  and  in  forestry  or 
aerial  long  distance  dispersers.  Other  exotic  species  are  considered  serious  risks  to  Australian 
horticulture. 

Ongoing  studies  aim  to  describe  new  species  of  Australian  psyllids  from  novel  plant  taxa,  further 
resolve  the  co-phylogeny  of  the  Australian  fauna  and  their  hosts,  and  provide  information  for 
biodiversity,  conservation  and  biosecurity. 
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Preparation  of  a  key  to  the  genera  of  Micropezidae  for  the  upcoming  Manual  of  Afrotropical 
Diptera  (MAD)  was  complicated  by  difficulties  in  placing  the  four  genera  known  from 
Madagascar,  including  two  endemic  genera,  one  widespread  genus  and  a  genus  otherwise 
unknown  from  the  Afrotropical  region.  Given  the  opportunity  for  a  short  research  trip  to 
Madagascar  I  was  able  to  get  fresh  material  of  all  four  putative  genera  from  just  a  couple  of  sites. 
Analysis  of  the  material  increased  the  known  Malagasy  species  from  seven  to  nineteen  but 
reduced  the  number  of  genera  from  four  to  two,  both  now  properly  represented  in  MAD.  Known 
Malagasy  Micropezidae  now  include  two  species  of  the  Afrotropical  genus  Hybobata  and  17 
species  in  the  endemic  Malagasy  genus  Paramimegralla ,  most  of  which  are  so  far  known  only 
from  one  small  area. 
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Introduction: 

In  September  2010,  Massey  Services,  Inc.,  headquartered  in  Orlando,  FL  entered  into  a 
partnership  with  the  Central  Florida  Zoo  in  Sanford,  FL  to  help  broaden  the  public’s  knowledge 
about  the  diversity  of  nature.  It  started  with  the  donation  of  an  ultraviolet  light  trap  cage  designed 
to  show  the  diversity  of  the  insects  attracted  to  light  in  a  cypress  swamp  habitat  to  high  school 
students  who  participated  in  the  first  night-time  “Bio-Blitz”  camp.  In  August  of  the  following 
year,  Massey  submitted  a  proposal  for  an  ongoing  biodiversity  study  of  arthropods  inhabiting 
just  the  zoo  grounds.  The  next  month,  the  study  became  ongoing.  Collections  of  zoo  arthropods 
captured  in  this  and  many  other  traps  began  to  be  made  on  an  ongoing  basis. 

Methods  and  materials: 

Over  the  next  few  years,  Massey  donated  cabinets  and  drawers,  additional  traps  and  a  weather 
station  to  regularly  monitor  temperature,  humidity  and  rainfall.  Numerous  scientific 
organizations  have  also  been  donating  equipment  and  traps. 

Results/Conclusion: 

As  of  January  2016,  the  collection  houses  over  5,000  different  arthropod  species  collected  at  the 
Zoo.  Long-term  plans  call  for  descriptive  displays  at  collecting  sites,  more  specimen 
identifications,  and  more  participation  from  other  professional  scientists.  Data  from  the  weather 
station  will  eventually  be  linked  to  specific  arthropods  for  a  more  serious  phenology  study  that 
will  help  elementary  through  high  school  students  learn  more  about  how  climatic  conditions 
affect  the  abundance  of  different  arthropods. 
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Introduction.  The  whitefly  Bemisia  tabaci  (Hemiptera:  Aleyrodidae)  is  a  complex  of  >  35  cryptic 
species.  In  this  whitefly  complex,  one  primary  symbiont,  Portiera  aleyrodidarum  and  seven 
secondary  symbionts  have  been  reported  and  different  cryptic  species  may  harbor  different 
secondary  symbionts. 

Methods.  Using  PCR  and  fluorescent  in  situ  hybridization,  we  examined  the  diversity  and 
distribution  of  symbionts  in  eight  cryptic  species  of  the  B.  tabaci  whitefly  complex  in  China.  We 
also  examined  the  horizontal  transmission  of  three  of  the  secondary  symbionts,  i.e.  Rickettsia , 
Cardinium  and  Wolbachia ,  from  whiteflies  to  their  parasitoid,  Eretmocerus  hayati 
(Hymenoptera:  Aphelinidae). 

Results/Conclusions.  All  six  indigenous  whitefly  species  (Asia  I,  Asiall  1,  Asia  II  6,  Asia  II  7, 
Asia  II  9,  China  2)  and  the  two  invasive  whitefly  species  (Middle  East- Asia  Minor  1  and 
Mediterranean)  harbor  the  primary  symbiont  Portiera.  Except  Fritschea ,  the  other  six  known 
secondary  symbionts  were  also  detected  in  the  whiteflies.  However,  Hamiltonella  was  found 
only  in  the  two  invasive  whitefly  species,  and  Wolbachia  was  found  in  all  indigenous  whitefly 
species.  Data  of  fluorescent  in  situ  hybridization  detection  in  nymphs  and  both  male  and  female 
adults  of  whiteflies  showed  that  Portiera ,  Hamiltonella ,  Wolbachia  and  Hemipteriphilus  were  all 
restricted  to  bacteriocytes,  whereas  Rickettsia  was  found  scattering  in  the  whole  insect.  Our  data 
also  indicated  that  Rickettsia  but  not  Cardinium  and  Wolbachia  can  transmit  from  whiteflies  to 
the  parasitoid,  E.  hayati. 
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Ecological  interactions  among  species  in  communities  are  among  the  most  important  influences 
driving  adaptive  evolution  and  diversification.  However,  communities  are  not  homogeneous,  and 
for  species  with  broad  geographic  ranges  their  ecological  interactions  can  vary  both  temporally 
and  geographically  depending  on  the  local  community  composition.  Does  temporal  or 
geographic  variation  in  the  composition  of  communities  influence  the  evolution  of  traits  that 
determine  outcome  of  species  interactions?  To  begin  to  address  this  question  I  carried  out  the 
first  combined  field  survey  of  communities  of  frugivorous  Drosophila  host  species  (Insecta: 
Diptera:  Drosophilidae)  and  their  Leptopilina  parasitoid  wasps  (Insecta:  Hymenoptera: 

Figitidae).  I  collected  Drosophila  and  Leptopilina  species  two  to  three  times  a  year  during  their 
breeding  season  in  seven  locations  on  the  east  coast  of  North  American  from  New  Hampshire  to 
south  Florida.  The  samples  indicated  extensive  seasonal  and  geographic  variation  in  community 
composition  and  relative  densities  of  species  across  the  range.  This  large  collection  of  specimens 
also  allowed  me  to  identify  diagnostic  characters  and  develop  an  identification  key  for 
Leptopilina  species  that  occur  on  the  east  coast  of  North  American.  This  study  lays  the 
groundwork  for  future  research  to  understand  how  geographic  and  temporal  variation  in  the 
biodiversity  of  communities  influence  the  evolution  of  interacting  species.  Moreover,  the 
Leptopilina  identification  key  and  routinely  documented  fruit  pest  Spotted  Wing  Drosophila 
(SWD;  Drosophila  suzukii)  in  our  collections  will  also  assist  the  research  of  this  recent  invasive 
pest  in  the  United  States. 
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Non-native  plants  alter  the  composition  and  structure  of  native  plant  communities,  which  have 
concomitant  effects  on  arthropods.  However,  little  is  known  about  how  plant  invasion  alters 
trophic  structure  in  native  communities.  If  plant-feeding  arthropods  are  unable  to  consume 
tissues  of  novel  hosts,  then  living  plant  biomass  will  accumulate  in  the  environment  as  plant  litter 
over  time,  and  may  increase  the  availability  of  food  for  litter-dwelling  arthropods  and  their 
predators.  A  shift  from  an  herbivore-dominated  (“green”)  community  to  one  dominated  by 
detritivores  (“brown”)  following  plant  invasion  has  not  been  documented  for  arthropods,  but 
could  have  negative  consequences  for  food  webs.  We  investigated  the  presence,  direction,  and 
degree  of  trophic  shift  in  arthropod  functional  groups  following  plant  invasion  by  comparing 
assemblages  of  arthropods  between  non-native  plant  assemblages  to  adjacent  native  plants.  We 
selected  8  non-native  plant  species  ( Ampelopsis  brevipedunculata ,  Dactylis  glomerata, 

Elaeagnus  umbellata,  Fallopia  japonica,  Lonicera  tatarica,  Microstegium  vimineum,  Pyrus 
calleryana ,  Rosa  multiflora)  that  were  considered  aggressive  invaders  to  the  eastern  United 
States  and  paired  them  with  native  or  restored  plant  communities  adjacent  to  invaded  landscapes 
throughout  the  Mid- Atlantic.  We  sampled  for  plants  and  arthropods  in  summer  2015  in  96,  150  x 
150-m  plots  using  pitfall  traps,  vacuum  sampling,  Berlese-Tullgren  funnels,  and  timed  hand 
collecting.  We  hope  to  provide  a  reliable  tool  to  help  guide  management  in  the  restoration  of 
trophic  relationships  following  invasion. 
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Juniper-infesting  Rhagoletis  in  North  America  are  currently  classified  as  a  single  species,  R. 
juniperina  Marcovitch,  whose  primary  host  is  the  Eastern  Red  Cedar,  Juniperus  virginiana  L. 
However,  we  recently  reared  Rhagoletis  pupae  from  three  other  juniper  species,  J.  horizontalis , 

J.  ashii ,  and  J.  grandis ,  in  Michigan,  Texas,  and  California,  respectively.  Phylogenetic  analysis 
(COI,  CAD,  28S)  of  Rhagoletis  reared  from  these  three  juniper  species  indicates  that  the  flies  are 
host-specific,  and  genetically  divergent  from  each  other  and  R.  juniperina.  These  results  are 
consistent  with  the  geographic  ranges  of  J.  horizontalis ,  J.  ashii ,  and  J.  grandis ,  which  are 
geographically  isolated  from  each  other  and  from  J.  virginiana.  Current  work  seeks  to  establish 
whether  flies  reared  from  these  newly  identified  juniper  hosts  represent  new  Rhagoletis  species. 
Together  with  R.  juniperina,  these  other  juniper- infesting  flies  appear  to  form  a  monophyletic 
group,  potentially  representing  a  new  North  American  Rhagoletis  species  group.  We  are  also 
working  to  determine  if  the  Utetes  and  Coptera  parasitoid  wasps  associated  with  each  of  these 
putative  new  Rhagoletis  species  represent  new  species,  and  whether  there  has  been  coevolution 
of  the  juniper- infesting  Rhagoletis  flies  with  their  juniper  hosts  and/or  hymenopteran 
parasitoids.  Finally,  as  a  part  of  our  current  research,  we  seek  to  establish  a  network  of 
colleagues/collaborators  to  survey  potential  juniper  hosts  in  North  America  and  Eurasia  for 
infestation  with  Rhagoletis  spp.  If  you  are  interested,  and  have  junipers  growing  near  you, 
please  contact  us  to  find  out  about  working  with  our  team! 
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Stoneflies  are  among  the  most  environmentally  sensitive  of  aquatic  insects.  Illinois  Natural 
History  Survey  researchers  have  studied  stonefly  distribution  and  systematics  for  over  a  century, 
resulting  in  one  of  the  largest  collections  of  stoneflies  in  the  world.  These  specimens  and  recent 
collections  were  used  to  examine  changes  in  species  richness  and  species  trait  frequencies  at  3 1 
fixed  sites  in  pre-  and  post- 1970  periods.  From  past  broad  scale  analyses,  we  hypothesized  that 
the  number  of  species  would  be  diminished  in  post- 1970  and  that  there  would  be  corresponding 
changes  in  many  species  trait  distributions.  Indeed,  species  richness  decreased  markedly  across 
most  sites.  Sorensen's  Coefficient  of  Similarity  for  periods  at  each  site  decreased  with  increasing 
stream  width,  e.g.  change  in  species  composition  was  greatest  in  larger  streams.  The  frequency 
of  species  with  longer  nymphal  growth  periods  also  decreased  dramatically  over  time  and 
coincided  with  an  increase  in  the  frequency  of  species  with  egg  diapause,  short  life  cycles,  and 
smaller  size.  The  frequency  of  some  feeding  strategies  also  changed  through  time.  For  instance, 
all  sites  lost  predator  species  post- 1970.  The  role  of  land  use  and  human  disturbance  factors  in 
explaining  these  changes  is  discussed.  This  study  is  an  example  of  how  museum  specimens  may 
be  used  to  answer  conservation  related  questions. 
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Introduction.  Urban  trees  often  suffer  heavy  infestations  of  arthropod  pests  that  reduce  tree  vigor 
and  undermine  aesthetic  and  ecological  benefits  of  urban  forests.  Field  studies  in  Raleigh,  NC, 
USA,  have  demonstrated  that  urban  warming  is  a  key  driver  of  arthropod  pest  infestations  and 
poor  tree  condition  in  red  maple  ( Acer  rubrum)  and  willow  oak  ( Quercus phellos ).  We  have 
developed  planting  guidelines  aimed  at  keeping  red  maple  out  of  the  hottest  urban  sites,  where  it 
is  subject  to  the  worst  pest  infestations.  But  if  not  red  maple,  then  what?  In-depth  studies  of 
every  urban  tree-pest  system  would  be  slow  and  expensive.  However,  many  cities  already 
document  the  species,  condition,  and  location  of  each  city-owned  tree  through  municipal  tree 
inventories. 

Methods.  Here,  we  combine  such  tree  inventories  with  remotely  sensed  temperature  data  to 
determine  which  tree  species  are  most  sensitive,  or  most  robust,  to  urban  warming.  Further,  we 
attempt  to  generalize  these  results  by  asking  which  tree  traits  (e.g.,  geographic  origin,  wetland 
classification)  predict  their  response  to  urban  warming. 


Results/Conclusions.  Preliminary  results  indicate  that  tree  inventories  do  reveal  interspecific 
variation  in  tree  tolerance  of  urban  warming.  We  suggest  that  planting  guidelines  based  on  these 
patterns  will  benefit  urban  forest  health  and  ecosystem  sevices  by  matching  specific  trees  to  sites 
where  they  will  avoid  the  worst  pest  infestations.  Outside  of  urban  heat  islands,  our  results  are 
relevant  to  the  health  of  rural  forests  in  a  changing  climate. 
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Granivory  can  play  a  pivotal  role  in  influencing  regeneration,  colonisation  as  well  as  abundance 
and  distribution  of  plants.  Due  to  their  high  abundance,  nutrient  content  and  longevity,  seeds  are 
an  important  food-source  for  many  animals.  Among  insects,  carabid  beetles  consume  substantial 
numbers  of  seeds  and  are  thought  to  be  responsible  for  a  significant  amount  of  seed  loss. 
However,  the  processes  that  govern  which  seeds  are  eaten  and  are  therefore  prevented  from 
entering  the  seedbank  are  poorly  understood.  We  assessed  if  DNA-based  diet  analysis  allows 
tracking  the  consumption  of  seeds  by  carabids.  Adult  individuals  of  Harpalus  rufipes  were  fed 
with  seeds  of  six  different  plant  species:  Capsella  bursa-past  or  is,  Rumex  obtusifolius,  Senecio 
vulgaris,  Taraxacum  officinale,  Trifolium  repens,  and  Lolium  perenne,  allowing  them  to  digest 
for  up  to  128  hours.  Moreover,  we  invested  if  consumption  of  Tenebrio  molitor  L.  1  and  8  hours 
after  the  seed  meal,  respectively,  influences  detection  rates  of  plant-DNA.  Regurgitates  were 
tested  for  the  DNA  of  ingested  seeds  at  eight  different  time  points  post-feeding  using  three 
general  plant  primer  pairs,  resulting  in  different  amplicon  length  of  ca.  120,  350  and  600  bp.  The 
detection  of  seed  DNA  decreased  with  digestion  time  for  all  seed  species,  albeit  in  a  species- 
specific  manner.  Detection  time  post-feeding  was  significantly  higher  for  the  shorter  amplicon 
length.  Our  findings  demonstrate  that  seed  predation  by  carabids  can  be  tracked,  molecularly, 
providing  a  new  way  to  unravel  the  mechanisms  underlying  in-field  diet  choice  in  granivores. 
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Nutrient  recycling  in  forests  is  accomplished  by  decomposition  of  organic  matter  by  fungal  and 
bacterial  organisms.  Tropical  forests  exhibit  constant  and  continuous  rates  of  decomposition 
throughout  the  year.  Temperate  forests  exhibit  a  seasonal  and  much  lower  biomass 
decomposition  rate.  Nonetheless,  recycling  of  nutrients  allow  for  deciduous  forests  to  regenerate 
every  year  when  warmer  weather  reaches  these  latitudes.  Temperate  long-horned  wood-boring 
beetles’  and  their  gut-symbionts  are  important  constituents  of  this  nutrient  recycling  process. 
Hungry  feeding  cerambycid  larvae  carves  tunnels  in  fallen  trees  enabling  the  microbes  to  be 
spread  on  the  dead  trees  as  traces  of  frass  are  left  behind  in  the  tunnels.  In  this  study,  nineteen 
cerambycid  larvae  were  collected  from  fallen  trees  in  urban  parks  in  Queens,  NY.  The  larvae 
was  starved  and  their  frass  re-suspended  in  microbiological  media.  Microorganisms  were 
subsequently  isolated  and  thirteen  bacterial  species  identified  based  on  differential  staining, 
biochemical  tests  and  16SrRNA.  The  beetles  were  allowed  to  mature  and  were  identified  as 
Xylotrechus  col  onus  F.  and  Graphisurus  fasciatus  Degeer  using  morphological  characteristics.  In 
the  face  of  global  warming,  and  temperatures  becoming  warmer  in  Northern  latitudes,  species 
and  their  ranges  will  likely  change,  either  adapting  or  becoming  extinct.  Urban  parks  are  islands 
of  refuge  to  migrating  species  and  homes  to  many  other  organisms.  Understanding  the  role  and 
the  contribution  of  each  individual  species  to  the  overall  wellness  of  the  biome,  can  help  us  make 
better  informed  decisions  about  conservation  efforts  and  ecological  initiatives  as  we  confront  the 
present  global  warming  issues  and  its  impact  in  small  urban  forest  biomes. 
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Maize,  Zea  mays  L.,  is  a  genetically  diverse  crop  having  been  domesticated  from  its  wild 
ancestor,  teosinte.  Lepidopteran  pests  are  a  major  constraint  to  maize  production  especially  in 
sub-Saharan  Africa  causing  yield  loss  up  to  80%.  The  wild  ancestors  from  which  crop  plants 
were  domesticated  had  evolved  adaptations  that  allowed  them  to  survive  in  their  natural  habitats, 
where  they  were  exposed  to  attacking  organisms.  These  crops  were  selected  for  yield  and  quality 
by  humans  over  thousands  of  years.  Current  plant  breeding  trials  are  usually  carried  out  in  the 
background  of  a  robust  pesticide  programme.  This  could  have  affected  the  plants’  defences.  For 
better  understanding  of  the  ecological  relevance  and  evolutionary  history  of  oviposition-induced 
plant  signaling  in  maize,  it  was  prudent  to  study  these  signals  in  wild,  landrace  and  hybrid 
systems.  HIPVs  were  collected  from  plants  exposed  to  egg  deposition  by  Chilo 
partellus  Swinhoe  through  headspace  sampling.  Four-arm  olfactometer  bioassay  was  carried  out 
using  parasitic  wasps  Trichogramma  bournieri  and  Cotesia  sesamiae.  Coupled  GC-MS  and  GC- 
EAG  were  used  for  chemical  analysis.  We  found  genotypic  variation  in  the  indirect  plant  defence 
trait:  it  is  more  prevalent  in  wild  and  landrace  maize  lines  and  very  rare  in  elite  hybrid  maize 
lines  suggesting  breeding  for  yield  may  have  affected  this  defence  trait.  Certain  improved  maize 
lines  with  the  trait  have  now  been  identified  and  links  between  this  phenotype  and  the  genotype 
are  being  explored.  Introgression  of  this  indirect  defence  trait  into  improved  maize  lines  can  be 
used  to  increase  indirect  defense  against  stemborers  in  agroecosystems. 
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Among  insect  pests  of  vegetables,  lepidopteran  pests  have  significant  importance.  The  present 
study  was  performed  to  investigate  the  base  line  studies  about  assessment  of  feeding  and 
consumption  potential,  utilization  indices  and  losses  promises  of  leafworm,  Spodoptera  litura  F. 
on  Okra.  The  data  regarding  feeding  potential  (leaf-area/weight/mass  consumed  per  larvae),  food 
utilization  and  consumption  indices  (Approximate  Digestibility,  convert  the  ingested  food  into 
biomass,  Consumption  Index  and  Growth  Rate)  and  losses  promises  (%  dry-weight  and  wet- 
weight  loss)  of  different  larval  instars  was  recorded  and  subjected  to  appropriate  statistical 
analysis.  The  results  showed  that  approximate  digestibility  of  3rd  (51.36-64.03  %),  4th  (63.42- 
69.45  %)  and  5th  (70.25-76. 10  %)  instar  larvae  increased  and  then  decreased  while  efficiency  to 
convert  the  ingested  food  into  biomass  varied  significantly.  The  consumption  index  values 
increased  with  an  increase  in  time  but  4th  instar  larvae  relative  consumption  and  growth  rate  was 
declined.  The  ingestion  and  digestion  increased  in  3rd  (10.01-13.06,  8.32-1 1.91  mg),  4th  (1 1.27- 
17.28,  10.96-14.03  mg)  and  5th  (12.60-19.40,  11.93-15.28  mg)  larval  instars.  The  corrected 


weight  of  consumed  leaves  increased  with  a  gain  in  body  weight;  however,  in  3rd  instar,  a  decline 
was  observed  on  last  day  of  feeding.  Maximum  leaf  area  was  consumed  by  5th  instar  larvae  of 
armyworm  (44.66  cm2)  followed  by  4th  (35.41  cm2)  and  3rd  (27.98  cm2)  instars.  In  conclusion,  all 
the  dependent  parameters  including  food  utilization  potential,  consumption  indices  and  losses 
promises  were  higher  for  fifth  instar  larvae  than  others.  These  results  emphasized  the  re¬ 
establishment  of  fundamental  (ETL,  EIL)  integrated  pest  management  concepts. 
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Coevolutionary  interactions  are  thought  to  have  spurred  the  evolution  of  key  innovations  and 
driven  the  diversification  of  much  of  life  on  Earth.  However,  the  genetic  and  evolutionary  basis 
of  the  innovations  that  facilitate  such  interactions  remains  poorly  understood.  We  examined  the 
coevolutionary  interactions  be-  tween  plants  (Brassicales)  and  butterflies  (Pieridae),  and 
uncovered  evidence  for  an  escalating  evolutionary  arms-race.  Although  gradual  changes  in  trait 
complexity  appear  to  have  been  facilitated  by  allelic  turnover,  key  innovations  are  associated 
with  gene  and  genome  duplications.  Furthermore,  we  show  that  the  origins  of  both  chemical 
defenses  and  of  molecular  counter  adaptations  were  associated  with  shifts  in  diversification  rates 
during  the  arms-race.  These  findings  provide  an  important  connection  between  the  origins  of 
biodiversity,  coevolution,  and  the  role  of  gene  and  genome  duplications  as  a  substrate  for  novel 
traits. 
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Bird  cherry-oat  aphids  ( Rhopalosiphum  padi  L.)  that  colonize  emerging  winter  wheat  seedlings 
each  fall  in  the  Southern  Plains  cause  significant  damage  either  by  transmitting  barley  yellow 
dwarf  (BYD)  or  by  direct  feeing.  This  damage  potential  may  be  related  to  their  heteroecious 
biology  within  individual  fields  or  within  an  agricultural  landscape:  ie.  host-plant  switching 
results  in  the  most  fit  BCOA.  Producers  who  harbor  other  plant  hosts  in  their  landscape  may 
therefore  observe  more  significant  damage  than  predicted,  because  predictions  are  based  on 
wheat  variety  reactions  (lab  and  field)  to  BCOA  infestations  from  single  plant  colonies.  Indeed, 
bioassay  results  regarding  resistant  cultivars  have  historically  been  inconsistent.  The  factors  that 
influence  bioassay  variability  are  largely  unknown,  as  are  the  factors  that  influence  aphid  size  in 
laboratory  colonies.  A  standardized  rearing  procedure  using  host  plant  compositions  has  the 
potential  to  result  in  healthier,  more  morphologically  consistent  BCOA  that  can  be  utilized  in 
bioassays  on  wheat  and  barley  germplasm.  Maintaining  optimum  aphid  body  size  and  fecundity 
in  an  artificial  environment  is  integral  for  producing  reliable,  trustworthy  bioassay  results. 
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Abstract  text: 

The  study  was  carried  out  to  determine  the  effect  of  induced  resistance  caused  by  exogenous 
applications  of  Methyl  Jasmonate  and  Salicylic  acid  along  with  biological  control  agents 
(' Coccinella  septempunctata  L.,  Diaeretiella  rapae  Stary).  Different  levels  of  Methyl  Jasmonate, 
MeJA  (MeJA:  50pM,  100pM,  300pM)  and  Salicylic  acid,  SA  (SA:  0.25  mM,  0.5  mM,  1  mM) 
were  tested/screened  to  determine  the  most  effective  concentration  by  studying  the  expression 
pattern  of  SA  and  MeJA  dependent  markers  genes.  The  cross  talk  of  MeJA  and  SA  dependent 
genes  was  also  elaborated.  The  expression  pattern  was  analysed  through  RT-PCR  semi- 
quantitative  and  Real  time  PCR.  The  pathogenesis  related  protein  1  (PR1)  and  proteinase 
inhibitor  (PIN2)  were  shown  to  be  activated  against  aphids  infestation.  Upon  treatment  of  SA, 
PR1  was  activated  but  PIN2  was  down-regulated  where  as  application  of  MeJA  activated  the 
PIN2  but  down-regulated  PR1  genes.  Phytohormones  and  biological  control  agents  alone  and  in 
combination  proved  their  worth  by  controlling  aphid  population  on  brassica  napus  L.  plants.  The 
treatment  of  ImM  Salicylic  acid,  100  pM  MeJA  and  use  of  predator  ( Coccinella  septempuctata) 
and  parasitoid  ( Diaretiella  rapae)  individually  reduced  the  aphid  population  significantly.  Thus 
the  study  revealed  that  this  strategy  of  using  plant  defense  elicitors  and  biocontrol  agents  to 
manage  and  control  aphids  on  brassica  crop  is  better  than  indiscriminate  use  of  synthetic 
insecticides. 
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The  green  peach  aphid  {Myzus  persicae  Sulzer)  is  a  globally  important  insect  infecting  vegetable 
plants  and  other  crops.  Aphid  is  feeding  on  plant  with  piercing- sucking  mouthparts  and  secreting 


distinct  secretion  known  as  “saliva”.  The  saliva  contains  oxidizing  enzymes,  however,  little  is 
known  about  how  plant  responses  to  aphid  feeding:  oxidative  or  reductive  reaction.  In  order  to 
know  this  signaling  pathway  of  interaction  between  plant  and  insect,  we  use  Arabidopsis 
thaliana  of  redox  sensitive  GFP  (roGFP2)  as  a  model  plant  and  learn  how  plant  response  to 
aphid  feeding.  roGFP2  is  a  quantitative  biosensor  for  redox  potential  of  the  cellular  glutathione 
redox  buffer,  it  is  a  part  of  signal  transduction  pathways  transmitting  environmental  signals 
during  biotic  and  abiotic  stress.  The  redox  changes  are  dependent  on  the  ratio  of  two  excitation 
peaks  (490  nm/400  nm)  for  roGFP2.  Results  suggest  that  aphid  feeding  leads  to  an  increase  in 
roGFP2  total  fluorescence,  and  a  ratiometric  change  in  fluorescence.  Implications  for  the  redox 
status  of  the  feeding  site  will  be  discussed. 
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Introduction:  The  adaptation  in  response  to  a  changing  environment  facilitates  the  evolution  of 
diversity  of  life.  In  the  past  three  decades,  two  species  of  the  Bemisia  tabaci  whitefly  complex, 
Middle  East- Asia  Minor  1  and  Mediterranean,  have  invaded  many  countries/regions  around  the 
world,  and  their  rapid  and  widespread  invasions  have  been  referred  to  be  related  to  their  wide 
range  of  host  plants  and  high  resistance  to  insecticides.  However,  little  is  yet  known  about  the 
genetic  basis  of  whitefly  adaptation  to  novel  hosts. 

Methods:  We  determined  the  genetic  and  phenotypic  change  underlying  evolution  of  a  whitefly 
population  on  an  unsuitable  host  plant.  Middle  East- Asia  Minor  1  whiteflies,  which  were 
collected  in  the  field  and  had  been  maintained  on  cotton,  were  transferred  to  tobacco  plants. 

Results/Conclusion:  After  10  generations  of  feeding  on  the  new  host  plant,  whiteflies  showed 
increased  survival.  High-throughput  RNA  sequencing  was  recruited  to  monitor  the  change  of 
expression  level  and  SNPs  of  transcripts.  Genes  involved  in  synthesis  of  several  amino  acids 
were  down-regulated  after  adaptation.  Adaption  sweep  on  P450  gene  family  was  also  detected. 
These  results  show  that  a  balance  mechanism  for  nutrition  metabolism  and  detoxification  may 
play  important  roles  in  the  adaptability  of  this  invasive  whitefly. 
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Abstract  text: 


Plant-derived  essential  oils  or  extracts  and  their  associated  volatiles  can  serve  as  insect 
attractants.  In  our  study,  we  initially  assessed  the  attractiveness  of  western  flower  thrips 
( Frankliniella  occidentalis)  adults  to  vanilla  extract  in  the  laboratory  using  choice  and  no-choice 
experiments  by  comparing  1  (0.05  mL)  and  2  (0.10  mL)  drops  of  vanilla  extract  (0.029  and 
0.059%,  respectively).  In  the  choice  experiments,  one  western  flower  thrips  was  placed  in  the 
center  of  the  petri  dish,  and  observations  were  made  on  whether  there  was  preferential  movement 
to  the  water  or  vanilla  extract.  For  the  no-choice  experiments,  one  western  flower  thrips  was 
placed  into  each  petri  dish  and  movement  was  observed  to  assess  whether  or  not  the  western 
flower  thrips  moved  toward  the  water  or  to  the  vanilla  extract.  We  then  determined  if  yellow 
sticky  cards  containing  vanilla  extract  were  more  attractive  to  western  flower  thrips  adults  than 
those  with  water,  by  using  the  number  of  adults  captured  on  yellow  sticky  cards  as  an  estimate 
under  greenhouse  conditions.  Western  flower  thrips  adults  were  not  attracted  to  vanilla  extract 
based  on  the  results  associated  with  the  choice  and  no-choice  tests  conducted  under  laboratory 
conditions.  In  addition,  there  was  no  evidence  that  inoculating  yellow  sticky  cards  with  vanilla 
extract  enhanced  the  number  of  adults  captured  on  yellow  sticky  cards.  Overall,  the  use  of 
vanilla  extract  in  attracting  western  flower  thrips  adults  to  yellow  sticky  cards  is  not  justifiable 
under  the  parameters  of  our  study. 
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Abstract  text: 

The  use  of  Unmanned  Aircraft  Systems  (UAS)  presents  Area  Wide  Integrated  Pest  Management 
(AW-IPM)  programs  with  the  ability  to  rapidly  and  sustainably  respond  to  incursions  of  insect 
pests.  The  use  of  UAS  has  dramatically  changed  the  scope  and  scale  in  which  the  Sterile  Insect 
Technique  (SIT)  may  be  utilized,  however,  these  changes  come  with  significant  legal  and 
regulatory  limitations.  This  paper  describes  three  different  programs,  namely,  the  Pink  Bollworm 
Eradication  Program,  the  Navel  Orangeworm  Management  Program  and  Mosquito  Suppression 
in  three  different  phases  of  AW-IPM  SIT  applications  (Post  Eradication,  Supression  and 


Research  and  Development)  in  three  different  geographic  types  (Cotton,  Orchards  and  Urban 
Areas),  and  seeks  to  present  findings  in  terms  of  the  Applications  and  Limitations  of  UAS  in  SIT 
programs. 
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Abstract  text: 

Cabbage  maggot  (Delia  radicum)  is  a  serious  insect  pest  of  broccoli  and  cauliflower  in  the 
Central  Coast  of  California.  Experiments  were  conducted  in  greenhouse  and  field  to  determine  if 
insecticide  placement  methods  such  as  seed  coating  and  seedling  tray  drench  reduce  cabbage 
maggot  infestation.  To  determine  the  effects  of  seed  coating,  field  experiments  were  conducted 
in  2014  and  2015.  In  2015,  a  study  was  conducted  where  application  methods  such  as  at-plant 
banded-spray,  and  chemigation  through  drip  irrigation  were  compared  with  seed  coating.  The 
insecticide  used  was  clothianidin  which  is  registered  on  broccoli.  The  results  show  that 
clothianidin  coated-seeds  provided  satisfactory  cabbage  maggot  suppression  compared  with 
chemigation  or  at-plant  banded-spray  and  is  consistent  with  previous  two  years  of  data  with  seed 
coating.  The  second  insecticide  placement  technique  studied  was  seedling  tray  drench 
application  where  insecticide  solution,  prepared  based  on  the  recommended  rate  and  plant 
density  per  hectare,  was  introduced  into  seedling  plugs  before  transplanting  to  the  field.  The  data 
suggest  that  the  cabbage  maggot  infestation  suppressed  when  clothianidin  treated  in  the 
transplant  plugs.  Other  insecticides  cyantraniliprole,  spinetoram  and  bifenthrin  suppressed 
cabbage  maggot  in  the  greenhouse  experiments  with  broccoli  and  cauliflower. 
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Abstract  text: 

Harlequin  bug  ( Murgantia  histrionica )  is  an  important  pest  of  cole  crops  in  Central  and  North 
America.  The  adults  and  nymphs  feed  on  aboveground  plant  tissues  by  sucking  cell  contents,  and 
can  seriously  damage  the  host.  Pesticides  currently  used  on  cole  crops  target  mainly  lepidopteran 
pests,  and  generally  do  not  control  harlequin  bug,  so  alternative  management  practices  need  to  be 
explored.  Previous  research  has  established  the  existence  of  a  male-produced  pheromone 
attractive  to  both  sexes  and  nymphs  of  M.  histrionica.  In  this  work,  two  systems  of  marking 
bugs  were  tested  to  verify  if  the  mark  affected  fitness  traits  such  as  survival  and  host  location.  In 
a  second  phase,  marked  individuals  were  placed  on  trap  host  plants  baited  with  synthetic 
pheromone  lures  to  test  whether  migration  rates  were  related  to  M.  histrionica  density  on  the  trap 
plants  and  the  presence  of  the  attractants.  Neither  marking  system  affected  the  survival  or 
orientation  of  the  subjects  compared  to  unmarked  individuals.  The  pheromone  lures  significantly 
increased  the  attractiveness  of  the  trap  plants,  but  did  not  increase  the  retention  time  of  the  plants 
compared  to  unbaited  plants.  Emigration  from  the  trap  plants  showed  a  constant  rate,  and  seemed 
unrelated  to  bug  density  on  the  plants.  However,  a  mean  peak  density  of  36  bugs/plant  was 
calculated,  beyond  which  density  tended  to  decrease.  These  successful  marking  methods  and 
retention  time  models  support  development  of  M.  histrionica  management  with  trap  crops,  by 
providing  tentative  control  thresholds  and  decision  rules. 
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Abstract  text: 


Protecting  grain  in  storage  is  a  key  management  process  to  maintain  the  quality  of  grain  which 
results  in  the  best  economic  gain  and  the  safest  working  environment.  Steps  taken  before  harvest 
to  ensure  grain  quality  in  storage  include  sanitation,  maintenance,  and  insecticide  application. 
Sanitation  involves  cleaning  all  grain  handling  equipment,  removing  old  grain  and  insect 
populations  from  the  storage  facility,  and  keeping  a  clear  area  around  the  outside  of  the  structure. 
Maintenance  of  the  facility  for  gaps,  holes,  cracks,  or  leaky  areas  is  critical  to  prevent  insects 
from  entering  the  facility.  After  sanitation  and  maintenance  has  been  completed,  the  application 
of  an  insecticide  may  aid  in  preventing  insect  infestations  or  to  control  insects  in  areas  that  are 
difficult  to  clean.  Taking  these  steps  will  help  to  maintain  grain  quality  while  it  is  in  storage. 
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Abstract  text: 

The  effects  of  weather  on  pest  risk  are  well-known,  so  climate  change  clearly  can  influence  pest 
risk  and  management  requirements.  What  are  the  "no  regrets"  adaptation  strategies  that  will 
benefit  pest  management  under  the  range  of  potential  climate  change  scenarios  currently  being 
evaluated?  Impact  Network  Analysis  offers  a  platform  for  evaluating  strategies  for  adapting 
management  to  climate  change.  An  "impact  network"  is  the  linked  socioeconomic  and 
biophysical  networks  through  which  new  technologies  can  impact  system  outcomes.  An  "Impact 
Network  Analysis"  (INA)  is  an  evaluation  of  how  impact  networks  function  in  a  particular 
setting,  such  as  management  of  pests  in  a  particular  crop,  and  where  the  control  points  for 
improvement  are.  Examples  illustrate  how  INA  can  be  used  to  prioritize  management  strategies, 
integrating  biological  and  socioeconomic  perspectives. 
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Abstract  text: 

Com  is  one  of  the  three  most  important  crops  in  Argentina.  In  2015-2016  season,  area  planted 
with  corn  is  estimated  to  be  3,6  MM  hectares.  Spodoptera  frugiperda  Smith  (Fall  Armyworm 
[FAW])  is  a  common  pest  capable  of  causing  significant  yield  losses  in  corn.  Fall  Armyworm  is 
most  destructive  in  late-planted  corn  in  subtropical  regions.  The  biology  cycle  of  FAW  in  the 
north  area  of  Argentina  includes  5  to  6  generations  per  season.  Herculex  I  (HX  I)  (DAS-01507- 
1),  expressing  Cry  IF  protein,  was  launched  in  the  2005-2006  season  in  Argentina  and  has  been 
widely  adopted  because  of  the  high  level  of  efficacy  it  provides  against  FAW.  Adoption  of  late 
season  plantings,  limited  adoption  of  planted  refuge  and  multiple  pest  generations  in  the  north  of 
Argentina  has  increased  both  pest  exposure  to  Cry  IF  trait  and  selection  pressure  for  resistance  to 
Cry  IF  corn.  Field  efficacy  monitoring  and  FAW  CrylF-susceptibility  monitoring  has  been 
conducted  throughout  the  main  corn  production  areas  in  Argentina  from  2009  to  2015.  This 
presentation  will  describe  observations  of  field  efficacy  of  HX  I  across  the  main  corn  production 
areas  in  Argentina  since  2009  and  the  results  of  resistance  monitoring  conducted  using  Cry  IF 
protein.  An  increase  in  larval  survival  and  crop  damage  was  evident  throughout  this  period  in 
field  trials  in  the  majority  of  corn  production  areas  in  Argentina.  Over  the  same  period,  random 
larval  collections  showed  increasing  survivorship  on  diet  containing  a  purified  Cry  IF  protein 
(D1X).  These  studies  confirm  that  resistance  to  CrylFprotein  is  present  in  FAW  populations  in 
Argentina. 
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Abstract  text: 

Management  of  insect  pests  is  challenging,  and  effective  implementation  of  pest  management 
tactics  requires  accurate  knowledge  of  the  timing  of  pest  occurrence.  Weather-based  insect  pest 
forewarning  systems  can  provide  critical  inputs  to  farmers  and  other  stakeholders  on  potential 
pest  infestations  and  assist  in  timely  pest  management.  Traditional  predictive  pest  management 
models  have  relied  mainly  on  the  use  of  growing  degree-days.  Currently  operational  weather- 
based  insect  pest  forecast  models  are  not  available  in  Alberta.  There  is  scope  to  develop 
predictive  pest  phenology  models  to  incorporate  tritrophic  interactions  among  crop  hosts,  insect 
pests  and  their  natural  enemies  with  respect  to  host  crops.  We  present  here  the  framework  for  the 
development  of  Near-Real  Time  (NRT)  weather  based  predictive  models  for  the  three 
economically  important  pest  species  in  Alberta,  Canada,  and  discuss  preliminary  findings  of  our 
predictive  pest  phenology  models.  We  focused  on  three  representative  pests  namely,  wheat 
midge,  Sitodiplosis  mosellana  (Gehin)  in  cereals,  bertha  armyworm,  Mamestra  configurata 
Walker  in  Canola,  and  alfalfa  weevil,  Hypera  postica  L.  in  the  forage  crops.  We  developed  and 
deployed  on-farm  weather  monitoring  systems  to  collect  NRT  weather  data  in  the  commercial 
fields  of  canola,  alfafa  and  spring  wheat  across  Alberta.  On  these  sites,  weekly  data  on  the 


phenologies  of  the  target  insect  pests  and  their  principal  natural  enemies  were  collected  with 
respect  to  crop  growth  stages.  The  aim  is  to  develop  and  implement  provincial  weather-based 
NRT  pest  prediction  models  as  a  web-based  risk  management  tool  that  will  assist  in  timely  and 
informed  decision  making  for  effective  pest  management. 
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Abstract  text: 

Laboratory  bioassays  were  conducted  to  evaluate  the  effect  of  the  hexane  and  methanol  extracts 
of  leaves  and  seeds  of  Datura  innoxia  on  the  growth  and  development  of  the  tobacco  caterpillar, 
Spodoptera  litura  F.  (Lepidoptera:  Noctuidae).  When  S.  litura  larvae  were  fed  on  semi- synthetic 
diets  incorporated  with  different  concentrations  of  methanol  and  hexane  extracts  of  leaves  and 
seeds  of  Datura  inoxia  Mill.,  all  the  biological  parameters  of  the  insect  -  larval  period,  pupal 
period,  developmental  period,  pupal  weight  and  percent  adult  emergence,  were  adversely 
affected.  The  adverse  effect(s)  of  Datura  extracts  on  S.  litura  were  also  manifested  in  the 
formation  of  small-sized  and  malformed  pupae  or  larval-pupal  intermediates,  and  low  or 
impaired  adult  emergence.  The  observed  growth-inhibitory  activity  of  D.  innoxia  extracts  on  S. 
litura  could  be  due  to  the  presence  of  certain  active  secondary  metabolites,  and  demonstrate  their 
significant  potential  in  the  management  of  S.  litura,  especially  in  India,  where  this  plant  is 
readily  available.  Exhaustive  field  trials  are  recommended  before  the  commercial  application  of 
these  extracts. 
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Abstract  text: 

Introduction:  Panonychus  citri  McGregor  (Acari:  Tetranychidae)  and  Diaphorina  citri 
Kuwayama  (Hemiptera:  Liviidae)  are  two  key  pests  in  many  citrus  producing  regions  worldwide. 
Therefore,  the  development  of  a  safe  and  economical  method  for  the  control  of  both  pests  is 
necessary. 

Methods:  The  toxicity  of  matrine,  mineral  oil,  and  abamectin  to  Neoseiulus  cucumeris  McGregor 
(Acari:  Phytoseiidae),  P.  citri,  and  D.  citri  was  evaluated  in  laboratory.  Additionally  field 
experiments  were  performed  in  four  7-year-old  Citrus  reticulate  Blanco  (Rutaceae)  groves  of 
about  1  ha  at  the  Fengkai  County,  Guangdong  Province  from  May  201 1  to  January  2012.  Two 


groves  were  treated  with  “Matrine  +  N.  cucumeris”,  one  grove  was  treated  with  “Mineral  oil  + 

N.  barkeri”and  finally  one  control  grove  was  treated  with  “Abamectin  mainly”. 

Results/Conclusion:  The  results  showed  that  the  botanical  pesticide  matrine  is  highly  lethal  to  D. 
citri  adults,  mineral  oil  and  abamectin  are  relatively  highly  toxic  to  P.  citri,  and  both  matrine  and 
mineral  oil  exerted  relatively  low  toxic  effects  on  N.  cucumeris  .The  field  experiment  results 
showed  that  the  biological  control  strategy  based  on  combination  of  biorational  pesticides, 
matrine  and  mineral  oil  with  predatory  mite  release  are  as  effective  as  synthetic  pesticide  sprays 
in  control  of  the  most  important  citrus  pests,  P.  citri  and  D.  citri. Furthermore,  this  strategy  can 
continuously  suppress  the  population  of  the  pests  during  the  season  without  pesticide  sprays. 

This  control  strategy  can  adequately  protect  and  enhance  the  role  of  the  natural  enemies, 
especially  spiders  in  citrus  orchards. 
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Abstract  text: 

Introduction:  ink  mealybug  Maconellicoccus  hirsutus  (Green)  (Pseudococcidae:  Hemiptera)  is  a 
destructive  pest  of  agricultural  and  horticultural  crops.  Insecticides  are  being  used  as  the  major 
tool  for  the  control  of  M.  hirsutus. 

Methods:  The  present  study  was  conducted  to  evaluate  the  insecticidal  resistance  in  M.  hirsutus 
collected  from  seven  different  geographical  locations  of  mulberry  and  grape  wine  yards  in  India, 
for  the  commonly  used  insecticides  viz ,  acephate,  dichlorvos,  imidacloprid  and  buprofezin.  The 
quantification  of  detoxifying  enzymes  namely  esterase,  glutathione  S  trasferases  (GST)  and 
cytochrome  P-450  was  conducted 


Results/Conclusion:  Low  level  of  resistance  (Resistance  ratio-RR:  10.3-fold)  to  acephate  was 
observed  from  Erode  population.  Salem  population  showed  low  level  of  resistance  (RR:  13.7- 
fold)  to  dichlorvos.  Sangli  population  evolved  very  low  resistance  (RR:  10.1-fold)  to 
imidacloprid,  whereas  chikkaballapur  population  showed  low  level  of  resistance  (RR:  14.8-fold) 
to  buprofezin.  Elevated  level  of  detoxifying  enzymes  with  activity  ratio  ranging  from  1.8-4.9- 
fold  for  GST,  1.8-3.7-fold  for  esterases  and  1.9-2.4-fold  for  cytochrome  P450  was  observed. 
Further  a  positive  correlation  was  found  between  organophosphates  and  enzymes  (Esterases, 

GST  and  P450).  To  contain  evolution  of  resistance,  buprofezin  and  imidacloprid  can  therefore  be 
advocated  against  M.  hirsutus  supplemented  with  biointensive  integrated  management  strategies 
and  regular  resistance  monitoring  programs. 
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Abstract  text: 

Introduction:  The  Spotted  Wing  Drosophila,  Drosophila  suzukii  Matsumara  (SWD)  has  become 
a  key  pest  of  NY  small  fruit.  Estimated  losses  in  2012  exceeded  1.3  million  dollars  in 
conventionally  grown  blueberry.  Levels  of  infestation  ranging  from  40  to  100%  occur  yearly  in 
un-sprayed  commercial  raspberry  plantings.  Fruit  production  requires  pest  management 
programs  employing  3-4  day  application  intervals  to  obtain  marketable  fruit.  Organic  production 
suffers  higher  damage  levels  to  fruit  with  few  management  options.  The  integration  of  attract  and 
kill  strategies  reduces  SWD  populations  and  subsequent  injury  to  organically  grown  fruit. 

Methods:  Attract  and  Kill  (ATK)  employs  a  4”  netted  disk  layered  in  solution  bait,  absorbed  by 
gelatin  and  polymer  crystals.  Laboratory  caged  adult  efficacy  screening  trials  employed  2  mL 
airbrush  spray  of  1%  A.I.  of  5  insecticide  classes  to  ATK  disks.  In  2015  field  studies,  disks  were 


placed  at  3’  intervals  in  alternating  elevations  of  18”  and  36”  in  raspberry  rows,  monitored  for 
SWD  fruit  oviposition  in  sound  pre-ripened  fruit. 

Results/Conclusion:  Laboratory  studies  demonstrated  ATK  solution  comparable  to  natural  fruit 
volitles  and  synthetic  lures  in  attraction  to  SWD  adults.  Caged  screening  studies  demonstrated 
highest  level  of  SWD  adult  mortality  (98.7%)  and  ovipositional  deterrence  (0.14  eggs/gram)  with 
1%  A.I.  Spinosad  >  Zeta-cypermethrin  >  Malathion  and  Dinotefuran  >  Acetamiprid  >  B. 
bassiana  with  lowest  efficacy  and  highest  eggs/gram  in  the  untreated  control.  ATK  stations 
placed  in  the  field  prior  to  the  first  adult  SWD  capture  provided  a  52.6%  reduction  in  fruit 
oviposition  compared  to  sites  where  later  placement  was  employed. 


Paper  (Oral)  Presentations 

Presentation  Title:  Raspberry  ketone  as  a  promising  pre-release  supplement  for  Sterile  Insect 
Technique  programs  of  Queensland  fruit  fly,  Bactrocera  tryoni 

Author  Name:  Humayra  Akter 

Author  Institution:  Macquarie  University 

Session  Title:  Contributed  Papers:  Integrated  Pest  Management  and  Sustainable  Agriculture: 
Behavioral  Pest  Management 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  4666 

DOI:  10.1603/ICE.2016.108192 

Abstract  text: 

Introduction:  Mature  males  of  many  Bactrocera  species  are  attracted  to  and  feed  on  raspberry 
ketone  (RK),  and  some  have  been  found  to  benefit  sexually.  Immature  males  are  not  attracted  to, 
and  do  not  feed  on  RK  in  nature,  and  so  physiological  effects  of  RK  on  immature  males  have  not 
been  considered.  We  investigated  the  possibility  that  force-feeding  of  RK  to  immature  males 
might  accelerate  sexual  maturation  of  Q-flies  with  a  view  to  application  as  a  pre-release 
treatment  in  SIT  programs. 

Methods:  Recently  emerged  adult  Q-flies  (0-24  hrs  old)  were  provided  food  comprising  sugar 
alone  or  sugar  combined  with  yeast  hydrolysate  for  48  hours.  Food  contained  one  of  five  levels 
of  RK  (0,  1.25,  2.5,  3.75  and  5  %).  After  this  period,  only  sugar  without  RK  and  water  were 
provided;  mating  experiment,  longevity,  reproductive  organs  development  and  attraction  to  cue 
lure,  an  analogue  of  RK,  were  observed  at  different  ages  of  flies. 


Results/Conclusion:  All  RK  doses  resulted  in  significantly  increased  mating  success  at  early  ages 
of  flies  when  they  were  provided  yeast;  inclusion  of  RK  can  yield  at  least  3  days  advancement  of 
mating.  RK  did  not  affect  longevity  of  males  at  any  of  the  doses  tested.  High  dose  of  RK 
enhanced  the  development  of  reproductive  organs  of  both  males  and  females  significantly  in 
yeast-fed  flies.  RK  also  substantially  diminished  attraction  of  adult  males  to  cuelure,  the  standard 
lure  used  in  male-annihilation  technique  (MAT).  This  result  suggests  the  possibility  of 
simultaneous  application  of  SIT  and  MAT  for  Q-fly. 
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Abstract  text: 

Introduction:  For  many  insect  species,  pheromones  and  host  plant  volatiles  are  of  major 
importance  in  mate  finding  and  host  plant  location.  Therefore,  there  is  potential  for  using  these 
interactions  to  develop  new  strategies  and  effective  control  measures.  The  strawberry  blossom 
weevil  ( Anthonomus  rubi ),  the  European  tarnished  plant  bug  ( Lygus  rugulipennis )  and  the 
raspberry  beetle  ( Byturus  tomentosus )  cause  large  losses  (10->80%)  in  both  conventional  and 
organic  strawberry  and  raspberry  production.  We  investigated  whether  the  natural 
semiochemical  mechanisms  of  these  key  pests  can  be  exploited  to  develop  effective  traps  for 
their  management  through  mass  trapping. 

Methods:  Attractive  traps  and  lures  with  host  plant  volatiles  and  pheromones  were  developed 
and  combined  into  a  “multitrap”  for  management  of  these  pests  simultaneously.  These  traps  were 
deployed  within  and  around  the  perimeters  of  the  soft  berry  fields.  Insect  catches  were  evaluated 
according  to  species,  habitat  and  environmental  variables.  Plant  damage  was  also  assessed. 

Results/Conclusion:  For  both  crops  it  was  possible  to  combine  lures  so  that  different  targeted 
insect  species  were  caught  in  the  same  trap  simultaneously,  but  optimal  insect  traps  in  strawberry 


were  not  the  same  as  in  raspberry.  Perimeter  traps  and  multiple  traps  placed  inside  the 
plantations  showed  the  potential  to  reduce  pest  numbers  and  subsequent  fruit  damage.  In 
addition,  bycatch  of  non-targeted  invertebrate  species  were  low.  Thus,  it  is  possible  to  develop 
new  plant  protection  strategies  by  using  these  techniques.  In  this  paper  we  will  discuss  the 
benefits  and  difficulties  in  using  these  techniques  as  part  of  integrated  or  organic  pest 
management. 
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Abstract  text: 

Several  thrips  species  are  important  pests  of  vegetable  and  small  fruit  crops,  including 
strawberries,  in  Florida.  High  populations  of  thrips  in  flowers  cause  fruit  to  be  malformed  and 
unmarketable,  which  can  substantially  reduce  yields.  A  common  practice  for  growers  is  to  plant 
the  outer  rows  of  strawberry  fields  with  onions  ( Allium  cepa )  and  other  vegetable  crops.  The 
vegetable  crop  serves  as  an  attractant  to  thrips  influencing  its  migration  into  strawberry  fields.  In 
addition,  thrips  are  known  to  have  alternate  hosts  in  wild  plant  species  on  the  border  of  cultivated 
crops  on  which  they  survive;  therefore,  these  plants  can  potentially  serve  as  inocula  and  can 
effect  thrips  migration  into  strawberry  fields.  The  objectives  of  this  study  were  to  1)  evaluate  the 
effect  of  planting  peppers  and  onions  as  trap  crops  within  strawberry  plots  on  thrips  populations, 
and  2)  investigate  the  effect  of  wild  plant  species  bordering  the  strawberry  fields  on  thrips 
population  densities  and  movement.  The  experimental  design  was  a  split  plot  design  with  four 
replicates.  The  main  plot  treatments  included  a  20  m  cultivated  and  non-cultivated  area 
surrounding  the  strawberry  field,  and  the  sub-plot  treatments  included  1)  planting  peppers  in  the 
outer  rows,  2)  planting  onions  in  the  outer  rows,  and  3)  no  trap  crop  (control).  Flower  and  leaf 
samples  were  collected  weekly  and  inspected  for  thrips,  two-spotted  spider  mites,  and  natural 


enemies.  Yield  was  also  recorded  weekly.  The  findings  from  this  study  will  aid  in  thrips 
management  in  vegetable  and  small  fruit  crops  in  Florida. 
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Abstract  text: 

Fruit  production  in  the  US  has  recently  been  challenged  with  a  new  invasive  pest,  spotted  wing 
Drosophila  (SWD),  Drosophila  suzukii  Matsumura  (Diptera:Drosophilidae).  With  Georgia  being 
a  key  blueberry  producing  state  in  the  US  this  pest  poses  a  serious  threat  to  many  growers. 
Current  effective  control  for  SWD  calls  for  the  weekly  applications  of  broad-spectrum 
insecticides.  With  the  increase  in  insecticide  applications  within  this  system  we  can  expect  SWD 
to  potentially  develop  tolerance  to  the  current  chemicals  used  for  control.  Also  the  use  of  broad- 
spectrum  insecticides  is  disruptive  to  natural  enemies  and  can  lead  to  secondary  pest  outbreaks. 
Thus  other  effective  control  measures  are  necessary  to  control  this  insect  pest  and  preserve 
biodiversity.  The  aim  of  this  study  was  to  determine  the  impact  of  extremely  low  frequency 
(ELF)  (19-100  Hz)  electromagnetic  fields  on  reproduction  and  development  of  SWD.  Past 
studies  with  ELF  magnetic  fields  on  different  species  of  Drosophila  have  shown  some  impact  on 
both  oviposition  and  insect  development.  No  choice  assay  were  conducted  in  2  oz  cups  as  well  as 
a  Choice  and  no  choice  assay  in  an  arena  constructed  of  clear  PVC  pipes  where  insects  were 
exposed  to  pulsated  (ELF)  1.26  miliTesla  (mT),  sinusosidal  fields  (0.98mT),  and  a  static  field 
(4.59mT).  Preliminary  lab  experiments  have  shown  that  there  is  a  reduction  in  oviposition  rates 
in  female  flies  exposed  to  pulsated  ELF.  Variables  of  interest  included:  fecundity  (oviposition), 
pupation,  adult  eclosion,  viability,  sex  ratio  and  newly  emerged  adult  body  weight. 
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Abstract  text: 

Introduction:  Saddle  gall  midge  ( Haplodiplosis  marginata  von  Roser)  (Diptera:  Cecidomyiidae) 
is  a  sporadic  pest  of  cereal  crops  across  Europe.  Following  a  40-year  absence  as  an  economically 
important  pest  in  the  UK,  localised  H.  marginata  outbreaks  were  reported  in  England  in  2010 
and  have  continued  in  subsequent  years.  Currently,  little  is  known  about  the  causes  of  outbreaks 
and  how  they  can  be  predicted  and  mitigated.  Pheromone  trapping  offers  an  effective  means  of 
monitoring  this  pest  and  provides  information  on  which  to  base  pest  management  decisions. 

Methods:  The  major  component  of  the  H.  marginata  female  sex  pheromone  was  recently 
identified  as  2-nonyl  butyrate.  Development  of  an  effective  pheromone  trap  required 
optimisation  of  the  lure  formulation  and  the  trap  itself.  Air  entrainments  from  virgin  female  H. 
marginata  were  collected  for  further  analysis  of  the  sex  pheromone  using  electroanntenography 
coupled  with  gas  chromatography.  Lure  optimisation  trials  tested  the  attractiveness  of  minor 
components  and  the  importance  of  chirality  in  the  major  component.  Further  field  trials  tested 
the  longevity  of  the  lure  and  determined  the  optimal  positioning  of  the  trap  to  maximise  the 
benefit  to  end  users. 

Results/Conclusion:  EAG-GC  analysis  showed  that  at  least  one  of  the  minor  pheromone 
components  elicited  a  response  in  male  H.  marginata.  Field  trials  showed  that  the  presence  of  the 
S  enantiomer  of  2-nonyl  butyrate  in  the  racemic  mixture  inhibited  the  action  of  the  R  enantiomer. 
Enantiomeric  inhibition  has  previously  only  been  observed  in  one  other  cecidomyiid.  Pheromone 
lures  containing  ^-2-nonyl  butyrate  are  highly  effective  for  trapping  males  of  H.  marginata. 
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Abstract  text: 

Introduction:  Mustard  (Brassica  juncea ),  collard  ( Brassica  oleracea )  and  other  members  of  the 
Brassicaceae  vary  in  their  semiochemical  attributes  especially  the  glucosinolates,  sulfur-rich  N- 
containing  compounds  that  are  widespread  among  the  Brassicaceae.  These  differences  in 
glucosinolate  content  make  certain  brassicas  excellent  intra-generic  trap  crops  for  several 
pests.  This  study  aimed  at  developing  a  system  that  will  reduce  insecticide  application  on  collard 
to  control  the  harlequin  bug  (HB),  ( Murgantia  histrionica  Hahn),  by  exploiting  the 
interactions  involving  mustard  phenology,  glucosinolate  content  and  gene  expression. 

Methods:  We  conducted  field  experiments  with  four  mustard  varieties  in  N.  Carolina  and 
Virginia  to  determine  the  potential  of  mustard  traps  to  divert  and  retain  HBs.  Bugs  were 
estimated  weekly  on  trap  and  collard.  Seedling,  pre-bloom  and  flower  samples  were  analyzed  for 
glucosinolate  content  and  gene  expression  using  standard  procedures.  Phenological  stage-driven 
laboratory  preference  assays  were  also  conducted. 

Results/Conclusion:  All  mustards  diverted  and  retained  significant  HB  populations  at  both 
locations  (in  N.  Carolina  >80-90%).  First  collard  harvest  (48  DAT)  coincided  with  peak  mustard 
flowering,  without  insecticide  treatment  to  control  HBs.  Subsequently,  HBs  rapidly  increased 
on  collard  causing  severe  damage.  Laboratory  analyses  revealed  much  higher  glucosinolate 
(sinigrin)  levels  and  gene  expression  in  flowers,  which  were  also  highly  attractive  to  HBs;  levels 
varied  with  plant  phenological  stage  and  variety.  Findings  will  guide  the  development  of  trap 
crop  models  that  use  multiple  mustard  varieties  to  increase  HB  retention;  we  can  also  determine 
when  to  initiate  HB  control  measures  on  the  trap  ("femmes  fatales")  to  preempt  HB  overflow  to 
collard. 
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Abstract  text: 

The  cutworm  guild  (Lepidoptera:  Noctuidae)  is  a  group  of  several  moth  pest  species  that  affect 
annual  crops  throughout  the  Canadian  Prairies.  Outbreak  infestations  results  in  destruction  of 
entire  fields,  however,  no  methods  have  been  developed  to  monitor  population  densities.  Food- 
based  semiochemicals  could  be  exploited  to  monitor  multiple  cutworm  species,  and  possess  an 
advantage  over  sex-pheromone  lures  because  they  attract  both  male  and  female  moths.  Extensive 
research  has  revealed  the  potential  use  of  microbial  emissions  from  fermented  sugar  baits  to 
monitor  noctuid  moth  diversity.  The  combination  of  acetic  acid  and  3 -methyl- 1 -butanol  (AAMB) 
attracts  noctuid  pests  moths,  however,  AAMB  lures  had  low  trap-catch  across  field  experiments 
conducted  in  Alberta.  The  objective  of  this  study  was  to  enhance  the  attractiveness  of  AAMB 
lures  to  monitor  cutworm  moths.  Additional  chemical  compounds  were  tested  in  combination 
with  AAMB  lure:  2-methyl- 1 -propanol  (MP)  and/or  phenylacetaldehyde  (PAA).  In  order  to 
improve  the  efficacy  of  the  food  bait  lure,  a  second  objective  was  to  evaluate  the  attractiveness 
of  AAMB  from  different  release  devices.  Baited  traps  were  deployed  at  several  sites  in  central 
Alberta  in  two  cropping  systems  (canola  and  wheat),  and  moth  trap-catch  was  monitored  weekly. 
Moth  identification  is  ongoing.  Results  will  focus  on  the  selection  of  a  food-based  lure  to 
efficiently  monitor  multiple  cutworm  moth  species  with  a  single  lure  and  trap.  Studying  the 
diversity  of  moths  attracted  to  different  types  of  food-based  semiochemicals  will  further  our 
knowledge  on  noctuid  moth  community  assemblage  in  Prairie  agro-ecosystems. 
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Abstract  text: 

Plants  naturally  emit  volatile  compounds,  principally  through  the  flowers,  but  also  roots  and 
leaves.  Volatile  compounds  are  known  to  attract  pollinators  as  well  as  enemies  of  the  plant  pests 
such  as  predators  and  parasitoids.  Other  compounds  have  been  recognized  for  their  repellant 
activity,  thus  reducing  feeding  damage  to  plants  that  emit  higher  concentrations.  Our  research 
has  demonstrated  how  the  feeding  and  oviposition  habits  of  insect  pests  are  affected  by  volatiles 
produced  by  the  over-expression  of  carotenoid  catabolism  genes  in  Arabidopsis  thaliana  and 
tomato  Solarium  lycopersicum.  Higher  levels  of  specific  volatiles,  apocarotenoids,  monoterpenes 
and  sesquiterpenes,  increased  the  preference  for  transgenic  Arabidopsis  by  the  cabbage  looper 
Trichoplusia  ni  Hiibner  moth  as  a  site  for  oviposition.  When  tomato  plants  over-expressed  the 
same  gene  the  greenhouse  whitefly  Trialeurodes  vaporariorum  Westwood  was  attracted,  but 
certain  transgenic  lines  were  preferred  less  for  oviposition  by  cabbage  looper.  We  are  interested 
in  whether  the  transgenic  plants  producing  repellant  and  attractive  volatiles  can  be  applied  in  a 
“push-pull”  strategy  to  protect  greenhouse  tomato  plants  by  minimizing  pest  insect  oviposition 
on  the  crop.  The  “push-pull”  strategy  employs  one  plant  that  releases  volatiles  to  repel  or  “push” 
the  insect  away  from  the  adjacent  crop  plant,  while  a  second  plant  more  attractive  to  the  insect, 
acts  as  the  “pull”.  As  part  of  the  strategy,  the  “pull”  plants  or  “trap  crops”  will  be  “intercropped” 
around  the  crop  to  reduce  the  pest  pressure.  In  Canada,  there  is  an  increasing  move  toward 
providing  year-round  greenhouse  vegetable  supply  which  underlines  the  importance  of  this 
research. 
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Abstract  text: 

Introduction:  Sperm  dynamics  and  mating  propensity  are  critical  traits  of  irradiated  moths  in 
effective  employment  of  radio-genetic  ‘Inherited  Sterility’  (IS)  tactic  for  suppression  of  a  serious 
pest,  Spodoptera  litura. 

Methods:  To  understand  the  viability  of  sub-sterilized  male  and  their  Fi  progeny,  sperm  activity 
(activation,  insemination,  precedence)  and  mating  performance  (in  various  sequential  mating 
regimens)  were  studied  in  parent  (P)  moths,  exposed  to  100  and  130  Gy,  and  their  Fi  generation 
of  S.  litura. 

Results/Conclusion:  Age-wise  production  of  eupyrene  and  apyrene  spermatozoa  in  testes  was  not 
affected  in  the  P  moths  unlike  in  Fi  generation  with  10-17%  impact.  Temporal  profile  and 
proportion  of  sperm  descent  in  the  male  reproductive  tract-  upper  vas  deferens,  seminal  vesicle 
and  duplex  during  rhythmic  cycle  of  photophase  and  scotophase  were  not  significantly 
influenced  in  P  and  Fi  male  moths.  Sperm  activation  was  not  affected  in  P  males,  while  Fi  males 
showed  a  slight  reduction.  Impact  of  mating  status  was  not  markedly  pronounced  in  irradiated 
sperm  eliciting  motility.  Influence  of  treated  male  (based  on  its  mating  sequence)  was  distinctly 
observed  on  the  mating  success,  remating  propensity  and  fertility.  Successful  amphimixis 
occurred  between  the  irradiated  male  genome  and  the  untreated  female  genome;  however,  a  dose 
dependent  reduction  was  determined  in  the  hatching  of  Fi  and  F2  fertilized  eggs.  This  study 
corroborated  the  quality  of  sperm  viability  and  mating  performance  in  irradiated  males  and  their 
next  progeny,  at  a  dose  range,  100-130  Gy,  to  be  used  in  IS  technique  for  S.  litura  suppression  in 
an  integrated  pest  management  approach. 
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Influence  of  Catharanthus  roseus ,  Ocimum  sanctum,  and  Lantana  camara  on  reproductive 
fitness  of  Dysdercus  koenigii  was  evaluated  by  assessing  mating  behaviour  oviposition 
behaviour  and  fertility  of  the  treated  insects.  The  volatiles  of  the  plants  were  extracted  in  hexane 
by  ‘cold  extraction  method’.  The  insects  were  treated  with  the  extracts  by  ‘dry  film  residual 
method’.  The  studies  indicated  that  a  treated  male  showed  altered  courtship  behaviour,  fewer 
mounting  attempts,  took  more  time  to  mate,  less  percent  successful  mating,  and  more  disrupted 
mating.  Similarly  a  treated  female  exhibited  either  mating  refusal  or  neutral  behaviour  towards 
courting  males.  The  maximum  disruption  in  the  mating  was  observed  in  the  experimental  set  up 
where  both  the  males  and  females  were  treated  with  Catharanthus  extract.  The  Dysdercus  treated 
with  Catharanthus  or  Ocimum  extracts  also  showed  marked  reduction  in  their  reproductive 
success.  The  treated  females  laid  fewer  numbers  of  egg  batches  and  eggs  in  their  life  span. 
Catharanthus  extract  was  most  effective  and  Lantana  extract  was  least  effective  in  alteration  of 
the  oviposition  behaviour.  The  eggs  laid  by  the  mated  females  were  fertile  indicating 
insemination  of  the  mated  females.  However,  the  percent  hatchability  of  the  eggs  laid  by  the 
treated  females  was  less  than  control.  Impact  on  the  egg  hatchability  was  most  prominent  in  the 
females  treated  with  Catharanthus  extract.  The  GC-MS  analysis  of  the  extracts  revealed 
presence  of  juvenile  hormone  mimics,  and  the  intermediates  of  juvenile  hormone  biosynthesis. 
Therefore,  some  of  these  compounds  individually  or  synergistically  alter  reproductive  behaviour 
of  Dysdercus. 
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Contarinia  nasturtii  (swede  midge;  Diptera:  Cecidomyiidae)  is  an  invasive  phytophagous  galling 
insect  that  feeds  on  the  meristematic  tissue  of  brassica  crops.  Generally  considered  to  have 
originated  in  Eurasia,  this  agricultural  pest  has  recently  invaded  Canada  and  the  northeastern 
United  States.  The  complex  feeding  behavior  of  swede  midge  makes  control  of  this  pest 
challenging,  particularly  for  organic  growers,  who  currently  have  few  effective  management 
options.  Plants  have  naturally  evolved  defensive  systems  to  respond  to  herbivore  attack  if 
stimulated.  Plants  react  by  localizing  tissue  death  to  effectively  isolate  the  pathogen  and  induce 
hypersensitive  responses.  Inducing  these  responses  prior  to  larval  infestation  could  provide  an 
effective  control  for  swede  midge.  We  applied  several  plant  defense  elicitors— chitosan, 
benzothiadiazole,  salicylic  acid,  and  methyl  jasmonate -to  cauliflower  host  plants  using  a  soil 
drench  to  see  if  they  may  increase  plant  resistance  to  swede  midge.  After  the  elicitors  were 
applied,  adult  midges  were  allowed  to  oviposit  onto  the  plants,  and  we  counted  the  number  of 
larvae  feeding  on  the  plant  14  days  later.  Our  preliminary  results  show  that  chitosan  and 
benzothiadiazole  reduced  the  number  of  larvae  feeding  on  the  plant  growing  tips  compared  with 
the  untreated  control.  We  present  our  findings  and  offer  recommendations  for  this  potential 
control  tactic. 
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Zucchini  squash  ( Cucurbita  pepo  L.,  Cucurbitaceae)  is  a  high  value  vegetable  crop  in  Florida 
valued  at  approximately  $67  million  dollars.  Key  insect  pests  including  the  sweetpotato  whitefly 
(Bemisia  tabaci  Gennadius,  Hemiptera:  Aleyrodidae)  and  the  melon  aphid  ( Aphis  gossypii 
Glover,  Hemiptera:  Aphididae)  transmit  important  viruses  and  attack  squash  causing  yield  losses 
up  to  80%.  Most  researchers  have  evaluated  various  pest  management  practices;  however, 
pesticides,  cultural  practices,  or  biological  control  used  as  separate  strategies  are  not  effective  at 
reducing  pest  populations  under  non-damaging  levels.  This  project  evaluated  a  combination  of 
practices  to  manage  insect  pests  and  viral  incidence  in  organic  squash  with  the  ultimate  objective 
of  reducing  pesticide  inputs,  limiting  the  effects  of  pesticides  on  non-target  organisms,  and 
maintaining  the  environmental  health.  We  assessed  the  effect  of  the  antagonist  African  marigold 
( Tagetes  erecta  L.,  Asteraceae)  and  a  variety  of  cowpea  ( Vigna  unguiculata  L.  (Walp.), 
Fabaceae)  used  as  companion  plants,  together  with  a  low-risk  pesticide  (spinosad)  against  insect 
pests  in  squash  production.  The  experiments,  conducted  in  spring  (Feb-May)  and  fall  (Aug-Nov) 
2015,  were  preceded  by  the  use  of  oats  ( Avena  sativa  L.)  and  browntop  millet  ( Urochloa  ramosa 
(L.)  Nguyen)  as  winter  and  summer  cover  crops,  respectively.  In  both  spring  and  fall  seasons, 
high  numbers  of  beneficial  insects  and  low  viral  incidence  were  recorded  only  in  the  experiments 
including  cowpeas  as  companion  plants  compared  to  the  negative  controls  (no  pest 
management).  Knowledge  on  the  use  of  companion  plants  is  valuable  for  the  development  IPM 
programs  available  for  organic  squash  and  cucurbit  growers  in  Florida. 
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Introduction:  Vehicle  exhaust  contributes  significantly  to  air  pollution  in  cities  and  may  impair 
the  detection  of  key  odours  used  in  insect-plant  interactions.  We  investigated  whether  petrol 
exhaust  pollution  interrupts  the  formation  and  retention  of  floral  odour  memories  in  honey  bees 
( Apis  mellifera). 


Methods:  Using  appetitive  olfactory  conditioning  (odour-sugar)  we  trained  bees  to  learn  one  of 
three  floral  odours:  linalool,  dipentene  and  myrcene.  Odours  were  unpolluted  or,  polluted  with 
exhaust  collected  from  a  petrol  generator.  Once  bees  had  learnt  the  training  odour,  we  tested 
their  memory  of  that  odour  1  hr,  24  hrs  and  48  hrs  post  training. 

Results/Conclusions:  We  found  it  takes  significantly  longer  for  bees  to  learn  a  polluted  odour 
and,  despite  attrition  of  all  odour  memories  over  time,  bees  forgot  polluted  odours  faster  than 
unpolluted  ones.  We  also  tested  if  pollution  masks  odours.  Using  El  mass  spectroscopy  we 
quantified  changes  in  the  chemical  profile  of  polluted  versus  unpolluted  odours  and  determined 
whether  bees  could  recognise  polluted  odours  if  they  were  trained  using  unpolluted  ones.  Bees 
could  distinguish  between  polluted  and  unpolluted  odours,  suggesting  a  masking  effect  of 
pollution.  Our  results  show  that  pollution  changes  the  recognition  and  retention  of  floral  odours 
by  honey  bees  which,  may  consequently  impact  upon  a  honeybee’s  foraging  efficiency  in 
polluted  areas  and,  therefore,  the  pollination  services  that  they  provide. 
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EdTech  is  the  study  and  use  of  technology  to  enhance  education,  conceptual  understanding  and 
information  application.  EdTech  encompasses  a  wide  range  of  technologies,  such  as  internet 
presence  and  online  learning,  social  media,  mobile  devices  and  apps,  wearable  technologies, 
virtual  and  augmented  reality,  and  software.  From  the  perspective  of  arthropod  biologists, 
EdTech  tools  can  be  powerful  approaches  to  generate  and/or  implement  novel  educational 
concepts  that  engage  while  entertaining.  For  example,  we  can  3D  print  images  of  arthropods  for 
anatomical  and  taxonomic  studies,  collaborate  with  citizen  scientists  to  map  invasive  species,  or 
create  computer-generated  animations  of  vector-borne  diseases.  I  will  discuss  how  we  are 


currently  implementing  these  concepts  to  enhance  entomological  education  at  the  K-12, 
undergraduate,  and  graduate  levels,  and  discuss  ideas  and  collaborations  that  have  been  forged  to 
make  those  ideas  come  to  life. 
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Introduction:  Over  the  past  several  decades,  many  studies  of  urban  ecology  have  investigated  the 
overall  effects  of  urbanization  on  arthropod  biodiversity  and  community  structure  through  the 
use  of  rural  to  urban  gradients.  Recently,  attention  has  shifted  to  defining  how  individual  urban 
factors,  such  as  impervious  surface,  temperature,  anthropogenic  inputs,  and  plant  community  and 
spatial  structure,  influence  arthropod  biodiversity  and  abundance. 

Methods:  In  this  study,  we  used  meta- analysis  to  synthesize  the  diverse  literature  on  the 
responses  of  terrestrial  arthropods  to  urbanization.  We  used  two  complementary  approaches  to 
achieve  this  goal.  First,  we  evaluated  overall  effects  of  urbanization  on  Carabidae,  a  group  of 
indicator  taxa  which  have  been  studied  along  rural  to  urban  gradients  worldwide.  Second,  we 
assessed  how  individual  urban  factors  influence  the  abundance  and  species  richness  of  a  broader 
set  of  terrestrial  arthropods. 

Results/Conclusions:  Across  both  data  sets,  we  found  significant  effects  of  urbanization  on 
arthropod  abundance  and  species  richness.  Carabid  species  richness,  for  example,  was 
significantly  depressed  in  urban  compared  to  rural  forests.  This  was  due  to  the  near  absence  of 
large,  predatory,  forest-dwelling  species  in  urban  forests.  In  the  broader  data  set,  we  found 
striking  variation  in  the  responses  of  different  arthropod  groups  to  impervious  surface, 
temperature,  vegetation  structure,  and  other  urban  factors.  As  with  the  carabids,  traits  such  as 
trophic  position  and  body  size  were  important  predictors  of  arthropod  responses.  We  suggest  that 


understanding  relationships  between  pattern  and  process  and  mitigating  the  effects  of  individual 
urban  factors  will  aid  in  the  development  of  more  sustainable  urban  forests. 
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Introduction:  Elementary  school  students  are  fascinated  by  insects,  and  teachers  often  seek  out 
science  enrichment  programs  that  bring  entomologists  into  the  classroom.  It  can  be  very  difficult, 
however,  to  measure  the  impact  or  change  in  a  student’s  learning  in  a  short  interaction  like  a 
single  classroom  presentation.  Insect  Discovery  is  an  outreach  program  that  seeks  to  reinforce 
the  science  curriculum  taught  to  second  grade  students.  The  program  has  been  running  for  over 
10  years  and  reaches  two  to  three  thousand  students  each  year. 

Methods:  In  the  course  of  one  school  year  (August  2015  -  May  2016)  over  100  classroom  visits 
were  conducted  and  evaluated  using  a  combination  of  observation,  pre/post-test,  and  surveying 
teachers  on  perceived  impacts  since  the  initial  visit. 

Results/Conclusions:  Teachers  responded  very  positively,  reporting  that  the  outreach  visit 
supported  what  their  students  are  learning  in  class,  and  students  showed  changes  in  content 
knowledge  and  perceptions  of  insects  and  science.  Evaluation  results  indicate  a  positive  impact 
of  the  visits,  despite  the  brevity.  The  impact  might  be  increased  with  more  interactions  with 
instructors,  extending  the  learning  and  building  on  previous  lessons.  This  could  be  accomplished 
by  providing  curriculum  to  teachers  through  on-line  resources  and  communications,  such  as  a 
newsletter. 
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Introduction:  Integrated  pest  management  (IPM)  is  a  science-based,  environmentally  sensitive 
approach  to  pest  control.  Despite  its  wide  acceptance  by  the  pest  control  industry, 
environmentalists,  and  even  green  building  advocates,  IPM  has  been  slow  to  be  adopted  by 
school  districts  nationwide  in  the  U.S.  In  Texas,  USA,  IPM  has  been  mandatory  for  public 


schools  since  1995.  Requirements  for  schools  in  Texas  include  appointment  of  an  IPM  program 
coordinator  trained  in  the  basics  of  IPM,  licensing  of  persons  applying  pesticides,  a  system  that 
gives  preference  to  lower  risk  pesticides,  development  of  IPM  plans  and  thresholds  for  key  pests, 
a  pest  monitoring  plan,  and  a  plan  to  educate  school  staff. 

Methods:  Two  paper  surveys  and  one  online  survey  were  administered  to  school  IPM 
coordinators  in  1993,  2005  and  2016. 

Results/Conclusions:  In  this  paper  we  compare  survey  results  since  1993  to  assess  the  adoption 
and  impact  of  IPM  in  Texas  public  schools.  After  10  years,  familiarity  with  the  IPM  concept  was 
high  (80.2%  self-reported  as  mostly  to  very  familiar),  although  only  68.9%  of  respondents 
identified  a  correct  definition  of  IPM.  Most  respondents  (74.5%)  reported  that  converting  to  IPM 
had  resulted  in  a  more  effective  pest  management  program,  and  55.2%  felt  that  long-term  costs 
of  pest  control  had  been  reduced  with  IPM.  Results  of  the  2016  survey  will  be  compared  to 
previous  years’  surveys,  and  factors  contributing  to  the  success  of  mandatory  IPM  for  schools 
will  be  discussed. 
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Introduction:  In  the  Korean  Peninsula,  Cryptotympana  atrata  and  Hyalessa  fuscata  are  the  most 
abundant  cicada  species,  and  their  population  densities  were  2. 8-9. 5  times  higher  in  urban  areas 
than  in  rural  areas.  It  has  been  suggested  that  the  urban  heat  island  effect  (UHI),  which  is  higher 
temperatures  in  urban  areas  than  in  surrounding  areas  due  to  human  activities,  underlies  the 
population  density  differences  between  urban  and  rural  areas. 


Methods:  To  elucidate  the  relationship  between  the  UHI  and  the  cicada  population  density,  we 
compared  cicada  population  densities  in  three  groups:  areas  of  high  and  low  UHI  in  metropolitan 
Seoul  as  well  as  areas  in  the  vicinity  of  Seoul.  Enumeration  surveys  of  exuviae  of  C.  atrata  and 
H.  fuscata  were  conducted  from  July  to  August,  2015.  Two  resource-weighted  densities  were 
calculated:  one  based  on  area,  and  the  other  based  on  number  of  trees. 

Results/Conclusion:  C.  atrata  and  H.  fuscata  constituted  almost  30%  and  70%  of  the  exuviae, 
respectively,  collected  across  all  sampling  localities.  Moreover,  no  difference  in  species 
composition  was  observed  among  groups.  Both  two  resource-weighted  densities  showed  higher 
cicada  densities  in  urban  areas  with  high  UHI  than  those  with  low  UHI.  Furthermore,  the  degree 
of  UHI  also  significantly  correlated  to  densities  of  both  C.  atrata  and  H.  fuscata.  In  summary, 
these  results  support  that  higher  temperatures  during  the  development  may  cause  population 
increases  of  C.  atrata  and  H.  fuscata. 


Paper  (Oral)  Presentations 

Presentation  Title:  The  value  of  urban  greenspaces  for  conservation:  Ground  beetle 
(Coleoptera:  Carabidae)  and  rove  beetle  (Coleoptera:  Staphylinidae)  communities  in  Cleveland, 
Ohio 

Author  Name:  Yvan  Delgado  de  la  Flor 
Author  Institution:  The  Ohio  State  University 

Session  Title:  Contributed  Papers:  Urban  Entomology  in  a  Changing  Environment:  Unique 
Challenges 

Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  4685 
DOI:  10. 1603/ICE.2016.1 12084 
Abstract  text: 

Introduction:  Cleveland,  Ohio  has  experienced  alarming  significant  population  decline  in  the  last 
50  years  resulting  in  20,000  vacant  lots.  Local  organizations  are  transforming  these  parcels  into 
urban  agriculture  and  pocket  prairies,  which  provide  a  unique  opportunity  to  study  how 
alterations  in  land  use  influence  biodiversity  and  ecosystem  services. 

We  examined  how  the  transformation  of  vacant  land  to  pocket  prairies  or  urban  agroecosystems 
influenced  communities  of  ground  beetles  (Carabidae)  and  rove  beetles  (Staphylinidae).  Beetles 
are  considered  key  indicators  of  habitat  change.  Our  objective  was  to  determine  how  beetle 


communities  are  influenced  by  vacant  land  management  strategies.  We  hypothesized  that  habitat 
management  and  landscape  composition  influence  beetle  communities;  and  that  beetle  diversity 
and  disturbance  events  will  be  negatively  correlated. 

Methods:  Beetles  were  sampled  in  vacant  lots  (mowed  once  a  month),  community  gardens 
(agricultural  activity  during  the  spring  and  summer),  and  pocket  prairies  (mowed  once  a  year)  in 
June-August  of  201 1-2012.  Carabidae  and  Staphylinidae  were  identified  to  species  and  genus, 
respectively. 

Results/Conclusions:  Ordination  analyses  illustrated  that  beetle  assemblages  were  significantly 
different  among  habitats  in  201 1  and  2012.  Additionally,  we  found  higher  beetle  diversity  and 
unique  taxa  in  planted  prairies  and  community  gardens,  where  we  measured  the  greatest 
vegetation  species  richness  and  structural  diversity.  In  conclusion,  our  findings  suggest  that 
vegetation  structure  and  disturbance  are  associated  with  beetle  diversity.  Ground  and  rove 
beetles  provide  us  with  beneficial  services  such  as  biological  pest  control  and  weed  seed 
consumption.  Therefore,  vacant  lots  can  be  re-imagined  as  diverse  greenspaces  to  benefit  cities 
and  arthropod  communities. 
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Introduction:  Many  schools  routinely  apply  pesticides  regardless  of  pest  prevalence,  resulting  in 
wasted  resources  and  ineffective  pest  control.  School  personnel  engaged  in  pest  management 
encounter  hindrances  in  making  improvements  through  adoption  of  IPM  practices  due  to  a  lack 
of  awareness,  practical  IPM  training  and  evaluation  of  pest  control  efficacy.  The  Arizona  School 
IPM  Inside  and  Out  program  was  first  piloted  during  the  Fall  of  201 1  to  address  pest  and 


pesticide-related  risks  at  schools.  The  program  uses  a  multi-disciplinary  approach  for  IPM  in 
indoor  and  outdoor  environments.  UA  experts  work  with  partner  schools  to  determine  school 
specific  goals  with  respect  to  pest  management,  facilitate  the  implementation  of  solutions  and 
provide  on-going  evaluation. 

Evaluation  information  collected  during  2014  and  2015  indicated  that  each  school  district  had 
different  priorities  with  IPM,  but  all  partner  schools  continued  to  implement  some  IPM  practices, 
and  exhibited  a  general  improvement  in  pest  management  or  pesticide  use  reduction.  Challenges 
to  implementing  IPM  in  schools  include  inadequate  staffing,  frequent  personnel  changes  and 
budget  constraints. 

Methods:  To  expand  the  program  beyond  metropolitan  school  districts,  training  events  were 
conducted  in  rural  counties  with  involvement  of  local  Extension  agents.  Training  topics  were 
delivered  based  on  the  most  important  perceived  pest  issues  in  the  area. 

Results/Conclusions:  Conclusions  drawn  from  both  approaches  indicate  that  working  intensively 
with  school  districts  generates  significant  improvements  in  sustained  adoption  of  IPM.  However, 
this  may  have  a  limited  impact  without  additional  efforts  offered  to  a  larger  number  of  school 
districts  and  providing  general  resources  to  support  broader  adoption. 
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Introduction:  Altered  spatiotemporal  patterns  of  temperature  and  moisture  affect  animal 
physiology,  behavior,  and  ecology.  Animals  balance  their  nutrient  intake  in  specific  ratios,  which 
change  according  to  metabolic  rate  and  potentially  water  loss  rate.  Studies  have  observed  that 
temperature  alters  intake  targets,  but  less  is  known  about  the  effects  of  moisture  on  nutrient 


balance.  Further,  lipid  consumption  is  generally  ignored  in  the  literature,  despite  that  lipids  have 
a  high  energy  content  and  produce  twice  as  much  metabolic  water  than  carbohydrates  and 
proteins.  Protein  energy  content  is  low  and  water  loss  via  dehydration  synthesis  is  incredibly 
high.  Thus,  we  predict  P:L  consumption  will  decrease  as  water  becomes  limited. 

Methods:  To  test  foraging  response  to  water  availability,  we  offered  domestic  crickets  ( Acheta 
domesticus )  several  artificial  diets  rich  in  P  or  L  at  random  time  intervals  over  a  24-hour  period. 
We  observed  intake  targets  and  rules  of  compromise  under  conditions  where  crickets  were  fed 
only  one  food  item  versus  being  fed  two  complementary  food  items. 

Results/Conclusions:  Per-capita  P:L  consumption  decreased  when  water  was  limiting  (P<0.001), 
and  compensatory  eating  was  significant  when  offered  one  food  choice  (PO.OOl)  -  even  more 
so  when  they  had  access  to  water.  These  results  support  our  hypothesis  that  limited  water 
availability  can  alter  an  animal’s  intake  target.  As  moisture  becomes  more  limited,  herbivores 
might  seek  to  meet  their  water  requirements  by  either  consuming  more  leaf  matter  or  by  altering 
their  food  sources.  A  shift  in  nutrient  requirements  caused  by  water  limitation  could  dramatically 
change  food  web  dynamics  in  urban  and  agricultural  settings. 
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Efficacy  of  Fendona™  CS,  TalstarOne®  Multi-Insecticide  &  Onslaught®  Fastcap  Insecticide  on 
Striped  Bark  Scorpions  ( Centruroides  vittatus  Say)  were  evaluated.  Topical  treatments  (n=10  / 
rep),  provided  100%  knockdown  (KD)  of  scorpions  at  0.5  hours  after  treatment  (HAT). 
Onslaught  provided  40%  mortality  vs.  20%  for  Fendona  &  Talstar  (1  HAT).  Fendona  & 
Onslaught  provided  70%  vs.  40%  mortality  for  Talstar  (4  HAT).  Treatments  provided  100% 


mortality  (24  HAT).  Dried  residual  treatments  were  evaluated.  Sand  was  treated,  dried,  scorpions 
subjected  to  sand  substrate  (6  hours),  relocated  and  evaluated  for  KD  &  mortality.  At  0.5  hours 
after  removal  (HAR)  from  sand  (0  DAT),  Onslaught,  Fendona  &  Talstar  provided  80%,  60%  & 
50%  KD,  respectively.  Fendona  &  Onslaught  provided  100%  KD,  Talstar  provided  90%  (1 
HAR).  All  treatments  provided  100%  KD  (4  HAR).  Onslaught,  Fendona  &  Talstar  provided 
80%,  60%  &  50%  KD,  respectively  (0.5  HAR).  14  DAT  aged  sand  Fendona  &  Onslaught 
provided  100%  KD,  Talstar  provided  90%  (1  HAR).  All  treatments  provided  100%  KD  at  4 
HAR.  Fendona  &  Talstar  provided  equal  results  with  freshly  dried  sand.  Onslaught  provided 
80%,  Fendona  &  Talstar  provided  30%  mortality  (1  HAR).  Fendona  &  Talstar  provided  90%, 
Onslaught  provided  80%  mortality  (24  HAR).  All  scorpions  were  dead  at  24  HAR.  Onslaught, 
Fendona  &  Talstar  provided  90%,  80%  &  50%  mortality  (14  DAT  aged),  respectively  (24  HAR). 
Fendona  &  Onslaught  provided  100%  &  Talstar  provided  70%  mortality  (72  HAR).  Controls 
exhibited  no  mortality.  Fendona  CS  provides  excellent  KD  &  mortality  of  bark  scorpions  with 
topical  and  residual  treatments. 
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Introduction:  There  is  a  strong  demand  for  a  bait  that  targets  a  broad  spectrum  of  pests.  However, 
existing  products  for  such  a  purpose  are  generally  not  very  effective.  A  study  was  conducted  in 
order  to  formulate  a  highly  palatable  general  insect  granular  bait. 

Results/Conclusions:  The  resulting  granular  bait  is  highly  palatable  with  higher  consumption  and 
efficacy  than  the  current  leading  commercial  general  insect  bait  granular  products.  It  is  able  to 
successfully  target  house  flies,  Musca  domestica,  house  crickets,  Acheta  domesticus ,  firebrats, 
Thermobia  domestic ,  German  cockroaches,  Blattella  germanica ,  American  cockroaches, 
Periplaneta  americana,  and  a  variety  of  ant  species. 
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Sulfuryl  fluoride  has  been  effectively  used  to  control  structural  and  public  health  pests  for  55 
years.  Today  sulfuryl  fluoride,  sold  as  Vikane  gas  fumigant  and  ProFume  gas  fumigant,  is  used 
in  14  countries  to  control  a  wide  range  of  structural  pests.  More  than  two  million  structures 
including  museums,  cathedrals,  historical  landmarks  and  scientific  and  medical  research 
laboratories  have  been  fumigated  to  eradicate  pests.  While  dry  wood  termites  ( Cryptotermes  spp.; 
Incisitermes  spp.)  have  been  the  main  target  pests,  in  recent  years  fumigations  for  bed  bugs 
( Cimex  spp.)  have  increased  dramatically.  This  presentation  will  discuss  the  use  of  sulfuryl 
fluoride  in  structural  fumigation  and  the  stewardship  and  training  programs  currently  in  place. 
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Introduction:  Head  lice  infestation  is  the  manifestation  of  the  obligate  ectoparasite  Pediculus 
humanus  capitis  (De  Geer).  The  status  of  head  lice  infestation  in  the  center  of  Erbil  city  is  still 
unclear;  the  objective  of  this  study  was  to  determine  the  prevalence  of  head  lice  infestation 
among  Erbil  primary-school  children. 

Methods:  A  total  of  3490  randomly  selected  children  in  grades  1-6,  aged  6-1 1  years  were 
examined  in  three  primary  school  during  five  months  from  December  2013  to  April  2014  by 
visual  examination.  The  children  would  be  considered  as  positive  for  head  lice  infestation  if 
there  was  any  evidence  of  head  lice  stages.  The  following  details  were  recorded  for  each  child: 
age,  sex,  hair-length,  and  hair-type.  The  associations  between  infestation  and  the  studied 
characters  were  analyzed  by  using  chi-square  test. 

Results/Conclusion:  Our  average  infestation  rate  was  (14.52%)  and  overall  no  significant 
differences  were  noticed  between  girls  and  boys,  although  girls  were  more  infected  than  boys. 
The  hair  type  and  length  characters  showed  to  be  significantly  associated  with  infestation, 
generally  those  have  longer  and  Wrinkled  hair  are  much  infested.  Regarding  the  age  group,  the 
highest  ratio  of  infestation  was  (16.10%)  in  children's  (6-7)  age  group,  with  significant 
differences  between  the  studied  age  groups.  Moreover  the  highest  ratio  of  infestation  was  in 
December  (19.91%)  and  the  lowest  ratio  were  seen  in  April  (1  E60%)  with  a  significant 
differences  between  the  studied  months.  Since  the  infestation  rate  was  more  prevalent  among 
children's  in  Erbil  primary  schools  so  it  has  been  considered  to  be  an  epidemic. 
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Introduction:  The  invasive  Asian  vine  Dioscorea  bulbifera  (air  potato)  trellises  up  native  trees  in 
a  variety  of  habitats  in  Florida  and  displaces  native  understory  vegetation  with  its  associated 
fauna,  thereby  altering  community  composition.  A  biological  control  program  directed  at  this 
vine  has  already  released  one  leaf  beetle,  Lilioceris  cheni ,  that  has  rapidly  spread  throughout  the 
state  and  is  significantly  stressing  the  target  weed.  Ongoing  research  suggests  that  the  closely 
related  L.  egena ,  discovered  in  China,  prefers  aerial  tubers  (called  bulbils)  to  foliage  as  a  food 
resource  and  ovipositional  substrate.  However,  it  is  unclear  whether  these  beetles  will  detect  and 
damage  subterranean  tubers.  This  study  seeks  to  answer  that  question. 

Methods:  Air  potato  tubers,  collected  from  field  sites  in  southern  Florida,  were  planted 
individually  in  plexiglass  cylinders  containing  vermiculite.  Tubers  and  bulbils  were  planted  on 
the  surface,  and  tubers  at  0.5,  10.0,  and  25.0  cm  depths.  Assessment  metrics  included  (1)  volume 
of  tissue  consumed,  and  (2)  numbers  of  eggs  oviposited  on  the  tubers  and  bulbils  during  a  seven- 
day  period.  Data  were  analyzed  using  single  factor  ANOVAs. 


Results/Conclusion:  We  expect  to  discover  that  L.  egena  has  the  ability  to  burrow  modest 
distances  into  soil  to  attack  and  damage  air  potato  tubers,  which  would  have  the  effect  of  greatly 
reducing  a  plant’s  ability  to  recover  from  foliar  damage  produced  by  L.  cheni.  The  one-two 
punch  of  Lilioceris  cheni  and  L.  egena  should  sufficiently  stress  individual  D.  bulbifera  plants 
that  multi-year  recovery  is  disrupted  and  population  declines  become  widespread. 
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Introduction:  Understanding  of  spatial  distribution  of  specific  species  means  answering  the 
principle  question  of  ecology:  why  are  organisms  of  a  particular  species  present  in  some  places 
and  absent  from  others?  Thus,  the  analysis  of  spatial  distribution  is  now  recognized  as  an 
indispensable  procedure  for  studies  of  insect  populations  and  provides  basic  information  for 
interpreting  the  spatial  structures  and  for  designing  efficient  sampling  program  for  population 
estimation  and  pest  management.  Insect  populations  exist  in  their  own  space  and  time,  and  they 
are  typically  spatially  heterogeneous  in  their  habitats.  Spatial  heterogeneity  is  particularly 
important  in  an  analysis  of  spatial  distribution  of  insect  populations  and  environmental  variables, 
yet  many  classical  statistical  methods  tend  to  ignore  it.  Two  spotted  spider  mite  (TSSM), 
Tetranychus  urticae  Koch  is  a  serious  insect  pest  in  Korean  export  strawberry  greenhouses.  A 
primary  control  strategy  for  TSSM  is  application  of  acaricides  on  a  calendar  basis,  even  though 
using  a  natural  enemy,  Phytoseiulus  persimilis,  has  shown  good  suppression  so  far,  due  to 
convenience.  Density  estimation  should  be  evaluated  before  control  strategies  are  applied  with 
the  knowledge  of  appropriate  spatial  distribution. 

Methods:  In  this  study,  spatial  distribution  analysis  of  TSSM  is  evaluated  in  strawberry 
greenhouses  for  designing  an  efficient  sampling  program  and  further  studies  using  variogram 
model  analysis. 
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Introduction:  Aposematic  traits  such  as  bright  contrasting  coloration  and  gregarious  feeding  are 
often  signals  to  predators  that  a  potential  prey  is  unpalatable.  Larvae  of  Ceratomia  catalpae ,  the 
catalpa  sphinx,  show  aposematic  traits  and  sequester  catalpol,  a  secondary  compound  from  their 


host  plant  Catalpa  spp.  Catalpol  sequestration  by  other  caterpillar  species  has  been  shown  to 
deter  both  invertebrate  and  vertebrate  predators,  but  the  palatability  of  C.  catalpae  has  not  been 
explicitly  tested. 

Methods:  Choice  tests  with  both  spiders  ( Hogna  Caroline nsis )  and  predatory  hemipterans 
( Podisus  maculiventris)  showed  that  predators  naive  to  both  C.  catalpae  and  the  alternate  prey 
Trichoplusia  ni  and  Manduca  sexta  preferred  the  alternate  species,  and  that  P.  maculiventris  that 
were  exposed  previously  to  T.  ni  also  preferred  T.  ni. 

Results/Conclusion:  In  non-choice  tests,  P.  maculiventris  grew  significantly  slower  upon  C. 
catalpae  compared  to  M.  sexta.  These  results  suggest  that  C.  catalpae ,  like  other  caterpillars  that 
sequester  catalpol,  is  unpalatable  and  that  the  catalpol  is  an  effective  chemical  defense  against 
invertebrate  predators. 


Student  Poster  Competition 

Presentation  Title:  The  effect  of  border  habitats  on  predation  of  a  key  pest 

Author  Name:  Lidia  Komondy 

Author  Institution:  Michigan  State  University 

Session  Title:  Undergraduate  Student  Poster  Competition:  Ecology  and  Population  Dynamics 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3006 

DOI:  10.1603/ICE.2016.1 13382 

Abstract  text: 

Introduction:  Habitats  around  agricultural  fields  can  be  sources  for  a  diversity  of  natural  enemies 
that  can  provide  pest  control,  especially  in  cases  where  pests  are  concentrated  at  field  edges. 
Ecosystem  diversity  theory  predicts  that  more  diverse  border  habitats  around  fields  will  support  a 
more  diverse  and  abundant  natural  enemy  assemblage,  and  this  may  lead  to  higher  incidences  of 
predation  in  agricultural  field  edges. 

Methods:  In  this  study,  we  examined  how  4  different  types  of  field  borders-  asparagus,  forests, 
anthropogenic  regions,  or  other  agricultural  crops-  influence  predation  by  spiders  of  asparagus 
miners  Ophiomyia  simplex  (Diptera:  Agromyzidae),  a  specialist  pest  on  asparagus,  in  field  edges. 
We  collected  spiders  in  and  around  asparagus  fields  in  2014  and  2015,  and  used  molecular  gut 
content  analysis  with  an  asparagus  miner  specific  primer  to  find  spiders  that  feed  on  this  pest. 


Results/Conclusion:  In  particular,  web-building  spiders  were  one  of  the  most  prominent 
predators  of  the  asparagus  miner.  Two  families  appear  to  be  important  predators;  Linyphiidae 
(Araneae)  and  Hahniidae  (Araneae).  There  was  a  higher  abundance  and  diversity  of  spiders  in 
the  wooded  border  habitats  compared  to  other  habitat  types,  but  these  measures  were  lower  in  the 
field  edges.  Therefore,  while  spiders  are  influenced  by  habitat  quality  outside  agricultural  fields, 
this  does  not  impact  biological  control  in  field  edges  positively. 
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Abstract  text: 

Introduction:  The  choice  of  breeding  location  for  insectivorous  birds  likely  corresponds  to  food 
availability.  The  Olive-sided  Flycatcher  ( Contopus  cooperi)  is  a  migratory  insectivorous  bird  that 
chooses  breeding  and  nesting  sites  in  Alaska.  It  is  important  to  understand  this  bird’s  choice  of 
nesting  sites  because  it’s  a  Species  of  Concern  and  declining  globally.  The  goal  of  this 
study  was  to  document  the  arthropod  community  biomass  and  diversity  found  at  C. 
cooperi  nesting  sites  in  multiple  locations  across  Alaska. 

Methods:  Active  and  historical  nesting  sites  were  studied  in  2013  and  2014.  Samples  were 
collected  between  June  and  July  using  hanging  Malaise  traps  and  pollinator  vane  traps  and  were 
prepared  and  measured  at  the  University  of  Alaska  Museum.  Both  years’  biomass  and  diversity 
data  were  compared  using  ANOVA;  linear  mixed-model  fit  by  REML. 

Results/Conclusion:  Active  breeding  sites  were  associated  with  higher  insect  species 
diversity  indices  than  unoccupied  sites.  Occupied  sites  may  contain  a  more  even  relative 
abundance  of  arthropod  orders.  If  taxonomic  orders  have  different  emergence  times,  this  might 


represent  a  more  reliable  or  constant  food  source.  Biomass  of  arthropods  did  not  differ  between 
active  and  historical  sites,  but  did  differ  by  year,  with  2013  traps  catching  more  insects.  Our 
results  indicate  that  biomass  is  not  an  indicator  of  occupancy. 
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Abstract  text: 

Introduction:  The  bagrada  bug,  Bagrada  hilar  is  (Burmeister)  (Hemiptera:  Penatatomidae),  is  a 
key  pest  of  the  family  Cruciferae  that  was  introduced  to  California  in  2008  and  has  since  spread 
to  New  Mexico,  Nevada,  and  Arizona.  Bagrada  hilaris  has  been  intercepted  at  Florida 
Department  of  Agriculture  and  Consumer  Services  interdiction  stations  twelve  times  from  201 1- 
2013.  The  purpose  of  the  survey  was  to  understand  current  pest  management  practices  and 
scouting  techniques  currently  employed  by  Florida’s  commercial  and  noncommercial  growers  of 
crucifers,  if  these  practices  are  sufficient  to  identify  and  control  B.  hilaris ,  and  how  these 
practices  will  affect  the  spread  and  damage  of  B.  hilaris.  Additionally,  information  on  weed 
species  surrounding  the  operation  was  collected,  to  assess  possible  weed  hosts  of  B.  hilarism 
Florida. 

Methods:  Two  separate  surveys  were  distributed,  one  to  commercial  growers  of  Florida,  and 
another  to  noncommercial  or  “backyard”  growers  of  crucifers.  An  analysis  of  the  surveys  will 
provide  insight  to  educational,  outreach,  and  research  needs  relating  to  B.  hilaris  in  Florida. 
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Abstract  text: 

Introduction:  The  invasive  spotted  lanternfly,  Lycorma  delicatula ,  was  first  detected  in  North 
America  in  Pennsylvania  in  2014.  This  univoltine  and  polyphagous  planthopper  is  native  to 
China.  It  was  discovered  in  South  Korea  in  2004  where  it  was  observed  attacking  more  than  80 
plant  species,  including  cultivated  grape,  stone  fruits  and  hard  woods.  In  Pennsylvania,  the 
preferred  host  is  tree-of-heaven  ( Ailanthus  altissima  (Mill.)  Swingle),  but  spotted  lanternflies 
have  also  been  observed  frequenting  more  than  30  other  plant  species.  The  objective  of  this  study 
was  to  confirm  the  suitability  of  twenty  North  American  tree  species  as  secondary  hosts  for 
spotted  lanternfly. 

Methods:  Brown  sticky  bands  were  used  to  survey  the  relative  prevalence  of  the  insect  on  20  tree 
species  and  ,4.  altissima.  Mesh  sleeves  containing  10  first- instar  nymphs  were  also  attached  to 
branches  of  the  target  trees  and  monitored  throughout  the  summer  months. 

Results/Conclusion:  This  work  is  important  to  identify  other  potential  host  plants  that  could 
support  lingering  populations  of  spotted  lanternfly  once  removal  of  A.  altissima  from  the 
quarantine  area  begins  this  year. 
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Abstract  text: 

Introduction:  In  an  attempt  to  make  use  of  large  amounts  of  Japanese  beetles  (JB)  that  have  been 
captured  using  mass  trapping,  we  developed  a  composting  method  using  common  farm 
materials.  We  also  explored  potential  applications  of  the  JB-based  compost  that  was  produced. 

Methods:  Four  compost  bins  were  prepared  using  the  layer  method.  Carbon  sources  used  were 
shredded  paper,  wood  chips,  and  leaves,  while  our  sole  nitrogen  source  was  JB.  We  monitored 
temperature  during  the  composting  process  daily.  Once  composting  was  complete,  pilot  studies 
that  involved  oyster  mushroom  production,  vermicompost,  and  small-scale  hydroponic  lettuce 
production  using  compost  teas  and  compost  /  vermicompost  were  conducted. 

Results/Conclusion:  Chemical  analyses  of  the  compost  produced  indicated  that  JB-based 
compost  is  a  good  quality  soil  amendment  and  can  be  used  to  augment  fertilization  in  support  of 
organic  production.  The  vermicompost  produced  offers  additional  benefits  such  as  uniform  and 
fine  product  size,  more  nutrients  readily  available  for  plants  to  absorb,  and  hormone-like 
chemicals  to  stimulate  plant  growth. 
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Abstract  text: 


Introduction:  Widespread  integration  of  Genetically  Modified  Herbicide  Tolerant  (GMHT)  crops 
into  modern  agriculture  has  resulted  in  serious  unintended  consequences,  the  most  important 
being  the  elimination  of  flowering  weeds  along  field  margins.  GMHT  varieties  are  especially 
popular  as  herbicides  that  act  selectively  on  weeds  to  facilitate  the  growth  of  crops  that  are 
otherwise  sensitive  to  weed  competition.  Extensive  herbicide  application  thus  eliminated  prairies 
and  wildflower  habitats  that  provided  critical  nutrition  and  nesting  sites  for  bees.  Canola 
( Brassica  napus ),  a  mass  flowering  crop,  provides  a  wealth  of  pollen  and  nectar,  but  elimination 
of  non-crop  flowering  vegetation  near  canola  fields  has  seriously  impacted  pollinators  due  to  loss 
of  forage  options  after  canola  bloom.  Ecological  studies  in  GMHT  canola  fields  found  reduced 
bee  abundances,  but  bee  visitation  is  critical  to  increase  yields  in  cross-pollinated  canola.  In  this 
study,  we  aimed  to  determine  the  efficacy  of  a  field  management  protocol-wildflower  borders  in 
GMHT  canola  fields. 

Methods:  Using  two  GMHT  canola  fields,  one  restricted  to  canola  only,  and  the  other  with  a 
wildflower  strip  on  the  field  edge,  we  evaluated  bee  abundance  and  diversity  in  canola  fields  and 
the  wildflower  strip. 

Results/Conclusion:  Preliminary  analyses  indicate  that  several  bee  species  not  found  in  canola 
fields  inhabited  the  wildflower  strip,  supporting  our  premise  that  bee  diversity  is  higher  in  the 
presence  of  non-crop  vegetation.  Bee  abundance  in  canola  fields  and  wildflower  strips  was 
similar,  indicating  that  these  strips  provide  spillover  habitat.  Our  results  also  reveal  that 
conserving  semi-natural  habitats  while  simultaneously  incorporating  crop  diversity  into  farmland 
help  sustain  pollinator  diversity. 
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Abstract  text: 

Introduction:  The  purpose  of  the  following  project  was  to  create  a  data  logger  and  monitoring 
device  that  records  the  movements  of  bees  into  and  out  of  a  nest.  In  addition,  the  device 
measured  the  environmental  temperature  and  exact  time  that  each  bee  entered  or  returned  to  the 
nest,  and  the  data  collected  was  sent  to  a  data  storage  device.  The  device  is  a  custom-built  data 
logger  using  off-the-shelf  components.  The  device  counted  the  bees  as  they  broke  a  pair  of 
infrared  laser  beams  as  they  pass  through  a  tube  placed  in  the  entrance  to  their  colony.  Each 
bee’s  direction  of  travel  was  indicated  by  the  order  in  which  the  laser  beams  were  broken. 
Additionally,  temperatures  both  externally  and  internally  (inside  the  nest  entrance)  were  recorded 
by  a  pair  of  waterproof  temperature  probes. 

Methods:  Field  tests  were  performed  on  both  honey  bee  nests  and  native  bee  nests. 

Results/Conclusion:  The  tests  on  honey  bees  confirmed  that  the  device  functioned  as  designed, 
although  the  modifications  to  the  hive  entrance  required  to  attach  the  device  produced  some 
abnormal  behavior  in  the  honey  bees.  In  the  field,  nests  of  colonial  mining  bees  ( Andrena 
crataegi)  located  in  apple  orchards  were  monitored  using  the  device.  Data  on  numbers  of  bees, 
temperature,  and  time  of  day  when  each  mining  bee  left  or  returned  to  the  nest  were 
recorded.  The  development  of  this  new  piece  of  field  entomology  equipment  will  provide  a  new 
tool  for  researchers  to  investigate  nesting  and  foraging  patterns  in  bees  and  other  organisms. 
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Abstract  text: 

Introduction:  Locusts  are  grasshoppers  that  aggregate  and  swarm  at  high  density  and  threaten 
agriculture.  Locust  species  are  concentrated  in  arid  grasslands  where  they  compete  with  livestock 
and  other  grazers  for  plants  and  likely  experience  water  limitations.  Evidence  from  field  studies 
suggests  that  grass-feeding  locusts  prefer  and  perform  best  on  carbohydrate-biased  diets.  As  yet, 
minimal  research  has  investigated  the  interaction  between  macronutrient  balance  and  water 
requirements  in  insects. 

Methods:  We  determined  the  preferred  and  optimal  ratio  of  dietary  protein  to  carbohydrate  in 
field-caught  Australian  plague  locusts  ( Chortoicetes  terminifera )  in  NSW,  Australia  and  in  a  lab 
culture  at  ASU.  We  ran  complementary  experiments  in  the  lab  where  locusts  were  exposed  to 
different  levels  of  water  availability,  and  we  again  tested  their  preferred  and  optimal  ratios  of 
protein  to  carbohydrate. 

Results/Conclusion:  Field-caught  C.  terminifera  self-selected  a  diet  of  1:2  protein:  carbohydrate - 
the  same  as  the  Mongolian  locust  and  lowest  of  any  grasshopper  tested  to  date.  In  contrast, 
laboratory  cultured  C.  terminifera  self-selected  a  diet  of  1:1.2  protein: carbohydrate.  Preliminary 
results  suggest  water-limited  locusts  self-select  a  more  carbohydrate-biased  than  locusts  with  ad 
libitum  water  access.  We  hypothesize  that  consuming  diets  with  a  high  carbohydrate  to  protein 
ratio  may  enable  locusts  to  better  adapt  to  arid  environments.  High  protein  diets  may  require 
more  water  to  process.  Furthermore,  carbohydrate -biased  diets  increase  lipid  stores  that  produce 
metabolic  water  when  broken  down.  These  lipid  stores  may  be  important  for  increasing  survival 
during  time  periods  with  limited  water  availability.  More  studies  are  needed  to  understand  the 
differences  found  between  lab  and  field  populations. 
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Introduction:  Commercial  fruit  and  vegetable  agriculture  is  dependent  on  bees  for  pollination 
services. 

Methods:  In  the  following  study,  we  investigated  the  abundance  and  diversity  of  native  bee 
species  in  North  Georgia  apple  orchards  over  six  consecutive  seasons  (2010-15),  emphasizing  on 
the  apple  bloom. 

Results/Conclusion:  The  first  season  (2010)  was  considered  a  typical  apple  bloom  (from  mid- 
April  through  early-May),  and  was  dominated  by  Andre na  species.  In  201 1  and  2012,  the  apple 
bloom  occurred  progressively  earlier  and  earlier  -  ultimately,  the  earliest  on  record  occurring  4 
weeks  premature.  During  these  blooms,  much  lower  abundance  of  Andrena  species  were  present; 
however,  greater  abundances  of  Osmia  species  and  other  earlier  emerging  non -Andrena  bees 
were  documented.  In  2013,  the  apple  bloom  was  2-3  weeks  later  than  the  traditional  bloom. 
Interestingly,  both  higher  diversity  and  abundance  were  noted  for  all  apple-pollinating  groups 
than  in  the  previous  years.  Finally,  in  both  2014  and  2015  the  apple  bloom  occurred  more 
‘typically’  once  again.  As  expected,  the  native  bee  species  abundance  and  diversity  these  2  years 
were  more  similar  to  the  2010  bloom  (and  to  one  another)  than  to  any  of  the  other  aberrant 
seasons.  However,  unexpectedly,  it  appears  the  overall  abundance  and  diversity  of  native  species 
during  ‘typical’  bloom  seasons  is  in  fact  lower  than  when  the  bloom  occurs  either  earlier  or  later 
than  usual. 
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Introduction:  Interactions  between  plants  and  insects  can  influence  production  of  defensive 
chemicals  within  the  plants.  Presence  of  an  herbivorous  insect  feeding  on  the  leaf  may  illicit  a 
response  from  the  plant.  Here  we  tested  the  hypothesis  that  herbivory  by  the  catalpa  sphinx, 
Ceratomia  catalpae ,  a  specialist  herbivore  of  catalpa  trees,  Catalpa  spp.,  affects  production  of 
the  defensive  compounds  catalpol  and  catalposide. 

Methods:  Catalpa  leaves  were  collected  over  a  21 -week  span  in  2015,  encompassing  2 
generations  of  catalpa  sphinx  herbivory.  Using  high-pressure  liquid  chromatography  (HPLC)  to 
measure  catalpol  and  catalposide,  the  amounts  will  be  compared  over  time  and  in  the  presence 
and  absence  of  catalpa  sphinx  herbivory. 

Results/Conclusion:  These  results  can  contribute  to  a  growing  body  of  evidence  showing  the 
ability  of  herbivores  to  influence  the  expression  of  plant  defensive  traits. 
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Introduction:  Carotenoids  are  fundamental  precursors  for  hormones  and  antioxidants,  and  insects 
must  acquire  carotenoids  from  their  diet.  Previous  research  has  shown  that  insects  often  absorb 
carotenoids  in  amounts  proportional  to  those  in  their  diet,  and  that  high-carotenoid  diets  are 
associated  with  strong  immune  responses.  Our  objectives  of  this  study  were  to  (i)  evaluate  the 
amounts  of  carotenoids  sequestered  in  hemolymph  of  Trichoplusia  ni ,  and  (ii)  evaluate  how  the 
dietary  concentration  of  the  carotenoid  p-carotene  may  affect  the  immune  response  of  T.  ni. 

Methods:  To  fulfill  the  first  objective,  larvae  were  fed  kale  {Brassica  oleracea  var.  sabellica )  or 
romaine  lettuce  ( Lactuca  sativa)  for  a  period  of  20  days,  and  the  amount  of  total  sequestered 
carotenoids  in  hemolymph  was  measured  with  a  spectrophotometer.  Total  sequestered 
carotenoids  were  found  to  be  higher  when  reared  on  kale,  the  higher-carotenoid  plant.  To  fulfill 
the  second  objective,  a  low,  medium,  and  high  concentration  of  p-carotene,  representing  the 
range  found  in  typical  host  plants,  in  an  artificial  diet  will  be  used  and  immune  response  will  be 
assessed  in  fifth  instar  larvae. 

Results/Conclusion:  Evidence  has  shown  that  carotenoids  can  work  in  a  synergistic  way  to 
improve  the  immune  response,  but  there  has  been  little  work  done  to  show  the  effect  of 
individual  carotenoids  such  as  p-carotene.  This  research  may  show  a  link  between  carotenoid 
availability  to  insects  and  susceptibility  to  parasites  and  pathogens. 
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Abstract  text: 

Introduction:  The  Sri  Lankan  weevil  (. Myllocerus  undecimpustulatus  undatus  Marshall)  is  a 
destructive  pest,  affecting  >150  plant  species.  Little  is  known  about  its  olfactory  processes.  Last 
year,  the  researcher  found  that  under  conditions  of  both  a  choice  and  a  no-choice  assay,  peach 


( Prunus  persica )  emerged  as  the  most  preferred  host  plant  among  other  favored  host  plants  (i.e. 
lychee,  avocado).  The  differential  perception  by  insects  of  volatile  compounds  emitted  by  plants 
is  a  key  mechanism  of  host  plant  selection  by  insects  for  growth  and  reproduction. 
Electroantennography  is  an  electrophysiological  tool  to  record  the  olfactory  responses  of  insect 
antennal  receptors.  The  objectives  of  this  study  were  to  1)  study  the  antennal  responses  of  Sri 
Lankan  weevils  to  peach  volatile  compounds  using  an  electroantennogram  bioassay  and  2)  study 
the  behavioral  responses  of  the  Sri  Lankan  weevils  to  peach  volatile  compounds  using  an 
olfactometer  bioassay. 

Methods:  10  peach  volatile  compounds  were  tested  for  antennal  and  behavioral  responses. 

Results/Conclusion:  Results  demonstrated  that  among  male  and  female  weevils,  (E)-2-Hexenal 
elicited  the  strongest  mean  antennal  response  of  2.55  mV  and  2. 19  mV  respectively  and  (Z)-3- 
hexenyl  acetate  elicted  the  least  mean  antennal  response  of  0.23  mV  and  0.26  mV  respectively 
( p  <  0.05).  Under  the  conditions  of  the  olfactometer  bioassay,  (Z)-beta-Ocimene,  2-ethylhexanol, 
(Z)-3-hexen-l-ol,  and  Ethyl  caproate  were  attractants  (p  <  0.05),  (Z)-3-hexenyl  acetate  and  (E)- 
2-Hexenal  were  neutral,  and  Benzyl  alcohol,  Linalool,  gamma-Decalactone,  and  Benzaldehyde 
were  repellants  (p  <  0.05).  Understanding  the  Sri  Lankan  weevil's  olfactory  processes  is  crucial 
in  finding  natural  methods  to  suppress  invasive  populations. 
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Abstract  text: 

Introduction:  Abuse  and  overuse  of  pesticides  become  more  and  more  serious  in  agriculture, 
causing  environmental  pollution  and  pesticide  resistance.  Applying  pesticides  rationally, 
improving  the  rate  of  pesticide  use  appears  particularly  important.  Here,  we  found  that  several 


cytochrome  P450  monooxygenases  (P450s)  expression  were  rhythmic,  like  the  circadian  gene 
cycle ,  in  the  brown  planthopper  Nilaparvata  lugens. 

Methods:  Survival  bioassays  and  quantitative  real-time  PCR  (qRT-PCR)  were  performed. 

Results/Conclusion:  Survival  bioassays  and  quantitative  real-time  PCR  (qRT-PCR)  revealed  that 
some  of  the  P450s  had  lower  mRNA  expression  and  survival  rate  at  ZT16  (12  o’clock),  counter¬ 
productive  at  ZT20.  Finally,  RNAi  of  cycle  decreased  the  mRNA  expression  of  CYP6AY 1  and 
CYP6AX1  and  increased  the  mortality  rate  of  BPH  to  imidacloprid,  and  revealed  that  some 
P450s  are  regulated  by  circadian  gene  -  Nlcycle.  These  results  suggest  that  there  are  rhythms  in 
pesticide  susceptibility  in  Nilaparvata  lugens.  This  knowledge  could  be  used  for  BPH  control 
and  for  designing  pesticide  use  strategies,  and  contributes  to  our  basic  understanding  of  rhythm 
and  xenobiotics  metabolism. 
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Introduction:  At  low  temperatures,  Drosophila ,  like  most  other  insects,  lose  the  ability  to 
regulate  water  and  ion  homeostasis  across  the  gut  epithelia.  A  resulting  hemolymph  water  loss 
leads  to  a  hyperkalemic  state  that  leads  to  onset  of  chilling  injuries. 

Methods:  To  better  understand  the  importance  of  diet  in  determining  cold  tolerance,  we  exposed 
adult  D.  melanogaster  to  24-hours  on  diets  highly  enriched  in  sucrose,  KC1,  or  NaCl. 

Results/Conclusion:  Supplementation  with  KC1  improved  chill  coma  recovery  time,  and  both 
NaCl  and  KC1  enrichment  improved  survival  rates  following  cold  stress.  No  difference  in  critical 
thermal  minimum  was  found  among  diets,  suggesting  that  high  salt  intake  is  beneficial  for 
survival  and  recovery  but  not  for  coma  onset.  Additionally,  no  change  in  chill  tolerance  was 


observed  in  flies  on  a  high  sucrose  diet,  suggesting  this  effect  is  not  strictly  osmotic  in  nature. 
Measurements  of  hemolymph  [K+]  revealed  that  both  the  KC1  and  NaCl  enriched  diets  led  to  an 
increase  in  baseline  hemolymph  [K+]  and  that  cold  exposure  similarly  disrupted  [K+]  balance  in 
all  but  the  sucrose-enriched  diet.  We,  thus,  propose  that  acute  NaCl  and  KC1  supplementation 
confers  benefits  to  cold  tolerance  that  are  not  clearly  related  to  extracellular  [K+]. 
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Introduction:  Toxoneuron  nigriceps  is  an  endoparasitoid  wasp  belonging  to  Braconidae  family, 
and  its  host  is  the  tobacco  budworm  Heliothis  virescens.  Previous  studies  on  this  system  have 
shown  how  parasitism  induces  major  changes  in  the  host  physiology.  Among  them  is  the  arrest 
of  ecdysteroidogenesis  due  to  the  functional  inactivation  of  prothoracic  glands  (PGs)  in  last 
instar  larvae,  and  as  consequence  the  prevention  of  pupation.  The  polydnavirus  associated  to  T. 
nigriceps ,  TnBM,  induces  a  complex  syndrome  that  makes  PGs  of  the  host  unable  to  respond  to 
the  stimulus  of  the  prothoracicotropic  hormone  (PTTH),  inducing  a  decrease  of  general  protein 
synthesis  and  phosphorylation.  Previous  work  proved  that  TOR  signalling  is  involved  in 
ecdysteroidogenesis  of  H.  virescens.  Here  we  demonstrate  that  one  of  the  effects  of  parasitization 
is  the  alteration  of  this  pathway. 

Methods:  To  evaluate  the  effect  of  parasitization,  the  ecdy steroid  title  was  estimated  by  enzyme- 
immunoassay  (EIA)  and  the  level  of  phosphorylation  of  two  targets  of  TOR  (S6K  and  4E-BP 
proteins)  by  western  blot.  These  analyses  were  performed  after  incubation  with  PTTH  of  PGs 
from  parasitized  larvae.  Moreover,  a  transcriptomic  analysis  of  PGs  from  parasitized  and  non- 
parasitized  larvae  was  performed. 


Results/Conclusion:  Results  showed  that  parasitization  decreases  the  phosphorylation  of  4E-BP 
and  S6K  and  ecdysteroids  level,  even  in  the  presence  of  PTTH  stimulus.  Besides,  transcriptomes 
analysis  highlighted  viral  genes  expression  in  PGs  and  a  downregulation  of  TOR  pathway.  These 
results  suggest  that  some  of  TnBV  genes  expressed  in  PGs  are  potentially  involved  in  block  of 
ecdy steroidogenesis  through  the  TOR  pathway  alteration. 
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Agroecosystems  are  a  source  of  high  nutrient  runoff  that  contributes  to  the  eutrophication  of 
waterways  globally,  many  of  which  are  a  source  of  drinking  water  and  an  important  part  of  their 
local  economy.  In  Lake  Erie,  harmful  algal  blooms  have  increased  in  frequency  and  toxicity 
largely  due  to  high  phosphorous  (P)  loading  from  regional  croplands.  As  detritivores,  and 
consumers  of  microbes,  soil  insects  are  major  components  of  P  cycling.  By  assimilating  P  into 
their  biomass,  and  enhancing  uptake  by  plants,  soil  insects  can  reduce  P  runoff  from 
agroecosystems.  In  northwest  Ohio,  there  is  evidence  that  sodium  (Na)  is  limiting  to  these 
insects,  which  may  affect  the  rate  at  which  they  process  P.  With  the  goal  of  determining  the 
impact  of  Na  availability  on  the  ability  of  soil  insects  to  process  P,  we  applied  four  levels  of  Na 
solutions  to  mesocosms  representing  corn  ( Zea  mays)  field  ecosystems  and  measured  leached  P, 
leaf  litter  decomposition,  and  corn  and  microbial  biomass.  In  addition,  we  applied  soil  solutions 
to  lm2  plots  in  corn  fields  and  measured  decomposition  and  invertebrate  recruitment.  In  the 
mesocosm  experiment,  we  found  that  Na  addition  reduced  P  leaching  and  increased  leaf  litter 
decomposition  and  plant  and  microbial  biomass,  with  the  greatest  effect  with  the  highest  Na 
concentration.  The  Na  addition  to  plots  affected  the  insect  community  structure  and 
decomposition.  This  study  suggests  that,  in  agroecosystems  that  are  Na  limited,  such  as  in  those 
northwest  Ohio,  addition  of  Na  subsidies  may  decrease  P  leaching,  and  therefore  P  loading  to 
waterways. 
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The  potato  psyllid,  Bactericera  cockerelli  (Sulc),  (Hemiptera:  Triozidae)  is  a  persistent  vector  of 
the  bacterial  pathogen  Candidatus  Liberibacter  solanacearum  (Lso).  Potatoes  infected  with  Lso 
typically  exhibit  blackened  stripes  when  fried,  hence  the  name  zebra  chip  disease  (ZC). 
Additional  symptoms  in  potato  include  chlorosis,  stunting,  leaf  curling,  leaf  purpling,  swollen 
axillary  buds,  and  aboveground  tubers.  ZC  reduces  both  tuber  quality  and  yield  and  can  devastate 
entire  fields,  causing  millions  of  dollars  of  losses.  Host  resistance  to  ZC  has  been  pursued  as  a 
possible  means  of  pest  management;  however,  no  commercial  potato  variety  has  been  found  to 
exhibit  ZC  resistance.  Several  germplasm  lines  are  being  tested  for  resistance  via  antibiosis  and 
antixenotic  effects.  These  germplasms  are  being  screened  in  Lso  transmission  studies  as  part  of  a 
separate  experiment.  Here,  we  examine  settling  behavior  of  potato  psyllids  on  these  lines  using 
no-choice  and  paired-choice  (with  cv.  Russet  Burbank)  tests.  These  experiments  will  help  us  to 
understand  what  roles  psyllid  host  choice  and  settling  behavior  play  in  any  ZC  resistance 
observed  in  these  breeding  lines. 
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The  arrowhead  scale,  Unaspis  yanonensis  (Kuwana)  (Hemiptera:Diaspididae),  has  been  a  serious 
pest  of  several  citrus  in  Japan  since  it  was  introduced  at  the  end  of  the  19th  century.  Two 
population  exist  in  Japan  at  present.  The  first  population  can  infest  several  citrus  species  except 
Yuzu,  Citrus  junos  (Unshiu  host  population).  Second  population  can  infest  several  citrus  species 
including  Yuzu  (Yuzu  host  population).  Kawai  (1980)  reported  that  Unshiu  host  population  can 
infest  Kawanonatsudaidai,  Citrus  natsudaidai ,  but  cannot  normally  develop.  However,  there  are 
no  studies  describing  development  of  Yuzu  host  population  at  Kawanonatsudaidai. 

Hence,  we  investigated  the  development  of  both  population  at  Kawanonatsudaidai.  The  1st 
nymphs  of  both  population  were  released  to  Miyagawawase  ( Citrus  unshiu  miyagawawase  ), 
Kawanonatsudaidai,  the  number  of  each  stage  of  arrowhead  scale  was  counted  every  7days.  As  a 
result  of  development  survey,  the  mortality  of  both  population  released  to  Kawanonatsudaidai 
was  about  20%  higher  than  Miyagawawase.  In  addition,  we  observed  that  about  30%  of  adult 
female  of  Unshiu  host  population  was  incomplete  at  Kawanonatsudaidai.  Moreover,  we  observed 
no  adult  females  of  Yuzu  host  population  at  Kawanonatsudaidai.  These  result  suggested  that 
suppressed  and  incomplete  development  were  observed  in  both  population  on 
Kawanonatsudaidai.  Then  we  analyzed  components  contained  in  leaf  of  Miyagawawase,  Yuzu, 
and  kawanonatsudaidai  by  HPLC  and  GC/MS.  The  result  were  compared  to  clarify  the  cause  of 
incomplete  development  of  arrowhead  scale  at  Kawanonatsudaidai. 
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Introduction:  Thousand  Cankers  Disease  (TCD)  complex  involves  Juglans  spp.,  the  fungal 
pathogen  Geosmithia  morbida  and  the  vector,  Pityophthorus  juglandis.  TCD,  originally 
described  from  the  western  United  States,  has  now  expanded  to  the  eastern  U.S.  and 
northwestern  Italy.  Infection  in  Juglans  spp.  is  initiated  by  gallery  formation  by  P.  juglandis , 
followed  by  G.  morbida  canker  development  in  the  phloem  around  the  galleries.  The  disease 
complex  is  often  difficult  to  diagnose  because  of  absence  of  symptoms  or  signs  on  the  bark 
surface.  Furthermore,  if  detected,  TCD  can  be  confused  with  the  impact  of  other  abiotic  or  biotic 
agents.  Thus,  there  is  a  critical  need  for  rapid  TCD  detection  using  molecular  tools. 

Methods:  Using  previously  developed  microsatellite  loci  for  G.  morbida  and  P.  juglandis,  we 
developed  a  rapid  molecular  detection  protocol  for  TCD  complex.  A  total  of  120  JuglansboMs  (~ 
5-8  cm  diameter,  35-45  cm  long)  were  collected  from  three  geographical  locations,  either  within 
(California,  Tennessee)  or  outside  (Missouri)  the  current  distribution  of  TCD.  Forty  bolts  were 
collected  from  each  location.  A  total  of  1200  drill  cores  were  taken,  and  shavings  from  these 
cores  were  used  for  DNA  extraction.  Following  PCR  amplification,  DNA  samples  were  analyzed 
with  a  QIAxcel  capillary  electrophoresis  system.  Data  were  analyzed  by  using  R  software  with 
an  interclass  correlation  coefficient. 

Results/Conclusions:  Preliminary  data  has  provided  rapid  confirmation  of  the  pathogen/vector 
presence  in  examined  samples,  demonstrating  a  high  degree  of  sensitivity  for  the  protocol  and 
providing  evidence  that  rapid  molecular  detection  of  TCD  is  feasible,  effective,  and  time 
efficient. 
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Abstract  text: 

Introduction:  Forest  edges  and  other  environmental  factors  affect  saproxylic  beetle  assemblage 
structures  and  distribution.  The  survival  of  young  saproxylic  beetles  depends  on  the  coarse 
woody  debris,  while  adults  may  have  other  requirements  in  terms  of  microclimatic  conditions 
and  feeding  substrates  for  maturation  and  nutrition.  This  is  particularly  true  for  many  cerambycid 
beetles,  in  which  the  adult  stage  feeds  on  leaves  or  flowers. However,  studies  regarding  the 
impact  of  environmental  factors  on  saproxylic  beetles  is  limited  in  Taiwan. 

Methods:  The  study  site  was  located  at  Xuejian  Recreation  Area  in  Taiwan  Miaoli.  We  used  a 
six  line  transect  method,  and  flight  interception  traps  were  set  up.  Horizontal  transects  were 
erected  beside  the  road,  part  of  the  forest  edge,  and  the  forest  interior.  In  addition,  vertical 
transects  were  erected  in  structure  at  tree  height  (4-5  m  and  9-10  m).  A  total  of  42  traps  were  set 
up  once  a  month.  Focusing  on  saproxylic  beetles,  we  analysed  the  data  from  the  two  Coleoptera 
taxa  and  Scolytidae. 

Results/Discussion:  Our  results  indicated  that  Cerambycidae  were  mainly  caught  in  the  forest 
edge,  forest  interior,  and  at  a  height  of  9-10  m.  In  contrast,  the  Scolytidae  were  evenly  distributed 
on  the  ground.  Seasonal  factors  had  a  significant  influence  on  the  trapping  results.  The 
saproxylic  beetles  were  most  pronounced  during  May  and  August,  and  were  occasionally  found 
during  September. 
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Abstract  text: 


The  polyphagous  shot  hole  borer  and  Kuroshio  shot  hole  borer  (. Euwallacea  spp.  nr .fornicatus) 
are  invasive  ambrosia  beetles  that  harbor  fungal  symbionts  in  the  genus  Fusarium.  These  fungi 
are  responsible  for  the  plant  disease  known  as  Fusarium  dieback  (FD),  which  has  affected  over 
30  different  tree  species  in  southern  California.  Disease  symptoms  result  from  the  fungal 
pathogen  blocking  host  tree  vascular  tissue,  resulting  in  branch  dieback  and  eventually  tree 
death.  FD  is  most  notably  capable  of  infesting  avocado,  and  is  currently  a  major  threat  to  the 
avocado  industries  of  southern  California  and  Israel.  To  aid  in  control  measures,  we  tested  the 
efficacy  of  several  different  lures  in  attracting  the  shot  hole  borers  beginning  in  the  summer  of 
2014.  We  found,  first,  that  the  beetles  respond  strongly  to  a  commercially-available  lure, 
quercivorol,  and  then  performed  several  subsequent  field  trials  to  test  1)  possible  synergistic 
effects  of  other  lures  paired  with  quercivorol,  and  2)  different  quercivorol  blends  and 
concentrations.  Our  results  give  a  starting  point  from  which  we  may  begin  to  formulate  control 
measures  for  two  species  of  agriculturally  important  ambrosia  beetles. 
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Mountain  pine  beetle,  Dendroctonus  ponder  os  ae  Hopkins  (Coleoptera:  Curculionidae: 
Scolytinae),  is  the  most  destructive  pest  of  mature  pine  (Pinaceae)  in  western  North 
America.  Adult  mountain  pine  beetle  displays  an  obligatory  dispersal  phase  before  brood 
production.  Dispersal  by  flight  is  linked  to  the  physiological  condition  of  mountain  pine  beetles 
that  use  lipid,  at  least  in  part,  to  power  flight.  Little  is  known,  however,  about  the  energy  budget 
of  flying  mountain  pine  beetles  and  what  energy  sources  are  used  during  flight.  In  the  current 
flight  mill  study,  a  colormetric  method  was  used  to  estimate  the  three  major  components  (i.e 
lipids,  free  sugars  and  glycogen)  of  the  energy  budget  of  flown  mountain  pine  beetles  compared 
to  beetles  that  were  not  given  the  opportunity  to  fly.  Mountain  pine  beetle  use  lipids,  glucose  and 
trehalose  to  power  flight.  Total  lipid, neutral  lipid,  glucose  and  trehalose  content  was  lower  in 
beetles  flown  on  flight  mills  compared  with  beetles  that  did  not  fly.  Neutral  lipids  were  the  major 


fuel  for  beetle  flight.  Females  had  higher  total  lipid  and  glucose  content  compared  with  males. 
Trehalose  and  neutral  lipid  content  did  not  vary  with  sex  of  experimental  beetles.  This  study 
reveals  that  mountain  pine  beetle  flight  is  fueled  by  a  combined  metabolism  of  lipids  and 
carbohydrates.  Future  studies  will  be  needed  to  understand  the  fuel  metabolism  at  various  stages 
of  beetle  flight. 
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IntroductiomGypsy  moth  pheromone  traps  are  widely  used  for  detecting  low  density  populations 
for  delineation  surveys,  assessing  changes  in  relative  density  along  leading  edge  population 
fronts,  quantifying  efficacy  of  management  efforts,  and  for  estimating  seasonal  phenology. 
Beyond  enumerating  abundance,  captured  males  may  provide  information  on  the  quality  of 
habitat  and  their  relative  fitness.  Two  studies  in  the  1980’s  measured  male  forewing  width  and 
suggested  that  males  from  high  density  populations  had  shorter  forewings,  presumably  a 
reflection  of  strong  intraspecific  competition  for  food  in  outbreaks.  Our  data  suggests  that  in 
addition  to  population  density,  the  size  of  male  forewings  is  correlated  with  flight  phenology 
with  larger  males  appearing  early  in  the  season  and  smaller  males  later,  a  pattern  that  likely 
reflects  host  quality,  egg  hatch  phenology  relative  to  bud  break,  or  an  interaction  between  them. 

Methods: To  determine  if  this  pattern  is  discernable  at  the  stand  level,  we  assessed  seasonal 
patterns  of  male  size  from  pheromone  traps  in  central  New  York  placed  in  high  quality,  red  oak 
co-dominant  sites,  with  males  captured  in  traps  from  lower  quality  maple  dominated  sites. 

Results:  Male  moth  wing  width  exhibited  a  negative  linear  relationship  with  flight  season  in  both 
high  and  low  quality  habitats.  However,  although  individual  sites  differed  in  the  slope  of  the 
decline,  there  was  no  consistent  pattern  with  respect  to  dominant  host  trees 


Conclusion:  The  effects  of  spatial  scale  may  override  local  effects  of  host  tree  quality  and 
abundance. 
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Abstract  text: 

This  study  seeks  to  discover  if  there  is  a  difference  between  the  insect  community  of  the 
temperate  forest  canopy  and  the  understory  of  the  Clemson  University  Experimental  Forest  in 
South  Carolina  that  may  be  appropriate  to  consider  when  designing  maintenance  plans  for  the 


health  of  the  forest.  In  this  study  we  devised  a  trap  to  collect  insects  in  the  high  canopy  of  the 
forest.  We  hypothesize  that  there  is  a  significant  difference  in  biodiversity  between  the  canopy 
and  understory  of  the  Experimental  Forest. 
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Prescribed  fires  are  a  common  tool  in  forest  management  used  to  control  the  undergrowth 
vegetation  and  to  reduce  fuel  loads.  However,  the  effects  prescribed  fires  have  on  pollinator 
communities  are  relatively  not  well  known.  One  question  of  particular  interest  concerns  how 
burn  size  affects  these  organisms.  We  sought  to  address  this  question  by  testing  whether  the 
effects  on  pollinator  communities  change  with  distance  into  burns  (with  distance  as  a  surrogate 
for  burn  size)  at  the  Piedmont  National  Wildlife  Refuge  in  Georgia.  Data  were  collected  from 
May  2015  to  September  2015  using  colored  pan  traps  to  sample  bee  and  butterfly  communities. 
Focations  were  selected  from  plots  greater  than  500  acres  with  a  three  year  burn  cycle.  At  each 
location,  transects  originating  at  the  burned/unburned  edge  were  extended  500  m  into  the  plot  so 
that  the  end  of  each  transect  was  at  least  500  m  from  the  nearest  edge.  Traps  were  placed  at  the 
forest  edge  and  every  50  meters  along  each  transect.  To  isolate  the  effect  of  distance  from  other 
sources  of  variation,  we  also  collected  data  on  vegetation  by  sampling  10  m  transects  in  the 
cardinal  directions  and  canopy  coverage  at  each  trap  location.  We  explore  how  pollinator 
abundance,  richness,  and  composition  change  with  distance  into  burned  and  unburned  areas  and 
discuss  implications  for  burn  size. 
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Alternative  reproductive  strategies  are  the  most  commonly  suggested  cause  of  queen  size 
dimorphism  in  ants  and  also  most  often  found  in  this  group  (Wolf  and  Seppa  2016).  However,  it 
has  been  suggested  that  intraspecific  polymorphism  can  result  in  the  divergence  of  the  morphs 
and  thus  represents  sympatric  speciation  -  especially  if  size  assortative  mating  is  enhancing  this 
process.  Here,  we  aim  to  study  genetic  divergence  between  the  two  queen  morphs  of  M. 
ruginodis.  For  this  we  will  analyse  queens  of  both  morphs,  sampled  from  four  populations  in 
SW-F inland.  Queens  will  be  genotyped  in  14  DNA  microsatellite  loci  and  differentiation 
between  the  queen  morphs  will  be  assessed  in  a  hierarchical  analysis  (AMOVA),  where 
population  and  the  morph  are  used  as  the  highest  hierarchical  levels  in  two  alternative  models.  In 
addition,  model-based  Bayesian  clustering  (BAPS)  will  be  used  for  identifying  genetically 
differentiated  populations. 
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Abstract  text: 

Ants  are  an  ecologically  successful  group  with  much  of  that  success  attributed  to  variation  in  the 
worker  caste.  Morphologically  variable  workers  are  said  to  occur  in  -15%  of  ant  species,  yet 
despite  a  rich  phylogenetic  history  there  has  been  no  large  scale  view  of  how  worker  variation 
has  evolved  across  the  Formicidae.  We  use  phylogenetic  comparative  methods  to  explore  how 
overall  ant  body  size  and  variation  in  body  size  has  evolved  across  the  phylogeny.  Preliminary 
analysis  suggests  that  large  worker  size  variation  (worker  polymorphism)  has  evolved  recently 
from  ancestors  with  small,  monomorphic  workers  and  yet  is  not  associated  with  overall  large 
size. 
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A  wide  variety  of  solitary  animal  taxa  have  been  shown  to  simultaneously  regulate  the  intake  of 
multiple  macronutrients  to  species-specific  levels.  Recently,  these  results  have  been  extended  to 
colonies  of  social  insects;  however,  nestmates  apparently  collaborate  to  regulate  the 
macronutrient  intake  levels  of  the  colony  as  opposed  to  any  one  individual.  The  decentralized 
macronutrient-balancing  allocation  of  foragers  to  feeders  of  different  macronutrient  mixtures  is 
non-trivial.  If  a  colony  responds  to  deficits  in  one  macronutrient  by  allocating  more  individuals 
to  feeders  high  in  that  macronutrient,  the  colony  must  also  reduce  existing  allocations  to  other 
feeders  to  prevent  accumulating  surpluses  in  other  macronutrients.  In  laboratory  experiments 
with  two  feeders  that  vary  in  two  macronutrients,  a  macronutrient-balancing  foraging  intake  is 
effectively  the  self-organized  solution  of  finding  two  unknowns  (i.e.,  feeder  allocations)  to  an 
algebraic  system  of  two  equations  (i.e.,  macronutrient  constraints).  Although  such  two-feeder 


scenarios  are  frequently  used  in  the  literature,  they  are  poor  models  for  the  more  ecologically 
relevant  scenario  when  the  number  of  food  choices  greatly  outnumber  the  active  macronutrient 
constraints.  In  these  more-realistic  cases,  a  huge  variety  of  solutions  to  the  forager-allocation 
problem  can  achieve  macronutrient  regulation  while  varying  in  non-nutritional  characteristics, 
such  as  required  foraging  force.  In  this  study,  we  present  colonies  of  Camponotus  fragilis  ants 
with  3  or  more  feeders  that  differ  only  in  protein  and  carbohydrate  content  and  record  the 
allocation  of  foragers  to  the  feeders  over  time.  We  observe  consistent  patterns  across  the  feeders 
that  cannot  be  explained  by  macronutrient-regulation  alone. 
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Leafcutter  ants  live  in  an  obligate  mutualism  with  a  fungus  that  is  their  primary  food  source.  The 
bits  of  leaves  that  the  ants  harvest  are  not  consumed  by  the  ants  directly,  but  are  provided  to  their 
fungal  symbiont.  The  fungus  in  turn  produces  nutritionally  dense  hyphal  swellings  which  the 
ants  consume.  As  a  result,  leafcutter  ants  must  make  foraging  decisions  based  not  directly  on 
their  own  nutritional  needs,  but  on  those  of  the  ant/fungus  colony  system.  A  large  body  of 
previous  nutritional  research  suggests  that  animals  will  forage  to  obtain  nutrients  in  specific 
relative  amounts  based  on  physiological  needs.  This  investigation  focused  on  how  colonies  of 
the  desert  leafcutter  ant  Acromyrmex  versicolor  balance  consumption  of  two  important 
macronutrients:  protein  and  carbohydrates,  and  how  this  colony-level  behavior  emerges  from 
variation  in  the  decisions  of  individual  foragers.  Supplemented  experimental  diets  containing 
protein  and  carbohydrates  in  differing  ratios  were  offered  to  the  ants,  and  the  amounts  of  the 
different  diets  that  the  ants  collected  were  used  to  calculate  nutrient  intake.  Foragers  were 
individually  paintmarked  to  allow  for  tracking  of  interindividual  variation  in  macronutrient 
preference.  The  results  indicate  that  A.  versicolor  colonies  forage  to  a  specific  target  ratio  of 
proteimcarbohydrate.  This  ratio  is  strongly  carbohydrate-biased;  foragers  collect  approximately  1 


gram  of  protein  for  every  6.5  grams  of  carbohydrates.  We  discuss  how  the  ability  of  colonies  to 
regulate  nutrient  intake  may  emerge  from  variation  in  individual  foraging  preference. 
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Imported  fire  ants  (IF A),  Solenopsis  spp.  (Hymenoptera:  Formicidae)  have  continued  to  expand 
their  range  since  entering  Tennessee  in  1987.  Past  surveys  indicate  red  (, Solenopsis  invicta 
Buren)  and  black  ( Solenopsis  richteri  Forel)  IFA  and  their  S.  invicta  x  S.  richteri  hybrid 
constitute  about  2.3,  43.2,  and  54.5%  of  the  Tennessee  population,  respectively.  The  purpose  of 
this  study  was  to  determine  the  relationship  between  IFA  type  and  size.  From  field  observations, 
worker  sizes  vary  in  IFA  colonies  across  the  state.  For  this  study,  IFA  infested  areas  in  62 
Tennessee  counties  were  divided  into  14  by  14  km  grids,  and  IFA  worker  samples  removed  from 
colonies  near  the  center  of  282  grids  from  July  to  October  2015.  A  sub-sample  of  worker  head 
capsules  were  separated  from  the  ant  body,  photographed  under  a  microscope,  and  measured 
with  imaging  software.  Gas  chromatography  and  mass  spectroscopy  was  used  to  calculate  the 
cuticular  hydrocarbon  and  venom  alkaloid  index  to  determine  species  or  hybrid  status  of  worker 
ants.  The  research  is  important  because  biological  control  agents  like  Pseudacteon  phorid- 
decapitating  fly  species  (Diptera:  Phoridae)  exhibit  distinct  preferences  for  worker 
size.  Geographic  patterns  will  be  presented  among  IFA  worker  size  measurements,  biological 
control  factors,  and  sample  locations  using  ArcGIS. 
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Dolichoderus  thoracicus ,  a  species  which  is  mainly  distributed  throughout  Southeast  Asia, 
including  the  Philippines,  Southern  China,  and  in  Southern  Taiwan.  However,  invasion  region 
for  this  species  is  being  expanding  to  the  north  in  recent  years.  As  a  result,  the  species  is 
gradually  invading  human  habitats  and  causing  harm.  Currently,  there  have  been  some  dangerous 
cases  of  D.  thoracicus  invaded  homes,  schools  in  Chiayi  County,  Nantou  County,  and  Miaoli 
County  (Taiwan).  Several  years  ago,  it  was  found  that  the  colony  of  D.  thoracicus  had  increased 
tremendously  near  farmlands  and  communities  in  an  area  in  Xihu  township,  Miaoli  County,  and 
ants  inavaded  iinto  homes,  damaging  properties  and  biting  people.  Currently,  the  danger  posed 
by  D.  thoracicus  is  more  severe  in  Xihu  township  than  in  Sihu,  Wuhu,  and  Long  Dong.  In  this 
study,  liquid  boric  acid,  to  which  D.  thoracicus  is  more  attracted,  will  be  used  as  food  bait  in  a 
specially  designed  liquid  bait  stations  to  attract  them.  Utilizing  ant's  behavior  of  mutual 
trophallaxis,  the  toxicity  of  the  bait  can  be  transmitted  to  members  of  the  entire  ant  nest.  This 
would  result  in  shortening  the  lifespan  of  ants  to  less  than  a  month  and  effectively  controlling  the 
ant  population.  By  reducing  the  population  density  of  D.  thoracicus  in  these  areas  and  setting 
points  for  monitoring  changes  in  population  density,  we  can  better  understand  the  nature  of 
changes  in  the  population  and  the  effectiveness  of  the  control. 
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Formosan  subterranean  termites,  Coptotermes  formosanus  Shiraki,  are  economically  important 
subterranean  termites,  especially  in  the  Southeastern  United  States  where  they  have  been 
introduced  and  are  considered  invasive.  A  previous  study  on  reinvasion  behavior  showed  that  C. 
formosanus  reinvaded  neighboring  con-specific  colonies  baited  with  noviflumuron,  and 
subsequently  perished.  This  study  focuses  on  another  economically  important  subterranean 
termite,  the  eastern  subterranean  termite,  Reticulitermes  flavipes  Kollar  and  its  interaction  with 
baited  C.  formosanus.  Both  species  occur  in  the  Southeastern  region  of  the  United  States  where 
they  encounter  each  other,  especially  in  Southern  Florida,  where  they  compete  for  territory  and 
resources. 

Upon  encounter,  R.  flavipes  retreated  and  blocked  tunnels  at  choke  points  as  C.  formosanus 
attempted  to  invade.  C.  formosanus  attempted  to  invade  R.  flavipes  colonies  regardless  of  their 
health  status;  control  colonies  and  baited.  Even  moribund,  C.  formosanus  colonies  exhibited 
aggressive  behavior  against  neighboring  R.  flavipes  colonies,  but  in  two  of  the  three  replicates,  R. 
flavipes  successfully  prevented  invasions  by  moribund  C.  formosanus.  One  R.  flavipes  group 
reinvaded  the  former  territory  of  baited  C.  formosanus.  The  single  reinvading  R.  flavipes  group 
was  subsequently  eliminated  by  bait. 
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Developmental  plasticity  in  social  insects  is  clearly  different  from  other  animals,  because  the 
social  communication  is  used  for  the  exogenous  cues  for  caste  developments.  Consequently,  they 
are  model  system  for  comprehensive  understandings  on  developmental  plasticity  through  the 
regulation  of  complex  genetic/physiological  networks.  Termite  soldier  is  developmentally  and 
physiologically  important  caste  in  order  to  grasp  the  eusocial  evolution.  In  an  incipient  colony  of 
Zootermopsis  nevadensis ,  presoldier-destined  3rd  instar  larvae  (No.  1  larvae)  can  be  identified 
under  the  natural  condition.  They  receive  frequent  trophallactic  foods  from  parents.  Here,  to 
elucidate  the  molecular  mechanisms  underlying  soldier  differentiation  through  trophallactic 
behavior,  we  focused  on  the  ontogeny  of  the  No.  1  larva.  Firstly,  we  focused  on  the  dopamine 
regulation,  because  behavioral  alterations  by  dopamine  are  broadly  conserved  among  animals. 
Brain  dopamine  levels  of  the  No.  1  larvae  were  measured  by  HPLC,  and  increased  after  the 
appearance.  Injection  of  dopamine  receptor  antagonist  reduced  trophallactic  exchanges  between 
the  No.  1  larvae  and  their  parents,  and  reduced  presoldier  differentiation.  Secondly,  we 
performed  RNA-seq  to  identify  the  candidate  determinant  of  soldier  differentiation.  There  was  a 
highly  expressed  gene  Neural  Lazallilo  ( ZnNLaz )  in  the  No.  1  larvae.  Knockdown  of  ZnNLaz 
reduced  trophallactic  behaviors  from  a  queen,  and  in  parallel  reduced  presoldier  differentiation. 
Brain  dopamine  levels  and  ZnNLaz  expression  levels  were  increased  in  the  No.  1  larvae  at 
similar  periods  during  presoldier  differentiation.  Based  on  the  further  functional  analyses  to 
clarify  the  molecular  relationships  between  dopamine  and  ZnNLaz ,  we  will  discuss  about  the 
proximate  mechanisms  during  termite  soldier  differentiation. 
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Nosema  ceranae  is  an  invasive  microsporidian  pathogen  recently  identified  to  be  infecting  Apis 
mellifera.  N.  ceranae  has  been  linked  to  a  reduction  in  overwintering  success,  reduced  honey 
production,  and  has  been  associated  with  colony  collapse.  This  study  was  conducted  to 
determine  the  prevalence  and  distribution  of  N.  ceranae  in  Arkansas  honey  bee  colonies. 
Molecular  diagnostics  were  performed  on  honey  bee  samples  collected  statewide,  from  34 
different  Arkansas  counties,  to  detect  N.  ceranae  as  well  as  additional  parasites  and  pathogens. 
Polymerase  chain  reaction  (PCR)  primers  specific  to  each  pathogen  and  parasite  were  used  to 
successfully  detect  their  presence  or  absence.  This  poster  further  discusses  findings  of  our  study. 
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Socially  polymorphic  species,  exhibiting  both  solitary  and  social  behaviors  in  the  same 
populations,  offer  unique  insights  into  the  costs  and  benefits  of  social  behavior.  In  the  socially 
polymorphic  small  carpenter  bee,  Ceratina  calcarata ,  there  is  evidence  that  natural  variation  in  a 
population  leads  to  both  solitary  and  social  behavior.  Maternal  body  size  significantly  affects 
both  brood  size  and  sex  ratio.  Larger  C.  calcarata  mothers  tend  to  be  of  higher  quality,  and 
produce  larger  clutch  sizes,  larger  offspring  and  more  female-biased  broods.  All  C.  calcarata 
mothers  provide  maternal  care,  but  those  of  high  quality  also  produce  an  obligate  worker 
daughter  to  assist  in  rearing  the  remaining  brood.  Recent  field  observations  and  population 
genetic  data  suggest  that  females  are  multiply  mated  in  spring,  though  detailed  colony 


genotyping  has  not  been  attempted  to  date.  We  combine  colony  demography  with  genetic 
relatedness  estimates  for  C.  calcarata  to  assess  patterns  of  parentage  and  the  costs  and  benefits 
of  worker  production  in  this  socially  polymorphic  bee. 
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In  biological  systems,  from  ecosystems  to  social  groups,  individual  components  often  interact. 
Variation  in  these  components  can  affect  system  performance,  but  the  conditions  that  favor 
variation  are  unclear.  Social  insects  are  one  such  system  where  changes  to  the  amount  of 
morphological  variation  within  a  colony  could  alter  division  of  labor.  Bumble  bees  ( Bombus 
impatiens)  are  a  useful  system  to  address  how  environmental  conditions  change  morphological 
variation  within  a  colony  because  a  large  diversity  of  worker  body  sizes  exist  in  a  colony.  While 
external  temperatures  influence  growth  rates  in  solitary  insects,  it  is  unclear  how  it  will  affect 
social  insects  where  workers  actively  control  brood  temperatures  and  may  buffer  brood  from  the 
external  environment.  We  hypothesize  that  colder  external  temperatures  increase  the 
maintenance  cost  of  internal  nest  temperatures,  resulting  in  increased  worker  size  variance.  To 
test  this,  We  have  reared  colonies  of  bumble  bees  at  20°C  and  30°C  to  examine  what  effects 
temperature  has  on  worker  size  variation.  We  recorded  the  thorax  width  of  workers  produced  per 
week  over  four  weeks,  as  well  as  using  thermal  images  to  record  the  temperature  of  brood  within 
each  nest.  Colonies  under  both  treatment  actively  incubated  brood,  but  colonies  reared  at  3  CPC 
kept  brood  at  a  higher  average  temperatures.  Interestingly  colonies  kept  at  3 CPC  produced  less 
workers  with  more  size  variation.  It  is  not  clear  why  workers  at  3  0°C  would  incubate  brood  if 
there  is  a  disadvantage  to  warmer  incubation  temperatures.  We  conclude  that  temperature  brood 
are  reared  at  can  affect  worker  morphology  and  demography. 
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For  a  long  time,  honey  has  been  thought  of  only  as  a  carbohydrate  fuel  to  bees  that  is  replaceable 
with  a  sugar  water  diet.  However,  Mao  et  al.  (2015)  found  that p-coumaric  acid  and  quercetin, 
constituents  of  honey,  up-regulate  detoxification  genes  in  worker  honey  bees.  Quercetin  has  also 
been  demonstrated  to  enhance  survival  of  honey  bees  exposed  to  the  pyrethroid  tau-fluvalinate. 
These  research  results  suggest  that  honey  is  more  than  just  a  fuel  source  to  bees;  the 
phytochemicals  of  honey  appear  to  play  an  essential  role  in  honey  bee  health,  particularly  in  the 
presence  of  pesticides.  In  this  study,  we  have  examined  whether  the  dietary  phytochemicals 
affect  longevity  and  survival  rate  of  honey  bees  in  the  presence  of  commonly  encountered 
insecticides.  In  our  preliminary  findings,  0.5mM  p-coumaric  acid  and  0.25mM  quercetin 
administered  in  sugar  water  increased  the  lifespan  of  honey  bees  relative  to  those  consuming 
only  sugar  water.  Quercetin  acts  as  a  feeding  stimulant  that  enhanced  the  rate  of  ingestion  of 
sugar  water.  Additionally,  these  phytochemicals  interact  with  insecticides.  Quercetin  enhances 
tolerance  of  pyrethroids  and  survival  rate  of  bees  in  their  presence  but  p-coumaric  acid  did  not. 
With  several  other  pesticides,  p-coumaric  acid  acted  as  a  synergist,  increasing  toxicity.  With 
such  phytochemical-pesticide  interactions,  honey  must  be  considered  an  important  source  of 
biologically  active  dietary  components  capable  of  enhancing  health  beyond  contributing  calories. 
More  specific  studies  may  be  necessary  in  the  future  to  understand  how  the  phytochemicals  of 
honey  affect  honey  bees  and  influence  their  ability  to  process  pesticides. 
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The  alkali  bee  ( Nomia  melanderi  Cockerell)  is  the  world’s  only  intensively  managed  ground¬ 
nesting  bee  and  a  highly  efficient  pollinator  of  alfalfa  ( Medicago  sativa  L.)  grown  for  seed.  Since 
2008,  the  price  of  an  alternative  pollinator,  the  alfalfa  leafcutting  bee  ( Megachile  rotundata  F.), 
has  more  than  quadrupled,  increasing  growers’  reliance  on  alkali  bees.  Natural  alkali  bee  beds 
are  found  in  wet  soils  with  a  salty  surface  contributing  to  capillary  rise.  Growers  build  alkali  bee 
beds  by  installing  subsurface  irrigation  and  heavily  salting  the  topsoil  to  deter  weeds  and  draw 
water  to  the  surface.  Unlined  beds  are  irrigated  constantly  and  use  a  substantial  amount  of  water. 
In  previous  studies,  soil  moisture  content,  soil  temperature,  and  soil  salinity  were  demonstrated 
to  influence  the  establishment  of  alkali  bee  nests  and  larval  development  rates.  However,  no 
previous  study  has  related  alkali  bee  nesting  rates  with  all  three  factors.  Additionally,  no  study 
has  followed  these  alkali  bee  bed  characteristics  over  the  course  of  an  entire  season.  This  study 
will  provide  high-resolution  information  on  the  factors  that  influence  establishment  of  a  soil¬ 
nesting  bee. 
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Introduction:  Bumble  bees  (Bombus  sp)  are  important  pollinators  for  both  agricultural  and 
natural  landscapes.  Insights  into  their  nesting  preferences  are  essential  to  understanding  and 
managing  these  species  in  both  landscapes,  yet  artificial  nest  box  success  is  low.  We  will  study 
nest  establishment  patterns  of  wild  Bombus  in  the  mountains  of  northern  Utah  using  artificial 
nest  boxes.  Field  observations  and  preliminary  data  show  that  queens  exit  diapause  before  snow 
melt  exposes  potential  ground-nesting  sites,  therefore  arboreal  nests  may  be  the  only  option 
available  for  early-season  species  in  snowy  areas.  Aspect  creates  slope  effect  which  changes 
floral  resources  on  a  local  scale  and  UV  reflectance  helps  Bombusto  orient  when  foraging  in 
these  communities.  We  tested  the  hypothesis  that  these  factors  may  also  influence  nest  site 
preference  and  selection. 

Methods:  We  installed  nest  boxes  in  trees  at  snow  line  on  north  and  south  facing  slopes.  UV 
reflectance  was  added  to  half  of  the  nest  box  entrances  on  each  aspect.  We  conducted  bi-weekly 
field  observations  of  bees  flying  around  the  entrance,  nesting  structures  within  the  box,  and 
presence  of  a  colony  within  the  box  to  determine  how  aspect  and  UV  reflectance  influence  nest 
establishment. 

Results/Conclusions:  Results  of  this  study  aide  in  understanding  native  Bombus  sp.  natural 
history,  which  is  of  interest  for  regionally  appropriate  management  of  bumble  bees  for  crop 
pollination  and  in  wildland  management  such  as  habitat  restoration  projects  focusing  on  native 
pollinator  conservation. 
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Much  of  the  world  relies  on  the  ecosystem  services  provided  by  insect  pollinators,  yet  many 
pollinators  are  threatened  by  increased  land-use  intensification.  As  a  result  of  our  agricultural 
systems  adjusting  to  meet  the  demands  of  a  growing  population,  a  subsequent  reduction  in  the 
availability  and  diversity  of  native  habitat  for  both  managed  and  wild  bees  has  occurred.  Limited 
access  to  floral  resources  can  be  a  major  limitation  for  important  pollinators,  especially  in 
agricultural  landscapes.  Re-integration  of  native  plants  can  support  these  insects,  but  optimizing 
this  approach  requires  knowledge  of  relative  plant  attractiveness  to  different  bees,  their  bloom 
period,  and  combinations  of  these  plants  that  can  provide  resources  through  the  season.We 
determined  the  relative  attractiveness  of  54  native  plants  and  2  non-native  species  selected  by 
beekeepers  using  a  mono-specific  planting  design  where  attractivness  of  each  plant  species  could 
be  assessed  in  relation  to  other  plants.  Symphyotrichum  oolentangiense,  Solidago  speciosa,  and 
Monarda  fistulosa  were  consistently  the  most  attractive  native  plants  to  wild  bees,  and  Solidago 
speciosa  attracted  the  most  honey  bees.  The  primary  plant  trait  that  explains  the  abundance  of 
wild  bees  and  honey  bees  is  floral  area.  We  will  discuss  how  a  trait-based  approach  to 
understanding  plant  attractiveness  to  pollinators  can  expedite  development  of  seed  mixes  for 
conservation  of  bees  in  other  agricultural  regions. 
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Public  awareness  of  the  threat  of  habitat  loss  to  urban  bee  populations  has  increased  interest  in 
planting  “bee-friendly”  landscape  plants.  Various  publications  and  websites  list  plant  species  for 
bee  conservation,  but  those  lists  are  rarely  backed  by  research.  This  study  aims  to  document  the 
bee  assemblages  associated  with  over  55  species  of  flowering  woody  ornamental  plants  and  to 
spur  demand  for  horticulturally  desirable  woody  plants  that  are  both  bee-friendly  and  relatively 
pest-free.  Bee  assemblages  will  be  compared  on  native  and  non-native  species,  on  species  that 
bloom  at  different  times  during  the  growing  season,  and  on  species  with  different  floral 
characteristics.  50  bees  from  each  of  five  sites  per  plant  species  were  sampled  during  peak 
bloom.  Plant  bloom  periods  were  recorded,  as  well  as  flower  type  and  color.  Each  plant’s  relative 
attractiveness  was  rated  based  on  two  30-second  “snapshot”  counts  taken  immediately  before 
collecting  the  50-bee  sample.  Results  so  far  indicate  that  1)  different  flowering  ornamentals 
attract  unique  bee  assemblages,  2)  native  and  nonnative  plants  can  both  support  diverse 
assemblages  of  bees,  and  3)  some  well-adapted,  yet  underutilized  plant  species  can  be  good 
choices  for  sustainable  bee-friendly  landscapes. 
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Introduction:  Pollinator  gardens  have  become  a  popular  installment  in  many  yards,  gardens  and 
parks,  providing  forage  and  shelter  for  the  more  than  400  species  of  native  bees  in  Maryland.  In 
order  to  better  serve  the  pollinators  of  Maryland,  we  have  launched  a  citizen  science  project  to 
determine  which  plants  the  native  pollinators  prefer,  creating  recommendations  of  the  most 
beneficial  plants  for  Maryland’s  local,  native  pollinators. 

Methods:  In  2015,  the  pilot  study  of  the  Citizen  Science  Native  Bee  Monitoring  Survey  in 
Maryland  was  conducted.  Three  Master  Gardener  groups  were  contacted  to  participate. 
Participants  completed  one  75-minute  training  session  where  they  learned:  basic  insect  anatomy, 
how  to  distinguish  bees  from  each  other  and  from  similar  insects,  the  types  of  flowers  to  observe 
on,  and  how  to  collect  and  submit  data.  Volunteers  were  provided  with  a  comprehensive 
Monitoring  Guide  and  a  smaller  Pocket  guide  for  field  identification.  After  completing  the 
training  session,  volunteers  observed  plants  and  reported  the  native  bees  they  saw  throughout  the 
spring,  summer  and  fall. 

Results/Conclusion:  In  total,  156  data  sheets  were  submitted  (72  morning  and  86  afternoon 
observation  periods)  with  10,022  pollinators  observed.  The  most  commonly  observed  group  of 
bees  were  the  bumble  bees  (n=3643).  Plant  species  and  genera  were  statistically  analyzed  for 
their  attractiveness  to  Maryland’s  native  bees. 
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Due  to  decades  of  economic  decline  many  cities  throughout  the  U.S.  have  experienced 
significant  home  foreclosure  resulting  in  an  abundance  of  vacant  land.  These  urban  areas  are 
referred  to  as  shrinking  cities.  Although  vacant  land  is  seen  as  blight  within  the  city,  it  can 
provide  opportunities  to  support  conservation  efforts.  Lady  beetles  (Coccinellidae)  are  an 
important  arthropod  group,  which  provides  biocontrol  services  within  agricultural  and 
ornamental  landscapes.  They  feed  on  destructive  plant  feeding  arthropods  such  as  aphids  and 
scale  insects.  In  1958,  importation  biological  control  using  exotic  species  was  introduced  as  a 
form  of  pest  management.  Many  species  of  exotic  lady  beetles  were  released  throughout  several 
states  throughout  North  America  intentionally  and  unintentional.  Coinciding  with  the 
establishment  of  exotic  lady  beetles  in  the  United  States  we  have  seen  a  decline  in  several  native 
species.  Survey  data  collected  by  volunteer  citizen  scientists  across  Ohio  has  documented  that 
several  species  of  native  coccinellids  are  found  in  residential  landscapes.  Building  on  this  work, 
our  goal  is  to  examine  the  value  of  urban  green  spaces  as  a  conservation  resource  for  native 
species  and  determine  if  local  habitat  management  influences  lady  beetle  abundance.  Across 
eight  Cleveland  neighborhoods  a  total  of  32  sites  of  control,  successional,  low-diversity,  and 
high-diversity  habitat  treatments  have  been  established.  Within  each  of  these  treatments  lady 
beetles  will  be  collected  monthly  using  yellow  sticky  card  traps.  From  these  data,  we  will 
determine  how  alternative  habitat  management  strategies  for  vacant  land  influences  lady  beetle 
assemblages  and  competitive  interactions  between  native  and  exotic  species. 
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Abstract  text: 

The  Asian  citrus  psyllid  (ACP),  Diaphorina  citri ,  is  an  efficient  vector  of  the 
bacterium  Candidatus  liber ibacter  asiaticus,  associated  with  the  fatal  citrus  disease 
huanglongbing  (HLB),  or  citrus  greening  disease.  HLB  spreads  rapidly,  is  expanding  its 
geographical  range  and  threatening  citrus  industries  in  new  areas.  A  Pakistan  strain 
of  Tamarixia  radiata  is  successfully  being  used  as  a  biological  control  agent  for  D.  citri  in  the 
Rio  Grande  Valley.  The  USDA-APHIS  Mission  Laboratory  is  rearing  the  parasitoid  and 
shipping  populations  to  be  dispersed  for  biological  control.  Optimal  biological  control  of  ACP 
requires  the  ability  to  effectively  and  efficiently  mass  produce  Tamarixia  for  wild  release, 
allowing  the  parasitoid  wasp  to  parasitize  the  ACP.  In  this  study,  we  examined  the  mating 
behavior  of  T.  radiata  males,  female  host  feeding,  and  the  impact  of  parasitism  based  on  D.  citri 
densities.  These  results  will  help  improve  mass  production  strategies  and  increase  efficiency  of 
control  efforts. 
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Abstract  text: 


Introduction:  The  endoparasitoid,  Cotesia  vestalis ,  carrying  three  wasp-associated  factors,  i.  e. 
polydnavirus  (PDV),  venom  and  teratocytes,  is  one  of  the  major  natural  enemies  of  the 
diamondback  moth  (DBM),  Plutella  xylostella ,  which  is  a  destructive  worldwide  pest. 
Thioredoxins  are  a  group  of  small,  conserved  proteins  involved  in  protecting  organisms  against 
toxic  reactive  oxygen  species  (ROS).  In  this  study,  we  cloned  one  thioredoxin  gene  from  P. 
xylostella ,  PxTrx ,  and  tested  its  antioxidative  functions  with  particular  reference  to  the  effects  of 
parasitism. 

Methods:  PxTrx  was  cloned  by  PCR.  The  recombinant  PxTrx/pET-32a  was  transformed  into  E. 
coli  BL21  (DE3)  strains  for  protein  expression.  Purified  rPxTrx  protein  was  used  for  insulin 
disulfide  reduction  assay,  DNA  cleavage  assay,  anti-EECE  activity  assay  and  cell  proliferation 
stimulating  assay.  Quantitative  PCR  (qPCR)  was  used  to  analyze  the  expression  level  of  PxTrx. 

Results/Conclusion:  The  full-length  cDNA  sequence  of  PxTrx  was  composed  of  959  bp 
containing  a  321  bp  open  reading  frame.  PxTrx  was  mainly  expressed  in  larval  stage  with  a 
higher  expressional  level  in  malpighian  tubule  and  fat  body  than  in  other  tissues.  The  purified 
rPxTrx  had  activities  of  insulin  disulfide  reductase  and  growth  factor,  and  could  also  protect 
DNA  and  living  cells  from  ROS  damage.  These  results  indicate  that  PxTrx  plays  an  important 
role  as  an  antioxidant  in  response  to  oxidative  stress.  Moreover,  the  parasitism  of  C.  vestalis  did 
down-regulate  the  expression  of  PxTrx ,  and  PDV  was  the  factor  responsible  for  the  down- 
regulation  of  PxTrx  transcript. 
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Abstract  text: 

Emerald  ash  borer,  Agrilus  planipennis  Fairmare  (Coleoptera:  Buprestidae),  native  to  northeast 
Asia,  is  an  invasive  pest  of  ash  (Fraxinus  spp.)  trees  in  North  America.  Since  its  discovery  in 


the  United  States  in  2002,  emerald  ash  borer  has  killed  tens  of  millions  of  North  American  ash 
trees,  resulting  in  serious  economic  and  ecological  damage  to  the  ash-based  hardwood  forest 
ecosystem.  Most  recently,  this  invasive  pest  was  discovered  successfully  attacking  the  white 
fringetree,  Chionanthus  virginicus  (Oleaceae),  a  shrubby  tree  closely  related  to  ash.  While  white 
fringetree  naturally  occurs  in  the  southeastern  U.S.,  it  is  commonly  planted  in  the  landscape 
throughout  the  country.  The  present  study  aims  to  evaluate  the  ability  of  introduced  parasitoids 
to  detect  and  attack  emerald  ash  borer  in  this  novel  host  plant.  Specifically,  we  elucidate  the 
effect  emerald  ash  borer  host  tree  species  has  on  biological  control  by  the  introduced  larval 
parasitoid,  Tetrastichus  planipennisi  Yang  (Hymenoptera:  Eulophidae).  We  measured  and 
compared  parasitism  rates  and  parasitoid  fitness  of  T.  planipennisi  in  choice  and  no-choice  trials 
on  emerald  ash  borer  larvae  reared  on  white  fringetree,  and  green  ash,  F.  pennsylvanica ,  one  of 
the  most  susceptible  North  American  host  plants.  In  addition,  we  examined  differences  in 
emerald  ash  borer  larval  fitness  between  host  tree  species  to  elucidate  possible  mechanisms  for 
differences  in  parasitism.  We  discuss  our  findings  in  the  context  of  tri-trophic  interactions 
among  plant,  herbivore  and  natural  enemy  and  implications  for  the  success  of  current  biological 
control  programs  against  this  invasive  pest. 
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Wax  production  by  insects  has  been  shown  to  function  as  a  defense  against  natural  enemy  attack. 
Whiteflies  (Hemiptera:  Aleyrodidae)  are  some  of  the  most  prolific  wax  producers  among  the 
insects  and  many  species  are  economically  important  pests.  Biological  control  is  a  common 
control  tactic  against  whitefly  pests,  however  little  is  known  about  the  effects  of  whitefly  wax  on 
the  efficacy  of  their  natural  enemies.  We  investigated  the  effects  of  wax  produced  by  the 
invasive  giant  whitefly  {Aleurodicus  dugesii)  on  the  efficacy  and  foraging  behavior  of  two  of  its 
biological  control  agents  Encarsia  noyesi  (Hymenoptera:  Aphelinidae)  and  Idioporus 
affinis  (Hymenoptera:  Pteromalidae).  The  goal  of  this  study  was  to  test  the  hypothesis  that  wax 


production  by  giant  whitefly  exhibits  an  anti-parasitism  function.  We  hypothesized  that  any 
observed  decrease  in  parasitism  rates  would  be  a  result  of  a  reduction  in  parasitoid  foraging 
efficiencies  due  to  increased  searching  and  grooming  times.  Comparative  behavioral  assays  of 
parasitoid  foraging  and  parasitism  rates  in  the  presence  or  absence  of  giant  whitefly  wax  were 
performed.  Results  showed  that  giant  whitefly  wax  significantly  reduced  parasitism  rates  for 
both  parasitoid  species  and  that  this  reduction  was  driven  by  a  significant  increase  in  time  spent 
by  parasitoids  searching  and  grooming.  The  efficacy  of  I.  afflnis  was  more  severely  impacted 
than  that  of  E.  noyesi  due  to  its  inability  to  remove  wax  particals.  Data  from  this  study  will 
provide  further  insight  into  the  predator-prey  interactions  of  natural  enemies  that  deal  with  host- 
produced  wax  and  may  assist  in  enchancing  biological  control  against  wax-producing  insects. 
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As  part  of  an  integrated  pest  management  (IPM)  approach,  integration  of  entomopathogenic 
fungi  (EPF)  with  chemical  insecticides  requires  a  better  understanding  of  potential 
antagonism/synergy  between  such  entities.  Hall  (1963)  described  the  possibility  of  two  entities 
assisting  each  other;  the  pathogen  making  the  pest  sick  enough  to  become  less  resistant  to  the 
chemical  while  the  chemical  weakens  the  pest  sufficiently  to  render  it  more  susceptible  to 
infection  by  the  pathogen.  Such  synergism  is  possible  only  if  fungal  efficacy/viability  is  not 
compromised. 

The  in  vitro  compatibility  of  Beauveria  bassiana  (Cordycipitaceae),  strain  SGI921,  with  four 
systemic  insecticides  (a.i.  chlorpyriphos,  dimethoate,  demeton-S -methyl  and  acetamiprid)  was 
evaluated.  Insecticidal  effects  on  germination,  radial  vegetative  growth  (colony  diameter)  and 
sporulation  intensity  (conidiogenesis),  were  tested  at  concentrations  (i.e.,  company- 
recommended  application  rate)  of  100%,  75%,  50%,  25%,  5%,  2.5%,  1%  and  0%  (control).  All 
insecticides  affected  these  traits  in  a  concentration-dependent  manner,  although  less  pronounced 


with  acetamiprid.  According  to  a  Biological  Index  (BI)  for  the  toxicological  classification  (100  = 
no  effect)  of  chemical  compounds  on  EPF,  the  organophosphates  (/.  e. ,  chlorpyriphos,  demeton- 
S-methyl  and  dimethoate)  ranged  from  moderately  toxic  to  toxic  at  concentrations  >50%  the 
recommended  field  rate.  The  BI  showed  that  all  acetamiprid  concentrations  were  compatible 
with  this  EPF  strain  with  values  close  to  100.  Chlorpyriphos,  a  widely  used  aphicide  in  South 
Africa,  was  compatible  only  at  <0.5X  the  recommended  rate,  while  a  moderately  toxic  effect  was 
noted  at  the  100%  rate  (BI  =  54.44).  Demeton-S -methyl  and  dimethoate  were  equally  toxic  with 
BI  =  0  at  >50%.  Details  are  presented. 
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Com  ( Zea  mays)  is  one  of  the  basic  foods  in  the  world.  Spodoptera  frugiperda  (fall  armyworm) 
is  a  voracious  and  destructive  pest  of  corn  in  the  Americas.  The  fungus  Nomuraea  rileyi  is  a 
specialized  pathogen  of  lepidopterans.  For  this  evaluation  two  native  strains  of  Nomuraea  rileyi 
(C3  and  NH2)  were  applied  against  fall  armyworm  on  irrigated  V7-V10  corn  plants  in  semiarid 
Pesqueria,  Nuevo  Feon,  Mexico.  There  was  one  application  of  fungal  spores,  as  granules  (4  g 
fungus-colonized  rice/plant)  and  in  aqueous  suspension  (10  ml/plant,  107  spores/ml).  There  was  a 
total  of  100  plants  pertreatment  (strain/formulation  combination  and  controls)  in  a  randomized 
design.  Results  were  as  follows  C3  strain  granules:  14,  44  and  24%;  C3  strain  suspension:  28,  20 
and  20%;  strain  NH2  granular:  14,  28,  8%;  strain  NH2  suspension:  16,  30,  and  16%;  Control:  82, 
0.6,  0%  as  percent  live  larvae,  dead  larvae,  and  fraction  of  dead  larvae  visibly  infected 
with  Nomuraea,  respoctively.  Five  larvae  numbers  were  reduced  66-83%  on  fungus-treated 
plants  vs.  control.  This  indicates  that  Nomuraea  rileyi  is  a  promising  biological  control 
alternative  for  fall  armyworm  control  in  field  corn. 
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Autographa  californica  multiple  nucleopolyhedro virus  (AcMNPV)  productively  infects  in  both 
Sf21  cells  and  Tn368  cells,  derived  from  Spodoptera  frugiperda  and  Trichoplusia  ni.  However, 
recombinant  AcMNPV  defective  in  host  cell-specific  factor-1  gene  (hcf-1)  replicates  only  in 
Sf21  cells,  indicating  that  hcf-1  is  required  for  AcMNPV  productive  infection  in  Tn368  cells  (Lu 
and  Miller,  1996).  In  this  study,  we  first  examined  whether  HCF-1  rescues  replication  of  NPVs 
in  nonpermissive  Tn368  cells  by  infecting  NPVs  in  Tn368  cells  transfected  with  hcf-1  expression 
plasmid.  The  result  showed  that  transiently  expressed  HCF-1  rescued  Hyphantria  cunea  MNPV 
(HycuMNPV)  infection  in  Tn368  cells,  but  a  small  number  of  the  cells  contain  polyhedra.  Next, 
we  constructed  recombinant  HycuMNPV  harboring  hcf-1  (HycuBac/hcf-1)  using  HycuMNPV 
bacmid  (HycuBac)  system.  HycuBac  was  constructed  by  homologous  recombination  between 
HycuMNPV  genome  DNA  and  transfer  vector  containing  the  elements  required  for  replication 
and  transposition  in  E.coli  in  Spilosoma  imparilis  (Splm)  cells,  which  are  permissive  for 
HycuMNPV.  We  confirmed  that  the  replication  profiles  of  budded  viruses  (BVs)  from  HycuBac 
(vHycuBac)  were  similar  with  those  of  wild  type  in  Splm  cells.  Next,  we  generated 
HycuBac/hcf-1  by  Tn7-mediated  transposition  in  E.coli ,  and  analyzed  the  infectivity  of  BVs 
from  HycuBac/hcf-1  (vHycuBac/hcf-1)  in  Tn368  cells.  vHycuBac/luc  harboring  luciferase  gene 
was  used  as  control.  In  Tn368  cells  infected  with  vHycuBac/hcf-1,  substantial  amounts  of  BVs 
and  polyhedra  were  produced,  but  not  in  cells  infected  with  vHycuBac/luc.  These  results 
demonstrate  that  HCF-1  is  an  essential  viral  factor  required  for  productive  infection  of  both 
AcMNPV  and  HycuMNPV  in  Tn368  cells. 
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Armoured  scale  insects  are  a  vitally  important  but  understudied  group.  Chrysomphalus  aonidum 
is  an  excellent  example  of  how  entomology  has  no  borders.  C.  aonidum  is  already  recorded  in 
UK  ornamental  glasshouses  such  as  Kew  Gardens,  and  the  Eden  Project,  so  the  time  to  act  is 
now.  As  C.  aonidum  has  recently  become  established  in  Italy,  the  UK  is  going  to  have  to  learn 
from  prior  international  efforts,  for  the  control  of  C.  aonidum.  C.  aonidum  has  hosts  across  73 
different  plant  families,  including  grapefruits  in  the  USA,  coconuts  in  the  Philippines  and  orchids 
in  Cuba.  C.  aonidum  is  a  potential  threat  to  the  UK  potatoes,  and  fruit  and  vegetables.  The 
cryptic  lifestyle  of  C.  aonidum  makes  quarantine  efforts  and  monitoring  populations  difficult. 

The  current  economic  threshold  is  alarmingly  low  at  3  scales/cm2  per  leaf,  this  has  the  potential 
to  cause  high  damage.  This  combined  with  its  high  tolerance  to  insecticides  encourages  the  use 
of  biological  control  within  the  UK.  Previously,  parasitoid  wasps  within  the  Aphytis  and 
Pteroptrix  genus  have  been  successful  for  controlling  C.  aonidum.  C.  aonidum  cultures 
maintained  on  butternut  squash  were  caged  with  freshly  emerged  mated  experienced  parasitoids 
wasps.  Laboratory  tests  of  development  time,  fecundity,  sex  ratio,  possible  host  feeding, 
encapsulation  were  compared  for  each  parastoid.  Scale  mortality  was  also  assessed  as  well  as  the 
efficiency  of  both  parasitoids  for  control  of  Florida  red  scale.  Results  and  conclusions  available 
June- July  2016. 
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Gall-inducing  insects  have  been  used  as  weed  biological  control  agents  because  they  typically 
have  very  narrow  host  ranges.  Brazilian  peppertree  ( Schinus  terebinthifolia  Raddi, 
Anacardiaceae)  is  one  of  the  most  aggressive  terrestrial  invasive  weeds  in  Florida.  The  gall- 
inducing  psyllid,  Calophya  terebinthifolii  Burckhardt  &  Basset  (Hemiptera:  Calophyidae)  was 
discovered  in  Santa  Catarina,  Brazil,  damaging  Brazilian  peppertree  leaves.  To  demonstrate  the 
suitability  of  the  psyllid  as  a  potential  biological  control  agent,  oviposition  and  gall  formation 
were  monitored  on  non-target  plant  species  that  are  closely  related  to  Brazilian  peppertree  in 
order  to  delineate  the  host  range  of  C.  terebinthifolii.  For  the  oviposition  and  gall  formation 
experiment,  a  total  of  36  plant  species  from  7  families  were  evaluated.  The  number  of  eggs, 
nymphs  and  adult  emergence  were  evaluated  5,  14  and  60  d  after  oviposition.  Oviposition 
occurred  on  a  total  of  5  Anacardiaceae  species  tested,  with  the  majority  laid  on  Brazilian 
peppertree.  However,  complete  nymphal  development  to  adulthood  only  occurred  on  Brazilian 
peppertree.  For  the  non-target  plant  species,  eggs  either  desiccated  or  first  instar  nymphs  were 
not  able  to  stimulate  gall  formation  and  died.  Adults  survived  on  non-target  plants  for  an  average 
of  only  7  days,  compared  to  37  days  on  Brazilian  peppertree.  The  preliminary  results  suggest  that 
C.  terebinthifolii  probably  is  sufficiently  host  specific  to  be  considered  a  candidate  biological 
control  agent  for  Brazilian  peppertree  in  Florida.  Future  studies  will  include  testing  non-anacard 
native,  ornamental  and  crop  plants  as  well  as  assessing  the  damage  caused  by  the  insect  to 
Brazilian  peppertree. 
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Introduction:  Hydrilla,  Hydrilla  verticillata  (L.f.)  Royle,  is  among  the  most  destructive  aquatic 
weed  species  in  the  United  States.  Hydrilla  management,  especially  in  Florida’s  large  water 
bodies,  poses  significant  challenges.  For  example,  herbicide  resistance,  non-target  effects  of 
mechanical  harvesters,  and  failure  of  previously  released  insect  biological  control  agents  to 
achieve  substantial  level  of  control.  A  new  potential  management  tool  is  a  hydrilla  stem  mining 
midge  Cricotopus  lebetis  Sublette.  The  insect  was  discovered  in  1992  attacking  the  stem  tips  of 
hydrilla  in  Kings  Bay,  Florida.  However,  the  insect  was  first  collected  in  Florida  in  1976. 
Laboratory  studies  confirmed  C.  lebetis  can  suppress  hydrilla  growth,  but  also  revealed  C.  lebetis 
can  complete  development  on  non-target  plants.  Previous  studies  have  revealed  a  discrepancy 
between  the  fundamental  (laboratory)  and  ecological  (field)  host  range  of  candidate  biological 
control  agents. 

Methods:  To  determine  the  field  host  specificity  of  C.  lebetis ,  four  native  submersed  aquatic 
plants  associated  with  hydrilla  were  sampled  from  two  Florida  lakes  in  spring  2014  and  2015. 

Results/Conclusion:  Cricotopus  lebetis  adults  emerged  from  all  sampled  plant  species,  but  stem 
dissections  revealed  the  presence  of  C.  lebetis  larvae  only  within  hydrilla  stems.  Because  no 
larvae  were  found  within  the  stems  and  leaves  of  non-target  species,  it  is  possible  that  the  adult 
emergence  from  these  plants  was  due  to  pupae  contaminating  the  non-target  plant  samples. 

These  results  support  the  hypothesis  that  hydrilla  is  the  only  known  field  host  of  C.  lebetis  and 
further  demonstrates  the  necessity  of  field  host  specificity  studies  for  biocontrol  agent 
assessment. 
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Insect  associated  microbes  are  known  to  modulate  important  ecological  traits  that  positively 
impact  host  fitness.  Acyrthosiphon  pisum,  frequently  harbors  an  array  of  inherited 
endosymbionts  that  provide  protection  against  diverse  natural  enemies.  Specifically, 

Hamiltonella  defensa,  along  with  the  bacterial  phage  APSE,  provide  A.  pisum  with  considerable 
protection  against  the  parasitoid  Aphidius  ervi.  Despite  direct  fitness  benefits  and  high  vertical 
transmission  rates,  infection  frequencies  of  H.  defensa  in  natural  populations  are  intermediate 
and  it  is  unclear  what  factors  limited  its  spread.  Recent  studies  show  that  aphid  genotypes  void  of 
H.  defensa+ APSE,  or  other  symbionts,  are  comparably  resistant  to  this  wasp.  Reductions  in 
fitness  benefits  relative  to  resistant,  uninfected  aphid  genotypes,  and  differences  in  costs  owing 
to  innate  vs  symbiont  resistance,  potentially  impact  H.  defensa  infection  frequencies  in 
populations.  A  population  cage  experiment  was  conducted  to  observe  the  frequency  of  symbiont 
protected  aphids  (H. defens a+ APSE-3)  and  aphid  resistant  genotypes  in  the  presence  and  absence 
of  A.  ervi  over  time.  Replicated  cages  were  populated  with  highly  susceptible  and  highly 
resistant  uninfected  aphid  genotypes,  as  well  as  with  susceptible  aphids  infected  with  resistance- 
conferring  H.  defensa+ APSE-3.  The  proportion  of  each  aphid  resistant  type  was  estimated  using 
a  combination  of  diagnostic  PCR  and  microsatellite  genotyping.  Selection  pressure  by  A.  ervi 
may  lead  to  higher  proportions  of  aphids  with  one  resistance  type  over  the  other  and  relative  to 
susceptible  ones.  Understanding  sources  and  variation  in  resistance  is  important  for  successful 
biological  control  and  this  study  seeks  to  identify  factors  that  influence  the  spread  of  symbiont 
and  genotypic  resistance  in  natural  populations. 
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Abstract  text: 

This  study  investigates  the  relative  importance  of  multiple  environmental  variables  to 
Ephemeroptera,  Plecoptera,  and  Trichoptera  (EPT)  species  richness  in  the  Kaskaskia  River  basin, 


an  impacted  agricultural  watershed  in  Illinois.  The  variable  of  primary  interest  is  the  proportion 
of  Conservation  Reserve  Program  (CRP)  and  Conservation  Reserve  Enhancement  Program 
(CREP)  lands  in  the  local  watersheds  of  84  basin  sites  sampled  during  May  and  early  June  of 
2013-2015.  Analysis  of  continuous  data  represented  by  79  independent  variables  from 
geographic  information  system  (GIS)  and  on-site  assessment  revealed  five  important  variables 
associated  with  EPT  richness:  Link  (number  of  first  order  tributaries),  WTPerm  (soil 
permeability  at  the  upstream  catchment  level),  WTUrban  (urban  land  use  at  the  upstream 
catchment  level),  Silt,  and  DO  (dissolved  oxygen).  According  to  Akaike  information  criterion 
(AIC)  importance  values,  Link  and  WT  Perm  ranked  the  highest  (1.00),  followed  by  WT  Urban 
(0.99),  and  Silt  (0.83).  Individual  percent  contribution  {%  1)  as  determined  by  hierarchical 
partitioning  placed  DO  third  among  the  top  five  variables.  The  proportion  of  CRP/CREP  lands 
ranked  unexpectedly  low  in  relative  importance  and  %  /  contribution. 
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The  area  of  semi-natural  grasslands  has  expanded  due  to  increase  in  anthropogenic  disturbances, 
such  as  burning,  grazing  and  mowing  from  approximately  10,000  years  ago  to  the  20th  century 
in  Japan.  In  contrast,  the  area  and  biodiversity  of  semi-natural  grasslands  have  been  rapidly 
decreasing  in  recent  decades  because  of  drastic  changes  in  traditional,  extensive  land-use 
systems.  However,  little  is  known  about  detailed  demographic  changes  of  grassland  species 
along  with  the  temporal  transition  of  semi-natural  grassland  area.  Using  molecular  markers,  we 
elucidated  the  past  and  the  recent  demographic  history  of  an  endangered  grassland  butterfly 
species,  Melitaea  ambigua  (Lepidoptera;  Nymphalidae)  in  Japan.  First,  we  estimated  the  past 
demography  (10,000  years-)  based  on  1378  bp  of  mitochondrial  COI  gene.  Second,  we  analyzed 
the  genetic  diversity  change  during  the  last  30  years  from  specimens’  DNA,  using  nine 
microsatellite  markers.  The  effective  population  size  drastically  increased  about  1,000-8,000 
years  ago,  when  human  impacts  had  begun  to  expand.  In  contrast,  the  genetic  diversity  of  M. 


ambigua  in  many  sites  has  been  significantly  declined  from  1980s  to  2010s,  indicating  a  recent 
decline  in  population  size  of  the  species.  These  findings  suggest  that  the  demography  of  M. 
ambiguah&s  traced  the  historical  transition  of  semi-natural  grassland  area  in  Japan  during  the 
past  10,000  years. 
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Introduction: Current  methods  to  determine  the  health  of  marshlands  after  ecological  disasters 
like  the  2010  Deepwater  Horizon  oil  spill  in  the  Gulf  of  Mexico  are  expensive  and  time- 
consuming.  Our  study  focuses  on  identifying  bioindicators  for  the  impact  of  oil  spills.  The 
greenhead  horse  fly  Tabanus  mgrowYtateMacquart  is  native  to  coastal  marshlands  from  Texas 
to  Nova  Scotia.  The  larvae  are  apex  predators  and  their  development  is  dependent  on  the  food 
web  in  the  soil.  We  hypothesize  that  the  food  webs  of  larvae  can  be  used  as  bioindicators  of 
marsh  health. 

Methods  :Tabanid  larvae  and  surrounding  soil  were  collected  from  Louisiana  marshes  after  the 
2010  oil  spill  from  oiled  (1  larva  in  14  samples)  and  unaffected  regions  (18  larvae  in  12 
samples).  DNA  was  extracted  from  all  larval  gut  contents  and  26  sediments.  18S  rRNA  gene 
PCR  was  conducted  for  a  metagenome  study  of  the  food  web.  Sanger  sequencing  of  cloned  18S 
amplicons  was  performed  to  estimate  the  extent  of  biodiversity  and  tabanid  DNA  contamination 
in  the  gut  contents.  High-throughput  sequencing  (Illumina)  will  be  conducted  for  a  detailed  food 
web  analysis. 

Results  /ConclusiomCloning  of  gut  content  PCR  products  showed  low  tabanid  DNA 
contamination.  High  throughput  sequencing  of  the  18S  genes  from  gut  contents  and  the  soil  will 
demonstrate  the  meiofaunal  diversity  in  the  soil  and  important  elements  of  the  larval  food  web. 


Comparisons  of  the  available  food  webs  in  the  sediment  of  oiled  and  non-oiled  locations  will  be 
made  to  identify  bioindicator  groups  for  use  in  evaluation  of  marsh  health. 
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Species  richness  is  indicative  of  grassland  health  and  leafhopper  communities  make  up  a  large 
part  of  arthropod  diversity.  King  Ranch  Bluestem,  Bothriochloa  ischaemum ,  has  slowly  been 
invading  native  grasslands  in  the  United  States.  We  hypothesized  that  the  abundance  and  species 
richness  of  leafhoppers  would  be  greater  in  mixed  grass  patches  than  in  B.  ischaemum  patches. 
Transects  of  30  sweeps  were  conducted  weekly  in  various  patches  of  either  mixed  grasses  or  B. 
ischaemum  throughout  Payne  County,  Oklahoma  in  2015.  Samples  were  labeled  and  frozen,  and 
then  all  leafhoppers  were  sorted  out  and  identified  to  genus.  Counts  were  subjected  to  Student’s 
t-test  for  comparisons  between  mixed  and  single  grass  communities.  The  data  supported  our 
hypothesis  that  the  abundance  and  species  richness  of  leafhoppers  would  be  higher  in  mixed 
grass  patches  than  in  patches  of  B.  ischaemum.  It  is  important  for  monitoring  and  management  to 
know  the  seasonality  of  host  plants  and  target  insects.  Leafhoppers  in  the  genus  Balclutha 
dominated  both  early-season  mixed  grasses  and  late-season  B.  ischaemum.  Their  ability  to 
exploit  a  wide  range  of  resources,  including  less  attractive  monocultures,  could  have  implications 
for  agriculture,  especially  if  members  of  the  genus  Balclutha  are  found  to  transmit  plant- 
infecting  microbes. 
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Large-scale  disturbances  such  as  ice  storms  are  likely  to  increase  in  frequency  and  intensity  as 
climate  changes.  While  disturbances  are  a  natural  component  of  forest  ecosystems,  climatically 
driven  alteration  to  historical  patterns  may  impart  fundamental  change  to  ecosystem  function.  A 
novel  experiment  at  Hubbard  Brook  Experimental  Forest,  NH,  experimentally  applied  ice  storms 
of  varying  severity  to  replicate  plots  of  mature  northern  hardwoods  to  develop  an  empirical 
understanding  of  their  effects  on  forests.  As  part  of  this  experiment,  we  quantified  effects  of  ice 
storm  treatments  on  leaf-feeding  Lepidoptera  (caterpillars),  the  most  important  herbivores  in 
temperate  forests.  This  group  performs  vital  ecosystem  services  such  as  nutrient  cycling  and  are 
a  valuable  food  source  for  breeding  birds.  Natural  enemies,  including  invertebrate  predators, 
parasitoids,  and  insectivorous  birds,  help  regulate  their  populations.  As  such,  understanding 
dynamics  of  these  groups  after  ice  storms  will  aid  in  forest  management  and  conservation. 

To  assess  responses  of  predators  to  ice  storm  damage,  we  deployed  and  retrieved  plasticine 
model  caterpillars  and  estimated  predation  from  characteristic  ‘wounds’  to  these  surrogates. 
Insectivorous  bird  activity  and  identity  were  measured  using  point  counts.  Pre-icing  baseline  data 
showed  that  202  of  800  caterpillars  (25.3%)  suffered  predation  from  birds  (n  =  63),  invertebrates 
(n  =  123),  and  small  mammals  (n  =  23).  We  recorded  330  bird  observations  from  18  species.  We 
predict  that  caterpillar  predation  and  avian  use  of  iced  areas  will  increase  due  to  additional 
structural  heterogeneity  after  icing. 
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The  great  majority  of  insect  herbivores  are  specialists,  however  what  drives  specialization  is  not 
completely  understood.  Most  research  to  understand  specialization  and  speciation  in  herbivorous 
insects  was  done  using  specialists  as  study  organisms.  However,  by  studying  why  generalist 
species  may  be  locally  specialized  in  some  populations  but  not  others,  we  may  better  understand 
the  drivers  of  specialization  and  of  divergent  selection  among  populations.  We  developed  a 
conceptual  framework  including  all  possible  scenarios  of  tri-trophic  fitness  associated  with 
frequency  of  host  plant  use  to  predict  the  diet  breadth  of  each  herbivore  population  in  a  given 
time.  Using  a  generalist  herbivore  (fall  web  worm,  Hyphantria  cunea,  Erebidae;  hereon  FWW) 
with  varied  diet  breadths  across  its  wide  geographic  range,  we  are  testing  how  top-down  and 
bottom-up  forces  vary  among  populations  of  FWW  and  how  those  selective  forces  influence 
FWW  diet  breadth  in  the  different  populations.  We  used  plant  quality  and  parasitism  rate  as  our 
bottom-up  and  top-down  forces  because  FWW  are  greatly  affected  by  them  and  both  parasitism 
rate  and  plant  quality  vary  among  populations.  We  found  that  the  variation  in  top-down  and 
bottom-up  forces  led  to  different  diet  breadths;  populations  tend  to  be  more  specialized  when 
they  are  already  using  the  host  plant  species  associated  with  greater  tri-trophic  fitness,  whereas 
populations  using  host  plants  associated  with  lower  tri-trophic  fitness  had  broader  diets.  Our 
results  suggest  that  tri-trophic  fitness  is  an  important  selective  force  shaping  diet  breadth. 
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Over  a  decade,  a  growing  number  of  studies  have  shown  a  tight  link  between  intraspecific 
variation  and  multispecies  community  structure.  In  particular,  understanding  the  impact  of 
genetic  variation  within  foundation  species  on  the  structure  of  associated  communities  and 
ecosystem  processes  has  been  an  emerging  frontier  in  ecology.  The  majority  of  these  studies 
have  employed  a  common  garden  approach  to  set  genotypic  replicates  and  to  exclude 
environmental  and  spatial  variability.  However,  this  approach  might  result  in  overestimating  the 
importance  of  genetic  variation  for  shaping  associated  communities  in  a  complex  ecosystem.  In 
this  study,  we  examined  to  what  extent  genetic  variation  in  a  foundation  tree  species  explains  the 
structure  of  associated  arthropod  communities  in  the  field,  comparing  with  spatial,  temporal,  and 
environmental  factors.  In  continuous  mixed  forest,  arthropods  were  surveyed  on  85  mature  alders 
( Alnus  hirsuta)  in  two  years.  In  both  years,  we  detected  a  significant  correlation  between  Nei’s 
genetic  distance  based  on  1077  SNP  markers  and  Morisita-Horn  dissimilarity  of  arthropod 
communities.  A  generalized  dissimilarity  modelling  approach  indicated  that  genetic  distance  of 
alder  populations  was  the  most  important  predictor  to  explain  variance  of  arthropod 
communities.  According  to  classification  of  arthropod  communities  for  five  functional  groups, 
carnivore  insects,  such  as  parasitoid  wasps,  were  consistently  correlated  with  genetic  distance  of 
the  foundation  species  in  both  years.  This  study  supports  that  the  genetic  similarity  rule  would  be 
primarily  prominent  in  community  assembly  of  plant-associated  arthropods,  in  which  effects  of 
plant  genetic  similarity  can  spread  to  the  third  trophic  level  through  direct  and  indirect 
interactions. 
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The  density  of  sweetpotato  whitefly,  Bemisia  tabaci,  on  greenhouse  paprika  ( Capsicum  annuum 
var.  angulosum)  were  determined  by  counts  of  the  number  of  B.  tabaci  per  leaflet  in  Jinju, 
Gyeungsangnamdo  during  2014.  Binomial  sampling  plans  were  developed  based  on  the 
relationship  between  the  mean  density  per  leaf  (m)  and  the  proportion  of  leaf  infested  with  less 
than  T  B.  tabaci  per  leaf  (PT),  according  to  empirical  model  (ln(m)  =  a  +  p(ln(-ln(l-PT))).  T  was 
defined  as  tally  threshold,  and  set  to  1,  2,  3,  4,  5  (adults)  and  1,  3,  5,  7  (pupae)  per  leaf  in  this 
study.  Increasing  sample  size,  regardless  of  tally  threshold,  had  little  effects  on  the  precision  of 
the  binomial  sampling  plan.  Increasing  sample  size  had  little  effect  on  the  precision  of  the 
estimated  mean  regardless  of  tally  thresholds.  T=1  was  chosen  as  the  best  tally  threshold  for 
estimating  densities  of  B.  tabaci  adults  based  on  the  precision  on  the  model  and  T=3  was  best 
tally  thresholds  in  B.  tabaci  pupae.  Using  the  results  obtained  in  the  greenhouse,  simulated 
validation  of  the  developed  sampling  plan  by  RVSP  (Resampling  Validation  for  Sampling  Plan) 
indicated  the  suitable  results. 
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A  significant  cause  of  honey  bee  population  decline  is  the  Varroa  mite  ( Varroa  destructor ), 
particularly  in  the  case  of  the  European  honey  bee  Apis  mellifera.  Varroa  infestation  is 
commonly  treated  with  pyrethroid  insecticides. 

A  novel  amino  acid  substitution,  L925V,  has  recently  been  identified  in  the  domain  II  S5  helix  of 
the  Varroa  destructor  sodium  channel  (Nav).  Similarly  the  substitutions,  L925I  and  L925M  have 
been  identified  in  the  Navs  of  field  populations  of  Varroa.  All  of  these  mutations  correlate  well 
with  pyrethroid  resistance  in  the  field. 


We  characterised  the  mutations  L925I,  L925M  and  L925V  via  two-electrode  voltage  clamp  of 
Xenopus  oocytes  expressing  a  Drosophila  para  Nav  with  individual  mutations  inserted.  Voltage 
protocols  were  applied  to  voltage  clamped  oocytes  that  enabled  values  for  half  activation  voltage 
and  half  inactivation  voltage  to  be  estimated,  and  to  record  the  properties  of  tail  currents  if 
present.  The  pyrethroids  deltamethrin,  flumethrin  and,  tau-fluvalinate  were  applied  to  oocytes  at 
bath  concentrations  between  1  nM  and  10  pM,  and  their  effects  on  the  aforementioned  channel 
properties  measured. 

We  aim  to  understand  how  these  mutations  affect  the  biophysical  properties  of  Navs,  and  if 
changes  in  these  properties  may  provide  a  molecular  mechanism  to  explain  resistance  to 
pyrethroid  compounds  that  has  been  identified  in  the  field. 
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Honey  bees  are  the  most  economically  important  group  of  pollinators  which  increase  production 
of  crop  value  for  more  than  $15  billion  each  year  in  the  U.S.,  according  to  the  U.S.  Department 
of  Agriculture.  Missouri  has  more  than  400  species  of  bees  responsible  for  pollinating  our 
cucumbers,  pumpkins,  fruit  trees,  berries,  tomatoes,  soybeans  and  corn.  Unfortunately,  the  total 
number  of  managed  honey  bee  colonies  in  the  U.S.  has  decreased  from  5  million  in  1940s  to  2.5 
million  today.  USDA  estimates  that  33%  of  the  country’s  hives  were  lost  each  year  during  the 
winters  of  2006  to  201 1.  Scientists  have  been  working  on  solving  the  puzzling  honey  bee 
syndrome  known  as  “Colony  Collapse  Disorder  (CCD).”  Seed  treatments  are  often  used  in  row 
crops  as  an  economical  way  for  pest  management.  Neonicotinoids  such  as  imidacloprid, 
clothianidin,  and  thiamethoxam  containing  in  those  treatments  have  been  accused  of  causing 
CCD.  Further  research  is  needed.  In  this  study,  baseline  tolerance  of  3  -  7  strains  of  honeybees  to 


several  pesticides  of  neonicotinoids  were  compared  to  determine  if  a  more  tolerant  strain  to 
pesticides  exists  for  commercial  development.  Bee  hive  components  such  as  pollen,  honey, 
foundation  and  bees  themselves  were  collected  from  60  hive  locations  across  Missouri.  LC-MS 
was  used  to  detect  and  quantify  pesticides  in  the  hive  components.  Results  were  compared  to 
those  of  a  susceptible  hive  without  previous  insecticide  exposure.  This  is  the  first  survey  of 
pesticides  in  hive  components  for  the  state  of  Missouri. 
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Introduction:  Data  from  tiered  level  risk  assessments  on  bumble  bees  are  currently  not  required 
by  regulatory  agencies  for  pesticide  registration  and  re-registration,  yet  both  managed  and 
unmanaged  bumble  bees  are  exposed  to  pesticides  while  foraging.  As  such,  there  is  a  growing 
need  to  develop  risk  assessments  protocols  for  bumble  bees.  The  common  eastern  bumble  bee 
( Bombus  impatiens  Cresson)  is  commercially  available  and  widely  distributed  throughout  eastern 
North  America  making  it  a  suitable  surrogate  for  semi-field  (Tier  II)  studies  for  assessing  the 
toxicity  of  pesticides  to  bumble  bees. 

Methods:  In  this  study,  30  screened  tents  (3.35m2;  10  tents  per  treatment)  will  be  set  up  in  a  field 
of  buckwheat.  An  insecticide  (i.e.,  dimethoate)  and  one  IGR  (e.g.,  cyromazine  or  diflubenzuron, 
to  be  determined  with  laboratory  microcolony  testing)  will  be  sprayed  at  the  maximum  label  rate 
when  approximately  90%  of  the  buckwheat  is  flowering.  Control  plots  will  be  sprayed  with 
water.  Colonies  will  be  placed  in  the  screened  tents  for  2  weeks  and  allowed  to  forage. 
Afterwards,  colonies  will  be  moved  to  an  area  of  natural  forage  (ie.,  no  cultivated  crops)  where 
they  will  continue  their  development  for  another  8  weeks.  Colonies  will  be  then  be  returned  to 
the  University  of  Guelph,  frozen  and  dissected  to  assess  several  endpoints  including,  number  of 
new  queens,  males,  workers,  pupae,  larvae  and  honey  pots. 


Results/Conclusion:  Results  of  the  2016  field  season  will  be  presented.  Suitable  toxic  reference 
standards  will  be  identified  and  recommended  for  incorporation  into  risk  assessment  protocols 
for  B.  impatiens. 
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Introduction:  Bee  pollinators  can  exhibit  profound  differences  in  their  sensitivity  to  different 
chemical  insecticides  and  this  extends  to  different  insecticides  within  the  same  class  (e.g.  the  N- 
nitroguanidine  and  N-cyanoamidine  groups  of  neonicotinoids).  The  majority  of  studies 
examining  the  effects  of  insecticides  on  bees  have  used  the  honey  bee,  Apis  mellifera,  as  a  model 
and  thus  the  susceptibility  of  other  bee  species  such  as  solitary  bees  has  not  been  well 
characterised.  Cytochrome  P450s  have  been  found  to  play  a  major  role  in  the  detoxification  of 
insecticides  in  many  insects,  including  bees,  however  the  specific  gene(s)  involved  in  the 
detoxification  of  insecticides  in  solitary  bees  are  unknown. 

Methods:  Topical  and  oral  bioassays  were  carried  out  to  explore  the  sensitivity  of  the  solitary  bee 
Osmia  bicornis  to  different  neonicotinoids.  Five  candidate  P450  detoxification  genes  were 
identified  by  transcriptome  sequencing  and  functionally  characterised  in  vivo  and  in  vitro. 

Results/Conclusions:  Our  results  reveal  that  O.  bicornis  exhibits  marked  differences  in 
sensitivity  to  different  neonicotinoid  insecticides  and  that  their  ability  to  metabolise  the 
neonicotinoid  thiacloprid  is  a  result  of  metabolic  detoxification  by  at  least  four  P450s  in  the 
CYP9  family,  one  of  which  confers  significant  resistance  to  thiacloprid  when  expressed  in 
transgenic  Drosophila.  Quantitative  PCR  revealed  that  these  genes  are  highly  expressed  in  the 
brain  and  excretory  tissues. 
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Introduction:  The  basic  amines  1-methylpiperazine  and  1-methylpyrrolidine  are  reported  to  incur 
an  anosmic  effect  on  Aedes  aegyptiso  that  they  become  incapable  of  detecting  human 
odors.  Their  toxicity  and  electrophysiological  actions  were  investigated,  along  with  the  insect 
anesthetic  triethylamine. 


Methods:  Topical  assay  and  vapor  phase  assay  with  adult  female  Aedes  aegypti  were  used  to 
study  toxicity  and  knockdown  effects.  Effects  of  amines  were  studied  in  extracellular  recordings 
of  spiking  mechanoreceoptors  in  the  leg  of  Periplaneta  americana,  and  in  patch  clamp  studies 
of  sodium  and  potassium  currents  in  human  neuroblastoma  SY5Y  cells  and  of  Anopheles 
gambiae  Kv2.1  channels  expressed  in  HEK-293  cells. 

Results/Conclusion:  1-methylpiperazine  had  a  1  hr  topical  KD50  of  3.2  pg/mg  body  weight  that 
was  not  significantly  different  from  the  24  h  LD50  of  3.4  pg/mg  body  weight,  suggesting  low 
post  exposure  recovery.  Triethylamine  and  1-methylpyrrolidine  were  even  less  toxic,  with  no 
more  than  21%  mortality  at  similar  doses,  which  was  propably  due  to  vaporization  off  of  the 
cuticle.  Knockdown  upon  vapor  phase  exposure  in  test  tube  assay  was  observed  within  seconds, 
followed  by  complete  mortality  at  14  pg/cm3  (1-methylpiperazine),  250  pg/cm3  (1- 
methylpyrrolidine)  and  120  pg/cm3  (triethylamine).  All  three  amines  significantly  increased 
sensory  neuron  discharge  frequency  after  30  pg  tarsal  treatments  (ANOVA,  Newman-Keuls 
multiple  comparison,  n  =  5,p  <  0.001).  1-methylpyrrolidine  and  1-methylpiperazine  blocked 
potassium  channels  in  SY5Y  and  HEK-293  cells  with  IC50S  in  the  micromolar  range,  and  less 
inhibition  of  sodium  channel  current,  which  is  consistent  with  the  neuroexcitation  observed  in 
cockroach  leg  neurons. 
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Emerging  insecticide  resistance  is  a  major  issue  for  vector  control,  especially  in  disease  endemic 
areas.  Resistance  is  associated  with  a  higher  cost  in  order  to  achieve  a  comparable  level  of 
chemical  control,  and  has  the  potential  to  result  in  disease  resurgence.  Pyrethroid  resistance  has 
previously  been  documented  in  Puerto  Rican  populations  of  Aedes  aegypti  mosquitoes.  Topical 


resistance  to  four  insecticides  was  determined  for  susceptible  (Orlando  -  ORL)  and  resistant 
(Puerto  Rico  -  PR)  strains  of  Aedes  aegypti.  Resistance  ratios  were  calculated  using  the  LD50 
values,  and  the  high  ratios  for  permethrin  (81)  and  etofenprox  (243)  support  previous 
documentation  of  resistance  in  Puerto  Rico.  In  the  present  study,  behavioral  differences  in 
blood-feeding  activity  for  pyrethroid-resistant  and  pyrethroid-susceptible  strains  of  Aedes 
aegypti  when  exposed  to  pyrethroid-treated  cloth  were  explored.  Populations  were  exposed  to 
different  concentrations  of  pyrethroid-treated  uniform  fabric  in  a  cage  with  50  female  Aedes 
aegypti  mosquitoes  for  1 5  min.  Each  treated  uniform  sleeve  was  paired  with  an  untreated  control 
sleeve  of  the  same  fabric  type.  Percent  bite  protection  was  calculated  using  Abbott’s 
formula.  Results  showed  a  shift  in  the  dose-response  curves  for  blood-feeding  that  indicated 
higher  concentrations  of  pyrethroids  were  necessary  to  deter  blood-feeding  behavior  in  the 
pyrethroid-resistant  Puerto  Rican  strain  of  Aedes  aegypti.  Interestingly,  the  resistance  ratios  for 
blood-feeding  were  similar  for  permethrin  and  etofenprox,  but  were  lower  than  their  respective 
resistance  ratios  for  topical  toxicity.  This  research  is  ongoing  and  future  work  will  examine 
landing  behavior  and  tarsal  electrophysiology  with  pyrethroid-treated  fabric. 
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In  recent  years,  the  diamide  insecticides  with  excellent  ability  to  control  the  Lepidopteron, 
Dipteran  and  Coleopteran  species,  have  become  the  "insecticidal  star".  Ryanodine  receptors 
(RyRs),  as  the  calcium  (Ca2+)  release  channel,  are  verified  as  the  molecular  target  for  diamide 
insecticides,  including  the  anthranilic  diamides,  phthalic  diamides  and  their  analogs. 


The  full-length  cDNA  of  Chilo  suppressalis  RyR  ( CsRyR )  was  isolated  by  PCR  referring  the 
database  of  C.  suppressalis  (http://ento.njau.edu.cn/ChiloDB/).  Phylogenetic  tree  was 
constructed  by  MEGA  6.0  using  the  maximum  likelihood  method  and  the  bootstrap  values  were 
calculated  on  1000  replications.  Eggs,  1st  to  6th  instar  larvae,  pupae  and  adult,  and  the  various 
tissues  from  the  5th  instar  larval  were  applied  to  investigate  the  relative  transcript  levels  of  CsRyR 
in  different  developmental  stages  and  tissues.  Chlorantraniliprole  was  utilized  to  investigate  the 
response  of  C.  suppressalis  to  diamide  insecticide. 

The  CsRyR  mRNA  has  an  open  reading  frame  of  15,387  bp  nucleotide  and  encodes  5,128  amino 
acid.  Detection  results  of  spatial  and  temporal  CsRyR  mRNA  exhibited  that  the  CsRyR  was 
expressed  at  the  related  highest  level  in  2nd  instar  larvae  and  head,  however  the  lowest  expression 
level  in  egg  and  fatbody.  One  alternative  splicing  site  and  two  CsRyR  (a/b)  were  found.  The 
expression  levels  of  CsRyR  mRNA  were  increased  remarkably  after  exposure  to  the 
chlorantraniliprole  at  10  and  100  mg/1  for  24  h  and  1,10  and  100  mg/1  for  48  h.  The  results  in 
our  study  would  provide  the  primary  data  for  further  study  on  the  CsRyR  and  the  diamide 
insecticide. 
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It  is  anticipated  that  the  use  of  neonicotinoids  on  sugar  beet  seeds  is  not  endangering  bee 
populations  and  the  temporal  prohibition  of  imidacloprid,  thiamethoxam  and  clothianidin 
implemented  by  EU  (EU  regulation  485/2013)  is  not  valid  for  sugar  beet.  Our  study  aims  to 
establish  the  degradation  of  imidacloprid  and  thiamethoxam  in  sugar  beet  plants  (roots  and 
leaves)  through  the  vegetation,  in  different  climatic  and  in  controlled  conditions.  In  two  field  and 
one  glasshouse  trial,  untreated  sugar  beet  seeds  and  seeds  treated  with  imidacloprid  and 


thiamethoxam  have  been  sown.  Starting  from  four  weeks  after  sowing,  the  plant  samples  were 
collected  every  two  weeks  and  analyzed  for  insecticide  residues.  After  the  extraction  by 
QuEChERS  method,  the  neonicotinoids  were  detected  by  HPLC  (LC-MS/MS)  method.  Field 
trials  were  carried  out  in  east  (Tovarnik)  and  north  (Lukac)  Croatia.  Weather  conditions  differed 
among  investigated  areas  including  significant  differences  in  average  monthly  temperatures  and 
the  total  amount  of  rainfall.  The  results  confirm  faster  degradation  of  both  insecticides  in  field 
comparing  to  the  greenhouse  conditions.  No  significant  differences  in  the  degradation  rate 
between  localities  were  observed.  In  field  conditions,  the  residue  levels  of  both  insecticides  in 
roots  were  below  MRL  after  eight  to  ten  weeks.  In  greenhouse  trial,  the  degradation  rate  was 
significantly  slower.  The  degradation  rate  in  leaves  was  significantly  faster  comparing  to  the 
degradation  in  root  samples,  in  both  field  and  greenhouse  conditions.  At  the  time  of  harvesting, 
the  residue  levels  were  below  MRL  in  all  samples. 
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Western  corn  rootworm  (WCR)  is  a  challenging  pest  concerning  resistance  evolution.  Recently, 
WCR  field-evolved  resistance  to  pyrethroids  was  confirmed  in  southwestern  areas  of  Nebraska 
and  Kansas.  To  explore  possible  mechanisms  of  resistance,  our  objectives  were  to  evaluate 
cross-resistance  by  comparing  adult  mortality  at  diagnostic  concentrations  for  bifenthrin, 
tefluthrin,  and  DDT  and  assessing  adult  susceptibility  to  tefluthrin  after  exposure  to  synergists. 
Scintillated  glass  vials  (20  ml)  were  coated  with  insecticides  diluted  in  500  pi  of  acetone  and 
dried.  Ten  unsexed  WCR  adults  were  transferred  to  the  vials  and  mortality  was  assessed  after  24 
h.  Three  bifenthrin  resistant  WCR  adult  field  populations  from  Keith  Co-NE  and  a  laboratory 
susceptible  colony  were  exposed  to  the  synergists  PBO  (P450  inhibitor)  and  DEF  (esterase 
inhibitor).  After  1.5  h,  adults  were  exposed  to  increasing  concentrations  of  tefluthrin  to  obtain 
LCso’s.  Synergists  (2  pg  of  PBO  and  0.2  pg  of  DEF/adult  diluted  in  0.5  pi  of  acetone)  were 


applied  topically  in  acetone  to  the  ventral  abdomen  and  only  acetone  was  applied  to  control 
beetles.  WCR  field  populations  were  exposed  to  LC99  of  bifenthrin,  tefluthrin,  and  DDT  using 
the  same  glass  vial  methodology.  Greatly  reduced  resistance  ratios  were  obtained  when  adults 
were  exposed  to  PBO  but  only  a  relatively  small  reduction  after  exposure  to  DEF.  In  many 
pyrethroid-resistant  populations,  cross-resistance  was  evident  between  both  pyrethroids  and  DDT 
when  compared  to  susceptible  populations.  The  combined  results  suggest  that  both  cytochrome 
P-450  monooxigenase-mediated  detoxification  and  Kdr-target  site  insensitivity  might  be 
involved  as  mechanisms  of  resistance. 
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Insecticides  are  central  for  control  of  whiteflies  ( Bemisia  tabaci  MEAM1);  however,  this  pest 
has  frequently  evolved  resistances.  There  are  limited  chemistries  available  for  controlling 
whiteflies  in  Arizona  and  California  crops.  This  is  unlikely  to  change  as  research  and 
development  costs  affiliated  with  the  production  and  marketing  of  new  chemistries  are 
continuously  increasing.  Therefore,  currently  available  chemistries  must  remain 
effective.  Determining  the  relationships  between  both  local  and  regional  chemical  use  patterns 
in  whitefly  crops  and  resistance  dynamics  over  time  and  space  allows  us  to  improve  our  ability  to 
proactively  manage  resistance.  Whitefly  populations  will  be  collected  over  a  two-year  period  in 
2015  and  2016  from  cotton  fields  in  Arizona  and  California.  Bioassays  will  be  used  to  measure 
susceptibility  of  collected  populations  to  the  six  major  whitefly  modes  of  action.  The  bioassay 
results  and  data  from  current  and  previous  year  section-level  insecticide  usage  maps  will  be 
instrumental  in  assessing  the  spatial  and  temporal  association  between  insecticide  applications 
and  susceptibility.  These  analyses  give  us  the  ability  to  ascertain  the  distance  and  time  over 
which  resistances  develop  and  the  role  that  spatial  and  temporal  refuges  play  in  resistance 
development.  While  research  continues,  our  capacity  to  generate  broad-scale  chemical  use  maps 


is  being  used  in  outreach  to  educate  and  empower  growers  and  pest  managers.  These  maps 
provide  decision  makers  a  tool  to  manage  resistances  proactively  through  educated  pesticide 
choices,  improving  their  understanding  of  the  spatial  and  temporal  dynamics  at  play  and 
ultimately  reducing  selection  pressures  and  enhancing  resistance  management. 
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Abstract  text: 

The  interaction  between  temperature  and  larval  hostplant  quality  can  influence  the  physiological 
and  life  history  traits  of  insect  herbivores.  The  balance  of  important  macronutrients  -  protein  and 
carbohydrate  -obtained  from  food  is  an  important  aspect  of  diet  quality  and  insects  can  adjust 
their  feeding  behavior  and  digestive  physiology  to  regulate  intake  and  absorption  of  these 
nutrients.  Here  we  examine  survival,  growth,  and  development  of  larval  Pier  is 
rapae  (Lepidoptera:  Pieridae)  in  a  full  factorial  experiment  using  three  temperature  treatments 
and  three  artificial  diet  treatments  varying  in  the  ratio  of  protein  to  carbohydrate  (P:C)  from  two 
invasive  North  American  populations  differing  in  latitude.  We  found  that  larvae  from  North 
Carolina  have  low  survival  to  pupation  on  the  high  carbohydrate  diet  (P:C  =  1 :2.5)  in  the  cold 
temperature  treatment,  while  survival  of  larvae  from  Nova  Scotia  was  equally  high  among  all 
nine  treatments.  Overall,  both  populations  perform  best  (higher  consumption  rates,  faster  growth 
rates)  on  the  balanced  (P:C  =1:1)  ratio  diet,  but  Nova  Scotian  larvae  were  less  sensitive  to  diet 
ratio  changes  across  temperatures  than  North  Carolinian  larvae.  Our  results  suggest  that  the 
physiological  and  life  history  consequences  of  imbalanced  nutrition  for  insect  herbivores  may 
depend  on  developmental  temperatures,  and  that  geographic  populations  of  P.  rapae  vary  in  their 
sensitivity  to  nutritional  balance  and  temperature. 
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Abstract  text: 

Abiotic  factors  have  well-known  and  important  effects  on  individual  species,  and  we  are 
beginning  to  understand  the  complexity  and  importance  of  their  effects  on  trophic  interactions. 
One  such  complexity  is  in  the  timing  of  events.  If  abiotic  factors  and  species  interactions  are  not 
constant  through  time,  but  instead  have  discrete  events,  timing  could  have  a  key  role  in 
determining  the  abiotic  factor  effect.  One  such  discrete  factor  associated  with  climate  change  is 
the  short-term  and  relatively  large  increase  in  temperature,  also  called  Heat  Shock  (HS). 

This  study  investigates  the  role  of  the  timing  in  relation  to  HS  (shocked  from  26  to  38°C  for  4 
hours)  and  a  host-parasitoid  system.  Using  a  controlled  environment,  we  tested  how  a  HS  affects 
a  wasp  ( Aphidius  ervi)  parasitism  rate  attacking  its  host,  the  pea  aphid  (Acyrthosiphon  pisum). 
We  tested  three  time  treatments;  1)  HS  before  the  wasp  lays  eggs,  2)  HS  while  the  wasp  is 
foraging,  and  3)  HS  after  the  wasp  has  foraged.  Our  response  variable  was  the  successful 
production  of  wasps  in  the  pupal  stage  (mummies). 

Our  results  showed  that  HS  had  the  largest  effect  while  wasps  were  actively  foraging;  a  HS 
during  this  time  resulted  in  very  few  mummies.  In  the  other  treatments  mummy  production  was 
only  slightly  lower  than  controls  with  no  HS. 

These  results  show  the  potential  importance  of  timing  when  studying  the  effects  of  climate 
change  on  host-parasitoid  interactions.  This  factor  should  be  taken  into  account  to  enhance 
efforts  to  predict  the  effects  of  abiotic  factors  through  time. 


Student  Poster  Competition 

Presentation  Title:  Digitization:  What  is  it  good  for?  Or,  how  biodiversity  informatics  can 
inform  us  about  the  inherent  and  social  aspects  of  entomology 


Author  Name:  Katherine  Nesheim 


Author  Institution:  The  Ohio  State  University 

Session  Title:  Graduate  Student  Poster  Competition:  Frontiers  in  Entomology 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3085 

DOI:  10.1603/ICE.2016.1 11500 

Abstract  text: 

Digitization  effort  are  ongoing  at  many  collections  around  the  world,  but  sometimes  it  is  not 
clear  why  digitization  is  so  important.  Here,  I  present  three  separate  biodiversity  informatics 
projects  that  rely  upon  digitization  efforts  to  investigate  interesting  trends  in  entomology,  thus 
highlighting  the  value  of  digitized  collections  data.  First,  the  role  of  women  in  Hymenoptera 
taxonomy  and  systematics  is  explored.  Second,  the  range  of  languages  used  in  Hymenoptera 
taxonomy  publications  over  time  is  surveyed.  Finally,  the  accuracy  and  precision  of  collection 
locality  data  across  time  are  examined,  with  a  special  focus  on  the  collection  records  of  the 
species  Pelecinus  polyturator  (Hymenoptera:  Pelecinidae)  in  the  United  States. 
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Abstract  text: 

Introduction:  Senna  mexicana  chapmanii  (Fabaceae:  Caesalpinoideae),  an  attractive  and 
threatened  species  native  to  pine  rocklands  of  southern  Florida,  is  consumed  by  folivorous 


caterpillars  of  Sulphur  butterflies  (Lepidoptera:  Pieridae).  Caterpillars  may  be  deterred  or  eaten 
by  predators  (such  as  ants,  vespid  wasps,  spiders,  and  cocinellid  beetles),  but  also  very  important 
are  parasitoids,  both  flies  (Diptera)  and  wasps  (Hymenoptera).  An  experimental  study  is 
currently  underway,  investigating  the  effects  of  plant  density  on  sulphur  numbers  and  rates  of 
parasitization. 

Methods:  Senna  mexicana  chapmanii  plantations  have  been  established  at  an  agricultural  and  an 
urban  area;  both  sites  are  adjacent  to  protected  pine  rockland  areas.  In  three  areas  at  each  site,  in 
three  replicate  plots  per  area,  seedlings  were  planted  in  a  semicircular  array  with  16  plants  each 
at  distances  of  1,  5,  and  10  m  from  other  individuals,  representing  high,  medium,  and  low  host- 
plant  densities,  respectively.  Starting  in  summer,  monitoring  of  the  number  of  sulphur  butterfly 
eggs,  larvae,  and  pupae,  as  well  as  the  rate  of  parasitization  are  recorded  for  each  plant. 
Caterpillars  are  collected  and  reared  to  determine  if  they  are  parasitized. 

Results/Conclusion:  Continuing  this  weekly  monitoring  protocol  over  the  course  of  a  year  will 
provide  data  to  determine  if  higher  plant  density  leads  to  greater  herbivore  numbers  and  greater 
levels  of  parisitization,  or  if  host-plant  density  has  a  different,  or  no  effect  on  pierid  herbivores 
and  their  biocontrol  agents.  Elucidating  the  patterns  will  be  important  in  understanding  the 
factors  that  regulate  the  numbers  of  folivores  and  their  parasitoids. 
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Bracon  cephi  (Gahan)  and  B.  lissogaster  Muesebeck  are  native  bivoltine  specialist  parasitoids  of 
the  wheat  stem  sawfly  ( Cephus  cinctus  Norton),  the  most  destructive  pest  of  wheat  ( Triticum 
aestivum  L.)  in  the  northern  Great  Plains  of  North  America.  Parasitism  is  a  major  cause  of 
mortality  of  C.  cinctus  larvae,  but  this  varies  greatly  among  fields,  ranging  from  5  to  98%. 


Research  has  revealed  several  causes  of  variation  in  parasitism;  however,  the  role  of  nutrients  in 
the  biology  of  these  parasitoids  has  not  been  investigated.  In  our  ongoing  research,  weight,  body 
size,  and  lifespan  of  adult  B.  cephi  and  B.  lissogaster  were  measured.  Specifically,  we  measured 
the  effect  of  water  and  sugar  provisioning.  A  significant  positive  correlation  between  body  size 
and  lifespan  was  observed  for  adults  that  did  not  receive  water  or  sugar.  The  positive  correlation 
remained  when  water  or  glucose  was  provided.  However,  lifespan  increased  as  much  as  three¬ 
fold  when  females  were  fed  with  sugar,  and  no  weight  gain  was  observed  for  any  provisions.  The 
results  demonstrate  the  key  role  of  nutrients  in  increasing  the  lifespan  and  in  the  relationship 
between  body  size  and  lifespan  of  B.  cephi  and  B.  lissogaster.  These  findings  are  especially 
important  if  overall  parasitism  is  constrained  by  lifespan  or  body  size  in  these  two  species  of 
parasitoids.  Research  will  continue  on  effects  of  different  sugar  sources,  including  nectar  on 
lifespan  and  fecundity. 
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Abstract  text: 

The  sciarid  fly  Lycoriella  ingenua  is  a  major  pest  of  commercial  mushroom  production.  Larvae 
graze  on  mushroom  mycelia  reducing  overall  yields,  and  adults  are  suspected  vectors  of  the  most 
serious  fungal  disease  in  mushroom  farming,  green  mold  disease  caused  by  the  fungal  pathogen 
Trichoderma  aggressivum.  The  capacity  of  L.  ingenua  to  physically  vector  T.  aggressivum 
spores  was  evaluated  by  placing  adult  females  in  experimental  arenas  containing  colonies  of  T. 
agressivum.  Spread  of  T.  agressivum  was  measured  by  counting  new  T.  aggressivum  colonies  in 
clean  agar  plates  place  nearby.  Fly  fitness  was  determined  by  calculating  life  table  parameters  for 
flies  in  T.  aggressivum  infested  mushroom  compost  vs  un-infested  compost.  The  adquisition  of 
spores  and  disease  vectoring  capacity  of  the  flies  was  confirmed.  Flies  reared  on  the  T. 
aggressivum  rich  diet  showed  an  increase  in  fitness,  expressed  in  a  significantly  shorter 
development  time  and  in  an  increased  fertility  rate  in  adult  females.  This  is  the  first  report  of  the 


capacity  of  L.  ingenua  to  effectively  vector  T.  aggresivum.  Furthermore,  the  study  indicates  that 
the  vectoring  behaviour  is  related  to  a  fitness  benefit,  which  is  a  possible  explanation  of  previous 
studies  that  have  shown  that  L.  ingenua  females  are  attracted  to  T.  aggressivum  rich  substrates. 
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Soybean  vein  necrosis  virus  (SVNV)  is  an  emerging  viral  disease  affecting  soybean,  first 
discovered  in  Tennessee  in  2008.  SVNV  has  been  identified  as  a  new  species  in  the  genus 
Tospovirus ,  which  are  exclusively  transmitted  by  thrips  in  propagative  manner.  Soybean  thrips, 
Neohydathothrips  variabilis,  is  the  only  confirmed  vector  of  SVNV.  In  this  study,  SVNV 
acquisition  by  first  instar  TV.  variabilis  larvae  fed  on  SVNV-infected  plants  was  investigated,  and 
the  dynamics  of  virus  replication  within  infected  thrips  was  followed  from  larvae  to  adult  stage. 
Immunofluorescence  microscopy  was  used  to  show  that  larvae  acquired  SVNV  after  6,  12,  and 
24  h  Acquisition  Access  Period  (AAP)  and  replication  occurring  in  the  various  tissues  of  the 
alimentary  canal  and  salivary  glands  as  indicated  by  immunodetection  of  the  nucleocapsid 
protein  (NP).  Preliminary  results  suggests  that  the  midgut  epithelial  cells  are  the  initial  sites  of 
entry  for  SVNV  and  that  the  virus  subsequently  infects  the  surrounding  muscle  cells  and 
eventually  the  salivary  glands.  SVNV  was  able  to  infect  alimentary  canal  after  6h  of  AAP  but, 
interestingly,  unable  to  infect  salivary  glands,  which  is  a  pre-requisite  for  successful  transmission 
of  the  virus.  Hence,  successful  transmission  not  only  depends  on  virus  acquisition  but  also 
replication  in  the  thrips  vector.  In  the  long-term,  results  of  this  study  will  increase  fundamental 
and  applied  knowledge  of  the  biology  of  thrips  vector  that  affect  the  epidemiology  of  SVNV. 
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Abstract  text: 

Genetic  pest  management  (GPM)  is  the  use  of  genetically  engineered  pest  species  to  either 
suppress  population  size  or  replace  the  genotype  of  individuals  in  a  population.  Recent  advances 
in  molecular  engineering  techniques,  such  as  gene  drives  engineered  with  CRISPR/Cas9,  have 
increased  the  potential  and  apparent  inevitability  of  GPM  for  agriculturally  important  pests.  We 
borrow  from  the  adaptive  landscape  metaphor  in  evolutionary  biology  to  illustrate  the  ways  in 
which  the  selection  of  agricultural  pest  management  technologies  must  be  sensitive  to  the  nature 
of  local  socio-ecological  contexts.  Just  as  a  single  type  of  gene  drive  is  not  equally  suited  for 
every  pest  problem,  we  assert  more  broadly  that  gene  drives  are  not  equally  Tit’  in  all  cases.  The 
suitability  of  gene  drives  will  be  determined  by  a  number  of  features  of  the  ‘landscape’  of 
agricultural  pest  management  including  the  dynamics  of  technology  adoption,  trade,  and  the 
social  license  to  operate.  These  issues  have  been  problematic  for  agricultural  technologies  in  the 
past  and  continue  to  be  relevant.  Here,  we  consider  how  gene  drives  might  fit  into  a  landscape 
already  shaped  by  these  complex  relationships.  We  suggest  that  while  biological  populations 
cannot  determine  their  own  genotypes,  local  decision-makers  can  choose  whether,  and  if  so,  how 
and  when,  to  implement  gene  drive  technology.  Consideration  of  key  features  of  the  agricultural 
landscape  should  enable  the  selection  of  pest  management  approaches  that  are  positioned  to 
arrive  at  global  optima  —  to  achieve  the  best  outcomes  possible  —  within  the  socio-ecological 
landscape. 
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Abstract  text: 

Introduction:  The  RNA-Seq  is  a  second-generation  sequencing  approach  widely  used  in  the 
study  of  gene  expression,  especially  for  non-model  species.  Because  this  technique  is  not  a 
species-specific  approach  and  species  are  constantly  interacting  it  is  highly  probable  that  one  can 
find  alien  genes  in  a  RNA-Seq  transcriptome  dataset.  Herein  we  report  the  use  of  these 
“contaminant”  transcripts  from  plants  as  a  source  of  information  about  the  floral  resources  used 
for  nest  provisioning  by  Tetrapedia  diversipes ,  an  oil-collecting  solitary  bee  native  from  the 
Neotropical  region. 

Methods:  Nine  T.  diversipes  foundresses  from  each  reproductive  generation  in  the  year  (Gl-  hot 
and  wet  seasons;  G2  -  cold  and  dry  season)  were  collected  in  Sao  Paulo  (Brazil).  After  total  RNA 
extraction  and  sequencing  by  RNA-Seq  the  transcriptome  of  the  bees  were  assembled.  Then 
contaminant  transcripts  from  plants  were  identified  in  the  blast  results  (UNIREF  database). 

Results  and  Conclusions:  In  total  857  and  538  plant  contaminants  transcripts  were  identified  in 
foundresses  from  Gl  and  G2,  respectively.  Most  of  the  transcripts  in  Gl  were  from 
Euphorbiaceae  (41.2%)  and  Amaranthaceae  (31.9%)  while  in  G2  65.7%  were  from 
Euphorbiaceae.  These  findings  are  in  agreement  with  previous  ecological  studies  in  T. 
diversipes ,  indicating  that  the  Euphorbiaceae  is  the  main  pollen  resource  and  that  this  bee  is  not 
truly  generalist  but  have  preferences  for  specific  plant  families.  Moreover,  contaminant 


transcripts  might  be  used  not  only  for  the  study  of  bee-plant  interaction  but  also  for  other 
association  analyses  such  as  parasitism  and  symbiotic  studies. 
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Abstract  text: 

Although  overall  quality  and  length  of  genomic  contigs  and  scaffolds  have  been  improved  by 
developing  new  sequencing  techniques  and  algorithms,  mosquito  genomes  have  high  genetic 
polymorphisms  and  an  abundance  of  repeats  that  make  assembling  the  genomes  difficult.  As  a 
result,  genome  assemblies  of  many  mosquito  species  have  low  degrees  of  completion.  Anopheles 
funestus ,  one  of  major  malaria  vectors  in  Africa,  has  an  Illumina  genome  assembly  organized  in 
1,392  scaffolds  with  a  total  size  of  225  Mb.  Using  sequence  similarity  between  existing  Illumina 
scaffolds  and  newly  generated  PacBio  contigs,  we  increased  the  length  of  assembly 
fragments.  We  physically  mapped  Illumina  and  merged  scaffolds  to  polytene  chromosomes  of 
An.  funestus  by  multi-color  fluorescence  in  situ  hybridization.  These  ongoing  efforts,  along  with 
previous  mapping,  allowed  us  to  place  55.7%  of  the  genome  and  60.7%  of  genes  onto 
chromosomes.  The  combination  of  merging  assemblies  and  physical  mapping  can  speed  up  the 
progress  of  the  improvement  of  reference  genomes. 
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Introduction:  Toxoneuron  nigriceps  is  an  endophagous  parasitoid  of  the  tobacco  budworm 
Heliothis  virescens.  Upon  parasitizaztion  adult  female  injects  into  the  host  body,  along  with  the 
egg,  the  venom  and  the  ovarian  calyx  fluid  contains  a  symbiotic  polydnavirus  and  ovarian 
proteins.  These  maternal  secretions  along  with  embryonic  factors,  the  teratocytes,  are  the  main 
host  regulation  factors,  involved  in  the  disruption  of  host  immune  system  in  order  to  ensure  a 
appropriate  environment  for  the  progeny  development  (Pennacchio  et  al.  2001;  Pennacchio  & 
Strand  2006).  To  date  the  role  of  T.  nigricepsxz nom  is  unknown  although  preliminary 
information  indicates  an  involvement  in  early  suppression  of  host  immune  response. 

Methods:  To  identify  the  main  T.  nigriceps  venom  compounds  a  combined  transcriptomic  and 
proteomic  approach  was  used.  From  de  novo  assembly  of  all  cDNA,  17742  contigs  were 
obtained;  all  sequences  were  analyzed  using  Blast2GO  software.  The  sequences  analyzed  display 
enrichment  in  genes  that  encode  for  similar  known  venom  components  but  also  provide  the  first 
sketch  of  cellular  components,  molecular  functions,  biological  processes  and  some  unique 
sequences  of  T.  nigriceps  venom  gland.  For  the  proteome  analyses,  the  T.  nigricepsvQ nom  was 
fractionated  by  two-dimensional  gel  electrophoresis;  several  spots  were  trypsinized  and  analyzed 
by  High  Performance  Liquid  Chromatography-Tandem  Mass  Spectrometry. 

Results/Conclusions:  The  tandem-mass  spectrometric  data  analysis,  obtained  using  MASCOT 
software,  allowed  the  identification  of  a  large  number  of  proteins  in  the  T.  nigriceps  venom.  To 
the  best  of  our  knowledge  this  is  the  first  study  targeted  to  the  transcriptomic  and  proteomic 
analysis  of  the  T.  nigriceps  venom. 
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Abstract  text: 

Polyembryony  is  a  unique  style  of  development  in  which  many  embryos  are  clonally  produced 
from  a  single  egg.  The  polyembryonic  parasitoid  wasp  Copidosoma  floridanum  lays  an  egg  in  a 
host  egg.  After  cleavage,  the  wasp  embryo  (an  egg)  becomes  a  morula.  A  morula  divides  by 
invagination  of  extraembryonic  membrane  into  embryonic  cell  mass  and  eventually  produces 
more  than  2000  embryos.  To  date,  the  genetic  mechanisms  underlying  polyembryogenesis  is  not 
clear.  In  this  study,  we  examined  transcriptome  changes  before  and  after  the  onset  of 
polyembryogenesis.  Two  libraries  were  constructed:  (1)  Morula-stage  embryos  collected  by 
dissecting  the  host  eggs  20  h  post-parasitism.  (2)  Poly  embryos  from  host  eggs  70  h  post¬ 
parasitism.  RNAs  were  purified  from  these  samples.  To  avoid  the  contamination  with  host 
RNAs,  we  subtracted  the  host  transcriptome  data  from  the  wasp  data.  A  total  of  306 
differentially  expressed  genes  was  obtained  from  the  two  libraries  by  comparing  them.  The  genes 
involved  in  the  process  of  polyembryogenesis  should  be  included  in  these  differentially 
expressed  genes.  We  also  report  the  sex  differences  in  the  transcriptome  data.  These  differences 
might  relate  to  the  sex  differences  in  the  development  of  sociality  (reproduction  and  soldier 
larvae),  observed  in  C.  floridanum.  Note  that  this  species  is  also  famous  for  the  reproduction  of 
clone  soldier  larvae  (non-reproductives). 
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Abstract  text: 


Morphology  changes  during  development  because  tissues  and  various  anatomical  features  differ 
in  their  onset,  rate,  and  duration  of  growth.  However,  it  is  still  unknown  how  each  of  these 
parameters  influences  wing-body  scaling  in  insects.  Manduca  sexta  is  an  ideal  model  to  study 
how  growth  kinetics  can  be  altered  and  how  individual  parameters  influence  wing-body 
scaling.  Previous  studies  have  shown  that  starvation  during  the  final  larval  instar  results  in  small 
bodied  adults  with  small  wings.  Reduced  expression  of  ecdysone  has  been  linked  to  this 
condition,  but  it  is  not  clear  how  this  affects  the  growth  kinetics  of  the  wings.  Because 
appendages  of  holometabolous  insects  grow  after  the  body  has  ceased  growing,  appendages  have 
independent  growth  parameters  that  are  influenced  by  genetic  factors  and  the  internal 
environment  of  the  body.  We  will  report  on:  1)  how  ecdysone  influences  the  growth  kinetics  of 
wings  and  2)  how  alterations  in  ecdysone  titers  affects  wing-body  scaling  in  M.  sexta.  To  do  so, 
we  measured  ecdysone  profiles  under  different  conditions  of  nutrition  and  somatic  growth  and 
measured  the  growth  of  larval  wing  imaginal  disks  and  pupal  wings.  Further,  we  experimentally 
manipulated  ecdysone  titers  during  larval  and  pupal  stages  to  alter  the  growth  kinetics  of  body 
size  and  imaginal  disks.  We  will  show  how  variation  in  nutrition  and  ecdysone  kinetics  influence 
wing-body  scaling. 
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Acquisition  of  sterile  castes  might  be  the  most  important  step  in  eusocial  evolution.  In  termites, 
the  soldier  caste  is  regarded  as  the  first  acquired  sterile  caste.  Juvenile  hormone  (JH)  is  the 
central  factor  for  soldier  differentiation,  and  treatment  of  workers  with  artificial  JH  can  induce 
presoldier  differentiation  in  many  species.  We  therefore  expected  that  the  acquisition  of  a  novel 
sensibility  against  a  typical  hemimetabolous  JH  response  might  be  required  for  soldier  formation 
during  the  course  of  termite  evolution  within  the  cockroach  clade.  First,  we  performed  JH 
treatment  analysis  in  nymphs  of  several  cockroach  lineages.  Only  in  the  woodroach 
Cryptocercus  punctulatus,  sister  group  of  termites,  was  a  nymphal  molt  induced  by  the  JH 


treatment.  Second,  we  performed  a  functional  analysis  of  JH  signaling  genes  during  soldier 
differentiation  in  the  damp-wood  termite  Zootermopsis  nevadensis.  As  a  result,  knockdown  of 
JH  receptor  gene  Methoprene  tolerant  {Met)  and  steroid  receptor  co-factor  {SRC)  inhibited  the 
presoldier  molt,  whereas  knockdown  of  Kriippel  homolog  1  {Kr-hl)  did  not  affect  soldier 
differentiation.  Finally,  whole  transcriptome  sequencing  using  the  next  generation  sequencer 
(RNA-seq)  analysis  was  performed  under  JH  treatment  in  Z  nevadensis  and  C.  punctulatus. 
Only  in  termites  were  significantly  highly  expressions  of  723  and  179  genes  observed  in  heads 
and  other  body  parts,  respectively.  Based  on  the  functional  analysis  of  highly  expressed  genes  in 
Z.  nevadensis  and  C.  punctulatus ,  we  will  discuss  the  differences  of  JH  signaling  roles  between 
termites  and  woodroachs,  and  the  molecular  mechanisms  involved  in  termite  caste  evolution. 
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The  genus  Calyptra  Oshsenheimer  is  a  lineage  comprised  of  species  that  exhibit  an  unusual 
combination  of  obligate  fruit  piercing  and  facultative  blood  feeding  as  adults.  While  obligatory 
fruit  piercing  has  been  observed  in  males  and  females  of  nearly  all  species,  blood  feeding  is 
limited  to  adult  males,  and  has  only  been  documented  in  10  of  17  described  Calyptra  species. 
The  biological  mechanisms  driving  host  preference  for  either  plant  or  vertebrate  hosts  in  this 
lineage  are  unknown.  Chemosensory  systems,  including  olfactory  and  gustatory,  are  known  to 
play  a  significant  role  in  host  recognition  and  selection  in  insects  and  other  animals.  Thus, 
investigating  the  molecular  underpinnings  of  chemosensory  systems  in  Calyptra  could  provide 
key  insights  into  the  evolution  of  their  remarkable  adult  feeding  behaviors. 

In  this  study,  we  used  whole  transcriptome  shotgun  sequencing  (WTSS)  to  assemble 
transcriptomes  of  five  Calyptra  species.  Analysis  of  our  transcriptome  data  identified  120 
candidate  chemosensory  genes  in  Calyptra ,  which  included:  39  odorant  receptor  genes  (OR),  35 
chemosensory  protein  genes  (CSP),  33  odorant  binding  protein  genes  (OPB),  1 1  ionotropic 


receptor  genes  (IR),  4  gustatory  receptor  genes  (GR),  and  2  sensory  neuron  membrane  protein 
genes  (SNMP).  Gene  ontology  (GO)  analysis  was  used  to  verify  the  likely  biological  functions 
of  theses  genes.  A  subset  of  chemosensory  candidate  genes  was  selected  and  confirmed  with 
quantitative  real-time  PCR  (qRT-PCR).  Expression  profiles  revealed  chemosensory  genes  were 
differentially  expressed,  allowing  us  to  identify  potential  targets  for  future  functional  genomic 
studies  within  vampire  moths  and  their  fruit-piercing  relatives. 
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Intraspecific  polymorphism  is  observed  for  various  morphological  and  ecological  traits,  but 
mechanism  of  balanced  polymorphism  hasn’t  fully  been  understood.  We  found  that  the 
individuals  with  less  antennal  segments  were  maintained  at  a  constant  proportion  in  a  population 
of  one  species  of  Callosobruchus  (Chrysomelidae:  Bruchinae)  that  are  pests  of  the  cowpea.  We 
also  discovered  that  antennal  sensory  hairs  of  the  individuals  with  less  antennal  segments  are 
sparser  in  males.  Here,  we  tested  whether  (1)  sexual  conflict  or  (2)  trade-off  contributes  to  the 
stable  polymorphism  of  the  number  of  antennal  segments.  First,  we  selected  two  lines  according 
to  antennal  segment  number;  one  is  the  normal- segments  line  and  the  other  is  the  less-segments 
line.  Using  these  lines,  we  then  assessed  whether  the  number  of  antennal  segments  affect 
copulation  success  and  fitness  of  each  sex  under  either  male  competition  or  female 
competition.  As  a  result,  while  the  probability  of  individuals  with  less  antennal  segments 
becoming  a  mate  was  lower  and  the  time  till  encounter  a  mate  was  longer  than  that  of  individuals 
with  normal  number  of  antennal  segments,  the  individuals  with  less  segments  contributed  to  the 
production  of  more  eggs  after  copulation.  There  was  no  opposing  trends  between  sexes, 
indicating  the  stable  polymorphism  is  not  driven  by  sexual  conflict.  Our  results  suggest  that  the 
individuals  with  less  antennal  segments  have  lower  pre-copulatory  success  rates.  However,  they 
have  higher  post-copulatory  fitness  by  increasing  investment  in  a  single  copulatory/reproductive 


bout.  Therefore,  this  trade-off  between  pre-  and  post-copulatory  fitness  may  contribute  to  the 
stable  polymorphism. 
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Cryptic  species  complexes  have  rethought  the  traditional  concepts  and  ideas  about  ecological 
specialization.  Research  on  herbivores  of  the  class  Insecta  using  molecular  markers  showed  that 
although  they  are  alleged  generalists  in  their  diet,  they  are  complex  specialists  in  narrow  host 
ranges.  In  Colombia,  Prodiplosis  longifila  Gagne,  1986  (Diptera:  Cecidomyiidae),  is  a  pest  of 
Citrus  spp.  and  Solanum  lycopersicum.  In  order  to  determine  whether  P.  longifila  is  a  complex  of 
cryptic  species  associated  with  different  cultures,  a  region  of  cytochrome  oxidase  I  (COI),  and 
internal  rDNA  spacer  (ITS2)  were  analyzed.  We  examined  populations  of  P.  longifila  from 
Citrus  spp.  and  Solanum  lycopersicum  in  Colombia,  through  maximum  likelihood  (ML), 
composition  and  haplotype  distribution,  haplotype  networks,  genetic  distances,  and  analysis  of 
molecular  variance  (AMOVA).  Phylogenetic  analysis  between  COI  and  ITS2  shows  that 
populations  established  in  both  crops  are  separated  lineages  associated  strictly  to  the  host  they 
are  found  in.  Two  major  haplogroups  host-associated  are  defined,  with  an  average  genetic 
distance  of  5.6%.  The  haplotype  distribution  and  composition  between  insects  of  different 
cultures  indicates  loyalty  to  the  host  and  specialization  in  the  exploitation  of  specific  resource. 
The  AMOVA  (FST  =  0.83  p  <0.05)  indicates  that  the  population  structure  of  P.  longifila  is  due 
to  the  specialization  of  pest  populations  to  a  specific  crop.  According  to  the  results,  we  conclude 
that  in  Colombia,  P.  longifila  is  a  complex  of  host-associated  cryptic  species. 
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Germline  stem  cells  (GSCs)  -  and  the  signals  that  control  these  cells  -  have  been  found  in  the 
Drosophila  gonads;  however,  markers  for  the  GSC  niche  have  not  been  identified  in  the  large 
milkweed  bug,  making  it  difficult  to  adopt  the  same  experimental  strategies.  A  transcriptome 
was  completed  to  determine  the  signals  released  from  the  niche  to  control  the  GSCs  as  well  as  to 
determine  the  impact  of  different  diets  that  result  in  differences  in  male  fertility  on  the  efficacy 
of  the  niche  signaling.  Testes  of  Oncopeltus  fasciatus  were  dissected  and  divided  into  the  “tip”, 
which  contains  the  GSCs  and  their  niche,  and  “rest”  and  were  then  sequenced  using  Illumina 
technology.  The  raw  reads  were  cleaned,  and  then  were  de  novo  assembled  using  Trinity.  We 
have  found  that  between  milkweed  and  sunflower  “tip”  there  are  500  genes  up-  or  down- 
regulated.  These  range  from  stress-induced  genes  to  testis-specific  genes.  One  of  the  genes  found 
through  this  process  is  boule ,  a  gene  known  to  play  a  role  in  both  oogenesis  and 
spermatogenesis;  however,  this  has  not  been  functionally  tested  in  Oncopeltus  fasciatus  males. 
The  next  step  in  this  research  would  be  to  take  some  of  the  testis-specific  genes  and  test  them 
using  qRT-PCR,  RNAi,  and  in  situ  hybridizations  to  determine  where  they  are  located  in  the 
testes  and  if  they  do  in  fact  affect  GSC  behavior  and  spermatogenesis. 
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Billbug  damage  is  arguably  the  most  misdiagnosed  insect-related  turfgrass  disorder  in  North 
America.  The  bluegrass  billbug  Sphenophorus  parvulus  Gyllenhal  and  hunting  billbug  S.  venatus 
Say  are  the  most  widespread  and  economically  important  billbug  species.  However,  these  insects 
typically  overlap  both  spatially  and  temporally  with  as  many  as  eight  closely-related  species. 

This  study  aims  to  provide  new  insights  for  managing  this  Curculionidae  species  complex  by 
understanding  the  role  of  both  volatile  and  tactile  chemical  communication  in  billbug  dispersal 
and  mating  behavior.  We  tested  the  hypothesis  that  volatile  chemical  cues  mediate  adult  billbug 
dispersal  from  overwintering  sites  by  conducting  binary  choice  y-tube  olfactometry  bioassays, 
which  measured  the  response  of  adult  S.  venatus  beetles  to  both  conspecifics  and/or 
Bermudagrass  Cynodon  dactylon  (var.  Patriot)  host-plant  volatiles  relative  to  purified  air.  Male 
and  female  S.  venatus  adults  were  attracted  to  male  conspecifics  when  in  the  presence  of  host 
plant  material  but  were  not  attracted  to  male  conspecifics  alone.  S.  venatus  males  were  also 
attracted  to  C.  dactylon  host  plant  volatiles  alone.  To  test  the  hypothesis  that  billbugs  rely  on 
tactile  chemical  cues  to  distinguish  between  sympatric  species  for  successful  mate  recognition, 
we  analyzed  whole-body  cuticular  extracts  of  male  and  female  S.  parvalus  and  S.  venatus  by  gas 
chromatography-mass  spectrometry  (GC-MS)  and  conducted  mating  bioassays.  Both  the 
composition  and  concentration  of  cuticular  extracts  will  be  discussed.  Insight  into  the  chemical 
signals  associated  with  host-finding  and  mate  recognition  may  prove  useful  for  the  development 
of  monitoring  and  IPM  tools,  such  as  potential  for  pheromone  lures  and  mate  disruption,  for 
these  insects. 
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Abstract  text: 

Introduction:  Thousand  cankers  disease  (TCD)  is  an  emerging  threat  facing  the  California  walnut 
industry.  The  walnut  twig  beetle  (WTB),  Pityophthorus  juglandis  (Coleoptera:  Scolytidae), 
vectors  the  fungal  pathogen,  Geosmithia  morbida,  which  causes  necrosis  around  WTB  galleries 
in  the  phloem  of  walnut  trees.  TCD  causes  gradual  crown  dieback  and  culminates  in  tree 
mortality.  Disrupting  WTB’s  capacity  to  detect  its  host  and  conspecifics  by  applying  repellent, 
non-host  semiochemicals  and  other  behavioral  chemicals  may  reduce  attack  success  and  protect 
walnut  trees  from  TCD. 

Methods:  WTB  flight  trapping  trials  will  be  conducted  with  Lindgren  funnel  traps  to  test  the 
efficacy  of  potential  repellents:  limonene,  chalcogran,  conophthorin,  and  verbenone.  Traps  will 
be  baited  with  the  WTB  aggregation  pheromone  and  a  repellent  (none  for  controls).  First,  tests  of 
enantiomers  at  three  release  rates  will  be  conducted  for  each  of  the  potential  repellents 
independently.  Combinations  of  the  most  biologically  active  enantiomers,  each  at  their  optimal 
release  rate,  will  be  screened  using  the  subtractive-combination  method.  Finally,  the  most 
effective  repellent  will  be  deployed  on  pheromone-baited  English  walnut,  Juglans  regia ,  trees. 
Fanding  rates  will  be  compared  with  sticky  card  traps,  and  tree  health  will  be  monitored  annually 
by  using  crown  rating  classes  to  compare  treated  and  untreated  (pheromone-baited,  no  repellent) 
trees. 

Results/Conclusions:  We  hypothesize  that  limonene  paired  with  chalcogran  released  at  >5 
mg/day  (each)  will  produce  the  strongest  repellency  effect.  With  this  tool,  WTB  attraction  to  the 
tree  will  be  sufficiently  disrupted  to  mitigate  the  crown  dieback  associated  with  TCD. 
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The  oriental  beetle,  Anomala  orientalis  (Waterhouse)  is  an  invasive  scarab  from  Asia.  Since 
introduction  in  early  1900’s  it  has  become  a  major  pest  of  blueberries,  turf  grass,  and  ornamental 
plants  throughout  the  northeast.  Previous  studies  evaluated  point-source  dispensers  of  the  major 
pheromone  component  for  mating  disruption  of  this  pest.  Densities  as  low  as  25-50  dispensers/ha 
and  loading  rates  as  low  as  0.05  g  of  pheromone/dispenser  were  evaluated  (equaling  1.25  g 
pheromone/ha).  Trap  captures  were  reduced  by  over  90%  in  pheromone  treated  plots  compared 
to  controls.  In  a  later  study  using  an  alternative  formulation  of  the  pheromone,  SPLAT-OrB- 
MD™,  was  as  effective  as  dispensers  at  reducing  trap  capture.  To  lower  cost  of  SPLAT™  for 
control  of  oriental  beetle,  we  investigated  the  potential  of  SPLAT  attract-&-kill  to  maintain 
efficacy  by  including  a  contact  toxin  while  lowering  pheromone  input.  SPLAT-OrB-A&K™ 
reduced  over  90%  trap  capture  at  point  densities  as  low  as  250/  ha,  and  load  rate  of  0.0025 
g/dollop  (0.625  g  pheromone/ha).  To  understand  better  how  SPLAT-OrB-A&K  functions,  we 
investigated  the  behavior  of  oriental  beetles  placed  in  proximity  to  SPLAT  dollops.  Using 
custom  mini-wind  tunnels,  we  exposed  oriental  beetles  to  0.5  g  dollops  of  SPLAT  placed 
upwind.  Three  types  of  SPLAT  dollops  were  tested:  SPLAT-OrB-MD  (pheromone  only), 
SPLAT-OrB-A&K  (pheromone+toxin),  and  SPLAT-BLANK  (as  a  control).  Video  recordings 
were  taken  to  record  behaviors  of  the  exposed  beetles  over  time.  Recordings  were  analyzed  with 
video  tracking  software  (EthoVision®  XT,  Noldus  Information  Technologies)  and  analyzed  for 
patterns  of  behavior.  The  results  will  be  presented  and  discussed  here. 
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Abstract  text: 

The  olfactory  reception  system  of  moth  species  in  Heliothinae  is  an  attractive  model  to  study  the 
evolution  of  the  pheromone  perception.  Helicoverpa  armigera  and  Helicoverpa  assulta  employ 
the  same  two  compounds,  Z1  l-16:Ald  and  Z9-16:Ald  as  principal  pheromone  components,  but 


in  opposite  ratio.  Pheromone  receptors  (PRs)  play  a  pivotal  role  in  peripheral  coding  of  the 
pheromone  blends.  Each  of  the  two  sibling  species  has  7  PRs,  OR6,  OR1 1,  OR13,  OR  14, 

OR  14b,  OR  15,  and  OR  16,  which  are  clustered  in  the  same  branch  by  phylogenetic  analysis.  Our 
previous  study  has  elucidated  the  function  of  HarmOR6,  HarmOR14b,  HassOR6,  and 
HassOR16.  In  this  study,  we  further  investigate  the  expression  level  of  7  PRs  in  the  antennae  of 
each  species  using  qPCR,  examine  the  function  of  the  other  PRs,  HarmOR13,  HarmOR14, 
HassOR14,  and  HarmOR15  with  th zXenopus  laevis  oocyte  expression  system  and  two-electrode 
voltage-clamp  recording,  and  finally  determine  the  localization  of  the  olfactory  sensory  neurons 
expressing  these  PRs  in  sensilla  trichoidea  by  double-color  in  situ  hybridization.  Our  results 
suggest  that  the  evolution  of  PRs  can  meet  species-specific  demands. 
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Abstract  text: 

Pheromone  biosynthesis-activating  neuropeptide  (PBAN),  produced  in  subesophageal  ganglion, 
is  known  to  stimulate  pheromone  biosynthesis  in  Plutella  xylostella.  The  pheromone  production 
is  more  active  in  the  scotophase  than  in  the  photophase,  which  suggests  that  there  may  be 
changes  of  gene  expression  in  the  pheromone  glands.  To  analyze  gene  expression  involving  in 
pheromone  biosynthesis,  we  performed  transcriptomes  of  pheromone  glands  which  were  isolated 
at  every  4  h.  Eleven  pheromone  biosynthesis-related  genes,  acetyl-CoA  carboxylase,  fatty  acid 
synthase,  acyl-CoA  dehydrogenase,  enoyl-CoA  hydratase,  3 -hydroxy acyl-CoA  dehydrogenase, 
A9  desaturase,  All  desaturase,  fatty  acid  reductase,  alcohol  oxidase,  aldehyde  oxidase,  and 
aldehyde  reductase  were  identified.  Among  these  genes,  the  expression  of  aldehyde  reductase 
and  aldehyde  oxidase  were  relatively  higher  in  the  scotophase  than  in  photophase,  which  may 
induce  pheromone  production  in  the  scotophase.  Expression  of  signal  genes  involving  in 
pheromone  biosynthesis  such  as  acyl-CoA  desaturase,  FAR,  PBAN  receptor,  fatty  acid 
transporter  and  acyl-CoA  binding  protein  did  not  exhibited  any  significant  difference. 
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The  pheromone  biosynthesis  in  Plutella  xylostella  is  more  active  in  the  scotophase  than  in  the 
photophase,  which  suggests  that  there  may  be  changes  of  gene  expression  in  the  pheromone 
glands.  To  identify  genes  contributing  to  change  in  pheromone  production,  we  analyzed 
transcriptomes  from  pheromone  glands  of  both  decapitated  females  in  the  photophase  and 
normal  ones  in  the  scotophase.  Comparative  analysis  were  performed  with  transcriptomes  of 
pheromone  glands  from  non-decapitated  (PG+)  females  and  decapitated  ones  (PxPG-)  for 
identification  and  expression  of  putative  genes  associated  with  pheromone  biosynthesis  pathway. 
Deep  sequencing  for  mRNAs  in  the  pheromone  gland  yielded  approximately  7.5Gb  and  totally 
17265  transcript  were  constructed  under  a  homology  cutoff  of  10"6Evalue.  Genes  putatively 
involved  in  pheromone  biosynthesis  were  identified  such  as  acetyl-CoA  carboxylase,  acetyl-CoA 
dehydrogenase,  fatty  acid  synthase  (FAS),  desaturases  (A9  and  All)  and  fatty  acid  reductases 
(FAR)  including  pgFAR,  alcohol  oxidase,  aldehyde  oxidase  and  aldehyde  reductase,  etc. 
Expression  of  6  signal  genes  involving  in  pheromone  biosynthesis  such  as  acyl-CoA  desaturase, 

FAR,  PBAN  receptor,  fatty  acid  transporter,  acyl-CoA  binding  protein  did  not  exhibited  ant 
significant  different  in  both  transcriptomes.  Quantitative  RT-PCR  revealed  that  expressions  of 

FAS,  A1 1  desaturase  and  pgFAR  were  higher  in  PxPG+  than  that  in  PxPG-.  Based  on  results, 

A1 1  desaturase  and  pgFAR  may  have  a  crucial  role  in  sex  pheromone  biosynthesis  of  P. 
xylostella. 
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Pseudacteon  phorid  flies  (Diptera:  Phoridae)  are  parasitoids  of  fire  ants,  Solenopsis  spp. 
(Hymenoptera:  Formicidae).  Studies  showed  that  Pseudacteon  phorid  flies  could  distinguish 
between  fire  ant  species,  and  were  not  attracted  to  native  fire  ants  in  the  field.  Previous  studies  in 
our  laboratory  demonstrated  that  Pseudacteon  spp.  use  fire  ant  semiochemicals,  specifically 
alarm  pheromones  and  venom  alkaloids,  to  locate  host  fire  ant  workers.  However,  it  is  not  clear 
whether  the  same  fire  ant  compounds  are  used  by  phorid  flies  to  discriminate  among  fire  ant 
species.  The  objective  of  this  study  was  to  determine  the  possible  role  of  fire  ant  venom  alkaloids 
in  mediating  host  preference  in  Pseudacteon  phorid  flies.  It  is  hypothesized  that  differences  in 
the  venom  alkaloid  profiles  of  fire  ant  species  mediate  host  preference  in  phorid  flies.  To  test  this 
hypothesis,  a  series  of  behavioral  (olfactometer)  and  electroantennogram  (EAG)  experiments 
were  conducted  to  investigate  the  response  of  two  species  of  phorid  flies  (P.  curvatus  and  P. 
obtusus)  to  cis  and  trans  venom  alkaloid  fractions  from  native  ( S .  geminata)  and  imported  (S. 
richteri ,  S.  invicta ,  and  S.  invicta  x  S.  richteri )  fire  ant  species.  The  ecological  significance  and 
practical  implications  of  the  results  are  discussed. 
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Clubroot  disease,  caused  by  the  soil  borne  protist,  Plasmodiophora  brassicae ,  is  a  major  threat  to 
canola  fields  in  the  Prairie  Provinces  of  Canada.  Infection  with  clubroot  can  induce  the 
production  of  plant  defences  through  the  salicylic  acid  and/or  jasmonic  acid  signalling  pathways. 
It  also  can  change  the  volatile  organic  compounds  released  by  infected  plants,  which  could  alter 
the  oviposition  behavior  of  insect  herbivores.  Here,  we  tested  if  clubroot-diseased  canola  plants 
can  alter  the  oviposition  preference  of  the  generalist  herbivore,  the  Bertha  armyworm,  Mamestra 
configurata  Walker  (Lepidoptera:  Noctuidae).  Both  clubroot  infection  and  Bertha  armyworm 
infestation  are  major  problems  in  canola  fields  in  Prairies,  thus  it  is  important  to  understand  the 
mechanisms  underlying  this  interaction  to  properly  manage  both  threats.  We  used  infected  and 
uninfected  canola  hybrids  (Pioneer  45H26  (susceptible  to  clubroot)  and  Pioneer  45H29  (resistant 
to  clubroot)  in  dual  choice  experiments.  Bertha  armyworm  females  laid  fewer  eggs  on  the 
susceptible  canola  hybrid  when  it  was  infected  with  clubroot  than  on  uninfected  susceptible 
canola  plants.  There  was  no  clear  preference  for  Bertha  armyworm  females  for  either  clubroot 
infected  or  uninfected  resistant  canola  plants.  We  also  collected  canola  volatiles  from  infected 
and  uninfected  susceptible  canola  plants.  Preliminary  experiments  on  canola  volatile  organic 
compounds  revealed  that  clubroot  diseased  plants  emit  amounts  of  canola  volatiles.  Further 
experiments  are  ongoing  to  see  if  clubroot  diseased  plants  have  differential  amounts  salicylic 
acid,  jasmonic  acid  or  their  respective  derivatives. 
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Research  conducted  over  the  last  10  years  has  shown  that  cerambycid  species  share  common 
pheromone  structural  motifs,  often  across  subfamilies.  This  knowledge  of  the  pheromone 
structure  within  the  Cerambycidae  has  facilitated  the  development  of  synthetic  pheromone  lures 
and  lure  blends  that  can  be  used  to  assess  species  presence  and  community  structure  within  and 
across  regions.  A  number  of  surveys  have  used  synthetic  pheromone  lures  to  probe  cerambycid 
populations  in  the  eastern  and  southwestern  U.  S.  To  date,  however,  little  work  has  been 
conducted  using  these  pheromones  to  probe  cerambycid  communities  in  the  Intermountain  West 
region  of  the  U.S.  We  used  baited  flight  intercept  traps  with  one  of  16  pheromone  blends  to 
survey  the  cerambycid  communities  at  four  sites  in  northern  and  southern  Idaho  from  April 
to  September  of  2014-2015  and  will  conduct  similar  studies  during  2016.  Our  study  documented 
the  attraction  of  several  cerambycid  species,  not  yet  known  to  produce  mating  or  aggregation 
pheromones,  to  compounds  known  to  serve  as  mating/aggregation  pheromones  for  other  closely 
related  cerambycid  species.  Our  study  provided  additional  support  for  the  existence  of 
substantial  pheromonal  parsimony  among  cerambycid  congeners  and  within,  and  among, 
cerambycid  families.  In  addition  to  increasing  our  knowledge  of  cerambycid  communities  in  the 
Intermountain  West,  comparison  of  our  data  with  already  published  data  for  congeners  from 
other  regions  of  the  U.S.  will  add  to  our  understanding  of  shared  pheromone  components  among 
these  genera  across  geographic  regions. 
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Spodopteralitura  is  polyphagous  pest  insect  and  feeds  on  plants  of  more  than  90  families.  By  2- 
DE  and  ESI/MS  analysis,  the  glutathione  S-transferaseEpilson  1  gene  ( Slgstel )  was  discovered 
that  its  protein  expression  in  the  midgut  of  S.  litura  fed  with  7  different  plants  was  up-regulated. 
Analysis  of  Slgstel  expression  in  the  midgut  of  S.  litura  feeding  on  B.  juncea  and  its  major 
phytochemicals,  indole-3 -carbinolandally  1-isothiocyanate,  indicated  that  both  mRNA  and  protein 
levels  of  Slgstel  were  up-regulated.  Under  in  vitro  condition  S1GSTE1  could  catalyze  the 
conjugation  of  reduced  glutathione  and  indole-3 -carbinoland  ally  1-isothiocyanate,  as  well  as 
xanthotoxin,  which  is  a  furanocoumarin.  When  the  expression  of  Slgstel  in  the  larvae  was 
suppressed  with  RNAi,  the  larval  growth  and  feeding  rate  were  decreased.  Transcript  factor  Nrf2 
activated  the  expression  of  Slgstel  by  binding  to  the  ARE  element  in  the  promoter  of  Slgstel  by 
EMSA  analysis  and  Dual-luciferase  reporter  experiment.  To  understand  post  transcript 
regulation  of  Slgste  1  expression  in  the  midgut  fed  with  plants,  miRNAs  in  S.  liturami&gui  fed 
with  B.  junceawQYQ  were  subjected  to  high-throughput  sequencing.  miR-375-3p  were 
demonstrated  to  inhibit  Slgste  1  expression  by  binding  to  3’end  of  Slgstel,  and  enhance 
Slgste  1  expression  by  their  degrading  when  S.  litura  feeding  on  B.  juncea.  All  the  results  together 
suggest  that  Slgstel  is  a  critical  detoxifying  enzyme  that  is  induced  by  phytochemicals  in  the 
host  plants  and,  inter  alia,  may  be  related  to  host  plant  adaption  and  its  polyphagy  of  S.  litura. 
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Abstract  text: 

Herbivorous  insects  have  evolved  numerous  behavioral  and  biochemical  mechanisms  for  coping 
with  the  defenses  of  the  plants  they  eat.  Plants  produce  an  astonishing  diversity  of  secondary 
metabolites  as  part  of  their  array  of  defenses  against  herbivory.  Since  the  vast  majority  of  studies 
concerning  the  chemically-mediated  interactions  of  herbivorous  insects  with  their  host  plants  are 
conducted  primarily  or  entirely  during  the  daytime,  and  since  a  significant  portion  of  leaf  area 
removal  by  insects  happens  at  nighttime  in  the  tropics,  we  sought  first  to  measure  rates  of 
herbivory  during  these  two  phases  of  the  diel.  We  did  this  using  leaf  photos  and  single  plant 


herbivore  exclosures,  using  126  individual  plants,  of  4  species  in  the  'species  swarm' 
genera  Piper  and  Psychotria.  Significantly  more  herbivory  occurs  on  these  plants  during  the 
night,  and  the  pattern  is  especially  pronounced  for  young,  expanding  leaves.  Secondly,  I 
characterized  qualitative  differences  in  the  secondary  metabolite  profiles  of  the  leaves  of  these 
plant  species  from  the  night  and  from  the  day,  using  UHPLC-MS/MS.  Network  analyses  of  the 
spectra  suggest  that  plant  secondary  metabolites  vary  greatly  in  their  presence  in  leaves  over  the 
course  of  several  hours,  when  dawn  occurs  between  chemical  sampling  times.  Whether  these 
variations  in  putatively  defensive  compounds  may  affect  the  foraging  times  and  behaviors  of 
herbivorous  insects  remains  as  a  current  question. 
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Introduction:  The  Megacopta  cribraria  invasion  provides  a  unique  opportunity  to  examine  the 
effects  of  rapid  range  expansion  and  new  environmental  variables  on  invasive  species  success. 

Methods:  We  tested  for  rapid  evolution  at  the  invasion  front  that  may  have  contributed  to  rapid 
range  expansion  through  variation  in  dispersal  related  phenotypes  (such  as  body  size  and  wing 
size/shape).  We  also  tested  the  hypothesis  that  the  microbiome  of  the  kudzu  bug  differs  between 
the  native  and  invasive  ranges,  with  new  microbial  acquisitions  in  the  invasive  range  potentially 
contributing  to  the  invader’s  success. 


Student  Poster  Competition 


Presentation  Title:  Comparative  transcriptome  analysis  reveals  differences  in  flight  ability 
between  Bactrocera  dorsalis  and  B.  correcta  (Diptera:  Tephritidae) 

Author  Name:  Shaokun  Guo 

Author  Institution:  China  Agricultural  University 

Session  Title:  Graduate  Student  Poster  Competition:  Invasive  and  Exotic  Entomology 
Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3 1 14 
DOI:  10. 1603/ICE.2016.1 10905 
Abstract  text: 

Introduction:  Flight  ability  is  important  for  invasive  pests  during  the  process  of  entry, 
establishment  and  spreading.  Bactrocera  dorsalis  (Bd)  and  B.  correcta  (Be),  which  can  cause 
serious  damage  to  fruits  and  vegetables,  have  been  regarded  as  invasive  fruit  flies  in  China.  B. 
dorsalis  has  a  longer  invasive  history  and  wider  geographic  distribution  in  China  than  B. 
correcta.  However,  the  underlying  molecular  basis  remains  unknown. 

Methods:  Illumina  RNA-Seq  was  used  to  identify  transcription  profiles  associated  with  flight 
ability  between  the  two  Bactroceraspecies. 

Results/Conclusion:  Transcriptome  data  showed  that  there  were  6,392  differentially  expressed 
genes  between  B.  dorsalis  and  B.  correcta ,  and  19,829  annotated  unigenes  were  obtained  by 
BLAST  searching  NR,  SwissProt,  GO,  COG,  and  KEGG  databases.  The  flight  ability  appeared 
to  be  correlated  with  change  at  the  transcription  level  of  proteins  involved  in  flight  muscle 
structure,  lipid  metabolism  and  hormonal  control.  This  study  determined  differential  genes 
related  to  flight  ability  in  two  economically  important  fruit  flies,  and  provides  insights  into 
fundamental  transcriptomics  for  further  study  of  prevention  and  control  of  invasive  pests. 
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Abstract  text: 

Introduction:  Spotted  wing  Drosophila,  Drosophila  suzukii  Matsumura  (Diptera:  Drosophilidae), 
is  an  invasive  pest  of  global  concern  that  attacks  a  wide  range  of  fruit  prior  to  harvest,  causing 
serious  economic  losses.  Preliminary  results  suggest  D.  suzukii  oviposition  may  facilitate 
oviposition  by  saprophagous  Drosophila  species. 

Methods:  We  characterized  the  distribution  of  total  drosophilids,  including  D.  suzukii ,  within  a 
sweet  cherry  block  ( Prunus  avium)  and  the  tree  canopy  by  sampling  ca.  2,160  cherries  from  5 
cultivars  over  6  weeks  in  2015.  Trees  (6-9  m  high)  from  the  interior  and  border  rows  of  a  block 
were  selected,  canopies  were  divided  into  4  sectors  (top/bottom  x  north/south),  and  15  cherries 
per  sector  were  collected.  Drosophila  and  other  arthropods  were  reared  from  individual  cherries 
for  2  weeks  under  controlled  conditions,  and  identified. 

Results/Conclusion:  Of  1,944  cherries  assayed  to  date,  72%  were  infested  with  Drosophila  spp.\ 
primarily  D.  suzukii ,  D.  melanogaster  and  D.  pseudoobscura.  The  mean  number  of  drosophilids 
within  each  sector  was  analyzed  using  a  fully-factorial  design  to  determine  the  significance  of 
cultivar,  row  position,  height,  and  aspect.  Biological  interactions  between  spp.  utilizing  the  same 
cherry  were  also  examined.  The  results  indicate  that  drosophilid  oviposition  is  affected  by  factors 
such  as  microclimate,  fruit  phenology,  and  suggest  that  interspecies  facilitation  is  occurring.  Our 
results  add  to  the  few  studies  that  have  quantified  the  temporal-spatial  pattern  of  drosophilid 
oviposition  in  fruit,  and  will  be  used  to  inform  integrated  pest  management  programs. 
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Abstract  text: 

Introduction:  Drosophila  suzukii  (Matsumura)  (Diptera:  Drosophilidae)  is  an  emerging  insect 
pest  in  fruit  production  in  North  Dakota,  where  populations  were  first  detected  in  east  central 
North  Dakota  on  Prunus  cerasus  in  2013.  Unlike  other  vinegar  flies  that  prefer  to  attack  overripe 
and  rotting  fruit,  D.  suzukiioviposits  in  healthy,  ripening  fruits.  Larvae  feed  in  the  fruit,  causing 
economic  losses  from  spoilage  and  visible  damage  to  high  value  crops,  rendering  them 
unmarketable. 

Methods:  In  the  absence  of  formal  trapping  efforts,  detection  of  D.  suzukiithroughout  North 
Dakota  has  relied  on  submissions  of  contaminated  fruit  to  the  North  Dakota  State  University 
(NDSU)  Plant  Diagnostic  Laboratory. 

Results/Conclusion:  Specimen  records  from  2013  to  present  indicated  that  D.  suzukii  has  quickly 
spread  to  15  counties  throughout  the  state.  As  of  2015,  D.  suzukii  populations  have  been 
confirmed  on  Rubus  spp.,  Prunus  cerasus ,  Amelanchier  spp.,  and  Vitis  spp.  The  introduction  and 
spread  of  D.  suzukii  will  change  how  small  fruits  are  grown  in  North  Dakota,  though  it  is 
unknown  whether  D.  suzukii  will  be  a  significant  pest  of  newer  or  more  novel  specialty  fruit 
crops  of  North  Dakota,  such  as  Aronia  spp.,  Rubus  spp.,  Prunus  virginiana ,  Sambucus  spp., 
Lonicera  caerulea,  or  Ribes  spp.  Further  research  to  determine  D.  suzukii  host  preference,  local 
phenology,  and  resistant  fruit  crop  varieties  is  essential  to  create  management  plans  that 
minimize  commercial  losses  from  the  rapid  spread  and  economic  damage  potential  of  D.  suzukii. 
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Abstract  text: 

Introduction/Methods:  A  Y-tube  olfactometer  apparatus  was  used  to  determine  if  parasitoids 
(Figitidae:  Leptopilina  spp.,  Pteromalidae:  Pachycrepoideus  vindemiae)  of  frugivorous 
drosophilids  have  a  preference  for  a  particular  host  food  substrate.  Substrates  tested  include 
raspberry,  blueberry,  cherry,  grape,  and  banana. 


Results/Conclusion:  Preliminary,  proof-of-concept  olfactometer  experiments  showed  that,  when 
given  a  choice  between  clean  air  and  fruit  infested  with  Drosophila  melanogaster,  mated  females 
of  Leptopilina  prefer  the  infested  fruit.  Results  comparing  the  attractiveness  of  selected  host  food 
substrates  to  parasitoids  of  drosophilids  will  be  presented.  The  results  of  these  experiments  could 
have  important  implications  for  the  use  of  hymenopterous  parasitoids  as  biological  control 
against  the  exotic  invasive  pest,  spotted  wing  drosophila,  Drosophila  suzukii ,  which  affects  many 
different  fruit  crops  in  the  U.S. 


Student  Poster  Competition 

Presentation  Title:  Structure  access  and  settling  behavior  of  overwintering  brown  marmorated 
stink  bugs  ( Halyomorpha  halys) 

Author  Name:  Benjamin  Chambers 

Author  Institution:  Virginia  Polytechnic  Institute  and  State  University 

Session  Title:  Graduate  Student  Poster  Competition:  Invasive  and  Exotic  Entomology 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3120 

DOI:  10. 1603/ICE.2016. 113295 

Abstract  text: 

Introduction:  Halyomorpha  halys ,  an  Asian  invasive  species,  has  established  in  North  America 
and  continues  to  spread.  In  addition  to  being  an  important  agricultural  pest,  this  species  can  be  a 
major  nuisance  in  human  habitations  where  it  chooses  to  overwinter.  This  research  examined  the 
behavior  of  these  insects  as  they  move  on  and  into  single-family  residential  structures,  in  search 
of  places  to  settle  down  for  the  winter. 

Methods/Results:  In  the  first  part  of  this  study,  movement  directions  of  H.  halys  walking  on  the 
sides  of  buildings  were  recorded.  A  tendency  towards  upward  movement  was  observed.  To 
determine  the  limits  on  sizes  of  gaps  through  which  H.  halys  can  pass,  groups  of  bugs  were 
placed  in  boxes  with  laser-cut  holes  and  heated  to  encourage  exiting.  Passage  of  bugs  was 
limited  by  their  vertical  compressibility  and  pronotum  width.  Holes  3mm  tall  or  7mm  wide 
prevented  passage  of  males,  and  females  were  mostly  unable  to  pass  through  4mm  tall  or  8mm 
wide  holes.  To  determine  the  impact  of  dead  bugs  from  previous  years  in  settling  spaces, 
diapausing  insects  were  allowed  to  settle  in  their  presence.  Tests  included  groups  of  live  bugs 
placed  in  containers  with  single  dead  bugs,  and  single  live  bugs  placed  in  containers  with  groups 


of  dead  bugs.  Additionally,  bugs  were  allowed  to  choose  between  refuges  that  were  empty  or 
contained  dead  bugs  to  evaluate  non-tactile  response. 


Student  Poster  Competition 

Presentation  Title: 

Variations  in  RNAi  efficacy  among  insect  species,  mediated  through  different  delivery  modes,  is 
attributable  to  dsRNA  degradation  in  vivo 

Author  Name:  Kangxu  Wang 

Author  Institution:  Nanjing  Agricultural  University 

Session  Title:  Graduate  Student  Poster  Competition:  RNAi  and  Gene  Expression  Control  in 
Insects 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  D3121 
DOI:  10.1603/ICE.2016.1 10913 
Abstract  text: 

Introduction:  RNA  interference  (RNAi)  has  become  an  essential  technique  in  entomology 
research.  Injection  and  feeding  of  in  vitro  synthesized  dsRNA  are  the  most  widely  used 
approaches  for  administering  RNAi  in  insects.  However,  the  efficiency  of  RNAi  varies 
dramatically  with  insect  species  and  the  mode  of  dsRNA  delivery. 

Methods:  The  sensitivity  to  RNAi  in  two  insect  species  was  compared  by  both  injection  and 
feeding  treatments.  A  sensitivity  method  was  established  to  monitor  the  in  vivo  dynamics  of 
dsRNA  content  after  injection  and  feeding. 

Results/Conclusion:  The  results  showed  that  injected  dsRNA  targeting  the  homologous  gene 
resulted  in  significant  depression  in  Locusta  migratoria ,  but  no  depression  in  Spodoptera  litura 
was  detected,  whereas  feeding  dsRNA  was  found  to  be  totally  ineffective  in  both  of  the  insects. 
Furthermore,  RNAi  effects  were  found  to  correlate  with  the  post-treatment  hemolymph  dsRNA 
dynamics,  including  the  length  of  the  increase  phase,  the  peak  level  reached,  and  the  persistence 
time  of  the  detectable  dsRNA  concentration  in  the  hemolymph  of  different  insect  species.  And  in 
vitro  degradation  of  midgut  juice  and  hemolymph  indicated  that  the  degradation  capacities  in 
these  two  media  were  the  key  factor  determining  the  dsRNA  dynamics  in  vivo.  In  conclusion, 
the  RNAi  efficacy  in  different  insect  species  depends  on  the  dsRNA  dynamics.  Thus,  enzyme 


degradation  in  vivo  should  be  taken  into  consideration  as  a  good  approach  for  use  of  RNAi  in 
insects. 
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Introduction:  Insect  pests  cause  significant  economic  damage  to  stored  grain  products,  with  the 
red  flour  beetle  Tribolium  castaneum  (Herbst.)  and  the  rice  weevil  Sitophilus  oryzae  L. 
responsible  for  an  annual  loss  of  10-40%  of  stored-grain.  Gene  silencing  techniques,  such  as 
RNA  interference  (RNAi),  have  been  suggested  as  a  viable  approach  to  control  crop  pests  and, 
thus,  increase  crop  productivity.  In  this  study,  shaker  ( sh )  and  small  conductance  calcium- 
activated  potassium  channel  (, sk )  genes,  which  play  important  roles  in  nerve  cell  ion  channels, 
were  knocked  down  in  T.  castaneum ,  using  injection  and  oral  delivery  of  dsRNA  targeted  to 
these  two  genes. 

Methods:  Expression  of  sh  and  ^transcripts  in  different  life  stages  of  T. castaneum  were 
determined  by  q-PCR.  dsRNA,  targeted  to  sk  or  sh,  was  synthesised  by  in  vitro  transcription  and 
delivered  by  feeding  or  injection  at  a  range  of  concentrations. 

Results/Conclusion:  Q-PCR  studies  demonstrated  that  both  sk  and  sh  were  expressed  in  all 
developmental  stages,  with  the  highest  expression  levels  in  adults  and  pupae,  whilst  the  lowest 
expression  was  in  the  larval  stages  (p  <  0.05).  Oral  delivery  of  dsRNA  for  either  sh  or  sk 
demonstrated  a  dose-response  effect  in  terms  of  gene  knockdown  and  mortality,  with  100% 
mortality  at  higher  concentrations;  LCsovalues  were  lower  for  sk,  demonstrating  that  knockdown 


of  this  gene  had  a  greater  effect  on  subsequent  mortality.  Similar  trends  were  observed  when 
dsRNA  was  delivered  via  injection.  This  study  demonstrates  the  potential  of  RNAi  as  a 
technology  for  future  control  of  T.  castaneum. 
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Introduction:  Dectes  stem  borer,  Dectes  texanus  (Coleoptera:  Cerambycidae),  is  a  long-horned 
beetle  pest  of  soybeans  and  sunflowers.  U.S.  soybean  harvests  are  reduced  between  15  to  30% 
after  larval  feeding  weakens  the  plant  stem.  To  reduce  yield  losses  and  manage  this  pest, 
development  of  D.  texanus- resistant  soybean  varieties  is  essential.  Soybean  resistance  to  D. 
texanus  can  be  enhanced  with  the  delivery  of  double  stranded  RNA  (dsRNA)  in  planta  to 
suppress  gene  expression  by  RNA  interference  (RNAi).  DsRNA  expressed  in  planta  can  be 
designed  specifically  to  target  and  silence  D.  texanus  genes  important  for  development,  and 
consequently  reduce  crop  damage.  Although  RNAi-based  silencing  is  successful  in  the 
cerambycid  Monochamus  alternatus  and  other  beetle  pests,  information  is  unknown  about 
successful  silencing  by  RNAi  in  D.  texanus.  The  objective  of  this  research  is  to  silence  Laccase2 
(Lac 2),  which  controls  cuticle  pigmentation  and  hardening,  in  D.  texanus  by  injecting  and 
feeding  fifth  instar  larvae  with  Zac2-dsRNA. 

Methods:  A  putative  D.  texanus-Lac2  fragment  (~700  bp)  was  amplified  using  degenerate  and 
Tribolium  castaneum  Lac2b  primers.  If  successful,  Zac2-dsRNA  treated  larvae  will  lack 
pigmentation  and  hardening  of  pupal  and  adult  cuticle. 

Results/Conclusion:  Results  from  these  experiments  are  important  to  assess  the  feasibility  of 
delivering  dsRNA  in  planta  for  management  of  D.  texanus  and  increasing  soybean  yields. 
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Introduction:  Asian  citrus  psyllid,  Diaphorinacitri  Kuwayama  (Hemiptera:  Liviidae),  is  an 
important  pest  of  citrus.  In  addition,  D.  citri  is  the  vector  of  Huanglongbing,  a  destructive  disease 
in  citrus,  also  known  as  citrus  greening  disease  caused  by  Candidatus  Liberibacterasiaticus. 
Huanglongbing  causes  huge  losses  for  citrus  industries.  Insecticide  application  for  D.  citri  is  the 
major  strategy  to  prevent  disease  spread.  The  heavy  use  of  insecticides  causes  development  of 
insecticide  resistance.  We  use  RNA  interference  (RNAi)  to  silence  genes  implicated  in  pesticide 
resistance  in  order  to  increase  the  susceptibility. 

Methods:  The  activity  of  dsRNA  to  reduce  the  expression  of  carboxyesterases(CarE)  in  D. 
citriwas  investigated.  The  dsRNA  was  applied  topically  to  the  fifth  instar  of  nymphs,  while  the 
activity  of  CarE  was  measured  in  the  emerged  adults.  We  targeted  several  CarE  genes  using 
dsRNA  against  a  consensus  sequence.  In  other  experiments,  emerged  adults  after  treatment  were 
challenged  with  imidicloprid  in  petri  dish  assays  to  test  the  susceptibility. 

Results/Conclusion:  Gene  expression  analysis  showed  a  dramatic  reduction  of  the  expression  of 
CarE  in  emerged  adults  resulting  from  dsRNA-treated  nymphs.  Enzymatic  activity  assay 
confirmed  the  RT-PCR  results.  Emerged  adults  were  significantly  more  susceptible  to 
imidicloprid.  In  the  era  of  environmentally  friendly  control  strategies,  RNAi  is  a  new  promising 
venue  to  reduce  pesticide  applications. 
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Spotted  wing  drosophila  (SWD),  Drosophila  suzukii ,  is  a  destructive  invasive  pest  that  attacks  a 
wide  range  of  ripening  fruits  including  all  berry  and  cherry  crops.  The  distribution  of  SWD  is 
rapidly  expanding  across  North  America  and  Europe.  The  estimated  economic  impact  from  crop 
yield  loss,  drop  in  market  value,  and  higher  management  cost  is  hundreds  of  millions  of  dollars 
in  the  U.S.  alone,  and  increasing  every  year.  Recently  SWD  management  has  been  ranked  a  top 
priority  in  mostly  small  fruits.  Current  control  methods  depend  on  non-specific  chemical 
insecticides  that  negatively  impact  the  environment,  human  health  and  can  lead  to  potential 
resistance,  and  should  be  replaced  with  environmentally  friendly  alternative  approaches. 

To  develop  biologically-based  pesticides  for  SWD  control  we  searched  and  evaluate  potential 
RNAi  targets  and  their  delivery  for  non-transgenic  control  strategy.  The  selection  of  suitable 
RNAi  target(s)  from  screening  of  effective  RNAi  candidates  is  a  critical  step  to  develop  RNAi- 
based  control  because  RNAi  impacts  vary  depending  on  insect  and  target.  We  employed  novel 
biological  screening  methods  with  genomics,  proteomics  and  bioinformatics  tools  to  search 
RNAi  targets  to  control  SWD. 
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Introduction:  Latest  developments  in  epigenetic  research  suggest  that  modification  of  histones 
and  other  proteins  play  key  roles  in  the  regulation  of  development.  The  role  of  epigenetic 
regulation  on  ecdysone  action  had  been  demonstrated. 

Methods:  To  determine  the  function  of  histone  deacetylases  (HDACs)  and  histone 
acetyltransferase  (HATs)  in  Tribolium  castaneum,  we  employed  RNA  interference  (RNAi). 
Double-stranded  RNAs  (dsRNAs)  targeting  genes  coding  for  HDACs  and  HATs  were  injected 
into  the  newly  molted  last  instar  larvae  or  newly  emerged  adult  females. 

Results/Conclusion:  dsRNA-mediated  knockdown  of  the  expression  of  genes  coding  for  some  of 
the  HDACs  and  HATs  caused  severe  developmental  arrest  and  mortality.  The  RNAi  larvae  with 
reduced  levels  of  some  HDACs  and  HATs  died  during  the  quiescent  stage  prior  to  entering  the 
pupal  stage,  suggesting  that  they  are  essential  for  larval  growth  and  development.  The  female 
adults  injected  with  dsRNAs  targeting  some  of  the  HATs  laid  fewer  eggs,  and  a  lower  percentage 
of  these  eggs  were  hatched,  suggesting  that  these  enzymes  are  also  important  for  successful 
completion  of  reproduction  and  embryogenesis. 
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Introduction:  Insect  chitin  synthase  gene  is  important  in  insect  development.  The  regulation 
mechanism  of  this  kind  of  gene  has  not  been  reported. 

Methods:  In  this  study,  we  examined  the  expression  of  silkworm  chitin  synthase  CHSA-2a/b  and 
19a/b,  four  shear  mode  spectrum. 

Reults/Conclusion:  qPCR  analysis  indicated  that  BmCHSA-2a/19a  was  mainly  expressed  during 
the  larval-larval  and  larval-pupal  transitions,  while  BmCHSA-2b/l 9b  was  highly  expressed  in  the 
mid-pupal  stage.  Moreover,  the  expression  of  BmCHSA-2b/l 9b  up-regulated  by  20- 
hydroxyecdysone.  High  expression  of  BmCHSA-2b  in  the  mid-pupal  stage  is  different  between 
males  and  females  (male  expression  level  was  1.85  times  that  of  females,  pupal  wing  expression 
level  was  about  5  times  that  of  the  epidermis).  Using  the  bisulfite  sequencing  (BSP)  technique 
for  the  detection  of  BmCHSA-2b  on  methylation  content,  we  found  differences  in  gene 
methylation  in  gender  and  organization,  female  pupal  wing  and  male  pupal  wing  methylation 
contents  were  1.98%,  0.81%,  respectively;  epidermis  and  pupal  wing  methylation  was  3.09% 
and  1.34%,  respectively.  Treatment  by  methylation  inhibitor  (5-aza-dC)  found  that  male  and 
female  and  tissue  expression  was  significantly  increased,  methylation  content  of  female  and  male 
pupal  wing  was  decreased  to  0%,and  0.34%,  and  epidermis  and  pupa  wing  were  decreased  to 
0.49%  and  0.21%,  respectively.  Injection  of  double-stranded  RNAs  of  BmCHSA-2b  significantly 
reduced  the  corresponding  gene  expression.  Additionally,  silencing  of  BmCHSA-2b  resulted  in 


67.5%  silkworm  wing  collapse,  wing  area  decreased,  the  content  of  chitin  reduced.  It  proved  out 
that  BmCHSA-2b  is  involved  in  the  pupal  wing  development  and  regulated  by  DNA  methylation. 
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Introduction:  Photoperiodism  is  a  biological  timing  system  that  enables  organisms  to  anticipate 
upcoming  seasons  and  coordinate  their  life  cycle  to  seasonal  environmental  changes  in  response 
to  day  length  (photoperiod).  Although  it  has  been  considered  that  a  circadian  clock  is  involved  in 
the  photoperiodic  time  measurement  system,  molecular  details  of  the  clock  is  still  veiled.  Here 
we  investigated  the  role  of  the  circadian  clock  gene,  period  {per),  which  is  well-known  to  govern 
the  locomotor  activity  rhythm,  in  photoperiodism  of  the  jewel  wasp,  Nasonia  vitripennis.  This 
species  shows  a  clear  photoperiodic  response;  female  wasps  reared  under  long-day  conditions  lay 
eggs  that  develop  to  adulthood  without  developmental  interruption,  whereas  those  reared  under 
short-day  conditions  lay  eggs  that  enter  larval  diapause. 

Methods:  For  RNA  interference  (RNAi),  we  constructed  double- stranded  RNA  of  per ,  injected  it 
into  female  wasps,  and  observed  diapause  status  of  their  offspring. 

Results/Conclusion:  RNAi  wasps  failed  to  produce  diapause-destined  eggs  in  response  to  short- 
day  conditions.  This  indicates  that  per  is  essential  for  the  photoperiodic  response  in  this  species. 
Exposure  to  low  temperature  prompts  wasps  to  lay  diapause-destined  eggs.  RNAi  wasps  also  laid 
diapause-destined  eggs  after  exposure  to  low  temperature.  This  indicates  that  per  RNAi  did  not 
disrupt  the  maternal  physiology  directly  involved  in  production  of  diapause-destined  eggs.  We 
will  discuss  the  role  of  per  in  photoperiodism. 
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Currently,  the  dominant  aphid  species  on  cultivated  sorghum,  Sorghum  bicolor,  in  Kansas  are  the 
sugarcane  aphid,  Melanaphis  sac chari,  and  the  corn  leaf  aphid,  Rhopalosiphum  maidis.  In 
addition  to  cultivated  sorghum,  both  species  may  also  feed  on  Johnsongrass,  S.  halepense ,  which 
is  one  of  the  most  harmful  agricultural  weeds  in  the  world.  We  investigated  whether  populations 
of  sugarcane  aphid  and  corn  leaf  aphid  collected  from  29  counties  in  Kansas  from  cultivated 
sorghum  and  Johnsongrass  differed  genetically  based  on  nucleotide  sequence  analyses  of  the 
cytochrome  oxidase  I  gene.  For  both  species,  populations  collected  from  different  hosts  were  not 
genetically  distinct,  indicating  that  Johnsongrass  may  act  as  a  reservoir  for  aphid  populations 
when  sorghum  is  not  cultivated.  Genetic  diversity  was  extremely  low,  with  a  single  haplotype  for 
each  species  present  throughout  the  state.  The  lack  of  spatial  genetic  structuring  in  both  species 
may  be  a  function  of  their  remarkable  ability  to  disperse  and  become  established  with  a  single 
genotype  and  suggests  that  these  populations  in  Kansas  reproduce  primarily  by  apomictic 
parthenogenesis.  Comparison  with  populations  from  additional  geographic  regions  pointed  to 
multiple  origins  for  sugarcane  aphid  in  the  United  States,  although  corn  leaf  aphid  populations 
were  uniform  over  a  broad  geographic  range. 
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Abstract  text: 

The  sugarcane  aphid  (Melanaphis  sacchari )  has  been  a  serious  pest  of  sorghum  ( Sorghum 
biocolor )  in  the  Southeastern  United  States  since  2013.  Rapid  population  buildup  can  result  in 
severe  physiological  yield  loss,  grain  loss  at  harvest,  and  premature  death  of  the  plant.  With  the 
emergence  of  this  new  pest,  entomologists  in  the  region  have  quickly  established  action  and 
economic  thresholds  for  use  with  sorghum  grown  for  grain,  forage,  or  fodder.  Several 
insecticides  with  varying  levels  of  efficacy  against  sugarcane  aphid  are  available  for  these  types 
of  sorghum,  but  for  sweet  sorghum  there  are  no  insecticides  available.  Production  of  sorghum 
syrup  from  the  juice  of  sweet  sorghum  requires  additional  residue  analysis  for  labeling.  In 
August  2015  this  pest  was  first  detected  in  Kentucky  on  sweet  sorghum  and  many  small  scale 
producers  sustained  complete  crop  loss.  In  the  absence  of  chemical  control  options,  sweet 
sorghum  producers  in  2016  relied  on  alternative  cultural  and  biological  methods  to  manage  this 
new  pest.  Some  of  the  tactics  employed  by  producers  include  earlier  maturing  but  less  productive 
varieties  and  transplanting  sweet  sorghum  to  reduce  exposure  and  companion  plantings  to 
increase  natural  enemies  of  sugarcane  aphid  early  season. 
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Introduction:  The  oriental  fruit  moth  (OFM),  Grapholita  molesta  (Busck),  and  the  green  peach 
aphid  (GPA),  Myzus  per  sic  ae  (Sulzer),  are  both  worldwide  key  pests  affecting  commercial 
cultivars  of  peach  {Prunus  per  sic  a  L.)  and  nectarine  (P.  persica  var.  nectarina).  Preliminary 
observations  in  peach  and  nectarine  orchards  in  Chile  showed  a  higher  infestation  of  OFM  on 
aphid  susceptible  nectarine  cultivars. 

Methods:  A  study  was  conducted  to  evaluate  the  host  colonization  of  the  OFM,  measured  as 
shoot  damage  on  hosts  with  contrasting  levels  of  GPA  presence.  The  study  was  conducted  on 
potted  plants  of  two  cultivars  of  both  peach  and  nectarine  with  and  without  the  application  of  an 
insecticide  targeting  aphids.  Treatments  were  arranged  in  a  block  design  and  utilized  natural 
rates  of  aphid  and  OFM  infestation  of  the  potted  trees. 

Results/Conclusion:  GPA  colonization  preceded  the  colonization  by  OFM  on  cultivars  without 
aphid  control.  In  addition,  infestation  rates  of  OFM  were  significantly  higher  on  trees  with  prior 
GPA  infestation.  These  results  suggest  that  previous  damage  caused  by  GPA  could  facilitate  the 
colonization  by  OFM  on  some  cultivars.  Our  results  also  suggest  that  volatiles  released  by  aphid- 
damaged  trees  are  attractive  to  OFM.  Future  studies  will  characterize  these  volatiles  and  test 
them  for  their  attractiveness  to  OFM. 
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Pollination  by  wild  animals  is  a  key  ecosystem  service  not  only  in  natural  landscapes,  but  in 
agriculture  as  well:  around  35%  of  global  food  production  comes  from  crops  that  depend  on 
pollinators.  The  diversity  of  insect  pollinators  is  huge,  but  the  commercial  availability  of  species 
for  crop  pollination  is  especially  limited  to  the  social  Apis  mellifera  and  different  species  of  the 


genus  Bombus.  However,  solitary  bees  can  be  as  efficient  as  the  social  ones  and  harbour  an 
enormous  diversity  of  species.  Other  plant  pollinators  are  located  not  only  in  different  families  of 
the  order  Hymenoptera  but  in  Coleoptera,  Diptera  and  Lepidoptera  orders  as  well.  The  book  is 
divided  in  two  parts.  In  the  first  part  we  present  basic  aspects  of  pollination,  highlight  the 
importance  of  solitary  bees  in  crops  and  the  need  of  set  up  measures  to  preserve  pollinators.  In 
the  second  part,  within  the  different  insect  orders,  we  describe  the  species  giving  information  on 
their  biology  and  plant  preferences.  More  than  500  plant-pollinator  interactions  and  400  high 
quality  photos  are  included  together  with  keys  to  identify  adults  up  to  the  family  level. 
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Rice  is  one  of  the  major  staple  foods  in  Burkina  Faso.  There  is  a  yearly  increase  of  7%  in  the 
domestic  demand  for  rice,  but  only  52%  of  the  need  is  covered  by  local  production.  The  balance 
is  imported.  In  Burkina  Faso,  rainfed  lowland  and  upland,  and  irrigated  rice  are  grown,  but  the 
ecology  of  the  last  is  the  most  productive  because  of  total  water  control  and  an  importance  of 
inputs.  Several  constraints,  including  insect  pests,  affect  rice  production  in  Burkina  Faso.  The 
major  insect  pests  include  rice  stem  borers  Chilo  spp.,  Maliarpha  separatella,  and  Sesamia 
calamistis.  African  Rice  Gall  Midge,  Orseolia  oryzivora,  and  Diopsis  spp.  are  also  important 
insect  pests.  Several  control  methods  have  been  investigated.  They  include  agronomic  practices 
like  early  planting  to  avoid  insect  pests  populations  peaks,  biological  control,  chemical  control 
and  integrated  pest  management.  Biological  control  has  a  good  potential  and  the  training  of  small 
farmers  in  IPM  through  farmer’s  field  schools  has  resulted  in  interesting  impacts  in  the  field. 
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Proper  identification  of  arthropods  is  essential  for  determining  species  of  concern  and  best 
control  strategies.  Here  we  present  a  new  digital  manual  on  insect  and  other  arthropod  pests  of 
greenhouses,  with  a  focus  on  floricultural  and  ornamental  plants.  The  manual  is  intended  for  a 
general  audience,  especially  growers  and  non-entomologists,  and  builds  on  information  from 
previous  such  handbooks.  Not  only  does  the  manual  present  updated  information,  but  it  is  also 
richly  illustrated  using  photographs  and  videos  achieved  through  the  newest  imaging  techniques 
Particular  attention  is  payed  to  the  different  life  stages  of  these  pests. 
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Studies  conducted  during  the  2015  and  2016  growing  seasons  in  northwestern  Ohio  were 
designed  to  investigate  the  influences  of  different  plant  communities  on  the  edges  of  corn  and 
soybean  agroecosystems  on  insect  community  structure  in  these  edge  habitats.  In  2015,  yellow 
sticky  traps  were  positioned  in  the  edge  habitats  to  sample  insects,  and  the  plant  communities 
were  quantified.  In  2016,  sweep  netting,  yellow  pan  traps,  and  yellow  sticky  traps  were  used  to 
sample  and  quantify  insect  communities.  In  both  years,  species  richness  and  species  diversity 
were  calculated  for  the  insect  community  as  a  whole,  and  then  for  different  component 
communities  (predator,  parasitoid,  and  phytophagous  species).  Correlations  between  plant 
communities  and  insect  communities  were  also  investigated. 
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In  the  Canadian  Prairies,  4  species  of  lygus  bugs  ( Lygus  lineolaris ,  L.  keltoni ,  L.  elisus ,  L. 
borealis)  colonize  various  crops  and  may  reach  densities  that  require  insecticide  spraying  to 
prevent  yield  losses.  In  canola  ( Brassica  napus  L.)  in  Alberta,  L.  lineolaris  is  the  main  pest  in 
central  and  northern  humid  regions,  but  L.  keltoni  is  dominant  in  the  dry  regions  of  the  south. 
Economic  thresholds  were  developed  for  lygus  in  the  late  1980s  using  a  conventional  cultivar 
(Westar)  in  southern  Manitoba.  However,  high  yielding,  herbicide  tolerant  hybrids  have  replaced 
conventional  cultivars.  The  objective  of  this  study  was  to  validate  the  current  threshold  for  lygus 
bugs  using  a  commonly  planted,  modern  hybrid  cultivar  and  compare  lygus  yield  effects  to 
Westar.  From  2012  to  2015,  we  conducted  cage  studies  at  three  locations  in  Alberta: 

Beaverlodge  (north),  Lacombe  (central)  and  Lethbridge  (south).  Densities  of  lygus  bugs  were 
manipulated  by  adding  from  0  up  to  80  lygus  adults  to  1  m  square  cages  that  confined  canola 
plants.  Results  will  be  used  to  assess  the  need  to  revise  the  economic  thresholds. 
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Introduction:  Thrips,  Frankliniella  occidentalism  scouting  in  rose,  carnation  and 
Alstroemeria  flower  crops  in  Colombia  is  needed  to  evaluate  the  predator  bug,  Orius 
insidiosus ,  because  its  effectiveness  depends  on  its  prey's  population  density.  Growers  scout  for 
presence/absence,  ignoring  pest  density,  due  to  a  lack  of  information  about  the  significant  sample 
size.  This  paper  aims  to  determinate  the  representative  sample  size  for  estimating  the  population 
density  of  thrips  under  commercial  conditions. 

Methods:  The  population  density  of  thrips  in  745  plants  from  each  crop  was  counted  every  2 
weeks  for  6  months,  until  10  samples.  Data  was  analyzed  using  a  lineal  regression  between  the 
mean  and  the  variance  of  the  number  of  thrips  per  plant  between  all  sampling  events.  Sample 
size  was  estimated  using  the  regression  parameters  according  to  Taylor’s  Law. 

Results/Conclusion:  All  crops  showed  a  significant  linear  regression  and  an  index  of  aggregation 
(corresponding  to  aggregated  distribution)  higher  than  one.  Sample  sizes  estimated  using  the 
Taylor’s  Law  equation  were  plotted  against  the  number  of  thrips.  According  to  the  graphs,  the 
sample  size  at  a  5%  significant  level  was  1 1  plants  per  bed  for  rose,  4  plants  per  bed  for 
Alstroemeria  and  9  plants  per  bed  for  carnation,  for  a  population  density  of  one  thrips  per  plant, 
the  economical  threshold  used  for  this  pest  in  crops. 

Financing  by  “Fondo  Nacional  para  La  Ciencia,  la  Tecnologia,  y  la  innovacion  Francisco  Jose  de 
Caldas  -  COLCIENCIAS.  “Product  derived  of  project  CIAS  1919,  funded  by  the  Vice-rectory 
for  Research  of  the  Nueva  Granada  Military  University”. 
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Abstract  text: 


Introduction:  The  bronze  bug  Thaumastocoris  peregrinus  is  a  serious  pest  of  eucalyptus  trees 
and  the  egg  parasitoid  Cleruchoides  noackae  (Hymenoptera:  Mymaridae)  is  a  potential  agent  of 
biological  control  for  this  insect.  The  effectiveness  of  the  C.  noackae  as  biocontrol  agent  is 
dependent  of  several  factors,  mainly  its  adaptation  to  the  climatic  conditions  of  the  region  where 
it  will  be  released. 

Methods:  Thus,  the  aim  of  this  study  was  to  evaluate  the  development  and  parasitism  of  C. 
noackae  on  T.  peregrinus  eggs  at  15,  18,  21,  24,  27  e  30°C,  60±10%  RH  and  12:12  h  (D:L) 
photoperiod.  Ten  fresh  eggs  of  T.  peregrinus  were  offered  to  a  parasitoid  couple  (12  hour  old)  in 
polystyrene  vials  for  24  hours  at  the  proposed  temperatures.  The  honey  solution  (50% 
honey/water)  was  used  to  feed  the  parasitoid  adults. 

Results/Conclusion:  Temperature  affected  significantly  the  development  time  (egg  -  adult)  and 
the  emergence  of  C.  noackae.  The  development  was  slower  at  15°C  (42  days)  than  at  27  and 
30°C  (14  and  15  days,  respectively).  Emergence  (%)  per  treatment  significantly  differed  between 
15  and  21°C,  being  highest  at  21°C  (45.9%)  and  lowest  at  15°C  (17.6%).  At  the  remaining 
temperatures  (18,  24,  27  and  30°C)  studied,  emergences  varied  from  22  to  41%  and  were  not 
significantly  different.  These  results  show  C.  noackae  can  adapt  to  almost  all  Brazilian  regions 
where  there  are  Eucalyptus  plantations,  being  important  to  biological  control  program  of  T. 
peregrinus. 


Poster 

Presentation  Title:  Using  agent-based  models  to  prepare  for  the  impending  invasion  of 
Rhagoletis  pomonella  (Walsh)  (Diptera:  Tephritidae)  into  the  southern  interior  of  British 
Columbia 

Author  Name:  Brian  Muselle 

Author  Institution:  The  University  of  British  Columbia 

Session  Title:  Poster  Session  1:  Agriculture  and  Forest  Entomology,  Part  1 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3144 

DOI:  10.1603/ICE.2016.1 13037 

Abstract  text: 

The  apple  maggot,  Rhagoletis  pomonella ,  is  an  economically  important  native  pest  of  pome 
fruits  in  the  United  States  and  southern  Canada.  Presently,  British  Columbia’s  Okanagan  region 


is  the  only  significant  commercial  apple-producing  region  in  North  America  that  remains  free  of 
its  impacts.  This  is  likely  to  change  soon,  as  R.  pomonella  is  well  established  within  certain 
counties  in  adjacent  Washington  State.  Extensive  sampling  and  control  efforts  have  been 
undertaken  since  its  arrival  in  Washington  in  the  late  70’ s.  The  resulting  data  provide  the  basis 
for  predictions  about  how  the  pest  might  spread  within  the  comparable  Okanagan  region.  To  this 
end,  we  are  using  the  Washington  data  to  parameterize  spatially-explicit  agent-based  models 
(ABM).  ABMs  are  powerful  modeling  tools  that  enable  simultaneous  manipulation  of  agent 
behaviour  (e.g.  insect  dispersal,  human  management  action)  and  other  variables  (e.g.  host  density 
and  distribution)  within  a  matrix  of  spatially-explicit  landscape  characteristics.  This  approach 
thus  facilitates  scenario  modeling  to  provide  realistic  projections  of  fly  movement  and 
establishment  under  different  management  schemes.  Ultimately,  the  ABM  will  be  used  to  inform 
management  and  survey  efforts  as  R.  pomonella  establishes  in  the  southern  interior  of  British 
Columbia. 
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Abstract  text: 

A  significant  increase  in  insect  invasions  on  Eucalyptus  and  Corymbia  commercial  plantations 
has  been  observed  in  recent  years  worldwide.  Gall-forming  insects  have  reached  great  concern 
because  of  the  risk  they  pose  to  young  plantations.  Epichrysocharis  burwelli  is  an  Australian 
microhymenopteran,  which  can  induce  galls  on  Corymbia  citriodora.  Females  oviposit  on  the 
epidermis  of  the  leaf  blade.  After  hatching,  the  larvae  induce  the  development  of  small  lens¬ 
shaped  gall.  It  is  a  multivoltine  species,  completing  one  life  cycle  in  approximately  75  days  at 
field  conditions.  It  is  considered  specific  to  C.  citriodora.  Attacked  trees  suffer  a  reduction  in 
both  the  photosynthetic  activity  and  the  production  of  essential  oils,  one  of  the  main  products 
extracted  from  this  species.  Defoliation  may  occur  in  case  of  severe  attack.  Up  to  date,  E. 
burwelli  has  been  reported  outside  Australia  in  USA,  Brazil  and  Argentina.  The  objective  of  this 
work  was  to  report  the  presence  of  E.  burwelli  in  Uruguay.  Galls  on  C.  citriodora  leaves  were 


detected  in  June  2015  in  the  departments  of  Treinta  y  Tres  and  Tacuarembo  in  Uruguay.  After 
incubation,  insects  specimen  emerged  from  galls  were  identified  as  E.  burwelli  by  morphological 
traits  examined  under  scanning  electron  microscope.  We  observed  other  individuals  emerging 
from  the  galls  belonging  to  Eulophidae  and  Mymaridae  that  remain  to  be  identified  at  the  species 
level.  Future  studies  should  focus  on  the  bio-ecology  and  distribution  of  E.  burwelli  in  order  to 
perform  sanitary  surveillance,  to  minimize  the  expansion  of  this  pest,  as  well  as  to  develop 
management  strategies. 
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Abstract  text: 

Introduction:  The  peanut  burro  wer  bug,  Pangaeus  bilineatus ,  is  a  sporadic  but  potentially 
devastating  pest  of  runner-type  peanut  in  the  Southeast  U.S.  Though  native  to  North  America, 
the  insect  was  not  recognized  as  a  major  pest  of  peanut  until  recent  decades.  Peanut  loads  with 
more  than  2.49%  P.  bilineatus  damaged  kernels  by  weight  are  downgraded  and  lose 
approximately  two  thirds  of  their  economic  value.  The  low  damage  threshold  and  lack  of 
effective  monitoring  protocols  and  control  tools  create  a  challenge  for  growers.  Significant  gaps 
exist  in  our  knowledge  of  P.  bilineatus  biology  and  management. 

Methods:  This  study  used  light  traps  to  monitor  P.  bilineatus  flight  activity  across  the  growing 
season  at  16  commercial  peanut  fields  in  Georgia  in  2015.  On-farm  replicated  studies  in  2015 
evaluated  the  effect  of  tillage  practices,  insecticide  active  ingredient  and  insecticide  application 
timing  (days  after  planting  and  time  of  day)  on  P.  bilineatus  abundance  and  damage  to  peanut  at 
harvest. 


Results/Conclusion:  Deep  tillage  prior  to  planting  and  the  application  of  granular  chlorpyrifos 
were  shown  to  reduce  the  incidence  of  damage  at  harvest.  Pangaeus  bilineatus  was  most 
abundant  in  light  traps  in  June,  though  flight  activity  was  recorded  throughout  the  summer. 
Additional  studies  to  further  characterize  environmental  risk  factors  associated  with  pest 
abundance  and  damage,  and  to  develop  management  tools  are  ongoing. 
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Abstract  text: 

Regulatory  agriculture  uses  empirical  evidence  to  inform  decisions  aimed  at  safeguarding 
agriculture  and  biodiversity.  The  United  States  Department  of  Agriculture’s  Plant  Protection  and 
Quarantine  (PPQ)  and  the  Department  of  Homeland  Security  Customs  &  Border  Protection 
Agriculture  programs  are  mandated  to  safeguard  U.S.  agriculture  and  natural  resources  against 
the  entry,  establishment,  and  spread  of  economically  and  environmentally  significant  pests,  while 
simultaneously  facilitating  international  and  domestic  trade.  Insects  are  frequently  intercepted  on 
commodities  imported  for  both  consumption  and  propagation.  Many  are  notorious  pests  of 
agricultural  plants  and  interception  of  some,  but  not  all,  of  these  taxa  require  quarantine  action. 
We  focus  on  the  pathways  by  which  quarantine  pests  are  most  likely  to  enter  the  United  States. 
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Abstract  text: 

Introduction:  The  citrus  leafminer,  Phyllocnistis  citrella  Stainton,  has  been  known  as  an 
important  pest  on  citrus  worldwide.  A  population  model  with  biologically  detailed  parameters 
can  be  a  useful  tool  to  understand  its  population  dynamics  for  management.  This  study  was 
conducted  to  construct  the  temperature-driven  models  of  P.  citrellaas  a  part  of  its  whole 
population  model. 

Methods:  A  published  data  set  was  provided  to  estimate  the  parameters  of  various  component 
models  such  as  development  rates,  distribution  of  development  times,  oviposition  rate,  total 
fecundity  and  survival  rate  models.  The  original  data  were  obtained  at  15,  20,  25,  30,  and  35  ±  I 
°C. 

Results/Conclusion:  The  lower  developmental  threshold  temperatures  for  eggs,  larvae,  and 
pupae  were  calculated  as  8.8,  7.1,  and  12.4°C,  respectively.  The  thermal  constants  were  52.6, 
108.2,  and  88.9  degree-days  for  each  of  the  above  stages.  A  non-linear  development  model 
describes  well  the  relationship  between  development  rate  and  temperature  for  all  stages.  The  2- 
parameter  Weibull  function  provided  a  good  fit  for  the  distribution  of  development  times  of  each 
stage,  which  were  derived  from  the  mean  and  standard  deviation.  Three  temperature-dependent 
components  for  an  oviposition  model  of  P.  citrella  were  developed:  total  fecundity,  age-specific 
cumulative  oviposition  rate,  and  age-specific  survival  rate.  The  estimated  models  should  be 
useful  for  the  oviposition  model  and  stage  emergence  model  to  construct  a  population  model  for 
P.  citrella  in  the  future. 
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Abstract  text: 

Patania  ruralis  is  a  pest  of  soybean  in  Japan.  During  summer,  larvae  feed  on  a  rolled-up  soybean 
leaf  (summer  generation).  However,  larvae  of  the  next  generation  (overwintering  generation) 
feed  on  leaves  of  urticaceous  plants  from  autumn  to  the  following  spring.  Therefore,  this  moth  is 
considered  to  alternate  its  host.  In  order  to  determine  the  reasons  for  host  alternation  in  this  moth, 
rate  of  adult  emergence,  pupal  weight,  and  developmental  period  were  compared  between  the 
larvae  reared  on  soybean  leaves  and  those  reared  on  Boehmeria  sylvestris ,  an  urticaceous  plant. 
Although  larval  growth  was  different  between  seasons,  it  was  not  different  between  plant 
species.  This  suggests  that  the  moth  does  not  change  to  a  superior  food  choice  host  in  order  to 
improve  its  growth.  However,  percentage  of  parasitism  was  remarkably  higher  on  B.  sylvestris 
than  on  soybean.  This  suggests  that  this  moth  may  alter  its  host  in  order  to  avoid  parasitism.  In 
order  to  determine  why  P.  ruralis  alternates  its  host,  we  tested  the  hypothesis  that  oviposition 
preference  changes  depending  on  the  time  of  the  year.  In  a  choice  test,  adult  females  that  were 
reared  on  spring  B.  sylvestris  oviposited  more  eggs  on  B.  sylvestris  than  on  soybean.  However,  in 
summer  and  autumn,  there  was  no  significant  difference  between  the  numbers  of  eggs  oviposited 
by  females  reared  on  B.  sylvestris  versus  those  reared  on  soybean.  Therefore,  oviposition 
preference  is  not  responsible  for  host  alternation.  One  alternative  hypothesis  is  that  host 
alternation  may  be  caused  by  changes  in  attraction  to  the  hosts. 
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Abstract  text: 

Introduction:  The  Maize  leaf  weevil  ( Tanymecus  dilaticollis)  is  the  main  pest  of  the  maize  crops 
in  southern  and  south-eastern  Romania.  The  insect  is  dangerous  when  maize  plants  are  in  the 
first  vegetation  stages  (BBCH  10-14).  High  temperatures  and  drought  are  favorable  conditions 
for  insect  attack.  In  some  cases,  maize  plants  are  destroyed  and  farmers  must  resow.  Seed 
treatment  with  systemic  insecticides  is  one  of  the  most  effective  methods  to  protect  maize  young 
plants  against  this  pest.  As  result  of  E.U.  directive  485/2013,  the  use  of  neonicotinoid 
insecticides  for  seed  treatment  of  the  spring  crops  was  restricted.  After  this  directive,  no 
insecticides  remain  available  for  maize  seed  treatment  against  T.  dilaticollis  in  Romania. 

Methods:  The  aim  of  this  study  is  testing  different  insecticides  used  for  maize  seed  treatments, 
both  in  field  and  laboratory  conditions,  for  finding  a  neonicotinoid  alternative  in  the  eventuality 
of  permanent  ban  of  these  substances  in  the  E.U.  In  this  paper  are  presented  preliminary  results 
of  testing  5  active  ingredients  from  3  different  insecticide  classes  (pyrethroids,  neonicotinoids 
and  ryanoids)  in  field  conditions  under  average  pest  pressure  (5-10  insect/sq-m),  and  laboratory 
conditions  using  high  pest  pressure  (4  insects/plant). 

Results/Conclusion:  Results  from  field  and  laboratory  assessments  show  that  tiacloprid, 
cyantraniliprole,  teflutrin  and  bifentrin  active  ingredients  have  low  effectiveness  in  control  of 
maize  leaf  weevil  when  maize  plants  are  in  the  first  vegetation  stages.  Only  clothianidin 
presented  higher  effectiveness  in  controlling  this  pest.  Until  now,  no  chemical  alternative  are 
available  in  Romania  to  replace  neonicotinoids  for  maize  seed  treatment  against  T.  dilaticollis. 
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Abstract  text: 

Gypsy  moth  ( Lymantria  dispar)  larvae  are  highly  polyphagous  and  can  feed  on  more  than  300 
plant  species,  among  which  oak  ( Quercus  sp.)  is  preferred.  In  Croatia  outbreaks  usually  occur  on 
its  primary  host,  the  pedunculate  oak  ( Quercus  robur),  which  makes  up  201.739  ha  and 
approximately  41.5  million  m3,  and  therefore  is  considered  the  most  important  tree  species  in 
Croatian  forestry.  It  is  well  known  that  Gypsy  moth  caterpillar  defoliation  causes  compromised 
growth  and  increased  mortality  of  oaks  and  lower  resistance  to  other  harmful  biotic  and  abiotic 
factors.  Almost  all  studies  were  made  on  oaks;  however,  in  the  last  outbreak  period  (2012-2014) 
a  huge  defoliation  area  was  registered  on  beech  (Fagus  sylvatica)  for  the  first  time,  and  nothing 
is  known  about  the  consequences  on  this  important  forest  species.  In  this  study  the  performance 


of  Gypsy  moth  caterpillars  on  the  common  beech  foliage  was  investigated  in  the  laboratory. 
About  150  caterpillars  were  weighed  daily  and  pupae  were  sexed  at  the  end  of  the  experiment. 
Larval  mortality  was  recorded  every  day  and  it  was  low  with  high  pupation  rate.  Differences  in 
the  development  between  Gypsy  moth  larvae  on  oak  and  beech  foliage  were  compared  and 
discussed. 
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Abstract  text: 

The  introduction  of  exotic  pests,  including  forest  pests,  has  increased  significantly  due  to  growth 
of  international  trade.  As  an  essential  part  of  integrated  pest  management  (IPM),  the  knowledge 
of  occurrence  and  spreading  of  pests  over  time  is  required.  Thus,  the  Cooperative  Program  for 
Forest  Protection  (PROTEF),  from  IPEF  (Forestry  Science  and  Research  Institute)  held  a  survey 
of  the  occurrence  of  pests  in  Eucalyptus  plantations  in  Brazil  from  2010  to  2015.  To  do  so, 
specific  forms  were  sent  to  more  than  24  forestry  companies  and  farmers.  An  area  was 
considered  as  infested  if  it  had  occurrences  of  outbreaks  or  presence  of  pest  injuries  and 
symptoms.  The  sampled  Eucalyptus  plantation  area  changed  annually  due  to  variability  in 
answers  among  these  6  years.  The  most  representative  area  was  in  2012,  with  over  2.3  million 
hectares  (ha)  of  plantations.  During  the  study  period  the  main  pest  considering  infested  area  was 
Thaumastocoris  peregrinus  (Hemiptera:  Thaumastocoridae)  with  peak  infestation  in  2012, 
infesting  245,000  ha  (20%  of  the  sampled  area).  The  second  pest  in  importance  was  Glycaspis 
brimblecombei  (Hemiptera:  Aphalaridae)  with  peak  infestation  in  201 1,  attacking  almost  51,000 
ha.  For  Leptocybe  invasa  (Hymenoptera:  Eulophidae)  the  infested  area  increased  until  2013,  with 
almost  7,000  ha  infested  in  this  year.  Also,  it  was  found  the  occurrence  of  the  Gonipterus  spp. 
(Coleoptera:  Curculionidae)  from  2012  reaching  1 1,000  ha  in  2014.  The  gathered  information 
has  been  useful  to  guide  IPM  actions,  focusing  for  the  biological  control  of  the  main  pests  of 
Eucalyptusm  Brazil. 
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This  study  was  conducted  to  characterize  the  spatial  dispersal  pattern  of  pine  wilt  disease  (PWD) 
in  Republic  of  Korea.  Aerial  GIS  data  of  pine  trees  killed  by  PWD  from  1994  to  2005  were 
collected  from  the  PWD’s  information  management  system.  The  dispersal  patterns  were 
categorized  into  4  types:  Type  1  is  a  case  where  new  patches  are  formed  outside  an  existing 
patch;  Type  2  is  without  any  dispersal;  Type  3  is  uni-directional  expansion  of  the  patch;  and 
Type  4  is  multi-directional  expansion  of  the  patch.  To  assess  dispersal  distance  and  influence  of 
several  environmental  and  social  factors  (forest  ratio,  road  ratio,  population  density),  10  regions 
with  at  least  5  consecutive-year  data  were  selected  and  analyzed.  Dispersal  distance  was 
estimated  by  the  shortest  distance  between  patches  at  years  t  and  t+1.  Type  1  was  the  most 
frequent  dispersal  patterns  (52%).  Dispersal  patterns  were  changed  by  invasive  history,  Type  1 
(434  of  749)  was  the  most  frequent  pattern  in  early  invasion  stage  (from  1  to  4  years).  And  then 
the  relative  frequency  of  Type  1  decreased.  Dispersal  distance  had  regional  variations:  the 
longest  distance  was  896.7  m  at  Geoje-si  and  the  shortest  distance  was  105.2  m  at  Miryang-si. 
Among  the  3  environmental  and  social  factors  surveyed,  only  the  population  density  had  a 
positive  correlation  with  dispersal  distance  of  PWD  (R2  =  0.72).  Our  results  showed  that 
dispersal  patterns  of  PWD  at  the  early  stage  of  invasion  were  mainly  jumping  between  patches 
followed  by  increases  in  patch  size. 
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Introduction:  The  pine  sawyer  (Monochamus  saltuarius )  is  the  typical  vector  of  Pine  Wilt 
Disease  in  Korea,  along  with  the  Japanese  pine  sawyer  (M  alternatus). 

Methods:  To  suppress  the  density  of  M.  saltuarius ,  gamma  radiation  is  irradiated  from  lOGy  to 
50Gy.  We  investigated  the  adult  emergence,  longevity,  number  of  eggs,  and  egg  hatchability  of 
FI  generation. 

Results:  The  study  showed  that  when  Gamma  rays  were  applied  at  the  pupal  stage,  adult 
emergence  was  100%  with  the  gamma  ray  irradiation  between  20Gy  to  40Gy,  but  emergence 
rate  decreased  to  88±3.3%  at  50Gy.  The  adult  longevity  was  75.0±4.0  days  at  20Gy,  but  the 
adult  longevity  began  to  decrease  significantly  to  33.3±4.0  days  at  30Gy.  Also,  at  20Gy,  the 
number  of  eggs  decreased  to  about  50%  of  the  control.  When  gamma  ray  irradiation  was  applied 
at  the  adult  stage,  the  range  of  adult  longevity  ranged  from  40.7±7.0  days  to  42.0±6.8  days.  That 
means,  compared  to  the  result  of  control  condition  as  39.9±6.2  days,  the  dose  of  irradiation  does 
not  significantly  affect  adult  longevity.  Hatchability  of  FI  generation  appeared  to  be  as  low  as 
4.9±2.0%  at  50Gy.  Also,  the  number  of  eggs  was  not  significantly  different  compared  to  the 
control  as  19.0±5.5  eggs.  Therefore,  the  sterilization  effect  was  judged  effectively  at  50Gy 
gamma  rays  in  the  adult  stage  than  the  pupa  stage. 
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Pollinating  insects  are  a  critically  important  factor  in  maintaining  plant  diversity  in  woodlands. 
Forests  with  high  floral- visiting  insect  abundance  can  also  provide  adjacent  croplands  with 
increased  pollination  services.  As  insect  pollinators  are  of  both  ecological  and  economic 
importance,  evidence-based  management  practices  must  be  established.  Our  previous  study  of 
the  Southern  Appalachian  Mountain  National  Fire  and  Fire  Surrogate  Study  site  demonstrated 
that  transitory  alterations  in  forest  composition  by  initiating  prescribed  fire  and  mechanical 
thinning  can  have  dramatic  impacts  on  insect  community  composition  in  the  2  subsequent  years. 
Our  current  study  explores  the  long-term  effects  of  continued  prescribed  fire  and  fire  surrogates 
(mechanical  thinning  and  fire  plus  mechanical  thinning),  administered  in  4-6  year  intervals,  on 
insect  pollinator  abundance  and  diversity.  Using  colored  bowl  traps,  we  monitored  pollinator 
insect  abundance  and  diversity  within  our  treatments.  Our  current  study  also  examines  pollinator 
spatial  abundance  and  diversity  by  sampling  near  the  ground  and  within  the  canopy  of  each 
treatment  plot.  Our  preliminary  analyses  suggest  that  insect  pollinators  are  of  greater  abundance 
and  diversity  in  the  canopy  compared  to  the  forest  floor. 
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Introduction:  The  forest  tent  caterpillar,  Malacosoma  disstria  Hiibner  (Fepidoptera: 
Fasiocampidae)  is  a  native  forest  defoliator  with  a  broad  geographic  range  in  North  America.  M. 


disstria  experience  cyclical  population  changes  and  at  high  densities,  repeated  defoliation  can 
cause  reduced  tree  growth  and  tree  mortality.  Unicellular  microsporidian  parasites  infect  M. 
disstria  in  natural  populations  and  infection  level  increases  as  population  outbreaks  progress  and 
insect  density  increases. 

Methods:  In  the  current  study,  we  test  the  impact  of  sublethal  microsporidian  infection  on  the 
flight  capacity  of  M.  disstria  moths  using  a  flight  mill  bioassay.  Following  flight,  the  fat  of  each 
moth  was  extracted  as  a  measure  of  energy  use  and  wing  loading  (mg/mm2)  was  calculated  for 
each  experimental  moth.  The  abdomen  of  each  moth  was  ground  in  super  water  and  the 
suspension  was  viewed  microscopically  to  enumerate  microsporidian  spore  count. 

Results/Conclusion:  Sublethal  infection  with  microsporidian  parasites  affects  M.  disstria  flight  as 
highly  infected  moths  flew  for  the  shortest  duration  and  distance  of  all  moths  tested.  The  most 
highly  infected  moths  had  the  lowest  fat  content  but  the  highest  wing  loading.  These  findings 
suggest  that  heavily  infected  moths  have  little  fuel  to  power  flight  of  a  body  with  higher  wing 
loading  than  less  diseased  moths  which  may  dictate  the  short  flight  distances  achieved  by 
diseased  moths. 
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Studies  with  insects  on  altitudinal  gradients  in  the  tropics  can  be  a  powerful  tool  to  understand 
what  drives  species  spatial  distribution.  Depending  on  many  factors  such  as  climate,  natural 
enemies  and  resource  availability,  richness  can  increase  with  altitude,  peak  at  mid-altitude, 
decrease  or  show  no  pattern.  We  tested  these  hypotheses  against  data  from  Chrysomelidae,  the 
third  largest  coleopteran  family,  by  documenting  their  altitudinal  distribution  over  1  year  on  a 
mountain  of  Atlantic  Forest  in  the  State  of  Rio  de  Janeiro.  Beetles  were  sampled  with  yellow 


sticky  panels  placed  at  6different  sites  from  350  m  to  2100  m  above  sea  level,  for  a  1-week 
period,  every  2months  between  2007  and  2008.  A  total  of  339  species  of  6  subfamilies  were 
recorded,  most  species  being  rare.  No  significant  linear  relation  was  found  between  abundance  or 
richness  and  altitude.  However,  richness  tends  to  reduce  with  altitude  for  the  most  abundant 
subfamilies,  and  the  highest  site  gave  the  third  most  individuals.  The  increase  in  climatic 
harshness  and  reduction  of  habitat  complexity  might  lead  to  fewer,  but  abundant  species  at  high 
altitude.  Chrysomelidae  abundance  and  richness  showed  very  similar  patterns  through  the  year, 
with  lower  numbers  during  the  coldest  and  driest  months,  from  April  to  August,  and  higher 
values  from  October  to  December,  when  there  was  a  considerable  increase  in  temperature  and 
precipitation.  A  low  similarity  of  species  composition  was  observed  between  sites  and  between 
the  surveyed  months,  which  suggests  a  high  species  turnover  along  the  elevational  gradient  and 
throughout  the  year. 
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Fine-woody  flood-debris  is  an  easily  recognized  structural  element  often  targeted  by  beetle 
collectors.  Some  species  of  some  families  (Staphylinidae,  Histeridae,  Latridiidae)  are  regularly 
collected  from  flood  debris  but  rarely  collected  otherwise.  Localized  alteration  of  water  flow 
(channelization,  parking  lots,  etc.)  and  global  alteration  of  precipitation  events  (especially  an 
increase  in  extreme  rain)  may  reduce  fme-woody  flood-debris  accumulation.  Whether  fine- 
woody  flood-debris  creates  a  serendipitous  accumulation  of  taxa,  is  a  unique  habitat  unto  itself, 
or  a  combination  of  the  2  has  never  been  tested.  Samples  of  fme-woody  flood-debris  were  taken 
February  through  June  in  several  localities  through  the  eastern  United  States.  Samples  were 
placed  in  emergence  chambers  and  specimens  were  collected  each  fortnight  to  determine  what 
taxa  were  initially  present  as  adults  and  what  taxa  were  developing  in  the  debris.  Additionally 
Coleoptera  were  collected  from  leaf  litter  samples  taken  adjacent  to  flood  debris  to  provide  a 


comparison  of  the  two  "habitats".  A  review  of  literature  featuring  Coleoptera  collected  from 
flood  debris  and  a  list  of  species  is  presented. 
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Introduction:  Megalopodidae  is  a  poorly  known  family.  This  family  has  three  subfamilies, 
Palophaginae,  Zeugophorinae  and  Megalopodinae,  each  of  which  has  its  own  trophic 
specialization.  There  are  24-30  genera  and  350-450  recongized  species,  depending  upon  the 
author.  Megalopodidae  has  a  worldwide  distribution,  except  in  Antarctica.  Some  80%  has  been 
recorded  to  the  tropical  zone. 

Methods:  A  review  based  on  literature,  like  original  descriptions  and  checklists,  was  made. 

Results/Conclusion:  Here,  I  summarize  552  species  and  28  genera  of  Megalopodidae.  The 
subfamily  Megalopodinae  is  the  most  diverse;  it  has  465  species  and  23  genera.  Zeugophorinae 
has  83  species  and  two  genera,  and  Palophaginae  has  only  4  species  including  in  3  genera.  The 
neotropical  region  is  the  most  diverse,  it  has  252  species  and  10  genera.  In  the  Afrotropical 
region,  143  species  and  14  genera  are  present.  The  diversity  of  Megalopodidae  decreases 
considerably  in  the  rest  of  the  biogeographic  regions.  The  Oriental  region  has  60  species  and  4 
genera,  the  Paleartic  has  71  species  and  3  genera.  The  Neartic  has  9  species  and  1  genus  and  the 
Austral  kingdom  has  19  species  and  5  genera.  Every  subfamily  of  Megalopodidae  has  its  own 
geographic  tendencies.  Megalopodinae  shows  a  Gondwanic  distribution,  Palophaginae  has  a 
disjunct  and  relictual  distribution  that  includes  patches  in  South  America  and  the  temperate 
regions  of  Australia,  our  knowledge  of  Megalopodidae  is  even  limited,  and  it  is  remarkably 
biased  to  some  areas  or  countries.  A  more  complete  coverage  of  geography  and  taxonomic 
information  is  needed  in  order  to  fill  the  knowledge  gaps. 
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Introduction:  This  study  uses  biogeographical  information  to  analyse  the  distribution  and 
phylogeography  of  the  family  Bostrichidae  (Coleoptera).  The  91  genera  are  divided  into  2  groups 
based  on  morphology  and  lifestyle:  1)  the  lyctiform  group,  with  a  prognathous  head,  rather  flat 
body,  and  non-wood-boring  adults;  and  2)  the  bostrichiform  group,  with  a  hypognathous  head, 
rather  stout  body  and  wood-boring  adults. 

Methods:  This  study  uses  a  biogeographic  region-genera  (89  genera,  excluding  the  2 
cosmopolitan  genera)  matrix  based  on  Morrone’s  biogeographic  system.  The  regions  have  been 
treated  as  taxa,  and  the  genera  as  the  characters.  The  Antarctic  region,  the  only  region  without 
any  species,  is  used  as  the  outgroup.  All  parsimony-based  analyses  were  performed  with  PAUP* 
4.0b  (S wofford  2002).  The  complete  matrix,  and  the  lyctiform  (24  genera)  and  the  bostrichiform 
(65  genera)  groups  were  analysed  separately. 

Results/Conclusion:  The  results  are  shown  as  consensus  trees.  In  the  overall  analysis,  the 
terminals  clustered  into  2  main  groups.  Group  1  corresponds  to  the  Holotropical  kingdom,  and  to 
the  eastern  part  of  Gondwanaland.  Group  2  corresponds  largely  to  the  Austral  kingdom,  and  to 
the  western  part  of  Gondwanaland.  The  analysis  of  the  lyctiform  group  of  genera  shows  3 
groups,  but  the  composition  of  the  groups  differs  in  part  from  the  overall  analysis.  The  analysis 
of  the  bostrichiform  group  of  genera  again  shows  3  groups.  The  main  groups  in  the  3  analyses 
suggest  that  bostrichid  beetles  probably  originated  from  Gondwanaland  rather  than  Laurasia. 
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The  Asian  weaver  ant,  Oecophylla  smaragdina ,  is  distributed  from  India  through  SE  Asia  to 
north  Australia.  In  the  previous  phylogeographic  study,  the  ant  was  divided  into  7  groups,  of 
which  Indian  populations  are  the  sister  group  to  6  SE  Asian  groups.  The  Bangladesh  population 
has  been  reported  as  a  member  of  one  of  the  SE  Asian  groups  in  spite  of  its  geographical 
proximity.  The  purposes  of  the  study  are  to  (1)  clarify  whether  Oecophylla  populations  in 
Bangladesh  belong  to  SE  Asian  groups;  or  (2)  if  not,  identify  the  distribution  pattern  of  Indian 
and  SE  Asian  groups.  Based  on  possible  borders  of  dispersal,  5  tentative  areas  were 
distinguished  and  a  total  of  58  colonies  from  54  localities  were  collected  during  2013-2015. 
Phylogeography  was  studied  by  inferring  a  neighbor-joining  (NJ)  tree,  Bayesian  tree  and 
haplotype  network  analysis  using  mitochondrial  cytochrome  b  genes  (Cytb)  of  246  bp  and 
cytochrome  oxidase  subunit  I  (COI)  of  444  bp.  Three  haplotypes  from  Cytb  and  13  haplotypes 
from  COI  were  recognized.  We  found  that  2  haplotypes  of  Cytb  out  of  3  and  10  haplotypes  of 
COI  out  of  13  belong  to  Indian  group.  In  addition,  the  distribution  patterns  showed  that  the 
western  part  of  Bangladesh  is  occupied  by  the  Indian  group  whereas  the  eastern  part  by  the  SE 
Asian  groups  and  the  middle  is  the  mixture  of  both  the  groups.  The  present  study  suggests  that 
Bangladesh  is  the  contact  zone  of  both  the  Indian  and  SE  Asian  groups,  which  were  distributed 
southward  in  refugia  during  glacial  age. 
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Introduction:  Preservation  of  the  Caatinga  biome  is  extremely  important  as  it  has  several 
peculiarities  and  numerous  endemic  species.  However,  the  Brazilian  northeast  region  is  very 
exposed  to  the  risks  of  climate  variability  and  desertification,  leading  to  a  rapid  loss  of  species 
and  elimination  of  important  ecological  processes.  Among  the  native  stingless  bees  of  this 
region,  Melipona  subnitida  is  the  one  with  greatest  importance  to  the  local  people  by  being 
adapted  to  xerophytic  conditions,  besides  exhibiting  great  potential  for  honey  and  pollen 
production  in  addition  to  its  role  as  one  of  the  main  pollinators  of  the  Caatinga. 

Methods:  In  order  to  investigate  the  genetic  structure  of  this  species,  we  characterized  the 
population  genetic  variability  of  M.  subnitida  collected  in  27  localities  (populations)  within  its 
natural  distribution.  The  Cytochrome  c  oxidase  subunit  I  (COI)  mitochondrial  gene  was 
sequenced  for  a  total  of  219  samples. 

Results/Conclusion:  Nineteen  haplotypes  were  identified  and  14  were  exclusive  to  their 
respective  location.  Our  results  indicated  low  genetic  variability  (71=0.00357)  and  high 
structuration  among  sampled  populations  (iA^=0.14  to  1).  A  plausible  hypothesis  would  be 
population  expansion  from  a  center  of  dispersion,  followed  by  accumulation  of  mutations  in 
mtDNA  giving  rise  to  the  different  haplotypes.  This  study  suggests  that  the  populations  are  in  the 
process  of  differentiation,  with  little  or  no  maternal  gene-flow  occurring  between  them  naturally, 
reinforcing  the  importance  of  preservation  of  each  of  these  populations.  Our  study  contributes  to 
describing  the  genetic  diversity  of  endemic  organisms  from  Caatinga  and  may  help  future  efforts 
to  preserve  this  threatened  biome. 
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The  Tachinidae  are  cosmopolitan  in  distribution  and  one  of  the  largest  families  of  Diptera,  with 
approximately  1500  genera  and  8500  species.  All  species  are  parasitoids  of  other  arthropods, 
mostly  insects,  and  play  an  important  ecological  role  in  the  dynamics  of  host  populations. 

The  Tachinidae  of  the  Afrotropical  Region  were  last  enumerated  in  a  catalogue  by  Crosskey 
(1980).  That  work  recorded  208  genera  and  974  species.  Our  study  of  the  Afrotropical  tachinid 
fauna,  based  on  literature  and  examination  of  collections,  documents  a  named  fauna  of  237 
genera  and  1 126  species.  The  true  diversity  is  estimated  to  be  significantly  higher  but  the  region 
may  well  be  among  the  least  speciose  of  the  world’s  6  biogeographic  regions. 

In  terms  of  endemicity,  43%  of  the  genera  (101)  are  recorded  only  from  the  Afrotropical  Region. 
The  percentage  is  higher  at  the  species  level  with  93%  of  the  species  (1043)  recorded  as 
endemic.  No  Gondwanan  elements  have  been  recognized  among  Afrotropical  tachinids  and  the 
fauna  shares  a  much  greater  number  of  genera  and  species  with  the  Palaearctic  and  Oriental 
regions  than  with  other  regions.  This  biogeographic  pattern  is  congruent  with  recent  studies  that 
suggest  the  diversification  of  the  Tachinidae  was  a  relatively  recent  and  explosive  event,  perhaps 
beginning  in  the  mid-Tertiary. 

Afrotropical  host  records  are  known  for  fewer  than  half  of  the  tachinid  genera.  No  notable  host 
shifts  are  known  from  the  region  with  the  exception  of  Rondaniooestrus  apivorus  Villeneuve,  the 
only  tachinid  with  a  bee  host  (Apoidea;  Apis  mellifera  L.). 
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In  this  morphological  taxonomic  study,  over  20,000  tachinid  specimens  (Diptera,  Tachinidae) 
from  Palearctic  northeastern  China  were  examined  and  370  species  were  recognized.  A  list  of 
479  species,  155  genera,  30  tribes,  and  4  subfamilies  of  Tachinidae  from  NE  China  was  created, 
representing  about  7E43%,  54.39%,  and  38.23%  of  China’s  described  tachinid  42  tribes,  285 
genera  and  1253  species.  Most  species  were  redescribed,  and  keys  to  tribes,  genera,  and  species 
were  provided,  as  well  as  figures  of  head  and  male  terminalia  and  photos  of  body  in  dorsal  and 
lateral  views.  Among  them,  Dexinae  with  56  species,  24  genera,  5  tribes  (Campylochetini, 
Dexiini,  Eutherini,  Imitomyiini,  Voriini).  Exoristinae  with  263  species,  90  genera,  7  tribes 
(Acemyini,  Blondeliini,  Eryciini,  Ethillini,  Exoristini,  Goniini,  Winthemiini).  Phasiinae  with  32 
species,  12  genera,  6  tribes  (Cylindromyiini,  Hermyini,  Leucostomatini,  Parerigonini,  Phasiini, 
Strongygastrini).  Tachininae  with  128  species,  29  genera,  12  tribes  (Ernestiini,  Germariochaetini, 
Leskiini,  Macquartiini,  Megaprosopini,  Minthoini,  Nemoraeini,  Palpostomatini,  Pelatachinini, 
Ptilopsinini,  Siphonini,  Tachinini).  Four  species  are  newly  recorded  from  China:  Phebellia 
flavescens  Shima,  1981,  Pales  abdita  Cerretti,  2005,  Smidtia  amurensis  Borisova,  1962,  and 
Ectophasia  oblonga  Robineau-Desvoidy,  1830.  Neoemdenia  mudanjiangensis  Hou  et  Zhang, 
2014  is  a  new  synonym  of  Schineria  majae  Zimin,  1947.  Twenty-six  species  are  separately 
newly  recorded  in  Liaoning,  Jilin,  Heilongjiang  and  Inner  Mongolia. 
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Introduction:  Twenty  one  species  of  gall  forming  midges  in  the  genus  Celticecis  have  been 
reported  in  North  America,  but  there  is  limited  information  regarding  the  northeastern  range  of 
these  species.  Current  literature  shows  no  Celticecis  species  in  New  Jersey  and  the  New  England 
states,  and  only  1  species,  Celticecis  spiniformis  (Patton),  in  Pennsylvania  and  New  York.  The 
objective  of  this  study  was  to  gain  a  greater  understanding  of  the  northeastern  range  of  gall 
forming  midges  of  the  genus  Celticecis  on  hackberries  ( Celtis  spp.). 

Methods:  Hackberries  ( Celtis  spp.)  were  surveyed  for  galls  formed  by  Celticecis  spp.  at  selected 
sites  in  south  central  and  eastern  Pennsylvania,  northwestern  New  Jersey,  and  in  southeastern 
New  York  state.  Galls  were  identified  by  morphology,  and  the  gall  forming  larvae  from 
representative  galls  were  cleared  using  10%  KOH,  dehydrated  in  alcohol  solutions,  and  mounted 
in  Canada  balsam  in  order  to  identify  larvae  based  on  the  morphology  of  third  instar  larval 
spatulas. 

Results/Conclusion:  Ten  Celticecis  species  that  form  galls  on  hackberry  were  found  to  occur  in 
Pennsylvania,  8  were  found  in  New  Jersey,  and  5  were  found  in  southeastern  New  York.  This 
study  expands  the  northeastern  range  of  a  large  number  of  gall  forming  midges  of  the  genus 
Celticecis  in  northeastern  North  America. 
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Introduction:  The  Cameroonian  Highlands  is  an  area  with  high  species  richness  and  endemism. 
However,  understanding  of  the  role  that  montane  areas  play  in  generating  and  maintaining 


biodiversity  in  this  area  is  poor.  One  hypothesis  proposed  to  explain  the  high  species  richness 
and  endemism  is  that  montane  areas  act  as  "species  pumps"  where  species  proliferate,  and  the 
adjacent  lowlands  are  "museums"  where  older  species  accumulate  over  evolutionary  time. 

Methods:  Here,  I  test  this  hypothesis  using  3  widespread  dung  beetle  (Coleoptera:Scarabaeinae) 
species— Copris  sp.,  Onthophagus  fuscidorsis,  and  Neosisyphus  angulic  oil  is— and  phylogenetic 
analyses  of  the  Cytochrome  c  oxidase  subunit  I  (COI)  mitochondrial  gene  and  internal 
transcribed  spacer  2  (ITS2)  and  elongation  factor  1  subunit  a  (Ef-la)  nuclear  markers. 

Results/Conclusion:  Bayesian  analyses  showed  no  clear  pattern  of  younger  lineages  confined  to 
montane  areas  and  older  lineages  in  lowland  areas.  One  possible  reason  for  this  lack  of  support 
for  our  hypothesis  is  that  our  sampling  efforts  were  too  small  and  we  needed  to  sample  areas 
outside  of  the  Cameroonian  Highlands.  However,  our  findings  could  suggest  that  montane  areas 
in  the  Cameroonian  Highlands  has  acted  as  both  a  "museum"  and  a  "pump"  for  dung  beetles.  In 
this  view,  our  findings  could  have  important  implications  for  conservation  planning  in 
Afromontane  regions.  Current  on-going  research  explores  additional  candidate  markers  and  will 
include  samples  from  a  wider  area  across  Cameroon. 
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Cicadas  (Hemiptera:  Cicadidae)  are  very  common  insects  in  the  tropics  and  subtropics  and  make 
themselves  evident  in  environments  in  which  they  occur  by  the  loud  sound  emitted  by  males.  For 
some  environments,  cicadas  have  received  the  status  of  keystone  species,  in  particular  due  to  the 
large  number  of  individuals  that  emerge  synchronously  and  the  large  body  size  that  is  usually 
exhibited.  Despite  the  ecological  importance,  studies  with  this  group  of  insects  have  been 


infrequent  in  Brazil.  This  present  work  for  the  first  time  registers  the  occurrence  of  the  cicada 
Guyalna platyrhina  Sanborn  &  Heath,  2014  (Cicadidae:  Fidicinini:  Guyalninae)  from  Brazil.  In 
August  and  September  of  2015,  male  (12)  and  female  (1)  specimens  were  collected  on  shrubs  in 
open  areas  of  the  Cerrado  (Brazilian  Savanna)  of  the  State  of  Goias  (16°  24.73'  S,  51°  10.44'  W). 
The  specimens  collected  are  deposited  in  the  Entomological  Collection  of  the  Universidade 
Estadual  de  Goias,  Campus  Ipora  (CE-UEG  253-265).  The  period  of  occurrence  of  adults  of  G. 
platyrhina  matches  the  end  of  the  dry  season  in  the  region,  with  relative  humidity  about  25%.  G. 
platyrhina  is  one  of  the  smaller  of  the  Guyalna  species,  with  a  body  length  of  about  1 5  mm.  The 
species  was  previously  recognized  only  from  Argentina.  With  this  new  record,  the  area  of 
occurrence  of  G.  platyrhina  is  expanded  to  the  North. 
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Introduction:  Field  surveys  of  Trichoptera  throughout  Florida  over  the  past  20  years  have 
uncovered  numerous  species  that  were  previously  unknown,  or  that  represented  new  state 
records.  A  recently  completed  survey  of  the  Trichoptera  of  the  Chipola  River  Basin,  and  recent 
field  work  conducted  as  part  of  an  on-going  statewide  survey,  has  continued  to  uncover 
previously  unknown  Trichoptera  biodiversity. 

Methods:  Field  collection  methods  consisted  of  collecting  adult  Trichoptera  at  various  standing 
water  (ponds,  lakes)  and  flowing  water  habitats  (streams,  rivers)  using  primarily  UV-blacklight 
pan  traps.  Specimens  were  identified  to  species  level  based  on  close  examination  of  genitalic 
structures  using  stereo-  and  compound  microscopes.  For  optimal  viewing  of  these  structures,  the 
abdomens  were  first  cleared  in  a  potassium  hydroxide  solution.  Illustrations  of  the  undescribed 
species  were  prepared  by  first  creating  detailed  pencil  sketches  of  the  terminal  abdominal 
segments  and  then  completing  the  illustrations  using  Adobe  Illustrator. 


Results/Conclusion:  Four  undescribed  species  within  the  genera  Rhyacophila,  Protoptila , 
Hydroptila ,  and  Ceraclea  were  discovered  during  the  course  of  the  field  surveys.  The 
Rhyacophila  species  was  discovered  in  2  small  blackwater  streams  near  Tallahassee,  and  the 
Protoptila  species  was  collected  in  abundance  from  the  Chipola  River  in  the  western  Florida 
panhandle.  An  undescribed  species  of  Hydroptila  and  Ceraclea ,  were  discovered  from  2  sandhill 
lakes  in  the  Florida  panhandle.  Illustrations  and  diagnoses  are  presented  for  each  species.  The 
conservation  status  of  each  species  is  potentially  imperiled  because  of  its  restriction  to 
specialized  habitats  within  a  small  geographic  range. 
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Introduction:  Ecuador  is  a  megadiverse  country  given  the  possession  of  different  types  of 
habitats  featured  by  highly  endemic  flora  and  fauna.  However,  deforestation,  agriculture,  oil 
exploration  and  exploitation  are  among  the  greatest  threats  to  biodiversity  and  thus  its 
conservation  becomes  a  key  strategy  for  food  production.  In  this  regard,  we  attempted  to 
describe  and  analyze  the  diversity  of  a  moist  forest  at  west  Ecuador,  “La  Cruz  de  Chiriyacu”, 
located  between  Bolivar  and  Chimborazo  provinces. 

Methods:  In  this  research,  we  specifically  captured  and  sampled  arthropod  populations, 
determined  the  taxonomic  identity  of  arthropods  to  family  level,  generated  a  free-access  database 
containing  the  inventory  of  arthropods,  analyzed  the  alpha-diversity  indexes  of  the  sampled 
regions,  and  assessed  functional  biodiversity.  Arthropods  were  captured  directly,  which  involves 
the  targeted  search  of  individuals,  and  indirectly,  using  traps  with  attractants.  The  identification 
of  arthropods  was  possible  by  using  dichotomous  taxonomic  keys. 


Results/Conclusion:  In  this  study,  2,430  specimens  were  captured  and  classified  within  22  orders 
and  181  families.  Here  we  describe  high-diversity  areas  that  constitute  potential  zones  for 
biodiversity  studies  at  west  Ecuador.  We  identified  the  families  Chrysomelidae,  Passalidae, 
Staphylinidae,  Coccinellidae,  Scarabaeidae,  Dryophthoridae,  Elateridae,  Nitidulidae, 
Tenebrionidae,  Leiodidae,  Curculionidae,  Carabidae,  Phalacridae,  Lycidae,  Reduviidae, 
Lygaeidae,  Cercopidae,  Pyrrhocoridae,  Cicadellidae,  Miridae,  Berytidae,  Pentatomidae, 
Tipulidae,  Sciaridae,  Drosophilidae,  Phoridae,  Neriidae,  Cecidomyiidae,  Ephydridae, 

Braconidae,  Apidae,  Diapriidae,  Ichneumonidae,  Formicidae,  Eulophidae,  Vespidae,  Figitidae, 
Nymphalidae,  Pieridae,  Arctiidae,  Acrididae,  Gryllidae,  Blattidae,  Blattellidae,  Termitidae, 
Thomisidae,  Pholcidae,  Amaurobiidae  and  Sicariidae.  Regarding  functional  diversity,  we 
determined  a  balance  between  the  abundance  of  phytophagous  and  beneficials  such  as  predators 
and  parasitoids. 
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An  analysis  of  the  diversity  of  the  family  Araneidae  was  conducted  in  3  localities  of  tropical  dry 
forest  in  Sierra  de  Huautla:  San  Miguel  de  los  Elotes,  Huautla- Ajuchitlan  road  in  the 
municipality  of  Tlaquiltenango,  and  El  Limon  de  Cuauchichinola  in  the  municipality  of 
Tepalcingo,  all  located  on  the  south  of  Morelos  State,  Mexico.  The  objectives  of  this  research 
were  to  inventory  the  species  in  each  locality  and  compare  the  richness  and  abundance  among 
them  during  the  dry  and  rainy  seasons.  Samples  were  collected  using  an  entomological  umbrella 
and  by  direct  search  for  7  daylight  hours,  once  a  month  per  locality,  from  April  2013  to  March 
2014.  We  obtained  620  individuals  belonging  to  13  genera  and  16  species:  Acacesia  hamata , 
Araneus  pegnia ,  Argiope  aurantia ,  Edricus  productus ,  Eriophora  ravilla ,  Eustala  calif orniensis, 
Larinia  directa ,  Mangora  fascialata ,  M.  mobilis ,  Mecynogea  apatzingan,  M.  lemniscata. 


Metazygia  zilloides,  Micrathena  funebris,  M.  mitrata,  Neoscona  oaxacensis  and  Ocrepeira 
redempta.  Nine  of  those  species  represent  new  records  for  this  state,  and  all  of  them  are  new 
reports  for  these  localities.  N.  oaxacensis  was  the  most  abundant  species  and  the  only  one  found 
in  all  3  localities.  The  greatest  diversity  of  species  was  found  in  San  Miguel  de  los  Elotes.  The 
diversity  and  relative  abundance  of  species  increased  in  the  rainy  season,  particularly  in 
September  and  October.  The  results  allowed  us  to  conclude  that  the  diversity  of  Araneidae  is 
strongly  influenced  by  seasonal  variation  in  the  study  site. 
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Faunistic  inventories  are  very  important  in  order  to  assess  the  diversity  of  a  particular  place,  and 
what  can  be  done  with  such  diversity  in  terms  of  conservation,  research,  management  and/or 
exploitation.  Ironically,  few  studies  focus  specifically  in  the  taxonomic  research.  This  is 
especially  true  in  arthropods,  which  comprises  the  most  diverse  animal  group  and  one  of  the 
most  important  groups  in  terms  of  ecosystem  composition.  Seven  major  groups  are  recognized  in 
terms  of  spider  biodiversity,  and  among  them,  Salticidae  represents  the  most  diverse  family  of 
this  order.  Unfortunately  their  diversity  is  poorly  know  in  Mexico  and  studies  dealing  with  the 
local  fauna  of  Salticidae  are  scarce.  In  order  to  reverse  this  lack  of  knowledge  we  carried  out  a 
study  with  the  aim  of  cataloging  the  fauna  of  Salticidae  distributed  in  3  localities:  San  Miguel  de 
los  Elotes  and  Huautla- Ajuchitlan,  both  in  the  municipality  of  Tlaquiltenango,  and  El  Limon  de 
Cuauchichinola  in  the  municipality  of  Tepalcingo  in  Morelos.  Samples  were  collected  monthly 
from  April  2013  to  March  2014  for  each  locality,  using  the  vegetation  beating  technique  with  an 
entomological  umbrella  along  a  variable-length  transects.  At  this  time,  we  report  14  genera  and 
more  than  50  species,  from  which  at  least  5  genera  ( Lyssomanes ,  Messua,  Naphrys,  Platycryptus 
and  Sarinda)  are  first  reports  for  the  state,  and  1  genus  (Bellota)  for  the  country.  This  became  the 
first  inventory  study  in  Morelos  describing  the  Salticidae  fauna. 
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Efforts  to  record,  track  and  predict  biodiversity  and  abundance  of  arthropods  in  the  alpine 
ecosystems  at  2,800-4,205  m  of  the  Maunakea  volcano  of  the  Island  of  Hawai‘i  have  led  to  a 
comprehensive  species  list  and  demographic  descriptions  of  resident,  endemic  taxa.  Over  25,000 
high- alpine  insects  were  collected  and  identified  through  a  5 -year  field  effort  using  arthropod 
sampling  techniques  inclusive  of  site-specific  botanical  and  substrate  survey  methods.  Six 
arthropod  taxa  found  in  this  region  were  designated  prior  as  ‘Species  of  Concern’  by  the  State  of 
Hawai‘i.  Other  taxa  that  we  propose  for  the  same  designation  are  detailed  and  justified  due  to 
unique  traits-like  flightlessness,  rare/endangered  plant  host  specificity,  and  single  locality  range- 
-that  predispose  the  taxa  to  increased  chances  of  extirpation  or  extinction.  The  summit  region  of 
the  Maunakea  volcano  is  an  environment  under  scrutiny  by  government  agencies  and  the  public 
to  ensure  land  stewardship  authorities  maintain  the  conservation  goals  of  limited  impacts  to 
natural  conditions.  The  extent  and  population  persistence  of  endemic  arthropods  are  key  metrics 
for  assessing  conservation  goals,  as  these  taxa  are  the  only  multi-cellular  life  present  in  some 
locations.  We  present  the  taxonomy,  relative  density  and  distribution  data  of  alpine-restricted, 
endemic,  Hawaiian  arthropod  taxa  labeled  as  ‘Species  of  Concern’ 

including:  Nysius  wekiuicola ,  Hogna  n.  sp.,  Agrotis  n.  spp.,  Micromus  usingeri ,  Hylaeus  bees, 
Nesosydne  spp.  delphacid  leafhoppers,  and  Phaeogramma  n.  sp.  There  is  inadequate  evidence 
asserting  long-term  decline  of  arthropods  of  alpine  Maunakea,  and  there  has  been  no  range 
contraction  of  the  endemic  arthropods. 
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As  part  of  a  larger  project  to  write  a  book  on  the  butterflies  of  South  Carolina,  we  constructed  a 
database  of  collection  and  observation  records  for  all  butterfly  species  in  the  state.  We  have  also 
done  extensive  fieldwork  searching  for  extant  populations  of  less  common  butterflies  in  the 
state.  Most  species  are  common  or  at  least  stable,  but  species  of  conservation  concern  exist  in  all 
parts  of  the  state.  Most  of  these  species  of  concern  are  in  the  Hesperiidae  and  Lycaenidae,  and 
several  seem  to  be  declining  over  a  wider  area  of  the  Southeast.  Other  species  have  recently 
been  discovered  or  established  in  the  state,  and  some  range  expansions  may  reflect  gradually 
warming  conditions. 
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Introduction:  Caddisflies  (Trichoptera)  are  of  high  ecological  importance  because  of  their  broad 
ecological  and  taxonomic  diversity.  Indeed,  they  are  generally  considered  to  be  among  the  most 
important  of  all  aquatic  taxa.  In  striking  contrast  to  their  importance,  caddisflies  have  been 
poorly  documented  on  lands  managed  by  the  U.S.  National  Park  Service  (“National  Parks”). 
Filling  this  data  gap  is  particularly  important  because,  among  wildlife  threatened  with  extinction, 
insects  are  second  only  to  salmonid  fish  in  the  percent  of  remaining  species  that  are  threatened. 
Many  streams,  springs  and  other  water  bodies  and  their  resident  biota  are  at  risk  of  destruction 
and  extirpation  due  to  anthropogenic  activities,  including  climate  change.  Therefore,  conducting 
species  level  inventories  of  caddisflies  and  other  aquatic  insects  occurring  in  these  aquatic 
resources  is  of  paramount  importance. 

Methods:  I  inventoried  adult  and  larval  caddisflies  at  several  National  Parks  in  the  Heartland 
Inventory  and  Monitoring  Network  including  Buffalo  National  River  (BUFF),  Ozark  National 
Scenic  Riverways  (OZAR),  George  Washington  Carver  National  Monument  (GWCA),  Pea 
Ridge  National  Military  Park  (PERI),  and  Wilson’s  Creek  National  Battlefield  (WICR).  Larvae 
were  collected  by  hand  and  in  benthic  samples,  and  adults  were  taken  at  rest,  sweeping,  and  with 
UV-light  traps.  Samples  were  collected  roughly  monthly  April  through  October.  Multiple 
streams  and  springs  were  sampled. 

Results/Conclusion:  Caddisfly  diversity  was  relatively  high  from  samples  taken  at  all  parks: 
BUFF  (86  species),  OZAR  (79  species),  WICR  (37  species),  PERI  (32  species),  GWCA  (35 
species).  One  undescribed  species  is  recorded  for  OZAR.  The  relationships  among  species  and 
parks  is  presented. 
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Lepidoptera  is  the  second  most  diverse  insect  group.  This  taxon  has  important  roles  in  the 
ecosystems,  as  pollinators,  indicators,  they  are  used  like  biomass  regulators  and  they’re  also  used 
as  models  to  understand  the  biological  process.  In  agriculture  they  behave  as  pests.  However  this 
group  is  really  important  and  few  studies  focus  in  the  taxonomic  research.  Unfortunately  the 
diversity  of  moths  is  poorly  known  in  Mexico,  and  in  the  Morelos  state  is  not  the  exception. 
Based  on  the  above,  this  work  is  a  contribution  to  knowledge  of  the  diversity  patterns  of  the 
families  Sphingidae  and  Arctiidae  in  the  tropical  dry  forest  in  Sierra  de  Huautla.  The  goal  of  this 
research  was  to  inventory  both  families  in  2  localities:  Quilamula  in  the  municipality  of 
Tlaquiltenango  and  El  Limon  de  Cuauchichinola  in  the  municipality  of  Tepalcingo.  Samples 
were  collected  during  one  long  year,  from  November  2013  to  December  2014  for  each  locality. 
Collections  were  carried  out  using  a  light  trap  from  10  pm  to  3  am.  In  this  study  we  report  a  total 
of  20  species  among  the  2  families:  for  Sphingidae,  8  genera  grouped  in  9  species,  from  which  5 
were  new  records  for  the  state  (Xylophanes  isaon,  Cocytius  duponchel,  Eumorpha  satellite, 
Isognathus  rimosa  and  Callionima  falcifera).  For  Arctiidae  we  found  1 1  genera  and  1 1 
morphospecies  ( Ammalo  sp.,  Hypercompe  caudata,  Notarctia proxima,  Halysidota  schausi, 
Ochrodota  sp.,  Pygarctia  sp.,  Utetheisa  ornatrix ,  Lophocampa  sp.,  Virbia  laeta ,  Ectypia  sp. 
and  Eurata  sp.)  of  which  all  were  new  for  the  state. 
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This  study  was  initiated  after  the  authors  acquired  an  unsigned  page  from  an  American  Civil 
War-era  field  notebook.  The  page  was  labeled  ‘A  few  observations  on  the  genus  Papilio  ’  and 
contained  hand  painted  water  color  images  of  male  and  female  tiger  swallowtail  ( P .  glaucus ) 
butterflies  and  associated  larvae  plus  several  line  drawings  of  other  swallowtail  larvae,  along 


with  text  providing  information  about  the  specimens  depicted  (including  dates  collected  but  not 
localities).  Consideration  of  all  the  information  we  could  gather  dated  the  page  circa  1861  and 
indicated  that  the  author/artist  was  most  likely  a  youthful  W.J.  Holland  (1848-1932),  who 
became  a  noted  naturalist  with  a  particular  fondness  for  Lepidoptera,  and  who  authored  two 
important  popular  American  works:  The  Butterfly  Book(  1898)  and  The  Moth  Book 
(1903).  Interestingly,  the  female  tiger  swallowtail  depicted  on  the  notebook  page  was  the  dark 
form  and  was  misidentified  (with  some  hesitation)  by  Holland  as  “similar  to”  a  black  swallowtail 
(P.  polyxenes ,  as  asterias ),  which  is  perhaps  not  surprising  since  Linnaeus  had  described  the  dark 
form  female  as  P.  glaucus  (1758)  and  the  yellow  male  as  P.  turnus  (1771),  apparently  confusing 
the  issue  of  tiger  swallowtail  sexual  dimorphism  for  the  ensuing  century.  In  addition  to  his 
interest  in  Lepidoptera,  W.J.  Holland  was  an  ordained  minister,  and  he  served  as  Chancellor 
(1891-1901)  of  the  Western  University  of  Pennsylvania,  now  the  University  of  Pittsburgh,  and  as 
Director  (1898-1922)  of  the  Carnegie  Museum  of  Pittsburgh. 
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A  new  environmental  monitoring  and  networking  project,  named  OKinawa  Environmental 
Observation  Network  (OKEON)  Chura-mori  Project,  is  currently  being  established  on  Okinawa 
Island.  Okinawa  is  a  subtropical  island  surrounded  by  coral  reef,  and  its  marine  environment  is 
relatively  well-studied;  however,  environmental  and  biodiversity  studies  are  lacking  for  most  of 
its  terrestrial  habitats  except  for  Yanbaru,  a  forested  area  in  the  northern  part  of  the  island. 

Since  April  of  last  year  we  established  20  study-sites  containing  altogether  60  SLAM  traps,  and 
the  full  number  of  sites  will  be  expanded  to  24  with  72  traps  across  different  habitats  on 
Okinawa  Island  by  the  end  of  FY2015.  Each  individual  study-site  is  defined  as  a  circle  with  a 
100m  diameter  and  contains  insect  traps  and  a  weather  station.  The  diversity  of  insects, 


especially  winged  ants,  is  monitored  in  2-week  intervals  and  samples  will  be  sorted  and  dry- 
mounted  in  real-time.  We  expect  the  collection  of  Okinawan  ants  to  grow  rapidly  and  to 
represent  the  actual  (alate)  ant  fauna  within  a  short  time.  Samples  for  each  species  will  also  be 
DNA-sequenced  and  used  to  create  a  comprehensive  phenology. 

Another  very  important  aspect  of  OKEON  Project  is  the  establishment  of  social  networks  and 
collaborations  between  different  institutions  and  the  public,  i.e.  the  Okinawa  Institute  of  Science 
and  Technology  (OIST),  Okinawan  government  agencies,  the  University  of  Ryukyus,  several 
local  museums,  high  schools,  and  other  interested  individuals.  Ant  research  programs  have 
already  been  started  at  4  different  high  schools  under  the  instruction  of  the  OKEON  Project. 
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No  single  treatment  of  the  ants  of  Virginia  has  ever  been  attempted  with  the  majority  of  the 
published  species  accounts  found  scattered  throughout  the  literature.  The  Ants  of  Virginia 
Project  (AVA)  was  initiated  in  late  2014  when  a  thorough  review  of  the  published  literature 
revealed  that  a  total  of  1 13  ant  species  were  known  to  occur  in  the  state.  These  numbers 
represent  a  stark  underestimation  of  the  true  number  of  species  expected  to  occur  in  the  state 
given  the  diversity  of  ecoregions  and  habitats  found  in  Virginia,  and  especially  when  viewed  in 
the  light  of  recent  updates  to  the  ant  lists  of  some  neighboring  regions.  A  systematic  state-wide 
survey,  coupled  with  visits  to  museum  collections  and  a  review  of  available  online  databases, 
was  initiated  in  the  spring  of  2015.  As  a  result  of  our  efforts,  23  additional  records  were  added  to 
the  list.  As  of  April  2016,  a  total  of  136  species,  including  12  ant  exotics,  are  reliably  reported 
for  the  state.  These  species  represent  most  of  the  North  American  groups,  lacking  only  the  more 
tropical  members  of  Ectatomminae  and  Pseudomyrmecinae.  The  most  speciose  genera  in  the 
state  include  Formica  (18  species),  S trumigenys  (14),  and  Lasius  (13).  With  this  project  we  aim 


to  bridge  the  gap  between  our  current  understanding  of  the  state’s  ant  diversity  and  distribution, 
and  the  true  diversity  of  Virginia’s  myrmecofauna  where  new  discoveries  are  undoubtedly  to  be 
expected. 
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Trap-nesting  Hymenoptera  and  their  nest  associates  were  sampled  at  two  sites  in  Nacogdoches 
County,  Texas  from  late  April  until  early  November  2014.  Trap-nests  consisted  of  severed 
bamboo  stems  with  cavities  of  2-12  mm  in  diameter  and  lengths  of  10-20  cm.  These  were 
suspended  within  sections  of  PVC  pipe  attached  to  fence  posts  in  semi-urban  and  rural 
areas.  During  the  course  of  the  study,  approximately  1100  stems  were  provisioned  by  a  variety 
of  bees  and  wasps.  Provisioned  stems  were  gathered  every  other  week  and  occupants  were 
collected  upon  emergence  from  the  stems.  Herein,  we  report  on  the  diversity  of  insects  trapped 
and  on  patterns  of  trap-nest  size  utilization. 
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The  Lepidoptera  are  one  the  most  familiar  Brazilian  insects,  but  little  is  known  about  their 
bionomy,  including  their  host  plants  and  parasitoids.  In  this  survey,  larvae  were  collected  from 
host  plants  along  trails  inside  the  savannah  area  (S  21°  35'  46"  W,  47°  48'  19.3"  and  S  21°  36' 
57.7",  W  47°  48'  48.7"),  in  Luiz  Antonio,  Sao  Paulo,  Brazil.  The  samples  were  collected  every  2 
weeks,  from  October  2013  to  September  2015,  with  entomological  umbrella.  In  the  laboratory, 
the  larvae  were  kept  in  250  or  500-ml  translucent  plastic  containers  and  fed  with  leaves  of  their 
respective  host  plants.  Fabaceae  was  one  of  the  most  common  families  of  plants  studied;  species 
of  6  genera  of  Geometridae  were  found  associated  with  7  genera  of  Braconidae  (Hymenoptera) 
with  solitary  or  gregarious  habits.  Eupithecia  spp.  (Geometridae)  and  the  Microgastrinae 
(Braconidae)  was  most  common;  other  Geometridae  recorded  were  Physocleora  cariaria, 
Hymenomima  spp.,  Macaria  regulata,  Glena  unipennaria  and  Patalene  pholata.  The  Braconidae 
were  Aleiodes  sp.  (Rogadinae),  Chelonus  sp.,  Microchelonus  spp.  (Cheloninae),  Diolcogaster 
spp.,  Glyptapanteles  spp.,  Hypomicrogaster  spp.,  Protapanteles  spp.  (Microgastrinae),  some  of 
them  first  recorded  as  parasitoids  on  geometrid  larvae.  The  highest  occurrence  of  geometrid 
larvae  and  their  parasitoids  was  during  the  rainy  season.  Other  information  about  the  bionomy  of 
the  species  and  descriptions  of  new  species  of  parasitoids  will  be  presented  and  illustrated.  The 
material  studied  was  deposited  in  Collection  of  the  Departamento  de  Ecologia  e  Biologia 
Evolutiva  da  Universidade  Federal  de  Sao  Carlos,  (DCBU  -  UF SC AR/DEBE/INCT-HYMPAR- 
SUDESTE),  Sao  Carlos,  SP,  Brazil. 
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Introduction:  Although  paras itoids  represent  a  major  component  of  insect  diversity,  their  vertical 
distribution  is  poorly  known.  Little  stratification  data  exist  on  specific  groups  of  parasitoids  in 
temperate  canopies,  mainly  because  of  the  difficult  accessibility  and  the  conviction  that 
temperate  canopies  are  less  stratified  than  tropical.  Our  study  focused  on  patterns  of  vertical 
stratification  among  complex  host-parasitoid  interactions  in  a  continual-canopy  gradient. 

Methods:  Host  larvae  were  collected  between  April  2013  and  May  2015  from  a  0.2  ha  plot  of  a 
temperate  floodplain  forest  during  vegetation  seasons  using  an  aerial  working  platform.  We 
investigated  canopies  of  59  trees  (8  species).  Parasitoids  were  either  reared  to  pupae  or  adults,  or 
dissected  directly  from  their  hosts.  Insect  abundances  among  trees  were  standardized  to  1-m 
intervals  to  achieve  accurate  stratification  of  canopy  gradient. 

Results/Conclusion:  Results  presented  in  this  abstract  are  preliminary  because  the  identification 
of  parasitoid  species  is  in  progress  (April  2016).  We  sampled  6,451  leaf-chewing  larvae 
representing  171  species,  and  recorded  1,025  parasitoid  rearing  events  (with  overall  parasitism 
rate  15.9%)  resulting  in  144  BINs.  We  found  positive  correlations  between  sampled  leaf  area  and 
the  total  number  of  potential  hosts,  and  the  number  of  potential  hosts  and  number  of  parasitoid 
rearing  events.  These  patterns  differed  among  tree  species.  The  highest  proportion  of  parasitoids 
and  their  hosts  was  found  in  the  middle  of  canopy.  We  recorded  significant  differences  in  the 
parasitism  rate  of  parasitoid  families  along  the  canopy  gradient.  This  project  was  funded  by  grant 
project  GACR  14-04258S  and  by  National  Feasibility  Program  I  (LO1208  “TEWEP”). 
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Abstract  text: 

Mountains  occupy  about  one-fifth  of  the  earth's  surface  and  are  important  in  maintaining  life  on 
Earth.  The  potential  for  endemism  in  mountainous  regions  is  very  high  due  to  the  history  of 
change  and  evolutionary  processes  occurring  in  space  and  time,  promoting  a  series  of 
phenomena  such  as  speciation.  In  this  context,  the  parasitoid  Hymenoptera  are  a  key  group 
because  they  are  mega-diverse,  are  on  top  of  all  trophic  interactions,  occur  in  all  environments, 
are  efficient  biological  indicators  and  certainly  represent  much  of  the  diversity  of  other  groups  of 
organisms  to  which  they  are  associated.  Braconidae  is  the  second  largest  family  within 
Ichneumonoidea,  and  is  well-represented  in  the  Neotropical  region,  but  there  is  a  lack  of 
knowledge  about  the  fauna  of  high  altitude  environments,  especially  in  Brazil.  This  work  was 
conducted  at  Itatiaia  National  Park,  Rio  de  Janeiro  State,  Brazil,  a  protected  area  under  the 
Atlantic  Forest  Domain.  Eleven  Malaise  traps  were  installed  for  sampling  between  987  to  2,255 
meters,  from  201 1  to  2014.  About  9,880  Braconidae  were  collected,  from  28  subfamilies  and  123 
genera.  This  study  revealed  115  genera  recorded  for  the  Neotropical  region  (11  new  records)  and 
81  for  Brazil  (40  new  records).  In  addition,  it  was  clearly  observed  that  the  distribution  of  these 
new  recorded  genera  were  mainly  concentrated  in  the  highest  altitudes.  Mountain  ecosystems  are 
unreplaceable;  the  knowledge  of  their  biodiversity  makes  it  possible  to  direct  actions  for  their 
conservation.  All  the  new  species  encountered  are  in  the  study  and  documentation  processes  at 
the  DCBU  Collection  (UF SC AR/DEBE/IN CT -H YMP AR- SUDE STE) . 
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Introduction:  Generally,  the  German  cockroach  ( Blattella  germanica  L.)  is  a  serious 
contaminant  of  processed  food  and  has  recently  been  viewed  as  a  pest  worthy  of  control  in  plant 
protection  when  viewing  the  entire  value  chain  of  agricultural  commodities.  Due  to  the  nature  of 
the  pest,  it  is  quite  difficult  to  control  using  registered  agrochemicals  on  the  market.  An 
entrepreneur  in  the  rural  areas  of  Limpopo  Province  developed  bait  for  cockroach  control,  which 
was  code  named  Mohlolo  during  efficacy  trials.  The  objective  of  the  study  was  to  investigate 
whether  Mohlolo  insecticide  bait  (MIB)  would  reduce  populations  of  B.  germanica  in  residential 
areas. 

Methods:  One  gram  (1  g)  of  MIB  and  a  moistened  cotton  wick  were  put  at  the  bottom  centre  of 
250  cm3containers  containing  nymphs  based  according  to  their  respective  ages.  Residential 
experiments  were  conducted  at  University  of  Limpopo  student  apartments.  Two  bait  containers 
were  then  placed  in  the  kitchen,  lodge,  bathroom  and  bedroom. 

Results/Conclusion:  According  to  the  results,  100%  mortality  of  1-,  2-,  3-,  4-,  5-days  nymphs 
and  adult  B.  germanica  was  obtained  after  7th,  2nd,  3rd,  3rd,  and  4th  days,  respectively,  whereas 
LT-50  values  ranged  from  0.5  to  1.5  days.  Providing  results  of  this  study  would  provide 
information  on  resistance  and  tolerance  of  B.  germanica  nymphs  and  adult  population  against 
MIB  in  the  laboratory  and  residential  areas.  It  would  also  provide  biological  information  on  the 
efficacy  of  MIB  against  the  German  cockroaches. 
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Toluene  is  a  volatile  hydrocarbon  found  in  industrial  settings  and  in  household  products.  It  is 
classified  as  noncancerous  but  air-toxic,  and  chronic  exposure  to  toluene  can  have  negative 


effects  on  human  neurological  function,  organ  function,  and  fetal  development,  and  can  cause 
hormonal  changes.  Our  purpose  is  to  investigate  the  effects  of  toluene  on  a  population  of  the 
model  organism,  Drosophila  melanogaster .  Since  humans  and  D.  melanogaster  have  similar 
nervous  system  structures  and  function,  and  exposure  to  toluene  results  in  permanent  damage  to 
the  central  nervous  system,  we  anticipate  that  D.  melanogaster  will  show  similar  results.  In  fruit 
flies,  toluene  is  known  to  negatively  affect  fly  eclosure  and  delay  pupation  patterns.  To  observe 
these  effects,  a  continuous  flow  system  that  delivers  known  concentrations  of  gaseous  toluene  to 
populations  of  D.  melanogaster  was  developed.  We  have  interpolated  the  lethal  concentration  of 
gaseous  toluene  that  kills  50%  of  the  population  (LC50)  to  be  279  ppm.  Adults  exposed  at 
concentrations  in  the  LC50  range  were  mated  and  the  resulting  offspring  were  counted  at  egg, 
larval,  and  pupal  stages.  These  data  allow  us  to  track  fecundity  and  progression  of  fly 
development  under  the  influence  of  parental  toluene  exposure.  In  addition,  light  microscopy  is 
used  to  observe  the  effects  of  toluene  exposure  on  the  offspring  larvae’s  morphology,  which  is 
compared  to  the  morphology  of  the  larvae  from  unexposed  parents.  Interpreting  the  data  will 
allow  us  to  identify  the  developmental  stage(s)  at  which  fruit  flies  are  affected  by  toluene 
exposure. 
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IntroductiomTriatomines  are  large  blood-sucking  bugs  that  occur  mainly  in  Latin  America 
countries  and  are  vectors  of  Chagas'  disease.  Chemical  control  by  using  pyrethroid  insecticides 
has  been  successful  for  the  elimination  of  domestic  infestation.  However,  at  the  beginning  of  the 
2000s  a  decrease  in  the  effectiveness  of  pyrethroids  was  detected  in  Argentina  and  Bolivia, 
particularly  in  the  Gran  Chaco  eco-region.  Actually,  widespread  mechanisms  of  resistance  are 
known  in  Triatoma  infestans  and  as  is  the  expression  of  deltamethrin  resistance  thoroughout  the 
embryonic  development. 


Methods:  In  this  work,  the  fitness  of  resistant  T.  infe starts  from  Aguaray,  Salta,  Argentina  (22° 
14’  S,  63°  43’  W),  an  area  of  the  Gran  Chaco  eco-region,  was  measured  in  comparison  to 
susceptible  insects  by  using  a  demographic  approach  based  on  matrix  population  models.  The 
length  of  each  developmental  stage  and  complete  life  cycle,  mating  rate,  and  fecundity  were 
evaluated.  A  survival  life  table  was  constructed  and  parameters  were  calculated  to  achieve  a 
stage- structured  model  of  population  growth. 

Results/Conclusion:  The  results  showed  that  the  total  fecundity  of  susceptible  females  were 
significantly  higher  than  resistant  and  crossed  ones  and  was  expressed  as  the  highest 
reproductive  value.  Moreover,  the  proportion  of  individuals  in  the  younger  stages  was  lower  in 
the  resistant  than  in  the  susceptible  colony,  and  the  opposite  was  found  for  the  older  stages  (IV  to 
adult). 

The  described  differences  in  reproductive  output  and  development  were  associated  with  lower 
growth  rates  in  the  resistant  insects,  which  could  delay  resistance  evolution  or  allow  its  reversion 
in  heterogeneous  populations. 
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Introduction:  The  blown  planthopper,  Nilaparvata  lugens,  (BPH)  is  the  most  important  pest  on 
rice  throughout  Asia.  The  field  populations  of  BPH  in  East  Asia  and  Vietnam  developed 
insecticide  resistance  against  imidacloprid  since  mid-2000s.  The  LD50  values  against  other 
neonicotinoids  such  as  clothianidin  and  thiamethoxam  have  also  increased  by  degrees.  We 
hypothesized  that  the  overuse  of  imidacloprid  for  BPH  control  influences  the  development  of 
insecticide  resistance  against  some  other  neonicotinoids. 


Methods:  The  resistant  strain  (Res-P)  was  generated  from  a  susceptible  field  population 
collected  from  Philippines  in  2009,  by  exposure  to  imidacloprid  with  LD50  doses  for  more  than 
20  generations.  The  control  strain  (Con-P)  was  only  exposed  to  acetone.  After  selection,  the 
susceptibilities  of  five  neonicotinoids  and  fipronil  were  compared  between  the  resistant  and 
control  strains  using  a  standard  topical  application  methodology. 

Results/Conclusion:  The  LD50  values  of  clothianidin  and  thiamethoxam  in  Res-P  (4.0-5. 5  |ig/g) 
were  12.1  and  16.4  times  higher  than  those  in  Con-P  (0.33-0.34  pg/g),  respectively.  In  contrast, 
the  LD50  values  against  dinotefuran,  nitenpyram,  and  fipronil  in  Res-P  (0.15-0.93  pg/g)  were  2.1, 
5.5,  and  1.1  times  higher  than  those  in  Con-P  (0.14-0.93  pg/g),  respectively.  These  results 
suggested  that  the  reduction  of  imidacloprid  susceptibility  has  a  strongly  positive  effect  on 
susceptibilities  against  clothianidin  and  thiamethoxam,  but  not  against  the  other  two 
neonicotinoids  (dinotefuran  and  nitenpyram)  and  phenylpyrazole  (fipronil).  These  results  were 
consistent  with  the  status  of  insecticide  resistance  in  field  BPH  populations.  In  conclusion,  the 
development  of  imidacloprid  resistance  induced  cross  resistance  against  clothianidin  and 
thiamethoxam  in  BPH. 
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Introduction:  Integrated  pest  management  (IPM)  tactics  may  effectively  control  focal  pests,  but  it 
is  also  important  to  consider  impacts  on  other  organisms  associated  with  host  plants.  We 
investigated  effects  of  a  systemic  neonicotinoid  insecticide  on  two  non-target  arthropods: 
twospotted  spider  mites  ( Tetranychus  urticae )  and  western  flower  thrips  (Frankliniella 
occidentals) .  The  former  arthropod  is  a  generalist  herbivore,  while  the  latter  is  an  omnivore  that 
primarily  feeds  on  plant  material  but  is  also  known  to  consume  two-spotted  spider  mites. 


Methods:  We  investigated  interactions  between  these  arthropods  using  a  series  of  greenhouse 
experiments  where  we  manipulated  spider  mite  and  thrips  densities  on  plants  with  and  without  a 
neonicotinoid  seed  treatment  (thiamethoxam). 

Results/Conclusion:  The  presence  of  the  seed  treatment  altered  interactions  between  these  2 
arthropods;  on  non-treated  plants  there  was  a  negative  association  between  spider  mite  and  thrips 
densities,  but  this  was  not  the  case  on  plants  with  the  seed  treatment.  Additionally,  the  seed 
treatment  appeared  to  impact  thrips  behavior,  as  evidenced  by  significantly  fewer  thrips  present 
on  leaves  inhabited  by  spider  mites.  We  also  investigated  thrips  feeding  preference  for  spider 
mites  reared  on  seed  treated  and  non-seed  treated  plants.  This  research  highlights  how  the 
impacts  of  selective  IPM  tactics  can  extend  beyond  focal  pests  and  impact  broader  food  webs. 
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The  effects  of  imidacloprid  on  honey  bee  colony  health  was  evaluated  in  full  sized  colonies 
located  in  an  agricultural  production  area.  Colonies  were  continuously  fed  sucrose  syrup 
solutions  containing  0,  5,  20,  or  100  ppb  imidacloprid  for  6  weeks,  using  hive-top  feeders  to 
eliminate  robbing.  Rate  of  consumption  was  recorded  and  hives  were  weighed  monthly.  Each 
colony  was  evaluated  for  total  area  of  comb  containing  eggs,  larvae,  capped  brood,  pollen  and 
honey.  Samples  of  wax,  pollen,  honey  and  adult  bees  were  taken  from  each  hive  during 
evaluations,  and  screened  for  imidacloprid  and  metabolites.  Colonies  receiving  100  ppb  syrup 
solution  rejected  significantly  more  syrup  than  other  hives.  Total  area  of  capped  brood  varied 
per  hive  through  the  season,  but  was  not  significantly  associated  with  any  treatment.  Residue 
levels  found  in  hive  products  are  reported. 
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Neonicotinoid  insecticides  are  important  globally  to  control  pests  in  numerous  agricultural  crops, 
representing  24%  of  total  agricultural  insecticide  use.  Recently,  exposure  of  non-target 
organisms  to  neonicotinoids  present  in  various  environmental  matrices  was  debated  as  a  result  of 


their  use  as  seed  treatments  in  field  crops.  As  part  of  a  comprehensive  study  following 
neonicotinoid  residues  in  a  corn  ecosystem,  in  many  cases  they  were  found  to  concentrate  in  the 
soil  surface  dust  which  was  then  subject  to  wind  and  water  erosion.  It  was  hypothesized  that 
upward  flux  of  soil  moisture  through  evaporation  resulted  in  this  accumulation  of  neonicotinoid 
residues  in  soil  surface  dust.  The  hypothesis  was  tested  using  soil  columns  collected  from  the 
study  fields  under  laboratory  conditions  and  the  dynamics  involved  are  now  understood.  These 
data  show  that  capillary  movement  is  an  influential  factor  which  acts  independently  of  other 
determining  properties  like  soil  organic  carbon  content  or  soil  texture.  These  results  will 
contribute  important  knowledge  not  considered  previously  about  the  dynamics  involving  the  fate 
of  neonicotinoids  residues  in  soil,  and  the  role  these  residues  may  play  in  the  overall  risk 
assessment  currently  underway  for  the  overall  source,  transport  and  impact  of  neonicotinoid 
insecticide  residues  in  a  maize  ecosystem. 
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Two-spotted  mite  ( Tetranychus  urticae  Koch)  is  one  of  the  major  pests  of  pear  orchards. 
Chemical  control  is  most  often  used  to  control  mites  in  a  number  of  ways.  Nowadays,  resistance 
against  acaricides  is  a  problem  awaiting  a  solution  for  the  control  of  mites.  Good  acaricides  are 
needed  for  farm  use.  Two  pear  orchards  per  region  were  selected  at  Gongju,  Nonsan  and  Yesan. 
Six  populations  of  two-spotted  mite  at  these  6  pear  orchards  were  collected  and  treated  with 
selected  acaricides.  As  results,  cyflumetofen,  chlorfenapyr  and  bifenazate  showed  high  control 
effects  over  90%  against  all  of  3  regional  populations.  On  the  other  hand,  bifenthrin, 
spirodiclofen,  etoxazole,  fenpyroximate  and  fenazaquin  showed  different  control  effects  against 
each  regional  population.  Based  on  these  results,  detoxifying  enzyme  activities  of  6  field  strains 
and  a  laboratory  susceptible  strain  were  measured.  Mixed  function  oxidase  (MFO),  glutathione- 
S-tranferase  (GST)  and  esterase  showed  higher  activitity  in  the  resistance  strains  than  in  the 


susceptible  strain.  Also,  the  difference  between  the  resistance  and  susceptible  strains  will  be 
investigated  using  molecular  biological  techniques. 
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Introduction:  Cyclaniliprole  (CY)  is  a  new  diamide  class  (IRAC  28)  insecticide  which  is 
marketed  globally  by  Ishihara  Sangyo  Kaisha.  CY  acts  by  activating  the  ryanodine  receptor 
modulator.  CY  has  a  wide  target  spectrum,  rapid  action,  long  residual  activity,  and  high 
adulticidal  activity.  Although  CY  belongs  to  IRAC  28,  it  has  higher  activity  against  the  diamide- 
resistant  diamondback  moth  (DBM,  Plutella  xylostella )  than  other  diamides.  This  study  reports 
the  mode  of  action  of  CY  based  on  its  chemical  structure,  which  confers  an  advantage  compared 
with  other  diamides. 

Methods:  We  tested  susceptibility  to  CY,  TO-3086,  and  chlorantraniliprole  (CH).  TO-3086 
(synthesized  by  I.S.  Kaisha)  was  obtained  by  replacing  the  methyl  group  at  the  2  position  of  the 
benzene  ring  of  CY  with  bromine.  CH  also  has  a  methyl  group  at  the  2  position  of  the  benzene 
ring.  Cabbage  leaves  were  dipped  in  various  test  solutions  and  placed  in  Petri  dishes.  Ten 
second-instar  DBM  larvae  with  an  amino  acid  substitution  from  glycine  to  glutamic  acid 
(G4946E)  in  the  ryanodine  receptor  were  released  into  each  Petri  dish.  The  number  of  dead 
larvae  was  counted  5  d  after  release. 

Results/Conclusion:  The  R/S  ratio  of  CY  was  64-256-fold  lower  than  those  of  CH  and  TO-3086. 
The  R/S  ratios  of  CH  and  TO-3086  were  restored  with  piperonyl  butoxide,  whereas  that  of  CY 
was  not.  The  results  suggest  that  CY  exhibits  perfect  control  of  the  diamide-resistant  DBM 
strain,  which  has  a  point  mutation  generating  an  improved  oxidation  metabolism  enzyme. 
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Recent  focus  on  global  pollinator  health  has  resulted  in  pesticide  registration  changes  in  multiple 
countries.  This  has  led  to  additional  product  data  requests  for  pesticide  registrants  to  meet  new 
guideline  requirements,  and  the  regulatory  use  of  very  conservative  risk  assessment 
methodologies  for  the  registration  of  crop  protection  products.  Acute  oral  and  contact  toxicity 
studies  have  historically  been  conducted  for  pesticide  risk  assessment  and  registration,  and  have 
been  traditionally  conducted  with  only  the  European  honey  bee  to  show  pollinator  safety.  The 
intense  media,  non-governmental  organization,  and  general  public  focus  on  the  issue  of 
pollinator  health  has  resulted  in  regulatory  changes  in  pesticide  risk  assessment,  leading  to 
widespread  confusion  of  the  regulatory  requirements  for  product  safety,  and  how  safe  use  to 
pollinators  can  be  quantitatively  determined.  This  poster  presents  the  studies  (guideline  and  non¬ 
guideline)  that  need  to  be  conducted  to  satisfy  tier  one  bee  safety  requirements  for  a  global 
product  submission,  currently  and  those  proposed  for  the  near  future.  Higher  tier  study 
options,  what  guidelines  are  available  for  their  conduct,  and  what  endpoints  can  realistically  be 
determined  from  them,  are  also  discussed.  Extensive  product  testing  allows  for  comprehensive 
knowledge  of  a  product’s  risks,  and  how  those  risks  may  be  mitigated  in  our  modern  agricultural 
landscape. 
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Introduction:  The  large  pine  weevil,  Hylobius  abietis  L.  (Coleoptera:  Curculionidae)  is  one  of  the 
most  destructive  coniferous  forest  insect  pests  in  Europe,  where  clear-cutting  and  reforestation 
by  planting  is  practised.  Pine  weevil  adults  feed  on  the  stem  bark  of  conifer  transplants,  which 
often  causes  growth  loss  and  high  mortality.  Insects  are  attracted  to  coniferous  plants  for  feeding 
by  orienting  to  host  volatile  compounds  (a-pinene,  etc.).  Masking  the  odour  of  the  host  plant  of 
the  pest  with  repellent  insecticides,  can  disrupt  the  host-finding  behaviour  of  the  pest.  The  aim  of 
the  study  was  to  test  the  effects  of  some  insecticides  odours  on  the  behaviour  of  the  large  pine 
weevil  in  laboratory  conditions. 

Methods:  The  experiments  were  carried  out  in  a  4-choice  olfactometer.  An  automated  video 
tracking  system,  Etho Vision  XT  1 1  (Noldus,  The  Netherlands),  was  used  to  record  and  analyze 


the  movement  of  insects.  The  following  insecticide  volatiles  were  tested:  Actara  25  WG  (a.i. 
thiamethoxam),  Decis  Mega  (a.i.  deltamethrin)  and  NeemAzal  T/S  (a.i.  azadirachtin  A). 

Results/Conclusion:  The  botanical  insecticide  NeemAzal  T/S  and  pyrethroid  Decis  Mega  acted 
as  repellents  for  the  adult  pine  weevils.  Neonicotinoid  Actara  25  WG  did  not  have  effect  on  the 
behaviour  of  weevils. 

NeemAzal  T/S  and  Decis  Mega  are  insecticides  that  have  repellent  properties  against  the  large 
pine  weevil  adults.  The  active  ingredient  thiametoxam  (Actara  25  WG)  is  nowadays  a  widely 
used  ingredient  to  prevent  and  control  pine  weevils  attack  has  actually  no  repellent  effect  on  the 
large  pine  weevil. 

The  study  was  supported  by  the  projects:  8-2/T121 15MIMK,  ETF9449,  IUT36-2. 
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Reduced  efficacy  of  neonicotinoid  seed  treatments  for  preventing  damage  caused  by 
Frankliniella  fusca  Hinds  in  cotton  motivated  a  widespread  survey  that  documented  resistance  in 
populations  from  AL,  AR,  GA,  LA,  MS,  NC,  TN,  TX  and  VA.  Although  resistance  was 
observed  across  this  entire  region,  not  all  populations  were  classified  as  resistant,  and  resistance 
ratios  were  variable  among  populations  within  each  state.  The  development  of  insecticide 
resistance  is  influenced  by  population  processes  including  the  amount  of  gene  flow  occurring 
among  populations,  and  the  scale  at  which  migration  occurs  through  space  and  time.  In  this  study 
single-nucleotide  polymorphisms  (SNPs)  were  developed  to  examine  the  population  genetic 
structure  of  F.  fusca  populations  in  the  Southern  and  Southeastern  U.S.  Individuals  from  a 
subsample  of  populations  included  in  the  regional  resistance  survey  conducted  in  2014  were  used 
in  this  experiment.  Results  from  F-statistics,  principal  component  analysis  (PCA),  Structure  and 
Geneland  analyses  will  be  presented. 
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Introduction:  The  brown  planthopper  ( Nilaparvata  lugens)  is  a  serious  rice  pest  in  China. 
Chemical  insecticides  have  been  considered  a  satisfactory  means  of  controlling  the  brown 
planthopper. 

Methods:  In  the  present  study,  we  determined  the  susceptibility  of  21  populations  of#,  lugens  to 
1 1  insecticides  by  a  rice-stem  dipping  method  from  2012  to  2014  in  8  provinces  of  China. 

Results/Conclusion:  These  field-collected  populations  of  #.  lugens  had  developed  high  levels  of 
resistance  to  imidacloprid  (resistant  ratio,  RR  =  23 3. 3 -2029-fold)  and  buprofezin  (RR  =  147.0- 
1222).  Furthermore,  N.  lugens  showed  moderate  to  high  levels  of  resistance  to  thiamethoxam 
(RR  =  25.9-159.2)  and  low  to  moderate  levels  of  resistance  to  dinotefuran  (RR  =  6.4-29.1), 
clothianidin  (RR  =  6.1-33.6),  ethiprole  (RR=  11.5-71.8),  isoprocarb  (RR=  17.1-70.2),  and 
chlorpyrifos  (RR  =  7.4-30.7).  In  contrast,  the  susceptibility  of#  lugens  to  etofenprox  (RR  =1.1- 
4.9),  thiacloprid  (RR  =  2. 9-8. 2)  and  acetamiprid  (RR  =  2.7-26.2)  remained  susceptible  to 
moderate  levels  of  resistance.  Significant  correlations  were  detected  between  the  LCso  values  of 
imidacloprid  and  thiamethoxam,  dinotefuran,  buprofezin,  and  etofenprox,  as  well  as  between 
clothianidin  and  thiamethoxam,  dinotefuran,  ethiprole,  acetamiprid,  and  thiacloprid.  Similarly, 
significant  correlations  were  observed  between  chlorpyrifos  and  etofenprox,  acetamiprid  and 
thiacloprid.  Additionally,  the  activity  of  the  detoxification  enzymes  of  #.  lugens  showed  a 
significant  correlation  with  the  log  LCso  values  of  imidacloprid,  dinotefuran  and  ethiprole.  These 
results  will  be  beneficial  for  effective  insecticide  resistance  management  strategies  to  prevent  or 
delay  the  development  of  insecticide  resistance. 


Poster 

Presentation  Title:  Development  of  natural  insecticides  for  Bemisia  tabaci  (Hemiptera: 
Alyrodidae)  on  greenhouse  sweet  pepper 

Author  Name:  Soowan  Kim 

Author  Institution:  Gachon  University 

Session  Title:  Poster  Session  1:  Ecology  of  Pesticides,  Resistance,  Toxicology,  and  Genetically 
Modified  Crops,  Part  1 

Date  of  Presentation:  Monday,  September  26,  2016 
Abstract  Number:  D3201 
DOI:  10. 1603/ICE.2016.1 14203 


Abstract  text: 


The  sweetpotato  whitefly,  Bemisia  tabaci  Gennadius,  is  a  major  pest  on  greenhouse  sweet 
pepper  ( Capsicum  annuum  L.),  which  is  one  of  the  leading  greenhouse  crops  in  South  Korea. 
Conventionally,  this  pest  has  been  managed  with  the  application  of  synthetic  insecticides. 
However,  insecticide  application  has  caused  several  problems  including  the  overuse  of  toxic 
compounds  and  the  resistance  of  whiteflies  to  insecticides.  To  apply  natural  insecticides  with  a 
site-specific  strategy,  we  first  monitored  the  population  dynamics  and  spatial  distributions  of 
adult  B.  tabaci  on  sweet  pepper  using  yellow  sticky  traps  over  2  months  in  an  experimental 
greenhouse.  The  number  of  whiteflies  sharply  increased  from  5.50  ±  0.33  (mean  ±  SE)  to  168.51 
±  10.79  per  trap,  and  their  overall  spatial  distribution  was  aggregated  near  the  greenhouse 
entrances.  Second,  we  tested  3  newly-screened  natural  insecticidal  compounds  for  B.  tabaci  (Q- 
type)  in  laboratory  conditions.  Among  the  compounds  tested,  JA408,  a  plant  extract  from  Perilla 
sp.,  showed  acute  and  significant  insecticidal  effects  on  adult  B.  tabaci  causing  90%  mortality  in 
one  hour.  However,  it  also  caused  phytotoxicity  symptoms  on  sweet  pepper  leaves  and  the  level 
of  phytotoxicity  was  moderate  when  evaluated  following  the  guideline  from  Korean  National 
Academy  of  Agricultural  Science.  Our  results  suggest  that  the  new  plant-extract  JA408  has 
promising  potential  as  a  natural  insecticide  for  B.  tabaci.  Further  study  must  resolve  the 
phytotoxicity  issue  and  evaluate  insecticidal  effects  under  field  conditions. 
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Genotyping  for  the  previously  reported  G4946E  mutation  site  of  the  ryanodine  receptor  (RyR) 
gene  was  conducted  individually  in  Plutella  xylostella  L.  strains  with  different  sensitivities  to 
diamide  insecticides.  Results  obtained  by  direct  sequencing  using  primers  previously  reported  for 
the  mutation  site  were  not  indicative  for  the  resistance  status  of  the  strains  examined  possibly 
because  of  gene  duplication.  Typical  example  is  that  the  RyR  gene  sequences  with  the  G4946E 
mutation  were  found  in  the  laboratory-susceptible  strain.  However,  all  those  clones  with  the 


G4946E  mutation  lacked  introns,  suggesting  that  the  G4946E  mutation  encoded  in  the  intronless 
sequences  does  not  function  as  a  resistance  factor.  Primers  exclusively  amplifying  the  RyR  gene 
sequences  with  intron  were  designed  based  on  data  obtained  by  cloning  and  nucleotide 
sequencing  of  RyR  gene  sequences  amplified  from  28  insects  belonging  to  6  strains.  Using  the 
primers,  genotyping  for  the  mutation  site  was  conducted  individually.  Results  showed  that 
resistant  strains  contain  more  insects  of  the  resistant  homozygote. 
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Introduction:  Peroxiredoxins  (Prxs)  are  members  of  the  antioxidant  enzyme  family  responsible 
for  resistance  to  environmental  stresses  in  both  eukaryotes  and  prokaryotes.  Although  Prxs  have 
been  reported  in  several  insect  species,  their  functions  has  not  been  fully  understood. 

Methods:  In  this  study,  we  cloned  four  peroxiredoxins  from  Plutella  xylostella,  which  were 
named  PxPrxl ,  PxPrx2 ,  PxPrx3  and  PxPrx4.  PxPrxl  and  PxPrx2  were  typical  2-Cys  Prxs  while 
PxPrx3  was  a  2-Cys  Prxs  and  PxPrx4  a  1-Cys  Prxs. 

Results/Conclusion:  qPCR  analysis  revealed  that  all  4  PxPrx  genes  had  high  levels  of 
expressions  in  adults,  but  only  PxPrxl  and  PxPrx3  were  highly  expressed  in  pupae  while  only 
PxPrx2  was  highly  expressed  in  larvae.  Tissue  specific  expression  analyses  showed  PxPrxl , 
PxPrx3  and  PxPrx4  were  highly  expressed  in  Malpighian  tubules  relative  to  midgut,  head, 
cuticle  and  fat  body.  However,  PxPrx2  did  not  show  significantly  differential  expression  in  these 
tissues.  In  general,  PxPrx4  had  a  lower  level  of  expression  than  the  other  3  genes  which  were 
expressed  at  similar  levels.  For  functional  characterization,  we  analyzed  the  response  of  PxPrxl , 
PxPrx2  and  PxPrx3  to  several  abiotic  stress  factors.  The  results  showed  the  expressions  of 
PxPrx2  and  PxPrx3  were  rapidly  upregulated  in  response  to  heat  and  UV  treatments.  RNAi 
knockdown  of  PxPrx2  and  PxPrx3  significantly  inhibited  the  target  gene  expression  24  h  post- 


treatment,  leading  to  decreased  sensitivity  of  P.  xylostella  to  heat  and  UV  treatment.  In 
conclusion,  PxPrxs2  and  PxPrxs3  are  involved  in  protecting  P.  xylostella  against  oxidative 
damage. 
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The  present  study  compared  stress-induced  expression  of  Cu-Zn  superoxide  dismutase  (SOD1) 
and  thioredoxin  reductase  (TrxR)  genes  in  the  European  honeybee  Apis  mellifera  and  Asian 
honeybee  A.  cerana.  Expression  of  both  SOD1  and  TrxR  rapidly  increased  up  to  5  h  after 
exposure  to  cold  (4°C)  or  heat  (37°C)  treatment  and  then  gradually  decreased,  with  a  stronger 
effect  induced  by  cold  stress  in  A.  mellifera  compared  to  A.  cerana.  Injection  of  stress-inducing 
substances  (methyl  viologen,  MV  and  H2O2)  also  increased  SOD1  and  TrxR  expression  in  both 
A.  mellifera  and  A.  cerana ,  and  this  effect  was  more  pronounced  with  MV  than  H2O2. 
Additionally,  we  heterologously  expressed  the  A.  mellifera  and  A.  cerana  SOD1  and  TrxR 
proteins  in  an  E.  coli  expression  system,  and  detection  by  SDS-PAGE,  confirmed  by  Western 
blotting  using  anti-Elis  tag  antibodies,  revealed  bands  at  16  kDa  and  60  kDa,  respectively.  Our 
results  show  that  the  expression  patterns  of  SOD1  and  TrxR  differ  between  A  mellifera  and  A. 
cerana  under  conditions  of  low  or  high  temperature  as  well  as  oxidative  stress. 


Poster 


Presentation  Title:  Corazonin  gene  controls  gregarious  characteristics  in  the  desert  and 
migratory  locusts 

Author  Name:  Ryohei  Sugahara 

Author  Institution:  National  Institute  of  Agrobiological  Sciences 

Session  Title:  Poster  Session  1:  Functional  Genomics  and  Transgenesis 

Date  of  Presentation:  Monday,  September  26,  2016 

Abstract  Number:  D3205 

DOI:  10.1603/ICE.2016.1 11885 

Abstract  text: 

The  two  plague  locusts,  Schistocerca  gregaria  and  Locusta  migratoria,  exhibit  a  remarkable 
form  of  phenotypic  plasticity,  known  as  density-dependent  phase  polyphenism.  At  a  low 
population  density,  nymphs  are  uniformly  colored  and  match  their  body  color  to  the  background 
color  of  their  habitat  (solitarious  forms).  At  a  high  population  density  they  gregarize  and  develop 
black  patterns  on  their  body  (gregarious  forms).  Body  color  characteristic  of  gregarious  forms 
can  be  induced  by  an  injection  of  the  neuropeptide,  corazonin  (Crz)  into  isolation-reared 
(solitarious)  nymphs  that  otherwise  remain  without  black  patterns.  Crz  also  affects  a  classical 
morphometric  ratio,  F/C  (F,  hind  femur  length;  C,  maximum  head  width)  in  the  adult  stage.  The 
present  study  identified  and  cloned  the  CRZ  genes  from  S.  gregaria  and  L.  migratoria.  A 
comparative  analysis  of  prepro-Crz  sequences  among  insects  showed  that  the  functional  peptide 
was  well  conserved.  In  both  species,  silencing  of  CRZ  gene  in  the  gregarious  nymphs  markedly 
lightened  their  body  color  and  shifted  the  adult  F/C  ratio  toward  the  value  typical  of  solitarious 
forms.  In  addition,  knockdown  of  the  gene  in  solitarious  nymphs  strongly  inhibited  darkening 
even  after  a  transfer  to  crowded  conditions.  In  both  phases,  CRZ  was  constitutively  expressed  in 
the  brain  during  nymphal  development  in  both  species.  This  gene  was  highly  expressed  in  the 
corpora  allata  in  S.  gregaria  gregarious  nymphs,  but  no  such  phase-dependent  expression  was 
observed  in  L.  migratoria.  We  conclude  that  CRZ  plays  a  key  role  in  controlling  gregarious 
characteristics  through  a  post-transcriptional  step  of  CRZ  in  the  two  species. 
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Introduction:  The  expression  profiles  of  genes  associated  with  the  midgut  renewal  during 
metamorphosis  in  the  major  mosquito  vector  Aedes  aegypti  are  widely  unknown.  Here,  we 
assessed  the  expression  of  several  genes  related  to  innate  immunity,  autophagy,  and  midgut 
epithelial  renewal  in  different  stages  of  development. 

Methods:  Total  RNA  was  isolated  from  whole  body  pools  (n= 5)  of  L3  and  L4  larvae,  white 
pupae  (WP),  and  newly  emerged  females  (NE).  Following  1st  strand  cDNA  synthesis  of 
individual  samples,  gene  expression  profiles  were  obtained  for  the  following  genes:  PIRK , 
ATG1,  ATG6 ,  ATG8  and  Vein,  with  the  S7  ribosomal  gene  used  as  internal  control. 

Results/Conclusion:  Expression  profiles  indicated  that  Pirk,  a  negative  regulator  of  the  Imd 
pathway,  was  up-regulated  by  98%  in  L3  and  84%  in  L4,  respectively,  and  down-regulated  in  all 
other  stages  of  development  analyzed.  The  autophagy-associated  genes  ATG1,  ATG6 ,  and  ATG8 
were  up  regulated  in  both  L3  and  L4  larvae.  Immunolabeling  of  A.  aegypti  midgut  with  the  anti- 
LC3  antibody  confirmed  the  presence  of  autophagic  organelles  during  these  2  larval  stages. 
Finally,  the  positive  regulator  of  epidermal  growth,  Vein  was  up  regulated  by  75%  in  WP. 

Our  results  contribute  to  a  better  understanding  of  the  genes  related  to  the  A.  aegypti  midgut 
remodeling  during  the  metamorphosis,  providing  new  insights  about  the  development  of  this 
vector.  Financial  support:  Fapemig  and  Capes. 
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Abstract  text: 

The  highly  diverse  color  patterns  in  insects  are  of  great  evolutionary  interest  because  of  their 
association  with  natural  selection.  Body  color  mutants  in  the  silkworm  Bombyx  mori  are  useful 
resources  for  understanding  color  pattern  formation,  lem  is  a  yellow  body  color  mutant  of  B. 
mori  larvae,  which  has  been  elucidated  clearly  in  the  year  of  2009  (Meng,  et  al.,  JBC).  i-lem  is  a 
recessive  inhibitor  of  lem  displaying  extremely  faint  yellow  color  and  its  molecular  structure  is 
unknown.  Using  the  transcriptome  sequencing  strategy,  we  analyzed  and  compared  the 
differences  in  functional  genes  and  physiological  metabolic  pathways  between  i-lem  and  lem.  In 
both  libraries,  more  than  1.0  x  107raw  reads  were  obtained,  in  which  the  clean  reads  accounted 
for  98.7%  and  Q30  values  were  higher  than  96.2%.  Total  mapped/uniquely  mapped  reads 
accounted  for  about  85%  and  81%  of  the  clean  reads,  respectively.  There  are  86  differentially 
expressed  genes  (DEGs),  including  35  up-regulated  and  51  down-regulated  genes  found  between 
the  2  libraries.  GO  classification  and  KEGG  analysis  showed  that  28  DEGs  coding  cuticular 
protein  and  9  immune  response-related  DEGs,  such  as  LAP3,  GST,  PAH  and  Serp in-4,  were 
significantly  different  between  i-lem  and  lem.  The  results  suggest  that  i-lem  contributes  to 
accelerating  more  yellow  pteridines  to  synthesize  tetrahydrobiopterin  and  depressing  the 
melanization  and  sclerosis  of  larval  integument. 
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Abstract  text: 


Many  lepidopteran  insects  exhibit  body  color  variation.  The  high  phenotypic  diversity  observed 
in  the  wings  and  bodies  of  adults  provide  opportunities  for  studying  adaptive  morphological 
evolution.  In  the  silkworm  Bombyx  mori ,  the  wild  wing  spot  (Ws)  mutant  strain  exhibits  a 
phenotype  in  which  the  moth  has  a  spot  on  the  apex  of  its  wing.  In  this  study,  we  investigated  the 
character  of  Ws  mutants  to  elucidate  the  molecular  mechanisms  that  underlie  the  moth  wing 
color  patterns  in  B.  mori. 

First,  we  performed  the  observation  and  the  spectrophotometric  determination  of  the  black  spot 
of  Ws  mutant.  Microscopic  observation  showed  that  the  pigment  exists  on  the  scales  of  the  wing, 
and  the  accumulation  of  the  pigment  becomes  strong  just  before  emergence.  The 
photospectrometry  revealed  that  the  absorbance  spectrum  of  the  alkaline  extract  from  the  spot  on 
the  wing  becomes  the  maximum  at  405  nm,  suggesting  that  the  coloration  of  Ws  mutant  might  be 
caused  by  melanin.  Next,  we  performed  an  inhibition  assay  of  the  melanin  related  enzymes  with 
3-Iodo-L-tyrosin  (TH  inhibitor)  and  L-a-Methyl-DOPA  (DDC  inhibitor).  The  bioassay  revealed 
that  the  treatment  of  3-Iodo-L-tyrosin  clearly  inhibits  the  pigmentation  of  the  wing  of  Ws  mutant. 
In  addition,  we  analyzed  the  expression  pattern  of  melanin-related  genes,  and  found  that  the 
expression  level  of  yellow  and  laccase2  genes  increased  just  before  pigmentation.  These  results 
suggested  that  the  black  pigment  on  the  wing  of  Ws  mutants  is  melanin,  and  yellow  and  laccase  2 
genes  are  involved  in  their  pigmentation. 
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Introduction:  Potato  virus  Y  (PVY)  and  Colorado  potato  beetle  (CPB)  cause  severe  damage  in 
potato  production.  Attacked  potato  plants  trigger  diverse  defence  responses  including  the 


activation  of  defence  hormone  signalling  leading  to  production  of  defence  proteins  and 
metabolites,  changes  in  primary  metabolism  as  well  as  emission  of  volatile  organic  compounds 
which  play  crucial  signalling  roles  in  multipartite  interactions. 

Methods:  We  studied  the  response  of  potato  plants  to  CPB  infestation  in  PVY-infected  and 
healthy  plants.  Transcriptional  responses  in  potato  leaves  were  examined  by  qPCR  and  the 
plant’s  volatile  emission  were  profiled  by  GC-MS.  To  elucidate  the  impact  of  jasmonic  acid 
signalling  on  plant-pest  interactions,  transgenic  plants  with  silenced  jasmonate  receptor  (coil) 
were  also  examined.  The  adaptive  response  of  CPB  to  induced  plant  defences  was  studied  in 
larvae  fed  on  either  healthy  or  PVY-infected  potato  plants  by  measuring  larval  growth  and 
transcriptional  changes  in  gut  tissue  using  RNAseq  and  qPCR. 

Results/Conclusions:  PVY  infection  attenuated  the  plant’s  response  to  CPB  attack  and 
positively  affected  larval  growth.  PVY’s  impact  on  volatile  emission  was  small  compared  to  the 
impact  of  CPB  infestation.  Transcriptional  changes  in  larval  guts  revealed  new  insights  into 
processes  that  allow  CPB  larvae  to  adapt  to  potato  plant  defences. 

Reference:  Petek  et  al.  (2014)  Potato  virus  Y  infection  hinders  potato  defence  response  and 
renders  plants  more  vulnerable  to  Colorado  potato  beetle  attack.  Molecular  Ecology,  23,  5378- 
5391. 
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Abstract  text: 

Anoxia  or  severe  hypoxia  is  a  fundamental  component  associated  with  many  human  pathologies; 
yet  we  still  lack  a  fundamental  understanding  of  how  anoxia  kills  and  the  mechanisms 
responsible  for  the  variation  in  anoxia  tolerance  across  animals.  Drosophila  larvae  feed  on  yeasts 
of  rotting  fruits  in  a  semiliquid  environment,  and  as  a  consequence,  the  larvae  regularly 


experience  episodes  of  hypoxia/anoxia  whereas  adults  live  in  air  and  are  likely  to  experience 
hypoxia  on  rare  occasions.  Surprisingly,  adults  are  almost  10X  more  tolerant  than  larvae.  We 
used  biochemical  and  physiological  methods  to  assess  stage-related  variation  in  the  ability  to 
match  ATP  supply  and  demand;  additionally,  we  conducted  a  GWAS  to  identify  candidate  genes 
responsible  for  variation  in  anoxia  survival.  Glycogen  levels  decrease  significantly  while  free 
glucose  increases  throughout  anoxia,  indicating  carbohydrate  depletion  is  not  likely  responsible 
for  death.  Larvae  accumulate  lactate  at  a  higher  rate  during  the  first  hour  of  anoxic  exposure 
which  suggests  that  exposure  to  hypoxia  requires  high  rates  of  anaerobic  metabolism  that  may  be 
functionally  linked  to  mortality.  ATP  declines  to  less  than  95%  within  1  h  for  larvae  and  30  min 
for  adults,  however  adults  are  able  to  maintain  ATP  levels  at  1%  of  normal  for  up  to  8  h  of 
exposure.  Survival  to  1  h  of  anoxia  in  178  lines  from  the  DGRP  ranged  from  25-95%;  32  SNPs 
and  23  genes  were  associated  with  variation  in  survival.  Several  of  the  identified  genes  have 
human  orthologs  that  have  been  linked  to  oxygen-mediated  cancer  pathways  and  Alzheimer’s 
progression  in  humans. 
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Formosan  subterranean  termites,  Coptotermes  formosanus ,  require  liquid  water  to  avoid  lethal 
water  loss  and  thus  the  worker  castes  find  and  carry  free  water  to  use  it  as  a  solvent  for  nest 
construction  and  maintenance  of  wetness  for  their  nestmates.  The  water  management  in  a  termite 
society  relies  on  the  function  of  the  workers  in  the  colony,  and  on  the  individuals  that  control  the 
location  and  movement  of  water  inside  their  bodies.  The  water  transport  via  aquaporins  (AQPs; 
water  channels)  into  and  out  of  cells  is  a  key  feature  of  the  numerous  physiological  functions 
related  to  insect  water  balance. 

We  have  characterized  the  homologue  of  the  water-specific  Drosophila  AQP  [Drosophila 
integral  protein  (DRIP)]  in  workers  of  C.  formosanus.  Western-blot  and  immunocytochemistry 


analysis  for  the  Coptotermes  DRIP  reveals  that  a  molecular  mass  of  approx.  25.7  kDa  is 
expressed  exclusively  in  the  acinar  salivary  glands  of  workers  and  is  present  at  basal  surface  of 
the  parietal  cells,  opening  to  the  duct  of  each  acinar  lumen.  Therefore,  water  transport  could 
quite  reasonably  be  one  of  the  main  functions  of  these  cells.  By  contrast,  there  is  no  DRIP 
detected  in  the  salivary  glands  of  soldiers.  The  worker  caste  of  C.  formosanus  is  a  highly  active 
wood  decomposer,  and  the  salivation  containing  cellulolytic  enzymes  by  the  salivary  glands  is 
necessary  for  their  cellulose-digestive  system.The  Coptotermes  DRIP  present  in  the  salivary 
glands  is  of  physiological  importance  in  regards  to  salivation,  aiding  in  the  digestion  of  imbibed 
cellulose  by  increasing  the  secretion  of  salivary  fluids. 
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Diapause  is  a  physiologically  dynamic  state  of  arrested  development  which  allows  insects  to 
survive  prolonged  periods  of  environmental  stress.  Like  most  temperate  insects,  the  Northern 
house  mosquito,  Culex  pipiens ,  enters  an  overwintering  diapause  in  response  to  the  short 
daylengths  of  early  fall.  However  the  mechanism  by  which  mosquitoes  and  other  insects  measure 
day  length  is  unclear.  We  investigated  whether  circadian  clock  genes,  which  provide  insects  with 
information  on  time  of  day,  are  also  involved  in  initiating  adult,  reproductive  diapause  in  Cx. 
pipiens.  Using  quantitative  PCR  (qPCR)  we  measured  clock  gene  expression  over  24-hour 
periods  in  diapausing  and  nondiapausing  mosquitoes.  We  also  used  RNA  interference  to  knock 
down  several  core  circadian  clock  genes  and  assessed  whether  mosquitoes  were  capable  of 
entering  diapause.  Finally,  we  used  immunohistochemistry  (IHC)  to  pinpoint  the  location  of 
circadian  clock  proteins  in  brains  of  adult  Cx.  pipiens.  Our  qPCR  results  demonstrate  that  clock 
genes  continue  to  cycle  throughout  diapause  in  Cx.  pipiens.  Additionally,  knocking  down 
negative  circadian  regulators  (period,  timeless,  and  Cryptochrome 2)  caused  female  mosquitoes 
to  avert  diapause  even  when  reared  under  short-day,  diapause-inducing  conditions.  In  contrast, 


knocking  down  pigment  dispersing  factor ,  which  is  closely-associated  with  the  circadian  clock, 
caused  mosquitoes  to  enter  a  diapause-like  state  even  when  reared  under  long-day,  diapause¬ 
averting  conditions.  Finally,  our  IHC  results  demonstrate  that  TIMELESS  protein  is  expressed  in 
two  regions  of  the  brain  that  regulate  the  hormonal  control  of  adult  diapause.  Taken  together, 
multiple  lines  of  evidence  demonstrate  that  the  circadian  clock  is  involved  in  initiating  and 
maintaining  diapause  in  Cx.  pipiens. 
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Diapause  is  an  alternative  developmental  pathway  that  provides  insects  a  means  to  “escape” 
seasons  of  harsh  environmental  conditions.  Diapause  is  characterized  by  altered  gene  expression 
profiles  which  mediate  developmental  arrest,  metabolic  depression,  increased  stress-resistance, 
and  other  physiological  and  biochemical  changes  associated  with  this  dormant 
state.  MicroRNAs  are  a  class  of  small  (18-23  nucleotide),  non-coding  RNAs  that  are  predicted 
to  post-transcriptionally  regulate  diapause-relevant  changes  in  gene  expression  during  pupal 
diapause  in  the  flesh  fly,  Sarcophaga  bullata.  We  identified  38  differentially  expressed  mature 
miRNAs  and  miRNA  precursors  in  diapausing  pupae  compared  to  their  non-diapause 
counterparts  using  Illumina  sequencing  and  qRT-PCR.  The  abundance  of  several  evolutionarily 
conserved  miRNAs,  including  miR-305-3p,  miR-125-5p,  bantam-5p,  and  miR-13b-3p  was 
reduced  by  at  least  2-fold  in  diapause  pupae  compared  to  non-diapause  pupae.  Sixteen  miRNAs 
were  up  to  5 -fold  more  abundant  in  diapause  pupae  than  in  non-diapause  pupae,  including  12 
evolutionarily  conserved  miRNAs  (e.g.,  miR-289-5p,  miR-307-3p,  miR-190,  miR-306-5p,  miR- 
l-3p,  and  others)  and  4  miRNAs  that  have  not  previously  been  identified  and  may  be  unique  to 
this  species.  Together  these  data  provide  information  about  a  previously  unexplored  mechanism 
for  the  regulation  of  diapause. 
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Horizontal  gene  transfer  (HGT)  drives  genes  to  exchange  between  distantly  related  strains  and 
species  by  nonsexual  means.  Although  some  genes  originating  from  bacteria  are  beneficial  to 
pathogenesis  and  parasitism  for  insect  herbivores,  few  genes  are  discovered  involved  in  insect 
physiology  and  metabolism.  Here,  we  identified  a  novel  family  of  genes  in  Hessian  fly, 
Mayetiola  destructor ,  a  major  pest  of  wheat.  The  genes  encode  levanases/inulinases,  which  have 
never  been  found  in  animals  before. 

qPCR  revealed  that  gene  family  members  are  expressed  throughout  the  whole  lifetime  during 
Hessian  fly  development,  including  different  instars  of  larvae,  pupae,  female  and  male 
adults.  Nine  of  the  gene  family  members  showed  higher  levels  of  expression  in  larvae  than  in 
pupae  and  adults.  Family  members  were  also  expressed  in  different  tissues,  such  as  salivary 
glands,  midgut,  fat  bodies  and  Malpighian  tubules.  Eight  members  were  expressed  more  in 
salivary  glands  or  midgut  than  in  other  tissues.  Enzymatic  activity  assays  revealed  that  protein 
extracts  from  whole  insects  can  digest  both  levans  and  inulins  in  vitro ,  two  polysaccharides  that 
are  important  types  of  carbohydrate  reserves  in  plants,  but  have  not  been  reported  in  animals.  We 
hypothesize  that  the  transference  of  this  gene  family  from  a  bacterium  to  Hessian  fly  enables  the 
insect  to  make  good  use  of  wheat  carbohydrates.  In  addition,  the  expression  of  this  family  of 
genes  in  different  tissues  in  insects  at  different  stages  suggests  that  fructose  may  function  as 
another  important  nutrition  molecule  in  Hessian  fly  compared  with  the  conventional  glucose. 
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Bacillus  thuringiensis  subsp.  israelensis  (Bti)  contains  three  major  Cry  toxins  and  all  these  toxins 
bind  to  apical  brush  border  of  gastric  caecae  and  posterior  midgut  cells  in  Aedes  aegypti 
mosquitoes.  Furthermore,  identified  Cryl  1A  toxin  receptors  all  localize  to  the  larval  gastric 
caecae  and  posterior  midgut.  To  further  investigate  these  receptors  function  and  the  mechanism 
of  Cry  toxins  action  in  vivo,  gastric  caecae  and  posterior  midgut-specific  promoters  for 
development  of  transgenic  mosquitoes  is  urgently  needed.  To  identify  a  robust  gastric  caecae  and 
posterior  midgut-specific  promoter,  we  analyzed  putative  gene  promoters  for  the  sterol  carrier 
protein  2  (SCP2)  gene  and  some  toxin  receptor  genes.  To  test  the  promoter  functions  in  vivo ,  we 
used  them  to  drive  EGFP  marker  gene  expression  in  transgenic  mosquitoes.  Except  for  the 
cadherin  gene  promoter,  all  these  promoters  are  functional  in  the  larval  mosquito  gut.  Moreover, 
EGFP  fluorescence  in  transgenic  mosquitoes  with  these  promoters  is  distinctly  observed  in 
different  parts  of  homozygous  mosquito  guts.  Among  them,  the  SCP2  gene  promoter  strongly 
drives  EGFP  gene  expression  in  the  anterior  midgut  and/or  posterior  midgut.  More  importantly, 
amylase  and  Alp  gene  promoters  drive  EGFP  gene  expression  in  the  gastric  caecae  and  posterior 
midgut  and  the  Alp  gene  promoter  is  much  stronger  than  the  amylase  gene  promoter.  Therefore, 
this  Alp  promoter  is  ideal  for  the  heterologous  gene  expression  and  further  investigation  of 
mechanism  of  insecticidal  Cry  toxin  action.  Thus  far,  this  Alp  gene  promoter  has  been  used  for  a 
toxicity-related  gene  expression  in  mosquito  midgut  and  development  of  this  tissue-specific 
Gal4-UAS  system. 
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Drosophila  is  a  great  model  system  for  a  variety  of  biomedical  research.  Here  we  report  using 
this  fly  model  to  study  the  essential  components  for  building  a  gene  drive  system.  This  gene 
drive  system  may  apply  to  other  vectors  for  preventing  vector-borne  diseases.  Aedes  aegypti  is  a 
principal  vector  for  Dengue  virus  (DENV).  There  are  about  400  million  people  infected  annually 
but  no  licensed  vaccine  or  therapeutic  drug  available  yet.  One  vector  control  strategy  utilizing 
the  gene  drive  system  has  been  developed  as  a  tool  for  replacing  wild-type  insect  populations, 
which  are  pathogen  transmitting  mosquitoes,  with  non-transmitted  strains,  called  Medea.  To 
achieve  this  purpose,  we  need  to  find  suitable  promoter  sequences  to  drive  transgene  expression 
in  the  disease  vector  A.  aegypti  for  rewiring  the  gene  expression  timing.  To  understanding  insect 
maternal  promoter  expression,  we  based  our  study  on  RNA-seq  data  from  flycore.  We  identified 
nine  different  candidate  promoters  that  displayed  previtellogenic  germline-specific  expression.  In 
these  candidate  genes,  we  found  that  Bicaudal  C  is  a  strong  and  suitable  promoter  for  our  goal. 
Additionally,  we  generated  Bicaudal  C  (Bic-C)  gal4  line  and  used  a  gal4/UAS  system  to  let 
Bicaudal  C  gal4  drive  45  female  sterile  genes,  which  had  been  reported  and  their  expression 
pattern  specifically  in  the  germline.  We  found  that  some  genes  gave  significant  results.  The 
results  will  provide  us  with  a  candidate  gene  list  for  building  the  further  gene  drive  system  in 
mosquitoes. 
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Abstract  text: 

Juvenile  hormones  (JHs)  play  important  roles  in  various  aspects  of  insect  physiology,  including 
development,  reproduction,  and  polyphenism.  Recently,  it  was  revealed  that  a  bHLH-PAS 
transcription  factor,  Met,  functions  as  a  JH  receptor.  Upon  binding  with  JH,  Met  dimerizes  with 
another  bHLH-PAS  protein,  Tai,  and  induces  expression  of  Kr-hl  gene.  Kr-hl plays  critical  roles 
in  JH  signaling  to  prevent  metamorphosis  in  particular.  Considering  a  variety  of  physical 
functions  of  JHs,  however,  it  is  supposed  that  there  are  other  mediators  of  JH  signaling. 

In  order  to  identify  novel  factors  in  JH  signaling,  we  searched  genes  whose  expression  is  induced 
by  JH  treatment  in  a  cell  line  of  silkworm,  Bombyx  mori,  using  DNA-microarray.  In  addition  to 
Kr-hl ,  we  found  that  B.  mori  homolog  of  hairy  ( Bmorh )  was  also  induced  by  JH  treatment.  Real¬ 
time  PCR  showed  that  the  expression  of  Bmorh  was  induced  by  physiological  concentration  of 
JH  in  this  cell  line,  hairy  encodes  a  bHLH-HES  transcription  factor  and  functions  in  regulation 
of  cell  differentiation.  It  has  been  reported  that  hairy  is  induced  by  JH  in  the  fat  body  of  newly 
emerged  female  mosquito,  Aedes  aegypti.  Therefore  we  examined  Bmorh  expression  pattern  in 
B.  mori  fat  body  and  found  that  Bmorh  expression  correlated  with  JH  fluctuation.  We  further 
examined  Bmorh  expression  in  wing  discs  of  fifth  instar  larvae.  In  the  wing  discs  no  correlation 
was  observed  between  Bmorh  expression  and  JH  titer.  These  results  indicate  that  the  expression 
of  hairy  gene  is  induced  by  JHs  but  the  induction  is  dependent  on  the  tissue  types. 
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Abstract  text: 


The  baculovirus  expression  vector  system  (BEVS)  has  been  frequently  used  for  high-level 
production  of  biologically  active  proteins  with  eukaryotic  post-translational  modifications  by 
insect  cells.  Several  differences  in  V-glycan  structure  between  insect  and  mammalian  cells, 
however,  make  it  difficult  to  produce  safe  and  effective  glycoproteins  for  medical  and  veterinary 
uses  by  BEVS.  One  of  the  most  problematic  differences  is  the  addition  of  al,3-fucose  to  the 
inner  most  core  GlcNAc  by  insect  al,3-fucosyltransferase  (FucT3).  Therefore,  complete 
suppression  of  FucT3  activity  in  insect  cells  is  required  for  therapeutic  glycoprotein  production. 

To  generate  insect  cells  without  FucT3  activity  by  permanently  knocking  out  of  FucT3  gene  with 
the  CRISPR/Cas9  system,  we  have  analyzed  genome  DNA  of  the  silkworm  cell  line  BmN4.  As 
predicted  by  the  genome  sequence  of  Bombyx  mori  in  the  database,  3  cleavage  target  sequences 
for  CRISPR/Cas9  were  identified  in  exons  3,  4  and  8  of  the  BmN4  FucT3  gene.  In  addition, 
another  FucT3  sequence  with  a  longer  intron  between  exon3  and  exon4,  exons  7  and  8  was 
identified,  and  latter  transcripts  with  unspliced  introns  were  predominantly  amplified  by  RT- 
PCR.  Strand-specific  RT-PCR  analysis  has  indicated  that  they  are  antisense  transcripts,  and  the 
insert  contains  non-LTR  Retrotransposon  ‘LlBm’-like  sequences.  Although  their  functions  in 
the  V-glycosylation  pathway  of  BmN4  cells  are  unclear. 

Based  on  the  results,  we  have  designed  guide-RNAs  to  cleave  target  sites  in  exons  3  and  4,  and 
their  efficiencies  and  effectiveness  of  the  FucT3  gene  knockout  in  BmN4  cells  are  under  study. 
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Abstract  text: 

Codling  moth  ( Cydia  pomonella ),  a  major  pest  of  apple,  was  targeted  for  the  development  of 
CRISPR/Cas9  genome  editing.  This  poster  describes  the  protocols  developed  and 
results  obtained  for  CRISPR/Cas9  genome  editing  of  several  codling  moth  genes. 
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Abstract  text: 

Bees  are  important  natural  and  agricultural  pollinators  and  in  decline  globally.  Our  existing 
toolkit  of  management  practices  has  been  largely  inadequate  for  halting  and  reversing  these 
losses.  Recently  developed  Cas9-based  gene  editing  technologies  are  allowing  new  ground  to  be 
gained  in  entomological  studies  with  forward  and  reverse  genetics  and  can  be  applied  to 
comprehensively  study  the  mechanistic  basis  of  the  effects  of  diverse  stressors  on  pollinators, 
and  possibly  to  develop  novel  solutions  by  introducing  genomic  modifications  into  pollinators 
that  improve  their  ability  to  withstand  multiple  stressors  in  the  field.  During  oogenesis,  insects 
transfer  molecules  to  developing  oocytes  by  receptor-mediated  endocytosis  (RME).  We  are 
developing  tools  exploiting  this  phenomenon  to  specifically  target  DNA,  RNA  and  protein  cargo 
into  the  developing  bee  germline.  We  will  discuss  progress  in  optimizing  this  technique  for 
Cas9-mediated  gene  editing  and  RNA  interference  in  the  Bombus  impatiens  germline  tissue. 
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The  bacterium  Bacillus  thuringiensis  (Bt)  produces  a  wide  variety  of  toxins,  many  of  which  have 
been  cultivated  as  effective  pesticides.  These  toxins  protect  over  80%  of  US  corn  and  cotton 
against  pests  on  both  organic  and  conventional  farms.  Although  it  is  in  widespread  use,  the  mode 
of  action  of  Bt  in  Coleoptera  is  still  contested.  Recent  research  has  demonstrated  that  beetle 
cadherins  bind  Bt  toxins,  RNAi  knockdown  of  cadherin  transcripts  results  in  resistance,  and 
feeding  cadherin  protein  fragments  to  beetles  increases  toxicity.  Coleopteran  Cadherin  1  (Cadi) 
was  demonstrated  to  be  a  functional  Bt  toxin  binding  receptor  and  may  also  be  responsible  for 
toxin  cleavage  and  oligomerization,  therefore  my  goal  is  to  determine  the  functional  domains  of 
this  cadherin.  I  will  use  CRISPR-Cas9  as  a  gene  editing  system  to  replace  a  portion  of  the  Cadi 
gene  in  a  Bt  resistant  beetle  species  ( Tribolium  castaneum)  with  the  equivalent  portion  from  a 
susceptible  species  ( Tenebrio  molitor )  and  observe  differences  in  mortality  when  reared  on  Bt. 
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Introduction:  Kanzawa  spider  mite  ( Tetranychus  kanzawai )  is  a  pest  of  herbaceous  and  woody 
plants.  Two  characteristic  genotypes  coexist  in  T.  kanzawai ,  enabling  them  to  leave  either  red  or 
white  scars  on  leaves.  To  elucidate  the  molecular  mechanisms  underlying  the  different 
phenotypes  of  mites  with  the  two  genotypes  (referred  to  as  Red  and  White  strains  based  on  the 
color  of  leaf  scars),  we  performed  the  following  experiments. 


Methods:  We  carried  out  RNAseq  analysis  for  mRNA  of  Red  and  White  strains  on  kidney  bean 
plants  ( Phaseolus  vulgaris)  to  identify  genes  of  T.  kanzawai  expressed  specifically  in  either  Red 
or  White  strain.  In  addition,  we  tested  the  performance  of  two  strains  on  a  number  of  host  plant 
taxa,  and  their  pesticide  resistance  on  Phaseolus  leaves.  Further,  we  assessed  detox  abilities  of 
subsequent  generations  of  strains  that  had  survived  exposure  to  a  pesticide.  This  pesticide  had 
differentially  influenced  the  survivability  of  the  two  original  strains. 

Results/Conclusion:  The  expression  levels  of  genes  involved  in  the  detox  system  (cytochrome 
P450,  carboxylesterase,  glutathione  ^-transferase  and  ABC  transporter)  were  higher  in  Red 
strains  than  in  White  strains.  The  corresponding  enzyme  activities  as  well  as  performances  for 
pesticide  resistance  and  host  adaptation  towards  Laminaceae  were  also  higher  in  Red  strains  than 
in  White  strains,  indicating  that  Red  strains  were  superior  in  trait(s)  of  the  detox  system.  The 
results  of  detox  ability  of  subsequent  generations  imply  that  at  least  one  different  genotype  exists 
in  White  strains.  Based  on  these  findings,  the  implications  of  the  significance  of  those  genotypes 
will  be  discussed. 
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Abstract  text: 

Introduction:  The  Cytochrome  P450  monooxygenase  (P450)  gene  family  is  one  of  the  most 
abundant  eukaryotic  gene  families  that  encodes  detoxification  enzymes. 

Methods:  In  this  study,  we  identified  an  abundance  of  the  P450  gene  repertoire  through  genome- 
and  transcriptome-wide  analysis  in  the  brown  planthopper  (Nilaparvata  lugens ),  the  most 
destructive  rice  pest  in  Asia,  and  investigated  the  gene  functions  using  RNAi. 


Results/Conclusion:  Detailed  gene  information  including  the  exon-intron  organization,  size, 
transcription  orientation  and  distribution  in  the  genome  revealed  that  many  P450  loci  were 
closely  situated  on  the  same  scaffold,  indicating  the  frequent  occurrence  of  gene  duplications. 
Insecticide-response  expression  profiling  revealed  that  imidacloprid  significantly  increased 
NlCYP6CSlv2,  NLCYP4CElv2,  N1CYP4DE1,  NlCYP417Alv2  and  N1CYP439A1 
expression;  while  triazophos  and  deltamethrin  notably  enhanced  N1CYP303A1  expression. 
Expression  analysis  at  the  developmental  stage  showed  the  egg-,  nymph-,  male-  and  female- 
specific  expression  patterns  of  N.  lugens  P450  genes.  RNAi  with  specific  double- stranded  P450 
RNAs  lead  to  significantly  abnormal  phenotypes.  These  novel  findings  will  be  helpful  for 
clarifying  the  P450  functions  in  physiological  processes  including  development,  reproduction 
and  insecticide  resistance  in  this  insect  species. 
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Abstract  text: 

Introduction:  The  honey  bee  Apis  mellifera  is  an  ecologically  and  agriculturally  important 
pollinator  worldwide.  Cytochrome  P450  mono-oxygenases  (P450s)  play  major  roles  in  the 
metabolism  of  natural  and  synthetic  toxins  in  most  aerobic  organisms.  These  enzymes  have  been 
related  to  pesticide  detoxification  in  honey  bees.  Cyano-substituted  neonicotinoids  such  as 
thiacloprid  present  a  considerably  lower  toxicity  to  honey  bees  when  compared  to  nitro- 
substituted  neonicotinoids.  Thereby,  the  present  work  aimed  to  investigate  the  contribution  of 
P450s  to  the  higher  tolerance  of  honey  bees  to  Cyano-substituted  neonicotinoids. 

Methods:  Candidate  P450  genes  previously  shown  to  be  involved  in  the  metabolism  of  pesticides 
in  honey  bees  were  integrated  in  the  genome  of  Drosophila  melanogaster  via  phiC3 1  integrase- 
mediated  cassette  exchange.  The  UAS/GAL4  system  was  used  to  drive  the  expression  of 


multiple  P450  genes  both  ubiquitously  and  tissue-specifically  and  transgenic  flies  were  assayed 
for  tolerance  against  different  classes  of  insecticides. 

Results/Conclusion:  As  recently  reported  by  our  group,  transgenic  flies  expressing  single  bee 
P450  genes  present  higher  tolerance  to  thiacloprid  when  compared  to  control  flies.  Here  we 
explored  the  synergistic  effect  of  co-expressing  multiple  bee  P450  genes  in  transgenic  flies.  In 
addition,  by  controlling  the  spatial  expression  of  these  genes,  we  have  investigated  the 
contribution  of  different  tissues  to  P450-mediated  insecticide  detoxification.  These  results 
provide  new  insights  into  the  contribution  of  P450s  to  the  detoxification  of  different  classes  of 
pesticides  in  honey  bees. 
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Abstract  text: 

Introduction:  Insecticide  resistance  is  often  conferred  by  enhanced  detoxification  of  insecticides 
by  detoxification  enzymes.  To  identify  a  specific  detoxification  enzyme  gene  responsible  for  a 
resistance  is  a  crucial  step  to  understand  the  mechanism  and  take  actions  to  mitigate  the  spread  of 
the  resistance  allele.  Although  RNA  interference  has  been  a  conventional  reverse  genetic 
technique  to  validate  such  a  gene-phenotype  relationship,  some  technical  limitations  hinder  wide 
application  of  this  technology  to  studies  of  insecticide  resistance.  Here,  we  tested  recent 
emerging  genome  editing  technologies  to  validate  causality  between  a  detoxification  enzyme  and 
resistance. 

Methods:  A  cytochrome  P450  gene  CYP9M10  was  suspected  to  be  responsible  for  strong 
pyrethroid  resistance  in  the  southern-house  mosquito  Culex  quinquefasciatus.  TALENs  and  a 
guide  RNA  (gRNA)  of  CRSIPR/Cas9  system  both  targeting  CYP9M10  were  designed  and 


constructed.  Embryos  of  a  resistant  C.  quinquefasciatus  strain  were  microinjected  either  the 
TALEN  mRNAs  or  hCas9  mRNA  +  the  sgRNA. 

Results/conclusion:  Both  TALENs  and  CRISPR/Cas9  system  introduced  various  lengths  of 
deletion  mutation  on  the  targeted  site  of  CYP9M10  which  were  inherited  to  offspring.  Disruption 
of  CYP9M10  in  a  resistant  strain  decreased  the  resistance  level  by  100-fold.  The  result  confirmed 
the  involvement  of  CYP9M10  in  the  resistance  phenotype.  Genome  editing  would  provide 
effective  and  universal  reverse  genetic  tools  to  test  causative  relationship  between  a  gene  and  a 
phenotype  of  interest  in  numerous  pest  insects.  Especially,  the  technique  is  quite  useful  for 
studies  on  quantitative  traits  such  as  changes  in  insecticide  susceptibility  which  generally  require 
hundreds  of  mutant  individuals  to  measure  in  toxicological  bioassay. 
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Abstract  text: 

The  sterile  insect  technique  (SIT)  has  been  one  of  the  most  effective  fruit  fly  control  techniques. 
A  genetic  sexing  strain  that  separates  males  and  females  using  pupal  colors  has  been  developed 
to  promote  the  use  of  the  SIT  against  tephritid  pests.  We  found  significant  changes  in  protein 
expression  in  adults  and  pupae  of  larvae  reared  on  different  media  and  after  exposure  larvae  or 
pupae  to  radiation.  In  this  report,  a  pupal  color  sexing  strain  (DTWP)  and  temperature  sensitive 
lethal  mutation  strain  (TSL)  were  evaluated  using  functional  proteomics  to  identify  the  possible 
molecular  traits  between  the  females  and  males  at  pupal  stage  through  the  pupal  color  as  an 
alternative  way  to  determine  insect  sexuality  at  immature  stage.  We  collected  brown  and  white 
pupae  from  both  strains  respectively  and  daily  and  analyzed  protein  expression  using  2D 
electrophoresis.  Gel  densitometry  revealed  that  general  odorant  binding  protein  56d 


differentially  expressed  in  1  to  10-d-old  white  pupae  verses  brown  pupae  and  pupal  cuticle 
protein  Edg-84A  also  differentially  expressed  in  1  to  7-d-old  white  pupae  verses  brown 
pupae.  From  day  7-10,  some  additional  pupal  cuticle  proteins  were  appeared  to  prepare  for  adult 
emergence.  These  results  also  confirmed  with  qPCR.  Analysis  of  DTWP  color  sexing  strain 
and  TSL  strain  led  us  to  differentiate  female  from  male  at  pupal  stage  by  identifying  the 
biomarker  of  OBP56d.  These  biomarkers  are  located  at  molecular  weight  between  10-15  K 
Dalton  and  PI  6.73  on  DTWP  and  PI  5.71  on  TSL.  It  also  confirmed  the  information  that 
females  perceive  the  odors. 
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Abstract  text: 

Genetic  modifications  of  mosquitoes  are  a  strategy  for  the  prevention  and  control  of  mosquito- 
borne  diseases.  Genetically  sterile  or  disease-refractory  Aedes  aegypti  mosquitoes  are  a 
promising  weapon  to  reduce  the  population  densities  or  replace  the  wild  population  with  a 
disease-refractory  one.  But  when  considering  a  mosquito  release  program,  one  of  the  first  issues 
to  decide  is  how  to  eliminate  females.  Ideal  sexing  systems  specifically  kill  female  embryos 
during  their  production.  So,  the  goal  of  this  project  is  to  generate  genetically  modified  Ae. 
aegypti  mosquitoes  that  will  produce  males-only  progeny.  We  exploited  the  natural  RNA 
interference  pathway  in  mosquito  to  construct  an  effector  gene  expressing  a  double-stranded 
RNA  (dsRNA)  using  an  inverted  repeat  of  the  exon  5b  sequence  from  Ae.  aegypti  doublesex 
gene  {Aeadsx).  The  constitutive  polyubiquitin  gene  promoter  {Pub)  was  used  to  drive  Aeadsx 
dsRNA  in  all  development  stages  of  mosquitoes.  The  transgene  was  inserted  into  the  genome  of 
Ae.  aegypti  by  using  donor  vector  pMos  [3xP3-EGFP].  This  gene  will  be  repressed  in  the 
presence  of  tetracycline  by  Tet-On  Tet-Off  system.  Of  1,778  embryos  injected  with  this 
construct,  97  survived  to  adulthood.  The  GO  generations  of  mosquitoes  were  outcrossed  with 
wild-type  Higgs  counterparts  and  about  41,764  G1  larvae  were  examined  to  search  for  EGFP 
marker  in  their  eyes.  Until  now,  none  of  the  progeny  had  the  presence  of  EGFP  marker.  We 


speculate  that  the  Pub  promoter  is  driving  a  robust  tTAV  expression  that  can  be  toxic  for 
embryos.  Now,  we  will  try  to  achieve  our  goal  by  using  CRISPR  system. 
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Abstract  text: 

The  alarming  increase  of  dengue  incidence  around  the  world  and  the  emergence  of  epidemics 
caused  by  chikungunya  and  zika  viruses  emphasize  the  urgent  need  for  innovative  approaches  to 
limit  transmission  of  these  pathogens  by  Aedes  aegypti.  The  goal  of  this  project  is  to  produce 
transgenic  Ae.  aegypti  exhibiting  a  death  phenotype  after  being  infected  with  the  dengue  virus 
(DENV).  The  death  upon  infection  (DUI)  system  is  composed  by  an  effector  gene  driven  by  a 
constitutive  promoter.  This  gene  codes  for  a  quimeric  protein  containing:  the  gamma  subunit  of 
the  Sec61  complex,  which  anchores  the  peptide  in  the  endoplasmic  reticulum;  the  cleavage  site 
recognized  by  the  viral  protease;  and  the  complete  ORF  of  michelobx  (mx)  gene,  the  inhibitor 
of  apoptosis  protein  (IAP)  antagonist  that  has  an  important  role  in  cell  death  regulation.  To  test 
the  DUI  hypothesis,  Ae.  aegypti  transgenic  lines  were  generated  and  they  were  challenged  with 
DENV-2  by  oral  and  intrathoracic  infection.  The  DENV  levels  were  measured  in  challenged 
females  14  days  post  infection  and  survival  curves  were  recorded  during  this  period.  We 
obtained  5  transgenic  lines  (DUI-F,  DUI-P,  DUI-X,  DUI-Y  and  DUI-Z)  and  genomic  PCR 
confirmed  the  insertion  of  the  DUI  gene  into  the  mosquito  genome.  RT-PCR  showed  that  all  of 
them  are  expressing  DUI  gene.  DUI-Y  transgenic  females  intrathoracically  injected  with  DENV- 
2  showed  a  significant  reduction  of  survival  compared  with  DUI-Y  females  injected  with  mock 
solution.  Although  improvements  are  necessary  to  achieve  a  better  effect,  our  results  demonstrate 
the  proof  of  principle  of  this  system. 
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Abstract  text: 

Mosquitos  are  vectors  for  viral  pathogens  including  West  Nile  Virus  (WNV)  and  Chikungunya, 
which  are  found  in  the  Houston  area.  Viral  diversity  is  an  emerging  area  of  exploration  due  to 
limited  universal  assays  and  insufficient  sample  analyses.  Metagenomics  allows  for  the 
characterization  of  insect/microbial/viral  communities  in  a  sample.  Our  approach  is  to  use 
metagenomic  techniques  to  broadly  survey  the  viral  communities  associated  with  mosquitoes 
present  in  the  Houston  area. 

We  collected  mosquitoes  during  the  peak  season  (Spring  and  Summer)  and  separated  them  by 
sex  and  genera  using  morphological  markers.  These  samples  were  divided  into  homologous 
groups  of  5  and  DNA  extraction  was  performed.  Insect  cytochrome  oxidase  1  (COI)  primers 
were  used  to  generate  PCR  products  that  were  sequenced  to  confirm  the  mosquito  species. 

From  these  data,  the  two  most  common  genera  identified,  thus  far,  were  Culex  and  Aedes. 
Currently,  we  are  extracting  total  DNA  and  RNA  from  groups  of  5  individuals  to  generate 
DNA/cDNA  libraries  which  will  allow  us  to  identify  both  DNA  and  RNA  virus  genomes. 
Analyses  of  viral  genomes  allows  for  better  understanding  of  pathogenic  evolution,  transmission, 
and  its  impact  on  mosquito  populations.  This  work  will  aid  in  the  characterization  of  the 
diversity  of  viral  populations  in  mosquitos  in  Houston,  important  information  that  is  useful  when 
considering  epidemiology  and  disease  prevention  strategies. 
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Introduction:  Testing  livestock  animals,  as  well  as  produce,  for  antibiotic  resistant  bacteria  is  an 
important  component  for  insuring  today’s  products  do  not  make  people  sick.  Livestock  yards  can 
be  filled  with  flies,  as  well  as  maggot  colonies.  Since  these  flies  are  often  in  contact  with  the 
animals  themselves,  testing  them  as  vectors  of  antibiotic  resistance  is  crucial  to  maintain  the 
health  of  society. 

Methods:  Flies  and  maggot  masses  were  allowed  to  accumulate  on  6  piglet  cadavers  from  a  local 
North  Georgia  farm,  some  of  which  had  been  treated  with  gentamycin.  The  flies,  maggot  masses 
and  the  piglets  themselves  were  then  swabbed.  The  swabs  were  then  transferred  to  plates 
containing  Gentamycin,  Streptomycin  and  Ampicillin. 

Results/Conclusion:  After  a  48-hour  incubation  period  it  was  found  that  among  the  groups  tested 
antibiotic  resistant  bacteria  were  present.  Of  the  6  cadavers,  and  6  maggot  colonies  tested,  all 
showed  resistance  to  gentamycin,  streptomycin  and  ampicillin.  Of  the  21  flies  collected,  only  9 
showed  resistance.  The  bacteria  found  on  cadavers,  maggots  and  flies  are  currently  being 
identified.  These  findings  reinforce  the  importance  of  controlled  use  of  antibiotics  on  livestock. 
While  only  42%  of  the  flies  carried  antibiotic  resistance,  they  can  still  act  as  vectors  of  resistance 
in  the  community.  The  continuation  of  research  on  livestock  and  other  animals  feeding  on 
livestock  as  vectors  for  antibiotic  resistant  bacteria  can  add  to  an  improvement  in  farming,  as 
well  as  stricter  regulations  for  the  use  of  antibiotics  in  farming. 
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Field  research  in  vertebrate  decomposition  has  intensified  over  the  past  50  years,  focusing  on 
such  areas  as  1)  general  stages  of  decomposition  (fresh,  bloat,  post-bloat,  etc.),  2)  insect 
community  succession,  3)  individual  insect  specimen  minimum  postmortem  interval  estimates, 
and  4)  carrion  surface  microbial  community  succession.  The  ultimate  goal  of  this  research  has 
been  to  successfully  predict  these  processes  of  decomposition  in  real-world  scenarios  based  upon 
research  scene  data.  None  of  these  inquiry  lines  have  been  successful  in  predicting 
decomposition  at  a  new  site  based  upon  data  from  a  previous  study.  Because  of  this  problem, 
much  forensic  entomological  research  is  often  so  site-specific  that  it  is  largely  unrealistic  to 
apply  to  novel  circumstances  of  decomposition.  Recently  a  call  has  gone  out  for  a  decomposition 
“null  hypothesis”  against  which  all  sites  can  be  compared.  Such  a  null  hypothesis  would  function 
much  like  the  Hardy- Weinberg  equation  did  for  population  genetics — providing  a  framework  in 
which  sites  can  be  evaluated  to  determine  how  they  deviate  from  a  hypothesis  of  no  change.  We 
present  one  such  possible  hypothesis  and  ask  the  question:  do  individual  insects  species  matter  in 
such  a  model,  or  can  they  be  reduced  to  a  simple  percentage  of  access  to  the  carcass? 
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Abstract  text: 

The  focus  of  this  preliminary  study  is  to  investigate  the  role  of  the  bacteria  Ignatzschineria  and 
Wohlfahrtiimonas  in  vertebrate  decomposition.  We  will  focus  on  the  gut  microbiota  of  carrion- 


feeding  Coleoptera,  particularly  in  the  family  Silphidae.  Previous  research  has  established  the 
presence  of  these  bacteria  in  Diptera  larvae,  as  well  as  their  role  in  the  development  of  carrion¬ 
feeding  maggots.  By  investigating  the  relationship  between  the  bacteria  and  Coleoptera  we  can 
get  closer  to  understanding  the  possible  coevolution  involved  with  all  three  of  these  groups 
during  decomposition. 
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Introduction:  The  first  evidence  of  the  use  of  forensic  entomology  as  an  auxiliary  tool  to  uncover 
crimes  dates  from  the  mid-twelfth  century.  Since  then,  studies  concerning  insects  that  participate 
on  cadaverous  decomposition  became  more  sophisticated  and  accurate.  Knowing  the 
necrophagous  fauna  is  very  important  to  help  elucidate  cases  of  suspicious  death,  especially 
when  carcasses  are  found  in  advanced  stages  of  decomposition.  Several  questions  can  be  solved, 
such  as  the  determination  of  death  time  and  the  displacement  of  corpses  to  remote  areas  from 
where  death  occurred.  Better  understanding  and  mapping  of  the  species  found  in  each  location 
will  increase  the  contribution  of  entomology  in  solving  legal  issues.  The  present  study  aims  to 
compare  the  fauna  of  Calliphoridae,  Fanniidae,  Muscidae  and  Sarcophagidae  in  4  regions  of  Sao 
Paulo,  Brazil. 

Methods:  Eight  pig  carcasses,  weighing  approximately  12  kg  each,  were  placed  in  metal  cages. 
Modified  Shannon  traps  were  mounted  above  each  cage  in  order  to  collect  adult  insects  that 
visited  the  carcasses.  Eight  experiments  were  conducted;  4  during  summer  and  4  during  winter. 

Results/Conclusion:  A  total  of  7,402  insects  belonging  to  the  proposed  families  were  collected, 
totaling  15  species  of  Calliphoridae,  18  of  Fanniidae,  25  of  Sarcophagidae  and  51  of  Muscidae. 
Only  5  species  were  common  to  all  experiments  and  22  were  common  to  the  4  regions.  The 


number  of  species  reported  solely  at  each  site  suggests  that  despite  synanthropy  and  human 
activity  in  forest  areas,  the  flies  can  be  used  as  forensic  markers  for  location. 
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Introduction:  Some  applications  of  forensic  entomology  include  estimating  post  mortem  interval 
(PMI),  determining  the  possible  cause  of  death  and  if  the  body  has  been  moved.  Several  factors 
can  influence  insect  growth  rates,  such  as  temperature  and  type  of  breeding  substrate  that,  if  not 
carefully  observed,  can  lead  to  errors  in  the  PMI  estimates.  This  study  aimed  to  determined 
differences  in  length  of  immatures  of  Chrysomya  megacephala  F.  (Diptera:  Calliphoridae) 
during  their  development  at  different  temperatures  and  tissues. 

Methods:  The  temperatures  used  were  25,  30  and  35  ±  1  °C  and  the  tissues  were  liver,  lung  and 
muscle  of  the  domestic  pig  Sus  scrofa  L.  (Artiodactyla:  Suidae).  Each  experimental  group  was 
composed  of  a  tissue  in  a  given  temperature,  totaling  9  different  groups.  Every  12h,  until 
reaching  pupal  stage,  10  larvae  from  each  group  were  removed  from  the  diet  and  measured  with 
the  aid  of  a  digital  camera  attached  in  a  stereomicroscope  Zeiss™  and  the  program  Image-Pro 
Lite  4.0™.  The  multiple  comparison  test  of  Tukey  was  performed  to  compare  the  means  at  all 
ages. 

Results/Conclusion:  An  optimal  temperature  for  larval  growth  was  found  for  each  tissue,  being 
25  °C  for  larvae  maintained  in  the  lung,  30°C  for  larvae  in  the  muscle  and  35  °C  for  larvae  in  the 
liver.  There  was  a  significant  variation  in  growth  time  at  different  temperatures  (96h  in  35  °C, 


108h  in  30  °C  and  156h  in  2  5°C),  which  can  lead  to  errors  in  estimating  the  PMI  if  this  fact  is 
not  taken  into  account. 
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Abstract  text: 

On  March  3,  2013,  a  human  body  was  found  by  some  local  villagers  in  suburban  area  of 
Chongqing,  southwestern  China.  The  body  was  highly  decayed  with  no  items  for  individual 
identification.  There  was  one  main  species  on  insect  on  the  body:  empty  pupal  shells,  pupae  and 
larvae  of  Aldrichina  grahami  (Aldrich,  1930). 

The  degree  of  decomposition  of  this  body  was  between  decay  stage  and  advanced  decay  stage. 
As  a  mass  of  muscle  tissues  were  still  residual,  the  activity  of  necrophagous  blowflies  would  be 
infrequent  when  the  victim  died.  Therefore,  the  postmortem  interval  (PMI)  would  not  be  as  early 
as  mid-October,  2012.  According  to  the  local  meteorological  data,  the  daily  mean  temperature 
decreased  to  12  °C  since  November  22,  2012.  From  February  1,  2013  to  March  3,  2013,  there 
were  only  8  days  with  the  maximum  temperature  of  15.0-17.9  °C,  and  9  days  with  the  maximum 
temperature  of  18.0-22.0  °C.  The  accumulated  temperature  from  February  1  to  March  3  could 
not  afford  a  sufficient  quantity  of  heat  for  emergence.  As  a  consequence,  the  PMI  would  not  be 
as  late  as  February  1,  2013.  The  range  of  postmortem  interval  was  estimated  from  mid-October, 
2012  to  January  31,  2013.  After  the  DNA  of  this  body  had  been  matched  in  laboratory,  this 
victim  was  found  to  have  been  missing  at  early  of  January,  2013. 
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Abstract  text: 

Fournier's  gangrene  is  a  fulminant  necrotizing  infection  of  the  perineum  and  genitalia.  The  basic 
treatment  involves  prompt  excision  of  all  necrotic  tissue,  limitation  and  abolition  of  any  infective 
process,  antibiotics  and  occasional  anatomical  reconstruction.  Maggot  Debridement  Therapy 
(MDT)  has  been  shown  to  be  a  highly  effective  method  of  debridement  of  necrotic  tissue.  The 
fly  used  for  maggot  therapy  is  Lucilia  sericata  (Diptera:  Calliphoridae).  The  case  of  a  59-year- 
old  male  with  a  history  of  diabetes,  and  hypertension  will  be  presented.  MDT  was  used  to  treat 
the  patient  suffering  from  Fournier’s  gangrene.  Approximately  70  sterile  maggots  were  applied 
to  the  wound  on  three  cycles  of  48  hours.  The  patient  was  assessed  daily  in  order  to  evaluate  the 
maggots'  viability.  The  patient  had  a  favourable  outcome  with  increased  granulation  tissue,  and 
decreased  exudate  and  odour  after  the  MDT  allowing  for  treatment  with  honey-impregnated 
gauze  for  10  days.  When  the  wound  was  partially  closed  a  graft  was  used  to  provide  definite 
cover.  In  the  present  case,  MDT  proved  to  be  an  excellent  alternative  to  surgical  debridement 
potentially  reducing  the  likelihood  of  morbidity,  hospital  stay,  time  to  heal,  and  antibiotic  use 
and  the  cost  of  treatment.  MDT  has  proved  to  be  an  effective  debridement  method  and  it  can  be 
used  in  cases  of  Fournier’s  gangrene  after  surgical  debridement  to  increase  the  healing  rate  and 
improve  outcomes. 
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Abstract  text: 

Introduction:  Tick-borne  pathogens  are  emerging  at  a  rapid  rate  in  the  upper  midwestern  United 
States.  Anaplasma  phagocytophilum,  Babesia  microti,  Borrelia  burgdorferi,  Ehrlichia  muris- like 
(EML),  and  Powassan  virus  have  been  reported  in  Wisconsin  residents.  Recently,  a  novel 
Borrelia  burgdorferi  sensu  lato  species  (Candidatus  Borrelia  mayonii )  has  emerged  in 
Wisconsin.  Emergence  of  these  pathogens  may  be  related  to  overlapping  activity  peaks  for  larval 
and  nymphal  ticks,  which  promotes  circulation  of  pathogens  with  short  durations  of 
infectiousness  in  the  animal  host.  Results  of  phenological  studies  of  Ixodes  scapularis  Say  in 
northern  and  southern  Wisconsin  demonstrate  that  patterns  vary  between  locations  and  years, 
with  less  overlap  between  nymphal  and  larval  peaks  in  southern  Wisconsin.  To  map  the 
geographic  extent  of  a  subset  of  pathogens,  the  Surveillance  of  Wisconsin  Animals  for  Ticks 
(SWAT)  program  was  initiated. 

Methods:  Between  201 1-2014,  ticks  were  collected  from  animals  in  more  than  25  counties  and 
were  submitted  for  identification  and  detection  of  human  pathogens.  Additional  questing  ticks 
were  collected  from  24  locations  in  2015. 


Results/Conclusion:  A.  phagocytophilum  was  widespread  in  the  state,  with  6.3%  (range  0-18%) 
infection  prevalence  in  questing  nymphal  I.  scapularis  and  9.4%  (range  0-22%)  of  SWAT- 
collected  adult  I.  scapularis.  EML  was  found  only  in  the  northern  half  of  the  state,  with  1% 
(range  0-10%)  infection  prevalence  in  questing  nymphs  and  3%  (range  0-9.6%)  in  SWAT- 
collected  adults.  No  infection  with  B.  mayonii  has  been  detected  in  ticks  collected  outside  the 
northwestern  region  of  the  state.  Phenology  of  tick  activity  may  contribute  to  emergence  of  these 
pathogens  in  northern  Wisconsin. 
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Abstract  text: 

Introduction:  Ixodid  ticks  are  notorious  as  the  vector  of  severe  fever  with  thrombocytopenia 
syndrome  virus  (SFTSV)  in  Korea. 

Methods:  To  confirm  the  transovarial  transmission  of  SFTSV,  we  collected  blood-fed  adult  ticks 
from  animals  in  SFTS  case  reported  area  of  Jeju  island  in  2015.  The  collected  ticks  were  reared 
at  27°C±1,  12:12(L:D)  and  their  eggs  were  hatched.  The  infection  of  SFTSV  in  adults  and  eggs 
were  confirmed  by  RT-PCR  analysis. 

Results/Conclusion:  A  total  of  527  ticks  were  collected  from  4  host  animal  species,  horse 
(77.2%),  dog  (1 1.4%),  roe  deer  (8.7%)  and  wild  boar  (2.7%).  They  were  identified  as  1  genus 
and  2  species,  Haemaphysalis  longicornis  (91.5%)  and  H.  flava  (8.5%).  Among  them,  the  eggs 
of  130  adults  hatched  successfully.  The  body  weight  of  females  was  highly  correlated  with  the 
number  of  egg  masses  laid  (P  <  0.05).  Through  the  RT-PCR  analysis,  we  confirmed  that  1  adult 
H.  flava  was  infected  with  SFTSV  and  the  infection  rate  in  egg-laying  female  ticks  was  0.77%. 
The  eggs  of  the  SFTSV-infected  adults  also  were  infected  with  SFTSV  and  its  transovarial 
transmission  was  confirmed. 


This  result  suggests  that  the  parent  generation  of  H.  flava  could  transmit  SFTSV  transovarially 
into  their  FI  progeny  and  H.  flava  might  be  one  of  major  vectors  of  SFTSV  in  Korea. 
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Abstract  text: 

Introduction:  Vaccination  of  cattle  against  southern  cattle  fever  ticks,  Boophilus  microplus 
(CFT),  reduces  tick  burdens  and  reliance  on  chemical  acaricides.  The  USDA 
ARS/Murdoch/Mississippi  State  University  Cattle  Fever  Tick  Genome  Project  has  provided  a 
vast  dataset  that  can  be  mined  to  identify  novel  antigen  candidates  for  the  development  of  new 
anti-tick  vaccines.  Initial  screening  of  the  genome  using  specific  criteria  has  identified  8  antigens 
that  warrant  further  testing.  Currently,  3  of  these  8  antigens  are  ready  for  testing. 

The  evaluation  of  antigens  involves  vaccination  of  host  animals  followed  monitoring  tick 
numbers  on  cattle.  Animal  studies  are  costly.  Therefore,  the  objective  of  this  research  was  to 
evaluate  the  efficacy  of  the  3  expressed  antigens  for  efficacy  against  CFT  using  an  in  vitro 
feeding  technique. 

Methods:  Antigen  was  suspended  in  PBS  and  blended  with  an  oil  adjuvant  (Montanide  50)  to 
form  a  suspension.  Three  Bos  taurus  calves  (Angus  ~1  yr  old)  were  injected  with  2ml  of  the 
blended  vaccine  twice  on  day  0  and  28.  Three  weeks  after  the  second  vaccination,  each  animal 
was  bled.  Sera  from  vaccinated  cattle  was  fed  to  3-4  day  old  adult  female  CFT  by  mixing 
collected  sera  with  freshly  collected  whole  blood  at  a  ratio  of  50:50. 

Results/Conclusion:  Feeding  experiments  are  scheduled  to  begin  this  summer.  Mortality  and 
reduction  in  fertility  and  fecundity  of  fed  ticks  will  be  summarized.  The  potential  for  single  or 


multi-antigen  field  study  will  be  discussed  based  on  the  results  obtained  from  the  artificially  fed 
females. 
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Abstract  text: 

Introduction:  The  cattle  tick  Rhipicephalus  microplus  is  responsible  for  economic  losses  in 
livestock.  The  strategies  employed  by  the  parasite  to  establish  infestation  remain  poorly 
understood.  Identifying  proteins  and  their  associated  functions  will  improve  our  understanding  of 
their  roles  in  the  host-parasite  relationship  and  parasite  biology.  The  aim  of  this  work  was  to 
identify  proteins  in  R.  microplus  saliva  ticks,  to  gain  insight  into  the  putative  role(s)  that  these 
proteins  play  in  tick  physiology  and  tick-host  relationship.  For  this  purpose,  we  performed  a 
proteomic  characterization  of  saliva  from  female  R.  microplus  ticks  at  2  different  feeding  stages 
(partially  engorged  and  fully  engorged). 

Methods:  Pilocarpine-induced  tick  saliva  was  collected  from  partially  and  fully  engorged 
females.  An  in  solution  and  a  GeLC-MS/MS  analysis  were  performed  to  identify  tick  and  host- 
derived  proteins. 

Results/Conclusion:  Data  in  this  study  reveals  remarkable  quantitative  and  qualitative 
differences  in  saliva  content  of  R.  microplus  at  different  feeding  stages,  suggesting  modulation  of 
protein  expression  during  tick  feeding  process.  R.  microplus^dX\\di  is  rich  mainly  in 
hemelipoproteins,  secreted  cross-tick  species  conserved  proteins,  lipocalins,  peptidase  inhibitors, 
antimicrobial  peptides,  glycine-rich  proteins,  housekeeping  proteins  and  host  proteins. 

Especially,  the  proteomic  analysis  revealed  that  its  saliva  contains  3  serpins  (RmS-3,  RmS-6  and 
RmS-17)  that  were  characterized  in  enzymatic  inhibition  and  platelet  aggregation  profiles  to 
predict  their  physiological  role  in  tick  feeding.  Finally,  our  results  improve  the  understanding  of 


tick  salivary  modulators  of  host  defense  to  tick  feeding,  and  provide  novel  information  on  the 
tick-host  relationship. 

Support:  CNPq,  CAPES,  FAPERGS,  INCT-EM  NIH  (8  P41  GM103533). 
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Abstract  text: 

Introduction:  Ticks  are  hematophagous  ectoparasitic  arthropods  that  are  the  second  most  deadly 
vector  of  disease  after  mosquitoes.  Amblyomma  maculatum  is  the  known  vector  of  Rickettsia 
parkeri ,  the  causative  agent  of  American  Boutonneuse  fever.  We  hypothesized  that  R.  parkeri 
induces  expression  of  different  proteins  to  achieve  the  success  in  establishment  in  tick  tissues 
similarly  in  both  sexes. 

Methods:  Differential  protein  expression  was  determined  using  R.  parkeri  free  and  R.  parkeri 
infected  A  maculatum  males  and  females  obtained  from  a  colony  maintained  by  the  Karim  lab. 
Proteins  were  isolated  from  gut  tissues,  salivary  glands,  and  reproductive  organs.  SDS-PAGE 
was  used  to  separate  proteins  based  on  their  molecular  weight.  The  protein  bands  of  the  gels 
were  excised,  and  trypsin  digestion  was  performed  for  the  preparation  of  mass  spectrometry. 

Results/Conclusion:  SDS-PAGE  showed  indication  of  the  presence  of  differentially  expressed 
proteins  between  uninfected  and  R.  parkerimfQctQd  tick  tissues.  The  proteins  or  peptides  were 
identified  by  utilizing  LC-MS/MS  Tandem  mass  spectrometry. 

The  proteins  differentially  expressed  with  infection  of  R.  parkeri  will  serve  as  a  database  for 
tick-pathogen  interaction  studies  as  well  as  a  foundation  for  medical  research,  and  the 


development  of  anti-inflammatory,  anti-coagulant,  immunomodulatory,  and  anti-microbial 
drugs. 
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Abstract  text: 

Introduction:  The  kissing  bug  Rhodnius  prolixus  is  a  major  vector  of  Chagas  disease,  which 
affects  as  many  as  8  million  people.  Reducing  contacts  between  humans  and  vectors  would 
decrease  transmission  of  this  neglected  disease,  but  repellents  are  not  being  used.  This  is  due  in 
part  to  the  intriguing  fact  that  -  despite  being  a  broad  spectrum  and  the  gold  standard  -  DEET 
does  not  repel  the  kissing  bug.  Here,  we  report  on  our  biochemical  and  molecular  studies  on  R. 
prolixus  olfactory  system,  which  coupled  with  behavioral  studies  led  to  the  discovery  of  novel 
repellents  for  the  kissing  bug. 

Methods:  Using  a  combination  of  bioinformatics,  heterologous  gene  expression,  quantitative  and 
semi-quantitative  PCR  analyses,  candidate  odorant  receptors  (ORs)  were  identified  and  cloned. 
Subsequently,  test  ORs  were  co-expressed  along  the  co-receptor,  RproOrco,  and  examined  with 
a  panel  of  odorants.  Odorant  that  activated  test  ORs  were  subsequently  tested  for  repellency 
using  DEET  as  a  negative  control. 

Results/Conclusion:  Initially,  106  RproOR  candidates  were  screened  against  the  ORs  from  other 
hematophagous  insects  to  find  structural  similarity  that  could  be  associated  with  receptor 
functions.  Twenty  test  OR  genes  were  selected,  of  which  6  ORs,  including  the  co-receptor  Oreo, 
were  expressed  into  Xenopus  laevis  oocytes.  A  panel  of  100  compounds  was  tested.  Four 
odorants  in  our  panel  elicited  dose-dependent  electrophysiological  responses  in  one  of  the  tested 
ORs,  whereas  others  were  silent.  qPCR  data  showed  that  the  active  OR  was  highly  expressed  in 
male  antennae.  The  4  compounds  showed  spatial  repellency  to  the  kissing  bug. 
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Abstract  text: 

Chagas  disease  is  caused  by  Trypanosoma  cruzi ,  the  protozoan  parasite  vectored  by  the 
subfamily  Triatomine,  which  are  known  as  conenose  bugs  or  kissing  bugs.  Chagas  disease  is 
considered  a  neglected  tropical  disease,  with  an  estimation  of  6  to  7  million  people  being 
infected  in  Latin  America.  The  vectors  and  parasite  are  also  endemic  across  the  southern  United 
States,  where  the  awareness  for  Chagas  disease  is  increasing,  including  the  acknowledgement  of 
locally-acquired  human  and  canine  cases.  This  study  analyzed  public  kissing  bug  submissions, 
which  revealed  persistent  misidentifications.  Individuals  with  and  without  entomological 
expertise  have  difficulty  distinguishing  blood-feeding  Triatomini  from  similar  looking 
Hemipterans  and  other  common  insects,  which  can  lead  to  unwarranted  public  worry  when  these 
non-vectors  are  misidentified  as  Triatomini  species.  As  part  of  a  public  health  entomology 
outreach  initiative,  this  project  has  developed  a  guide  that  does  not  require  entomological 
expertise  and  provides  the  user  the  necessary  descriptions  to  differentiate  Chagas  disease  vectors 
from  other  insects.  Additionally,  dichotomous  keys  are  included  in  this  study,  in  which  users  can 
navigate  from  insect  order  down  to  the  1 1 -kissing  bug  species  that  occur  in  the  U.S.  The  broad 
audience  of  these  resources  includes  medical  and  veterinary  professionals,  concerned  citizens, 
local  public  health  workers,  and  professional  pest  managers.  Ensuring  the  proper  identification  of 
a  suspected  kissing  bug  is  the  first  step  in  an  integrative  vector  management  program. 
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Abstract  text: 

Introduction:  Chagas  disease  is  caused  by  the  protozoan  Trypanosoma  cruzi  and  is  transmitted  to 
humans  by  blood-sucking  triatomine  bugs  (Hemiptera:  Reduviidae).  Chagas  disease  is  endemic 
to  Central  and  South  America  where  it  causes  over  21,000  deaths  annually.  In  the  United  States 
300,000  people  are  infected  and  some  transmission  to  humans  has  been  documented  in  the 
southern  United  States.  Infection  rates  of  4-29%  were  found  in  2  of  4  species  of  triatomines 
collected  in  New  Mexico.  Recently,  infection  rates  in  triatomines  in  Texas  and  Arizona  were 
found  to  be  42-5 1%.  In  2012,  38%  of  triatomines  collected  in  Arizona  and  California  were 
determined  to  have  fed  on  humans  making  the  possibility  of  transmission  in  this  region  a 
concern.  Our  objectives  are  to  determine  the  infection  rate  of  triatomines  in  southern  New 
Mexico  and  to  optimize  primers  for  detecting  T.  cruzi. 

Methods:  Triatomines  were  collected  in  southeastern  New  Mexico  from  2010-2012.  Five 
published  primers  were  evaluated  and  an  18S  primer  set  was  developed. 

Results/Conclusion:  The  T.  cruzi  infection  rate  was  61%,  similar  to  adjacent  states,  Texas  and 
Arizona.  All  118  specimens  were  identified  as  Triatoma  rubida  by  PCR  amplification  and 
subsequent  sequencing.  Although  T.  rubida  is  a  known  vector  in  other  states,  this  is  the  first  time 
T.  cruzi  infected  T.  rubida  were  detected  in  New  Mexico. 
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Abstract  text: 

Introduction:  Pediculosis  is  an  ectoparasitosis  caused  by  lice  ( Pediculus  humanus ),  which  do  not 
recognize  socioeconomic  and  cultural  barriers  for  dissemination.  They  are  usually  transmitted 
through  direct  personal  contact,  although  they  are  sometimes  indirectly  transmitted  through 
clothing,  towels  or  bedding.  The  present  study  aims  to  determine  the  factors  associated  with  head 
lice  in  children  and/or  adolescents  in  basic  education  schools  in  Monterrey,  Nuevo  Leon  and 
Merida,  Mexico,  where  mutations  of  type  KDR  are  associated  with  resistance  to  pyrethroid 
insecticides  and  presence  pathological  agents  of  human  disease  in  the  same  populations. 

Methods:  The  aims  of  this  study  were  to  determine  the  incidence  of  head  lice  in  children  and 
basic  school  level  in  different  localities  of  Nuevo  Leon  and  Yucatan,  elucidate  determining 
factors  associated  with  head  lice  hosts  (sex,  boy/girl,  age,  hair  type,  living  conditions),  and 
determine  frequencies  of  the  KRD  L932L  mutation. 


Results/Conclusion:  In  this  study,  410  samples  (infected  children)  were  taken  in  Nuevo  Leon  and 
80  in  Merida.  The  incidence  was  determined  in  both  populations,  obtaining  10.58%  for  Nuevo 
Leon  and  10.25%  for  Yucatan. 
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Abstract  text: 

Introduction:  Screwworm,  Cochliomyia  hominivorax  Coquerel  (Diptera:  Calliphoridae), 
myiasis,  devastating  to  warm  blooded  animals,  was  eradicated  from  North  America  using  the 
sterile  insect  technique  (SIT).  This  unprecedented  achievement  is  protected  through  maintenance 
of  a  barrier  at  the  Panama  -  Colombia  border.  Successful  SIT  and  barrier  maintenance  requires 
mass  produced  screwworms  that,  after  sterilization  and  release,  are  competitive  in  the  field.  Mass 
rearing  enhancements  of  embryo  cryopreservation,  ammonia  reduction,  and  replacing  milk 
components  are  reported. 

Methods:  Cryopreservation  followed  the  protocol:  1)  embryo  permeabilization;  2)  loading 
embryos  with  ethylene  glycol;  3)  dehydration  in  vitrification  solution;  4)  vitrification  and  storage 
in  liquid  nitrogen;  and  5)  recovery  from  liquid  nitrogen.  Reducing  ammonia  from  screwworm 
larval  diet  was  explored  through  sequential  experiments  using  products  (as  diet  additives) 
previously  reported  successful  in  reducing  ammonia  in  organic  environments.  Replicated 
experiments  investigated  the  use  of  powdered  soy  to  replace  milk  in  screwworm  larval  diet. 

Results/Conclusion:  Cryopreservation  of  screwworm  embryos,  now  implemented  at  the 
screwworm  mass  rearing  facility,  removed  the  need  to  rear  a  backup  strain  and  allows  storage  of 
screwworms  embryos  from  different  genetic  backgrounds  for  use  in  future  eradication  efforts 
and/or  research  projects.  Potassium  permanganate  in  screwworm  larval  diet  reduces  ammonia 
production  and  replaces  formaldehyde  as  an  antimicrobial.  Soy  powder,  used  as  a  substitute  for 
milk  in  the  larval  diet,  eliminates  calcium  binding  with  tetracycline  used  in  male  only  strains 


diets.  These  processes  are  being  transferred  to  the  Panama  -  U.S.  Commission  for  Eradication  of 
Screwworms. 

USDA  is  an  equal  opportunity  provider  and  employer. 
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Abstract  text: 

Introduction:  A  new  method  for  quantitative  food  delivery  was  designed  by  the  Armed  Forces 
Research  Institute  of  Medical  Sciences  (AFRIMS),  Bangkok,  Thailand. 

Methods:  Three  sizes  of  spoons  (1,2  and  5  mg)  were  evaluated  as  part  of  the  rearing  process  for 
the  mosquito  Anopheles  dirus  in  the  laboratory.  Farval  and  pupal  developmental  times, 
mortality,  adult  size,  and  food  debris  were  quantified.  Farvae  were  divided  into  two  groups  that 
were  fed  either  with  AFRIMS  spoons  or  a  standard  salt  shaker. 

Results/Conclusion:  The  amount  of  food  required  with  the  AFRIMS  spoons  (40.63  mg/day)  was 
less  than  by  a  salt  shaker  (326.49  mg/day).  Farval  and  pupal  development  times  were  not 
affected  by  the  different  amounts  of  food  provided  daily.  However,  use  of  the  AFRIMS  spoons 
on  a  regular  feeding  schedule  lowered  mortality  rates,  produced  larger  females  and  reduced 
debris.  The  use  of  AFRIMS  spoons  has  improved  mosquito  production  in  the  AFRIMS  insectary 
and  may  be  beneficial  to  other  insectaries  that  seek  to  maximize  their  mosquito  production. 
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Abstract  text: 

Introduction:  Obtaining  Plasmodium  vivax  sporozoites  for  screening  and  development  of 
vaccines  and  drugs  is  challenging  since  production  of  P.  vivax  gametocyte  cultures  in  vitro  is  not 
feasible.  We  report  P.  vivax  sporozoite  production  by  membrane  feeding  of  laboratory-bred 
Anopheles  darlingi  on  field  collected  P.  vzvax-infected  blood  samples  and  potential  sporozoite 
production  enhancement  by  providing  a  supplementary,  non-infectious  bloodmeal  to  infected 
mosquitoes. 

Methods:  P.  vzvax-infected  blood  samples  collected  from  65  patients  in  Iquitos,  Peru,  from  July 
2014  to  December  2015,  were  used  for  membrane  feeding  assays  of  lab-bred  (F18-F36)  An. 
darlingi.  Oocyst  and  sporozoite  assessments  were  performed  5-8  and  10-19  days  post  infection, 
respectively.  A  second,  non-infectious  bloodmeal  was  provided  to  oocyst-positive  mosquitoes  5 
days  after  the  infectious  bloodmeal  in  assays  conducted  from  August  to  December  2015. 

Results/Conclusion:  Blood  samples  from  50  patients  (77%)  led  to  sporozoite  production. 
Mosquito  feeding  rate  was  on  average  63%;  mosquito  survival  14  days  post  infection  was  on 
average  51%.  Oocyst  intensity  and  oocyst  prevalence  were  on  average  18  ±  4.2  (1.3  -132.6) 
oocysts/midgut  and  71.9  ±  3.2  %  (6.3  -  100%)  infected  midguts/dissected  midguts,  respectively. 
Sporozoite  intensity  was  on  average  7,647  ±  3,373  (4  -  199,810).  Mosquitoes  given  a  second, 
non-infectious  bloodmeal  had  a  sporozoite  intensity  2.9  times  higher  than  mosquitoes  given  a 
single,  infectious  bloodmeal  (26,007  ±  15,635  vs.  9,116  ±  5,029  sporozoites/salivary  gland  pair), 
yet  further  replication  is  needed  to  confirm  a  significant  effect  on  sporozoite  production 
enhancement.  Our  sporozoite  production  system  represents  a  valuable  resource  for  anti-malaria 
vaccine  and  drug  research. 
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Abstract  text: 

Introduction:  The  expression  of  genes  in  two  Culex pipiens  quinquefasciatus  Say  populations 
with  known  differences  in  vector  competence  to  West  Nile  virus  (WNV)  were  compared. 

Methods:  Based  on  the  RNAseq  data  analysis,  several  candidates  involved  in  fatty  acid  transport 
or  ovary  development  were  investigated  using  RNAi  to  determine  their  functional  role  in  the 
WNV  infection  process.  Silencing  of  genes  found  in  the  study  and  implicated  in  lipid  transport 
functions,  such  as  diazepam  binding  inhibitor  (DBI),  hexamerin  and  vitellogenin,  showed 
population  specific  changes  in  WNV  infection  rates  compared  to  control  mosquitoes. 
Preliminarily,  human  protein  analogs,  one  that  binds  to  the  DBI  receptor  and  a  Wnt  signaling 
inhibitor,  were  injected  into  female  mosquitoes  and  their  impact  on  blood  feeding  and  egg 
development  measured. 

Results/  Conclusion:  The  mosquitoes  injected  with  the  DBI  receptor  agonist  had  a  higher 
mortality  rate  and  fewer  number  of  egg  rafts  than  control  mosquitoes  but  the  blood  feeding  rates 
were  similar.  Mosquitoes  injected  with  the  Wnt  signaling  inhibitor  had  a  higher  mortality  rate 
than  control  mosquitoes.  This  result  suggests  that  egg  development  is  related  to  the  mosquito 
defense  mechanism  against  WNV  and  diazepam  may  be  part  of  the  pathway  that  controls  lipid 
transport  between  egg  development  and  defense  mechanisms.  Understanding  mechanisms  that 
contribute  to  viral  dissemination  in  mosquito  vectors  will  contribute  to  our  ability  to  interfere 
with  the  transmission  of  viral  pathogens  that  impact  public  health. 
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Abstract  text: 

Introduction:  Our  ability  to  assess  risk  and  prevent  mosquito-borne  disease  in  Florida  is  hindered 
by  lack  of  knowledge  about  mechanistic  causes  of  differential  vector  competence. 

Methods:  Florida  Aedes  aegypti  were  infected  with  the  Fa  Reunions  strain  of  chikungunya  virus 
(CHIKV)  and  infection  and  dissemination  rates  determined  using  quantitative  reverse 
transcriptase  PCR.  Illumina  high  throughput  RNA  sequencing  was  used  for  comparative 
transcriptome  analysis. 

Results/Conclusions:  Results  from  these  studies  suggest  that  the  three  mosquito  populations  used 
in  the  study  can  become  infected  with  the  Fa  Reunion  strain  of  CHIKV,  with  infection  rates  well 
above  50%.  The  Rockefeller  strain  of  Ae.  aegypti  had  a  dissemination  rate  of  only  41%, 
suggesting  that  mosquitoes  from  this  population  are  not  effective  vectors.  Dissemination  rates  for 
Key  West  and  Vero  Beach  populations  were  100%  and  80%,  respectively,  suggesting  both  are 
competent  vectors  and  might  be  involved  in  transmission. 


Results  from  the  RNAseq  analysis  found  9  differentially  expressed  genes  between  the  Key  West 
and  Vero  Beach  populations,  and  145  and  743  genes  between  the  Vero  Beach  and  Rockefeller 
and  Key  West  and  Rockefeller  populations,  respectively.  The  functional  analysis  between 
Rockefeller  and  the  other  populations  showed  the  most  enriched  functions  include  catalytic 
activity,  transport  and  signal  transduction.  Comparison  between  Rockefeller  and  Vero  Beach 
differentially  expressed  genes  showed  an  increase  in  genes  from  the  response  to  stimulus 
category. 

Here  we  will  discuss  vector  virus  interactions  in  natural  populations  of  Ae.  aegypti  that  can  assist 
in  understanding  CHIKV  transmission. 
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Abstract  text: 

Introduction:  Widespread  transmission  of  Chikungunya  virus  (CHIKV)  in  the  Americas  has 
resulted  in  introductions  of  the  virus  to  the  U.S.  via  infected  travelers.  Both  vector  species,  Aedes 
aegypti  and  Ae.  albopictus,  are  widespread  in  Florida,  raising  concerns  about  the  likelihood  of  a 
locally  transmitted  outbreak  following  an  introduction.  Our  understanding  of  how  vector 
population  dynamics  and  virus  strain  characteristics  affect  the  risk  of  local  transmission  is 
limited. 

Methods:  A  compartmental  transmission  model  with  2  vector  species  and  1  vertebrate  host 
(humans)  was  developed.  The  dynamics  of  adult  vectors  were  modeled  to  generate  a  wide  range 
of  population  sizes  and  seasonal  variation.  Stratified  random  sampling  schemes  were  used  to 
assess  which  factors  most  influenced  the  likelihood  of  local  transmission  and  outbreak  size. 
Additional  parameter  sets  compared  virus  strains  adapted  for  each  vector  species  under  different 
A.  aegypti: A.  albopictus  population  size  ratios. 


Results/Conclusion:  In  the  initial  analysis,  most  parameter  sets  resulted  in  local  transmission 
(successful  invasion).  Outbreaks  could  be  immediate  or  delayed.  Surveillance  data  suggests  that 
successful  invasions  are  rare,  however,  and  further  analysis  will  assess  broader  parameter  ranges. 
When  viral  strains  adapted  to  each  vector  were  considered,  human  infections  were  more  sensitive 
to  Ae.  aegypti  population  size  than  to  Ae.  albopictus.  The  ongoing  epidemic  of  Zika  virus  leads 
to  similar  concerns,  and  Zika-specific  parameter  ranges  will  be  used  to  identify  factors 
influencing  successful  invasion  in  Florida. 
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Abstract  text: 

Introduction:  Nitric  oxide  (NO)  has  been  demonstrated  as  an  effective  fumigant  against  various 
insect  pests  on  postharvest  product  under  the  ultralow  oxygen  (ULO)  conditions.  As  a  new 
fumigant,  NO  showed  efficacy  against  all  life  stages  of  insect  pests  with  varied  fumigation  time 
and  temperature,  and  had  feasible  cost-effectiveness  to  be  commercially  applied  for  pest  control 
on  fresh  commodity.  In  addition,  NO  has  been  demonstrated  to  be  able  to  enhance  the  produce 
quality  during  the  fumigation  process. 

Method:  In  this  study,  we  conduct  a  series  of  experiments  on  NO  fumigation  to  control  spotted 
wing  drosophila  (SWD)  Drosophila  suzukii  (Walker)  (Diptera:  Drosophilidae),  a  nuisance  insect 
pest  that  feed  inside  of  the  ripening  stone  or  small  fruits,  on  strawberry  under  the  ULO 
conditions  at  2  °C  in  a  growth  chamber.  Dose-response  tests  were  designed  to  determine  effects 
of  NO  concentration  (0.5  to  2.5  %)  and  fumigation  time  (2  to  8  h)  on  mortality  of  SWD  at 
immature  life  stages  (egg,  larvae,  and  pupa).  In  addition,  a  nitric  oxide  analyzer  is  used  to 
measure  nitric  oxide,  nitrate,  and  nitrite  concentrations  in  treated  and  untreated  strawberries  to 
determine  the  residues  of  NO  fumigation. 


Result/Conclusion:  The  results  of  the  present  study  are  discussed.  The  likely  benefits  of  NO 
fumigation  on  pest  control,  and  quality  enhancement  of  fresh  products  are  also  discussed. 
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Abstract  text: 

Introduction:  Phosphine  (PEE)  and  ethyl  formate  (EF)  are  two  potentially  powerful  postharvest 
fumigant  insecticides. 

Method:  We  investigated  the  effectiveness  of  both  PTE  and  EF  as  fumigants  at  all  developmental 
stages  of  the  potato  tuber  moth  Phthorimaea  operculella ,  and  we  also  studied  the  synergistic 
effects  of  these  fumigants  under  controlled  atmospheres  of  50%  and  80%  oxygen  (O2). 

Result/Conclusion:  The  larval  stage  of  P.  operculella  was  the  most  susceptible  to  fumigation 
with  PTE  at  both  5°C  and  20°C.  All  of  the  developmental  stages  showed  greater  susceptibility  to 
PTE  at  20°C  than  at  5°C,  whereas  the  susceptibility  of  adult  P.  operculella  to  this  fumigant  was 
not  affected  by  temperature.  The  toxicity  of  EF  did  not  differ  with  temperature  for  any  of  the  P. 
operculella  developmental  stages.  The  atmospheric  oxidation  of  PTE  increased  the  toxicity  of 
this  fumigant  toward  all  developmental  stages  at  both  temperatures.  By  contrast,  no  differences 
in  toxicity  were  observed  for  oxidized  EF  compared  with  EF  alone  at  any  developmental  stage. 
In  conclusion,  using  fumigation  tests,  we  showed  that  atmospherically  oxidized  PTE  was  much 
more  effective  against  P.  operculella  than  PTE  alone,  demonstrating  a  synergistic  effect  for  this 
fumigant  and  O2.  Therefore,  treatment  with  PTE  and  high  concentrations  of  O2,  as  described  in 
this  study,  could  be  useful  for  managing  the  postharvest  pest  P.  operculella. 
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Abstract  text: 

Methyl  bromide  has  been  used  as  an  effective  fumigant  to  control  Tyrophagus  putrescentiae 
(Schrank)  in  dry  cured  ham  facilities  for  many  years.  T.  putrescentiae is  the  major  pests  infesting 
hams  during  the  aging  process.  Methyl  bromide  fumigation  will  soon  be  prohibited  in  U.S  dry 
cured  ham  plants,  but  research  on  alternatives  continues.  Our  research  found  that  edible  gels  in 
combination  with  propylene  glycol  will  prevent  T.  putrescentiae  population  growth  on  hams.  The 
combination  of  propylene  glycol  dissolved  into  a  gel  suppressed  mite  population  growth  and 
significantly  reduced  the  mite  residency  on  whole  hams  treated  with  this  gel  mixture. 
Furthermore,  specialized  meat  packaging  with  these  edible  gel  combinations  also  prevented  mite 
infestations  on  dry  cured  ham  cubes.  Our  results  suggest  that  this  new  method  should  be  studied 
further  as  a  methyl  bromide  alternative  in  dry  cured  ham  companies. 
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Abstract  text: 

The  insecticidal  efficacy  of  different  fractions  of  Acalypha  godseffiana  was  studied  under  the 
laboratory  conditions  at  ambient  temperature  of  28±2°c  and  relative  humidity  75±5%.  The  oil 
extract  of  the  plant  was  fractionated  into  different  fractions  unsing  thin  layer  chromotography 
and  fraction  2,  3,  4,  5,  6,  and  7  was  tested  for  its  insecticidal  activity  against  C.  maculatus  at  50, 
60  ,70,  80  and  90pl  dosages.  All  the  fractions  showed  high  insecticidal  efficacy  against  the 
insect.  However,  fraction  3  and  4  appear  to  be  most  effective  as  they  were  the  only  fractions  that 
achieved  100%  weevil  mortality  within  72  hours  of  application.  The  probit  analysis  showed  that 
fraction  4  of  the  oil  extract  of  this  plant  had  the  highest  mortality  effect  on  the  insect  as  only  5.57 
and  1  1.68jlx1  is  required  to  achieve  50  and  95%  insect  mortality  within  72  hours  respectively.  The 
characterization  of  the  active  compound  of  the  two  fractions  (3  and  4)  as  well  their  toxicology 
study  is  still  going  on.  However,  since  the  fraction  has  shown  high  insecticidal  effect  against  the 
survival  of  the  adult  C.  maculatus  they  could  be  introduce  into  pest  management  strategies. 
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In  this  study,  the  effects  of  low  rates  of  application  of  the  essential  oils  (0.05,  0.1,  0.2,  0.3,  04, 
and  0.5ml )  of  Eugenia  aromatica  and  Piper  guineense  were  tested  separately  for  their  potential 
to  induce  hormoligosis  in  Callosobruchus  maculatus.  The  mating  propensity  of  males  and 
females  of  C.  maculatus  after  exposure  to  0.05  and  0.4ml  of  the  essential  oils  of  both  plants  were 
also  investigated.  The  results  showed  that  the  lowest  dose  of  application  of  0.05ml  of  the 
essential  oils  of  P.  guineense  and  E.  aromatica  was  observed  to  cause  significant  increase  in 
oviposition  with  up  to  370  eggs  laid  and  enclosion  of  273  adults  in  C.  maculatus.  Mean 
percentage  adult  mortality  of  C.  maculatus  at  24  and  48hr  was  found  to  be  linearly  and  positively 


correlated  with  increasing  rates  of  application  of  E.  aromatica  and  P.  guineense  (r  =  0.94,  r  = 
0.96;  r  =  0.95,  r  =  0.92),  respectively.  However,  both  oviposition  and  adult  emergence  of  C 
maculatus  were  negatively  correlated  with  increasing  rates  of  E.  aromatica  and  P.  guineense  (r  = 
-0.85,  r  =  -0.86;  r  =  -0.93,  r  =  -0.91),  respectively.  The  lowest  dose  of  the  essential  oils  of  P. 
guineense  and  E.  aromatica  was  also  observed  to  cause  significant  increased  propensity  to  mate 
in  males  and  females  C.  maculatus 
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Abstract  text: 

Introduction:  The  maize  weevil,  Sitophilus  zeamais  Motschulsky  (Coleoptera,  Dryophthoridae), 
is  one  of  the  most  important  pests  of  stored  cereals  causing  severe  quantitative  and  qualitative 
losses.  Sustainable  control  means,  alternative  to  the  commonly  used  fumigants  and  broad- 
spectrum  contact  insecticides,  are  urgently  needed  owing  to  legislative  limits,  the  development  of 
resistant  insect  strains  and  increasing  consumer  demand  for  safe  food.  Allelochemicals  mediating 
interactions  between  the  maize  weevil  and  its  host  substrates  could  be  used  as  insect-behavior 
modifying  compounds  to  develop  innovative  and  sustainable  control  strategies  of  this  pest. 

Materials  and  Methods:  The  responses  of  male  and  female  S.  zeamais  antennae  to  21  volatile 
compounds  previously  identified  from  grains  of  different  cereal  species  were  evaluated  by 
electroantennography  (EAG).  The  behavioral  responses  of  adult  weevils  to  5  doses  (1-500  pg)  of 
individual  volatiles  were  assessed  in  two-choice  pitfall  bioassays. 

Results:  EAG  tests  showed  the  capability  of  the  peripheral  olfactory  system  of  both  sexes  to 
perceive  a  wide  range  of  cereal  volatiles  with  some  significant  differences  in  the  amplitude  of 
male  and  female  EAGs.  In  behavioral  bioassays,  at  certain  doses,  heptanal,  (E2,E4)-decadienal, 
2-pentanone,  2,3-butanedione,  vanillin,  3-metil-l-butanolo,  propionic  acid,  (E2,E4)-heptadienal, 


maltol,  and  pentanal  acted  as  attractants.  On  the  contrary,  butanal,  (E2,E4)-nonadienal,  and 
(E2,E4)-heptadienal  exhibited  a  strong  repellent  activity. 

Conclusions:  Results  suggested  that  host  finding  behavior  by  the  maize  weevil  more  likely 
depends  on  the  balance  of  positive  and  negative  stimuli.  Attractant  compounds  could  be  used  to 
improve  current  monitoring  tools  of  this  pest  whereas  repellents  could  be  applied  to  disrupt 
insect  orientation  to  host  substrates. 
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Abstract  text: 

Introduction:  Conventional  management  of  milling  industry  pests  has  mainly  been  carried  out 
using  methyl  bromide,  even  if  it  is  phasing  out  of  use.  Thus,  the  development  of  new  approaches 
having  a  low  environmental  impact  is  needed,  and  heat  treatments  represent  a  promising 
alternative  to  chemicals. 

Method:  Herein,  we  investigated  the  efficacy  of  heat  treatment  in  a  flour  mill  located  in  Spain, 
by  using  commercial  electric  heaters.  Maximum  temperatures,  time  above  and  to  reach  the  target 
temperature  (50°C)  resulted  different  for  each  floor  of  the  treated  mill.  Specimens  of  Tribolium 
confusum,  Gnatocerus  cornutus,  Sitophilus  oryzae ,  at  different  life  stages,  were  evaluated  for 
their  susceptibility  to  high  temperature  during  structural  heat  treatment.  The  pests’  mortality  at 
12,  24  and  36h  after  the  beginning  of  the  heat  exposure  was  evaluated  taking  into  account  their 
location  within  the  mills,  the  exposure  duration,  the  maximum  temperature  reached  and  the  time 
necessary  to  get  it,  and  the  time  in  which  the  temperature  was  kept  over  the  target  one. 

Result/conclusion:  Overall,  differences  in  susceptibility  among  the  pest  instars  and/or  species 
varied  in  function  of  the  mill  floors.  Adults  and  eggs  of  T.  confusum  appeared  being  the  most 


sensitive  instars  to  heat  treatment.  Our  results  confirmed  that  the  use  of  heat  represent  a  valid 
approach  for  food  pest  control  thanks  to  the  eco-sustainability  of  the  method  and  safety  for 
customers. 
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Introduction:  Methyl  Bromide  has  been  used  for  decades  as  a  highly  effective  fumigant  gas  to 
control  a  broad  range  of  pests  including  insects,  rodents  and  microorganisms.  However,  as  a 
result  of  its  potent  ozone  depleting  properties,  the  Montreal  Protocol  legislated  the  gradual 
phasing  out  of  the  gas  during  the  mid  2000’s.  Remaining  uses  are  limited  to  quarantine  and  pre¬ 
shipment  situations.  Additionally,  newly  introduced  buffer  zone  and  boundary  line  restrictions 
necessitate  a  way  to  further  limit  the  release  of  methyl  bromide. 

Method:  To  limit  methyl  bromide  release  and  protect  both  environmental  and  human  health 
during  post  fumigation  aeration,  the  fumigant  scrubber  system  was  developed.  The  system  is 
comprised  of  monitoring  equipment,  a  blower  fan,  and  a  reaction  chamber  which  contains  an 
aqueous  scrubbing  solution.  Contact  with  the  solution  causes  a  chemical  breakdown  of  the  target 
gas  into  a  non-ozone  depleting  by-product.  The  system  breaks  down  methyl  bromide  that  is 
otherwise  released  into  the  atmosphere  during  conventional  fumigation  aeration  situations. 

Result/conclusion:  Testing  of  this  scrubbing  system  using  a  large  climate  controlled  fumigant 
chamber  showed  a  99.95%  reduction  in  methyl  bromide  concentration  (2.27  kg  per  28.32  m3)  in 
3.5  h.  Our  research  will  be  valuable  in  further  developing  this  system  for  post-fumigation 
abatement  of  methyl  bromide  release  into  the  atmosphere.  Future  development  will  focus  on 
options  for  scale  and  speed  of  the  system,  as  well  as  its  use  with  other  fumigants  such  as  sulfuryl 
fluoride,  thus  broadening  the  applications  of  the  technology. 
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Abstract  text: 

Introduction:  The  drugstore  beetle  Stegobium  paniceum  has  developed  tolerance  to  controlled 
atmosphere  (CA)  treatment,  which  has  been  widely  used  to  control  storage  insect  pests  by  using 
low  oxygen  and  elevated  carbon  dioxide  (CO2).  However,  the  mechanisms  underlying  resistance 
to  hypercarbia  in  insects  are  unclear. 


Methods:  To  investigate  the  effects  of  CA-related  stress  in  insects,  we  analyzed  the 
transcriptome  and  digital  gene  expression  (DGE)  profiles  of  S.  paniceum  larvae  exposed  to 
different  levels  of  CO2.  Quantitative  real-time  PCR  (qPCR)  was  used  to  validate  the  findings 
from  the  DGE  sequencing  data. 

Results/Conclusion:  We  obtained  more  than  53  million  sequencing  reads  that  were  then 
assembled  into  39,270  unigenes  with  an  average  length  of  569  bp.  A  total  of  28,773  unigenes 
matched  known  proteins  in  the  NCBI  database.  Assembled  sequences  were  further  annotated 
with  gene  ontology,  clusters  of  orthologous  group  terms,  and  kyoto  encyclopedia  of  genes  and 
genomes.  DGE  analysis  indicated  that  665  and  620  up-regulated  genes  and  1,091  and  498  down- 
regulated  genes  were  identified  in  larvae  exposed  to  air  containing  10%  and  70%  CO2, 
respectively.  Moreover,  41 1  genes  were  differentially  expressed  in  both  the  10%  and  70%  CO2 
exposed  groups  compared  with  control.  Genes  related  to  hypercarbia-coping  response  were 
analyzed  in  detail  and  in  addition,  the  expression  profiles  of  six  hypercarbia-responsive  genes 
were  further  validated  by  qPCR.  This  study  provides  valuable  information  regarding  genes 
related  to  hypercarbia  tolerance  in  insects,  and  may  facilitate  efforts  to  develop  CCE-based 
alternatives  to  chemical  pesticides. 
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Introduction:  Adequate  understanding  and  research  on  insect  phototaxis  can  be  applied  to  the 
collection,  monitoring,  and  management  of  insects. 

Methods:  This  study  investigated  the  phototaxis  of  three  kinds  of  Laemophloeidae  insects — 
Cryptolestes'  pusillus  (Oliver),  Cryptolestes  turccus  (Grouvelle),  and  Cryptolestes  ferrugineus 
(Stephens) — to  the  LED  lights  of  six  wavelengths  under  laboratory  conditions. 


Results/conclusion:  Results  showed  that  the  three  Laemophloeidae  insects  had  different  taxis  to 
light  waves  of  different  lengths  and  that  C.  pusillus  had  the  strongest  phototaxis.  Moreover,  the 
taxis  of  the  three  laemophloeidae  insects  exhibited  the  same  tendency  across  light  waves  of 
different  lengths.  They  all  showed  positive  taxis  to  the  450,  390,  and  530  nm  light  waves,  and 
their  highest  taxis  indexes  were  observed  under  the  450  nm  light  wave.  By  changing  the  intensity 
of  the  light  waves,  the  taxis  indexes  of  the  three  kinds  of  insects  were  found  to  be  positively 
correlated  to  light  intensity. 
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Introduction:  Amblyomma  americanum  ticks  are  a  competent  vector  of  Ehrlichia  chaffeensis,  the 
causative  agent  of  Human  Monocyte  Ehrlichiosis.  In  tick-transmitted  infections,  the  pathogens 
induce  the  gene  expression  of  their  host  to  ensure  survival,  replication,  and  transmission  into  the 
vertebrate  host.  In  this  study,  an  artificial  membrane  feeding  system  was  used  to  generate  E. 
chaffeensis  infected  A.  americanum  ticks  to  assess  the  infection  and  dissemination  of  E. 
chaffeensis. 

Methods:  An  artificial  membrane  feeding  system  was  constructed  of  a  silicone  covered, 
reinforced  membrane  attached  to  an  acrylic  chamber.  Adult  and  nymph  ticks  were  fed  on  blood 
collected  from  an  abattoir.  A.  americanum  infected,  via  the  “dipped”  method,  with  E.  chaffeensis 
were  fed  in  the  chambers,  and  blood  was  collected  from  each  well  during  the  infection 
transmission  study.  RNA  isolated  from  male  and  female  tissues  was  subjected  to  qRT-PCR  for 
verification  of  the  presence  of  E.  chaffeensis. 

Results/Conclusion:  The  gene  expression  from  the  artificial  membrane  feeding  system  is 
compared  by  weight  and  by  feeding  intervals  to  in  vivo  fed  ticks.  The  expression  for  both 


approaches  is  similar  with  few  significant  changes  (1 1%  of  the  samples  tested).  PCR  of  collected 
tick  exposed  blood  showed  the  transmission  of  E.  chaffeensis  within  the  first  48  hours  of  feeding 
in  an  artificial  membrane  feeding  system.  This  study  shows  that  the  E.  chaffeensis  infected  A. 
americanum  ticks  can  be  generated  to  investigate  the  life  cycle  of  this  pathogen  in  the  tick  vector 
and  assess  the  pathogen  induced  “sialome  switch”  as  demonstrated  with  metalloproteases. 
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Abstract  text: 

Introduction:  In  1959  the  World  Health  Organization  defined  zoonoses  as  those  diseases  and 
infections  that  are  naturally  transmitted  between  vertebrate  animals  and  man.  Some  of  these 
diseases  shared  similar  symptoms  in  humans,  such  as  the  infections  produced  by  dengue  virus, 
Chikungunya  virus  (CHIKV),  Zika  virus  and  Trypanosoma  cruzi.  Chikungunya  fever  and  Zika 
fever  are  viral  diseases  transmitted  to  humans  by  the  mosquitoes  Aedes  spp.,  and  Chagas  disease 
is  caused  by  the  protozoan  T.  cruzi  transmitted  to  humans  by  triatomine  bugs. 

Methods:  In  this  study,  the  presence  of  CHIKV,  Zika  and  T.  cruzi  were  analyzed  in  1,800  dengue 
negative  serum  samples  provided  by  the  health  department  in  Nuevo  Leon  State,  Mexico,  from 
patients  who  had  dengue  symptoms  in  2014  and  2015.  The  CHIKV  and  Zika  viruses  were 
analyzed  by  molecular  techniques,  and  the  Chagas  disease  was  analyzed  by  serological  assays. 

Results/Conclusion:  In  a  total  of  1,800  samples,  3 1  were  positive  for  CHIKV,  and  1  was  positive 
for  Zika.  Presence  of  Chagas  disease  is  being  analyzed  by  Indirect  ELISA  and  then  will  be 
confirm  by  CHAGATEST®. 
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Abstract  text: 

Introduction:  The  African  mosquito  Anopheles  coluzzii ,  a  major  malaria  vector,  is  responsible  for 
transmission  of  Plasmodium  falciparum ,  which  causes  malaria  in  humans.  The  ultimate  goal  of 
this  study  is  to  understand  how  development  and  reproduction  in  An.  coluzzii  are  regulated  by 
epigenetic  changes  not  associated  with  the  DNA  sequence.  We  studied  the  effects  of  the 
epigenetic  drug  3-Deazaneplanocin  A  (DZNep)  on  development  and  mortality  of  larva,  and  on 
fecundity  of  females. 

Methods:  Using  high-resolution  microscopy,  we  compared  egg  morphology  for  control  and 
experimental  groups.  Larvae  were  exposed  to  different  concentrations  of  DZNep. 


Results/Conclusion:  We  found  that  at  the  concentration  of  1.0  pM,  larvae  were  less  likely  to 
emerge  as  adults.  High  concentrations  of  DZNep  (10  |iM)  resulted  in  lower  fecundity  of  adult 
females.  They  produced  fewer  eggs,  and  their  eggs  were  unable  to  hatch.  At  2.5  pM  DZNep, 
differences  in  number,  sizes,  and  timing  of  eggs  laid  were  observed.  Semi-quantitative  PCR 
identified  specific  genes,  such  as  those  encoding  acetylcholinesterase  1  (ace-1),  voltage-gated 
sodium  channel  (VSC,  kdr),  and  long  leucine-rich  immune  protein  (LRIM1),  that  were  up- 
regulated  in  adult  females  exposed  to  the  drug  via  blood.  Finally,  we  found  that  the  epigenetic 
effects  of  DZNep  are  likely  reversible;  once  the  drug  was  no  longer  introduced  to  the  adult 
females,  they  appeared  to  have  fully  recovered  from  the  negative  effects  on  fecundity  and 
offspring  survivability.  Our  results  suggest  that  epigenetic  mechanisms  are  a  promising  area  of 
research  for  design  of  novel  vector  control  methods. 
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Introduction:  Zika  virus  is  an  emerging  pathogen  whose  rapid  spread  has  been  described  as 
explosive.  It  has  recently  spread  to  South  and  Central  America  and  has  been  detected  in  Mexico 
along  the  U.S./Mexico  border.  The  border  region  of  South  Texas  may  represent  a  likely  point  of 
introduction  to  U.S.  territory  through  routine  travel  and  immigration.  In  addition,  local  endemic 
transmission  may  occur  in  this  region  due  to  the  presence  of  viable  vector  species  and  favorable 
habitat  conditions.  The  aim  of  this  study  is  to  examine  vector  competence  characteristics  in  local 
mosquito  populations  and  mimicking  local  conditions. 

Methods:  Extrinsic  incubation  period,  infection  rate,  and  dissemination  rate  will  be  examined  in 
laboratory  settings  by  artificially  infecting  local  populations  of  mosquitoes  with  the  virus  through 
artificial  blood  meals.  Vertical  transmission  potential  of  Zika  virus  will  be  examined  by  testing 
offspring  from  the  infected  female  mosquitoes.  Local  strains  of  colonies  of  Aedes 
aegpyti  and  Aedes  albopictus  reared  from  wild  caught  specimens  will  be  used  for  this 


study.  Infection,  dissemination,  and  vertical  transmission  will  be  assessed  using  quantitative  real¬ 
time  PCR. 


Results/Conclusion:  Results  and  the  potential  for  local  transmission  will  be  further  discussed. 
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Abstract  text: 


Introduction:  Forensic  entomology  is  used  in  criminal  investigations  to  determine  time  and 
location  of  death  using  arthropod  life  cycle  stages  and  comparison  of  arthropods  on  the  body  to 
species  native  to  the  region.  Development  rates  used  to  determine  post-mortem  interval  (PMI) 
can  be  influenced  by  environmental,  as  well  as  mechanical  and  chemical  factors.  This  research 
aimed  to  analyze  if  wound  depth  influenced  species  composition  of  carrion-feeding  Diptera  and 
decomposition  rate. 

Methods:  Three  trials,  each  spanning  a  time  period  of  1  week,  were  performed  in  late  July  and 
early  August  of  2015.  Stillborn  fetal  pigs  were  placed  in  cages,  three  pigs  per  cage  for  each 
treatment  of  control,  slashed,  and  stabbed.  Both  larval  and  adult  Diptera  were  collected  at  each 
collection  period,  and  preserved  for  identification. 

Results/Conclusion:  Preliminary  review  of  data  indicates  no  significant  difference  in  either 
species  composition  or  decomposition  rate,  with  the  most  abundant  Diptera  species  being  Lucilia 
coeruleiviridis  and  Cochliomyia  macellaria.  Future  studies  could  seek  to  analyze  the  effects  of 
other  common  wound  types,  such  as  blunt  force  trauma  that  results  in  significant  internal 
bleeding,  as  well  as  possible  chemical  factors  that  may  act  as  deterrents  for  some  species  and 
delay  colonization. 
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Abstract  text: 

Introduction:  Dermestes  maculatus  is  a  cosmopolitan  hide  beetle  living  in  environments 
including  stored  dry  foods  and  decaying  meat  sources.  In  addition  to  being  an  agricultural  and 
museum  pest,  this  species  can  be  used  to  determine  post-mortem  interval  of  human  and  other 
animal  carcasses.  Studies  with  blow  flies  (Calliphoridae)  found  effects  of  diet  on  growth  and 
survival,  but  none  on  developmental  rate.  We  predicted  that  diets  richer  in  fats  would  accelerate 


growth  and  development  of  Dermestes  beetle  larvae.  Meat  rotting  duration  should  decrease 
growth  and  development  if  dietary  nutrients  and  calories  are  lost  to  microbial  decay. 

Methods:  We  raised  hatchling  larvae  on  diets  of  5  different  meats  (beef,  pork,  chicken,  fish,  and 
laboratory  rat)  crossed  with  4  rotting  durations  (0  days,  3  days,  7  days,  and  14  days). 

Results/Conclusion:  Larvae  (10  larvae/replicate;  n=120;  subsampled  weekly  for  3  weeks; 
repeated-measures  MANCOVA;  p<0.0001)  grew  and  developed  fastest  on  the  fatty  beef  and 
slowest  on  the  lean  fish,  with  pork,  chicken  and  laboratory  rat  having  intermediate  values.  Also 
as  expected,  growth  and  development  progressively  decreased  across  rotting  durations  of  3  to  7 
to  14  days.  Surprisingly,  0  rotting  days  had  a  similar  value  to  7  days.  Larval  growth  and 
development  may  be  adapted  to  slightly  aged  carcasses  as  this  reflects  the  natural  history  of 
adults  finding  carcasses,  mating,  laying  eggs  and  incubation,  as  well  as  possible  microbial 
symbiosis.  In  addition  to  the  ecological  importance  of  diet  and  decay,  understanding  these 
environmental  effects  will  help  forensic  analyses  more  accurately  determine  post-mortem 
interval. 
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Abstract  text: 

Introduction:  The  role  of  arthropods  in  decomposition  of  vertebrate  animals  has  been  extensively 
studied  and  is  well  understood.  Nevertheless,  though  we  know  what  effects  arthropods  have  on 
decomposition  and  what  they  can  tell  us  about  time  of  death,  little  research  has  addressed  the 
effects  of  decomposition  of  carrion  on  arthropod  assemblages  in  litter  and  soil. 

Methods:  Effects  of  carrion  decomposition  on  litter  arthropod  populations  and  soil  chemistry 
were  studied  over  an  18-week  period  in  mixed  forest  in  southeastern  Massachusetts.  Arthropods 


were  extracted  from  leaf  litter,  collected  0  meters,  1.5  and  3  meters  from  carrion,  using  Tullgren 
Funnels.  Soil  samples  were  collected  using  a  soil  core  and  tested  for  percent  carbon,  nitrogen  and 
organic  matter  as  well  as  pH. 

Results/Conclusion:  Non-carrion-associated  arthropods  were,  on  average,  more  abundant  than 
carrion-associated  arthropods,  but  the  strength  of  the  effect  differed  with  increasing  distance 
from  carcasses  and  over  time.  This  suggests  that  effects  of  carrion  decomposition  on  litter 
arthropods  are  localized  and  transient,  and  that  carrion-associated  arthropods  presence  had  little 
effect  on  non-carrion  associated  arthropods  abundance  at  the  decomposition  site  overall. 
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Introduction:  The  mosquito,  Aedes  aegypti ,  is  the  primary  arboviral  vector  for  zika  virus,  dengue 
fever,  chikungunya,  and  yellow  fever.  The  larvae  reside  in  hypo-osmotic  freshwater  habitats, 
where  they  face  dilution  of  body  fluids  due  to  the  osmotic  gradient.  The  Malpighian  tubules  help 
maintain  ionic  homeostasis  by  removing  excess  water  from  the  hemolymph.  Active  ion  transport 
is  used  to  facilitate  transcellular  and  paracellular  water  movement  by  solvent  drag  into  the  tubule 
lumen.  Aquaporins  are  transmembrane  channels  thought  to  permit  transcellular  transport  of 
water  from  the  hemolymph  into  the  Malpighian  tubules.  Immunolocalization  of  Aedes 
aegypti  Aquaporin  3a  (AaAQP3a)  and  3b  (AaAQP3b)  revealed  their  expression  by  principal 
cells  of  the  Malpighian  tubules.  AaAQP3b  localized  to  both  the  apical  and  basolateral 
membranes,  while  AaAQP3a  was  located  at  the  brush  border  of  the  apical  membrane. 

Methods:  Larvae  were  fed  double  stranded  RNA  (dsRNA),  targeting  AaAQP3a  and  AaAQP3b  to 
knockdown  their  expression  by  RNA  interference. 


Results/Conclusion:  As  a  result  of  the  AaAQP3b  knockdown,  fluid  secretion  rate  of  the 
Malpighian  tubules  decreased.  The  reduction  in  fluid  secretion  resulted  in  lower  in  vitro  K+  and 
Na+  transport  rate  across  the  Malpighian  tubule  epithelium.  AaAQP3a  knockdown  also  resulted 
in  decreased  rate  of  transepithelial  Na+  transport.  Overall  survival  of  the  dsRNA  treated  larvae 
decreased  in  both  AaAQP3a  and  AaAQP3b  groups.  These  findings  give  rise  to  potential  targets 
for  development  of  novel  mosquito  control  agents  aimed  at  the  larval  life  stage  prior  to 
emergence  into  the  disease  vector  adult  stage. 
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Introduction:  Diapause  is  an  alternative  developmental  pathway  in  insects,  similar  to  hibernation 
in  mammals,  used  to  avoid  periods  of  uninhabitable  conditions.  Diapause  phenotype  may  be 
regulated  by  epigenetic  mechanisms  which  can  alter  the  phenotype  without  changing  the  DNA 
sequence.  This  project  aims  at  determining  if  and  how  histone  deacetylases(HDACs)  and  histone 
acetyltransferases  (HATs)  act  as  epigenetic  mechanisms  to  regulate  diapause  in  Sarcophaga 
bullata.  It  has  previously  been  shown  that  histone  modification  affects  diapause  phenotype  in 
Sarcophaga  (Reynolds  and  Denlinger,2009).  Histone  acetyltransferases  add  acetyl  groups  to 
histones,  often  making  it  more  accessible  to  translational  machinery.  Meanwhile,  histone 
deacetylases  remove  acetyl  groups,  allowing  the  DNA  to  form  a  tighter  coil.  This  tightening 
makes  the  DNA  less  accessible  to  transcriptional  machinery.  We  predict  that  modification  of 
histones  by  histone  acetyltransferases  and  histone  deacetylases  will  affect  the  diapause 
phenotype. 

Methods:  Using  quantitative  real-time  PCR  (qRT-PCR)  to  assess  expression  of  HD  AC  and  HAT 
genes  in  early  diapause,  late  diapause,  and  non-diapause  flies,  followed  by  RNAi  knockdown  of 
those  genes,  we  expect  to  elucidate  the  role  of  HDACs  and  HATs  in  diapause. 
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Introduction:  Maintaining  anautogenous  mosquitoes  in  culture  in  a  laboratory  setting  requires 
vertebrate  blood  meals.  Providing  vertebrate  blood  is  expensive  and  can  become  an  obstacle 
especially  under  field  conditions. 

Methods:  In  order  to  develop  a  comparable  replacement  for  vertebrate  blood,  we  performed  a 
series  of  experiments  using  alternative  protein  sources,  buffers,  and  phagostimulants.  We  tested 
the  ability  of  these  meals  to  support  mosquito  reproduction. 

Results/Conclusion:  Based  on  our  results,  we  developed  SkitoSnack  and  tested  its  ability  to 
support  yellow  fever  mosquito  culture  ( Aedes  aegypti). 
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Introduction:  Flies  of  the  family  Tabanidae  are  common,  widespread  pests,  known  to  take  blood 
meals  from  many  mammals  including  humans,  and  are  known  vectors  of  a  number  of  diseases. 
Tabanidae  is  represented  by  171  species  and  15  subspecies  in  Turkey,  including  medically  and 
economically  important  taxa.  One  of  the  Tabanidae  species  is  Tabanus  bromius,  also  called  the 
band-eyed  brown  horsefly  with  a  wide  distribution  range  in  the  Palearctic  region  including 
Turkey.  This  study  includes  the  preliminary  findings  of  a  larger  scale  ongoing  investigation  for 
revealing  the  possible  dispersal  routes  of  the  species. 

Methods:  We  collected  T.  bromius  from  3  representative  populations  (Artvin,  Hakkari,  and 
Eski§ehir).  We  chose  these  populations  as  the  starting  localities  due  to  the  significance  of 
especially  Hakkari  and  Artvin,  since  they  are  accepted  as  two  doorways  for  various  animal  taxa 
that  entered  into  Turkey.  For  this  purpose,  we  sequenced  partial  COI  gene  of  mitochondrial 
genome  from  53  individuals. 

Results/Conclusion:  We  determined  33  haplotypes  with  no  shared  sequences  among  populations. 
With  respect  to  genetic  diversity  estimates  the  Hakkari  population  displayed  the  highest 
diversity.  Considering  the  phylogenetic  analyses,  H2  from  the  Hakkari  population  was  basal  to 
all  other  haplotypes.  Moreover,  another  Hakkari  haplotype  (HI 6)  was  located  basally  to  the  rest 
of  the  haplotypes  that  formed  4  main  clades.  Of  these  major  clades,  the  Hakkari  haplotypes  were 
basal  to  the  distinct  mainly  Eski§ehir  and  Artvin  clades.  Overall,  our  previous  findings  suggest 
that  Hakkari  seem  to  be  the  location  that  might  be  the  entrance  of  the  species  into  Turkey. 
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Introduction:  Chlorochroa  uhleri  is  a  species  of  green  stink  bug  found  in  the  western  United 
States.  Feeding  by  this  species  and  other  green  stink  bugs  contributes  to  damaging  many  types  of 
agricultural  crops.  These  insects  can  be  managed  through  the  use  of  pheromones  and  biological 
control,  but  management  strategies  such  as  these  are  typically  species-specific.  This  project 
investigates  whether  there  are  cryptic  species  of  Chlorochroa  uhleri  in  the  central  valley  of 
California.  Cryptic  species  are  those  which  appear  identical  to  one  another  morphologically,  but 
are  genetically  and/or  behaviorally  divergent,  and  may  favor  feeding,  development  or  mating  on 
different  host  plants. 

Methods:  We  obtained  Chlorochroa  uhleri  adults  from  the  central  valley  of  California. 
Individuals  were  used  for  DNA  extraction  and  subsequently  used  to  obtain  the  mitochondrial 
DNA  cytochrome  oxidase  I  gene  (COI)  sequence,  also  called  the  DNA  barcode.  We  examined 
the  genetic  diversity  among  individuals  in  our  collections  and  compared  them  to  those  previously 
sequenced  and  available  for  comparison  in  GenBank. 

Results/Conclusion:  A  genetic  divergence  of  2-3%  or  more  in  the  mitochondrial  DNA  COI 
region  among  individuals  suggests  that  there  may  be  cryptic  species.  The  results  from  our  work 
found  evidence  for  cryptic  spcies  of  Chlorochroa  uhleri.  Results  will  be  presented  and  discussed. 
These  results  may  help  improve  the  management  of  this  species  through  pheromones  or 
biological  control  and  contribute  to  an  integrated  pest  management  program. 


Student  Poster  Competition 

Presentation  Title:  Biogeographical  and  phylogenetic  relationships  among  the  South  American 
Acanthosomatidae:  A  first  approach 

Author  Name:  Mariom  Carvajal 

Author  Institution:  North  Dakota  State  University 

Session  Title:  Undergraduate  Student  Poster  Competition:  Morphology,  Systematics,  and 
Phylogeny 


Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  D3280 
DOI:  10. 1603/ICE.2016.1 14977 
Abstract  text: 

Introduction:  The  Acanthosomatidae  is  a  family  of  phytophagous  pentatomoids  that  contains 
approximately  250  species  in  56  genera.  A  couple  of  the  characteristic  traits  of  the 
Acanthosomatidae  are  the  presence  of  only  two  tarsal  segments,  and  maternal  care  (indirect  for 
several  species  that  possess  Pendergrast’s  organs  in  the  females,  and  direct  for  those  species  that 
have  secondarily  lost  these  organs).  The  generic  diversity  of  the  Acanthosomatidae  is  more 
concentrated  in  the  southern  hemisphere.  In  South  America,  this  family  is  represented  by  34 
species  in  20  genera.  South  America  can  be  divided  into  two  biogeographical  regions.  The 
Andean  region  comprises  Patagonia  and  surrounding  areas,  the  west  slope  of  the  Andes  and  the 
highlands  across  the  northernmost  part  of  the  subcontinent.  The  Neotropical  region  is  located 
throughout  the  rest  of  South  America. 

Results/Conclusion:  The  relationships  among  the  South  American  Acanthosomatidae  suggest 
that  there  are  two  groups,  with  an  Andean  and  Neotropical  origin,  respectively.  Andean 
acanthosomatids  tend  to  be  associated  with  Nothofagus  forests  and  share  a  Gondwanian  origin;  it 
appears  that  the  Neotropical  species  may  have  arisen  from  the  Andean  group.  The  evolutionary 
patterns  within  the  South  American  Acanthosomatidae  may  also  be  involved  with  the 
relationship  they  have  stablished  with  other  Pentatomoids. 
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Introduction:  Neoponera  villosa  is  a  ponerine  ant  species  widely  distributed  in  the  Neotropical 
region,  with  records  ranging  from  southern  USA  to  northern  Argentina.  This  species  belongs  to 
the  N.  villosa  complex,  which  is  a  small  group  with  considerably  conserved  external  morphology 
among  its  species. 

Methods:  In  this  study,  we  use  DNA  sequences  of  two  mitochondrial  markers  (COI,  cyt  b)  and 
microsatellite  data  to  investigate  the  demographic  and  evolutionary  history  of  N.  villosa  based  on 
phylogenetic  and  phylogeographic  approaches. 

Results/Conclusion:  A  Bayesian  phylogenetic  analysis  significantly  supports  the  exclusivity  of 
N.  villosa  with  respect  to  the  remaining  species  of  the  group.  A  Bayesian  relaxed  clock  analysis 
indicates  a  recent  origin  for  A  villosa ,  which  is  estimated  to  occur  1.18-0.22  MYa.  Both 
phylogenetic  and  haplotype  network  analyses  do  not  show  a  clear  geographical  structure  for  the 
species  across  the  Neotropics,  and  preliminary  results  show  the  existence  of  demographic 
growth.  All  this  information  suggests  that  N.  villosa  originated  recently  in  the  Pleistocene,  and  it 
has  subsequently  suffered  a  recent  expansion  and  colonization  of  the  Neotropical  region. 
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Introduction:  The  mite  family  Syringophilidae  is  a  group  of  ectoparasites  that  infects  the  quills  of 
birds. 


Methods:  We  have  examined  several  North  American  species  in  the  genera  Syrigophilopsis, 
Syringophiloidus,  and  Torotrogla,  that  are  found  in  passerine  birds. 

Results/Conclusion:  We  generated  a  molecular  phylogeny  based  on  the  nuclear  28s  ribosomal 
RNA  gene  and  mitochondrial  COI  gene,  resulting  in  a  combined  aligned  data  set  of  2899  bp.  In 
addition,  we  produced  a  morphological  phylogeny  for  the  same  taxa.  We  compare  the  two 
independent  data  sets  to  determine  whether  the  different  character  sets  infer  the  same 
phylogenetic  relationships. 
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Introduction:  The  South  African  coastline  extends  >2,500  kilometres,  from  the  Atlantic  Ocean  in 
the  West  to  the  Indian  Ocean  in  the  East.  This  vast  coastal  expanse  encompasses  3  major 
biogeographic  provinces:  (1)  a  cool-temperate  west  region  extending  from  Namibia  to  Cape 
Agulhas,  (2)  a  warm-temperate  region  between  Cape  Agulhas  and  Port  Saint  Johns,  and  (3)  a 
warm-temperate  region  that  extends  from  Port  Saint  Johns  to  the  Mozambique.  These  regions  are 
characterized  by  unique  biota,  with  distributional  breaks  near  the  above-mentioned  provincial 
edges  (i.e.,  Cape  Agulhas,  Port  Saint  Johns).  Distributional  boundaries  for  many  intertidal 
organisms,  however,  remain  unclear.  Given  their  biology,  poorly  dispersing  organisms  inhabiting 
patchy  intertidal  habitats  may  be  expected  to  be  informative  on  broad  phylogeographic  patterns. 
Supralittoral  isopods  in  the  genus  Ligia  exhibit  several  traits  that  indicate  their  potential  as 
biogeographic  indicators.  They  inhabit  patchy  rocky  beaches,  are  direct  developers,  avoid  the 
open  water,  and  exhibit  several  biological  traits  that  severely  constrain  their  dispersal  potential 
(e.g.,  poor  dissection  resistance).  These  biological  traits  effectively  lead  to  long  term  isolation  of 
populations  and  lead  to  the  retention  of  signals  of  geological  and  oceanographic  events  in 
phylogeographic  patterns  of  Ligia  and  in  the  presence  of  cryptic  lineages. 


Methods:  In  this  study,  we  used  molecular  approaches  to  characterize  1-10  individuals  from  14 
populations  distributed  from  Namibia  to  Durban.  Our  goal  is  to  determine  whether  South  African 
Ligia  harbor  cryptic  genetic  biodiversity,  and  whether  distributional  patterns  match 
biogeographic  breaks  observed  in  other  taxa. 


Student  Poster  Competition 

Presentation  Title:  Tylos  isopods  in  the  Indo-Pacific:  Are  there  any  cryptic  species? 

Author  Name:  Bryn  Austin 

Author  Institution:  University  of  South  Florida 

Session  Title:  Undergraduate  Student  Poster  Competition:  Morphology,  Systematics,  and 
Phylogeny 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  D3284 
DOI:  10.1603/ICE.2016.1 15496 
Abstract  text: 

Introduction:  Coastal  habitats  in  the  Indo-Pacific,  the  cradle  of  marine  biodiversity,  harbor  levels 
of  biodiversity  highly  disproportionate  with  their  total  land  area.  It  is  also  home  to  a  growing 
human  population  heavily  reliant  on  marine  and  coastal  resources.  Despite  the  unique  marine 
biodiversity  of  the  region  and  the  growing  anthropogenic  threats  to  it,  many  coastal  arthropod 
taxa  within  it  remain  poorly  studied.  In  light  of  recent  molecular  studies  of  coastal  isopods  that 
have  uncovered  high  levels  of  previously  unreported  cryptic  biodiversity  in  highly  biodiverse 
regions  (e.g.,  Hawai’i,  the  Caribbean),  we  propose  that  populations  of  coastal  isopods  in  the 
Indo-Pacific  may  harbor  cryptic  biodiversity. 

Methods:  In  this  study,  we  use  molecular  approaches  to  examine  whether  Tylos  isopods,  which 
have  been  shown  to  harbor  deeply  divergent  lineages  in  other  tropical  and  subtropical  coasts 
regions,  harbor  high  levels  of  cryptic  biodiversity  in  the  Indo-Pacific  Triangle.  We  use  4 
mitochondrial  genes  and  phylogenetic  approaches  to  examine  whether  deeply  divergent  lineages 
occur  in  the  region.  We  also  examine  whether  genetic  lineages  differ  in  the  ventral  shape  of  their 
fifth  pleonite. 

Results/Conclusion:  We  report  high  levels  of  allopatric  cryptic  genetic  differentiation  between 
populations  at  both  the  local  and  regional  scale.  These  findings  indicate  that  the  diversity  for 


Tylos  and  other  coastal  isopods  in  the  region  may  be  underestimated  and  that  a  taxonomic 
revision  of  this  group  is  necessary. 
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Introduction:  The  Vanuatu  archipelago  comprises  ~80  islands  in  the  Pacific  Ocean,  the  cradle  of 
marine  biodiversity.  Though  surrounded  by  highly  biodiverse  islands  such  as  the  Solomon 
Islands,  Fiji,  and  New  Caledonia,  the  coastal  biota  of  Vanuatu  remains  relatively  unexplored  and 
woefully  understudied.  Although  a  young  archipelago,  its  complex  geological  history,  isolation, 
and  proximity  to  other  highly  biodiverse  marine  habitat,  suggest  that  the  biodiversity  of  the 
Vanuatu  archipelago  may  be  underreported,  particularly  for  poorly  dispersing  organisms  found 
in  patchy  habitats.  One  of  such  organisms  are  coastal  isopods  in  the  Ligia  genus.  These  isopods, 
though  widely  distributed  throughout  the  Pacific  Ocean,  exhibit  biological  traits  that  severely 
restrict  dispersal.  Their  poor  desiccation  resistance  and  locomotion  outside  rocky  habitats  restrict 
them  to  a  narrow  range  of  rocky  intertidal  habitats.  The  lack  of  planktonic  larval  stages  and 
avoidance  of  open  water  further  restricts  their  dispersal  and  gene  flow  potential.  In  accordance 
with  these  biological  traits,  deep  genetic  divergences  suggestive  of  the  presence  of  cryptic 
species  complexes  have  been  reported  in  several  other  insular  Ligia. 

Methods:  We  use  mitochondrial  gene  sequences  to  examine  phylogeographic  patterns 
of  Ligia  isopods  from  7  localities  across  the  Vanuatuan  archipelago. 

Results/Conclusion:  We  report  the  presence  of  several  highly  divergent  cryptic  Ligia  lineages  in 
these  islands  that  suggest  the  presence  of  cryptic  species  for  this  genus  in  Vanuatu.  These 
findings  indicate  the  need  for  further  taxonomic  work  on  Vanuatuan  Ligia ,  that  additional  islands 


may  harbor  additional  cryptic  lineages.  These  findings  are  also  relevant  for  the  protection  of 
arthropod  biodiversity  in  a  remote  pacific  archipelago. 
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Introduction:  Pollinator  studies  are  extensive  in  many  aspects.  Their  contribution  to  agriculture 
and  native  ecosystems  proves  important.  Most  pollinator  studies  focus  on  the  honey  bee  {Apis 
mellifera ),  and  a  small  portion  look  at  native  non-bee  pollinators.  The  need  to  understand  the 
many  native  pollinators  and  their  abilities  has  become  more  prevalent  in  light  of  recent  bee 
declines.  Basic  information  regarding  their  seasonal  abundances  and  composition  is 
spotty.  Members  of  the  Family  Syrphidae  provide  pollination  services  and  are  widely 
abundant.  Understanding  of  their  behavior  may  provide  basis  for  deeper  study  of  their  possible 
use  as  domesticated  pollinators,  along  with  understanding  their  ecological  contribution.  Here  we 
seek  to  provide  basic  information  to  allow  further  study  of  Syrphidae  at  a  mid-elevation  site  in 
the  state  of  Utah. 

Methods:  Specimens  were  collected  from  April  through  November  2015  on  a  weekly  basis  at  a 
mid-elevation  site  in  central  Utah.  Collection  was  done  using  3  standard  malaise  traps  placed 
over  varied  terrain.  70%  ethanol  was  used  to  preserve  the  specimens.  They  were  then  sorted  to 
species  level  utilizing  a  museum  reference  collection  along  with  dichotomous  keys  and 
descriptions.  Their  relative  abundances  were  then  graphed  using  Microsoft  Excel  to  show 
seasonal  abundances  and  fluctuations  on  the  species  level. 

Results/Conclusion:  Differing  abundances  were  found  throughout  the  year  depending  upon  the 
species.  Overall  the  pattern  seems  to  show  2  peaks  of  abundance  across  most  species  of  the 
family  Syrphidae:  one  in  spring,  and  one  in  late  fall. 
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Mite  growth  regulators  (MGRs)  including  etoxazole,  hexythiazox  and  clofentazine,  are 
pesticides  that  are  globally  used  in  the  management  of  the  two-spotted  spider  mite  (TSSM).  Due 
to  their  narrow  spectrum  and  low  non-target  effects,  MGRs  have  been  successfully  used  in  spider 
mite  management  for  decades.  Unfortunately  TSSM  have  been  documented  to  develop  tolerance 
and  resistance  to  these  acaricides,  which  is  linked  to  control  failures  in  both  greenhouse  and  field 
situations.  Recently,  it  was  discovered  that  the  mode  of  action  of  these  ovicides  is  through  the 
inhibition  of  chitin  synthase  (CHS),  thus  preventing  the  deposition  of  chitin  and  subsequently 
causing  mite  mortality  during  molting.  In  order  to  better  understand  the  effect  of  these  MGRs  on 
chitin  synthesis  in  TSSM,  we  investigated  activities,  developmental  expression,  induction  and 
regulation  of  chitin  synthases  and  resistance-associated  genes  in  susceptible  and  field  resistant 
TSSM  strains.  This  study  will  shed  new  lights  on  understanding  the  mechanisms  and  evolution 
of  TSSM  resistant  to  MGRs. 
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Amblyseius  eharai  is  an  important  predatory  mite  which  feeds  on  major  crop  pests  such  as  spider 
mites,  rust  mites  and  thrips  in  orchard  systems.  Developmental  rate  and  survival  rate  of  A.  eharai 
were  examined  at  9  constant  temperatures  (20.1,  24.0,  24.1,  27.4,  28.6,  30.2,  32.0,  33.2  and  35.9 
°C)  by  using  eggs  and  larvae  of  two-spotted  spider  mites  as  prey.  Survival  rate  of  total  immature 
stage  was  highest  at  24.0  °C  (93.6  %)  and  lowest  at  33.2  °C  (36.8  %),  and  nil  eggs  hatched  at 
35.9  °C.  Developmental  rates  were  described  well  by  the  nonlinear  Brierel  model  (r2  = 
0.87-0.99).  Optimal  temperatures  for  the  development  were  estimated  as  30.8  °C,  29.9  °C,  30.7 
°C,  29.8  °C,  30.6  °C  and  upper  threshold  temperature  for  the  development  as  35.9  °C,  34.4  °C, 
36.3  °C,  35.0  °C,  35.9  °C  and  lower  threshold  temperature  for  the  development  as  13.7  °C,  16.3 
°C,  13.0  °C,  12.5  °C,  13.2  °C  for  egg,  larva,  protonymph,  deutonymph,  and  total  immature  stage, 
respectively.  The  variations  of  development  completion  times  were  well  described  by  the  two- 
parameter  Weibull  function  (r2  =  0.93-0.98).  The  upper  developmental  threshold  temperature  of 
A.  eharai  was  lower  than  that  of  the  two-spotted  spider  mite,  Tetranychus  urticae,  which  is  an 
important  pest  of  orchard  systems. 
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Abstract  text: 


Despite  much  interest  in  house  dust  mites  (HDMs),  Dermatophagoides  pteronyssinus 
(Trouessart),  as  a  potent  source  of  allergens,  research  to  date  has  been  restricted  due  to  lack  of 
genomic  sequence  data.  Very  little  is  known  regarding  factors  affecting  allergen  production  in 
D.  pteronyssinus s  or  indeed  the  adaptations  which  allow  them  to  persist  in  the 
home.  D.  pteronyssinus s  are  composed  of  75%  water  by  weight,  and  are  subject  to  water  loss 
when  humidity  falls  below  65%.  D.  pteronyssinus^  require  only  1  hour  at  50%  relative  humidity 
(RH)  per  day  to  facilitate  long  term  survival,  while  increasing  exposure  to  3  hours  at  50%  RH 
per  day  is  sufficient  for  D.  pteronyssinus s  to  reproduce.  This  desiccation  resistance  is  a  key 
adaptation  which  allows  HDMs  to  persist  in  mattresses  and  bedding  within  the  home.  The 
mechanism  by  which  D.  pteronyssinus s  resist  desiccation  has  not  been  fully  investigated. 

Here,  a  proteomic  study  was  conducted  using  a  combined  acari  proteome  database,  generated 
from  genomic  and  protein  sequence  data  publicly  available.  This  database  was  used  to  conduct 
label  free  quantitative  proteomic  studies  to  identify  biochemical  pathways  utilised  by  D. 
pteronyssinus  during  desiccation.  LFQ-LC-MS/MS  analysis  of  D.  pteronyssinus^,  cell  lysates  at 
different  stages  of  desiccation  revealed  distinct  increased  abundance  of  proteins  associated  with 
protection  in  anhydrobiosis  tolerant  organisms  undergoing  similar  states  of  desiccation. 

Understanding  the  process  by  which  D.  pteronyssinus s  survive  desiccation  is  essential  for 
attempts  to  control  allergic  responses,  and  ultimately  eliminate  the  source  of  allergens  produced 
by  .  This  preliminary  proteomic  work  will  pave  the  way  for  detailed  investigations  into 
D.  pteronyssinus s  biology. 


Student  Poster  Competition 

Presentation  Title:  Assessment  of  wheat  curl  mite  virulence  to  wheat  genotypes  and  distribution 
of  mite-vectored  viruses  in  the  north  central  United  States 

Author  Name:  Luaay  Khalaf 

Author  Institution:  Kansas  State  University 

Session  Title:  Graduate  Student  Poster  Competition:  Acarology  and  Stored  Products 
Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  D3290 


DOI:  10. 1603/ICE.2016.1 12966 


Abstract  text: 


Severe  winter  wheat  yield  losses  due  to  infestations  of  wheat  curl  mite  (WCM),  Aceria  tosichella 
Keifer,  have  been  evident  in  the  United  States  and  Canada  for  over  three  decades.  This  mite 
transmits  wheat  streak  mosaic  virus  (WSMV),  the  most  economically  important  wheat  virus  in 
North  America,  as  well  as  Triticum  mosaic  virus  (TriMV)  and  wheat  mosaic  virus  (WMoV). 

Mite  infestation  leads  to  stunted  and  chlorotic  plants  in  susceptible  wheat  varieties.  We  evaluated 
mite  virulence  to  plants  containing  the  mite  resistance  genes  Cmc2,  Cmc3,  and  Cmc4  as  well  as 
the  WSMV  resistance  gene  Wsm2.  We  also  investigated  the  distribution  of  WSMV,  TriMV  and 
WMoV  in  the  North  Central  United  States  using.  26  mite  populations  collected  in  2014  and  in 
2015  from  counties  with  high  wheat  production  in  Kansas,  Missouri,  Nebraska,  Texas,  North 
Dakota  and  South  Dakota.  Mite  virulence  was  evaluated  by  infecting  plants  containing  different 
Cmc  genes  with  mites  and  determining  changes  in  mite  populations  at  14  d  post¬ 
infestation.  ELISA  was  used  to  detect  WSMV  and  WMoV  in  each  location.  Mites  collected  from 
several  locations  produced  significantly  different  population  sizes  after  feeding  on  plants  with 
different  Cmc  resistance  genes,  and  WSMV  and  WMoV  were  variably  distributed  throughout  the 
sampling  area.  These  results  should  help  enable  breeders  to  increase  the  efficiency  of  wheat 
production  by  releasing  varieties  that  contain  resistance  genes  to  WCM  and  viruses. 
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Sampling  plans  have  been  developed  for  estimating  the  densities  or  determining  the  infestation 
levels  of  many  stored  product  insects.  However  there  is  no  such  study  on  the  ham  mite, 
Tyrophagus  putrescentiae  (Schrank)  (Acari:  Acaridae),  a  serious  pest  of  dry-cured  ham.  The  ban 
of  methyl  bromide,  the  most  effective  fumigant  for  the  control  of  the  mite,  has  necessitated  the 
development  of  feasible  alternatives.  There  is  no  documented  information  on  how  to  determine 
mite  density  on  ham  hence  when  a  control  strategy  should  be  implemented.  In  this  study,  three 


simulated  ham  aging  rooms  were  established  with  one  rack  and  three  hams  in  each  room. 
Laboratory-  reared  mites  were  introduced  to  create  a  mite  infestation  in  each  room  and  after  48 
hours  data  collection  began.  We  developed  sequential  sampling  plans  based  on  complete  counts 
and  the  presence/absence  of  mites  in  six  circular  sampling  units  of  23.8  cm2  randomly  selected 
on  each  ham.  The  performance  of  the  plans  were  then  validated  using  independent  data  sets.  We 
determined  that  an  economic  threshold  close  to  1  mite/sample  unit  on  the  ham  can  be  estimated 
with  21  or  40  samples  at  precision  levels  of  0.35  and  0.25  respectively  or  10  samples  if 
classifying  the  mite’s  infestation  level  with  respect  to  an  action  threshold  of  0.43.  Findings  can 
help  in  the  development  and  evaluation  of  cost-effective  management  options  as  alternatives  to 
methyl  bromide. 
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Liposcelis  bostrychophila  Badonnel,  Liposcelis  decolor  (Pearman),  Liposcelis  entomophila 
(Enderlein),  and  Liposcelis  paeta  Pearman  are  well  recognized  storage  pests  that  cause  serious 
grain  damage  and  infest  grain  storage  facilities  and  warehouses  worldwide.  Standard  practices  of 
disinfestation  and  protection  designed  to  control  beetle  and  moth  pests  are  not  very  effective 
against  psocids.  Because  low  relative  humidity  is  detrimental  to  psocids,  dehumidification  seems 
like  a  logical  option  for  psocid  control.  Therefore,  we  investigated  the  effects  of  43%  relative 
humidity  on  the  survival  of  L.  bostrychophila ,  L.  decolor ,  L.  entomophila ,  and  L.  paeta.  Survival 
of  all  life  stages  of  the  four  species  of  psocids  at  43%  and  75%  RH,  and  at  30°C  was  determined 
after  0,  2,  4,  8,  10,  12,  14,  and  16  d.  At  43%  RH,  100%  mortality  of  all  stages  of  L.  entomophila , 
L.  decolor ,  L.  bostrychophila ,  and  L.  paeta  occurred  after  6,  8,  10,  and  12  d,  respectively.  Over 
the  30-d  period  of  the  experiment,  at  75%  RH,  numbers  of  nymphs  and  adults  of  all  the  four 
species  increased.  These  data  indicate  that  dehumidification  can  be  effectively  used  for  psocid 
management. 
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Abstract  text: 

The  ZeroFly®  Storage  Bag  is  a  deltamethrin-incorporated  polypropylene  bag  (PP)  that  represents 
a  novel  approach  for  the  reduction  of  postharvest  losses  caused  by  stored-product  insects. 
ZeroFly  bags  filled  with  untreated  maize  were  compared  with  PP  bags  filled  with  Betallic  Super 
(80  g  pirimiphos-methyl  and  15  g  permethrin  per  liter  as  an  emulsifiable  concentrate)-treated 


maize,  and  PP  bags  filled  with  untreated  maize  (control).  The  experiment  was  conducted  from 
February- August  2015,  at  four  sites  in  different  locations  of  the  Middle  Belt  of  Ghana.  Moisture 
content  (MC),  number  of  live  and  dead  insects,  insect  damaged  kernels  (IDK),  and  weight  loss 
data  were  collected  monthly.  ZeroFly  bags  and  Betallic  treatments  significantly  reduced  insect 
damage  compared  to  control  treatment.  ZeroFly  bags  were  able  to  keep  IDK  level  below  5%  for 
4  mo,  but  the  levels  increased  to  5.2  and  10.2%  after  5  and  6  mo,  respectively.  In  control,  IDK 
increased  significantly  over  time  and  reached  32%  after  6  mo.  The  ZeroFly  bag  was  effective 
against  Sitophilus  spp.,  Tribolium  spp.,  and  Cryptolestes  spp.  for  4  mo.  Mean  weight  loss  of  < 
3.68%  was  recorded  in  ZeroFly  bags  during  6  mo  of  storage  whereas,  1 1.88%  weight  loss 
occurred  in  the  PP  bags  over  the  same  period.  Among  the  three  methods  of  storage,  treating 
maize  with  Betallic  was  more  effective  in  terms  of  suppressing  insect  pest  populations,  reducing 
IDK,  and  minimizing  weight  loss.  Based  on  our  results,  ZeroFly  bags  are  effective  for  short-term 
storage,  but  probably  protect  grain  for  longer  if  insect-free  grain  is  used  to  fill  bags. 
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West  Nile  virus  (WNV)  is  transmitted  to  humans  by  mosquitoes,  and  there  are  no  vaccines 
available  to  prevent  human  WNV  infection.  Mosquito  control  is  one  of  the  primary  means  for 
reducing  the  transmission  risk  to  human  populations.  Surveillance  for  mosquitoes  such  as  Culex 
pipiens  Linneaus  and  Culex  quinquefasciatus  say  that  test  positive  for  WNV  guide  mosquito 
control  efforts  in  California.  In  this  study,  we  examine  environmental  and  socioeconomic  factors 
associated  with  the  geographic  distribution  of  human  WNV  cases  in  the  largely  rural  northern 
San  Joaquin  Valley  of  California.  Predictive  factors  of  WNV  in  this  region  may  differ  from  those 
found  in  previous  studies,  which  have  examined  the  prevalence  of  WNV  in  more  urban  areas. 
Environmental  factors  include  habitat  where  West  Nile  positive  mosquitoes  are  detected,  as  well 
as  considering  rainfall  and  temperature.  Socioeconomic  factors  such  as  income,  education, 


ethnicity,  and  population  density  are  also  included.  All  variables  will  be  included  in  a  model  to 
determine  which  variables  are  most  highly  related  with  human  WNV  cases  in  this  region  of 
California. 
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Container  breeding  mosquitoes  act  as  vectors  of  zoonotic  arboviruses,  representing  an  increasing 
cause  for  concern  in  Europe  due  to  their  ability  to  live  and  breed  in  close  association  with 
humans.  Culex  pipiens  transmits  Rift  Valley  Fever  virus  (RVFV)  and  is  thought  to  have  been  an 
important  vector  of  West  Nile  Virus  (WNV)  in  recent  outbreaks  in  Europe  and  the  US. 

Two  morphologically  identical  but  behaviourally  distinct  ecoforms  of  Culex  pipiens  occur  in  the 
Northern  Palaearctic,  which  can  interbreed  to  produce  hybrids.  These  hybrids  will  readily  bite 
both  birds  and  humans  and  also  show  increased  vector  competence  for  WNV. 

Habitat  separation  between  the  ecoforms  in  Northern  Europe  had  been  thought  to  act  as  a  barrier 
to  hybridisation,  however  sympatric  populations;  alongside  hybrids,  have  been  recorded  in 
Northern  Europe  including  the  UK. 

In  the  past  difficulty  in  identifying  the  ecoforms  of  Culex  pipiens  sensu  lato  has  impaired 
understanding  of  their  life  history  and  behaviour.  Molecular  identification  methods  are  now 
available  which  will  be  used  in  this  project  to  reassess  and  fill  in  gaps  in  our  knowledge  about 
this  species  group. 


This  project  aims  to: 


1.  Characterise  the  habitat  preferences  of  the  two  ecoforms  of  Culex  pipiens  and  their 
hybrids  within  Greater  London 

2.  Enhance  the  understanding  of  the  behaviour  of  UK  populations  of  Culex  pipiens  and  their 
hybrids. 

3.  Establish  the  dispersal  capability  of  Culex  pipiens 

4.  Assess  options  for  surveillance  and  control. 
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The  study  of  Anopheline  population  is  necessary  to  identify  persistent  focus  of  malaria 
transmission  and  improve  control  activities.  The  objectives  of  this  study  were  to  identify 
Anopheline  populations  in  Kobeni  and  Rosso  in  southern  Mauritania  and  to  assess  their 
susceptibility  to  common  insecticides.  Study  sites  were  inspected  monthly  for  a  period  of  12 
months  from  September  2014.  Adult  mosquitoes  were  collected  using  the  pyrethrum  spray  catch 
method.  They  were  identified  both  morphologicallyand  molecular  basis  by  polymerase  chain 
reaction  to  verify  Anopheles  gambiae  complex.  Mosquito  larvae  were  collected  in  breeding  sites, 
reared  to  adults  in  the  insectary  and  2-days  old  females  were  used  to  conduct  standard  WHO 
bioassays  for  insecticide  susceptibility  using  5%  malathion.  0.75%  permethrin,  0.05% 
deltamethrin  and  0.1%  bendiocarbe.  A  total  of  1 1 19  specimens  belonging  to  A.  gambiae,  A. 
pharoensis  and  A.  rufipes  species  were  collected.  Indoor  resting  densities  during  the  study  period 
revealed  two  peaks  in  Rosso,  and  only  one  peak  in  Kobeni.  Molecular  identification  of 
specimens  within  the  A. gambiae  complex  revealed  the  presence  of  both  A.  arabiensis  and  A. 
gambiae  in  Kobeni  whereas  only  the  former  was  observed  in  Rosso.  In  both  regions  anopheline 


species  were  susceptible  to  the  tested  insecticides  except  in  Rosso  where  36%  of  the  tested 
female  H.  gambiae  survived  0.75%  permethrin  exposure.  These  preliminary  results  demonstrated 
the  presence  of  two  of  the  most  competent  malaria  vectors  in  Africa  in  the  study  area.  Increased 
resting  density  during  the  dry  season  in  Rosso  is  probably  related  to  the  presence  of  rice 
irrigation  schemes 
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Dirofilaria  immitis  (Leidy),  dog  heartworm,  is  transmitted  by  infected  blood-feeding  mosquitoes 
to  mammalian  hosts.  This  enzootic  disease  is  prevalent  with  a  high  risk  of  infection  throughout 
the  southern  U.  S.  Diurnal  blood-feeding  mosquitoes  will  be  collected  by  pheromone  traps 
located  at  residential  entry  ways  in  Jonesboro,  AR.  Mosquitoes  will  be  identified  to  species  and 
examined  for  D.  immitis  microfilariae  using  microscopy.  Assuming  that  mosquitoes  aggregating 
at  these  entryways  have  higher  potential  to  enter  the  residence  it  is  important  to  know  if  these 
mosquitoes  could  pose  a  risk  of  heartworm  transmission  to  indoor  companion  animals. 
Prevalence  maps  from  Companion  Animal  Parasite  Council  for  2015  indicate  that  19.8%  of  all 
dogs  positive  for  heartworm  in  the  U.  S.  were  in  Texas,  with  Dallas  County  having  6.9%  of  the 
positive  cases.  Other  high  risk  states  included  Arkansas  and  Mississippi  with  3.7%  of  positive 
cases  occurring  in  Craighead  County,  AR  and  8.0%  in  De  Soto  County  in  the  Mississippi  Delta 
region.  Hourly  temperature  data  for  2014  and  2015  will  be  used  to  determine  the  months  of 
importance  for  heartworm  transmission  in  these  high  risk  areas  using  an  hourly  degree-day 
formula.  Accumulation  of  3,120  Heartworm  Development  Unit  hours  (HDUhrs)  are  required  for 
microfilariae  development  within  the  mosquito  and  successful  transmission  to  a  mammalian 
host.  Predictive  models  will  be  developed  for  cities  in  high  risk  areas,  including  Jonesboro,  AR, 
Dallas,  TX,  and  Southaven,  MS.  This  information  is  of  importance  to  determine  when 
heartworm  preventatives  should  be  administered. 


Student  Poster  Competition 

Presentation  Title:  Bed  nets  used  for  plant  fencing,  shading  and  as  football  goal  post  netting 
Author  Name:  Celina  Aju-Ameh 
Author  Institution:  University  of  Jos 

Session  Title:  Graduate  Student  Poster  Competition:  Arthropod  Vectors  of  Animal  and  Plant 
Disease 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3299 

DOI:  10.1603/ICE.2016.111295 

CANCELLED 

Student  Poster  Competition 

Presentation  Title:  What  is  'fitness'?  Defining  fitness  and  appropriate  proxies  for  mosquitoes 
that  transmit  human  malaria 

Author  Name:  Johanna  Ohm 

Author  Institution:  Pennsylvania  State  University 

Session  Title:  Graduate  Student  Poster  Competition:  Arthropod  Vectors  of  Animal  and  Plant 
Disease 

Date  of  Presentation:  Tuesday,  September  27,  2016 
Abstract  Number:  D3300 
DOI:  10.1603/ICE.2016.1 14615 
Abstract  text: 

The  fitness  of  mosquitoes  and  the  malaria  parasites  they  harbor  are  linked  by  two  parameters  of 
mosquito  life  history:  the  mosquito’s  lifespan  and  biting  rate.  Mosquitoes  require  a  blood  meal  to 
reproduce  and  malaria  parasites  rely  on  a  blood  meal  to  transmit.  Understanding  how  variation  in 
mosquito  life  history  traits  contribute  to  fitness  outcomes  for  both  vector  and  pathogen  should 


inform  inferences  on  the  frequency  of  transmission  events  and  improve  our  approach  to 
intervention.  Using  life  history  data  from  Anopheles  stephensi  mosquitoes,  we  explored  the 
utility  of  fitness  proxies  to  estimate  mosquito  fitness.  We  show  that  life  history  traits  used  as 
proxies  vary  in  their  strength  of  correlation  with  a  holistic  metric  of  fitness,  the  intrinsic  rate  of 
increase,  r.  We  then  examined  the  co-correlation  of  life  history  traits  to  identify  traits  that  are 
most  useful  in  predicting  other  traits  of  interest  in  understanding  parasite  transmission,  such  as 
lifespan.  Finally,  we  examined  the  robustness  of  our  findings  under  a  wider  breadth  of 
environmental  conditions.  We  found  that  early  reproduction  is  the  best  proxy  for  estimating 
fitness.  Other  commonly  measured  proxies  did  a  poor  job  at  predicting  fitness  outcomes, 
particularly  the  use  of  body  size  as  a  weighting  proxy.  The  sensitivity  of  fitness  to  early 
reproduction,  or  to  any  life  history  parameter,  varies  depending  on  environmental  conditions  that 
affect  background  mortality.  In  the  context  of  vector  control,  making  use  of  known  relationships 
between  life  history  traits  and  fitness  outcomes  should  help  to  predict  intervention  success. 
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Does  the  mere  threat  of  predation  cause  individuals  to  alter  their  behavior  sufficiently  to  yield  an 
overcompensatory  response?  The  Prudent  Resource  Exploitation  hypothesis  (P.  Abrams,  2009) 
postulates  that  the  addition  of  a  mortality  threat  causes  a  change  in  individual  behavior  toward 
low  predation  risk  and  associated  limited  resource  exploitation,  yielding  greater  resource 
regeneration  and  greater  growth  and  overcompensation  of  the  consumer  population.  The 
hypothesis  that  the  response  of  larval  Aedes  triseriatus  to  cues  from  predation  causes 
overcompensation  via  a  change  in  individual  larval  behavior  toward  more  prudent  resource 
exploitation  was  tested.  We  predicted  that  the  mere  threat  of  predation  would  cause  individuals 
to  adopt  less  risky  and  less  productive  feeding  behavior,  resulting  in  greater  survival  to 
adulthood  and  estimated  population  growth.  In  the  absence  of  a  threat  of  predation,  larvae  were 


expected  to  forage  more  actively,  depleting  resources.  Cohorts  of  A.  triseriatus  larvae  were 
randomly  assigned  High  or  Low  Density  treatment,  Control  or  Density  Relief,  with  density 
reduced  to  50%  by  non-traumatic  removals,  and  Control  or  Predation  cue  water.  Predation  cues 
were  created  by  rearing  and  crushing  conspecific  larvae;  Control  water  held  a  similar  number  of 
undamaged  larvae.  Water  was  added  to  experimental  containers  at  two  times  and  location  and 
activity  scored  one  day  later.  Both  survivorship  and  behavioral  data  are  consistent  with  the 
prediction,  indicating  overcompensatory  responses  occur  when  density  is  reduced  and  when 
there  is  a  threat  of  mortality  without  density  reduction.  Understanding  mechanisms  causing 
overcompensation  responses  to  mortality  could  prove  important  for  efforts  to  control  disease 
vectors. 
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This  investigation  was  done  to  check  status  of  Anopheles  larvae  ecology  in  thirty  rural  districts  in 
16  counties  from  Mid-May  to  late  December  2014.  Larvae  were  collected  by  standard  350  ml 
dipper  for  15-20  min  from  each  type  of  natural  and  artificial  habitats.  Collected  larvae  were 
conserved  in  separate  test  tubes  in  Lactophenol  solution  and  sent  to  the  Medical  Entomology 
laboratory  of  the  Faculty  of  Health  to  be  mounted  with  the  help  de  Faure’s  medium  and  to  be 
identified  using  of  valid  morphological  key.  Six  species;  comprising:  A.  claviger,  A.  hyrcanus,  A. 
maculipennis,  A.  pseudopictus,  A.  plumbeus,  A.  marteri  were  morphologically  identified.  A. 
maculipennis  s.l  was  predominant  species  which  show  the  highest  co-occurrence  withH. 
pseudopictus  up  to  13.97%  in  the  province.  Recognizing  whether  co-occurrence  between  the  two 
species  could  be  due  to  nutritional  requirements  or  common  ecological  factors  warrent  more 
studies.  Results  showed  that  due  to  the  co-occurrence  of  mosquito  species  in  the  area,  control 
and  preventive  measures  should  be  conducted  with  accurate  examination  and  awareness  of  the 
species  ecological  status. 
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Introduction:  Culicoides  biting  midges  (Diptera:  Ceratopogonidae)  transmit  several  viruses  of 
economic  importance  including  bluetongue  virus  (BTV),  a  double-stranded  RNA  virus  within 
the  genus  Orbivirus.  The  BTV  genome  consists  of  10  segments  of  double-stranded  RNA,  which 
encode  7  structural  proteins  (VP1  to  VP7)  and  5  non- structural  proteins  (NS1,  NS2,  NS3/3A, 
NS4  and  S10-ORF2).  Within- vector  ‘barriers’  determine  the  capability  of  BTV  to  replicate, 
disseminate  and  be  transmitted.  The  nature  of  these  barriers  is  not  known.  Their  effectiveness  is 
influenced  by  extrinsic  factors,  including  ingested  viral  dose.  Here,  we  present  unique  data 
describing  the  process  of  BTV  dissemination  within  Culicoideswhich  we  apply  to  generate  the 
first  model  of  virus  dissemination  within  an  insect  vector. 

Methods:  To  quantify  and  visualise  BTV  within  Culicoides ,  colony-reared  Culicoides  sonorensis 
were  fed  107  0  TCIDso/mL  BTV-1  (P2-BSR)  and  were  serially  cryosectioned  at  various  time 
points  following  blood  meal  ingestion.  Cryosections  were  labelled  with  anti-BTV-1  antibodies 
and  fluorogenic  oligonucleotide  probes,  which  we  demonstrate  are  specific  to  segment-5  mRNA. 
The  percentage  of  segment  5-  and  antigen-positive  cells  were  determined  for  tissues  of  interest  in 
individual  Culicoides. 

Results/Conclusion:  BTV  was  detected  in  the  salivary  gland,  gut,  compound  eyes,  brain  and 
epithelial  cells  of  individuals  with  a  disseminated  infection.  BTV  localisation  did  not  vary  with 
time  after  dissemination;  however  the  percentage  of  BTV  infected  cells  increased  with  days  post¬ 
infection  indicating  rapid  dissemination.  The  number  of  cells  infected  varied  between  individual 
Culicoides  and  depended  on  tissue  type.  Data  are  applied  to  a  compartmental  model  to  describe 
BTV -Culicoides  interaction  as  a  model  arbovirus-vector  system. 
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Culicoides  biting  midges  are  the  most  important  biological  vectors  of  arboviruses  of  ruminants  in 
Europe,  transmitting  bluetongue  and  Schmallenberg  viruses.  This  project  assesses  two  areas  that 
may  provide  economically  viable  ways  of  reducing  transmission  of  these  arboviruses  in  the  field. 

Vector-proof  accommodation  is  already  used  as  part  of  control  measures  during  quarantine  and 
will  be  assessed  for  efficacy.  These  studies  will  focus  on  the  influence  of  a  diverse  range  of 
animal  housing  on  the  survival  of  Culicoides  populations  and  in  particular  their  role  in 
overwintering  and  spread  of  arboviruses.  Efforts  to  control  Czz/z'cozhfespopulations  in  animal 
housing  will  be  investigated  by  a  variety  of  methods  to  find  the  optimal  bio-containment 
procedures,  as  measured  by  adult  abundance  inside  versus  outside  the  accommodation. 

In  addition,  we  will  also  investigate  the  saliva  of  Culicoides  which  is  known  to  contain  a  vast 
array  of  pharmologically  active  compounds,  inoculated  into  the  ruminant  host  during  blood¬ 
feeding.  These  salivary  proteins  have  been  shown  to  have  an  immunomodulatory  role  in  the  host 
which  can  not  only  increase  the  success  of  the  blood-meal  for  the  midge  but  may  also  benefit  any 
co-transmitted  virus.  We  demonstrate  that  the  salivary  proteome  can  vary  between  Culicoides 
species  and  also  the  antibody  profile  of  ruminants  elicited  in  response  to  saliva  can  differ 
between  hosts.  Anti -Culicoides  levels  of  individuals  will  be  analysed  in  long-term  investigations 
to  determine  whether  antibody  profiles  reflect  seasonality  of  vector  species,  as  supported  by 
surveillance  data  within  the  UK. 
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Black  flies  are  second  only  to  mosquitoes  as  being  notorious  blood-feeding  pests.  In  many  parts 
of  the  world,  black  flies  are  a  serious  problem  and  transmit  various  diseases  such  as 
onchocerciasis  (human)  and  leucocytozoanosis  (animal).  Black  fly  outbreaks  were  common  in 
Mississippi  during  the  first  half  of  the  20th  Century,  but  ended  for  unknown  reasons.  There  has 
been  a  resurgence  of  black  fly  problems  in  Mississippi  since  2009.  This  study  was  initiated  as 
part  of  a  broader  project  on  black  flies  in  Mississippi.  To  survey  the  species  occurring  in 
Mississippi  we  searched  for  any  bona  fide  records  or  specimens  in  the  Mississippi  Entomological 
Museum  (MEM),  Mississippi  State  University.  In  addition,  we  sampled  for  black  flies  in  10  sites 
around  the  state  near  rivers  and  creeks  known  to  have  black  fly  breeding.  These  sites  were 
visited  once  every  two  weeks  from  February  1,  2105  through  July  31,  2015,  and  then  most  of  the 
sites  were  monitored  at  least  once  per  month  the  remaining  months  of  the  year.  A  total  of  79 
specimens  were  found  in  the  MEM,  comprising  14  species.  Collections  at  the  10  sites  during 
2015  yielded  104  specimens,  all  being  either  Simuliim  meridionale  or  S.  jenningsi  (our  two  main 
pests).  Seasonality  of  the  two  main  pest  species  was  March  through  July,  with  a  peak  in  May. 
There  was  another,  smaller  emergence  of  S,  jenningsi  in  October/November. 
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American  Foulbrood  is  a  highly  contagious,  global  honey  bee  brood  disease  caused  by  the  gram¬ 
positive,  spore-forming  bacterium  Paenibacillus  larvae.  The  larvae  accidentally  ingest  the 
bacterial  spores  during  normal  feeding.  The  spores  germinate  in  the  larval  midgut,  where  the 
vegetative  cells  proliferate  until  the  midgut  is  filled  with  the  invader  cells.  This  step  is  followed 
by  the  breaching  of  the  peritrophic  membrane  and  the  midgut  epithelium.  Thereupon,  the 
bacteria  are  free  to  invade  the  host4  s  hemocoel  with  subsequent  larval  death.  Interestingly,  four 
P.  larvae  genotypes  have  been  classified  by  enterobacterial  repetitive  intergenic  consensus 
(ERIC)  polymerase  chain  reaction,  and  are  accordingly  named  ERIC  I-IV.  The  most  relevant 
genotypes  being  isolated  from  current  American  foulbrood  outbreaks  are  ERIC  I  and  II.  The 
genotypes  differ  phenotypically-  most  importantly  in  their  infection  strategies.  Recently  in 
ERIC  I,  two  genotype-specific  AB  toxins,  Plxl  and  Plx2,  have  been  identified  as  virulence 
factors.  Previous  studies  predict  that  these  proteins  participate  in  the  breakthrough  of  the 
epithelial  cell  barrier  of  the  larval  gut.  We  aim  at  further  analyzing  and  characterizing  these 
virulence  factors  of  P.  larvae  and  at  the  identification  of  new  candidates  to  further  understand  the 
infection  mechanism  of  this  honey  bee  pathogen. 
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Pattern  recognition  receptors  are  important  components  of  the  insect  innate  immune 
system,  which  detect  pathogen  infection  and  induce  subsequent  defense  responses.  In 
the  tobacco  hornworm  Manduca  sexta,  we  discovered  ten  families  of  genes  encoding 
170  putative  recognition  molecules.  Nine  of  the  fourteen  peptidoglycan  recognition 
proteins  (PGRPs)  contain  a  signal  peptide  and  are  likely  extracellular.  As  a  part  of  the 
endeavor  toward  characterizing  their  biochemical  functions,  we  cloned  and  expressed 
M.  sexta  PGRP5  in  a  baculovirus-insect  cell  system.  The  purified  protein  was  tested  for 
specific  binding  to  peptidoglycans  and  bacteria.  PGRP5  or  BSA  control  was  added  to 
hemolymph  of  the  fifth  instar  larvae  for  measuring  possible  elevation  of  phenoloxidase 
activity  before  and  after  exposure  to  various  peptidoglycans.  The  binding  results  were 
correlated  with  the  structural  features  of  residues  that  regulate  the  binding  specificity. 
Additionally,  the  possible  roles  of  PGRP1-7,  9,  and  13  in  antimicrobial  defense  are  also 
discussed. 
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Previous  studies  showed  that  the  mosquito  immunity  against  nonself  infections  in  pyrethroid 
insecticide  resistant  mosquitoes  Anopheles  gambiae  and  Culex  pipiens  was  varied  from  their 
susceptible  counterparts.  However,  the  molecular  mechanisms  beyond  these  phenomena  remain 
largely  unknown.  The  house  fly  Musca  domestica  is  not  only  an  important  vector  of  infectious 
disease  pathogens  for  humans,  livestock,  and  poultry  but  also  has  developed  resistance  to 
different  insecticides,  including  pyrethroids.  Cluster  analysis  showed  that  the  house  fly  shared 
the  immune  component  patterns  similar  with  the  fruit  fly  Drosophila  melanogaster. 
Transcriptome  analysis  and  real-time  quantitative  PCR  (qPCR)  validation  revealed  that  multiple 
immune  genes  in  the  house  fly  were  differentially  expressed  between  the  permethrin-resistant 
and  -susceptible  strains,  and  these  differentially  expressed  genes  were  mainly  from  the  toll  and 
the  immune  deficiency  (IMD)  pathways  in  arthropod  innate  immune  system,  which  account  for 
the  fungal  /  Gram-positive  (Gram+)  and  Gram-negative  (Gram")  bacterial  infections,  respectively. 
These  discoveries  strongly  indicate  a  linkage  of  the  immune  system  with  the  insecticide 
resistance  in  house  flies. 
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Introduction:  The  immunological  experience  of  insects  can  improve  the  success  of  their  immune 
response  developed  subsequently.  Obviously,  immune  priming  has  likely  evolved  from  survival 
benefit  provided  upon  repetitive  infections  by  the  same  pathogens.  However,  because  the 
immune  response  is  costly,  selection  of  immune  priming  might  have  also  be  further  strengthen 
by  developing  less  costly  secondary  immune  response  (immune  response  produced  upon  a 
second  or  more  challenge  by  a  pathogen)  compare  to  the  primary  one  (immune  response 
produced  upon  a  first  challenge  by  a  pathogen).  We  tested  for  this  possibility  by  comparing 
fitness  costs  of  the  primary  and  the  secondary  immune  responses  produced  by  the  mealworm 
beetle,  Tenebrio  molitor. 

Methods:  To  this  purpose  we  first  quantified  the  survival  benefit  of  secondary  immune  responses 
to  infection  with  various  bacterial  pathogens.  We  then  used  combinations  of  successive  immune 
challenges  with  various  inactivated  bacteria  allowing  female  insects  to  produced  either  primary 
immune  responses  or  primary  and  secondary  immune  responses  and  looked  at  the  consequences 
on  their  longevity  and  reproduction. 

Results/Conclusion:  We  found  that  immune  priming  provides  a  survival  benefit  to  subsequent 
infection  by  the  same  bacterial  pathogen.  Whiles  females  that  developed  primary  and  secondary 
immune  responses  exhibited  similar  longevity  and  fecundity  than  females  that  developed 
primary  immune  responses  only,  the  latter  produced  smaller  eggs.  These  results  suggest  that  the 
secondary  immune  response  is  less  costly  that  the  primary  one,  which  may  have  contribute  to  the 
evolution  of  immune  priming  in  T.  molitor. 
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The  tobacco  hornworm,  Manduca  sexta ,  is  a  lepidopteran  model  widely  used  to  study  insect 
physiological  processes  including  innate  immune  responses.  In  the  current  study,  we  explored 
the  molecular  structure,  function  and  mechanism  of  hemolymph  protease- 1  (HP1)  in  the  M.  sexta 
prophenoloxidase  activation  system.  Two  isoforms  of  HP1  (HP  la  and  HP  lb),  90%  similar  in 
amino  acid  sequence,  are  present  in  the  larval  hemolymph.  Addition  of  the  recombinant  proHPl 
activates  the  system  by  causing  proHP6  cleavage  at  the  right  site.  ProHPl  was  also  observed  in 
column  fractions  that  correctly  cut  proHP6,  an  important  component  of  the  immune  protease 
system.  To  test  whether  or  not  active  HP1  can  cut  proHP6,  we  replaced  proHPl’ s  putative 
cleavage  site  with  the  recognition  site  of  bovine  clotting  factor  Xa  by  site-directed  mutagenesis. 
To  our  surprise,  factor  Xa-generated  HP1  did  not  activate  proHP6,  indicating  that  the  cleaved 
HP1  is  not  proHP6  activating  enzyme.  Immuno-affmity  purification  using  antibodies  against 
proHPl  or  serpins  suggested  that  proHPl  is  mainly  regulated  by  M.  sexta  serpin-1,  4,  9,  and  13. 
The  serpin-protease  complexes  were  highly  unusual  in  that  the  entire  proHPl,  rather  than  the 
HP1  catalytic  domain,  is  entrapped  in  the  90  kDa  covalent  complexes,  as  revealed  by  mass 
spectrometry  and  immunoblot  analyses.  This  work  enriches  our  knowledge  on  mechanisms  of 
zymogen  activation:  an  induced  conformational  change  of  proHPl  directly  generates  a  family  D 
clip-domain  protease  without  proteolytic  cleavage. 
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Insect  cellular  and  humoral  responses  are  mediated  by  defense  proteins,  some  generated  upon 
recognition  of  aberrant  tissues  or  invading  pathogens.  Cytokine-like  molecules  play  critical  roles 
in  the  regulation  of  these  responses.  A  family  of  peptides  are  isolated  from  hemolymph  of  insects 
in  six  different  orders,  which  stimulate  plasmatocyte  spreading,  block  larval  growth,  cause 
temporary  larval  paralysis,  and  so  on.  However,  their  functions  are  poorly  understood  in  vector 
species.  We  identified  four  homologous  peptides  and  named  them  stress  responsive  peptides- 1 
through  -4  (SRP1-4)  in  the  mosquito  Anopheles  gambiae.  The  peptides  were  synthesized  to  test 
possible  functions  in  eliciting  immune  signaling  pathways  in  two  mosquito  cell  lines  Sua5b  and 
4a3b.  The  expression  level  of  immune-related  genes  attacin-1,  cecropin  A  and  gambicin-1, 
which  are  related  to  the  Imd-pathway,  increased  within  6  hours  after  immune  challenges.  cDNAs 
encoding  SRP1-3  precursors  were  expressed  in  E.  coli  for  use  as  protein  substrates  in  detecting 
their  processing  enzymes  activated  upon  recognition  of  damaged  tissues  or  microbial  surfaces. 
Recent  progress  of  this  project  is  discussed  in  relation  to  serine  proteases’  roles  in  coordinating 
cellular  responses. 
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The  relationship  dynamics  among  host  plant  phytochemistry,  herbivore  fitness,  and  herbivore 
immune  defense  has  been  the  focus  of  recent  studies  in  ecoimmunology.  However,  there  are  few 
studies  connecting  all  three  of  the  aforementioned  to  diet  breadth  expansion.  The  yellow 
monkeyflower  (Mimulus  guttatus )  and  narrowleaf  plantain  (Plant ago  lanceolata)  are  two  known 
host  plants  of  the  common  buckeye  ( Junonia  coenia;  Nymphalidae).  The  former  is  their  native 
host  and  the  latter  is  a  recent  invasive  host  that  has  been  incorporated  into  the  diet  of  the 
buckeye.  The  present  study  investigated  the  feeding  efficiency,  immune  response  (PO,  hemoctye 
count,  encapsulation  strength),  and  oviposition  preference  of  108  individuals  that  were  given  a 


foliage  diet  of  either  the  exotic  host,  P.  lanceolata  (n=55),  or  the  native  host,  M.  guttatus  (n=53), 
over  a  period  of  five  months.  In  a  second  experiment,  the  immune  response  (PO  and  hemocyte 
count)  of  a  subsample  consisting  of  offspring  from  two  females  from  the  initial  experiment  was 
measured  after  being  challenged  with  the  Junonia  coenia  densovirus  (JcDNV).  Sequestration  of 
secondary  chemistry  from  M.  guttatus  and  P.  lanceolata  was  also  obtained  from  chemical 
extractions  of  dissected  corpses.  Results  will  be  discussed  concerning  the  interaction  between 
host  plant  phytochemistry,  the  immune  response,  and  host  range  expansion. 
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Introduction: 

Larvae  of  the  nymphalid  butterfly  Euphydryas  phaeton  feed  on  the  native  host  plant  Chelone 
glabra.  Certain  populations,  however,  have  recently  incorporated  the  exotic  host  Plantago 
lanceolata.  This  study  evaluated  the  natural  variation  in  pathogen  and  parasitoid  load  that  exists 
between  E.  phaeton  populations  that  differ  in  availability  of  these  two  plants.  By  screening  for 
hymenopteran  parasitoids,  the  bacterial  pathogen  Bacillus  thuringiensis  (Bt),  and  the 
lepidopteran  virus  Junonia  coenia  densovirus  (JcDNV),  this  study  aimed  to  gain  insight  into  the 
prevalence  of  different  types  of  natural  enemies  in  wild  populations  of  a  non-model  organism, 
and  to  provide  a  framework  for  further  investigations  of  the  relationship  between  insect 
immunity  and  dietary  breadth. 

Methods: 

E.  phaeton  caterpillars  were  collected  from  wild  populations  throughout  the  northeastern  United 
States  in  which  either  C.  glabra ,  P.  lanceolata ,  or  both  plants  were  available.  Caterpillars  were 
dissected  to  evaluate  parasitoid  presence,  and  quantitative  PCR  was  conducted  on  tissue  samples 
to  detect  JcDNV.  Associated  host  plant  material  and  larval  frass  samples  were  screened  for  Bt. 


Results/Conclusion: 

Parasitoid  load  and  prevalence  of  JcDNV  were  highest  in  E.  phaeton  populations  with  either 
both  host  plants  or  only  C.  glabra  available.  Populations  with  only  P.  lanceolata  available 
exhibited  low  levels  of  both  hymenopteran  parasitism  and  JcDNV  infection.  These  results 
highlight  the  variation  in  natural  enemy  threat  that  can  exist  between  lepidopteran  populations 
that  utilize  different  host  plants,  and  provide  groundwork  for  further  research  on  the  potential 
immunological  benefits  of  the  incorporation  of  the  novel  host  P.  lanceolata  into  E.  phaeton's 
dietary  repertoire. 
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Introduction: The  bean  bug,  Riptortus  pedestris ,  enters  reproductive  diapause  under  short-day 
conditions.  The  previous  studies  demonstrated  that  the  central  region  of  the  compound  eyes 
(CEs)  play  a  principal  role  in  the  reception  of  photoperiod,  and  the  brain  region  including  somata 
of  pigment-dispersing  factor  immunoreactive  (PDF-ir)  neurons  are  important  for 
photoperiodism.  Here,  the  neuronal  pathways  from  the  central  region  of  the  CEs  to  the  brain  and 
the  role  of  the  posterior  optic  tract  (POT)  in  photoperiodic  responses  were  examined  to  clarify 
the  input  neuronal  pathways  involved  in  photoperiodism. 

Methods:  We  stained  the  neuronal  pathways  from  the  central  region  of  CEs  and  from  the 
medulla  by  biotin  injection.  Surgical  severance  of  neural  fibers  was  performed  by  a  tungsten 
needle  to  examine  its  effects  on  photoperiodism. 

Results/Conclusion:  Biotin  labeling  showed  that  the  retinal  fibers  from  the  central  region  of  the 
CE  terminated  mainly  in  the  central  part  of  lamina  and  central  medulla.  From  the  central  part  of 
the  medulla,  6  neural  pathways  were  revealed.  One  pathway  goes  in  the  POT  to  send  fine 


branches  to  a  region  close  to  the  contralateral  PDF-ir  cell  bodies.  Next,  effects  of  surgical 
severance  of  the  POT  was  examined  on  photoperiodic  responses.  Although  diapause  incidence 
was  significantly  different  between  short-day  and  long-day  conditions  in  intact  and  sham 
operation,  in  POT  severance  group  such  photoperiodic  difference  was  not  observed.  These 
results  suggest  that  photoperiodic  signals  are  transferred  to  the  region  of  PDF-ir  neurons  through 
the  medulla  central  region  and  POT. 
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Cockroaches  ( Periplaneta  americana)  can  fall  victim  to  the  parasitoid  Jewel  Wasp  ( Ampulex 
compressa)  which  uses  them  as  food  supply  for  its  larvae.  The  wasp  injects  its  venom  cocktail 
directly  into  the  host's  central  nervous  system  (CNS).  The  sting  of  the  parasitoid  wasp  is  unusual 
in  that  it  induces  a  long-term  hypokinesia  of  the  cockroach  prey.  During  this  hypokinetic  state, 
specific  behaviors  of  the  prey  are  inhibited  while  others  are  unaffected.  The  intoxicated 
cockroach  follows  the  wasp  submissively  to  its  nest,  demonstrating  a  completely  normal  walking 
pattern.  The  wasp  then  lays  an  egg  on  the  lethargic  cockroach.  The  larva  that  hatches  from  the 
egg  finds  accessible  fresh  food  needed  for  its  development  into  an  adult  wasp. 

The  goal  of  the  present  work  is  to  uncover  the  molecular  mechanisms  which  underlie  this  unique 
parasite  manipulation  strategy.  We  approach  this  goal  by  investigating  different  biochemical 
aspects:  the  proteinic  components  of  the  venom,  their  molecular  targets,  and  changes  in  the 
cockroach's  CNS  proteome  after  stung  by  the  wasp. 

By  combining  transcriptomics  and  proteomics  we  reveal  that  Ampulex  venom  contains  at  least 
201  proteins.  We  then  coupled  the  venom  proteins  to  a  NHS-activated  column  and  by  affinity 
chromatography  we  purified  proteins  from  the  cockroach  CNS  that  are  putative  molecular  targets 
for  the  venom.  In  addition,  using  quantitative  mass  spectrometry  we  identify  proteome  changes 


in  the  CNS  of  stung  cockroaches. 

Combining  all  this  information  brings  us  closer  to  understanding,  at  the  molecular  level,  how  a 
wasp  can  manipulate  its  host  behavior. 
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Flea  beetles  are  an  important  pest  of  canola  in  North  America.  Producers  rely  mostly  on 
insecticide  seed  treatments  or  foliar  sprays  to  control  this  pest.  Currently  there  is  very  little 
knowledge  about  potential  natural  enemies  of  flea  beetles  and  how  they  can  impact  pest 
population  levels  in  canola.  Moreover,  there  are  no  studies  exploring  how  landscape  complexity 
mediate  the  interactions  among  canola,  flea  beetles,  and  natural  enemies.  In  2015,  we  conducted 
field  sampling  on  29  commercial  canola  fields  in  three  Prairie  Provinces  of  Canada  (Manitoba, 
Alberta  and  Saskatchewan)  and  assessed  levels  of  canola  defoliation,  flea  beetle  abundance, 
natural  enemy  abundance,  and  landscape  structure  during  the  susceptible  stages  of  the  crop.  We 
use  multiple  regression  models  to  identify  landscape  variables  that  best  predict  flea  beetle 
abundance  and  damage,  and  natural  enemy  abundance  in  canola  fields.  This  information  can  be 
used  to  identify  habitats  that  function  as  sources  natural  enemies  but  not  as  a  source  of  flea 
beetles,  and  to  the  development  of  maps  of  “risky  flea  beetle  landscapes”. 
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Agricultural  intensification  has  led  to  the  simplification  of  agroecosystems,  leaving  them 
vulnerable  to  pest  outbreaks.  Increasing  plant  species  diversity  is  expected  to  enhance  herbivore 
suppression  by  providing  alternative  resources  such  as  nectar  and  pollen  to  recruit  natural 
enemies.  However,  diverse  plantings  not  only  attract  a  more  abundant  and  diverse  natural  enemy 
community,  but  enhance  the  diversity  of  non-enemy  organisms  at  other  trophic  levels  as  well. 
Non-enemy  organisms  in  the  environment  may  contribute  to  herbivore  population  suppression, 
despite  the  absence  of  predation  or  competition,  if  the  herbivore  inaccurately  perceives  the  non¬ 
enemy  as  a  threat  and  engages  in  physiologically  costly  defensive  behaviors.  We  conducted  a 
field  study  to  determine  whether  the  incorporation  of  a  collard  intercrop  into  a  fava  bean 
monoculture  attracts  a  diverse  community  of  non-enemy  organisms  that  enhance  suppression  of 
pea  aphids  ( Acyrthosiphon  pisum )  beyond  levels  accomplished  by  natural  enemies  alone.  We 
found  that  the  incorporation  of  the  intercrop  decreased  pea  aphid  abundance.  We  did  not  find  a 
greater  abundance  or  diversity  of  natural  enemies  that  consume  aphids  when  plant  diversity  was 
higher,  nor  did  we  find  evidence  of  the  occurrence  of  resource  competition  between  aphids  and 
other  herbivores.  Rather,  we  documented  a  greater  abundance  and  diversity  of  non-enemy 
organisms  in  the  intercrop,  which  contributed  to  pea  aphid  suppression  through  behavioral 
interactions.  Therefore,  even  when  all  available  natural  enemies  have  been  exploited  for 
biological  control  in  a  cropping  environment,  herbivore  suppression  can  be  further  enhanced  by 
increasing  plant  diversity  to  encourage  other  non-enemy  organisms. 
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Melittia  cucurbitae  (squash  vine  borer)  is  a  serious  pest  in  summer  squash,  winter  squash,  and 
pumpkins,  especially  on  diversified  truck  farms  and  small  organic  farms.  A  single  larva  can 
burrow  into  a  cucurbit  stem  and  kill  the  entire  plant.  Currently  the  most  effective  way  for 
growers  to  control  M.  cucurbitae  is  to  use  insecticides  but  some  growers  are  interested  in 
alternative  management  tactics  that  could  be  incorporated  into  organic  management  systems 
such  as  altered  planting  date,  row  covers,  and  trap  cropping.  Based  on  previous  observations  that 
unharvested  zucchini  was  attractive  to  M.  cucurbitae ,  we  conducted  an  experiment  with  three 
factors  that  could  contribute  to  the  effectiveness  of  zucchini  as  a  trap  crop,  each  at  two  levels: 
harvested  vs.  unharvested,  early  plantings  vs.  late  plantings,  and  row  covers  or  no  row 
covers.  Yield  was  taken  along  with  the  infestation  rates.  We  found  that  the  zucchini  that  were 
planted  earlier  had  an  infestation  rate  of  64%  while  the  late  plantings  had  16%.  The  zucchini 
that  were  unharvested  had  an  infestation  rate  of  45%  while  the  harvested  zucchini  had 
35%.  Zucchini  that  were  planted  early,  left  unharvested,  and  had  no  row  cover  had  the  highest 
infestation  rate  of  80%.  These  results  indicate  that  planting  a  trap  crop  of  zucchini  early  and  left 
unharvested  would  be  more  attractive  to  M.  cucurbitae  than  the  cash  crop  of  regularly  harvested 
zucchini.  The  pattern  of  trap  crop  deployment  has  not  yet  been  determined. 
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Abstract  text: 

Insectary  plant  refers  to  flowering  plants  that  are  incorporated  in  agricultural  ecosystems  to 
increase  pollen  and  nectar  resources  to  the  natural  enemies.  Establishing  flowering  plants  in  and 
around  fields  to  provide  pollen  and  nectar  resources  for  natural  enemies  has  shown  promise  as  a 
strategy  to  enhance  biological  control  of  crop  pests.  The  aim  of  this  study  was  to  quantify  the 
abundance  and  diversity  of  arthropods  visiting  seven  insectary  plant  species  and  their  ability  to 
attract  natural  enemies  of  pest  insects  in  the  cabbage  agro-ecosystem  was  conducted  at  the 
Lincoln  University  Alan  T.  Busby  Organic  Research  Farm.  The  seven  insectary  plants  evaluated 
were  sweet  alyssum  ( Lobularia  maritima ),  buckwheat  (Fagopymm  esculentum ),  mighty  mustard 
( Brassica  juncea ),  dwarf  sunflower  ( Helianthus  gracilentusy ),  dill  ( Anethum  graveolens ),  fennel 
( Foeniculum  vulgare),  and  basil  ( Ocimum  basilicum).  Arthropods  visiting  the  insectary  plants 
were  sampled  at  the  flowering  stage  using  visual  scouts  and  transparent  sticky  cards  twice  a 
week  in  July  and  August.  Sentinel  larvae  of  the  herbivore  Plutella  xylostella  larvae  were  exposed 
to  natural  parasitism  and  predation  as  potentially  influenced  by  insectary  plant  treatment.  The 
most  abundant  arthropods  were  lady  beetles  (Coccinellidae),  hover  flies  (Syrphidae),  parasitic 
flies  (Tachinidae),  Tiphiid  wasps  (Tiphitidae),  ants  (Formicidae),  spined  soldier  bugs 
(Pentatomidae),  and  parasitoid  wasps  (Braconidae).  Results  are  discussed  in  light  of  usefulness 
of  insectary  plants  for  biological  control  of  insect  pests  in  vegetable  production  systems. 
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Abstract  text: 


Cover  crops  are  a  popular  approach  for  insect  pest  management  in  vegetable  and  row  crop 
production,  but  are  not  widely  used  in  ornamental  production.  Maple  tree  production  is  a  very 
important  segment  of  ornamental  nursery  industry  in  Tennessee.  The  primary  insect  pests  of  red 
maples  are  flatheaded  appletree  borer  (FHAB),  ambrosia  beetles,  maple  tip  moth,  and  potato 
leafhopper.  Cover  crops  are  currently  being  investigated  as  a  control  method  for  FHAB, 
however,  it  is  unknown  what  impact  these  cover  crops  will  have  on  other  red  maple  pests. 
Ambrosia  beetle,  maple  tip  moth  and  potato  leafhopper  damage  will  be  evaluated  in  cover  crop 
and  non-cover  crop  red  maple  tree  plots.  The  goal  of  this  research  is  to  determine  whether  cover 
crop  presence  reduces  or  increases  pressure  of  important  insect  pests  of  red  maples. 
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Introduction:  Plant  growth-promoting  rhizobacteria  (PGPR)  are  root-colonizing  bacteria  which 
can  elicit  increased  rates  of  plant  growth,  suppress  soil  pathogens  and  induce  systemic  resistance 
against  plant  diseases  and  herbivorous  insect  feeding.  However,  little  is  known  about  the  role  of 
PGPR  in  mediating  oviposition  behavior  of  herbivorous  insects.  Using  Ostrinia  nubilalis 
(Hiibner),  a  key  pest  of  maize  as  a  model  species,  we  tested  the  hypothesis  that  inoculation  of 
seeds  with  PGPR  will  reduce  the  attractiveness  of  maize  plants  as  host  for  oviposition  by 
herbivorous  insects. 

Methods:  Choice  and  no-choice  cage  experiments  were  used  to  test  the  oviposition  preference  of 
O.  nubilalis  for  untreated  plants  and  those  treated  with  PGPR.  We  presented  maize  plants  15-18 
day  after  planting  (DAP)  treated  with  either  PGPR  strain  B.  pumilus  INR-7,  two  mixtures  of 
PGPR  strains  (Blend-8,  and  Blend-9)  or  untreated  to  O.  nubilalis  females  in  no-choice,  two- 
choice  and  four-choice  oviposition  bioassays.  Headspace  volatile  organic  compounds  (VOCs) 


from  maize  plants  (12  DAP)  treated  with  PGPR  or  untreated  were  collected  also  and  analyzed  by 
gas  chromatography-mass  spectrometry  (GC-MS). 

Results/Conclusion:  Ostrinia  nubilalis  laid  significantly  fewer  eggs  on  plants  treated  with  PGPR 
compared  to  untreated  plants.  In  two-choice  oviposition  experiments,  a  significantly  higher 
percentage  of  eggs  were  laid  on  untreated  plants  (70%)  compared  to  plants  treated  with  Blend-9 
(30%).  Maize  plants  treated  with  PGPR  emitted  fewer  VOCs,  which  may  explain  the  relatively 
small  numbers  of  eggs  laid  on  PGPR-treated  maize  plants.  These  results  indicate  that  PGPR  can 
alter  maize  plant  VOCs  to  enhance  resistance  to  herbivorous  insect  oviposition. 
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Systemic  acquired  resistance  (SAR)  plays  an  important  role  in  the  ability  of  plants  to  defend 
themselves  against  insects.  Salicylic  acid  (SA)  and  methyl  jasmonate  (MJ)  are  important  signal 
components  in  the  SAR  pathway,  which  is  initiated  by  insect  feeding.  Spraying  seedlings  and 
plants  with  SA  or  MJ  strengthens  the  plant  response  against  insect  attack;  treated  tomato  leaves 
rapidly  accumulate  higher  levels  of  SA  when  attacked  by  insects,  and  MJ  treatment  before  insect 
invasion  delays  the  development  of  nymphs  of  whitefly  in  tomato. 

I  treated  rocket  ( Diplotaxis  tenuifolia )  and  lettuce  ( Lactuca  sativa)  seeds  with  exogenous  SA  and 
MJ  to  strength  the  expression  of  the  SAR  pathway  before  the  seedling  is  attacked  by  insects. 
During  the  summer  at  Gilat  Research  Center  in  the  northern  Negev  desert  of  Israel,  we  checked 
natural  field- insect  invasion  by  whitefly  Bemisia  tabaci  on  rocket  and  lettuce  seedlings. 
Significantly  fewer  eggs  were  laid  on  plants  grown  from  seeds  treated  with  2  mM  SA  (rocket  and 
lettuce)  or  with  50  pM  MJ  (rocket).  Additionally,  nymphal  development  was  delayed  on  both 


plants  as  a  result  of  treatment  with  50  pM  MJ  compared  to  control  plants  grown  from  water- 
treated  seeds.  Preliminary  evaluation  of  volatiles  (SPME,  GC-MS)  from  treated  and  control 
plants  revealed  significant  changes  in  volatile  profiles;  underlying  biochemical  changes  will  be 
examined  in  the  future.  We  have  demonstrated  that  seed  treatment  with  phytohormones  can 
adversely  affect  insect  presence  and  development  on  the  resulting  plants  and  can  potentially 
reduce  the  number  of  pesticide  treatments  required. 
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Abstract  text: 

The  Asian  Citrus  Psyllid  (ACP)  (Diaphorina  citri )  is  a  major  citrus  pest  worldwide  given  that  is 
vector  of  the  bacteria  “ Candidatus  Liberibacter  spp.”,  that  are  associate  to  Huanglongbing  (HLB) 
or  greening,  the  main  disease  in  citrus.  This  insect  has  a  host  range  of  about  20  species  of  the 
family  Rutaceae,  including  Citrus  spp.  However,  there  are  a  few  studies  reporting  their  host 
preference.  The  aim  of  this  study  was  to  evaluate  the  behavior  of  the  host  choice  of  ACP  in  curry 
leaf  {Murraya  koenigii ),  and  also,  to  identify  the  volatiles  involved  on  attraction  of  the  ACP. 
Therefore,  we  have  investigated  the  effect  of  curry  volatile  on  the  behavior  of  D.  citri  through 
bioassays  with  olfactometer  type  'Y\  This  type  of  olfactometer  is  composed  of  a  main  pipe  and 
two  side  glass  tubes.  Chambers  containing  citrus  plants  ( Citrus  sinensis  var.  Valencia)  and  curry 
leaf  containing  shoots  of  the  same  size  were  connected  to  the  tubes.  The  attractiveness  of  both 
males  and  females,  with  defined  ages,  was  evaluated.  No  significant  differences  were  observed 
in  attraction  of  males  between  the  treatments.  On  the  other  hand,  females  showed  preference  by 
curry  leaf  instead  citrus  ( binomial  test ,  P=0.006).  When  we  collect  the  volatile  involved  on  the 
process  of  the  host  selection  of  the  curry  leaf,  we  found  16  compounds,  and  among  those,  alpha- 
pinene,  beta-pinene,  gama-terpinene,  copaene,  beta-caryophyllene,  alpha-humullene  and  alpha- 
farnesene  were  more  release  by  curry  leaf  than  citrus.  With  this  information,  further  studies 
should  be  made  to  set  new  management  strategies  of  the  ACP. 
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Abstract  text: 

Smothering  agents,  such  as  insecticidal  soap  and  horticultural  oil  have  the  potential  to  reduce 
populations  of  soft  bodied  insect  pests  with  minimal  effects  on  beneficial  insects  due  to  their 


short  residual  activity  as  contact  insecticides.  In  practice,  efficacy  of  oil  and  soap  against 
armored  and  soft  scales  has  been  inconsistent.  This  research  was  conducted  to  identify 
circumstances  in  which  these  insecticides  are  most  likely  to  be  effective  by  determining  how 
efficacy  is  influenced  by  1)  whether  the  pest  is  a  soft  or  and  armored  scale  and  2)  the  life  stage  of 
the  target  organism.  We  then  determined  if  honey  dew  accumulation  by  soft  scales  would  reduce 
the  efficacy  of  oil  or  soap.  We  chose  calico  scales  and  pine  needle  scales  to  represent  species 
who  produce  a  single  large  cohort  of  eggs.  We  then  chose  striped  pine  scale  and  oleander  scale  to 
represent  species  who  lay  several  eggs  a  day  and  are  likely  to  have  overlapping  generations. 
Studies  were  conducted  in  the  lab  and  field.  Our  data  suggests  that  both  horticulture  oil  and 
insecticidal  soap  kill  soft  and  armored  scale  insects  when  applied  at  the  verdant  rate  (2%)  during 
the  active  crawler  stage;  however,  they  both  lose  efficacy  after  scales  have  settled  and  over  time. 
Overall  horticulture  oil  provided  better  control  against  armored  scales  than  soft  scales,  whereas 
insecticidal  soap  gave  better  control  against  soft  scales.  We  found  no  evidence  to  suggest  that 
honeydew  acts  as  a  physical  barrier  to  reduce  the  efficacy  of  oil  and  soap  against  soft  scales. 
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Mustard  aphids  ( Lipaphis  erysimi )  cause  massive  yield  loss  of  Brassica  juncea  both  by  sucking 
phloem  sap  and  transmitting  disease  causing  plant  viruses.  Rorippa  indica,  a  wild  crucifer  was 
reported  earlier  by  the  present  group  as  tolerant  towards  this  aphid.  Candidate  defense  response 
genes  responsible  for  R.  indica  -  L.  erysimi  incompatible  interaction  was  identified  through 
cDNA  amplified  fragment  length  polymorphism  (cDNA  AFLP).  A  putative  differentially 
upregulated  EST  was  found  to  be  homologous  to  PDF  1.2c-  a  defensin  from  Arabidopsis.  The 
full-length  gene  corresponding  to  the  EST  was  isolated  and  named  as  Rorippa  indica  defensin 
(. RiD ).  Structural  analysis  through  homology  modelling  of  RiD  showed  longer  a-helix  and  3rd  p- 
sheet  as  compared  to  Brassica  juncea  defensin  (BjD).  RiD  was  also  found  to  be  secreted  into  the 


apoplasm  (pathway  followed  by  aphid  stylet)  in  the  in-situ  localization  studies.  In  vitro  expressed 
RiD  showed  enhanced  mortality  of  L.  erysimi  in  artificial  diet  based  bioassay  as  compared  to 
BjD  and  other  bio-control  agents  (e.g.  plant  lectins,  proteases)  reported  previously.  Finally  the 
full  length  coding  sequence  of  RiD  was  introduced  into  susceptible  cultivar  of  B.  juncea  by 
Agrobacterium  mediated  transformation.  Stable  integration  and  expression  of  RiD  gene  in 
putative  transformed  plants  were  confirmed  through  Southern  and  Western  blot  analyses. 
Moreover  transgenic  B.  juncea  lines  were  seen  to  have  reduced  building  up  of  aphid  population 
(40-50%)  as  compared  to  the  control  plants  in  the  in  planta  insect  bioassay.  The  present  study 
thus  establishes  R.  indica  defensin  as  a  potential  candidate  against  L.  erysimi  for  better  pest 
management. 
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Sugarcane  aphid,  Melanaphis  sacchari  (Zehntner),  is  a  major  pest  of  sorghum,  Sorghum  bicolor 
(L.)  Moench,  and  sugarcane,  Saccharum  officinarum  L.,  in  tropical  and  subtropical  regions  of  the 
world,  including  Africa,  Asia,  Australia  and  the  Americas.  Abiotic  factors,  especially 
temperature,  affect  development  and  abundance  of  geographically  separated  populations  of 
aphids.  Understanding  developmental  rates  at  different  temperatures  will  aid  in  understanding 
population  dynamics  and  increase  in  abundance  of  sugarcane  aphid.  The  objective  of  the 
research  is  to  determine  the  pre-reproductive  and  reproductive  periods,  daily  and  total  fecundity, 
longevity,  and  intrinsic  rate  of  increase  of  sugarcane  aphids.  Plants  of  ‘Tx399  x  RTx430’ 
sorghum  at  the  seven  true-leaf  stage  were  infested  with  sugarcane  aphids.  A  single  aphid  in  a 
clip  cage  was  clipped  onto  a  leaf  of  a  plant  for  a  total  of  80  aphids  in  eight  pots  of  plants  at  each 
temperature  of  10,  15,  20,  25,  30,  and  35°C.  The  infested  plants  in  pots  in  a  completely 
randomized  design  were  grown  in  an  incubator  at  a  photoperiod  of  14:10  light:dark  hours.  The 
original  aphid  in  each  clip  cage  will  be  monitored  daily  and  discarded  after  it  produced  a 


nymph.  Data  on  pre-,  reproductive,  and  post-reproductive  periods;  fecundity  per  day  and  total; 
and  longevity  were  collected  and  analyzed  with  GLM  in  SAS.  Results  of  the  study  will  be  used 
to  predict  development  of  sugarcane  aphids  and  time  of  infestation  of  sorghum  fields  and  will 
help  in  developing  resistant  sorghums  and  other  management  strategies. 
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Soil  quality,  plant  nutrients,  natural  enemies,  and  pesticides  are  all  expected  to  influence  insect 
herbivore  population  dynamics.  In  an  effort  to  understand  their  role  in  promoting  an  insect  pest, 
we  quantified  these  factors  and  aboveground  woolly  apple  aphid  ( Eriosoma  lanigerum)  colonies 
throughout  2014  and  2015  at  twenty  apple  orchard  blocks.  E.  lanigerum  is  a  difficult  to  manage 
pest  which  feeds  above  or  below  ground,  and  has  treated  growers  to  unusually  severe  outbreaks 
in  the  past  decade.  We  also  interviewed  individuals  who  manage  the  blocks  studied  (nine 
interviewees)  about  perceived  effects  of  these  factors  on  E.  lanigerum.  Soil  quality,  tree  nitrogen, 
natural  enemies,  and  pesticides  were  generally  rated  as  important  by  growers,  but  our  field 
measurements  did  not  indicate  clear  relationships  between  these  factors  and  E.  lanigerum  colony 
counts.  Furthermore,  outcomes  did  not  differ  significantly  under  organic  vs.  conventional 
management.  Temperatures  above  the  E.  lanigerum  upper  developmental  limit  of  32C,  and 
orchards  with  sandy  soil  texture  (which  is  reportedly  difficult  for  these  aphids  to  move  through), 
were  associated  with  lower  colony  counts.  Other  studies  suggest  that  earwigs  ( Forficula 
auricularia)  may  be  the  most  impactful  predator  of  woolly  apple  aphids,  yet  growers  rated 
earwigs  as  least  important  among  lacewings,  ladybugs,  and  the  parasitoid  Aphelinus  mali  for 
biological  control.  Therefore,  as  potentially  underappreciated  predators,  earwigs  are  worthy  of 
future  research  and  extension  efforts.  Furthermore,  future  controlled  experiments  (in  contrast  to 
observational  study  here)  could  reveal  effects  of  the  factors  measured  here  on  woolly  apple  aphid 
population  dynamics. 
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Com  rootworm  (Diabrotica  spp.)  remains  a  major  economic  pest  of  corn  ( Zea  mays  L.)  in  the 
Com  Belt  of  the  United  States.  The  development  of  site-specific  resistance  to  corn  producing 
Bacillus  thuringiensis  Berliner  ( Bt )  proteins  presents  management  problems  for  growers, 
requiring  constant  monitoring  of  populations  to  mitigate  resistance  development.  Root  injury 
ratings  have  been  adopted  as  an  efficient  method  to  gain  knowledge  of  the  efficacy  of  corn 
rootworm-active  Bt  (Bt- RW)  traits.  Although  current  node-injury  scales  can  provide  a  picture  of 
resistance  status  within  a  field,  these  scales  aren't  able  to  adequately  alert  growers  in  the  early 
stages  of  resistance  development.  This  poster  presents  preliminary  research  regarding  the 
accuracy  of  current  nodal-injury  scales  in  early  resistance  detection,  and  compares  the  current 
scales  to  a  recently  developed  scale  utilizing  new  criteria  to  detect  root  injury  based  on  historical 
data  collected  from  a  MN  site  undergoing  Bt- RW  resistance  development.  Root  injury  ratings 
were  performed  on  hybrids  undergoing  feeding  pressure  from  a  population  of  western  corn 
rootworm  (Diabrotica  virgifera  virgifera  LeConte)  in  years  2010  through  2015.  Although 
originally  Bt- RW  susceptible,  this  site  (Rosemount,  MN)  appears  to  have  undergone  resistance 
development  with  the  population  now  considered  Bt-KW  resistant  (pending  bioassay 
confirmation).  Preliminary  analysis  examined  root  injury  ratings,  beetle  emergence,  plant 
lodging,  and  yield  data  to  determine  root  injury  scale  accuracy  in  detecting  early  resistance 
development.  Subsequent  analysis  will  be  conducted  on  data  collected  from  continued  studies  at 
the  Rosemount,  MN  site. 

Keywords:  root  injury,  resistance  development,  Bt,  corn  rootworm,  transgenic  corn,  maize, 
integrated  pest  management 
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A  seed  blend  (also  called  refuge-in-the-bag  or  RIB)  strategy  has  been  used  to  provide  refuge 
insect  populations  for  resistance  management  in  planting  Bt  crops.  A  great  concern  for  RIB  is  the 
larval  movement  among  Bt  and  non-Bt  plants  that  may  increase  the  dominance  of  resistance  and 
thus  accelerate  resistance  evolution.  In  this  study,  performance  of  Cry  lF-susceptible,  -resistant, 
and  -heterozygous  genotypes  of  the  fall  armyworm,  Spodoptera  frugiperda ,  was  evaluated  in 
four  planting  patterns:  1)  pure  stand  of  non-Bt,  2)  pure  stand  of  Cry  IF  corn,  3)  5:95%  (non-Bt: 
Bt)  RIB,  and  4)  10:90%  RIB.  Dominance  of  the  resistance  was  measured  based  on  the  relative 
fitness  of  the  three  insect  genotypes  in  15-day  larval  survival  in  the  greenhouse,  and  pupation 
rate  and  egg  production  in  an  extended  rearing  in  the  laboratory.  No  significant  differences  in  the 
dominance  were  found  among  planting  patterns  and  for  all  three  measurements.  The  dominance 
level  in  the  pure  stand  of  Bt  corn  and  the  two  RIB  plantings  ranged  from  0.48-0.57  with  an 
average  of  0.54  when  measured  in  15-day  larval  survival,  0.52-0.68  with  an  average  of  0.60 
when  measured  in  pupation,  and  0.07-0.23  when  measured  in  egg  production.  The  results 
showed  that  the  Cry  IF  resistance  in  S.  frugiperda  was  incompletely  recessive  to  intermediate  on 
the  Bt  corn  plants,  but  the  two  ‘RIB’  plantings,  relative  to  the  pure  Bt  corn  stand,  did  not 
increase  the  dominance  of  resistance.  Information  generated  from  this  study  will  be  useful  in 
developing  resistance  management  for  the  sustainable  use  of  the  Bt  corn  technology. 
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Evolution  of  resistance  is  a  major  threat  to  the  sustainability  of  transgenic  crops  expressing 
Bacillus  thuringiensis  (Bt)  proteins.  Fall  armyworm,  Spodoptera  frugiperda ,  is  a  cross-crop 
target  of  Bt  corn,  Bt  cotton,  and  Bt  soybean.  Due  to  the  intensive  planting  of  Bt  crops,  field 
resistance  of  S.  frugiperda  to  Bt  corn  has  widely  occurred  in  Puerto  Rico,  Brazil,  and  some  areas 
of  the  U.S.  southeast  region.  Presence  of  fitness  costs  can  help  in  delaying  evolution  of 
resistance.  In  this  study,  fitness  of  four  insect  genotypes  of  S.  frugiperda  on  non-Bt  diet  and  non- 
Bt  corn  leaf  tissue  was  evaluated  in  the  laboratory.  The  four  insect  genotypes  were  a  Cry2Ab2- 
susceptible  strain,  a  Cry2Ab2-resistant  strain,  and  two  FI  hybrids  which  were  developed  by 
reciprocal  crosses  of  the  susceptible  and  resistant  strains,  respectively.  Cry2Ab2  is  a  common  Bt 
protein  in  transgenic  corn  and  cotton.  Parameters  measured  included  7-day  larval  survivorship 
rate,  7-day  larval  body  weight,  neonate-to-pupa  development  time,  neonate-to-pupa  survivorship, 
pupal  weight,  sex  ratio,  mating  success,  and  egg-laying  reproduction.  No  significant  differences 
were  observed  among  the  four  insect  genotypes  for  both  assay  methods  and  for  all  the  life  history 
parameters  measured  with  few  exceptions.  The  results  suggest  that  fitness  costs  were  not 
associated  with  the  Cry2Ab2  resistance  in  S.  frugiperda.  Information  generated  from  this  study 
will  be  useful  in  assessing  resistance  risk  and  developing  resistance  management  strategies. 
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Introduction:  The  western  corn  rootworm  (WCR),  is  a  highly  adaptive  species  that  has  evolved 
resistance  to  many  management  approaches.  Corn  lines  expressing  Bt  toxins  have  been  widely 
accepted  in  the  U.S.  Corn  Belt  to  limit  WCR  damage.  Resistance  strains  of  WCR  have  developed 
to  all  Bt  corn  lines  in  the  laboratory,  but  the  molecular  mechanism  of  Bt  resistance  or  recovery 
from  Bt  intoxication  in  WCR  remains  unclear. 

Methods: We  used  RNAseq  and  transcriptome  profiling  to  study  gene  expression  following  Bt 
intoxication  in  whole  larvae  and  dissected  midguts.  Resistant  or  susceptible  WCR  neonates  were 
allowed  to  feed  either  on  Bt  or  on  isoline  corn  seedlings  for  12  or  24  hours.  Three  biological 
replicates  were  collected  for  each  of  the  8  treatments.  Total  RNA  was  extracted  and  TruSeq 
strand-specific  libraries  were  constructed.  Libraries  were  loaded  on  an  Illumina  HiSeq  2000  and 
the  results  are  presented  here. 

Results/Conclusions:  We  obtained  284,268,606  clean  pairs  of  reads  from  HiSeq2000  after 
removing  adapters,  low  quality,  and  mitochondrial  sequences.  Transcriptome  assemblies  for  each 
of  the  8  treatments  were  de  novo  assembled  using  Trinity,  obtaining  97,109  to  108,086  contigs. 
After  the  8  assemblies  were  merged  using  CD-HIT-EST,  668,091  contigs  remained.  We 
collapsed  contigs  to  further  reduce  redundancy  using  CAP3  resulting  in  67,458  contigs,  and 
428,757  singlets.  After  annotation  we  will  use  this  reference  transcriptome  for  alignment  of 
treatment  reads  for  differential  analysis  of  gene  expression  in  midguts  and  whole  larvae 
following  Bt  intoxication/recovery. 


Student  Poster  Competition 

Presentation  Title:  Efficacy  of  insecticides  for  control  of  brown  marmorated  stink  bug 
( Halyomorpha  halys  Stal)  nymphs  in  Ontario 

Author  Name:  Cynthia  Scott-Dupree 

Author  Institution:  University  of  Guelph 


Session  Title:  Graduate  Student  Poster  Competition:  Integrated  Pest  Management  and 
Sustainable  Agriculture:  Pest  Physiology 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3334 

DOI:  10. 1603/ICE.2016.1 12962 

Abstract  text: 

Introduction:  Since  its  detection  in  Ontario,  Canada  in  2010,  brown  marmorated  stink  bug 
( Halyomorpha  halys$\h\)  (BMSB)  has  spread  across  the  province  into  many  agricultural  regions 
As  a  pest  of  numerous  vegetable,  fruit,  and  row  crops,  as  well  as  ornamentals,  BMSB  is  certain 
to  become  a  significant  pest  in  the  Ontario  agricultural  sector.  It  is  essential  that  sustainable  pest 
management  options  for  BMSB  be  identified  to  prevent  crop  damage  and  significant  economic 
loss  for  Ontario  growers. 

The  application  of  older,  broad-spectrum  insecticides  appears  to  be  most  effective  for  managing 
BMSB  but  may  be  undesirable  due  to  non-target  impacts.  Furthermore,  many  insecticides  in 
these  classes  are  no  longer  registered  for  use  in  Canada.  Additional  research  on  chemical 
controls  is  warranted,  as  many  novel  insecticide  formulations  have  yet  to  be  tested  for  their 
efficacy  against  BMSB  nymphs.  Our  objective  is  to  evaluate  the  efficacy  of  insecticides  on 
BMSB  nymphs  using  direct  and  residual  contact  toxicity  tests. 

Methods:  Twelve  insecticides  from  a  variety  of  classes  will  be  tested,  including  novel 
formulations  and  mixes.  Direct  contact  toxicity  will  be  determined  using  a  mini  spray  tower,  a 
l/9th  scale  version  of  a  Potter  spray  tower.  Residual  contact  toxicity  will  be  assessed  by 
saturating  filter  paper  with  insecticide  and  placing  it  in  a  glass  Petri  dish  with  BMSB  nymphs. 
Residues  of  different  ages  will  be  assessed  (eg.  1  hour,  24  hours). 

Results/Conclusions:  Results  of  the  laboratory  studies  will  be  presented. 
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Flonicamid  is  a  systemic  insecticide  acting  as  feeding  inhibitor  and  effective  against  sucking 
insect  pests.  As  flonicamid  is  registered  against  soybean  aphids  in  Korea,  it  could  be  used  against 
bean  bug  ( Riptortus pedestris ),  (F.)  (Hemiptera:  Alydidae)  a  major  pod  sucking  insect  pest  of 
soybean.  Thus,  we  compared  the  differential  susceptibility  of  the  bean  bug  and  its  two  egg 
parasitoids  Ooencyrtus  nezarae  Ishii  (Hymenoptera:  Encyrtidae)  and  Gryon  japonicum 
(Ashmead)  (Hymenoptera:  Platygastridae)  to  flonicamid.  Six  concentrations  of  flonicamid,  i.e., 
1.00,  0.50,  0.25,  0.13,  0.06,  and  0.03  gm/F  were  fed  to  test  insects  for  24  h  after  12  h  of 
starvation.  The  median  lethal  dose  (FD50)  of  2nd  and  4th  instar  of  R.  pedestris  was  0.03,  1.3 
gm/F  after  48  h  of  treatment.  The  toxicity  index  of  2nd,  4th  instar,  and  adult  R.  pedestris  fed  with 
0.5  gm/F  concentration  of  flonicamid  was  1.8,  1.5,  and  1.5  times  more  toxic  than  that  of  control 
whereas  in  O.  nezarae  and  G.  japonicum  was  1.1  and  1.2  times  more  toxic  than  that  of  control, 
respectively.  This  result  shows  that  flonicamid  is  effective  against  nymph  and  adult  stage  of  bean 
bug,  and  less  toxic  to  its  egg  parasitoids.  This  insecticide  can  be  used  safely  as  an  alternative  in 
integrated  pest  management  programmes  to  manage  soybean  insect  pest. 
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Tachinid  parasitoids  in  the  subfamily  Phasiinae  are  important  natural  enemies  of  heteropteran 
bugs.  Host  location  by  these  flies  occurs  via  antennal  reception  to  the  pheromones  of  their  hosts, 
however  little  is  known  regarding  the  mechanisms  which  underlie  host  selection.  Halyomorpha 
halys,  the  invasive  brown  marmorated  stink  bug,  represents  a  potential  novel  host  species  in 
North  America.  This  study  was  conducted  to  determine  the  suitability  of  H.  halys  as  a  host  for 
phasiine  species,  as  well  as  assessing  cues  used  in  host  selection  by  the  genera  Gymnoclytia  and 
Gymnosoma.  Field  attraction  to  pentatomid  pheromones  by  both  phasiines  and  pentatomids  in 
Southwest  Ohio  were  investigated  and  preliminary  laboratory  host-selection  experiments  were 
conducted.  In  2015,  from  June  23  to  September  16  pyramid-type  traps  were  baited  with  three 
pentatomid-pheromone  lures  and  were  monitored  in  agricultural  and  semi-natural  locations.  Trap 
catches  included  specimens  from  seven  different  phasiine  species  and  three  different  pentatomid 
species.  During  preliminary  oviposition  trials  using  Gymnoclytia  occidua ,  attacks  were  observed 
on  Euschistus  spp.  bugs,  Podisus  maculiventris ,  and  H.  halys.  However,  no  parasitoids  were 
successfully  reared  from  H.  Halys.  Field  parasitism  by  a  Gymnoclytia  sp.  female  on  H.  halys  was 
later  directly  observed,  and  both  adults  and  nymphs  of  H.  halys  were  found  bearing  parasitoid 
eggs  in  the  field.  Preliminary  results  suggest  that  H.  halys  may  be  a  “sink”  for  native  phasiine 
parasitoids. 
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Introduction:  A  notorious  pest  on  cruciferous  crops,  the  diamondback  moth  ( Plutella  xylostella) 
causes  global  economic  damage,  whilst  resisting  control  by  most  insecticide  classes.  A 
breakthrough  in  the  control  of  this  lepidopteran  pest  came  through  the  development  of  a  new 
chemical  class  of  insecticides,  termed  diamides,  which  act  as  conformation- sensitive  activators 
of  insect  ryanodine  receptors  (RyR).  However,  resistance  to  diamides  in  Plutella  has  recently 


been  reported  in  various  geographical  populations,  each  thought  to  be  due  to  one  or  a 
combination  of  point  mutations  on  the  transmembrane  domain  of  the  RyR. 

Methods:  An  important  first  step  to  combatting  the  sudden  increase  in  resistance  is  to  investigate 
how  these  mutations  are  impacting  the  binding  of  diamides.  The  goal  of  this  study  is  to  set  up  an 
in-vitro  system  to  screen  for  the  effects  of  existing  and  predicted  mutations  on  the  RyR.  The 
ability  of  the  protein  to  bind  radio-labelled  ligands  will  be  investigated  in  insect  cell  lines. 
Mutations  on  the  protein,  based  on  those  reported  in  wild  populations,  will  be  introduced  in  order 
to  examine  their  effect  on  ligand  binding. 

Results/Conclusions:  Initially,  results  will  determine  which  trans-membrane  residues  have  an 
impact  upon  the  binding  of  diamide  insecticides,  prompting  inferences  on  the  molecular 
interactions  within  the  proposed  binding  site  complex  of  the  protein  in  lepidopteran  pests.  In 
turn,  this  will  aid  understanding  of  RyR  selectivity  and  diamide  binding  issues  across  various 
taxa. 
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ABSTRACT 

Methods:  Studies  on  the  abundance,  preference,  and  breeding  rates  of  mosquitoes  in  the  different 
larval  microhabitats  of  refuse  disposal  dumps  in  Owerri  was  carried  out  between  April  and 
December  2014.  Mosquitoe  larvae  were  collected  twice  a  week  using  a  standard  dipping  method 
and  reared  to  the  adult  stage  as  prescribed  by  WHO  (1975  a  and  b). 


Results/Conclusion:  A  total  of  2,987  adult  mosquitoes  were  harvested.  Species  were  identified 
morphometrically  using  a  binocular  stereomicroscope  and  taxonomic  identification  keys  of 
Gilles  and  Coetzec  (1987),  Service  (1990),  Edwards  (1941)  and  Gilles  and  De  Meillon  (1968).  A 
total  of  8  mosquitoe  species  were  identified  and  include:  Aedes  egypti  (28%),  Aedes  albopictus 
(18. 1%),  Anopheles  spp.  (4.0%),  Culex  trigripes  (16.0%),  Culex  quinquifaciatus  (19.9%),  Culex 
vittaus  (5.3%),  Eretomopodite  spp.  (4.8%)  and  Toxorhynchus  spp.  (3.7%).  Blocked  gutters, 
empty  cans  as  well  as  ground  pools  mostly  favoured  the  breeding  of  mosquitoes.  Highest 
abundance  of  mosquitoes  in  the  study  sites  was  recorded  in  Relief  market  and  least  in  abundance 
in  the  Concord  area.  The  presence  of  mosquitoes  in  the  refuse  dumps  throughout  the  year 
suggests  the  reason  for  the  occurance  of  mosquitoe-borne  diseases  in  the  study  area  throughout 
the  year.  The  implication  of  this  finding  with  a  view  to  the  implementation  of  proper  and  regular 
disposal  of  refuse  is  discussed. 
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Introduction:  Aedes  albopictus ,  this  most  common  invasive  mosquito  in  the  U.S.,  is  a  superior 
resource  competitor  compared  to  most  resident  species;  the  mechanism  for  how  it  outcompetes 
other  larvae  is  not  clear.  Most  mosquito  larvae  consume  microorganisms,  which  themselves 
subsist  on  detritus.  What  is  unclear  is  if  the  type  and  access  to  detritus  affects  the  nutrient 
composition  of  adults.  Prior  work  indicates  that  Ae.  albopictus  benefits  most  from  environments 
where  access  to  both  microorganisms  and  detritus  was  available;  however,  adult  nutrient 
composition  was  not  measured.  We  investigated  if  nutrient  stoichiometry  (carbon  and  nitrogen) 
varies  for  Ae.  albopictus  and  Cx.  quinquefasciatus  among  detritus  types;  we  also  manipulated 
larval  access  to  detritus  to  see  how  feeding  behavior  affected  stoichiometry. 


Methods:  Mosquitoes  were  reared  under  laboratory  conditions  with  access  to  eight  different 
types  of  plant  and  animal  detritus  manipulated  via  the  use  of  mesh.  Once  adults  eclosed,  they 
were  sexed,  dried,  weighed,  and  analyzed  for  whole  body  carbon  and  nitrogen  levels,  mass, 
development  time,  and  survivorship  across  treatments. 

Results/Conclusions:  Culex  quinquefasciatus  exhibited  the  same  C:N  across  all  combinations  of 
detritus  and  didn’t  vary  with  or  without  access  to  detritus  (homeostasis).  However,  Ae. 
albopictus  showed  an  overall  greater  C:N  in  comparison  to  Cx.  quinquefasciatus ,  but  restricting 
larval  access  to  detritus  affected  their  survival  and  C:N  values  (hetero static).  Detrital  type  and 
access  seem  to  be  significant  factors  in  larval  survival  for  both  species,  and  in  the  C:N  of  Ae. 
albopictus ,  which  gives  us  an  elemental  understanding  of  the  success  of  these  species. 
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Abstract  text: 

Introduction:  Ixodid  ticks  transmit  several  pathogens  to  humans  and  cause  infectious  diseases 
such  as  Japanese  spotted  fever  and  Lyme  diseases  in  Japan.  To  assess  the  risks  of  tick-borne 
diseases,  we  aimed  to  understand  their  behavior  and  life  cycle  in  Japan,  especially  about  their 
host-feeding  habits. 

Methods:  We  investigated  the  tick  fauna  by  flagging  at  two  sites,  grasslands  and  woodlands,  in 
Atsugi  City,  Kanagawa  Prefecture,  Japan,  during  2013-2015.  To  understand  each  animal  fauna, 
we  set  camera  traps  and  took  pictures  of  wild  animals  in  2015.  Additionally,  we  identified  the 
bloodmeal  hosts  of  the  collected  ticks  by  reverse  line  blot  (RLB)  assay  using  specific  probes  for 
vertebrate  mitochondrial  12S  rDNA. 

Results/Conclusions:  The  ixodid  ticks  collected  were  identified  as  5  species  in  2  genera 
( Amblyomma  testudinarium ,  Haemaphysalis  flava ,  H.  kitaokai ,  H.  longicornis ,  and  H. 
megaspinosa).  The  tick  species  compositions  were  markedly  different  between  the  grassland  and 
the  woodland,  despite  the  proximity  of  the  sites.  Camera  traps  captured  similar  animal  species  at 
the  two  sites,  including  Cervus  nippon,  Nyctereutes  procyonoides ,  and  Sus  scrofa.  However,  the 
animal  species  compositions  were  different,  and  the  animals  were  more  abundant  in  the 
woodland.  These  results  suggested  that  environmental  factors,  such  as  vegetation  and  animal 
fauna,  may  contribute  to  the  distribution  of  ixodid  ticks.  Furthermore,  the  RLB  assay  so  far 
identified  Cervus  nippon ,  Mus  musculus ,  and  Procyon  lotor  as  host  species  of  H.  longicornis. 

We  will  also  report  similar  research  in  another  prefecture  to  examine  whether  the  ixodid  ticks’ 
bloodmeal  hosts  differ  depending  on  the  area. 
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Abstract  text: 

Introduction:  The  Gulf  Coast  tick  ( Amblyomma  maculatum)  is  a  competent  vector  of  Rickettsia 
parkeri.  Ticks  possess  the  unique  ability  to  ingest  huge  blood  meals,  which  require  anti-oxidative 
mechanisms  against  blood  meal  derived  oxidative  stress.  We  hypothesized  that  R.  parkeri 
manipulates  the  tick’s  superoxide  dismutases  in  a  manner  that  benefits  the  bacteria’s  survival 
within  the  tick  vector. 

Methods:  A  qRT-PCR  assay  demonstrates  that  the  upregulation  of  tick  superoxide  dismutase 
gene  expression  in  R.  parkeri  infected  tick  salivary  glands.  An  RNAi-mediated  gene  silencing 
approach  was  used  to  assess  the  functional  role  of  superoxide  dismutase  in  R.  parkeri  survival  in 
tick  vector.  Total  microbial  load,  rickettsial  load,  and  compensatory  mechanisms  were  assessed 
with  qRT-PCR.  Superoxide  dismutase  enzymatic  activity  and  malondialdehyde  (MDA)  lipid 
peroxidation  were  used  to  assess  the  redox  states. 

Results/Conclusion:  Knockdown  of  one  SOD  isozyme  led  to  the  upregulation  of  the  other  SOD 
isozyme.  Successful  knockdown  of  SOD  genes  led  to  an  increase  in  malondialdehyde  (MDA) 
lipid  peroxidation.  Mn-SOD  knockdown  caused  microbial  overgrowth,  whereas  Cu/Zn-SOD 
depletions  caused  an  increase  in  the  midgut  microbial  load  and  decreases  in  the  salivary  glands. 
Cu/Zn-SOD  depletion  led  to  a  decreased  rickettsial  load  in  both  midgut  tissues  and  salivary 
glands.  SOD  plays  a  functional  role  not  only  in  the  regulation  of  microbial  communities,  but  also 
as  a  defense  mechanism  from  damage  caused  by  reactive  oxygen  species  (ROS)  within  the  tick. 
Knockdown  of  SOD  increased  total  oxidative  stress  in  ticks  and  shows  the  interplay  between 
multiple  SOD  isozymes,  resulting  in  the  transcriptional  upregulation  of  the  other  isozyme. 
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Abstract  text: 


Introduction:  Ticks  are  obligate  hematophagous  arthropods,  and  as  vectors  of  disease  agents, 
they  are  second  only  to  mosquitoes  in  medical  importance. 

Methods:  To  investigate  the  risk  of  acquiring  tick-borne  illnesses  in  eastern  central  Alabama, 
ticks  were  sampled  across  8  sites  by  flagging  to  determine  tick  diversity,  questing  density,  and 
pathogen  prevalence.  Sampling  effort  focused  on  deciduous  hardwood  forests  and  resulted  in  the 
collection  of  7  tick  species,  of  which  97.71%  were  a  single  species,  the  lone  star  tick 
( Amblyomma  americanum).  Given  this  species’  association  with  ehrlichiosis,  a  multiplex 
quantitative  PCR  assay  was  used  to  screen  DNA  samples  from  ticks  for  5  bacterial  species 
( Ehrlichia  chaffeensis ,  E.  ewingii ,  Panola  Mountain  Ehrlichia ,  Rickettsia  amblyommii ,  R. 
parkeri). 

Results/Conclusion:  Ehrlichia  chaffeensis  and/or  E.  ewingii ,  the  causative  agents  of  ehrlichiosis, 
were  found  at  half  of  the  locations,  but  only  0.39%  of  all  lone  star  ticks  were  infected.  The 
highest  infection  rate  at  any  location  was  1%.  In  contrast,  R.  amblyommii ,  a  tick  endosymbiont 
with  no  known  public  health  significance,  was  found  in  46.33%  of  the  1,119  lone  star  ticks 
tested.  None  of  the  specimens  tested  positive  for  Panola  Mountain  Ehrlichia  or  R.  parkeri. 
Despite  the  low  infection  rate  of  Ehrlichia  spp.  in  lone  star  ticks,  high  encounter  rates  with  this 
species  in  deciduous  woodlands  of  the  region  suggest  that  there  is  a  moderate  risk  of  acquiring 
ehrlichiosis  in  these  habitats.  To  delineate  potential  ecological  determinants  of  questing  density, 
and  hence  disease  risk,  microclimate  variation  and  host  density  at  a  single  site  were  investigated 
further. 
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Introduction:  Adult  house  flies,  Musca  domestica  L.,  are  associated  with  animal  manure  and 
other  microbe-rich  substrates.  Consequently,  both  sexes  can  acquire  and  potentially  disseminate 
pathogenic  bacteria  to  surrounding  environments,  including  residential  areas,  via  contaminated 
body  parts  and/or  excreta.  We  hypothesized  that  because  of  oviposition,  females  contact  manure 
sites  more  frequently  than  males  and  subsequently  would  carry  higher  bacterial  loads  than  males. 
Therefore,  we  examined  bacterial  acquisition  from  manure  in  both  sexes  of  house  flies  over  time 
and  determined  whether  bacterial  load  differed  when  an  additional  sugar  source  was  present. 

Methods:  Mated  7-9  d  old  male  or  female  adults  (n  =  25  each,  4  replicates)  were  exposed  to  (1) 
autoclaved  manure  inoculated  with  either  GFP-expressing  Escherichia  coli  or  Salmonella 
Typhimurium  (105  CFU/g)  or  (2)  autoclaved  manure  (inoculated  with  bacteria,  as  above)  and  a 
droplet  (60  pi)  of  10%  sucrose.  Over  24  h,  the  abundance  of  bacteria  in  manure  and  flies  was 
assessed  by  culture. 

Results/Conclusion:  In  the  first  study,  bacterial  abundance  in  both  sexes  increased  over  time 
irrespective  of  bacterial  species  present  (P  <  0.037).  However,  in  the  second  study,  abundance  of 
S.  Typhimurium  increased  significantly  over  time  in  males  and  females  ( P  <  0.0001),  while  that 
of  E.  coli  did  not  (P  >  0.05).  Moreover,  females  had  higher  bacterial  loads  than  males  in  both 
studies  (P  <  0.019).  A  better  understanding  of  the  potential  of  house  flies  to  acquire  and  harbor 
bacteria  from  manure  over  time  is  important  to  inform  fly  management  strategies  on  farms. 
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Abstract  text: 

Introduction:  The  family  Thaumaleidae,  also  known  as  seepage  midges,  is  an  uncommonly 
encountered,  understudied  family  of  aquatic  Diptera  compared  to  its  sister  group,  the  Simuliidae. 
The  goal  of  this  project  was  to  assess  species  diversity  of  the  Nearctic  Thaumaleidae  and 
determine  relationships  among  them.  The  western  Nearctic  fauna  of  Androprosopa  Mik  is 
revised  to  include  28  species,  6  of  which  are  described  as  new  to  science. 

Methods:  Molecular  phylogenetic  analyses  were  conducted  to  determine  relationships  between 
eastern  and  western  Nearctic  Androprosopa  species  and  between  the  more  structurally 
heterogeneous  western  species.  Molecular  sequence  data  from  2  nuclear  protein-coding  genes, 
Big  Zinc  Finger  and  Molybdenum  Cofactor  Sulfurase  were  acquired  using  the  polymerase  chain 
reaction  and  Sanger  sequencing  methods.  Analyses  using  maximum  parsimony,  maximum 
likelihood  and  Bayesian  inference  methods  were  conducted. 

Results/Conclusion:  Resulting  phylogenies  supported  monophyly  of  the  western  Nearctic 
species;  however,  relationships  between  the  western  and  eastern  species  were  unresolved,  as 
were  the  relationships  between  the  eastern  Nearctic,  western  Nearctic,  and  Palearctic  species. 
Based  upon  both  structural  and  molecular  data,  6  new  species  groups  within  the  western  Nearctic 
fauna  are  proposed. 
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Abstract  text: 

Introduction:  With  over  10,000  described  species,  Empidoidea  Latreille,  1809  is  one  of  the 
largest  groups  in  the  order  Diptera.  Previous  studies  on  the  classification  and  phylogeny  of  the 
Empidoidea  have  been  based  on  morphological  characters,  several  taxa  have  been  placed 
incertae  sedis,  and  many  evolutionary  questions  remain  unanswered.  To  date  no  stable 
classification  using  comprehensive  molecular  data  exists. 

Methods:  We  use  established  methods  to  test  the  support  for  the  monophyly  of  families  and 
subgroups,  and  characters  in  previously  published  hypotheses  will  be  re-evaluated.  Using 
molecular  data,  we  build  upon  the  rigorous  morphological  work  carried  out  by  other  authors,  and 
will  provide  increased  resolution  to  the  understanding  of  Empidoidea  evolution.  There  are 
presently  several  thousand  individuals  of  Empidoidea  from  the  Swedish  Malaise  Trap  Project 
sampled  from  nearly  50  localities  in  Sweden  and  samples  from  outside  Scandinavia  are  available 
from  several  expeditions.  The  availability  of  relevant  material  is  extremely  high,  and  additional 
sampling  is  restricted  to  previously  uncovered  habitats  and  taxa.  All  subfamilies  and  tribes  are 
represented  as  well  as  incertae  sedis  taxa.  A  minimum  of  four  genes  will  be  used  in  our  analysis, 
and  the  COI  gene  is  used  for  DNA  barcoding.  Bayesian  and  maximum  likelihood  analyses  are 
used  to  infer  evolutionary  models. 

Results/Conclusion:  The  revision  of  the  systematics  of  the  Empidoidea  will  provide  a  fundament 
to  further  taxonomic  studies,  production  of  updated  determination  keys,  provide  new  insights 
regarding  the  phylogeny  of  the  superfamily  and  each  subgroup  and  important  data  for  ecological 
studies  on  the  groups  as  well  as  biological  networks. 
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Abstract  text: 

Introduction:  Genetically  modified  organisms  are  crucial  for  our  understanding  of  gene 
regulatory  networks,  physiological  processes  and  ontogeny.  Whereas  modern  molecular  genetic 
techniques  allow  the  rapid  generation  of  vast  quantities  of  Drosophila  melanogaster  mutants,  in- 
depth  morphological  studies  are  time-consuming  and,  therefore,  often  fail  to  materialize  or  are 
restricted  to  the  outer  appearance.  However,  investigations  of  the  anatomy  of  such  mutants  can 
reveal  further  information  about  the  role  of  certain  genes  in  developmental  processes  and  might 
point  out  which  parts  of  gene  regulatory  networks  had  to  undergo  changes  in  order  for 
morphological  structures  to  evolve.  The  wingless  mutation  wg1  of  Drosophila  melanogaster  was 
discovered  more  than  forty  years  ago.  While  early  studies  addressed  the  external  phenotype  of 
these  mutants  in  detail,  data  about  their  internal  organization  was  restricted  to  the  prominent 
indirect  flight  muscles. 

Methods:  We  used  modern  morphological  techniques  such  as  confocal  laser  scanning 
microscopy  and  3D  reconstruction  to  study  and  document  the  skeletomuscular  system  of  the 
mutant  pterothorax. 

Results/Conclusion:  The  mutation  is  phenotypically  characterized  by  the  absence  of  one  or  both 
wings  and  halteres.  The  wing  is  partly  or  entirely  replaced  by  duplications  of  mesonotal 
structures,  whereas  the  haltere  and  its  associated  muscles  are  completely  absent.  Both  the  direct 
and  indirect  flight  muscles  of  the  mesothorax  are  affected  by  loss  and  reorientation  of  muscle 
fibers.  Our  observations  lead  to  the  conclusion  that  the  wingless  mutation  has  a  direct  effect  on 
the  development  of  skeletal  structures,  which  generates  an  indirect  effect  on  the  associated 
muscular  system. 
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Introduction:  Flies  in  the  genus  Rhagoletis  (Diptera:  Tephritidae)  are  economically  important 
fruit  pests,  which  serve  as  models  for  studying  modes  of  speciation  and  coevolutionary 
relationships  with  their  hymenopteran  parasitoids.  The  phylogenetic  relationships  of  Nearctic 
Rhagoletis  species  remain  unresolved  despite  analyses  based  on  morphology,  allozymes,  and 
mitochondrial  DNA.  Most  Nearctic  Rhagoletis  belong  to  one  of  5  species  groups  (pomonella , 
tabellaria ,  cingulata ,  suavis ,  and  ribicola  groups),  with  2  unplaced  species  ( R .  fausta  and  R. 
juniperina). 

Methods:  The  main  objectives  of  this  study  were  to  circumscribe  the  monophyletic  group 
containing  these  Nearctic  species  and  to  resolve  their  phylogenetic  relationships  using  a 
multilocus  phylogeny  based  on  mitochondrial  (COI)  and  nuclear  (28 S,  CAD,  period)  DNA 
sequences. 

Results/Conclusion:  Bayesian  analysis  of  a  combined  dataset  with  3,814  aligned  nucleotides 
identified  a  well  supported  monophyletic  group  containing  the  5  Nearctic  Rhagoletis  species 
groups,  plus  R.  fausta ,  R.  juniperina ,  and  two  Palearctic  species,  R.  batava  and  R. 
flavigenualis .  Within  this  larger  monophyletic  assemblage,  the  5  Nearctic  species  groups 
together  are  monophyletic  as  are  4  of  the  5  individual  species  groups  (not  ribicola).  The 
pomonella  and  tabellaria  species  groups  are  sister  taxa,  as  are  the  suavis  and  cingulata  groups. 
To  better  resolve  species  relationships,  future  work  will  incorporate  data  from  additional  nuclear 
loci.  We  will  also  incorporate  additional  Palearctic  taxa  related  to  R.  batava  and  R. 
flavigenualis.  A  well-resolved  phylogeny  of  Rhagoletis  will  provide  a  valuable  tool  for  future 
work  addressing  questions  pertaining  to  how  history,  geography  and  ecology  have  shaped  the 
phylogenetic  patterns  we  observe  in  the  genus. 
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Introduction:  Highly  polyphagous  agricultural  pests  are  unusual,  in  that  they  can  overcome  the 
defence  mechanisms  of  plants  of  many  different  plant  families  that  they  colonise.  The  green 
peach  aphid  (GPA),  Myzus  persicae  (Aphididae),  and  the  silverleaf  whitefly,  Bemisia 
tabaci  (Aleyrodidae),  are  part  of  this  unusual  group.  Both  of  these  insect  species  are  important 
crop  pests  that  are  able  to  colonize  and  feed  on  over  40  different  families  each  and  cause 
economic  devastation  during  an  invasion.  Previous  studies  have  provided  evidence  that  the 
plasticity  of  GPA  is,  at  least  partly,  due  to  its  ability  to  suppress  plant  defence  mechanisms  via 
effector  proteins  (small  secreted  proteins  in  the  saliva  that  actively  suppress  the  plants  defence 
responses). 

Methods:  Comparative  genome  analysis  of  GPA  and  Silverleaf  whitefly  with  other 
(polyphagous)  insect  species  may  result  in  the  identification  of  processes  involved  in  polyphagy. 
The  genome  of  GPA  has  recently  been  sequenced  by  our  research  group. 

Results/Conclusion:  Analysis  of  this  genome  has  been  conducted  with  the  aim  of  identifying  key 
potential  effector  proteins.  These  data,  along  with  transcriptome  data  of  B.  tabaci  and  other  sap¬ 
feeding  insects  of  the  order  Hemiptera,  were  explored  to  identify  conserved  (candidate)  effector 
proteins. 
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Introduction:  Poecilotoma  Dallas,  1851  is  an  Australian  genus  of  Pentatomidae  (Pentatominae: 
Caropocorini),  that  currently  comprises  4  valid  species.  This  genus  is  very  distinguishable  in  its 
general  aspect  with  several  ivory  ridges  on  the  dorsum,  a  sulcate  mesosternum,  and  having 
only  4  antennal  segments.  Because  of  this,  it  has  been  placed  close  to  the  South  American  genus 
Thestral  Faundez  &  Rider,  2014.  This  genus  is  relatively  well  known  throughout  most  of 
Australia,  but  there  is  some  confusion  concerning  the  species  from  Western  Australia. 

Results/Conclusion:  With  the  examination  of  new  material,  we  conclude  that  there  are  three 
species  of  this  genus  that  occur  in  Western  Australia,  P.  grandicornis  (Erichson),  P.  perconfusa 
Gross  and  an  undescribed  species.  Additionally,  P.  callosa  Gross  and  P.  scutellata  (Van  Duzee) 
are  not  distributed  in  Western  Australia.  Diagnoses  and  a  key  are  provided  for  the  species  of  the 
genus  in  the  area. 
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Introduction:  Whiteflies  (Hemiptera:  Aleyrodidae)  are  major  pests  of  many  crops  worldwide. 

The  glasshouse  whitefly,  T.  vaporariorum,  is  an  invasive  pest  brought  to  Europe  (U.K.)  on 
Orchidaceae  from  Mexico  prior  to  1856.  Until  recently,  population  genetic  structure  and  the 
symbionts  have  been  studied  in  only  a  few  whitefly  species,  and  little  is  known  about  population 
genetic  structure  in  T.  vaporariorum  in  the  U.K. 

Methods:  The  objectives  of  this  study  were  to  investigate  the  population  genetic  characteristics 
of  this  species  and  potential  invasion  routes,  and  to  identify  the  endosymbiotic  bacteria.  The 
genetic  diversity  and  population  structure  of  22  collections  of  T.  vaporariorum  from  12  locations 
throughout  the  U.K.  were  analysed  using  mitochondrial  DNA  CO  1  sequencing  and  9 
microsatellite  markers. 

Results/Conclusion:  The  mtCO  1  results  suggest  that  this  pest  has  a  uniform  population  genetic 
structure,  but  also  indicate  a  new  record  for  haplotype  3  in  U.K..  However,  the  microsatellite 
results  indicated  3  major  clusters  based  on  9  loci.  The  preliminary  investigation  of  symbiotic 
bacteria  showed  that  T.  vaporariorum  harbours  at  least  one  primary  and  one  secondary 
endosymbiont.  The  overall  aim  of  this  project  is  to  provide  the  first  extensive  genetic  data  on 
population  structure  of  T.  vaporariorum  and  their  obligate  and  facultative  endosymbionts  in  the 
U.K.  This  will  improve  our  understanding  of  gene  flow  in  this  species  and  support  the 
development  of  management  strategies. 
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Introduction:  The  genus  Hermeuptychia  (Nymphalidae,  Satyrinae,  Euptychiina)  currently 
consists  of  10  recognised  species  with  an  extensive  distribution  from  the  southern  U.S.  to 
northern  Argentina.  Despite  most  species  being  relatively  common,  the  taxonomy  of  the  group 
has  been  particularly  challenging  because  these  butterflies  show  high  intraspecific  variability  in 
wing  patterns  and  otherwise  possess  very  similar  external  morphologies.  In  addition,  relevant 
type  specimens  are  often  old,  missing  or  damaged,  making  it  difficult  to  re-examine  diagnostic 
characters.  Recent  studies  using  DNA  sequence  data  have  shown  that  the  true  species  diversity 
of  Hermeuptychia  is  seriously  underestimated,  even  in  the  U.S.  The  situation  in  Neotropical 
countries,  such  as  Ecuador,  one  of  the  world's  3  most  diverse  countries,  is  obviously  even  more 
complex. 

Methods:  Exploring  the  degree  of  divergence  in  mitochondrial  COI  sequences  allows  us 
to  broadly  survey  diversity  and  identify  distinct  ‘genetic  species-  groups’  for  further 
investigation  of  morphological  differences  and  studies  of  reproductive  compatibility.  Here  we 
present  a  preliminary  phylogeny  for  Ecuadorian  Hermeuptychia  based  on  over  200  specimens 
from  numerous  localities.  Species  delimitation  is  performed  using  two  coalescent-based 
methods,  generalized  mixed  Yule  coalescent  (GMYC)  and  Poison  tree  process  (PTP). 

Results/Conclusion:  Our  dataset  suggests  the  existence  of  at  least  16  Hermeuptychia  species  in 
Ecuador,  of  which  several  are  potentially  new  to  science. 
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Introduction:  Fruit-piercing  moths  in  the  genus  Eudocima  are  distinctive  due  to  their  bright 
coloration  and  significant  pest  status.  There  are  at  least  44  Eudocima  species,  which  are 


cosmopolitan,  and  can  be  found  throughout  the  New  World  tropics,  Asia,  Africa  and  Australasia; 
they  have  been  noted  as  severely  damaging  pests  in  these  regions  as  early  as  1869.  Many 
consider  the  current  Eudocima  classification  as  artificial,  and  there  are  many  suspected  species 
complexes.  Despite  this,  no  comprehensive  phylogeny  or  revision  of  the  genus  exists. 

Methods:  In  this  study,  a  preliminary  phylogenetic  analysis  of  Eudocima  (Lepidoptera:  Erebidae: 
Calpinae)  is  conducted  using  morphological  characters.  A  morphological  data  matrix  with 
approximately  46  characters  is  compiled  for  35  taxa.  The  resulting  data  matrix  is  analyzed  using 
maximum  likelihood  in  conjunction  with  parsimony. 

Results/Conclusion:  Results  from  the  analysis  based  on  morphological  data  suggest  Eudocima  is 
paraphyletic,  with  several  strongly  supported  clades  found  within  the  genus.  These  results 
support  the  conclusion  that  a  more  natural  grouping  of  the  nominal  taxon  Eudocima  would  be 
achieved  by  the  designation  of  new  genera,  which  take  into  account  the  phylogenetic 
relationships  eulicidated  in  this  study. 
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Introduction:  The  family  Onychiuridae  comprises  of  633  species  in  55  genera  worldwide.  As  far 
as  the  Korean  Onychiuridae  is  concerned,  however,  it  has  been  poorly  investigated.  Only  18 
described  species  in  10  genera  were  known  to  occur  in  the  Korean  peninsula.  The  family 
Onychiuridae  is  distinguished  from  other  families  of  Poduromorpha  Collembola  by  presence  of 
pseudocelli  and  absence  the  eyes.  The  most  Onychirudiae  are  small,  blind  and  poorly  pigmented 
euedaphic  Collembola.  They  have  lost  jumping  ortan,  tenaculum  and  furca,  although  traces  of 
furca  are  present  some  species. 


Methods:  In  this  study,  microscopic  photographs  of  habitus  and  morphorogical  structure  of  the 
new  species  are  presented  with  a  key  to  the  Korean  sepcies. 
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Introduction:  The  tribe  Brontini  Erichson  historically  has  included  3  genera,  and  recently  10  new 
genera  were  added  by  Thomas  (2004,  2011).  The  brontine  genus  Macrohyliota  Thomas  is 
composed  of  6  species  and  distributed  in  Asia  and  Australia.  They  are  found  from  under  bark  of 
dead  trees  and  fungivorous  (Thomas  2002).  This  genus  possesses  enclustation  on  the  body,  stout 
mandibular  horns  in  the  males  and  a  tooth  on  the  mesotibia;  however,  there  are  some  exceptions 
not  having  one  or  2  of  the  characters.  Especially,  2  Australian  species,  M.  bicolor  (Arrow)  and 
M.  militaris  (Erichson),  are  peculiar  because  of  lack  of  enclustation  and  male  mandibular  horns 
and  presence  of  long  pubescence  on  the  body,  although  M.  bicolor  was  thought  to  be  very  close 
to  M.  lucius  (Pascoe)  (Thomas  2004).  However,  these  species  share  many  morphological 
characters  with  species  of  genus  Australohyliota  Thomas.  In  most  of  the  species,  important 
detailed  morphologies  such  as  genital  structures  were  not  described. 

Methods:  In  this  study,  the  Macrohyliota  species  are  taxonomically  revised,  and  we  provide  an 
insight  of  the  relationship  between  Macrohyliota  and  Australohyliota. 

Results/Conclusion:  As  a  result,  we  confirm  12  species  including  6  new  species  and  reveal  that 
the  following  characters  are  useful  taxonomic  characters:  microsculptures  on  head  and  pronotum, 
size  of  eyes,  position  and  shape  of  a  tooth  on  the  mesotibia,  and  male  genital  structures.  We  also 
describe  the  larval  and  pupal  morphologies  of  Macrohyliota  for  the  first  time  and  compare  the 
larval  morphologies  with  those  of  Australohyliota  chilensis  (Blanchard)  described  by  Cekalovic 
&  Quezada  (1972). 
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Introduction:  The  charismatic  species  of  the  genus  Edrotes  are  restricted  to  dune  systems  across 
the  southwestern  United  States. 

Methods:  Evolutionary  relationships  of  the  species  were  reconstructed  using  partial  sequences 
from  mitochondrial  and  nuclear  ribosomal  DNA  in  conjunction  with  phenotypic  characters. 

Results/Conclusion:  A  preliminary  phylogenetic  analysis  of  Edrotes  is  presented,  and  the 
biogeography  of  the  genus  and  relationships  with  other  Edrotini  are  discussed. 
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Introduction:  Mesoamerica  is  one  of  the  main  hotspots  of  biodiversity  in  the  world,  having 
extraordinary  species  richness  and  endemism.  Endemism  in  the  area  is  highly  associated  with 
organisms  distributed  in  high  altitudes.  An  understanding  of  the  historical  biogeography  and 
evolution  of  endemic  taxa  in  Mesoamerica  is  necessary  to  develop  better  strategies  for  the  use 
and  protection  of  natural  resources  in  this  region.  With  well-known  biogeographic  patterns,  bess 
beetles  in  the  tribe  Proculini  are  an  ideal  model  taxon  for  studying  such  patterns. 

Methods:  This  research  aims  to  reconstruct  the  phylogeny  of  the  tribe  Proculini  using  DNA 
sequence  data  in  order  to  understand  the  interrelationships  of  proculine  genera  and  the 
evolutionary  history  of  the  montane  distributed,  and  often  highly  endemic  taxa,  within  these 
genera.  This  information  will  help  clarify  taxonomic  issues  in  Proculini,  address  the  geographical 
and  temporal  origins  of  the  tribe,  and  will  provide  a  framework  for  forming  and  testing 
hypotheses  relating  to  the  geographic  origins  and  evolutionary  history  of  the  tribe  in 
Mesoamerica,  including  temporal  and  geographic  patterns  of  diversification  of  supra-specific 
taxa  in  the  tribe  (e.g.,  vicariance  vs  dispersal,  Pleistocene  or  Pliocene  origins  vs  much  deeper 
ones). 
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Introduction:  Sibling  species  are  closely  related  species,  of  which  identification  is  usually 
difficult  due  to  their  morphological  similarity.  Most  cuckoo  wasps  of  the  Chrysis  ignita  group 
found  in  Northern  Europe  represent  an  example  of  such  sibling  species. 

Methods:  The  objective  of  our  study  was  to  find  and  assess  molecular,  morphological  and 
trophic  differences  of  16  sympatric  species  of  this  complex.  To  achieve  it,  297  specimens  were 
identified  using  the  molecular  COl  "barcode."  Discrete  diagnostic  characters  of  each  species’ 
sequence  were  retrieved,  and  a  molecular  identification  key  was  compiled.  For  reconstruction  of 
phylogeny,  40  specimens  were  used  to  obtain  a  5,360  bp-long  sequence  of  mtDNA  including 
genes  COl,  C02,  ATP8,  ATP6,  C03,  ND3  and  a  part  of  CytB,  and  a  3,980  bp-long  sequence  of 
nuclear  DNA  covering  a  part  of  18S  rRNA,  ITS1,  5.8S  rRNA,  ITS2  and  a  part  of  28S  rRNA 
gene. 

Results/Conclusion:  The  analysis  revealed  a  higher  evolutionary  rate  of  the  genes  ATP8,  ATP6, 
C03,  ND3  and  CytB,  in  comparison  to  COl  and  the  nuclear  genes.  We  assessed  the 
morphometric  similarity  of  the  species  and  compiled  a  key  applying  discriminant  equations  for 
species  separation.  The  species  with  known  trophic  links  were  specialists,  demonstrating 
preference  of  a  single  or  a  few  related  host  species.  In  most  cases,  the  molecular,  morphometric 
and  trophic  niche  differentiation  methods  supported  distinct  status  of  the  studied  species. 
Furthermore,  two  clades  of  the  C.  ignita  complex  were  described  as  new  species,  C.  horridula 
sp.  n.  and  C.  parietis  sp.  n. 
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Introduction:  The  genera  Pristiceros  Gravenhorst,  1829  and  Pristicerops  Heinrich,  1961 
belonging  to  Platylabini,  Ichneumoninae  are  known  from  5  and  7  species,  respectively,  from  the 
Holarctic  and  the  Oriental  Regions  (Yu  et  al.  2012).  These  two  genera  can  be  distinguished  from 
other  genera  of  Platylabini  by  the  combination  of  slightly  to  clearly  serrated  male  flagellum  and 
developed  costula  on  propodeum.  Though  Townes  et  al.  (1965)  synonymized  Pristicerops  with 
Pristiceros ,  Heinrich  (1974)  and  some  subsequent  authors  (Rasnitsyn  &  Siytan  1981;  Tereshkin 
2009;  Riedel  2011)  argued  that  Pristicerops  could  be  distinguished  from  Pristiceros  by  the 
following  combination  of  characters;  male  flagellum  semi-serrate  (not  clearly  serrated),  and 
thyridium  clearly  narrower  than  their  interval  in  both  sexes. 

Results/Conclusion:  As  a  result  of  our  revision  of  the  Japanese  species  of  Pristiceros  and 
Pristicerops ,  we  recognized  10  species  including  8  undescribed  species.  Among  these  Japanese 
species,  we  found  some  species  with  distinctly  serrate  male  flagellum  and  distinctly  narrow 
thyridium.  Thus,  we  accept  the  Townes'  opinion  on  the  synonymy  of  Pristicerops. 
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Introduction:  The  Tribe  Teleasini  Ashmead,  1893  includes  9  genera  and  about  500  species 
(Johnson,  2016)  and  is  distributed  in  all  zoogeographical  regions  except  Antarctic  region 
(Johnson,  1992).  In  Japan,  3  genera,  Teleas  Latreille,  1809;  Trisacantha  Ashmead,  1887; 
Trimorus  Forster,  1856  and  9  species  have  been  recorded  (Masner,  1976;  Miyazaki  et  Hirashima, 
1979;  Kononova  et  Kozlov,  2001;  Yamagishi,  2004).  However,  no  species  information  was 
provided  on  Teleas  and  Trisacantha.  Also,  Miyazaki  et  Hirashima  (1979)  indicated  that  Japanese 
Trimorus  includes  many  undescribed  species. 

Methods:  In  this  study,  we  taxonomically  revise  the  Japanese  taxa  of  Teleasini  based  on 
specimens  deposited  in  following  Japanese  institutions:  Entomological  Laboratory  of  Kyushu 
University;  Entomological  Laboratory  of  Meijo  University;  Ehime  University  Museum. 

Results/Conclusion:  As  a  result,  3  genera  and  more  than  19  species  are  recorded  from  Japan.  In 
Teleas ,  3  species,  namely  T.  strigatus  Kozlov,  1965,  T.  sulcatus  (Kozlov,  1961)  and  T. 
tridentatus  (Kozlov,  1961)  were  recognized.  In  Ceratoteleas  Kozlov,  1965,  one  undescribed 
species  was  recognized.  This  genus  is  known  only  by  the  female,  but  the  Japanese  species 
includes  males,  which  were  previously  reported  as  Japanese  Trisacantha.  In  total,  15  species  of 
Trimorus  were  recognized,  which  include  9  described  and  6  undescribed  species.  One 
undescribed  species  is  considered  to  be  a  member  of  the  subgenus  Neotrimorus  Rajmohana  et 
Narendran,  1997,  which  is  distributed  in  the  Indian  subcontinent  and  Andaman  Islands.  Also,  3 
undescribed  brachypterous  Trimorus  were  collected  from  Japan.  One  of  these  species  has 
reduced  eyes,  which  is  considered  to  be  an  adaptation  of  cryptic  habitat. 
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Introduction:  In  the  silkworm,  Bombyx  mori ,  apoptosis  is  the  principal  mechanism  for  dynamic 
remodeling  of  the  body  structure  during  metamorphosis.  Apoptosis  mainly  occurs  during  the 
pupal  developmental  period,  during  which  the  restructuring  results  in  the  adult  body.  We  have 
already  shown  that  B.  mori  superoxide  dismutases  (BmSODs)  1  and  2  are  crucial  for  resistance 
to  oxidative  stress  in  B.  mori&mmg  pupation.  Microarray  analysis  showed  that  the  expression  of 
BmSODl  and  BmSOD2  is  affected  by  fluctuations  in  the  insulin  signaling  pathway.  In  this 
study,  we  aimed  to  identify  the  biological  factor  that  controls  the  expression  of  both  BmSODs 
during  pupation. 

Methods:  To  identify  the  factor  that  controls  BmSODs  expression,  we  focused  on  20- 
hydroxyecdysone  (20-HE),  because  we  found  that  the  hemolymph  concentration  of  20-HE 
correlated  with  the  BmSODs  expression  patterns  during  this  period.  In  addition,  the  insulin 
signaling  pathway  related  genes  are  upregulated  by  treatment  with  20-HE.  Thus,  20-HE  was 
injected  into  the  larvae  on  day  3  of  the  5th  instar  stage,  and  we  evaluated  the  expression  levels  of 
BmSODs  as  well  as  their  mRNAs. 

Results/Conclusion:  The  expression  levels  of  BmSODl  and  BmSOD2  protein  were  decreased 
after  injecting  20-HE.  In  contrast,  the  expression  levels  of  BmSODl  and  BmSOD2  mRNA  were 
not  influenced  by  20-HE.  Therefore,  20-HE  possibly  regulates  the  expressions  of  BmSODl  and 
BmSOD2  indirectly  in  the  translating  phase.  These  results  suggest  that  BmSODl  and  BmSOD2 
might  play  a  role  during  pupation  as  the  initiator  of  metamorphosis  in  B.  mori. 
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Introduction:  Juvenile  hormones  (JHs)  are  sesquiterpenoids  functioning  in  various  aspects 
including  development,  reproduction,  and  polyphenism  in  insects.  JHs  are  mainly  produced  in 
the  corpora  allata  (CA)  from  acethyl-CoA  (and  propyonyl-CoA  in  lepidpteran  insects)  through 
two  phases  of  biosynthetic  pathways,  the  early  mevalonate  pathway  and  the  late  JH-branching 
pathway.  These  two  phases  include  8  and  5  enzymatic  steps,  respectively.  Although  all  the 
corresponding  genes  have  been  identified  in  the  mosquito,  Aedes  aegypti ,  the  enzyme  genes 
responsible  for  the  convertion  of  farnesyl  pyrophosphate  to  farnesoic  acid  remain  unknown  in 
other  species  including  the  silkworm,  Bombyx  mori. 

Methods:  To  identify  the  novel  genes  related  to  JH  biosynthesis,  we  searched  for  the  genes 
whose  expression  is  high  and  biased  in  the  complex  corpora  cardiaca  (CC)  and  CA  (CC-CA)  in 
B.  mori. 

Results/Conclusion:  As  a  result,  we  identified  20  genes  whose  expression  is  prominent  in  the 
CC-CA.  These  genes  included  7  known  JH-biosynthetic  genes.  They  also  included  a  homolog  of 
PTEN -like  phosphatase  (Plip)  of  Drosophila  melanogaster.  It  was  reported  that  Plip 
dephosphorylates  a  phosphatide,  phosphatidylinositol  5-phosphatase  (PI(5)P)  in  vitro. 
Phylogenetic  analysis  showed  that  Plip  have  one  to  one  orthologs  among  insect  species, 
suggesting  their  conserved  function  probably  in  JH  biosynthesis.  RT-PCR  analysis  showed  the 
expression  pattern  of  B.  mori  Plip  in  CC-CA  correlated  to  JH  fluctuation. 
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Introduction:  N-glycosylation  is  an  important  post-translational  modification  that  confers  various 
biological  activities,  structural  stability,  and  inter-molecular  interactions  to  proteins.  Baculovirus 
expression  system  is  widely  used  for  mass  production  of  recombinant  proteins,  because  insect 
cells  are  capable  of  transferring  N-glycans  to  recombinant  proteins  at  the  same  sites  as  those 
used  for  N-glycosylation  in  mammalian  cells.  While  mammalian  cells  produce  complex  type  N- 
glycans  containing  galactose  and  sialic  acid,  insect  cells  mostly  produce  paucimannosidic-type 
N-glycans.  One  of  reasons  for  this  difference  is  the  presence  of  a  highly  specific  N-glycan 
processing  beta-N-acetylglucosaminidase  (FDL)  in  insect  cells.  Furthermore,  insect  cells  may 
lack  several  enzymes  required  for  mammal  type  N-glycosylation.  Therefore,  much  effort  has 
been  expended  to  synthesize  mammalian-like  N-glycans  in  insect  cells  by  inhibiting  the  insect- 
type  N-glycosylation  pathway  and  introducing  the  mammalian  pathway. 

Methods:  In  this  work,  we  tried  to  change  N-glycan  structures  from  insect-type  to  human-type  in 
silkworm  cultured  cells  by  suppression  of  Bombyx  mori  FDF  (BmFDF),  and  introduction  some 
human  glycosyltransferases  to  provide  the  machinery  for  the  human-like  N-glycosylation 
pathway. 

Results/Conclusion:  As  a  result,  western  blotting  and  MAFDI-TOF  mass  spectrometry 
demonstrated  that  synergistic  effects  of  BmFDF  suppression  and  human  glycogenes  expression 
converted  the  paucimannosidic-type  N-glycans  of  the  recombinant  proteins  produced  by  BES 
into  the  complex-type  N-glycans.  At  present,  we  are  trying  to  increase  the  efficiency  of  human- 
type  N-glycosylation  in  silkworm  cultured  cells,  and  develop  other  methods  to  modify  N-glycans 
by  in  vitro  processing  with  purified  glycoenzymes  and  artificial  substrates. 
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Introduction:  In  the  yellow  fever  mosquito  Aedes  aegypti,  ingestion  of  blood  triggers  the  release 
of  the  neuropeptide  hormones  ovary  ecdysteroidogenic  hormone  (OEH)  and  insulin-like  peptides 
(ILPs)  from  the  brain.  OEH  and  ILPs  in  turn  stimulate  the  ovaries  to  produce  ecdysone,  which 
acts  on  the  fat  body  to  undergo  vitellogenesis,  the  production  of  egg-yolk  protein.  The 
mechanism  of  release  for  these  neuropeptide  hormones  critical  to  egg  development  remains 
unknown. 

Methods:  We  are  exploring  this  question  by  administering  artificial  blood  meals  to  Ae.  aegypti 
mosquitoes  to  determine  whether  nutrient  composition  of  the  blood  meal,  gut  distention,  or 
behavioral  cues  involved  in  host  location  and  feeding  are  the  primary  triggers  for  the  secretion  of 
OEH  and  ILPs. 

Results/Conclusion:  We  have  found  that  mosquitoes  fed  artificial  meals  of  protein  will  undergo 
vitellogenesis,  while  mosquitoes  fed  on  saline  alone  will  not,  contradicting  the  hypotheses  that 
gut  distention  or  behavioral  cues  mediate  release  of  OEH  and  ILPs.  Moreover,  artificial  meals 
containing  peptides  or  free  amino  acids  elicit  a  weaker  vitellogenic  reponse  from  Ae.  aegypti 
than  meals  containing  whole  protein.  These  findings  suggest  that  protein  breakdown  in  the  gut 
may  be  a  key  factor  for  initiation  of  vitellogenesis,  and,  thus,  indicate  a  possible  role  of  secretion 
of  digestive  enzymes  in  the  release  of  gonadotropic  neuropepide  hormones  in  the  anautogenous 
mosquito. 
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Introduction:  The  yellowfever  mosquito,  Aedes  aegypti ,  is  the  vector  for  the  arboviruses 
responsible  for  yellow,  chikungunya,  and  dengue  fever.  Acquisition  of  a  blood  meal  is  necessary 
for  both  the  virus  transmission  and  egg  production  by  females.  Following  a  blood  meal,  the 
ovaries  are  activated  by  neuropeptides  to  produce  the  steroid  hormone  ecdysone,  which  requires 
cholesterol  as  a  precursor.  Previous  work  has  shown  that  insects  lack  the  ability  to  produce 
cholesterol  de  novo  and  that  there  are  sufficient  sterol  reserves  in  the  ovaries  for  ecdysone 
production  following  activation  in  vitro. 

Methods:  Using  the  cholesterol  sterol  stain  filipin  and  the  sterol  manipulator  methyl-p- 
cyclodextrin,  we  examined  sterol  location  and  movement  in  the  mosquito  with  respect  to  blood 
feeding  and  ecdysteroidogenesis.  Additionally,  TopFluor  cholesterol  was  used  to  confirm  the 
sterol  distribution  in  the  mosquito. 

Results/Conclusion:  Here  we  demonstrate  that  the  steroidogenic  tissues  are  the  principle  site  of 
free  sterol  storage  in  the  mosquito,  and,  within  the  ovaries,  the  follicle  cells  and  nurse  cells 
possess  most  of  the  sterol  specific  signal  in  the  adult  female  mosquito. 
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Introduction:  Aedes  aegypti  transmits  several  viral  diseases  as  Dengue  and  Chikungunya,  and  its 
larvae  are  detritivourous,  ingesting  different  kinds  of  microorganisms.  In  spite  of  several  studies 
regarding  mosquito  digestive  physiology,  little  is  known  about  the  nutritional  utilization  of 
ingested  cells  in  the  larval  stage.  Our  objective  was  to  investigate  the  physiological  effects  of 
yeasts  as  the  sole  nutrient  source  for  A.  aegypti  larvae. 

Methods:  Larvae  were  fed  with  live  or  autoclaved  Saccharomyces  cerevisiae ,  and  larval 
weight,  duration  of  pupation,  adult  emergence,  and  larval  and  pupal  mortality  were  measured. 
Larval  tissues  were  dissected,  and  beta-l,3-glucanase  activities  were  measured.  Lytic  assays 
were  performed  on  both  S.  cerevisiae  and  larval  gut  homogenates  with  or  without  in  the 
competing  beta-l,3-glucanase  substrate  laminarin. 

Results/Conclusion:  A.  aegypti  larvae  fed  with  S.  cerevisiae  were  heavier  and  showed  complete 
development  with  mortality  rates  similar  to  controls.  A.  aegypti  larvae  showed  beta- 1,3- 
glucanase  in  all  tissues  tested.  Gut  activity  was  not  food-borne.  Gut  and  rest  of  body  activities 
were  not  affected  by  the  yeast  diet,  but  head  showed  a  lower  activity  in  animals  fed  with 
autoclaved  S.  cerevisiae.  Gut  homogenates  had  high  lytic  activity  against  yeast  cells,  this 
activity  being  abolished  by  excess  beta-l,3-glucan.  These  results  suggest  that  live  yeast  cells  are 
efficiently  ingested  and  hydrolyzed  by  A.  aegypti  larvae.  Beta-l,3-glucanase  seems  to  be  an 
essential  part  of  the  yeast  lytic  activity  of  A.  aegypti  larvae. 
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Introduction:  Ammonia  (NH3/NHU)  serves  as  an  important  nutrient  for  microorganisms  and 
plants,  but  the  production  of  ammonia  as  a  by-product  of  protein  breakdown  and  amino  acid 
deamination  is  toxic  to  animal  tissues.  Therefore,  detoxification  and  excretion  of  the  toxic 
ammonia  represents  a  physiological  challenge  in  animals.  Mosquitoes  have  been  the  focus  of 
recent  studies  on  ammonia  detoxification  and  excretion,  because  of  the  high  quantities  of 
ammonia  in  the  hemolymph  following  a  blood  meal  and  subsequent  digestion  of  protein.  The 
primary  vector  of  Zika,  Dengue  and  Chikungunya  viruses,  Aedes  aegypti,  is  unlike  most 
terrestrial  insects  in  that  it  lacks  a  functional  urea  cycle,  and  thus,  excretes  primarily  ammonia  in 
the  feces.  In  invertebrates,  homologs  of  transporters  belonging  to  the  ammonium 
transporter/methyl  ammonium  permease  (Amt/Mep)  family  in  plant  and  microorganisms  as  well 
as  homologs  of  the  vertebrate  Rhesus  glycoproteins  (RhGPs)  have  been  identified. 

Methods:  This  study  characterizes  the  expression  pattern  and  immunolocalization  of  specific 
ammonia  transporters  ( AeAmtl ,  AeAmt2,  AeRh50-l,  AeRh50-2)  in  sugar  fed  and  blood  fed  adult 
female  A.  aegypti.  A  tissue  specific  mRNA  expression  profile  demonstrates  the  relative 
abundance  of  AeAmtl,  AeAmt2,  AeRh50-l,  AeRh50-2  mRNA  in  the  midgut,  Malpighian  tubules, 
and  hindgut  of  sugar  fed  male  and  female  adult  A  aegypti.  Tissue  specific  changes  in  AeAmtl, 
AeAmt2,  AeRh50-l,  AeRh50-2  abundance  were  then  analyzed  in  blood  fed  adult  females. 

Results/Conclusion:  This  study  contributes  a  greater  understanding  of  the  role  of  ammonia 
transporters  in  osmoregulatory  tissues  before  and  after  a  blood  meal,  and  their  contribution  to 
excretion,  diuresis,  and  survivorship. 
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Introduction:  Generalist  herbivores  feed  on  a  wide  array  of  plants  and  need  to  adapt  to  varying 
host  qualities  and  defenses.  Understanding  how  generalists  are  able  to  overcome  these  different 
chemistries  has  long  been  a  topic  of  much  interest.  It  has  been  shown  that  generalists  may 
employ  several  strategies  both  behavioral  and  physiological  in  order  to  avoid  plant  defenses, 
including  avoidance  of  tissues  with  higher  defenses  and  even  release  of  suppressive  molecules. 
Insect  saliva  is  one  of  the  first  secretions  to  come  in  contact  with  the  plant  and,  thus,  could  play 
an  important  role  in  this  avoidance  and  host  establishment  in  general.  The  objective  of  this  study 
was  to  qualify  and  quantify  the  proteins  present  in  the  saliva  of  an  insect  pest  -  the  cabbage 
looper  ( Trichoplusia  ni )  and  determine  how  these  vary  when  the  insect  is  feeding  on  different 
host  plants  as  well  as  identify  potential  candidates  involved  in  host  establishment. 

Methods:  Larvae  were  reared  on  cabbage  (high  quality  host)  and  tomato  (low  quality  host). 
Salivary  glands  were  dissected  from  fifth  instar  larvae  and  used  to  extract  proteins  for  iTRAQ 
analysis. 

Results/Conclusion:  This  study  established  a  salivary  proteome  of  440  proteins  including  79 
proteins  differentially  expressed.  Several  of  the  proteins  identified  are  involved  in 
detoxification/antioxidants  as  well  as  post  transcriptional  modification.  Among  the  proteins 
identified,  several  antioxidants  such  as  peroxidase  and  thioredoxin  were  abundant.  Changes  in 
their  activity  due  to  host  plant  were  assayed.  This  study  provides  important  information  to  help 
unravel  the  complex  dynamics  involved  in  plant-insect  interactions. 
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Introduction:  Irradiation  with  blue  light  (400-500  nm)  is  lethal  to  some  insect  species,  and  the 
toxic  effects  of  blue  wavelengths  of  light  are  species-specific.  However,  the  mechanism 
responsible  for  these  lethal  effects  has  not  yet  been  revealed.  Therefore,  we  investigated  the 
injurious  effect  of  blue  light  on  Drosophila  Schneider  2  (S2)  cells. 

Methods:  S2  cells  (density:  0.35  x  106  cells/cm2)  were  either  incubated  at  27°C  in  the  dark  or 
irradiated  with  various  wavelengths  of  light  by  using  light-emitting  diodes. 

Results/Conclusion:  The  density  of  S2  cells  increased  six-fold  after  4  days  of  culturing  in  the 
dark,  with  a  doubling  of  time  of  approximately  20  h.  In  contrast,  no  growth  was  observed  in  cells 
irradiated  with  465-nm  blue  light  at  10  x  1018  photons  m'2- s'1  for  4  days.  The  density  of  viable 
irradiated  cells  was  significantly  lower  than  that  of  viable  cells  cultured  in  the  dark.  An  increase 
in  dead  cells  was  noted  from  3  days  after  the  start  of  irradiation,  and  approximately  75%  of  the 
cells  died  by  4  days.  The  growth  of  S2  cells  irradiated  with  468-nm  blue  light  for  4  days 
decreased  as  the  photon  density  increased.  In  addition,  irradiation  with  blue  light  (404-468  nm) 
suppressed  the  growth  of  S2  cells  whereas  irradiation  with  green,  yellow,  and  red  lights  (534- 
657  nm)  did  not.  Our  findings  suggest  that  the  lethal  effect  of  blue  light  on  insects  results  from 
its  injurious  effects  on  cells. 
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Iintroduction:  Due  to  their  size,  insects  and  other  small  ectotherms  are  particularly  susceptible  to 
the  effects  of  environmental  temperature  and  humidity.  As  a  result,  they  may  experience  acute 
changes  in  body  temperature  and  water  content,  which  may  have  profound  physiological 
implications  and  deleterious  effects.  To  mitigate  these  effects,  many  insects  can  enhance  their 
stress  tolerance  within  minutes  to  hours  using  a  process  called  rapid  cold-hardening  (RCH). 
Although  most  research  has  focused  on  chilling  as  the  trigger  for  RCH,  brief  desiccation 
resulting  in  a  loss  of  only  1-2%  body  water,  can  also  trigger  an  RCH  response  (drought- induced 
RCH).  In  this  study,  we  investigated  physiological  responses  triggered  by  brief  desiccation  in 
larvae  of  the  goldenrod  gall  fly,  Eurosta  solidaginis(DiptQYa,  Tephritidae). 

Results/Conclusion:  Chilling  and  desiccation  pretreatments  enhanced  survival  of  freezing  in 
midgut  cells  from  control  levels  (26%)  to  78  and  81%,  respectively.  However,  when  autophagy 
was  pharmacologically  blocked  with  chloroquine,  74%  of  chilling-induced  RCH  cells  survived 
subsequent  freezing  compared  to  only  33%  of  drought- induced  RCH  cells.  These  results  suggest 
that  autophagy  is  critical  for  drought-induced  RCH,  yet  is  unnecessary  for  chilling-induced  RCH. 
Additionally,  we  used  a  metabolomic  approach  to  compare  metabolic  profiles  during  drought- 
and  chilling-induced  RCH.  Finally,  we  measured  whether  desiccation  activates  selected  mitogen- 
activated  protein  kinases  (MAP  kinases),  some  of  which  are  involved  in  the  signaling  cascade 
triggered  during  chilling-induced  RCH.  Together,  results  from  these  studies  provide  insight  into 
the  underpinning  mechanisms  of  drought-  and  chilling-induced  RCH. 
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Abstract  text: 


Introduction:  In  hematophagous  arthropods,  the  salivary  gland  is  critical  to  blood  feeding  as  it 
contains  many  bioactive  proteins,  such  as  anticoagulants,  that  aid  in  acquisition  of  the  blood 
meal  and  is  also  the  site  of  pathogen  development.  Ion  channels  are  known  to  play  critical  roles 
in  nearly  every  physiological  system  and  researchers  have  shown  that  K+  currents  are  critical  in 
the  proper  functioning  of  exocrine  cells  in  mammals.  The  goal  of  the  present  study  is  to  identify 
the  presence  and  physiological  role  of  K+ion  channels  within  the  arthropod  salivary  glands. 

Methods:  First,  molecular  techniques  and  genetic  analysis  were  performed  to  identify  the 
presence  and  expression  patterns  of  potassium  ion  channels  within  arthropod  salivary 
glands.  Next,  pharmacological  constructs  and  genetic  manipulations  were  used  to  identify  the 
physiological  role  K+  channels  serve  in  the  function  of  Drosophila  salivary  glands. 

Results/Conclusion:  We  first  identified  that  mRNA  expression  of  K+  channel  constructs  are 
highly  upregulated  in  arthropod  salivary  glands,  suggesting  these  channels  constitute  a  critical 
conductance  pathway  in  the  salivary  glands.  Data  suggests  that  pharmacological  inhibition  of  K+ 
ion  channels  significantly  reduces  the  functional  capabilities  of  the  Drosophila  salivary 
gland.  RNAi-mediated  knockdown  of  the  ion  channels  mimicked  the  pharmacological  data, 
supporting  the  notion  that  the  K+  conductance  is  critical  for  proper  functioning.  Implications  for 
arthropod  control  will  be  discussed. 
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Abstract  text: 

Introduction:  Gut  symbionts  of  insects  have  evolved  a  mechanism  to  overcome  host  immune 
responses  in  order  to  successfully  colonize  the  host  gut.  However,  there  is  little  known  about  the 


molecular  resistance  mechanisms  of  how  gut  symbionts  escape  from  host  antimicrobial 
responses.  The  bacterial  factor(s)  required  for  the  colonization  has  not  been  identified  due  to  the 
difficulty  of  culturing  gut  symbionts  in  vitro.  Here,  to  identify  a  novel  bacterial  factor  necessary 
for  colonization  in  host  gut,  we  used  bean-bug  Riptortus  pedestris  and  its  beneficial  gut 
bacterium,  Burkholderia  sp.  as  an  experimental  model. 

Methods:  Through  the  transposon  mutagenesis  screening,  a  Burkholderia  mutant  susceptible  to 
host  salivary  gland  fluid  was  isolated.  This  mutant  was  disrupted  in  nlpB  gene,  which  is  involved 
in  bacterial  lipoprotein  biosynthesis.  After  construction  of  several  targeted  Burkholderia  deletion 
mutants,  we  examined  their  colonization  abilities  after  rearing  these  mutants  into  the  second 
staged  nymphs. 

Results/Conclusion:  These  results  indicate  that  lipoprotein  of  gut  symbiont  is  likely  to  be  an 
important  bacterial  factor  in  determining  resistance  to  host  salivary  gland,  leading  to 
achievement  of  the  successful  colonization  in  the  Riptortous  host  midgut. 
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Abstract  text: 

Introduction:  Many  insects  live  in  regions  where  year-round  development  is  not  possible  due  to 
inimical  seasons.  To  subsist,  some  insects  utilize  an  alternative  developmental  pathway  known  as 
diapause.  Hallmark  features  of  diapause,  such  as  reduced  metabolism,  increased  longevity  and 
enhanced  stress  tolerance,  boost  the  ability  of  diapausing  insects  to  survive  conditions  that  could 
be  experienced  during  a  dry  season  or  a  temperate/polar  winter.  While  superficially  similar, 
diapause  responses  are  quite  diverse  between  taxa  at  the  molecular  level,  with  only  a  few  genes 
showing  common  patterns  of  expression.  Upregulation  of  the  gene  encoding 
phosphoenylpyruvate  carboxykinase  (PEPCK)  is  among  the  few  patterns  common  to  diapause  in 
a  number  of  insects,  as  well  as  during  the  dauer  state  of  nematodes.  PEPCK  is  particularly 


interesting  because  it  is  involved  in  catalyzing  oxaloacetate  into  phosphoenylpyruvate,  which  can 
be  processed  into  glycerol  or  glucose  in  downstream  reactions.  Both  metabolites  are  important 
for  insect  diapause:  glucose  is  an  easily  accessible  energy  source,  and  both  glucose  and  glycerol 
are  used  as  insect  cryoprotectants.  Eukaryotes  have  two  isoforms  of  PEPCK:  mitochondrial 
(PEPCK-M)  and  cytosolic  (PEPCK-C).  Throughout  development  and  diapause,  these  isoforms 
have  distinct  expression  patterns  that  appear  to  be  independent  of  each  other,  suggesting  different 
functions  dependent  on  physiological  needs  of  the  animal  at  the  time. 

Methods:  Here  we  begin  to  investigate  functions  of  each  isoform  by  profiling  expression 
throughout  development  and  in  response  to  various  stresses  in  the  flesh  fly,  Sarcophaga  bullata 
(Diptera:  Sarcophagidae). 
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Abstract  text: 

Intoduction:  Toxoneuron  nigriceps  is  an  endophagous  parasitoid  of  larval  stages  of  tobacco 
budworm,  Heliothis  virescens.  The  bracovirus  associated  with  this  wasp  (TfiBV)  is  currently 
being  studied,  and  several  genes  expressed  in  parasitized  host  larvae  have  been  isolated  and  their 
possible  role  partly  elucidated.  In  this  work,  we  studied  the  role  of  the  viral  gene  T^BVankl  in 
the  apoptosis.  T/rBVankl  encodes  an  ankyrin  motif  protein  similar  to  insect  and  mammalian  IkB, 
inhibitor  of  the  transcription  nuclear  factor  kB. 

Methods:  The  role  of  TwBVankl  was  investigated  into  H.  virescens  hemocytes  by  in  vivo 
transient  expression  and,  in  vitro ,  in  Drosophila  Schneider’s  S2  cells  which  stably  expressed 
IwBVankl.  The  success  of  in  vivo  and  in  vitro  transfections  was  detected  by  RT-PCR  and 
western  blot.  Apoptosis  was  detected  by  caspase-3  activity.  ANK1  interactor  proteins  were 
reveled  by  coimmunoprecipitation  experiments  which  indicated  that  ANK1  bound  ALG-2- 


interacting  protein  X  (Alix),  an  interactor  of  apoptosis-linked  gene  protein  2  (ALG-2).  Alix  was 
silenced  by  RNAi  to  study  the  function  of  ANKl-Alix  interaction. 

Results/Conclusion:  We  show  that  when  ANK1  was  stably  expressed  in  insect  S2  cells, 
it  stimulated  caspase-3  activity.  Furthermore,  we  get  the  same  results  into  H.  virescens 
hemocytes  by  in  vivo  transient  expression  of  TwBVankl.  Silencing  Alix,  ANK1  was  no  longer 
able  to  cause  apoptosis  in  S2  cells  and  into  H.  virescens  hemocytes.  Collectively,  these  results 
indicate  that  ANK1  induces  apoptosis  by  interacting  with  Alix,  suggesting  that  this  role  could  be 
relevant  in  the  suppression  of  host  immune  response  observed  in  tobacco  budworm  larvae 
parasitized  by  T.  nigriceps. 
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Abstract  text: 

Introduction:  Molting  in  insects  is  regulated  by  endocrine  changes  that  occurs  at  the  end  of  an 
instar.  The  prothoracicotropic  hormone  (PTTH)  is  the  stimulator  of  ecdysteroidogenesis  in 
prothoracic  glands  (PGs).  Recent  studies  showed  that  PI3K/Akt  signaling  and,  specifically,  TOR 
(Target  of  Rapamycin)  pathway  is  involved  in  ecdysteroidogenesis.  TOR  is  a  serine-threonine 
kinase  involved  in  several  anabolic  cellular  processes,  and  the  alteration  of  this  pathway  has  been 
observed  in  numerous  human  diseases. 

Methods:  To  analyze  the  involvement  of  TOR  signaling  in  Heliothis  virescens  PGs 
ecdysteroidogenesis,  two  different  approaches  were  used.  In  vitro ,  the  ecdysteroid  titer  was 
evaluated  by  enzyme-immunoassay  (EIA)  and  the  level  of  phosphorylation  of  two  targets  of 
TOR  (S6K  and  4E-BP  proteins)  was  evaluated  by  western  blot.  These  analyses  were  performed 
after  prothoracic  glands  incubation  with  PTTH  and/or  Rapamycin,  the  specific  inhibitor  of  TOR. 


In  vivo,  larvae  of  different  instars  were  fed  on  diet  treated  with  Rapamycin  at  various 
concentrations. 

Results/Conclusion:  Results  showed  that  PTTH  increases  the  phosphorylation  of  4E-BP  and  S6K 
and  ecdysteroids  level  and  that  Rapamycin  inhibits  all  of  these  processes.  This  suggests  that 
TOR  signaling  is  involved  in  PTTH- stimulated  ecdy steroidogenesis  by  PGs  in  this  model. 
Moreover,  feeding  on  Rapamycin  delays  the  growth  rate,  the  onset  of  molt  and  implicate  high 
mortality  rate.  Rapamycin  also  suppresses  the  growth  of  the  PGs  and  the  ecdysone  production. 
Results  obtained  in  vitro  and  in  vivo  underlines  the  involvement  of  TOR  signaling  in 
ecdysteroidogenesis  and  its  important  role  in  systemic  growth. 
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Introduction: 

Ticks  are  solely  blood  feeders  and  digestion  of  blood  food  releases  excessive  irons  which  are 
toxic  due  to  its  ability  to  catalyze  the  formation  of  reactive  oxygen  species  (ROS)  through 
Fenton  reaction.  Maintaining  adequate  iron  levels  for  nutritional  requirements  while  controlling 
the  potential  toxic  property  of  iron  is  significant  in  ticks.  Ferritin  has  been  demonstrated  as  major 
iron  level  control  proteins  in  ticks  and  in  other  organisms.  Ferritin  gene  exon/intron  organization 
is  known  from  multiple  organisms,  however,  little  is  known  in  ticks. 

Methods: 

Genomic  region  and  complete  cDNA  of  the  American  dog  tick  Dermacentor  variabilis  Ferritin 
H-chain  gene  were  cloned,  amplified  by  PCR,  and  sequenced.  Exon/intron  structure  of  the  gene 


was  determined  by  comparing  the  complete  cDNA  sequence  to  the  whole  genomic  DNA 
sequence  of  the  gene. 

Results/Conclusion: 

Our  results  showed  that  the  D.  variabilis  ferritin  H-chain  gene  coding  region  contains  3  exons 
and  2  introns.  The  intron  sizes  are  much  large  than  those  found  in  insects  such  as  in  Drosophila. 
It  is  suggested  that  these  large  introns  and  alternative  splicing  of  extra  introns  containing  the  Iron 
Responsible  Elements  (IRE)  in  the  5’-  Untranslated  Region  (5’-UTR)  are  involved  in  Ferritin 
gene  expression  controls  in  other  organisms,  however,  the  exact  functions  of  these  structures  in 
ticks  are  not  known  yet  and  need  to  be  studied. 
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Abstract  text: 

Introduction:  Ticks  are  obligate  blood  feeders  but  spend  the  majority  of  their  lives  off  host. 
When  these  off-host  intervals  occur  during  winter,  ticks  must  contend  with  a  multitude  of 
stresses  that  can  influence  distribution  and  population  dynamics.  Ticks  must  tolerate  extended 
periods  of  low  temperature,  desiccation,  and  lack  of  food;  however,  little  is  known  about  the 
mechanisms  underlying  survival  of  ticks  under  these  stresses. 

Methods:  To  uncover  specific  aspects  associated  with  winter  survival  in  ticks,  we  examined  the 
transcriptomic,  metabolomic,  and  energetic  responses  of  the  American  dog  tick,  Dermacentor 
variabilis ,  in  relation  to  cold,  dehydration,  and  starvation.  Ticks  were  exposed  to  a  rapid-cold 
hardening  treatment  and/or  cold  shock  for  several  hours,  0%  relative  humidity  for  several  days, 
or  prolonged  starvation  for  several  months.  RNA  sequencing  was  used  to  analyze  transcriptional 
changes  and  revealed  500  to  ~3,000  differentially  expressed  genes  with  the  enrichment  of  stress- 


response  and  proteolysis  pathways  as  well  as  shifts  in  expression  of  metabolic-related  genes 
being  common  among  treatments.  NMR-based  metabolomics  indicated  the  accumulation  of 
several  amino  acids,  glycerol,  gamma- Aminobutyric  acid  (GABA),  and  betaine  suggesting  these 
molecules  may  act  as  cryo-  and/or  osmoprotectants.  Finally,  analysis  of  tick  energetics 
demonstrated  that  lipid  and  protein  resources  are  critical  for  energy  during  extended  starvation 
and  sufficient  stores  of  these  reserves,  particularly  protein,  are  critical  to  stress  tolerance. 

Results/conclusion:  Overall,  our  results  identified  candidate  molecules  and  pathways  that 
contribute  to  tolerance  of  winter-related  stresses  in  ticks  and  lay  the  groundwork  for  future 
studies  on  stress  tolerance  in  these  important  disease  vectors. 
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Abstract  text: 

The  two  spotted  mite,  Tetranychus  urticae  Koch,  is  a  global  pest,  and  has  developed  severe 
resistance  to  several  types  of  acaricides.  Acaricidal  activities  of  acequinocyl-resistant  strain  of  T. 
urticae  to  bifenazate  showed  9.5-fold  increase,  and  bifenazate-resistant  strain  of  T.  urticae  to 
acequinocyl  showed  7.7-fold  increase.  However,  other  mite  strains  showed  susceptible  acaricidal 
activities  to  these  acaricides(acequinocyl,  bifenazate,  etoxazole,  pyridaben). 

Detoxification  enzyme  activities  were  investigated  using  four  acaricide-resistant  strains  of  T. 
urticae.  Acequinocyl-resistant  strain  and  bifenazate-resistant  strain  of  T.  urticae  showed  2.1 -fold 
and  1.6-fold  relative  activity  (RA)  level  of  GST,  respectively  than  the  susceptible  strain.  Other 
three  resistant  strains  of  the  mites  showed  no  significant  difference  to  the  susceptible  strain. 

T.  urticae  expressed  four  different  cytosolic  classes,  including  delta,  omega,  mu,  zeta,  and  one 
mitochondrial  GST  class,  kappa.  Quantitative  real-time  PCR  results  showed  that,  among  these 


five  GST  genes,  the  relative  expression  level  of  delta  was  significantly  higher  in  bifenazate- 
resistant  strain  than  in  other  strains.  The  elevated  GST  gene  transcripts  following  exposure  to 
acequinocyl  indicated  that,  bifenazate  might  be  involved  in  detoxification  of  these  acaricides. 

The  results  suggests  that  the  resistance  to  two  acaricides  (acequinocyl  and  bifenazate)  may  be 
influenced  by  glutathione  S-tansferase  activity  and  caused  by  delta  and  omega  classes  of  GSTs  in 
the  resistance  development  of  T.  urticae  to  these  two  different  types  of  acaricides. 
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Abstract  text: 

The  two-spotted  spider  mite,  Tetranychus  urticae  Koch  is  one  of  the  most  polyphagous 
herbivores  known  that  can  feed  on  more  than  1,100  plant  species.  Hop  (Humulus  lupulus ),  a 
specialty  crop  in  Pacific  Northwest  states,  is  routinely  plagued  by  T.  urticae  infestations.  To 
suppress  T.  urticae  damage  under  economical  levels,  growers  often  apply  various  acaricides 
including  abamectin,  bifenazate,  bifenthrin,  hexythiozox,  clofentazine,  and  etoxazole. 
Unfortunately  T.  urticae  has  been  documented  to  quickly  develop  resistance  to  these  acaricides 
which  directly  cause  control  failures.  Here,  we  developed  molecular  diagnostic  strategies  to 
precisely  investigate  distribution  of  multiple  resistance-associated  mutations  in  field  collected  T. 
urticae  samples  compared  with  a  susceptible  population.  The  precise  molecular  diagnostic  tool 
will  provide  growers  new  information  to  predict  miticide  resistance  in  hop  fields,  which  is  of 
help  in  developing  effective  and  sustainable  management  strategies. 
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Introduction 

Dermanyssina  represents  the  most  species-rich,  ecological  diverse  and  geographically  wide 
spread  cohort  of  Gamasida  (Mesostigmata).  They  include  free  living  predaceous  or  fungivorous 
forms,  as  well  as  pollenivores  and  parasites  of  vertebrates  and  invertebrates. 

The  gnathosoma  is  certainly  one  of  the  most  distinctive  features  in  mites  and  the  adaptations  of 
these  mouthparts  to  different  nutritional  patterns  are  enormous. 


Methods 


Specimens  were  performed  according  to  the  classical  techniques  for  light  and  electron 
microscopy. 

Results  and  Conclusion 

The  gnathosoma  is  composed  of  two  main  components:  the  infracapitulum,  a  cone  like 
projection  with  the  pre-oral  channel  at  the  tip,  and  the  chelicerae  dorsally  located.  The  pre-oral 
channel,  dorsally  sealed  by  the  labrum  and  posteriorly  connected  to  the  pharynx  and  the 
esophagus,  is  responsible  for  sucking  up  fluids.  In  free  living  species,  the  labrum  and  the  lateral 
walls  of  the  pre-oral  channel  are  provided  with  numerous  tiny  processes  that  are  considered  to 
act  as  a  strainer  system  preventing  the  entrance  of  solid  particles  of  food.  Such  system  is  reduced 
in  species  that  live  on  blood  or  pre-orally  liquefied  food. 

Predatory  Dermanyssina  usually  grab  and  cut  an  opening  into  the  prey  by  means  of  their 
chelicerae. 

In  Dermanyssina  zooparasites,  the  chelicerae  appear  to  be  the  most  adaptive  and  specialized  for 
host  penetration:  they  tend  to  be  elongated,  slender,  pointed  without  conspicuous  teeth  and 
involved  in  host  piercing.  Moreover  they  might  develop  a  concavity  in  the  inner  surface  so  that 
when  placed  together  they  form  a  channel  while  the  fixed  digit  become  more  or  less  reduced. 
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Abstract  text: 

The  i5k  Workspace@NAL  provides  tools  and  resources  for  data  producers  and  consumers  in  the 
arthropod  genomics  community.  Any  arthropod  genome  project  without  a  parent  database  is 
welcome  to  submit  their  data  to  us  for  hosting  and  make  use  of  our  curation,  visualization,  and 
dissemination  resources.  In  addition  to  a  central  organism  page  for  each  project,  the  i5k 


Workspace  provides  web  applications  for  BLAST,  HMMER,  and  ClustalW  and  Clustal  Omega. 
We  also  provide  the  JBrowse  genome  browser  and  the  Apollo  manual  curation  tool.  Here,  we 
summarize  growth  in  our  content  and  our  services,  and  provide  metrics  of  their  use.  We  evaluate 
manual  curation  activity  of  i5k  Workspace  organisms  using  the  Apollo  curation  tool.  Finally,  we 
list  developments  that  are  underway  to  improve  our  services  for  the  arthropod  genomics 
community. 


Poster 

Presentation  Title:  Euroglyphus  maynei  genome  with  comparison  to  the  scabies  mite 

Author  Name:  Larry  G.  Arlian 

Author  Institution:  Wright  State  University 

Session  Title:  Poster  Session  2:  Bioinformatics  and  Comparative  Genomics  of  Arthropods 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3386 

DOI:  10. 1603/ICE.2016. 108557 

Abstract  text: 

Introduction:  The  house  dust  mite,  Euroglyphus  maynei ,  is  phylogenetically  closely  related  to 
the  common  itch  mite,  Sarcoptes  scabiei  and  the  Dermatophagoides  sp.  house  dust 
mites.  Scabies  mites  share  many  cross-reactive  antigenic  molecules  with  these  allergy-causing 
mites.  Developing  a  diagnostic  blood  test  or  vaccine  for  scabies  requires  identification  of 
proteins  that  are  unique  to  scabies  mites  and  not  cross-reactive  with  proteins  produced  by  the 
dust  mites.  Therefore,  we  sequenced  the  E.  mayneigenomz  for  comparison  with  other  mite 
genomes  in  order  to  identify  unique,  scabies-specific  and  cross-reactive  proteins  in  the  scabies 
genome. 

Methods:  DNA  isolated  from  whole  live  E.  mayneiwa is  sequenced  using  Illumina  technology  to 
generate  ~12  million  sequence  reads.  The  sequences  were  examined  as  a  metagenomic  sample, 
and  also  assembled  into  contigs  to  identify  protein-coding  genes. 

Results/Conclusion:  Genome  sizes  based  on  k-mer  abundance  were  between  68  and  97  Mb, 
depending  on  the  method  used.  Approximately  3.5%  of  the  sequence  reads  could  be  assigned  to 
microbial  genomes.  Alteromonas  macleodii  and  Serratia  marcescens  represented  over  54%  and 
3 1%  of  the  assignments  for  the  non-eukaryotic  sequence  reads  in  the  sample.  The  -13.7  kb 
mitochondrial  genome  was  also  identified.  The  genome  assembly  is  currently  highly 
fragmented  and  incomplete,  but  allowed  for  the  prediction  of  -  15,500  proteins  (or 


fragments).  Comparison  of  the  predicted  proteomes  of  E.  maynei,  D.  farinae,  and  S.  scabiei 
resulted  in  the  identification  of  6,528,  7,547  and  2,827  proteins  that  are  unique  to  E.  maynei ,  D. 
farinae ,  and  S.  scabiei,  respectively,  and  5,619  that  are  shared  among  these  species. 
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Introduction:  The  tick  Dermacentor  variabilis  (Dv)  transmits  the  etiological  agents  of  Rocky 
Mountain  spotted  fever  and  tularemia,  is  one  of  the  most  common  ticks  in  North  America,  and  is 
commonly  infected  with  Rickettsia  bellii ,  R.  montane  ns  is,  R.  rhipicephali,  and  a  Francis  ella-\\kQ 
endo symbiont  (FLE). 

Methods:  We  have  used  the  Ion  Torrent  PGM  (IT)  and  Illumina  HiSeq  2500  (HS)  to  characterize 
the  metagenome  of  Dv  to  better  understand  its  population  structure  and  the  transmission 
dynamics  of  its  tick-borne  disease  agents.  8  lanes  of  a  675  bp  paired  end  library  were  sequenced 
with  a  HiSeq  2500  from  a  single  Georgia  tick.  IT  3 18  chips  (version  2)  were  used  to  sequence 
single  ticks  from  Ohio,  Georgia,  Virginia,  and  California.  Sequences  were  assembled  by  CLC 
Genomics  Workbench  8  and  read  mapped  with  Geneious.  Complete  mitochondrial  (15  Kb)  and 
FLE  sequences  (1.5  Mb)  were  assembled  from  the  HS  data.  The  mitochondrial  genome  was 
annotated  with  the  MITOS  Webserver  and  FLE  with  Prokka.  The  Dv  mitochondrion  was  syntenic 
to  mitochondria  in  other  Dermacentor  species  and  most  resembled  those  of  D.  occidentals  and 
D.  andersoni  also  obtained  from  IT  data. 

Results/conclusion:  The  FLE  sequence  was  most  closely  related  to  that  of  the  Francisella 
persica  endosymbiont  from  the  soft  tick  Argas  persicusbvX  seems  to  have  undergone  greater 
genome  reduction.  Single  nucleotide  polymorphisms  were  identified  in  FLE  and  mitochondrial 


data  by  comparing  HS  AND  IT  data  from  different  ticks.  The  tick  genomic  sequence  information 
will  increase  our  understanding  of  tick  metabolic  and  immune  responses  to  tick-borne  agents. 


Poster 

Presentation  Title:  Integrated  modeling  of  protein-coding  genes  in  the  Manduca  sexta  genome 
using  RNA-seq  data  from  the  biochemical  model  insect 

Author  Name:  Xiaolong  Cao 

Author  Institution:  Oklahoma  State  University 

Session  Title:  Poster  Session  2:  Bioinformatics  and  Comparative  Genomics  of  Arthropods 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3388 

DOI:  10.1603/ICE.2016.1 10841 

Abstract  text: 

The  genome  sequence  of  Manduca  sexta  was  recently  determined  using  454  technology. 
Cufflinks  and  MAKER2  were  used  to  establish  gene  models  in  the  genome  assembly  based  on 
the  RNA-Seq  data  and  other  species'  sequences.  Aided  by  the  extensive  RNA-Seq  data  from  50 
tissue  samples  at  various  life  stages,  annotators  over  the  world  (including  the  present  authors) 
have  manually  confirmed  and  improved  a  small  percentage  of  the  models  after  spending  months 
of  effort.  While  such  collaborative  efforts  are  highly  commendable,  many  of  the  predicted  genes 
still  have  problems  which  may  hamper  future  research  on  this  insect  species.  As  a  biochemical 
model  representing  lepidopteran  pests,  M.  sexta  has  been  used  extensively  to  study  insect 
physiological  processes  for  over  five  decades.  In  this  work,  we  assembledManduca  datasets 
Cufflinks  3.0,  Trinity  4.0,  and  Oases  4.0  to  assist  the  manual  annotation  efforts  and  development 
of  Official  Gene  Set  (OGS)  2.0.  To  further  improve  annotation  quality,  we  developed  methods  to 
evaluate  gene  models  in  the  MAKER2,  Cufflinks,  Oases  and  Trinity  assemblies  and  selected  the 
best  ones  to  constitute  MCOT  1.0  after  thorough  crosschecking.  MCOT  1.0  has  18,089  genes 
encoding  31,666  proteins:  32.8%  match  OGS  2.0  models  perfectly  or  near  perfectly,  1 1,747 
differ  considerably,  and  29.5%  are  absent  in  OGS  2.0.  Future  automation  of  this  process  is 
anticipated  to  greatly  reduce  human  efforts  in  generating  comprehensive,  reliable  models  of 
structural  genes  in  other  genome  projects  where  extensive  RNA-Seq  data  are  available. 
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Introduction:  The  western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera,  is  a  major 
maize  ( Zea  mays  L.)  pest  insect,  leading  to  more  than  $1  billion  annual  losses  in  the  United 
States.  To  understand  the  interactions  between  WCR  and  host  plants  and  develop  efficient  pest 
control  methods,  the  study  of  gene  expression  regulation  in  WCR  is  urgent.  MicroRNAs  are  non¬ 
coding  small  RNAs  that  play  important  roles  in  post-transcriptional  regulation  of  gene 
expression  across  a  wide  variety  of  organisms. 

Methods:  In  this  study,  we  sequenced  small  RNAs  (17-30  bp)  from  multiple  life  stages  of  WCR. 
In  total,  sequencing  yielded  8  to  23  million  reads  from  seven  samples  (egg,  three  larval  instars, 
pupae,  adult  males  and  females). 

Results/conclusion:  The  peak  of  miRNA  length  was  21nt.  After  filtering,  the  57-80%  remaining 
reads  were  mapped  to  the  miRNA  hairpin  sequences  of  Tribolium  castaneum.  Further  analysis 
revealed  68  miRNA  candidates  across  all  developmental  stages  of  WCR.  However,  using  the 
preliminary  genome  sequence  of  WCR,  novel  miRNAs  have  not  yet  to  be  identified. 
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Introduction:  Gregarious  phase  locusts  were  out-break  at  the  southern  part  of  Republic  of  Korea 
and  caused  serious  damage  in  crops,  August  2013.  Even  though  various  researches  including 
whole  genomes  and  various  transcriptome  analyses  of  migratory  locusts  were  conducted, 
however,  the  underlying  mechanisms  of  phase  transition  from  segregation  phase  to  gregarious 
phase  or  vice  versa  was  not  elucidated  yet. 

Methods:  We  performed  whole  transcriptome  analysis  of  total  RNAs  obtained  from  gregarious 
and  segregation  phase  adult  locust  brains. 

Results/conclusion:  By  comparing  coding  mRNAs  and  long  non-coding  RNAs,  we  found  that 
expression  levels  of  several  long-non-coding  RNAs  were  altered.  In  addition,  we  found  that 
target  mRNAs  of  those  long  non-coding  RNAs  were  significantly  altered.  Our  researches  will 
reveal  unknown  mechanisms  underlying  phase  transition  mechanisms  of  migratory  locusts  and 
help  to  develop  new  methods  managing  locusts  at  fields. 
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The  screwworm  fly,  Cochliomyia  hominivorax  (Coquerel,  1858),  is  the  only  obligatory  parasitic 
blowfly  in  the  Neotropical  region.  Their  larvae  infest  warm-blooded  vertebrates  and  feed  on 
host’s  live  tissues,  resulting  in  severe  livestock  losses.  The  small  transcriptome  of  the 
screwworm  fly  comprises  at  least  106  evolutionary  conserved  microRNAs  (miRNAs),  including 
some  related  to  the  reproduction  and  feeding  behavior.  However,  the  lack  of  a  reference  genome 
for  C.  hominivorax  narrows  the  miRNAs  targets  prediction.  For  this  reason,  we  evaluated  a 
hybrid  de  novo  transcriptome  assembling  method  to  generate  a  comprehensive  reference 
assembly  for  this  species.  Overall,  65  million  short  reads  were  collapsed  with  37  thousand 
unigenes  previously  described  and  assembled  together  into  29,028  contigs.  The  assembly 
recovered  -54%  of  Single  Copy  Orthologs  of  arthropods,  about  2.8-fold  higher  than  previously 
reported  for  C.  hominivorax.  Bioinformatics  analyses  were  conducted  to  identify  major 
chemosensory  gene  families  of  the  screwworm  fly,  which  could  be  related  to  its  parasitic  habit. 
Among  these  genes,  we  conducted  the  molecular  characterization  of  the  Olfactory  Receptor 
Coreceptor  (Oreo)  of  C.  hominivorax.  While  the  coding  sequence  of  ChomXOrco  is  highly 
conserved  within  the  order  Diptera,  the  UTRs  are  very  variable.  High  levels  of  Chom\Orco 
transcripts  were  detected  in  early  larvae  instars,  late  pupae  phase  and  adults,  as  well  in  structures 
associated  with  adult  olfaction.  Further  investigations  on  the  chemosensory  genes  and  their 
potential  post-transcriptional  regulation  by  miRNAs  could  elucidate  molecular  mechanisms 
related  to  the  parasitic  habit  of  the  screwworm  fly  and  contribute  to  the  prediction  of  new  targets 
for  pest  control  strategies. 
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The  presence  of  peptidases  in  insect  midgut  is  directly  related  to  its  ability  to  bypass  plant  anti- 
herbivory  attack.  The  noctuid  moth  Spodoptera  frugiperda  (fall  armyworm)  is  a  polyphagous 


specie  and  important  pest  in  several  crops  worldwide.  It  is  differentiated  in  host  plant  related 
strains,  corn  (CS)  and  rice  strain  (RS),  morphologically  indistinguishable  but  with  distinct 
development  depending  on  its  diet.  The  objective  of  this  work  is  to  use  gene  network  analysis  to 
identify  the  differences  between  the  expression  patterns  of  genes  from  those  strains.  We  used 
transcriptome  data  obtained  from  whole  larvae  from  both  strains  reared  in  four  different 
conditions:  Fresh  leaves  of  1)  Corn;  2)  Rice;  3)  Cotton  from  two  different  cultivars;  and  4) 
standard  artificial  diet.  We  obtained  the  co-expression  networks  for  each  strain  using  Pearson’s 
Coefficient  and  clustered  them  by  Heuristic  Cluster  Chiseling  Algorithm  (HCCA)  method.  The 
networks  showed  genes  present  uniquely  in  one  of  the  strains,  suggesting  that  they  could  be 
related  with  both  the  speciation  process  and  the  adaptation  of  the  strains  to  the  alternative  host 
plants.  3369  genes  were  described  in  the  RS  network,  and  39  of  them  are  related  with  peptidase 
activity;  3505  genes  were  only  in  the  CS  network,  and  63  of  them  have  peptidase  activity.  Most 
of  the  peptidases  are  interconnected  and  occupy  central  position  in  hubs,  controlling  many  other 
genes.  In  CS,  the  peptidases  are  directly  related  to  3373  differentially  expressed  genes,  while 
3088  present  this  behavior  in  the  RS.  Some  peptidases  are  the  key  controllers  of  the  gene 
expression. 
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Introduction:  Insect  antenna  is  the  primary  organ  for  perception  of  chemical  cues,  directing 
insects  to  food,  mates,  and  safe  oviposition  sites.  During  the  process  of  host  odor  signaling, 
several  supergene  families  play  crucial  roles  in  odor  binding  and  transport,  odorant  receptor 
(OR)  activation  and  signal  transduction,  as  well  as  inactivation  of  odorants  by  odorant 
detoxification  enzymes  (ODEs).  The  Colorado  potato  beetle  (CBP)  ( Leptinotarsa  decemlineata) 
is  the  most  important  insect  defoliator  of  Solaneacous  crops  especially  potato,  in  many  regions  of 
the  world  including  North  America,  Europe,  and  Asia.  Most  control  efforts  in  the  management  of 
this  pest  have  not  been  successful  because  CPB  has  high  fecundity,  diverse  and  flexible  life 


history  and  an  incredible  ability  to  develop  insecticide  resistance.  However,  to  date  there  is  no 
molecular  study  focus  on  the  antenna  olfactory  system  of  CPB. 

Methids:  Here  we  took  advantage  of  next  generation  sequencing  to  reveal  the  transcriptome  of 
CPB  antenna.  A  series  of  downstream  analysis  was  performed  to  annotate  the  transcripts.  Genes 
and  pathways  that  are  involved  in  the  odor  processing  were  also  identified. 

Results/conclusion:  Our  results  will  provide  important  new  information  on  understanding  the 
critical  genes  involved  in  odor  processing  and  plant  defense  which  facilitate  the  adaptation  of 
insects  to  their  host  plants. 
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Introduction:  O-GlcNAcylation  is  a  ubiquitous  post-translational  modification  of  proteins  that  is 
involved  in  the  majority  of  cellular  processes  and  is  associated  with  many  diseases. 

Methods:  To  reduce  the  workload  and  increase  the  relevance  of  experimental  identification  of 
protein  O-GlcN Acylation  sites,  O-GlcNAcPRED,  a  support  vector  machine  (SVM)-based  model, 
was  developed  to  capture  potential  O-GlcNAcylation  sites. 

Results/conclusion:  By  virtue  of  the  novel  adapted  normal  distribution  bi-profile  Bayes 
(ANBPB)  feature  extraction  method,  O-GlcNAcPRED  yielded  a  sensitivity  of  80.83%,  a 
specificity  of  78.17%  and  an  accuracy  of  79.50%  in  jackknife  cross-validation  experiments.  In  an 
independent  test  on  38  recently  experimentally  identified  human  O-GlcNAcylated  proteins  with 
67  O-GlcNAcylation  sites,  O-GlcNAcPRED  captured  26  proteins  and  39  sites,  clearly 
outperforming  the  existing  predictors,  YinOYang  and  O-GlcNAcscan. 
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Abstract  text: 

The  Lindsay  Young  Beneficial  Insects  Laboratory  at  the  University  of  Tennessee  mass-rears 
predators  of  the  hemlock  woolly  adelgid  (HWA),  Adelges  tsugae  Annand,  for  release  on  public 
lands  including  national  parks  and  forests;  and  state  parks,  natural  areas  and  wildlife 
management  areas.  Predators  reared  include  the  coccinellid  Sasajiscymnus  tsugae  Sasaji  & 
McClure  and  the  derodontids  Laricobius  nigrinus  Fender  and  L.  osakensis  Montgomery  & 
Shiyake.  Rearing  success  depends  primarily  on  availability  of  quality,  field-collected  HWA  used 


to  feed  beetle  larvae  and  adults.  From  2006  to  2015,  percentage  of  S.  tsugae  completing 
development  from  eggs  to  adults  ranged  from  27  to  55%.  The  percentage  of  mature  L.  nigrinus 
larvae  surviving  to  emerged  adults  from  2006  to  2015  ranged  from  16  to  70%.  Other  factors 
affecting  success,  such  as  optimizing  rearing  density  to  maximize  survival,  will  be  discussed. 
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Abstract  text: 

Introduction:  Soil  insect  pests  are  a  major  source  of  crop  loss  as  they  are  difficult  to  investigate 
and  to  target  using  conventional  methods.  Many  soil  insecticides  are  either/or  highly  toxic  to 
humans,  have  serious  other  non-target  effects,  or  are  a  banned  from  use  nationally  or 
internationally.  An  alternative  control  strategy  is  the  use  of  entomopathogenic  nematodes  as  they 
are  well-adapted  to  the  soil  environment  and  non-toxic.  However,  the  establishment  of  locally 
adapted  mass  production  systems  for  beneficial  nematodes  requires  considerable  development 
effort  and  time. 

Methods:  We  therefore  analysed  the  design  of  16  in-vitro  semi-solid,  3  in-vivo  and  2  combined 
in-vitro  4*; in-vivo  nematode  production  factories  from  Rwanda,  Switzerland,  China,  and  DPR 
Korea,  to  provide  an  understanding  of  the  rationale  behind  factory  site  selection,  as  well  as 
external  and  internal  factory  designs. 

Results/Conclusion:  The  factories  should,  regardless  of  the  production  method,  consist  of  at  least 
6  and  up  to  11  rooms  in  one  building.  Their  allocation  depends  on  the  work-flow,  insulation  of 
cultures  and  storage,  and  on  separations  to  avoid  cross-contaminations.  We  propose  optimal 
standard  designs  for  mass  production  factories  of  such  biological  agents  and  give  insight  into 
steps  for  planning  their  establishment. 


This  information  will  support  the  dissemination  of  such  technologies,  with  the  ultimate  aim  to 
more  effectively,  more  sustainably  and  more  safely  control  soil  insect  pests. 

The  studies  were  supported  by  the  European  Commission  DG  Development  &  Cooperation- 
EuropeAid  (DCI-FOOD/20 10/23 1-297),  the  DFID  AgriTT  RCFund  (1301),  and  the  Non-Profit 
Sector  Project  of  the  Ministry  of  Agriculture,  China  (No.20 1003025). 
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Abstract  text: 

Introduction:  Diatraea  saccharalis  is  a  serious  pest  of  sugarcane.  Chemical  control  of  this  pest 
has  proved  ineffective  because  the  chemical  agents  cannot  reach  the  plague  owing  to  the  pest’s 
ability  to  build  internal  galleries  in  the  plant  stem.  In  the  search  of  other  effective  biological 
control  methods  to  control  this  pest,  the  parasitoid  Cotesia  flavipes  was  introduced  in  Brazil  in 
1976.  Since  its  introduction,  this  parasitoid  has  been  cultured  in  a  number  of  different 
biofactories  throughout  the  country.  In  this  context,  the  aim  of  this  study  was  to  analyze  the 
longevity  of  the  parasitoid  C.  flavipes  from  five  different  biofactories  located  at  (I)  Sertaozinho- 
SP,  (II)  Americo  Brasiliense-SP,  (III)  Pradopolis-SP,  (IV)  Araraquara-SP,  and  (V)  Ribeirao 
Preto. 

Methids:  Following  adult  emergence,  male  and  female  C.  flavipes  were  paired  together  in  glass 
tubes  (8.0  cm  x  2.5  cm),  sealed  with  plastic  wrap  and  cultured  at  25°C  ±  1°C  and  12-hour 
light/dark  photoperiod.  Individuals  were  checked  every  8  hours  and  the  time  of  death  of  each 
individual  recorded. 

Results/conclusion:  Female  C.  flavipes  from  all  biofactories  had  similar  longevity,  ranging  from 
34.4-40.8  hours.  Male  C.  flavipes  showed  significantly  more  longevity  for  biofactory  III  (46.4 


hours)  compared  with  biofactories  I  (3 1.6  hours),  II  (3 1.6  hours),  IV  (36.4  hours),  and  V  (3 1.6 
hours).  These  results  indicate  that  the  male  flies  at  biofactory  III  may  perform  better  after  being 
released  into  the  field,  since  they  can  survive  longer  to  find  females  for  mating. 
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Abstract  text: 

Introduction:  In  Brazil,  the  parasitoid  Cotesia  flavipes  (Cameron,  1891)  has  been  used  as  a 
biological  control  agent  against  Diatraea  saccharalis  (F.)  since  1976.  Although  it  is  effective  in 
reducing  populations  of  this  pest,  there  have  been  no  new  introductions  of  the  parasitoid  in  the 
country  in  the  last  40  years.  This  study  aimed  to  evaluate  the  quality  of  parasitoids  produced  in 
different  Brazilian  biofactories. 

Methods:  The  biological  characteristics  of  C.  flavipes,  including  egg-to-pupa  development  time, 
pupal  stage,  production  of  male  and  female  offspring  per  host,  and  survival,  were  studied  at  five 
biofactories. 

Results/conclusion:  The  results  demonstrated  differences  in  the  biological  characteristics  of 
parasitoids  produced  across  different  biofactories.  The  egg-to-pupa  development  time  and  the 
pupal  stage  were  similar  across  all  biofactories  and  ranged  from  1 1.0  to  12.6  days  and  from  5.7 
to  7.1  days,  respectively.  However,  for  offspring  production,  a  significantly  greater  number  of 
males  (34.8)  were  observed  in  biofactory  II,  and  the  least  number  of  males  (6.3)  were  noted  in 
biofactory  IV.  The  least  number  of  females  (9.8)  was  observed  in  biofactory  II,  and  the  highest 
number  (45.8)  was  observed  in  biofactory  V.  The  survival  rates  of  pupae  and  adults  ranged  from 
57.5%  to  80.5%.  We  believe  that  studies  like  the  present  one,  which  assess  the  quality  of  a  mass- 
produced  C.  flavipes ,  are  crucial  for  the  continued  use  of  this  parasitoid  in  controlling  D. 
saccharalis  in  the  field. 
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Abstract  text: 

Introduction: 

Termites  are  widely  distributed  causing  pre-  and  post-harvest  damages  to  agriculture  and  forestry 
crops.  Annually  billions  of  US$  are  spent  to  control  termites  world  over  on  insecticides,  which 


rather  harm  more  of  environment  than  controlling  termites.  Till  today  no  biological  control  agent 
has  been  found  to  control  them  satisfactorily. 

An  Indian  termite  predatory  fly,  Termitoloemus  marshalli  Baranov  (1936)  escaped  attention  of 
biocontrol  workers  until  it's  rediscovery  after  78  years. 

Methods: 

Preliminary  biocontrol  potential  of  fly  was  evaluated  in  field  and  laboratory  experiments.  Flies 
were  provided  live  termite  workers  and  soldiers  for  estimating  killing  potential.  Eighteen 
mounds  of  Odontotermes  obesus  were  selected  for  population  dynamics  studies. 

Results/Conclusion: 

In  laboratory  and  field  both  sexes  of  flies  ferociously  killed  termite  workers  and  soldiers  in  spree. 
They  entered  deep  and  dark  galleries  of  mound  killing  termites  ‘en  masse’  on  which  females  laid 
eggs,  larvae  scavenged  and  thereby  raising  next  progeny.  Fly  killed  all  two  hundred  termites 
provided  during  the  experiment  per  day.  In  field  fly  swarms  were  observed  on  two  mounds 
which  later  were  found  dead.  On  seven  mounds  fly  activity  was  observed.  There  are  perhaps 
four-to-five  overlapping  generations  which  result  in  population  built  up  over  several  years  and 
ultimately  overpowering  and  killing  the  whole  mound. 

Remarkable  biology  and  killing  spree  of  T.  marshalli  suggests  its  great  potential  in  termite 
biocontrol  programs.  Further  detailed  studies  on  the  population  dynamics,  fate  of  queen,  rearing 
techniques  and  impact  assessment  are  required  so  that  it  can  be  mass-multiplied  and  released  in 
new  areas  of  the  world. 
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Abstract  text: 


Introduction:  An  overview  is  presented  of  important  and  small  scale  greenhouse  pests  in 
commercial  crops  in  N.W.  Europe.  Uses  and  constraints  of  several  species  of  natural  enemies  are 
discussed. 

Circadian  rhythms  are  discussed. 

Methods:  The  results  of  over  20  years  of  regular  plant  observations  and  trial  and  error  use  of 
natural  enemies  are  discussed.  Yearlong  weekly  counts  of  insect  collections  over  a  period  of  20 
years  are  discussed. 

Results/Conclusion:  Key  pests  are  identified  and  high  risk  import  interceps  are  described. 
Annual  rhythms  of  several  pests  can  be  used  for  integrated  control. 
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Abstract  text: 

Introduction:  The  green  lace  wing,  Chrysoperla  carnea  (Stephens)  is  a  potential  biocontrol  agent 
for  the  integrated  crop  pest  management  as  a  predator  of  many  soft  bodied  insect  pests  (e.g., 
aphid,  mealybug).  This  study  was  conducted  to  determine  the  relative  toxicities  of  insecticides 
commercialized  in  pear  orchard  to  C.  carneamd  to  provide  a  background  for  implementation  of 
integrated  management  programs. 

Methids:  To  test  the  toxicity  of  the  20  pesticides,  the  3rd  larvae  and  adult  (<48  h  old)  were 
exposed  to  the  recommended  field  rate,  and  the  mortality  in  short  time  (24  hours),  puation  and 
emergence  rate  of  C.  carnea  were  surveyed. 


Results/Conclusion:  The  susceptibility  of  C.  carnea  to  various  synthetic  insecticides  was 
different  according  to  the  developmental  stages.  Befuracarb  WG,  Indoxacarb  SC,  Chlorpyrifos 
SC  and  Fenitrothion  WP  were  so  toxic  to  larva  that  the  mortalities  were  under  the  40%.  Machine 
oil  EC,  Detamethrin  EC,  Lambda-cyhalothrin  EC,  Milbemectin  EC,  Buprofezin  WP,  Abamectin 
EC,  Acetamiprid  WP,  Esfenvalerate  EC  and  Pyridaben  WP  showed  so  low  toxicity  to  larva  that 
the  emergence  rates  were  over  the  90%.  However,  Machine  oil  EC,  Detamethrin  EC,  Lambda- 
cyhalothrin  EC,  Acetamiprid  WP,  Esfenvalerate  EC  and  Pyridaben  WP  were  very  toxic  to  the 
adult.  Based  on  IOBC  classification,  Buprofezin  WP,  Abamectin  EC  and  Pyridaben  WP  are 
classified  as  having  a  Class  1  (harmless)  level  of  toxicity.  Hence,  these  chemicals  can  be  used  as 
a  part  of  an  insect  pest  IPM  program  in  pear  orchard  with  C.  carnea  and  the  long-term  effect  of 
the  pesticides  will  be  carried  out  in  the  near  future. 
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Abstract  text: 

Samples  were  taken  on  the  coffe  producer  region  in  Hidalgo  State  Mexico,  where  specimens  of 
Coccinellidae  family  predating  to  Hansenia  pulverulenta  nymphs  were  found  and  it  currently 
damage  the  production  of  coffe  and  mango  in  that  zone.  For  the  molecular  identification  of  the 
specimen,  DNA  was  extracted  obtaining  the  nucleotide  secuencing  utilizing  C1-J1718  and 
A3014  Primers  and  it  was  extracted  the  male  genitalia  to  be  comparaded  with  other  reports 
proving  that  it  is  Mononeda  marginata  Ln.  In  the  laboratory  the  biological  cycle  was  obtained  to 
determine  the  functional  response  of  M.  marginata  larvae  and  adults  toward  first,  second  and 
third  instar  nymphs  of  H.  pulverulenta  utilizing  10,  15,  20,  25,  30  y  35  nymphs  per  Petri  box. 
The  functional  response  curve  obtained  was  adjusted  to  the  Holling  Model  with  values  of  F  y  R2 
and  the  result  found  a  functional  response  up  to  32  H.  pulverulenta  nymphs  per  M.  marginata 
larvae  or  adult  per  day. 


It  concluded  that  M.  marginata  has  a  big  potential  for  using  it  as  a  biological  control 
against  H.  pulverulenta  in  coffee  and  mango  plantation  in  the  region  and  this  will  be  the  first 
report  about  biological  relations  between  these  species. 
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Abstract  text: 

Coffee  berry  borer  (CBB),  Hypothenemus  hampei,  is  a  serious  pest  of  coffee  worldwide  and  a 
new  invasive  pest  in  Hawaii.  Adult  flat  bark  beetles,  mainly  Leptophloeus  sp.  (75%)  and 
Cathartus  quadric ollis  (21%)  (Coleoptera:  Laemophloeidae  and  Silvanidae,  respectively),  were 
found  in  CBB-infested  coffee  beans  on  the  tree  and  molecular  marker  studies  confirmed  feeding 
on  CBB.  Research  was  conducted  to  better  understand  the  ecology  of  these  predators  and  explore 
ways  to  increase  their  role  in  suppressing  CBB  populations  in  coffee.  Feeding  assays 
demonstrated  the  capacity  for  adult  and  larval  flat  bark  beetles  to  feed  on  all  CBB  life  stages  in 
the  laboratory.  The  predators  are  widely  distributed  in  the  coffee  growing  areas  on  the  island  of 
Hawaii,  but  feed  mainly  in  dried  coffee  on  the  tree  rather  than  in  ripening  cherry  where  initial 
crop  damage  occurs.  Predator  numbers  from  Berlese  extractions  were  as  high  as  25  adults  per 
150  dried  bean  sample.  The  predators  are  not  susceptible  to  the  fungal  biopesticide  Beauveria 
bassiana  which  is  used  for  field  control  of  CBB  in  coffee.  Leptophloeus  sp.  and  C.  quadricollis 
can  be  raised  on  a  cracked  corn-cornmeal  diet.  A  raise  and  release  program  was  started  with  C. 
quadricollis  by  providing  farmers  with  a  predator  starter  kit,  and  >200  kits  were  distributed  to 
coffee  farmers.  Augmentative  releases  of  generalist  flat  bark  beetle  predators  that  are  easily 
reared  like  Leptophloeus  sp.  and  C.  quadricollis  may  be  a  useful  component  of  an  integrated  pest 
management  program  for  other  scolytine  pests. 
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Abstract  text: 

Introduction:  Intercropping  with  flowering  plants  can  improve  biological  control  in  agricultural 
fields.  Increased  predation  rates  of  sentinel  Ostrinia  nubilalis  (Hiibner),  European  corn  borer, 
eggs  in  field-grown  peppers,  Capsicum  annuum  L.,  have  been  found  with  flowering  intercrop 
use.  The  objective  of  this  study  was  to  determine  the  effect  of  1)  flowering  intercrop  species 
(coriander,  dill,  and  fennel)  on  anthocorid  predation  of  sentinel  O.  nublialis  eggs,  2)  intercrop 
plot  design  on  anthocorid  predator  abundance,  and  3)  intercrop  treatment  on  injury  to  field 
peppers  at  harvest. 

Methids:  Two  field  pepper  plots  at  the  Rutgers  Snyder  Farm  in  Pittstown,  NJ,  were  established 
using  a  randomized  mixed-block  design  of  adjacent  (5x10  yd)  or  intra-row  intercrops  (5x6  yd) 
subplots,  with  4  replicates  of  5  treatments  of  peppers  only,  peppers  intercropped  with  coriander, 
dill,  fennel  or  all  3  intercrop  species.  The  natural  abundance  of  anthocorid  predators  was 
determined  using  clear  sticky  traps  and  anthocorid  predation  was  monitored  by  sentinel  O. 
nubilalis  egg  masses. 

Results/Conclusion:  The  results  are  discussed  in  terms  of  conservation  biological  control  as  a 
method  to  prevent  economic  injury  in  New  Jersey  peppers. 
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Abstract  text: 

Introduction:  Volatiles  emitted  from  insect-attacked  plants  may  be  attractive  to  one  or  more 
specific  natural  enemies.  Releasing  of  volatiles  from  certain  pests  injured  plants  has  a  role  in 
prey  or  host  location.  Response  of  newly  emerged  and  starved  or  fed  adults  (for  three  days)  for 
each  of  Coccinela  undecimpunctata  L.  (  Coleoptera:  Coccinellidae)  and  its  parasitoid 
adults,  Tetrastichus  coccinellae  Kurdj.  (Hymenoptera:  Eulophidae)  to  volatile  sources  were 
studied. 

Methods:  Tested  odor  was  emitted  from  a  combination  of  host  plant  and  prey  or  host  insect  that 
volatiles  as  four  choices  (e.g.  Infested  sorghum  plants  with  aphids  (corn  leaf  aphid 
( Rhopalosiphum  maidis  (Fitch)  Hemiptera:  Aphididae),  crushed  un- infested  sorghum  leaves  and 
infested  sorghum  leaves  plus  the  last  larvae  and  newly  pupated  coccinellid)  placed  in 
olfactometer. 

Results/Conclusion:  Results  demonstrated  the  complexity  of  the  use  of  different  volatile 
infochemicals  generated  by  the  different  environmental  stimuli.  Reactions  of  the  used  C. 
undecimpunctata  adults  and  its  parasitoids  were  noticed  and  different  strategies  to  exploit  these 
signals  were  evolved. 
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This  study  focused  on  the  conservation  biological  control  of  pear  psylla  Cacopsylla  pyricola 
(Foerster)  in  the  Pacific  Northwest  U.S.  Pear  psylla  is  one  of  the  most  important  pest  insects  of 
pears  ( Pyrus  sp.  [Rosaceae])  in  the  U.S.  It  has  many  natural  enemies  including  generalist 
predators  (e.g.,  Deraeocoris  brevis  (Uhler),  spiders,  Orius  sp.  and  Coccinellids)  and  a  specialist 
parasitoid  [Trechnites  insidiosus  (Crawford) ]  although  overwintering,  spring  and  summer  psylla 
are  mainly  controlled  by  insecticides.  Codling  moth  Cydia  pomonella  (Linnaeus)  (Leptidoptera: 
Tortricidae)  is  the  other  most  important  key  pest  insect  of  pears  for  which  there  is  no  efficient 
natural  enemy.  Insecticides  used  to  control  codling  moth  can  disrupt  biological  control  of  psylla 
in  pear  orchards  by  reducing  its  natural  enemy  abundance.  We  hypothesize  that  the  amount  of 
insecticides  used  for  codling  moth  control  can  be  reduced  when  mating  disruption  of  codling 
moth  is  incorporated  in  the  pear  pest  management,  which  will  then  lead  to  an  increase  in  natural 
enemy  abundance  in  the  orchard.  Hence,  the  objective  of  this  study  was  to  understand  how  the 
codling  moth  mating  disruption  influences  the  pear  psylla  and  its  natural  enemy  abundance  in 
pear  orchards  managed  under  long-term  codling  moth  mating  disruption  programs.  Our  results 
show  that  codling  moth  mating  disruption  can  positively  influence  the  abundance  of  natural 
enemies  in  pear  orchards.  This  in  turn  reduces  the  amount  of  insecticides  needed  to  control  pear 
psylla.  This  research  illustrates  the  important  indirect  effects  arising  from  the  interaction  between 
control  measures  used  for  different  pests  of  the  same  crop. 
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Abstract  text: 

Privet  whitefly,  Aleurotrachelus  trachoides ,  is  native  to  the  Neotropics,  but  has  spread  to  parts  of 
Africa,  the  Pacific  and  North  America,  including  Florida,  U.S.A.  This  invasive  whitefly  is 
polyphagous  with  important  solanaceous  hosts  such  as  Capsicum  spp.,  Solarium  lycopersicum ,  S. 
melongena ,  various  ornamentals,  wild  plants  and  weeds.  Direct  damage  is  caused  by  nymphs  and 
adults  feeding  on  large  quantities  of  plant  sap,  causing  stunted  growth,  and  reduced  fruit 
production.  Aesthetic  damage  to  crops  and  plants  is  caused  by  honeydew  and  sooty  mold 
accumulations.  Although  this  emerging  pest  appeared  in  Florida  some  time  ago,  it  is  anticipated 
that  its  geographical  range  will  expand  with  time.  Ongoing  activities  include  collecting 
biological  data  on  the  whitefly,  host  range  and  preference  testing,  surveys  for  indigenous  natural 
enemies  and  evaluation  of  their  efficacy  for  field  release  and  dissemination. 
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Abstract  text: 

Introduction:  The  western  corn  rootworm  (WCR)  (Diabrotica  virgifera  virgifera  LeConte)  is  one 
of  the  most  important  pests  of  maize  in  the  United  States.  Larval  stages  of  the  WCR  feed  on  and 
injure  maize  roots,  reducing  yield.  Farmers  invest  large  amounts  of  money  to  control  this  pest, 
but  are  losing  management  options  due  to  regulatory  and  resistance  issues.  Biological  control  can 
be  an  efficient  and  sustainable  way  to  control  pests  with  natural  enemies  such  as  predators.  The 
loss  of  effective  management  strategies  influenced  us  to  look  for  alternative  tools  that  can  be 
used  against  WCR  larvae.  Our  objective  is  to  identify  ground-dwelling  predators  of  WCR  larvae 
that  can  be  further  explored  as  biological  control  agents. 

Methods:  Seven  collection  dates  were  carried  out  at  five  commercial  maize  farms  in  West 
Central  Nebraska  during  the  growing  season  of  2014.  In  each  field  there  were  10  pitfall  traps: 
half  were  open  for  7  days  and  half  for  24  hours.  We  identified  the  community  of  potential  WCR 
arthropod  natural  enemies  from  both  trap  types,  finding  spiders,  carabids,  and  staphylinids  to  be 
the  most  abundant.  Arthropods  found  in  the  24-hr  traps  were  placed  in  95%  EtOH  in  the  field 
and  stored  in  the  freezer  to  preserve  DNA.  After  identification,  DNA  was  extracted  and  PCR  was 
conducted  for  gut-content  analysis  using  WCR-specific  primers. 

Results/Conclusion:  Results  will  indicate  the  relative  strength  of  trophic  interactions  between 
WCR  and  epigeal  predators,  providing  information  that  can  be  used  for  biological  control  of  this 
damaging  pest. 
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Introduction:  The  greenhouse  whitefly,  Trialeurodes  vaporariorum  Westwood  (Hemiptera, 
Aleyrodidae)  is  a  polyphagous  and  key  pest  that  causes  damaging  to  wide  range  of  crops. 
Parasitic  wasps  of  genus  Eretmocerus  are  one  of  the  most  important  natural  enemies  of 
greenhouse  whitefly.  The  parasitoid  wasp,  Eretmocerus  delhiensis  Mani  (Hymenoptera, 
Aphelinidae)  is  a  syn-ovigenic  and  thelytokous  parasitoid.The  subject  of  this  study  is 
determination  of  demography  parameters  of  parasitoid  wasp,  E.  delhiensison  greenhouse 
whitefly  nymphs  on  tomato  cultivar  super-chef. 

Methods:  All  experiments  were  conducted  in  controlled  conditions  at  temperature  25±1°C,  65±5 
%  and  a  photoperiod  16:8  h  (L:  D)  in  growth  chamber.  For  carrying  out  experiments,  a  parasitoid 
wasp  with  less  than  24  h  old  in  petri  dish  8  cm  was  introduced  and  daily  was  given  a  tomato  leaf 
with  25-30  whitefly  nymphs  in  wasp  available  and  this  trend  continue  until  parasitoid  death. 
Eventually,  the  oviposition  and  host  feeding  rates  were  recorded. 

Results/Conclusion:  The  result  shows  that  fecundity  and  host  feeding  rate  for  E.  delhiensis  was 
17.43±0.17  offspring  and  6.4±0.35  nymph.  Based  on  results  of  life  table,  parameters  of  net 
reproductive  rate  (Ro),  the  mean  generation  time  (T),  finite  rate  of  increase  (X),  doubling  time 
(DT)  and  intrinsic  rate  of  increase  (rm)  of  E.  delhiensis  were  estimated  by  "Age-Stage,  Two-Sex" 
life  table  analysis  at  12.11  offspring,  15.66  day,  1.173/day,  4.354/day  and  0.163/day 
respectively.  Due  to  these  parameters  can  use  from  parasitoid  wasp  E.  delhiensis  as  integrated 
with  other  biological  agents  for  population  reduction  of  greenhouse  whitefly. 
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Introduction:  The  parasitoid  Telenomus  podisi ,  presents  promising  biological  parameters  for  the 
control  of  Oebalus  insularis  eggs.  The  objective  of  these  study  was  determined  the  lower  thermal 
limit,  for  the  development  of  three  biotypes  of  T.  podisi ,  reared  in  O.  insularis  eggs. 

Methods:  In  addition,  we  calculated  the  number  of  generations  of  the  parasitoid  per  year,  based 
on  the  thermal  constant  (K)  and  the  degree  days  (GD).  The  eggs  of  O.  insularis ,  were  submitted 
to  the  parasitism  of  T.  podisi ,  under  controlled  conditions  of  temperature  (25+10°C),  relative 
humidity  (80+5%)  and  12  hours  of  fotophase,  then  transferred  to  climate  chambers  regulated  at 
different  temperatures  (18,  20,  22,  25,  28,  30  and  32°C).The  duration  of  the  biological  cycle 
(eggs  to  adult),  survival  rate  and  the  proportion  of  sexes,  was  evaluated  daily.  The  biotypes 
considered  in  this  study  were:  a)  Tp.l  (Chichebre,  Panama,  var.  IDIAP-38);  b)  TP.2  (Juan 
Hombron,  Code,  var.  IDIAP-38);  c)  TP.3  (Calesa,  Panama,  var.  Estrella-92).  The  experimental 
design  was  complete  random,  whereas  60  parasitized  eggs  by  temperature. 

Results/Conclusion:  The  lower  thermal  limit,  for  the  Tp.l,  Tp.2  and  Tp.3  biotypes,  was  12.2, 

13.1  and  12.9°C,  respectively.  The  isotherms  (26.8  to  27.0°C)  registered  in  Chepo,  Panama, 
determined  25.5  24.9  and  25.2  generations  per  year,  for  the  Tp.l,  Tp.2  and  Tp.3  biotypes, 
respectively.  These  results,  associated  the  survival  rate  (94%)  and  the  proportion  of  females 
(0.68/1.00),  suggests  the  success  of  the  releases  of  T.  podisi ,  aimed  at  the  control  of  O.  insularis. 
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introduction:  Exotic  invasive  pests  may  be  susceptible  to  biological  control  by  native  natural 
enemies.  We  used  sentinel  egg  masses  to  assess  the  potential  of  native  egg  parasitoids  and 


predators  to  suppress  populations  of  brown  marmorated  stink  bug,  Halyomorpha  halys  Stal 
(Heteroptera:  Pentatomidae). 

Methods:  Sixteen  genera  of  ornamental  woody  plants,  comprising  closely  related  species  native 
to  either  Eurasia  or  North  America,  were  planted  at  the  US  National  Arboretum  in  Washington, 
DC,  USA.  Within  each  plot,  we  clipped  a  single  egg  mass  from  a  laboratory  colony  of  H.  halys 
to  one  leaf  of  one  individual  of  Acer,  Cercis,  Hydrangea,  and  Prunus ,  during  spring  and  summer 
of  2014  and  2015.  Egg  masses  were  observed  for  three  days  following  emplacement,  and  data 
collected  on  the  activity  of  arthropod  natural  enemies.  We  then  collected  the  egg  masses  and 
scored  them  for  evidence  of  predation,  live  nymphal  and  parasitoid  emergence,  and  presence  of 
unemerged  parasitoids. 

Results/Conclusion:  Of  352  egg  masses  emplaced,  347  were  recovered;  57.5  %  of  the  eggs 
produced  nymphs.  Parasitoid  diversity  was  high,  comprising  eight  species  among  the 
genera  Trissolcus,  Telenomus,  Anastatus,  and  Ooencyrtus,  but  the  overall  rate  of  parasitism  was 
only  3.6%.  Predators  observed  feeding  on  egg  masses  in  the  field  included  reduviid  nymphs  and 
a  chrysopid  larva,  but  spiders  and  ants  were  responsible  for  most  egg  feeding;  a  few  egg  masses 
were  removed  entire,  presumably  by  birds.  The  overall  predation  rate  was  only  4.4%.  We  present 
hypotheses  to  explain  the  low  impact  of  natural  enemies  in  this  system. 
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Introduction:  The  inadvertent  introduction  of  the  gall-forming  wasp,  Quadrastichus  erythrinae , 
into  Hawaii  in  April  2005  resulted  in  heavy  infestation  on  Erythrina  trees.  Persistent  gall  wasp 
damages  nearly  decimate  susceptible  Erythrina  spp.  Nevertheless,  subsequent  liberation  of  a 
parasitoid,  Eurytoma  erythrinae ,  we  collected  in  Tanzania,  East  Africa,  mitigated  further 


destruction  of  the  introduced  Erythrina  trees  as  well  as  the  native  variety,  E.  sandwicensis, 
known  locally  as  ‘wiliwiwli’.  In  Hawaii,  Erythrina  trees  are  commonly  used  in  landscaping, 
windbreaks  on  farmlands  and  valued  as  seafaring  implements  by  native  Hawaiians. 

Methods:  Pre-  and  post-evaluation  of  the  introduced  parasitoid  was  undertaken  on  several 
locations  across  the  State  for  4  years.  Monitoring  techniques  consisted  of  collecting  once  a 
month  quantitative  observations  from  trees  selected  at  random  as  experimental  units.  Data 
generated  consisted  of  rating  tree  damage  with  an  arbitrary  scale  and  sampling  galls  to  estimate 
rates  of  pest  parasitism. 

Results/Conclusion:  Statewide  releases  of  the  natural  enemy  demonstrated  the  efficacy  of  the 
parasitoid  in  long  term  suppression  of  the  pest.  Within  one  year  after  liberation,  parasitoid  was 
successfully  established  on  the  islands,  trees  bounced  back  and  revived  considerably.  The 
parasitoid  mitigated  the  spread  and  unrelenting  damage  of  pest  on  trees. 
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Introduction:  Tamarixia  radiata ,  a  parasitoid  wasp,  is  a  biological  control  agent  of  the  Asian 
citrus  psyllid  (ACP)  that  is  being  used  as  a  tool  to  help  reduce  psyllid  populations  in  urban 
environments  of  citrus  growing  areas  in  Texas. 

Methods:  Methods  have  been  developed  to  produce  large  numbers  of  these  beneficial  insects  for 
field  release.  The  CPHST  Mission  Lab  is  working  to  mass  produce  T.  radiate ,  producing  a 
cumulative  total  to  over  1.2  Million  in  2015.  Insects  are  released  where  plant  tissue  testing 
positive  for  HLB  is  being  detected. 


Results/Conclusion:  In  2010,  before  we  began  our  releases,  we  were  detecting  up  to  43  immature 
psyllids  per  flush  in  residential  citrus.  Following  our  biological  control  efforts,  we  have  seen  the 
populations  gradually  decline.  As  of  2015,  field  collections  indicate  we  are  observing  only  20 
immature  psyllids  per  flush.  This  is  a  reduction  about  50%  of  the  ACP  population.  We  anticipate 
matching  that  rate  or  seeing  increased  reduction  in  that  ACP  population  in  2016. 
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Tarnished  plant  bugs,  Lygus  lineolaris  (TPB)  were  collected  from  wild  host  plants  at  different 
locations  in  Mississippi,  Louisiana,  and  Arkansas  during  2015.  Adults  and  nymphs  from  each 
location  were  kept  individually  for  1 5  days  on  solid  diet  and  checked  daily  for  parasitism  or 
microbial  infection.  Low  levels  of  parasitism  (<1%)  by  Phasia  spp.  (Diptera:  Tachinidae)  were 
found  in  samples  collected  from  Goodman,  Mississippi.  A  range  in  parasitism  of  TPB  from  0  to 
55%  was  associated  with  two  unidentified  braconid  species  (Hymenoptera:  Braconidae)  in 
samples  from  Mississippi,  Louisiana,  and  Arkansas.  The  highest  parasitism  observed  was  in 
samples  from  Hamburg,  AR  (55%)  and  Lake  Providence,  LA  (27%).  Larvae  of  Phasia  spp 
emerged  from  parasitized  TPB  adults.  The  two  braconid  species  emerged  from  adult 
TPB  (>99%)  and  fourth-fifth  instar  nymphs  (<1%).  Presence  of  parasitism  of  TPB  was  first 
observed  in  early  April  with  continuing  observations  through  early  June.  Parasitism  of  TPB  was 
not  observed  during  the  summer,  but  parasitism  by  braconid  parasitoids  (<1%)  was  again 
observed  in  late  October.  Natural  incidence  of  Beauveria  bassiana,  Metarhizium  anisopliae  and 
Aspergillus  flavus  was  also  found.  Measured  infection  rates  in  Mississippi,  Arkansas  and 
Louisiana  ranged  from  0  to  15%,  0  to  3%,  and  0  to  18%  for  B.  bassiana ,  M.  anisopliae  and  A. 
flavus ,  respectively.  Results  of  these  studies  are  a  component  of  life  table  studies  examining 
ecological  targets  for  microbial  control  of  TPB  populations. 
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Introduction:  Oobius  primorskyensis  Yao  and  Duan  and  Oobius  agrili  Zhang  and  Huang 
(Hymenoptera:  Encyrtidae)  constitute  a  cryptic  species  complex  of  egg  parasitoids  attacking  the 
emerald  ash  borer,  Agrilus  planipennis  (Coleoptera:  Buprestidae),  in  their  native  range  of 
northeast  Asia.  While  O.  primorskyensis  is  currently  being  evaluated  in  quarantine  for  potential 
biocontrol  introduction  against  A.  planipennis  to  the  U.S.,  O.  agrilihas  established  stable 
populations  in  some  areas  of  the  U.S.  since  its  first  introduction  in  2007. 

Methods:  In  the  present  study,  we  quantify  and  compare  the  survivorship,  fecundity,  and  progeny 
diapause  pattern  between  O.  primorskyensis  and  O.  agrili  for  both  diapaused  and  non-diapaused 
populations.  Both  parasitoid  species  were  reared  in  the  laboratory  with  fresh  A.  planipennis  eggs 
at  25  ±  1°C,  -65%  RH,  and  16:  8  h  L:  D  photoperiod. 

Results/Conclusion:  Results  of  the  study  demonstrate  that  there  are  distinctive  differences  in  the 
reproductive  biology  and  progeny  diapause  pattern  between  the  two  parasitoid  species  as  well  as 
between  the  diapaused  and  non-diapaused  populations  within  each  species.  These  findings 
suggest  that  the  effectiveness  of  O.  primorskyensis  and  O.  agrili  in  classical  biocontrol  of  A. 
planipennis  may  vary  in  different  regions  of  North  America,  where  the  host  phenology  in  adult 
emergence  and  oviposition  peak  differ.  However,  considering  the  differences  in  their 
reproductive  biology  and  diapause  pattern  for  risk-spreading,  O.  primorskyensis  and  O.  agrili 
may  be  complementary  to  each  other  in  reducing  host  egg  densities  in  regions  where  both 
species  can  successfully  establish. 
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Abstract  text: 

Diatraea  saccharalis  is  an  important  pest  of  sugarcane  in  Brazil,  causing  serious  damage  owing 
to  its  ability  to  form  galleries  in  the  plant  stem.  Biological  control  for  this  pest  includes  using  the 
parasitoid  Cotesia  flavipes,  which  is  mass-produced  in  40  biofactories  for  release  into  the 
field.  We  aimed  to  evaluate  the  parasitizing  efficacy  of  C.  flavipes  females  on  third-instar  larvae 
D.  saccharalis ,  from  three  different  Brazilian  biofactories,  located  in  Ribeirao  Preto-SP  (I), 
Campo  Novo  do  Parecis-MT  (II),  and  Bandeirantes-PR  (III).  Following  adult  emergence,  one 
male  and  one  female  C.  flavipes  were  paired  in  a  test  tube,  constituting  a  single  replicate,  and  10 
replicates  (20  male  and  female  C.  flavipes)  were  observed  in  total.  The  insects  were  conditioned 
on  room  at  25°C  ±  1°C.  Every  8  hours,  a  D.  saccharalis  caterpillar  was  added  to  each  replicate 
test  tube  until  all  C.  flavipes  females  in  a  replicate  had  died.  The  number  of  caterpillars 
parasitized  per  female  and  the  production  of  offspring  per  host  caterpillar  were  recorded.Females 
from  biofactory  I  showed  the  highest  parasitism  rates,  averaging  two  caterpillars  per  female; 
these  females  produced  an  average  of  20  males  and  33.5  females  per  host,  with  a  sex  ratio  of  0.6. 
In  biofactory  II,  females  produced  an  average  of  55.5  males  per  host,  but  no  female  offspring. 
Females  of  biofactory  III  did  not  produce  any  offspring  and  showed  the  lowest  rates  of 
parasitism  (0. 1  parasitized  caterpillar  per  female).  Thus,  female  C.  /Zavzpescultivated  in 
biofactory  I  have  the  best  performance  under  laboratory  conditions. 
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Introduction:  The  sugarcane  is  the  largest  and  most  important  crop  in  Brazil  and  represents  a 
significant  part  of  the  country’s  economy.  Effective  management  of  the  sugarcane  borer 
Diatraea  saccharalis ,  a  serious  pest  of  sugarcane,  is  an  urgent  need.  The  best  strategy  to  control 
this  pest  is  the  use  of  biological  control  with  the  parasitoid,  Cotesia  flavipes.  This  study  aimed  to 
evaluate  the  flight  activity  of  the  parasitoid  C.  flavipes  at  different  temperatures  in  the  laboratory. 

Methods:  Fifteen  cocoon  of  C.  flavipespupae  (per  replication)  were  then  placed  inside  a  tubular 
container  (20  cm  x  15  cm)  (cage  for  flight  test)  lined  with  black  paper  and  one  entomological 
adhesive  strip,  0.5-cm  wide,  positioned  6  cm  from  the  base.  The  cages  were  maintained  in  room 
at  22°C,  24°C,  and  26°C.  After  insects  death  were  classified  according  to  their  position  in  the 
cage:  flying  (glued  to  the  tube  cap),  walking  (glued  to  the  adhesive  strip),  non-flying  insects 
(remained  at  the  bottom  tube). 

Results/Conclusion:  The  percentage  of  flying  and  walking  insects  were  similar  across  ah 
temperatures  tested,  ranging  from  39.3%  to  62.5%  for  flying  and  from  17.5%  to  33.3%  for 
walking  insects,  respectively.  Support:  CNPq,  FAPESP 
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Food  resources,  such  as  nectar,  pollen  and  honey  dew,  support  physiological  maintenance  and 
dispersal,  and  enhance  longevity  and  realized  fecundity  of  beneficial  insects.  Food  provisions 
are  especially  important  to  sustain  beneficial  insects  during  periods  when  hosts  are  not  available. 

The  olive  fruit  fly  is  the  most  important  pest  of  olives  in  the  world.  Foreign  exploration  by  the 
USDA-ARS  EBCF  resulted  in  the  discovery  of  the  olive  fruit  fly  parasitoid,  Psyttalia 
lounsburyi.  A  rearing  and  release  program  for  P.  lounsburyi  is  underway  to  protect  California 
olives  from  the  fly. 

Fittle  is  known  about  the  overwintering  biology  of  P.  lounsburyi  or  the  degree  to  which  its 
emergence  is  synchronized  with  the  availability  of  B.  oleae  larvae  in  domesticated  olives.  Food 
resources  may  be  critical  for  the  wasp’s  survival  during  periods  when  the  host  is  not  available,  as 
well  as  during  the  summer  and  autumn  when  hosts  are  available  in  olives. 

We  conducted  studies  on  the  nutritional  ecology  of  P.  lounsburyi  to  better  understand  how 
conservation  biological  control  approaches  might  be  used  to  enhance  the  wasp’s  efficacy  in  the 
ongoing  classical  biological  control  program.  Our  results  showed  that  access  to  food  greatly 
enhanced  the  longevity  and  reproductive  lifespan  of  P.  lounsburyi.  Food  concentration  and 
timing  of  feeding  were  also  important  factors  affecting  survival.  We  also  found  a  wide  range  of 
responses  to  floral  resources,  honeydew  and  individual  carbohydrates.  This  suggests  that  a 
functional  diversity  of  food  resources  exists,  and  that,  if  appropriately  managed,  has  the  potential 
to  enhance  biological  control  efficacy  of  P.  lounsburyi. 
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Introduction:  The  alfalfa  weevil  Hypera postica  (Gyllenhal)  is  the  most  destructive  pest  of 
leguminous  crops  such  as  Chinese  milk  vetch  and  hairy  vetch  in  Japan.  To  control  H.  postica ,  the 
solitary  endoparasitoid  Bathyplectes  anurus  (Thomson)  was  released  as  a  classical  biological 
control  agent,  but  the  distribution  of  B.  anurus  is  limited  in  the  Japan. 

Methods:  In  our  study,  we  investigated  the  effects  of  hairy  vetch  seeding  manipulation  (i.e., 
control  of  seeding  timing  and  density)  on  the  densities  of  H.  postica  and  B.  anurus. 

Results/Conclusion:  The  average  densities  of  H.  postica  and  B.  anurus  were  significantly  higher 
with  early  timing  and  a  higher  seeding  density  compared  with  the  other  treatments.  This 
confirmed  that  the  densities  of  H.  postica  and  B.  anurus  could  be  adjusted  by  the  effect  of  hairy 
vetch  seeding  manipulation.  During  the  tri-trophic  interaction  among  hairy  vetch,  H.  postica ,  and 
B.  anurus ,  the  interaction  between  the  hairy  vetch  weight  and  H.  postica  densities  was  high,  and 
the  interaction  between  the  H.  postica  and  B.  anurus  densities  was  very  high.  These  results 
suggested  that  early  timing  and  high  density  seeding  indirectly  enhanced  the  density  of  B.  anurus 
by  strong  direct  effects  of  the  H.  postica  density  on  the  B.  anurus  during  the  tri-trophic 
interaction.  Overall,  we  concluded  that  a  combination  of  early  timing  and  high  density  hairy 
vetch  seeding  may  help  the  distribution  expansion  of  B.  anurus. 
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Abstract  text: 


Results  from  a  10  years-long  research  on  Liriomyza  parasitoids  in  Brazil  are  reported  in  this 
work.  It  involves  parasitoid  diversity,  biology  and  rearing  procedures.  These  agromyzid 
leafminers  are  a  serious  pest  in  many  crops  in  Brazil;  however,  in  melon  crops  L.  sativae  became 
the  major  pest  since  the  year  2000.  In  this  period,  different  L.  sativae  parasitoid  species  were 
identified,  such  as  Opius  scabriventris  ( =Phaedrotoma  scabriventris )  (Braconidae), 
Neochrysocharis  texensis ,  N.  form  os  a,  Chrysocharis  vonones ,  C.  caribea ,  Diglyphus  begini 
(Eulophidae)  and  Zaeucoila  unicarinata  (Figitidae).  Considering  the  abundance  and  rearing 
facility,  studies  were  conducted  with  O.  scabriventris  and  C.  vonones.  Both  species  showed 
potential  as  biological  control  agents,  with  a  shorter  egg-adult  period  than  the  pest  and  high 
parasitism  rates.  As  host  plants  for  rearing  L.  sativae ,  cowpea  ( Vigna  unguiculata )  and  jack  bean 
( Canavalia  ensiformis)  showed  good  results.  A  pupation  chamber  was  developed  to  collect  the 
larvae  that  came  out  of  the  leaves,  reducing  the  work  time  and  the  pupae  manipulation  that  could 
increase  the  mortality.  As  other  leafminer  parasitoids,  the  studied  species  showed  a  host-feeding 
behavior  that  can  increase  the  rearing  cost.  Field  trials  need  to  be  conducted  to  test  the  efficiency 
of  these  species  in  controlling  L.  sativae.  In  addition,  considering  the  leafminer  parasitoid 
diversity  in  melon  crops,  researches  are  being  conducted  aiming  to  mass  collect  parasitoids  in  the 
harvest  period  and  transfer  to  new  areas,  as  a  biological  control  strategy.  In  Brazil,  no  biological 
control  companies  are  presently  marketing  leafminer  parasitoids;  however,  there  is  growing 
interest,  primarily  for  high-value  crops. 
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Citrus  greening  is  one  of  the  most  devastating  diseases  in  citrus  plants  around  the  world.  In  2001, 
the  Asian  citrus  psyllid  (ACP)  Diaphorina  citri ,  was  initially  reported  in  Isabela,  PR.  Also,  was 


identified  its  main  ectoparasitoid,  Tamarixia  radiata.  In  2009,  HLB  was  detected  in  Puerto  Rico. 
In  previous  studies  the  local  parasitoid,  T.  radiata  showed  a  differents  percents  of  parasitism  to 
ACP  in  citrus  and  Murraya  paniculata.  The  introduction  of  more  efficient  parasitoid  strain,  T. 
radiata  Pakistan  strain  at  the  island  is  one  of  the  various  efforts  to  control  A  CP.  The  parasitoid 
was  introduced  from  Texas  and  mass  reared  at  PRDA.  The  methodology  for  mass  production 
and  parasitism  level  were  based  on  standard  protocol.  Three  study  sites  were  selected  for  pre 
and  post  release  in  Corozal,  Adjuntas  and  Lares  with  altitudes  from:  225  m,  593  m  and  453, 
respectively.  Incidences  of  ACP  and  local  parasitoid  were  evaluated  in  the  field  and  laboratory. 
Ten  random  citrus  trees  were  selected  and  evaluated  for  the  presence  of  nymphs  and  adults  of 
ACP.  Also,  ten  citrus  trees  were  evaluated  for  the  presence  of  adults,  mummified  or  nymphs 
with  parasitoid  emergence  hole.  Additionally,  ten  citrus  flushes  were  collected  to  determine  the 
level  of  parasitism  in  laboratory.  Corozal  and  Adjuntas  showed  very  low  occurrence  of  adults 
and  nymphs  of  ACP,  and  the  presence  of  nymphs  with  exit  hole  was  relatively  elevated.  In  Lares 
was  observed  the  highest  infestation  level  by  ACP  in  citrus  and  in  laboratory  were  reported  20% 
of  parasitism  by  T.  radiata  in  ACP. 
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Introduction:  Brevicoryne  brassicae,  the  cabbage  aphid,  is  a  specialist  on  Brassica  crops.  The 
braconid  wasp  Diaeretiella  rapae  is  important  worldwide  as  natural  control  of  B.  brassicae ,  its 
endoparasitism  frequently  reduce  aphid  populations  in  variable  extents. 

Methods:  We  evaluated  parasitism  by  D.  rapae  on  cabbage  aphid  in  fabric  cages  (15x15x30  cm) 
in  the  field  at  Saltillo,  Mexico.  Single  three-leaf  broccoli  plants  were  caged  with  different 
densities  of  aphids  (6  and  10)  per  plant,  and  0  or  6  wasps/cage. 


Results/Conclusion:  Posterior  sampling  of  aphids  and  D.  rapae  in  cages  indicated  that  one 
release  of  Diaretella  suppressed  about  77.4%  of  the  population  of  B.  brassicae  58  days  after 
experiment  establishment.  There  were  indications  also  that  the  suppression  could  reach  93%  in 
cages.  Control  (0  wasps)  plants  were  sometimes  completely  destroyed  by  aphids.  Observations  at 
different  site,  aphid  and  wasp  densities  are  ongoing  with  similar  results.  These  results  underscore 
the  potential  of  D.  rapae  in  the  management  of  cabbage  aphids  on  Brassica  crops. 
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Introduction:  The  survival,  development  time,  fertility,  behavior,  longevity,  and  other  biological 
features  of  Diaeretiella  rapae  (McIntosh)  are  conditioned  by  the  temperature  and  by  the  host. 

The  aim  of  this  study  was  to  evaluate  the  influence  of  temperature  in  the  host  quality  of  Lipaphis 
pseudobrassicae  (Davis)  and  Myzus  persicae  (Sulzer)  for  the  parasitoid  D.  rapae. 

Methods:  Plates  containing  thirty  2nd  instar  nymphs  of  one  host  species  of  aphid  parasitized  by 
D.  rapae  were  maintained  at  16,  19,  22,  25,  28  and  3 1°C  to  evaluate  the  biological  features  of  the 
parasitoid  and  the  hind  tibia  length  of  the  mummy  and  females  of  D.  rapae ,  10  replicates  were 
used  for  each  host  in  each  temperature. 

Results/Conclusion:  The  percentage  of  emergence  and  total  viability  rate  of  D.  rapae  were 
higher  in  L.  pseudobrassicae.  The  development  time  of  D.  rapae  in  L.  pseudobrassicae  was 
shorter  than  in  M.  persicae  at  28  and  3 1°C  for  females  and  at  3 1  °C  for  males  of  the  parasitoid. 
The  hind  tibia  length  of  mummified  M.  persicae  was  greater  than  L.  pseudobrassicae  at  all 
temperatures.  The  hind  tibia  length  of  the  parasitoid  was  greater  at  25  and  28°C  when  reared  on 
L.  pseudobrassicae  than  on  M.  persicae.  The  host  L.  pseudobrassicae  showed  better  adaptation 
than  M.  persicae  at  elevated  temperatures,  which  resulted  in  higher  quality  as  host  for  D.  rapae 


at  temperatures  of  28  and  3 1°C.  The  adaptation  of  the  host  to  high  temperatures  is  determinant 
for  the  host  quality  for  the  parasitoid  in  that  climatic  condition. 
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Introduction:  Helicoverpa  armigera  larave  were  recently  identified  in  Brazil  attacking  most  of 
crop  areas. 

Methods:  More  than  a  1,300  larvae  has  been  collected  in  different  locations,  and  observed  in 
laboratory.  About  30%  of  the  larvae  were  parasitized  and  some  dead  larvae  showed  baculo virus 
symptoms.  These  dead  larvae  were  macerated  individually  with  distilled  water  and  reinoculated 
in  6  day  old  healthy  larvae,  reared  in  laboratory.  H.  armigera  larvae  are  susceptible  to 
Baculovirus,  however  our  major  goal  was  to  find  different  isolates  and  compare  them  with  the 
commercially  available  Gemstar®. 

Results/Conclusion:  The  comparative  analysis  of  the  sequencing  for  the  genes  LEF-8  e  LEF-9 
showed  that  the  isolates  found  in  Brazil  are  closely  related  to  the  isolates  from  Australia  and 
India.  All  baculovirus  isolates  tested  caused  a  good  mortality  rate  in  larvae  of  H.  armigera  third 
instar.  However,  lethal  concentration  50  and  lethal  time  50  varied  among  these  isolates.  All  of 
our  isolates  showed  to  be  HearNPV  and  not  HzNPV  (Gemstar)  according  to  the  DNA 
sequencing.  HearNPV  -BR2  showed  the  best  results  for  LC50  e  LT50.  So,  this  is  the  first  report 
of  baculovirus  isolates  infecting  H.  armigera  larvae  in  Brazil,  and  also  the  first  report  of  H. 
armigera  baculovirus  isolates  to  be  identified  as  HearNPV.  Isolate  BR2  is  considered  to  be  used 
in  H.  armigera  biological  control  programs  due  to  its  characteristcs. 
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Introduction:  Nucleopolyhedroviruses  (NPVs)  of  saturniid  silkworms  are  important  in  both 
insect  pathology  and  insect-based  technology,  because  they  cause  severe  damage  to  wild  silk 
production  in  Asian  countries  and  are  also  utilized  as  expression  vectors  for  production  of 
valuable  proteins  in  wild  silkworms  larger  than  the  domesticated  silkworm,  Bombyx  mori. 
Recently,  comparison  of  whole  genome  sequences  of  two  Chinese  saturniid  NPVs,  Anther aea 
pernyi  NPV  (AnpeNPV)  and  Philosamia  cynthia  (=Samia  ricini)  NPV  (SariNPV),  suggested  that 
they  are  variants  each  other  and  some  mutations  may  be  responsible  for  their  host  specificities. 

Methods:  In  this  study,  we  have  conducted  comparative  whole  genome  sequence  analysis  of  A. 
yamamai  NPV  (AnyaNPV)  isolated  in  Japan  (Nagano)  using  the  next-generation  sequencer. 

Results/Conclusion:  The  resulted  AnyaNPV  genome  sequence  showed  very  high  homology  with 
those  of  the  AnpeNPV  (more  than  99%)  and  SariNPV  (ca.  93%),  indicated  AnyaNPV  is  also  a 
variant  of  the  saturniid  NPV  group.  However,  precise  sequence  comparison  revealed  AnyaNPV- 
specific  mutations  in  several  ORFs,  such  as  homologs  of  AnpeNPV  ORF6  and  ORF48  (pcna ),  in 
which  frame-shift  mutations  altered  the  C-terminal  half  amino  acid  sequences,  suggesting  loss  of 
function  in  their  products.  We  are  further  analyzing  the  genomes  of  other  saturniid  NPVs  to 
obtain  comprehensive  information  on  inter-  and  intra-virus  mutations  by  deep  sequencing  and 
understand  their  importance  in  virus  divergence  and  virus-host  interaction. 
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Abstract  text: 

The  black  cutworm,  Agrotis  ipsilon  (Hufnagel),  is  an  economical  pest  of  a  wide  variety  of  crops 
and  urban  landscapes.  The  baculovirus  (HgzpMNPV)  isolated  from  this  pest  has  great  potential 
to  be  developed  into  a  biopesticide  for  control  of  black  cutworm  larvae.  In  support  of  this 
development,  several  isolates  have  been  identified  with  natural  genetic  modifications  that 
contribute  to  faster  kill  of  infected  larvae  when  compared  with  the  wild  strain  of  the  virus,  and 
thus  applications  of  a  modified  strain  may  improve  crop  protection.  Here  we  report  on 
differences  between  wild  type  virus  and  four  selected  isolates  (1T6.  1T7,  6T2  and  6T4)  of  the 
baculovirus  for  in  vivo  production,  speed  of  kill,  and  toxicity  against  black  cutworm  larvae.  The 
isolate  1T6  had  significantly  faster  speed  of  kill,  but  a  lower  level  of  production  when  compared 
with  the  wild  type  virus.  Two  isolates,  6T2  and  6T4  were  not  different  from  wild  type  virus  for 
production  and  toxicity,  but  provided  significantly  faster  speed  of  kill.  There  may  be  a 
competitive  advantage  for  developing  these  selected  isolates  for  commercialization  if  the 
observed  faster  kill  can  be  shown  to  further  reduce  crop  damage. 
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Abstract  text: 

Bumble  bees  are  important  pollinators  and  contribute  to  the  pollination  of  many  crops,  especially 
green  house  tomatoes  and  to  cucurbits  in  the  northeastern  United  States.  In  the  natural 
ecosystems,  the  populations  of  several  species  of  bumble  bees  have  declined  over  the  years. 
Understanding  how  the  health  of  these  bees  can  be  impacted  by  different  factors  is  critical  to 
both  preserving  the  native  species  and  to  gaining  the  full  pollination  services  of  the  bees  in 
greenhouses  or  crop  environments.  Bumble  bees  can  be  infected  with  viruses  and  these 
infections  can  vary  in  their  intensity.  In  this  work,  we  present  evidence  for  the  infection  by 
Israeli  acute  bee  paralysis  virus  and  its  impact  on  the  survival  of  colonies.  We  also  discuss  the 
ability  of  the  virus  to  be  limited  by  RNAi  and  the  impacts  of  an  adjuvant  organosilicone 
surfactant  on  the  viral  infections  and  survivorship  of  the  bees. 
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Abstract  text: 

Introduction:  The  apparent  rise  of  emerging  diseases  in  humans  may  be  driven  by  zoonosis, 
followed  by  increases  in  virulence  in  the  novel  host  (humans).  However,  our  expectation  of 
higher  virulence  after  a  host  shift  is  largely  informed  by  the  results  of  serial  passage  experiments 
(SPEs)  conducted  with  unicellular  hosts  or  in  cell  culture. 

Methods:  To  test  the  generality  of  these  results  in  an  intact  multicellular  host,  sigma  virus  from  a 
wild  population  of  Drosophila  melanogaster  (DMelSV)  was  introduced  into  naive  D.  simulans , 
which  is  not  naturally  infected  by  sigma  virus.  After  three  generations  of  selection  for 
transmission  efficiency,  the  lines  evolved  under  relaxed  selection  for  13  additional  generations. 


Results/Conclusion:  The  novel  host,  D.  simulans,  was  easier  to  infect  than  the  native  host,  D. 
melanogaster.  Decreased  hatchability,  a  proxy  for  virulence,  was  observed  in  both  native  and 
novel  infected  hosts,  but  virulence  was  not  greater  in  the  novel  host.  However,  titer  and 
transmission  were  both  lower  in  the  novel  host  following  a  period  of  relaxed  selection.  These 
results  are  in  contrast  to  expectations  of  increased  virulence  following  a  host  shift  informed  by 
SPE  studies,  and  suggest  that  intact  animal  systems  may  respond  differently  to  novel  parasites 
than  do  simpler  model  systems. 
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Abstract  text: 

Introduction:  An  alginate-based  UV-protectant  microencapsulation  technology  for 
entomopathogenic  microorganisms,  such  as  the  Hypocrealean  fungi  Beauveria  spp.  and 
Metarhizium  spp.,  has  been  recently  developed.  This  technology  has  been  further  refined  in  a 
joint  project  between  USDA  ARS  and  Ecopesticides  International  (EPI)  to  create  a  spray  able 
formulation  that  is  efficacious  against  chewing  insects  and  provides  significant  UV  protection, 
thus  persistence,  in  the  field. 

Methods:  Alginate  microbeads  (50-100  microns  diameter)  containing  Metarhizium  or  Beauveria 
conidia  and  highly  dispersed  carbon  black  (UV  protectant)  were  prepared  using  spinning  disk 
technology  and  evaluated  in  (1)  exposure  of  formulations  on  lettuce  leaf  disks  to  UV-A  and  UV- 
B  (UV-A/B)  radiation;  (2)  lettuce  disk  bioassays  using  adult  Melanoplus  sanguinipes ;  (3) 
bioassays  of  pots  of  wheat  grass  sprayed  in  a  track  sprayer  and  subsequently  infested  with  M. 
sanguinipes. 

Results/Conclusion:  Microbeads  with  a  proprietary  UV  protectant  showed  significant  UV-A/B 
protection.  The  microencapsulated  fungal  spores  showed  >  50%  survival  against  a  lethal  dose  of 


UV-A/B  in  comparison  with  applications  of  naked  conidia.  The  microbeads  were  highly 
infectious  and  showed  high  virulence  against  M.  sanguinipes  in  both  lettuce  disk  assays  and 
sprayed  whole-plant  tests.  This  UV  protectant  formulation  is  easily  sprayable  in  oil-in-water  or 
pure  aqueous  carriers,  through  standard  hydraulic  nozzles,  and  seems  suitable  for  other  chewing 
insects,  as  well  as  grasshoppers. 
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Abstract  text: 

Introduction:  Bactrocera  dorsalis  (Hendel)  is  a  major  vegetable  and  fruit  injurious  insect. 
Beauveria  bassiana(Ba\s.-Criv.)  Vuill.,  as  a  kind  of  broad-spectrum  insect  pathogenic  fungus,  is 
deemed  as  the  most  potential  insect  pathogenic  fungus.  In  order  to  control  B.  dorsalis ,  the 
experiment  tested  the  influence  of  B.  bassiana  on  the  reproductive  ability  and  population 
increase  potential  of  B.  dorsalis. 

Methods:  This  paper  analyzes  the  influence  of  B.  bassiana  B6  bacterial  strain  on  the  Fo 
generation  and  the  first  filial  generation  of  B.  dorsalism  terms  of  egg  hatchability,  pupation  rate, 
emergence  rate,  fecundity,  ovipositing  peak  and  Index  of  Population  Trend  among  other 
population  parameters. 

Results/Conclusion:  Data  of  population  parameters  of  Fo  generation  demonstrated  that  while 
applying  B.  bassiana  made  no  apparent  difference  on  eclosion  rate,  it  lowered  pupation  rate  of  B. 
dorsalis  notably  and  emergence  rate  distinguished  significantly  from  the  control  group.  In  terms 
of  ovipositing  time,  after  processed  with  B.  bassiana ,  the  ovipositing  peak  was  distinctly  delayed 
and  ovipositing  time  span  shortened. Index  of  Population  Trend  (7)  from  the  experiment  showed 
that  after  B.  dorsalis  was  processed  by  the  bacterial  strain,  /  read  71.3 150  while  the  control  group 
was  as  high  as  232.6813,  and  Interference  Index  of  Population  Control  (I I  PC)  was  0.3065.  The 


conclusion  could  be  drawn  from  this  that  Fo  was  kept  well  under  control  after  processed  by  B. 
bassiana  B6  strain,  but  no  significant  effect  appeared  in  the  first  filial  generation.  These  data 
indicated  that  B.  bassiana  B6  strain  had  good  control  effect  on  B.  dorsalis. 
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Abstract  text: 

Beauveria  bassiana  is  a  naturally-occurring  fungal  entomopathogen  that  infects  a  diversity  of 
insect  groups  including  the  orders  Coleoptera,  Hemiptera,  Homoptera,  Isoptera,  and 
Thysanoptera.  One  such  insect  that  is  susceptible  to  B.  bassiana  is  Megacopta  cribraria , 
commonly  known  as  the  kudzu  bug,  which  invaded  the  United  States  in  2009  and  rapidly  spread 
into  12  other  states  and  the  District  of  Columbia  within  5  years.  Individual  adults  and  nymphs 
infected  with  B.  bassiana  were  collected  from  kudzu  soon  after  the  discovery  of  the  invasive 
bug,  and  significant  natural  epizootics  were  reported  from  kudzu  and  soybean  in  Georgia,  South 
Carolina,  and  North  Carolina  in  2014  and  2015.  Studies  were  undertaken  to  quantify,  isolate  and 
characterize  naturally-occurring  B.  bassiana  in  soils  supporting  kudzu  growth.  Preliminary 
results  suggest  consistently  low  numbers  of  propagules  (1-2  CFUs/g  soil)  were  present  in  the 
soils,  regardless  of  the  soil  type.  Sequence  analysis  demonstrated  that  eight  genetically  distinct 
strains  of  the  fungus  were  among  the  isolates  collected.  In  laboratory  bioassays,  three  of  those 
eight  strains  caused  significantly  higher  mortality  of  kudzu  bug  adults  than  the  commercially 
available  GHA  strain  of  B.  bassiana.  Development  of  these  and  other  virulent  strains  to  augment 
the  activity  of  naturally-occurring  B.  bassiana  against  the  kudzu  bug  should  be  explored  for 
management  of  this  invasive  pest. 
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The  coffee  berry  borer  (CBB)  Hypothenemus  hampei  (Coleoptera:  Curculionidae:  Scolytinae), 
one  of  the  most  important  pests  of  coffee  worldwide,  has  recently  invaded  Hawaii  and  is  the 
target  of  a  collaborative  USDA-University  of  Hawaii  Areawide  IPM  Project.  The 
entomopathogenic  fungus  Beauveria  bassiana  is  one  of  the  most  important  natural  enemies  of 
CBB,  and  biopesticides  based  on  B.  bassiana  strain  GHA  (BotaniGard®/Mycotrol®)  are  major 
components  of  the  IPM  program.  The  primary  objective  of  this  research  was  to  identify  and 
characterize  the  naturally-occurring  strains  of  Beauveria  infecting  CBB  in  Hawaii,  and  to  assess 
the  relative  contribution  of  these  “background”  fungi  to  CBB  mortality  in  fields  treated  with 
commercial  strain  GHA.  Genetic  characterizations  of  representative  isolates  collected  from 
cultivated  and  feral  coffee  across  an  altitudinal  gradient  in  the  South  Kona  District  of  Hawaii 
Island  identified  all  as  B.  bassiana  sensu  stricto.  Micro  satellite  markers  revealed  eight  genotypes, 
representing  three  distinct  Bloc-sequence  types,  all  distinct  from  strain  GHA.  The  Hawaiian 
strains  were  also  separable  from  GHA  on  the  basis  of  colony  morphology  on  common 
mycological  media,  enabling  rapid  assessments  of  prevalence/incidence  of  natural  vs.  spray- 
applied  Beauveria  in  CBB-infested  coffee  fields  (morphotypes  verified  by  genetic  analyses). 
Laboratory  bioassays  of  the  most  common  genotypes  indicated  virulence  not  significantly 
different  from  GHA.  Despite  the  lack  of  greater  virulence,  indigenous  isolates  were  the  dominant 
types  infecting  CBB  at  the  beginning  of  new  crop  cycles  (albeit  at  low  prevalence).  These 
observations  suggest  the  indigenous  types  have  greater  natural  epizootic  potential  and  a  greater 
capacity  for  long-term  persistence  than  commercial  strain  GHA. 
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Abstract  text: 

Introduction:  An  off  the  shelf  formulation  of  the  insecticidal  fungus,  Metarhizium  anisopliae  was 
tested  against  the  southern  cattle  tick  for  efficacy  in  controlled  laboratory  tests. 

Methods:  Exposures  ranked  as  low,  medium,  and  high,  at  lOx  serial  dilutions  were  applied  based 
on  previously  published  effective  dosages.  The  methodology  was  the  standard  Shaw  immersion 
test. 

Results/Conclusion:  Against  the  larval  stages  mortalities  ranged  from  25-51%  at  the  highest 
dosages  tested.  Mortality  was  much  higher  against  adult  stages  with  nearly  all  treatments 
reaching  100%  within  seven  days  (opposed  to  12%  mortality  in  controls).  However,  most  of  the 
mortality  occurred  after  egg-laying  had  begun.  We  therefore  measured  egg  mass  production  and 
hatchability  of  exposed  egg  masses.  Hatchability  was  not  significantly  affected  with  80-90% 
hatch  in  both  treatments  and  controls.  However,  egg  mass  weight  was  significantly  reduced  in 
the  high  dosage  treatment  groups  compared  to  controls. 
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Abstract  text: 

Introduction:  Oxalic  acid,  showing  a  nematicidal  activity  against  the  root-knot  nematode 
Meloidogyne  incognita ,  was  produced  by  Aspergillus  niger  F22. 

Methods:  The  profile  of  oxalic  acid  production  was  investigated  in  5  L  jar  fermenters  at  25°C 
and  various  pH  ranging  from  5.0  to  8.0. 

Results/Conclusion:  Yield  of  oxalic  acid  decreased  with  an  increased  level  of  pH  during  the 
culture.  When  A.  niger  F22  was  cultured  at  pH  7.0  ~  8.0,  the  production  of  oxalic  acid  was  lower 
than  that  of  the  culture  in  which  pH  was  not  controlled,  showing  the  yield  of  5.8  and  4.4  g/F, 
respectively.  The  highest  yield  of  oxalic  acid  of  23.2  g/F  was  obtained  at  pH  5.0  when  cultured 
at  550  rpm  with  an  aeration  rate  of  1.0  vvm,  showing  nearly  four-fold  increase  in  volumetric 
productivity.  The  viscosity,  which  had  an  effect  on  oxygen  transfer  rate  in  submerged  culture  of 
A.  niger  F  22,  was  found  to  be  influenced  by  pH.  When  DOT  levels  increased  over  21%  at  48  h, 
the  productivity  of  oxalic  acid  was  increased  linearly,  suggesting  that  oxalic  acid  production  was 
best  with  a  favorable  oxygen  transfer  rate  during  the  culture. 
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Introduction:  Insecticidal  activity  of  Bacillus  thuringiensis  acts  due  to  the  Cry  and  Cyt  protein. 
Insecticidal  ranges  of  the  crystal  proteins  are  also  different  depending  on  their  characteristics. 
These  differences  have  been  reported  to  be  associated  with  the  composition  of  crystal  amino 
acid. 

Methods:  To  compare  B.  thuringiensis  subsp.  kurstaki  CAB565  and  B.  thuringiensis  subsp. 
aizawai  CAB 5 66  strain  that  are  insecticidal  activities  to  lepidopteran  insects,  compositions  of 
crystal  proteins  were  analyzed  by  high  performance  liquid  chromatography  (HPLC)  after  the 
hydrolysis  of  isolated  crystal  proteins. 

Results/Conclusion:  After  dissolving  crystal  proteins,  17  amino  acids  were  obtained  by  HPLC 
analysis.  Glutamine  is  more  than  any  other  amino  acid  in  the  both  of  strains.  In  addition, 

CAB 5 65  strain  have  a  cysteine  and  lysine.  On  the  other  hand,  CAB 5 66  strain  have  aspartate, 
glycine,  alanine,  tyrosine,  valine,  methionine,  tryptophan,  phenylalanine  and  leucine.  It  might  be 
supposed  that  the  composition  of  amino  acids  in  crystal  proteins  that  was  produced  by  B. 
thuringiensis  was  affected  to  insecticidal  activity  of  each  B.  thuringiensis  strain. 
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Abstract  text: 


To  produce  spray-dried  Bacillus  thuringiensis  serovar  aizawai  CAB566,  various  excipients  for 
the  production  of  the  powder.  To  determine  the  insecticidal  effect  of  maintaining  the  spray 
drying  to  measure  the  amount  of  parasporal  protein  and  spore  count  that  change  according  to  the 
type  of  excipients.  When  using  Corn  starch  as  a  main  component  and  white  carbon,  citric  acid  as 
a  sub  component,  each  excipient’s  content  is  10%,  4%,  1%  respectively.  The  change  amount  of 
the  spore  count  and  parasporal  protein  is  the  small.  Six  months  after  B.  thuringiensis  CAB566 
wettable  powder,  it  was  no  change  in  the  content  of  spores  and  parasporal  proteins. 
Manufactured  B.  thuringiensis  CAB566  wettable  powder  showed  100%  and  92%  mortality 
respectively,  for  the  3rd  instars  of  Spodoptera  exigua,  Spodoptera  litura.  B.  thuringiensis 
CAB566  WP  insecticidal  effect  is  higher  than  in  the  liquid  formulation  in  the  Spodoptera sp. 
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Abstract  text: 

Until  recently,  the  genus  Chromobacterium  was  represented  only  by  the  purple-pigmented  C. 
violaceum ,  however  in  the  last  few  years  a  number  of  new  Chromobacterium  species  have  been 
described,  including  C.  subtsugae  and  C.  vaccinii  which  produce  insecticidal  metabolites.  Using 
a  selective  medium,  we  obtained  a  number  of  new  Chromobacterium  isolates  with  insecticidal 
activity  from  environmental  samples  obtained  within  the  United  States,  and  compared  their 
phylogenetic  distribution  with  other  members  of  the  genus  Chromobacterium  using  16S  rRNA 
gene  sequences  and  whole  genome  comparisons.  While  the  majority  of  the  new  isolates  appeared 
to  be  most  closely  related  to  C.  vaccinii ,  two  additional  phylogenetic  groups  were  apparent. 
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Abstract  text: 

Because  of  ongoing  concerns  of  resistance  and  environmental  issues  associated  with  chemical 
pesticides,  there  is  a  great  need  for  new  biologically  based  alternatives.  The  purple-pigmented 
bacterium  Chromobacterium  subtsugae  exhibits  insecticidal  activity  and  has  been  developed  into 
the  biological  insecticide  Grandevo.  The  present  study  was  undertaken  to  search  for  additional 
strains  of  Chromobacterium  spp.  with  insecticidal  activity.  A  number  of  new  isolates  were 
obtained  from  environmental  samples  obtained  within  the  United  States.  Bioassays  of  these 
isolates  against  representative  lepidopteran,  dipteran,  and  coleopteran  insects  were 
conducted.  Strains  with  toxicity  against  each  order  were  found. 
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Abstract  text: 

Chromobacterium  subtsugae  has  been  identified  as  a  potent  and  environmentally  friendly 
insecticidal  bacterium,  and  is  the  first  such  agent  registered  for  crop  protection  applications  by 


the  EPA  since  1961.  Its  pathogenic  mechanisms  remain  poorly  understood,  and  host-level 
molecular  responses  to  infection  have  not  yet  been  investigated.  The  C.  subtsugae  strain 
PRAA4-11  exhibits  entomopathogenic  capacity  among  a  wide  range  of  insect  hosts,  including 
the  Lepidopteran  species,  Lymantria  dispar  (gypsy  moth).  Identification  of  L.  dispar 
transcriptomic  response  to  infection  will  enable  elucidation  of  key  factors  involved  in  the 
establishment  and  progression  of  disease.  3rd-instar  larvae  were  innoculated  with  PRAA4-1T  and 
incubated  at  room  temperature  for  24  hours.  Illumina  RNA-Seq  libraries  prepared  from  RNA 
extracts  of  midgut  and  whole  insect  tissue  were  sequenced  on  a  HiSeq  1000  instrument  and 
assembled  using  Trinity.  RSEM  was  used  to  estimate  transcript  abundances,  and  these  were 
compared  to  identify  genes  presumably  differentially  expressed  in  response  to  PRAA4-11 
infection.  Transcripts  encoding  the  antimicrobials  lebocin,  gloverin  and  cecropins  A  and  B, 
peptidoglycan  recognition  protein  A,  as  well  as  reverse  transcriptases/  integrases,  were  among 
those  most  highly  induced  in  whole  insect  tissue  at  24hr  post-infection.  Transcripts  encoding 
Megourin-2,  LL2,  cuticular  proteins,  and  a  TonB -dependent  receptor  were  among  those  most 
highly  repressed  in  whole  tissue.  Although  midgut-specific  expression  patterns  generally  tracked 
those  seen  in  whole  tissue,  exceptions  were  observed:  for  instance,  a  homolog  of  an  Anopheles 
gambiae  gene  of  unknown  function  was  sharply  up-regulated  in  midgut,  but  essentially 
unchanged  at  the  whole-insect  level. 


Poster 

Presentation  Title:  Leap™:  A  new  dual-action,  biorational  pesticide  for  plant  disease 
management  and  insect  control 

Author  Name:  Russell  Eldridge 

Author  Institution:  Valent  BioSciences  Corporation 

Session  Title:  Poster  Session  2:  Biological  Control  and  Insect  Pathology 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3446 

DOI:  10. 1603/ICE.2016. 112892 

Abstract  text: 

Leap™  is  a  new  biorational  pesticide  expected  to  be  introduced  into  the  United  States  by  Valent 
BioSciences  Corporation  in  2017.  Leap™  contains  two  active  ingredients  that  provide  a  unique 
combination  of  plant  protection  attributes.  The  first  active  ingredient  is  methyl  salicylate 
(MeSA)  that  provides  an  alternative  to  copper  based  fungicides  for  management  of  plant 
diseases,  particularly  bacterial  pathogens.  The  second  active  ingredient  is  Bacillus  thuringiensis 
subsp.  kurstaki ,  which  controls  a  wide  range  of  major  lepidopteran  pests.  In  global  field  trials, 


Leap™  has  shown  strong  activity  against  a  number  of  diseases  including  bacterial  spot  and  speck 
( Xanthomonas  spp.)  on  tomato  and  pepper,  and  ringspot  ( Mycosphaerella  brassicicola )  on 
cabbage.  Leap™  also  provided  insect  control  against  prominent  lepidopteran  pests  such  as 
tomato  hornworm  ( Manduca  quinquemaculata ),  southern  armyworm  (Spodoptera  eridania)  and 
beet  armyworm  (, Spodoptera  exigua).  Use  of  Leap™,  either  alone  or  in  a  program  with  other 
agricultural  products,  provides  growers  a  new  biorational  crop  protection  tool  to  effectively 
manage  disease  and  control  Lepidoptera  in  a  unique  dual  action  formulation. 
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Abstract  text: 

Our  objective  was  to  evaluate  the  association  of  Bacillus  thuringiensis  (Bt)  strains  and  Eugenia 
uniflora  essential  oil  (EUEO),  commonly  known  in  Brazil  as  pitanga,  in  the  lesser  mealworm, 
Alphitobius  diaperinus  larvae.  Suspensions  of  Bt  strains  (BR137,  BR140  and  BR146),  containing 
3x1 08  cells/mL  (treatments),  were  tested  on  the  larvae.  In  a  second  experiment,  we  tested  a  1% 
suspention  of  EUEO  associated  with  the  Bt  strains;  destilled  water  +  Tween  80®  was  used  as 
control  group  for  both  experiments.  For  each  treatment,  lOmL  was  added  to  20g  of  sterilized 
commercial  poultry  feed  and  portions  (0.2g)  were  then  distributed  in  individual  wells,  in  eight 
culture  plates  with  12  wells  each  (replicate),  totaling  96  larvae/treatment.  The  plates  were  kept  in 
BOD  (27±2°C,  70±10%,  RH  and  14h  photoperiod).  Evaluations  took  place  daily  for  ten  days, 
counting  dead  larvae.  Bt  strains  BR137,  BR140  and  BR146  caused  mortality  of  50.00%,  57.29% 
and  60.41%  respectively,  statistically  differing  from  the  control  group  (6.25%).  As  for  the 
second  experiment,  EUEO  caused  mortality  of  38.54%,  not  differing  from  BR137+EUEO 
(17.70%)  and  BR146+EUDEO  (23.95%);  not  even  the  three  Bt  strains  associated  with  EUEO 
caused  higher  mortality  than  the  control  group  (12.50%).  The  association  of  Bt  strains  and 
EUEO  showed  to  be  less  effective  in  causing  A.  diaperinus  larvae  mortality  when  compared  to 
the  Bt  strains  alone.  These  results  indicate  the  association  of  EUEO  and  Bt  strains  is  not  viable. 


It  is  possible  that  EUEO  may  have  interferred  on  the  bacteria  mode  of  action  or  even  affected 
digestive  enzymes  from  the  insects  gut. 
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Abstract  text: 

Although  the  sugarcane  borer,  Diatraea  saccharalis  (Lepidoptera:  Crambidae),  is  efficiently 
controlled  by  inundative  releases  of  the  larval  parasitoid  Cotesia  flavipes  (Hymenoptera: 
Braconidae),  sugarcane  growers  must  tolerate  a  certain  level  of  damage  once  the  control  is  only 
obtained  when  the  sugarcane  borer  is  already  in  the  stalk  and  >  L3.  Therefore,  an  approach  based 
on  the  use  of  Bacillus  thuringiensis  (Dipel®)  as  well  as  conservation  biological  control  is  been 
developed  to  control  larvae  prior  to  burrow  into  the  stalk.  Sampling  of  eggs  has  been  shown  to  be 
labor  intensive  and  inefficacious.  Sampling  of  small  larvae,  on  the  other  hand,  could  be  a 
possibility  to  time  B.  thuringiensis  applications  and  was  adopted  by  some  sugar  mills.  However, 
small  larvae  are  most  of  the  time  found  hidden  between  the  leaf  sheath  and  the  stalk.  Aerial  and 
terrestrial  applications  of  B.  thuringiensis  were  used.  Bacillus  thuringiensis  was  demonstrated  to 
be  efficacious  in  laboratory  conditions,  but  successful  in  the  field  seemed  to  be  totally  dependent 
upon  an  efficient  sampling  program  of  larvae  on  the  leaves  and/or  prediction  of  larval  eclosion 
based  on  adult  presence  in  the  field.  An  ecological  lifetable  study  was  developed  for  eggs.  In  this 
study,  predaceous  ants  were  found  to  be  a  key  factor  to  reduce  the  eggs.  Therefore,  the 
conservation  of  such  species  of  ants  as  well  as  application  of  B.  thuringiensis  could  be  important 
strategies  to  reduce  the  damage  caused  by  the  sugarcane  borer  in  Brazilian  sugarcane  fields. 
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Abstract  text: 

Wolbachia  infection,  an  endosymbiotic  bacterium,  often  plays  a  dominant  role  in  modifying  the 
biology  of  its  arthropods  hosts.  As  the  host  is  the  only  nutritional  resource  available  to  the 
immature  parasitoids,  host  quality  evaluation  is  the  most  important  decision  through  a  forager 
life  time  so  exploitation  of  patches  containing  more  high  quality  hosts  will  increase  survival 
probability  of  immature.  Here  we  compared  the  host  acceptance  behavior  of  Wolbachia  infected 
( WI),  and  uninfected  strains  of  the  Hymenoptera  wasp  Trichogramma  brassicae  (Hym. : 
Trichogrammatidae)  on  a  series  of  patches  containing  different  ratios  of  high  and  low  quality 
hosts  100%  high  quality,  75-25,  50-50,  25-75  and  100%  low  quality  hosts).  Uninfected  wasps 
showed  an  evolution  of  their  behavior  in  function  of  patch  quality,  that  was  not  the  case  for 
infected  wasps.  Uninfected  wasps  maximized  their  offspring  survival  chance  by  a  good  host 
discrimination  capacity  and  the  choice  of  oviposition  in  high  quality  hosts  in  patches  containing 
high  and  low  quality  hosts,  whereas  infected  wasps  oviposited  in  hosts  of  both  quality  equally. 
Both  strains  showed  operant  learning  ability  and  they  decreased  their  host  acceptance  time  in 
function  of  the  rank  of  the  encounter.  This  study  revealed  that  high  quality  hosts  play  as  reward 
to  induce  learning  in  uninfected  wasps  thus  they  showed  different  host  acceptance  trend  in 
completely  low  quality  patches.  On  the  other  hand  it  seems  that  oviposition  activity  can  play 
reward  role  in  inducing  learning  in  infected  wasps  because  they  showed  similar  host  acceptance 
trend  in  all  kind  of  host  patches. 
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Introduction:  Zonocerus  variegatus  is  an  agricultural  pest  of  economic  importance,  known  to  be 
voracious  and  destructive.  In  the  process  of  feeding,  they  defoliate  and  destroy  the  stem  bark  of 
food  crops.  Biological  control  of  this  insect  pest  is  being  investigated  in  this  study  using  the 
entomopathogenic  microorganisms  isolated  from  Zonocerus  variegatus. 

Methods:  Organisms  pathogenic  against  short-horned  grasshoppers  {Zonocerus  variegatus )  were 
isolated  and  identified  from  diseased  insect  population.  Bacterial  isolates  from  the  diseased 
grasshoppers  include  Salmonella  typhii,  Staphylococcus  aureus,  Pseudomonas  aeruginosa, 
Staphylococcus  epidermis,  Klebsiella  sp.,  Bacillus  subtilis,  Bacillus  sphaericus,  and 
Streptococcus  feacalis  and  fungal  isolates  obtained  include  Geotrichum  sp,  Penicillium  sp, 
Aspergillus  niger,  Aspergillus  fumigatus,  Beauveria  bassiana  and  Fusarium  sp.  The 
pathogenicity  of  the  isolates  were  tested  on  apparently  healthy  Zonocerus  variegates.  The 
grasshoppers  were  observed  for  disease  symptoms  such  as  lethargy,  colour  change  and  death. 
Bacillus  subtilis ,  Beauveria  bassiana  and  Aspergillus  nigerwere  able  to  induce  lethargic  and 
morbid  effects  on  the  grasshoppers.  Another  set  of  apparently  healthy  grasshoppers  were  also 
challenged  with  mixtures  of  the  organisms  to  determine  synergistic  potency. 

Results/Conclusion:  Beauvaria  bassiana  was  found  to  be  pathogenic  at  concentration  5.0 
xl04sfu/ml.  Lowest  concentration  of  Aspergillus  niger  which  was  pathogenic  against  Z 
variegatus  was  8.0  xl08sfu/ml.  Bacillus  subtilis  was  found  to  be  pathogenic  at  the  lowest 
concentration  value  of  6.0  x  106cfu/ml.  The  synergistic  activity  showed  that  mixture  of  Bacillus 
subtilis ,  Beauveria  bassiana  and  Aspergillus  niger  displayed  better  potency  than  individual 
microorganisms.  Hence,  these  entomopathogens  might  be  employed  as  biocontrol  agents  of 
Zonocerus  variegatus. 
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Introduction:  Nosema  pathogens  have  been  implicated  in  colony  collapse  disorder;  however, 
most  research  has  been  focused  on  Apis  and  Bombus  species.  Little  is  known  concerning 
infection  prevalence  in  solitary  bee  populations.  The  goal  of  this  study  was  to  examine  native 
bees  and  feral  honey  bees  in  PCR  assays  to  determine  the  possible  presence  of  Nosema  in  a  local 
region. 

Methods:  A  total  of  259  bees  were  collected  around  the  Texas  A&M  Agrilife  Research  and 
Extension  Center  in  Stephenville,  Texas  (32°14'40.0"N  98°1 1'47.8"W).  Bees  were  visually 
identified  to  the  lowest,  confident  taxonomic  level  and  smaller,  like  specimens  were  grouped  for 
DNA  extraction.  The  resulting  184  samples  were  screened  for  Nosema  presence  via  PCR 
followed  by  qPCR  analysis  with  species  specific  probes  for  N.  apis ,  N.  ceranae ,  and  N.  bombi. 
Massively  Parallel  Sequencing  was  also  attempted  to  assess  possible  sequence  variation. 

Results/Conclusion:  Taxonomic  groups  assessed  that  presented  positive  PCR  results  include 
59/94  samples  of  Halictidae  ( Dialictus/Lasioglossum ,  Agapostemon ),  9/12  samples  of 
Megachilidae  ( Osmia ,  Megachile ),  9/24  samples  of  Bombidae  ( Bombus )  and  26/44  samples  of 
Apidae  (Apis  mellifera).  This  study  shows  that  native  bees  are  susceptible  to  Nosema  infections. 
Similar  studies  should  be  conducted  on  a  larger  scale  to  assess  the  epidemiology  of  Nosemai n 
solitary  bees. 
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Introduction:  The  entomopathogenic  nematodes  (EPNs)  are  compatible  with  most  synthetic 
pesticides.  This  characteristic  is  very  important  to  integrate  the  EPNs  in  Pest  Management 
Programs,  providing  a  rational  pest  control.  The  aim  of  the  study  was  to  evaluate  the 
compatibility  of  one  isolated  of  Steinernema  feltiae  and  one  of  Heterorhabditis  sp.  with 
ciantraniliprole  insecticide  (Benevia™)  the  only  product  used  to  control  the  coffee  berry  borer. 

Methods:  For  the  tests  nematodes  were  multiplied  in  5th  instar  Galleria  mellonellalsLYYSLQ.  Then 
the  infective  juveniles  (IJs)  were  exposed  to  the  pesticide  at  the  recommended  dosage  for  use  in 
the  field  (1750  mL  of  cp  /  400L  water).  In  control  distilled  water  was  used.  All  studies  were 
performed  at  22  °  C. 

Results/Conclusion:  The  survival  of  IJs  and  infectivity  on  5th  instar  G.  mellonella  larvae  was 
evaluated  24  and  48  hours  after  exposure  to  the  product.  After  24  hours  the  survival  of  S.  feltiae 
was  70.4%  and  Heterorhabditis  sp.  64.2%,  both  significantly  different  from  the  control.  After  48 
hours  survival  was  55.6%  for  S.  feltiae  and  51.4%  for  Heterorhabditis  sp.  differing  also  control. 
The  infectivity  of  S.  feltiae  and  Heterorhabditis  sp.,  after  exposure  for  24  hours,  was  90.0%  and 
both  did  not  differ  from  the  control.  After  48  hours  exposure,  the  infectivity  of  S.  feltiae  was 
86.0%  not  different  from  the  control  and  from  Heterorhabditis  sp.  76.0%  of  infectivity,  differing 
from  the  control.  In  conclusion,  the  product  may  have  detrimental  effect  on  the  survival  of 
nematodes,  but  showed  less  effect  on  infectivity. 
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Introduction:  Entomopathogenic  nematodes,  Heterorhabditis  and  Steinernema  (Nematoda: 
Heterorhabditidae,  Steinernematidae)  have  a  symbiotic  relationship  with  Photorhabdus  and 
Xenorhabdus  bacteria  (Enterobacteriaceae),  respectively.  The  nematodes  vector  the  bacteria 
from  one  insect  host  to  another.  After  penetrating  the  insect  hosts,  the  nematodes  release  their 
bacterial  symbionts.  The  bacteria  produce  toxins  and  other  metabolites  that  lead  to  the 
degradation  of  insect  tissue,  thus  providing  a  food  source  for  the  nematodes  to  grow  and 
multiply.  This  tripartite  (nematode-bacterium-insect)  system  represents  a  novel  approach  to 
advance  our  knowledge  on  host-pathogen  interactions.  In  particular,  to  expand  knowledge  on 
how  the  portal  of  entry  that  pathogens  and  parasites  use  to  access  a  host  and  the  impact  this  may 
have  on  their  virulence  and  prevalence. 

Methods:  In  this  study,  we  assessed  portals  of  entry  that  entomopathogenic  Steinernema  and 
Heterorhabditis  nematodes  use  to  access  and  insect  host.  We  also  correlated  portal  of  entry  with 
their  ability  to  kill  an  insect  host  by  measuring  time  to  death  at  overall  insect  mortality. 
Epifluorescence  microscopy  techniques  coupled  with  histological  methods  were  considered  for 
this  study. 

Results/Conclusion:  Our  results  suggest  that  portal  of  entry  varies  depending  on  the  nematode- 
bacterium  partnership  studied.  While  Heterorhabditis  nematodes  do  not  show  a  preferred  portal 
of  entry,  Steinernema  favor  entry  to  an  insect  host  through  the  spiracles.  Virulence  (assessed  as 
%  insect  mortality  and  time  to  death)  was  measured  based  on  the  portal  of  entry  chosen  by  IJ 
nematodes. 
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Abstract  text: 


Pathogenicity  of  five  isolates  of  Korean  entomopathogenic  nematodes  (EPNs),  e.g.,  Steinernema 
carpocapsae  GSN1,  Steinernema  sp.  GSNUS-10,  Steinernema  sp.  GSNUS-14,  Heterorhabditis 
bacteriophora  Hamyang,  and  Heterorhabditis  sp.  GSNUH-1,  was  evaluated  in  the  pot. 
Pathogenicity  against  Cabbage  worm,  Pier  is  rapae  varied  with  EPNs  species  and  vegetable 
species,  including  Brassica  rapa  var.  glabra,  B.  oleracea  var.  capitate ,  and  B.  oleracea  var. 
acephala.  Insect  mortality  caused  by  steinernematid  nematodes  was  higher  than  the  rate  from 
heterorhabditid  nematodes.  When  tested  in  pots,  the  mortality  rate  of  100%  was  achieved  for  all 
steinernematid  nematodes,  whereas  85-91%  mortality  was  obtained  for  H.  bacteriophora 
Hamyang  and  Heterorhabditis  sp.  GSNUH-1.  Mortality  rate  in  B.  oleracea  var.  acephala  was 
least  among  three  vegetable  species  while  the  highest  rate  was  observed  in  Brassica 
rapa  var.  glabra ,  regardless  of  EPNs  species. 
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Abstract  text: 

Introduction:  The  Eucalyptus  snout  beetle  Gonipterus  platensis  (Coleoptera:  Curculionidae)  was 
first  reported  in  Brazil  in  1955  and  has  caused  losses  in  Eucalyptus  plantations.  G.  platensis 
adults  and  larvae  feed  on  Eucalyptus  young  leaves,  buds  and  shoots.  Anaphes  nitens 
(Hymenoptera:  Mymaridae),  egg  parasitoid,  has  been  successfully  used  as  control  in  the 
Southern  region,  however,  has  proved  partially  efficient  in  Sao  Paulo  state.  In  the  search  for 
other  control  agents,  entomopathogenic  nematodes  (EPNs)  of  Stenernematidae  and 
Heterorhabditidae  families  have  been  considered  promising  due  to  the  fact  the  pest  pupated  in 
soil.  This  study  aimed  to  verify  the  pathogenicity  of  Steinernema  brazilense  (Rhabditida: 
Steinernematidae),  described  in  Brazil,  in  G.  platensis  pupae. 

Methods:  A  bioassay  was  carried  out  using  500  IJ  /  insect  (125  IJ  /  cm2)  of  S.  brazilense 
(IBCBn06  isolate)  (2  mL)  applied  per  Petri  dish  coated  with  two  sheets  of  filter  paper  where  five 
G.  platensis  pupae  were  placed.  As  viability  control  was  used  larvae  of  Diatraea  saccharalis 


(Lepidoptera:  Crambidae).  Destilated  water  was  used  as  general  control.  They  were  keep  at 
26°C,  without  light.  Live  and  dead  insects  were  counted  four  days  after  the  inoculation  and 
dissected  to  quantify  the  rate  of  infection  (adults)  and  second  generation  juveniles. 

Results/Conclusion:  S.  brazilense  caused  100%  mortality  of  G.  platensis  and  D.  saccharalis , 
with  infection  rates  of  10.3  and  15.5  adults,  and  1275.65  and  7201.85  second-generation 
juveniles  to  G.  platensis  and  D.  saccharalis ,  respectively.  These  results  demonstrate  the  EPN  can 
be  a  complementary  biocontrol  agent  to  Eucalyptus  snout  beetle  in  eucalypt  plantations. 
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Abstract  text: 

Entomopathogenic  nematodes  (EPNs)  have  been  the  subject  of  intensive  research  over  the  last 
30-40  years  resulting  in  the  development  of  numerous  commercial  products.  BASF  as  the 
world’s  largest  producer  of  EPNs  has  a  number  of  established,  commercial  products  in 
horticultural  markets,  targeting  key  insect  pests.  Two  examples  of  the  successful,  wide-spread 
use  of  EPN  products  will  be  discussed. 

The  first  example  -  fungus  gnat  control  on  mushrooms  in  the  USA.  Fungus  gnats  are  difficult  to 
control,  there  are  limited  chemical  options,  and  demand  by  the  customer  for  more  sustainable 
options  have  necessitated  the  need  for  biological  control  options.  Steinernema  feltiae  (Nemasys 
M)  has  been  used  successfully  for  the  last  ten  years  by  mushroom  growers  to  manage  fungus 
gnats. 

The  second  example  -  control  of  western  flower  thrips  ( Frankliniella  occidentallis)  in  cut 
flowers  in  the  Netherlands.  Western  flower  thrips  (WFT)  is  a  key  pest  of  flower  production, 
particularly  for  chrysanthemums.  They  result  in  direct  feeding  damage  to  the  plant,  as  well  as 


indirectly  transmitting  viruses.  In  these  intensively  grown  crops,  resistance  to  the  majority  of 
conventional  insecticides  has  developed,  making  their  management  difficult.  This  has  created  an 
opportunity  for  the  development  of  alternative  control  methods.  Applied  as  a  soil  drench  or  high 
water  volume  spray  (sprench)  to  target  pupal  and  adult  stages  respectively,  Steinernema  feltiae 
(Nemasys  F)  has  been  shown  to  effectively  control  thrips  populations  in  these  crops  when  used 
alone  and  as  part  of  an  IPM  program.  Example  IPM  programs  currently  recommended  will  be 
presented  and  discussed. 
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Abstract  text: 

Bronze-bug  originating  in  Oceania  was  reported  in  Eucalyptus  in  Africa,  Europe  and  South 
America.  In  Brazil,  the  pest  quickly  has  spread  after  introduction  in  2008,  causing  defoliation  in 
the  dry  season.  The  epizootiology  of  fungi  was  studied  in  the  "Flecha  Azul"  and  "Fortaleza" 
farm,  located  in  the  state  of  Sao  Paulo  in  Boa  Esperan£a  do  Sul  and  Araraquara  cities, 
respectively.  Evaluated  the  population  dynamics  of  the  pest  quantifying  the  insects  collected  in 
five  yellow  sticky  traps  distributed  in  each  farm  during  January  201 1  to  December  2013.  Dead 
insects,  trapped  in  eucalyptus  leaves  with  fungal  mycelium,  were  collected  in  the  monthly 
exchange  of  traps  and  stored  for  identification  via  DNA  sequencing.  Under  laboratory 
conditions,  was  evaluated  the  mortality  of  three  isolated  using  25  adult  insects  (5  repetitions  with 
5  insects)  sprayed  at  a  concentration  of  108  conidia/ml.  In  2012  the  pest  population  has  not 
increased  even  with  the  reduction  in  rainfall  in  the  Flecha  Azul  (August  to  October)  and 
Fortaleza  (July  to  August).  Of  the  13  samples  of  fungi,  it  was  possible  to  cultivate  and  identify 
via  sequencing  Botryosphaeria  sp.,  Alternaria  sp.,  Nigospora  sp.,  Davidiella  tassiana, 
Cladosporium  sp.  e  Aspergillus  sp.,  the  last  two  reported  as  entomopathogenic  and  proven  its 
pathogenicity  in  the  laboratory  with  the  three  isolates  tested.  The  natural  biocontrol  by 


entomopathogenic  fungus  decimated  the  population  of  T.  peregrinus  and  diversity  of  fungal 
species  associated  signaled  that  the  outbreak  was  not  caused  by  a  single  species. 
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Abstract  text: 

Introduction:  Pale  and  black  swallow-wort  ( Vincetoxicum  rossicum  and  V  nigrum ; 

Apocynaceae,  subfamily  Asclepiadoideae)  are  perennial  vines  from  Europe  that  are  invasive  in 
various  terrestrial  habitats  in  the  northeastern  USA  and  southeastern  Canada.  A  classical  weed 
biological  control  program  has  been  in  development.  One  potential  biological  control  agent  is  the 
defoliating  moth  Abrostola  asclepiadis  (Lepidoptera:  Noctuidae).  It  is  widely  distributed  in 
Europe  in  open  field  to  forest  edge  habitats  and  is  reported  to  have  one-two  generations  per 
season.  The  diapausing  stage  is  the  pupa. 

Methods:  We  assessed  Russian  and  French  populations  of  the  moth  for  their  potential  voltinism 
under  constant  and  changing  photoperiods  ranging  from  14:10  to  16:8  hr  (L:D)  at  20C, 
photoperiods  they  would  experience  in  the  Northeast. 

Results/Conclusion:  For  all  photoperiod  treatments,  no  to  very  few  adult  moths  (in  a  few  cases) 
emerged.  Both  populations  therefore  appear  to  be  univoltine.  Previous  impact  data  combined 
with  plant  population  models  suggest  that  a  single  defoliation  event,  which  this  moth  would 
likely  cause,  will  cause  population  declines  in  only  a  limited  number  of  forest  and  field 
infestations  of  swallow- wort.  Most  swallow-wort  populations  in  open  fields  are  not  projected  to 
be  controlled  by  this  potential  agent. 
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Abstract  text: 

Leafy  spurge  ( Euphorbia  esula)  is  an  herbaceous,  perennial  weed  of  European  origin.  It  is  toxic 
to  cattle  and  invasive  on  rangelands  in  North  America.  Beginning  in  the  1980s,  six  European 
species  of  Aphthona  flea  beetles  (Chrysomelidae)  were  released  in  North  America  to  control  this 
weed.  At  sites  where  control  has  been  achieved,  success  has  been  attributed  mainly  to  A. 
nigriscutis  and  A.  lacertosa.  In  the  present  study,  we  collected  Aphthona  at  historical  release 
sites  to  re-assess  Aphthona  diversity  in  western  Canada.  Specimens  were  identified  to  species 
using  colour,  external  morphology,  and  the  shape  of  the  genitalia.  For  a  subset  of  these 
specimens,  plus  pinned  voucher  specimens,  we  obtained  DNA  sequences  for  COI,  ITS2,  and  28S 
genes.  The  voucher  specimens  were  collected  in  Europe  in  the  1980s  and  identified  at  that  time 
using  morphological  traits.  COI  sequences  identified  five  clades  corresponding  to  five  of  the 
Aphthona  species  originally  released  in  North  America.  However,  specimens  identified  as  A. 
czwalinae  grouped  with  A.  nigriscutis ;  A.  flava  and  A.  cyparissiae  co-occurred  in  different 
clades.  Within  the  A.  lacertosa  clade,  there  was  evidence  of  three  subspecies  or  possibly  a 
species  complex.  ITS2  and  28 S  sequences  each  identified  only  two  clades,  which  corresponded 
to  ‘brown’  beetles  (A.  cyparissiae ,  A.  flava ,  A.  nigriscutis )  and  ‘black’  beetles  (A. 
lacertosa).  ITS2  and  28S  sequences  for  A.  czwalinae  were  unavailable.  Aphthona  flava  was 
absent  in  field  collections.  Based  on  these  collective  results,  adoption  of  genetic-based  markers 
is  recommended  in  future  studies  of  this  genus  to  verify  species  determinations. 
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Introduction:  Water  hyacinth  ( Eichhornia  crassipes ),  native  to  South  America,  is  an  invasive 
floating  aquatic  weed  in  the  Sacramento  San  Joaquin  Delta  and  associated  rivers  of  northern 
California,  USA  as  in  many  tropical  and  subtropical  aquatic  ecosystems  in  the  USA,  Mexico, 
Central  America,  Europe,  Africa,  Asia,  Australia,  Indonesia  and  many  Pacific  Ocean  countries. 
Water  hyacinth  impedes  navigation,  blocks  water  flow  for  agriculture  and  human  use,  and 
degrades  aquatic  ecosystems.  Prior  releases  of  biological  control  agents  have  not  led  to  control  in 
California.  This  study  documents  the  first  establishment  in  the  western  U.S.  of  the  South 
American  planthopper  Megamelus  scutellaris  Berg,  permitted  and  released  first  in  the 
southeastern  U.S. 

Methods:  About  30,000  adults  and  nymphs  were  released  in  2011-2013  by  placing  infested 
plants  in  plots  at  three  field  sites. 

Results/Conclusion:  The  releases  led  to  establishment  at  one  site  near  Sacramento  in  a  tributary 
of  the  Sacramento  River.  Planthopper  populations  peaked  in  late  summer  each  year  between 
2013  and  2015,  reaching  densities  of  six  to  nine  planthoppers  per  plant  by  2015.  M.  scutellaris 
dispersed  50  m  per  year  from  the  point  of  release  between  2013  and  2015  and,  based  on  degree- 
day  estimation,  were  capable  of  producing  four  generations  per  year.  Proportion  live  leaves  per 
plant  declined  by  27%  between  2012  and  2015,  and  plants  exposed  to  M.  scutellaris  feeding 
since  2012  had  40%  less  live  above-water  biomass  than  did  plants  exposed  only  since  2014- 
2015.  This  planthopper  has  been  released  at  additional  sites  near  the  Sacramento-San  Joaquin 
Delta. 
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Old  World  climbing  fern,  Lygodium  microphyllum,  is  native  to  tropical  regions  of  Africa, 
Australia,  Asia  and  the  Pacific  and  is  arguably  Florida’s  worst  weed.  The  perennial  fern  climbs 
and  chokes  vegetation  in  wetland  systems  that  comprise  the  Greater  Everglades  Region.  Due  to 
the  remote  nature  of  many  L.  microphyllum  patches,  mechanical  control  is  impossible, 
applications  of  aerial  herbicides  are  expensive,  and  both  may  cause  significant  collateral  damage. 
A  biological  control  program,  which  employs  insects  that  only  attack  the  exotic  weed,  was 
initiated  with  the  expectation  that  introduced  natural  enemies  would  complement  the  existing 
control  efforts.  To  date,  three  biological  control  agents  have  been  introduced  and  two  are 
established  in  Florida,  but  better  control  and  more  agents  are  required.  Exploratory  surveys 
in  the  native  range  of  this  fern  in  parts  of  Asia  and  Australia  have  discovered  a  suite  of  stem 
boring  Musotiminae  caterpillars  that  aggressively  feed  in  the  rachises  and  rhizomes  of  L. 
microphyllum.  The  fern  is  killed  above  the  position  of  the  larvae  which  can  be  extensive, 
particularly  if  nearing  the  rhizome.  Siamusotima  aranea  was  collected  from  near  Chiang  Mai  in 
Northern  Thailand  from  L.  flexuosum  but  could  complete  its  development  on  L.  microphyllum  in 
laboratory  trials.  A  Lygomusotima  species  from  Malaysia/Singapore  was  collected  primarily  for 
L.  microphyllum  but  larvae  required  thick  stemmed  plants  for  development,  were  difficult  to  rear 
and  could  not  be  colonised.  Efforts  are  currently  focused  on  colonising  two  undetermined 
species  from  China  and  Cape  York  in  northern  Australia  so  that  host  range  testing  and  efficacy 
studies  can  be  completed. 
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Comstock  mealybug,  Pseudococcus  comstocki ,  are  very  different  host  range,  and  is  usually 
occurs  in  many  fruit  trees.  It  is  caused  economic  damage  by  direct  injury  to  the  fruit  or  a  sooty 
mold  on  fruit  trees.  The  Comstock  mealybug  is  difficult  to  completely  control  with  chemical 
control  because  they  are  settled  down  at  pod  part  of  the  branches  or  not  completely  exposed  to 
insecticide.  So,  it  is  necessary  effective  control  methods  such  as  attractive  pheromone  without 
harmful  toxic  to  the  environment.  In  this  experiment,  sex  pheromone  of  Comstock  mealybug  was 
used  for  the  investigate  the  acts  of  the  adult  male  flight.  The  first  flight  time  of  male  adults 
within  3  hours  after  molted  from  last  nymph  was  recorded  according  to  the  amount  of  sex 
pheromone.  And  the  height  preference  for  settlement  after  flight  of  adult  male  were  measured  on 
the  tree. 
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Tree-of-heaven  ( Ailanthus  altissima  (Mill.)  Swingle),  introduced  to  Europe  almost  200  years  ago 
as  an  ornamental  plant,  became  in  the  past  decades  one  of  the  worst  alien  plant  species  causing 
significant  damage  to  ecosystems  and  human  activities.  Classical  regulation  methods,  like  cut 
stump,  glyphosate  application  or  their  combinations,  usually  have  low  and  temporary  effect  and 
cost  relatively  much  money.  Moreover,  their  utilization  in  protected  areas  is  limited.  Therefore, 
there  is  a  worldwide  need  for  species-specific,  highly  effective  bioagent  for  target  tree 
elimination.  In  Taiwan  and  other  Asian  countries,  where  this  species  originates,  many  native 
pests  and  diseases  are  described.  In  this  study,  we  intend  to  collect  the  monophagous  pest, 
Eligma  narcissus  and  establish  their  cultures  and  study  their  biology  in  Taiwan  and  Slovakia,  as 
well  as  test  their  effects  on  this  alien  tree.  Meanwhile  we  used  species  distribution  modelling 


(SDM)  and  GIS  to  estimate  the  potential  distribution  of  Ailanthus  altissima  and  Eligma  narcissus 
for  predicting  it  as  the  bioagent  in  Europe. 
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Abstract  text: 

The  stem-galling  weevil,  Rhinusa  pilosa  Gyllenhal  (Coleoptera:  Curculionidae)  has  been  newly 
introduced  to  Canada  from  Serbia  as  a  biocontrol  agent  for  yellow  toadflax  ( Linaria  vulgaris 
Mill.);  an  invasive  herbaceous,  perennial  of  agricultural  and  natural  habitats.  As  with  most 
galling  insects,  R.  pilosa  requires  young  host  tissues  for  gall  formation,  and  adults  emerge  in 
early  spring  to  mate  and  oviposit  into  rapidly-growing  shoots  sprouting  from  toadflax  roots.  To 
determine  the  optimal  time  in  relation  to  host  plant  phenology  to  release  R.  pilosa ,  greenhouse 
and  field  experiments  were  conducted.  1.  The  greenhouse  experiment  was  set  up  as  a 
randomized  block  design  using  potted,  artificially  overwintered  toadflax  plants,  and  three 
developmental  stages  of  toadflax;  3,  16,  30  days  of  shoot  growth  before  exposure  to  R.  pilosa. 
Insect  performance  measurements  per  plant  were;  number  of  galls  and  FI  weevils  produced,  gall 
volume,  FI  weevil  size.  Contrary  to  prediction,  the  older  stages  of  shoot  growth  produced  more 
and  larger  galls,  and  a  greater  number  of  weevils,  but  there  were  no  effects  of  plant  growth  stage 
on  weevil  size.  2.  The  field  experiment  took  place  near  Calgary,  Canada  in  2015.  Weevils 
(150/site)  were  released  at  four  sites  in  late  April-early  May  (early  stage)  and  at  four  sites  in 
early  June  (late  stage).  The  sites  were  revisited  in  late  summer  to  count  galls.  More  galls  were 
found  at  the  late  growth  stage  sites,  thus  supporting  the  greenhouse  experiment  results.  From 
this,  it  is  recommended  to  release  R.  pilosa  later  in  spring  to  achieve  strong  1st  year 
establishment. 
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Abstract  text: 

Introduction:  The  Encarsia  genus  is  the  most  important  biological  control  agent  of  Aleyrodidae 
and  Diaspididae.  Females  are  primary  endoparasitoids  of  Aleyrodidae,  Aphididae  and 
Diaspididae,  presenting  a  hyperparasitism  behavior  as  males  emergence  from  lepidopteran  eggs. 
The  objective  was  to  investigate  the  biodiversity  of  Encarsia  species  parasitizing  whiteflies  and 
armored  scale  in  host  plants  in  Brazil. 

Methods:  From  2008  to  2014  we  collected  leaves  with  parasitized  nymphs  from  several  hosts, 
presented  in  field  crops,  ornamentals  and  weeds.  After  the  emergence,  the  adults  of  Encarsia 
spp.  were  stocked  in  alcohol  70%  and  for  identification  the  parasitoids  were  mounted  on 
microscope  slides. 

Results/Conclusion:  The  species  found  are  presented  by  name/insect  host/plant  as  follow: 
Encarsia  albiscutellun/  Aleyrodidae/  Duranta  repens ;  E.  dessantisil  Bemisia  tabaci, 

Trialeurodes  vaporariorum/  Brassica  oleracea ,  Porophyllum  rederale ;  E.  citrinal  Diaspididae/ 
Citrus  sp.;  E.  elongate /  Diaspididae/  Psidium  guajava ;  E.  hispida!  B.  tabaci/ Phyllanthus  sp, 
Gossypium  hirsutum ;  E.  formosal  T.  vaporariorum/  Ruta  grave  ole  ns;  E.  inaron/  B.  tabaci 
biotype  B,  B.  oleracea;  E.  lounsburyi!  Diaspididae/  Psidium  guajava;  E.  luteal  B.  tabaci  biotype 
B/  Glycine  max ,  G.  hirsutum ,  B.  oleracea,  Solanum  lycopersicum;  E.  nigricephalal  B.  tabaci 
biotype  B  IG.  max ,  Phaseolus  vulgaris;  E.  porteri  S /  B.  tabaci  biotype  B,  T.  vaporariorum /  G. 
max ,  R.  grave olens,  P.  rederale ,  S.  lycopersicum;  E.  porteri  %o /  Chrysodeixis  includes  eggs, 
hyperparasite  of  E.  porteri  in  nymphs  of  T.  vaporariorum  /  G.  max ,  R.  grave olens,  P.  rederale; 

E.  quantancei :  Aleyrodidae/  Plinia  cauliflora;  E.  strenua :  Diaspididae,  Psidium  guajava!  E. 
trialeurodes :  T.  vaporariorum/  Euphorbia  pulcherrima;  E.  variegatal  Aleyrodidae/  D.  repens;  E. 
woolleyil  Aleyrodidae  /  D.  repens. 
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Abstract  text: 

French  broom,  Genista  monspessulana ,  is  an  invasive  shrub  from  the  Mediterranean  area  that  is 
widespread  in  California  and  southern  Oregon.  The  multivoltine  psyllid  Arytinnis  hakani 
(Loginova)  is  under  evaluation  in  the  USA  as  a  prospective  biological  control  agent  for  French 
broom.  Previous  work  showed  that  herbivory  over  three  generations  of  A.  hakani  could  reduce 
the  growth  and  survival  of  French  broom  seedlings.  However,  it  was  unclear  whether  A.  hakani 
was  capable  of  affecting  larger  plants,  and  whether  plant  mortality  was  dependent  on  psyllid 
density.  In  an  experiment  conducted  over  one  psyllid  generation,  plant  growth  was  reduced  by 
~30%  on  both  seedlings  (~20  cm  tall)  and  larger  plants  (~50  cm  tall)  that  received  psyllids 
compared  to  the  no-psyllid  controls,  indicating  that  the  effects  of  A.  hakani  on  plant  growth  are 
not  likely  to  depend  on  plant  size.  In  another  experiment,  seedling  mortality  over  one  psyllid 
generation  increased  with  psyllid  density  (seedlings  were  exposed  to  either  0,  2,  4  or  6  psyllids 
per  cm  stem  length),  showing  that  the  psyllid  may  be  able  to  kill  plants  over  relatively  short  time 
periods  if  densities  are  sufficiently  high.  These  results  provide  evidence  that  A.  hakani  would  be 
effective  against  French  broom  if  released  in  California.  Host  specificity  testing  for  A.  hakani  is 
ongoing. 
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Abstract  text: 

Eriophyid  mites  are  obligatory  plant  feeders  and  due  to  their  biology  and  host-plant  relationship 
many  are  considered  to  be  among  the  most  promising  candidate  agents  for  classical  biological 
control  of  weeds.  However,  in  the  past  25  years  just  a  few  species  have  been  authorized  for 
introduction  and  field  release;  of  these,  few  have  significantly  reduced  their  target  weed's 
population  below  economic  thresholds.  Natural  enemies,  resistant  plant  genotypes,  and  adverse 
abiotic  conditions  may  all  contribute  to  the  failure  of  these  eriophyid  mites  to  effectively  control 
the  target  weeds.  Some  of  the  morphological,  physiological,  biological,  ecological  and 
behavioral  aspects  that  potentially  make  eriophyid  mites  effective  in  biological  control  of  weed 
programs  are  described.  Special  attention  has  been  paid  recently  on  integrative  approach  to  the 
species  delimitation  using,  methods  of  classical  taxonomy,  linear  and/or  geometric 
morphometry,  and  DNA-based  system,  using  sequences  of  particular  molecular  markers.  This 
approach  is  applied  in  order  to  avoid  mistakes  which  could  be  dangerous  to  agricultural  practice, 
and/or  biodiversity  in  the  area  of  introduction.  Particular  emphasis  is  given  to  mite  colonization 
strategies,  overwintering  mechanisms  and  physiological  aspects  of  mite-plant  relationships. 
Recent  approaches  to  laboratory  and  field  host  specificity  evaluation,  and  discrimination  of  non¬ 
target  host  plant  species  are  presented  using  case  studies  among  the  genera  Aceria  and  Metaculus 
investigated  as  candidates  of  classical  biological  control  of  Cirsium  arvense  (L.)  Scop ..Lepidium 
latifolium  L.,  Lepidium  draba  L.,  I  satis  tinctoria  L.,  Eleagnus  angustifolia  L.  and  Ambrosia 
artemisiifoliaL .,  weeds  in  the  USA  as  well  as  in  European  contries. 
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Abstract  text: 

Introduction:  The  four  serotypes  of  dengue  virus  (Flaviviridae;  Flavivirus;  dengue  virus  1-4, 
[DENV1-4])  are  world- wide  the  most  important  mosquito-borne  arboviruses  infecting  humans. 
Annually,  more  than  300  million  people  become  infected  with  DENV,  which  causes  symptoms 
ranging  from  febrile  illness  to  hemorrhagic  manifestations  or  dengue  shock  syndrome.  DENVs 
circulate  between  humans  and  mosquitoes  such  as  Aedes  aegypti  and  Ae.  albopictus. 
Conventional  control  measures  aiming  at  reducing  mosquito  populations  via  insecticide 
applications  are  often  insufficient.  In  a  few  countries,  a  novel  anti-DENV  vaccine  has  only 
recently  become  available  and  its  efficacy  is  not  known  so  far.  Another  novel  control  strategy 
relies  on  mosquito  population  replacement  in  which  highly  DENV  susceptible  wild-types  in 
endemic  regions  would  be  replaced  by  laboratory-generated,  refractory  mosquitoes.  As  a  proof- 
of-principle  we  recently  engineered  transgenic  Ae.  aegypti  that  were  refractory  to  DENV2  for 
more  than  33  generations  by  expressing  an  inverted-repeat  RNA  in  the  midgut  of  bloodfed 
females,  which  triggered  the  RNA  interference  (RNAi)  pathway  against  the  virus. 

Methods:  Here  we  are  expanding  on  our  previous  work  by  using  a  similar  approach  to  engineer 
transgenic  resistance  to  all  four  serotypes  of  the  virus.  We  designed  several  transgene  constructs, 
which  differ  in  their  loop  and/or  inverted-repeat  structures  to  target  via  RNAi  conserved  regions 
in  the  NS5  genes  of  DENV  1-4. 

Results/Conclusion:  Our  data  show  various  levels  of  efficacy  of  the  different  constructs 
regarding  simultaneous  silencing  of  the  four  DENV  serotypes  in  the  mosquito. 
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Abstract  text: 

Chikungunya  virus  (CHIKV)  is  an  emerging  mosquito-borne  virus  belonging  to  the  Togaviridae , 
which  is  transmitted  to  humans  by  Aedes  aegypti  and  Ae.  albopictus  mosquitoes.  The  virus  has 
caused  severe  disease  outbreaks  in  44  countries  and  territories  throughout  South-  and  Central 
America  including  the  Caribbean.  As  of  April  2015,  over  1.3  million  suspected  chikungunya 
cases  have  been  recorded  in  the  New  World.  Here,  we  characterized  phenotypic  traits  of  two 
laboratory-adapted  mosquito  strains,  HWE  and  ORL,  in  conjunction  with  vector  competence  for 
CHIKV.  Both  mosquito  strains  were  highly  susceptible  to  CHIKV.  As  soon  as  1  day  post-oral 
acquisition  from  artificial  bloodmeals,  the  virus  disseminated  from  the  mosquito  midgut 
following  midgut  infection.  Ultrastructural  studies  confirmed  that  de  novo  synthesized  virions 
amassed  in  isolated  regions  of  the  basal  labyrinth  in  close  proximity  to  the  basal  lamina  (BL) 
surrounding  the  midgut  within  24  h  post-acquisition.  In  both  mosquito  strains,  acquisition  of  a 
bloodmeal  induced  apoptosis  in  midguts  irrespective  of  the  presence/absence  of  CHIKV. 
However,  there  was  a  clear  indication  that  CHIKV  induced  an  apoptotic  response  in  the  salivary 
glands  of  both  mosquito  strains.  Western  blot  analysis  showed  that  collagen  IV,  a  component  of 
the  BL,  was  strongly  degraded  in  midguts  at  24  h  post-bloodmeal,  coinciding  with  virus 
dissemination.  At  the  same  time,  several  metallo-proteinase  and  collagenase  genes  were 
significantly  up-regulated  in  midguts  of  bloodfed  mosquitoes.  Our  observations  lay  the 
foundation  to  further  investigate  the  mechanism  of  arbovirus  midgut  escape  in  Ae.  aegypti  using 
CHIKV  as  a  model. 
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Abstract  text: 

Introduction:  The  sweetpotato  whitefly,  Bemisia  tabaci ,  is  a  major  pest  on  tomato  causing  direct 
or  indirect  damage  through  transmission  of  TYLCV  (tomato  yellow  leaf  curl  virus). 

Methods:  By  using  RNAi-based  transcript  knockdown,  we  have  shown  that  some  kinds  of  RNAi 
are  important  in  the  survival  of  B.  tabaci  on  tomato.  This  study  aims  to  evaluate  the  effects  of 
RNA  interference  on  the  probing  and  feeding  behavior  of  B.  tabaci  on  tomato  using  the  electrical 
penetration  graph  (EPG)  technique.  EPGs  were  performed  with  adult  whiteflies  (48-72  hrs  old) 
on  tomato  plants  treated  with  RNAi  after  10  days  for  3  hrs.  Controls  include  non-treatment,  TRV 
RNA2  and  TRV  RNA2  including  att  site  were  inoculated  to  the  plant.  Three  kinds  of  RNAi  were 
selected  as  whOOOl,  wh0002  and  wh0030.  It  was  analyzed  total  number  of  probing  and  duration, 
the  activities  represented  by  El,  E2  and  G  waveforms,  i.e.,  phloem  salivation,  phloem  sap 
ingestion  and  xylem  ingestion,  respectively.  The  knockdown  affects  were  observed  on  several 
aspects  of  foraging  and  feeding  behavior. 

Results/Conclusion:  First  probing  of  whOOOl  RNAi  tomato  was  10  times  earlier  than  control,  but 
non-probing  time  was  increased  about  1.5  times.  In  case  of  wh0002  RNAi  tomato  was  5  times 
slower  than  control,  and  total  number  of  probing  was  very  low.  Wh0030  RNAi  tomato  was 
spend  very  little  time  in  contact  with  xylem  area  and  a  long  time  in  non-probing.  It  was 
suggested  that  selected  3  kinds  of  RNAi  are  crucial  in  feeding  of  B.  tabacion  tomato  plant. 
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Abstract  text: 

Introduction:  A  number  of  factors  such  as  temperature,  habitat,  larval  density,  food  availability 
and  food  quality  substantially  affect  development  of  the  fruit  fly  (Drosophila  melanogaster).  The 
results  of  this  study  reveal  predation  as  an  important  determinant  of  adult  phenotype  and  survival 
in  D.  melanogaster. 

Methods:  The  larvae  of  D. melanogaster  were  exposed  to  jumping  spider  (Phidipus  apacheanus) 
predation,  and  this  influenced  adult  body  elemental  content,  body  mass,  lipid  reserves  and 
climbing  speed  during  negative  geotaxis  tests. 

Results/Concluson:  We  found  higher  concentration  of  body  nitrogen,  lower  body  mass  and  lipid 
reserves,  better  climbing  ability  and  survival  in  D.  melanogaster  reared  together  with  spiders, 
while  concentration  of  body  carbon  did  not  differ  between  fruit  flies  reared  with  or  without  their 
predators.  This  indicates  the  flies  reared  with  predators  did  not  suffer  from  predator-borne 
chronic  stress  but  changed  their  phenotype  to  survive  under  risk  of  being  attacked.  Our  results 
suggest  that  potential  of  predators  to  affect  development  and  adult  phenotype  of  D.  melanogaster 
should  be  taken  into  account  while  planning  laboratory  tests  and  especially  when  comparing 
natural  populations  living  under  differing  predation  pressure. 
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Abstract  text: 

Introduction:  Desert  locusts  ( Schistocerca  gregaria)  can  switch  reversibly  between  two 
strikingly  different  phenotypes:  a  cryptic  solitarious  phase  and  more  brightly  coloured  gregarious 
phase  that  forms  vast  swarms  with  devastating  effects  on  agriculture.  In  the  field,  locusts  mostly 
exist  as  inconspicuous  solitarious  individuals.  When  food  shortage  forces  them  closer  together, 
however,  they  become  gregarised  through  close  contact  with  their  conspecifics:  they  become 
more  active  and  are  attracted  to  other  locusts.  In  the  lab  this  gregarisation  through  crowding  can 
be  achieved  within  a  few  hours.  Solitarious  locusts  have  a  longer  lifespan  than  their  gregarious 
counterparts,  with  the  latter  appearing  to  dive  fast  and  die  young’;  but  surprisingly  little  is 
known  about  how  behaviour  changes  with  age.  Crickets  become  more  active  and  exploratory 
with  age,  perhaps  related  to  mate-seeking.  We  have  investigated  whether  solitarious  locusts  also 
become  more  active  as  they  age,  and  therefore  appear  to  be  more  gregarious. 

Methods:  We  quantified  the  age-related  activity  of  solitarious  locusts  by  measuring  their  walking 
speed  in  an  I-maze  over  9  weeks. 

Results/Conclusion:  Older  solitarious  locusts  increased  their  activity  to  levels  that  were 
indistinguishable  from  those  of  young  gregarious  locusts.  In  the  field,  this  might  mean  that  older, 
more  active,  solitarious  locusts  may  be  more  likely  to  encounter  other  locusts.  This  would 
facilitate  mating,  but  may  also  trigger  their  gregarisation.  The  age  structure  of  solitarious 
populations  may  thus  affect  the  onset  of  swarm  formation. 
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Abstract  text: 


Introduction:  The  fall  armyworm  is  a  Neotropical  moth  which  attacks  crops  in  both  tropical  and 
subtropical  regions.  The  species  migrates  each  spring  from  Florida  and  Texas  to  NE  and  central 
USA. 

Methods:  We  investigated  the  lipids  of  specimens  caught  in  traps  belonging  to  the  corn  and  the 
rice  strain  in  Iowa  in  the  years  2010  and  2011. 

Results/Conclusion:  We  analyzed  the  chemistry  of  these  lipids  via  NMR  and  HPLC-MS  and  we 
found  seasonal  variability  in  the  amount  of  lipids  of  the  adult  moths,  however  no  significant 
differences  in  lipid  levels  were  found  between  strains. 
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Abstract  text: 

Introduction:  The  Asian  longhorned  beetle,  Anoplophora  glabripennis  (Motschulsky)  is  an 
invasive  woodborer  native  to  China  and  Korea.  Flight  mill  studies  were  conducted  to  assess  the 
dispersal  capabilities  of  Asian  longhorned  beetle  (ALB)  adults  under  different  age,  mating,  and 
nutritional  status. 

Methods:  In  total,  162  individuals  were  tethered  to  computerized  flight  mills  for  a  24  hour  trial 
period  to  collect  information  on  total  distance  flown,  flight  times  and  velocities,  and  number  and 
duration  of  flight  bouts. 

Results/Conclusion:  Results  show  that  ALB  adults  flew  an  average  of  1.5  miles  within  a  24  hour 
period,  but  are  capable  of  flying  up  to  8.5  miles.  Nutrition  and  age  had  the  greatest  impacts  on 
flight  with  old,  fed  ALB  having  superior  overall  performance.  This  information  is  useful  for 


defining  quarantine  zones  surrounding  areas  of  infestation  and  for  determining  the  potential  risk 
ALB  poses  within  the  invaded  North  American  regions. 
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Abstract  text: 

Introduction:  The  relationship  between  spiders  and  plants  has  been  a  topic  long  studied  and  it's 
well  known  that  spiders  respond  to  plant  phenology,  architecture,  morphology,  diversity  and 
composition.  However,  few  studies  deal  with  this  approach  in  contrasting  environments  like 
tropical  dry  forests.  In  Mexico,  this  vegetation  type  reaches  its  greatest  conservation  area  in  the 
Sierra  de  Huautla  Biosphere  Reserve  (REBIOSH),  south  to  the  state  of  Morelos;  were  we 
conducted  a  study  to  analyze  the  relationship  between  plant  diversity  and  abundance  with  spider 
diversity. 

Methods:  We  traced  nine  plots  of  10x10  m  in  two  localities  inside  the  REBIOSH:  Quilamula  in 
the  municipality  of  Tlaquiltenango,  and  El  Limon  de  Cuauchichinola  in  the  municipality  of 
Tepalcingo.  In  these  plots  we  collected  all  the  plant  species  and  the  spiders  using  the  techniques 
of  direct  search  and  vegetation  beat.  All  the  plant  samples  were  determined  to  species,  and  the 
spiders  were  determined  to  the  lowest  possible  taxonomic  level.  We  found  34  families  and  68 
genera  of  spiders,  being  the  family  Salticidae  the  richest  one,  with  1 1  genera.  In  the  case  of 
plants  we  report  22  families  and  54  genera,  from  which  Fabaceae  is  the  richest  one,  with  18 
genera. 

Results/  Conclusion:  There  wasn't  a  statistically  significant  relationship  between  spider  diversity 
and  plant  diversity  or  abundance,  although  we  found  a  strong  effect  of  the  seasonality  in  spider 
diversity  and  abundance,  suggesting  that  this  is  the  factor  that  shapes  the  spider  community  in 
this  vegetation  type. 
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Introduction:  Oviposition  site  selection  by  females  of  herbivorous  insects  critically  affects  the 
survival  and  development  of  offspring.  Arhopala  bazalus  (Lepidoptera:  Lycaenidae)  is 
associated  mainly  with  Lithocarpus  edulis  (Fagaceae)  and  the  larvae  only  feed  on  young  host 
leaves.  However  females  frequently  lay  their  eggs  on  old  host  leaves  and  stems  where  are  quite 
apart  from  larval  feeding  sites.  Field  investigations  were  conducted  to  clarify  the  adaptive 
significance  of  oviposition  behavior  of  A.  bazalus. 

Method:  Periodical  field  surveys  were  performed  in  2014  and  2015  at  two  census  fields  in 
Kyushu,  Japan.  On  each  census  day,  availability  of  host  resources  and  oviposition  sites  of  A. 
bazaluswQYQ  surveyed.  Then  distances  from  oviposition  sites  to  the  nearest  feeding  sites  were 
recorded.  In  addition,  some  eggs  collected  from  the  field  were  reared  in  the  laboratory  to 
compare  the  percentages  of  parasitism  by  egg  parasitoids  among  ovipositon  sites. 

Results/Conclusion:  Host  resources  were  abundant  in  spring  but  rather  restricted  in  summer  and 
autumn.  Oviposition  of  A.  bazalus  was  observed  from  early  summer.  Relative  abundance  of  host 
resources  was  not  related  to  the  distance  from  oviposition  sites  to  feeding  sites,  suggesting  that 
the  host  availability  does  not  affect  the  oviposition  site  preference.  Percentages  of  parasitism 
were  not  significantly  different  between  eggs  on  young  leaves  and  on  other  parts.  So  the 
oviposition  onto  old  leaves  may  not  reduce  the  egg  parasitism.  Based  on  preliminary  surveys,  A. 
bazalus  larvae  seemed  to  remove  conspecific  eggs  in  some  way.  Such  an  intraspecific 
competition  may  influence  the  oviposition  site  preference  by  A.  bazalus. 
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Gall  midges  (Diptera:  Cecidomyiidae)  belonging  to  the  genus  Stenodiplosis  are  ovule  and 
developing  caryopsis  feeders  on  a  wide  variety  of  native  and  introduced  grasses  in  North 
America.  They  can  have  a  significant  impact  on  host  biomass  production.  These  gall  midges  are 
attacked  by  parasitoid  wasps  belonging  several  families,  the  most  common  being  Eulophidae. 
The  multitrophic  relationships  between  grasses,  gall  midges  and  their  parasitoids  remain  poorly 
studied.  During  two  consecutive  growing  seasons,  insects  were  reared  from  grass  inflorescences 
where  Stenodiplosis  species  or  parasitoids  were  observed  ovipositing.  Tetrastichus  bromi 
Kostjukov  was  reared  from  Stenodiplosis  bromicola  Marikovskij  &  Agafonova,  and  S.  spartinae 
Gagne,  and  Aprostocetus  nebraskensis  (Girault)  was  reared  from  S.  wattsi  Gagne.  Several 
additional  eulophid  morphospecies  were  found  parasitizing  two  native,  two  introduced,  and  one 
undescribed  Stenodiplosis  species  in  nine  native  and  invasive  grass  species.  Aprostocetus  species 
appear  to  dominate  parasitoid  guilds  of  each  of  the  Stenodiplosis  species  studied.  Stenodiplosis 
bromicola  and  S.  spartinae  host  T.  bromi,  but  exhibit  differential  patterns  of  host  use  by  other 
Aprostocetus  morphospecies.  Diversity  within  three  trophic  levels,  host  plants,  gall  midges  and 
parasitoids,  involves  mixtures  of  native  and  introduced,  and  described  and  undescribed  species. 
This  circumstance  provides  challenges  to  resolving  taxonomic,  phylogenetic,  and  ecologic  issues 
involving  native  and  invasive  species.  Palaearctic  regions  where  host  grasses  of  the  newly 
reported  parasitoids  are  native,  need  to  be  surveyed  in  order  to  better  assess  the  origins  and 
possible  routes  of  introduction  of  grass  seed  feeding  gall  midges,  and  geographic  origin  and 
relationships  of  their  parasitoids. 
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Little  was  known  about  the  gall  midge,  Asphondylia  borrichiae ,  less  than  thirty  years  ago;  prior 
to  this  period  it  was  simply  referred  to  as  an  undescribed  species  of  Asphondylia  that  formed 
terminal  galls  on  sea  oxeye  daisy  (. Borrichia  frutescens).  However,  since  that  time,  extensive 
field  and  laboratory  studies  have  revealed  that  what  we  refer  to  as  A.  borrichiae  actually  consists 
of  a  series  of  populations  that  attack  two  other  plants  that  are  taxonomically  and  ecologically 
similar  to  sea  oxeye  daisy:  marsh  elder  ( Iva  frutescens )  and  dune  elder  (/.  imbricata ).  Genetic 
and  midge  performance  studies  suggest  that  the  midge  originally  attacked  B.  frutescens  and,  at 
some  sites,  ovipositional  mistakes  led  to  establishment  of  midge  populations  on  the  two  derived 
hosts  (i.e.  Iva  spp.).  The  decline  in  size  and  potential  fitness  of  A.  borrichiae  on  these  derived 
hosts  was  partially  offset  by  the  acquisition  of  enemy-free-space;  additionally  developmental 
differences  of  the  midge  on  the  host  plants  has  led  to  differentiation  of  this  species  into  two 
distinct  host-associated  populations  recognizable  at  the  level  of  the  plant  genus.  The  purpose  of 
this  presentation  is  summarize  the  midge’s  life  history  and  the  increasing  number  of  studies  that 
suggest  A.  borrichiae  and  its  host-plant  associations  represent  yet  another  of  the  growing  number 
of  systems  that  support  sympatric  speciation  models.  While  early  studies  focused  on  bottom-up 
and  top-down  effects  of  plant  quality  and  natural  enemies  respectively  on  A.  borrichiae ,  recent 
studies  have  shifted  to  assess  the  effects  of  A.  borrichiae  on  the  fitness  of  its  host  plants. 
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Abstract  text: 


Two  species  of  orb-weaver  spiders  inhabit  two  ant-protected  acacia  species  in  central 
Panama.  The  spiders  do  not  capture  patrolling  worker  ants,  but  exploit  their  plant-guarding 
services  to  escape  predation.  Spiders  may  provide  a  second  layer  of  defense  for  acacias  against 
herbivores.  Alternatively,  spiders  may  parasitize  the  mutualism  by  capturing  winged  ants  of  the 
reproductive  caste  as  they  disperse  on  nuptial  flights.  45-75%  of  insects  captured  on  sticky  card 
traps  in  each  acacia  species  were  strictly  herbivorous,  but  no  alate  ants  were  captured.  Analysis 
of  prey  items  collected  from  spiders’  webs  indicated  that  insect  herbivores  made  up 
approximately  20%  of  spider  prey  for  both  species,  but  alate  ants  made  up  an  additional  20-50% 
of  spider  prey.  These  results  suggest  that  spiders  both  ‘cooperate  with’  and  ‘parasitize’  the  ant- 
acacia  mutualisms,  but  whether  spiders  can  ultimately  disrupt  the  mutualism  depends  on  the 
overall  percentage  of  dispersing  alate  ants  the  spiders  actually  capture. 
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Introduction:  Extrafloral  nectar  is  the  main  food  source  offer  by  plants  to  predatory  ants  in  most 
land  environments,  especially  in  Cerrado  (a  Brazilian  savannah).  Some  authors  speculate  that 
plants  manage  ant  attractiveness  through  nectar  offer. 

Methods:  In  the  current  study,  we  evaluated  the  extrafloral  nectaries  (EFNs)  production  among 
different  times  of  the  day  of  the  most  abundant  and  common  EFN-bearing  trees  of  a  natural 
reserve  of  Cerrado  ( Qualea  multiflora,  Qualea  grandiflora,  Ouratea  spectabilis,  Ouratea 
hexasperma,  Stryphnodendron  polyphyllum,  Stryphnodendron  adstringens ,  and  Lafoensia 
pacari ),  and  its  effects  in  attracting  foraging  ants. 

Results/Conclusion:  We  observed  that  EFNs  showed  higher  productivity  overnight.  No  positive 
relation  was  found  among  richness,  frequency  of  ants  on  plants  with  more  productive  EFNs.  The 
period  of  greater  resource  availability  (abundance  of  active  EFNs  and  higher  volume  of  nectar 


and  calories)  had  greater  richness  and  frequency  of  ants  on  plants.  We  also  found  temporal 
resource  partitioning  among  ant  species,  thus  indicating  strong  resource  competition.  Nectar 
production  variation  was  found  among  plant  species  and  periods  of  the  day,  fact  that  directly 
interferes  in  ant  visitation  patterns.  We  can  conclude  that  EFNs  are  a  key  driver  for  ant-plant 
interaction  within  this  system  and  this  current  study  might  provide  support  for  other  studies  to 
determine  the  structure  of  mutualistic  interactions. 
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Introduction:  As  field  populations  of  Lygus  lineolaris  (Palisot  de  Beauvois)  have  developed 
resistance  to  several  classes  of  insecticides,  alternative  measures  of  control  for  the  tarnished  plant 
bug  are  needed.  Development  of  alternative  control  methods  requires  a  thorough  knowledge  of 
insect  biology  and  ecology,  including  a  detailed  examination  of  preferred  host  plants,  movement, 
and  diapause.  The  most  important  plants  in  the  production  of  overwintering  L.  lineolaris 
populations  in  the  mid-south  are  tall  goldenrod  {Solidago  altissma  L.),  pigweed  ( Amaranthus 
spp.),  Pennsylvania  smartweed  {Polygonum  penslyvanicum  L.),  and  white  heath  aster  {Aster 
pilosus  Willdenow). 

Methods:  Insects  were  collected  at  weekly  intervals  during  the  falls  of  2008  and  2009  at  nine 
locations  in  Washington  Co.,  MS.  Host  plants  at  each  location  were  swept  until  25-50  adult  L. 
lineolaris  were  collected.  Nymphs  were  recorded  and  then  discarded  while  adults  were  sexed  and 
20  -  25  individuals  from  each  sample  were  dissected  and  reproductive  status  noted. 

Results/Conclusion:  Significant  differences  were  observed  between  the  four  host  plants, 
collection  dates,  and  the  host  plant  *  collection  date  interaction.  There  were  no  differences 
observed  between  collection  locations  either  year. 
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As  plants  senesce  or  are  harvested,  numbers  of  Brown  stink  bug,  Euschistus  servus  migrate  from 
crops  that  act  as  host  plants  into  nearby  susceptible  crops  (ie.  Cotton).  The  presence  of  host 
crops  in  close  proximity  to  susceptible  crops  increases  the  difficulty  of  managing  Brown  stink 
bugs  in  cotton.  When  pheromone  trapping  was  used,  greater  numbers  of  E.  servus  (n  -=  89)  over 
a  shorter  sampling  period  were  recovered  when  compared  to  sweep  sampling.  Pheromone 


trapping  revealed  that  there  did  not  appear  to  be  a  significant  aggregation  of  E.  servus  along 
cotton  field  perimeters,  although  there  is  a  general  trend  of  reducing  populations  as  you  penetrate 
deeper  into  cotton  fields  from  the  perimeter.  Damage  done  to  cotton  bolls  from  E.  servus  feeding 
and  resultant  cotton  boll  rot  was  not  found  significantly  damaging  in  this  trial.  However,  there 
was  a  general  trend  of  reducing  incidence  of  cotton  boll  rot  as  you  move  away  from  the  cotton 
field  perimeter.  In  complimentary  laboratory  trials,  bacteria  were  transmitted  during  feeding, 
however  disease  did  not  spread.  Using  a  simulated  stink  bug  feeding  procedure  we  showed  that 
E.  servus  from  CA/AZ  inflict  boll  damage  yet,  are  not  consisted  carriers  of  boll  rotting 
pathogens.  This  indicates  that  perhaps  environmental  conditions  contribute  to  the  presence, 
acquisition  and  transmission  of  seed  and  boll  rot  pathogens.  Damage  done  by  E.  servus  in 
California  appears  to  be  limited  to  direct  damage  by  the  insect  feeding  itself  and  the 
presence/absence  of  cotton  boll  rotting  pathogens  plays  a  significant  role  in  cotton  yield  loss. 
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Introduction:  The  natural  presence  of  Anthocorids  of  Orius  genus  in  Cundinamarca,  Colombia, 
may  be  a  promising  alternative  for  management  of  quarantine  pests  as  the  thrips  Frankliniella 
occidentalis.  Is  important  to  understand  the  F.  occidentalis  population  dynamics  in  flowers 
crops,  in  order  to  generate  knowledge  for  further  research  of  regulatory  potential  of  F. 
occidentalis  populations  using  Anthocorids.  The  goal  of  this  study  was  determinate  the  spatial 
and  temporal  variation  in  three  commercial  species  flowers  crops  in  Cundinamarca  of  F. 
occidentalis  population  density. 

Methods:  F.  occidentalis  direct  samplings  were  performed  on  three  flowers  cut  species  (rose, 
carnation,  and  alstroemeria)  in  five  flower  farm  for  six  months. 


Results/Conclusion:  Based  on  the  data  obtained  the  F.  occidentalis  spatial  distribution  was 
determined  by  geostatistical  software  Gs+.  Variograms  were  generated  for  determining  the 
largest  dispersal  distance  and  kriging  maps  the  outbreak  of  the  pest  at  each  samplings.  The  pest 
spatial  and  temporal  distribution  was  probably  caused  for  the  effect  of  different  variables,  such 
as  varieties  presents,  plants  phenological  stage,  and  application  of  chemical  insecticides  on  the 
samplings  areas.  This  study  was  funded  by  the  “Fondo  Nacional  de  Financiamiento  para  La 
Ciencia,  la  Tecnologia,  y  la  innovacion  Francisco  Jose  de  Caldas  de  Colciencias”.  “Product 
derived  of  project  CIAS  1919,  funded  by  the  Vice-rectory  for  Research  of  the  Universidad 
Militar  Nueva  Granada”. 
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Abstract  text: 

Introduction:  Coffee  berry  borer  (Coleoptera:  Curculionidae)  is  the  most  damaging  pests  of 
coffee  worldwide.  In  Hawaii,  the  pest  was  first  detected  in  the  Kona  district  of  Hawaii  island 
(Big  Island),  in  2010  and  it  has  since  spread  to  other  coffee  growing  areas  of  the  island  and  to 
Oahu.  Female  beetles  (1.4-1.78  mm)  bore  into  immature  and  mature  coffee  berries  and  construct 
galleries  inside  the  beans  where  the  eggs  are  deposited.  Coffee  berries  that  are  infested  by  the 
pest  exhibit  a  characteristic  entry  hole  on  blossom  end  of  the  berry.  Economic  damage  occurs 
due  to  abscission  of  immature  berries,  feeding  by  larvae  on  developing  beans  and  quality  or  yield 
loss  due  to  secondary  infection  by  pathogens. 

Methods:  To  understand  dynamics  of  the  pest  in  individual  coffee  orchards,  and  to  design  an 
optimized  sampling  plan,  we  spatially  mapped  infestations  of  coffee  berry  borer  in  commercial 
farms.  Samples  were  taken  from  geo-referenced  coffee  trees  and  mean  percent  infestation  was 
calculated  for  each  tree  by  counting  infested  and  healthy  green  berries  from  five  different 


branches,  based  on  the  presence  or  absence  of  entry  hole.  Spatial  statistical  techniques  such  as 
inverse  distance  weighted  interpolation  and  Moran’s  I  were  used  to  analyze  the  data. 

Results/Conclusion:  Our  analysis  suggests  that  infestations  exhibit  aggregated  patterns  and  are 
possibly  influenced  by  local  landscape  characteristics  and  management  practices. 
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Abstract  text: 


Introduction:  Parthenogenesis  is  popular  in  Stenorrhyncha  such  as  aphids,  but  in 
Auchenorrhyncha  including  Cicadellidae,  parthenogenesis  has  been  known  only  in  few  genera. 
Although  a  thousand  of  tiny  leafhoppers  Arboridia  okamotonis  have  been  collected  from  many 
fields  in  Japan,  males  have  not  been  found.  We  reared  them  individually  and  clarified  that 
females  can  produce  progeny  without  copulation.  As  a  results  of  PCR,  a  symbiont  Wolbachia 
infects  all  of  them.  So  we  discuss  the  relationship  of  Wolbachiato  reproduction  of  this 
leafhopper. 

Methods:  To  remove  Wolbachia ,  we  use  an  antibiotic,  tetracycline.  By  this  antibiotic  treatment, 
uninfected  leafhoppers  can’t  produce  their  progeny.  If  this  antibiotic  affects  leafhoppers  to 
prevent  oviposition,  they  shouldn’t  lay  eggs.  However,  the  leafhoppers  oviposit  eggs,  of  which 
number  is  rahter  decreased.  The  leafhoppers  with  gentamicin  treatment  also  oviposit  eggs,  same 
to  infected  one.  Most  leafhoppers  with  gentamicin  treatment  have  been  infected  by  Wolbachia 
and  produce  their  progeny.  The  uninfection  of  Wolbachia  should  cause  unhatch,  and  influence 
parthenogenesis  of  A.  okamotonis. 

Results/Conclusion:  As  the  mortality  from  egg  to  adult  is  less  than  50%,  this  reproductive 
manipulation  may  not  be  male-killing.  In  morphological  investigation,  we  couldn’t  find 
feminized  males.  It  may  not  be  feminization  of  genetic  males.  Therefore,  it  may  be 
parthenogenesis  induction.  If  this  is  parthenogenesis  induction  by  Wolbachia ,  parthenogenesis 
induction  in  diplodiploid,  A.  okamotonis ,  is  very  interesting.  Parthenogenesis  induction  caused 
by  Wolbachia  has  not  been  recognized  in  arthropods  except  haplodiploids. 
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Abstract  text: 


Introduction:  The  turnip  aphid  is  a  cosmopolitan  pest  of  cruciferous  crops.  Along  with  the 
damage  caused  by  feeding  on  host  plant,  the  aphid  is  a  vector  of  about  10  non-persisent  viruses. 

A  thorough  understanding  of  the  biology  and  population  dynamics  of  L.  erysimmrQ  essential  for 
development  of  an  accurate  management  recommendation  and  reliable  pest  population  prediction 
system. 

Methods:  We  investigated  the  developmental  periods,  survival  rates,  lifespan,  and  fecundity  of 
the  species  under  six  constant  temperature  schemes(10°C~35°C)  using  the  cabbage  as  a  host. 
Furthermore,  we  established  a  development  model  and  an  oviposition  model  of  L.  erysimi ,  based 
on  the  result  of  a  laboratory  experiment. 

Results/Conclusion:  The  developmental  duration  of  L.  erysimi  at  constant  temperatures  were 
18.5  days  at  15°C,  10.5  days  at  20°C,  7.0  days  at  25°C,  and  5.9  days  at  30°C,  showing 
statistically  significant  difference  among  temperature  regimes.  The  lower  threshold  temperature 
and  thermal  constant  were  7.8°C  and  126.9  DD,  respectively,  for  total  immature  development. 
Total  fecundity  was  the  highest  at  20°C,  and  then  declined  steadily  thereafter.  In  relation  to 
temperature,  non-linear  development  models  were  established  for  each  developmental  stage  of  L. 
erysimi.  In  addition,  temperature-dependent  total  fecundity,  age-specific  oviposition  rate,  and 
age-specific  survival  rate  models  were  developed  for  the  construction  of  an  oviposition  model. 
The  estimated  models  were  should  be  useful  for  the  oviposition  model  and  stage  emergence 
model  to  construct  a  population  model  for  L.  erysimim  the  future. 
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introduction:  World  population  is  continuously  increasing,  which  is  necessitating  sustainable 
food  production.  However,  agricultural  production  is  threatened  by  insect  pests  and  plant 


diseases  that  resulted  in  great  losses.  Bacillus  thuringiensis  (Bt),  a  world-wide  soil  inhabiting 
bacteria,  is  specific  and  safe.  This  bacterium  was  applied  as  spores-crystal  mixture  formulations, 
and  also  as  cry  genes  incorporated  into  genetically  modified  plants  (GMP)  rendering  them 
immune  to  insect  pests.  This  bio-pesticide  could  be  affected  by  climatic  change,  whether  sprayed 
or  GMP 

Methods:  This  paper  reviewed  the  effect  of  climatic  change  on  biocidal  efficiency  of  Bt. 

Results/Conclusion:  Climate  change  could  affect  Bt  efficacy  directly,  through  the  effect  of 
increasing  temperature  and  UV  light  on  the  sprayed  formulations,  or  indirect  through  the  effect 
of  these  factors  besides  the  elevated  CO2  on  the  chemistry  of  the  plant,  biology  and  behavior  of 
insect  pests.  The  ingested  dose  of  the  sprayed  Bt  and  the  expression  of  insecticidal  cry  genes  in 
GMP  will  be  affected  through  the  effect  on  C:  N  ratio.  In  addition,  natural  enemies  of  the  insect 
pests  are  affected,  and  they  showed  differences  in  their  attraction  to  Bt  plant  compared  to  plants 
under  elevated  CO2  and  O3  levels.  Climate  change  is  now  a  real  problem  affecting  Bt  toxicity  in 
different  interacting  ways.  Detailed  studies  for  the  different  scenario  of  climate  are  needed  so  as 
to  improve  the  effectiveness  of  this  biopesticide. 
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Introduction:  Anopheles  mosquitoes  are  the  exclusive  vectors  of  mammalian  malaria.  The 
development  of  new  tools  in  the  fight  against  malaria  depends  upon  improved  mechanistic 
understanding  of  myriad  biological  processes  in  the  mosquito  including  blood  feeding, 
gametogenesis,  gustation,  immunity,  olfaction,  and  metabolism,  among  others.  Despite 
considerable  genomic  resources  progress  has  been  slow,  primarily  due  to  the  difficulty  in 
performing  reverse  genetic  techniques  that  are  routine  in  model  organisms.Here  we  show  that  the 


CRISPR/Cas9  system  is  a  highly  efficient  method  for  generating  targeted  mutagenesis  in  diverse 
Anopheles  including  the  major  African  vectors  An.  gambiae  and  An.  funestus. 

Methods:  As  a  proof  of  principle  we  targeted  the  recessive  white  gene,  knockout  of  which  results 
in  white  eye  color. 

Results/Conclusion:  We  report  remarkable  survival  (10-25%),  GO  mosaicism  (30-90%),  and 
germline  transmission  (47-83%)  rates.  Interestingly,  we  find  that  by  increasing  the  concentration 
of  guide  RNA,  we  can  mutate  both  alleles  in  a  diploid  mosquito,  facilitating  the  rapid  creation  of 
knockout  lines  by  mating  male  and  female  GO  mosquitoes  together.  In  sum,  we  report  a  protocol 
using  CRISPR/Cas9  that  achieves  high  rates  of  site-specific  mutagenesis  in  diverse  Anopheles , 
providing  a  desperately  needed  tool  for  reverse  genetics  in  these  medically  important  species. 
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Introduction:  The  leafminer  fly,  Liriomyza  huidobrensis  (Blanchard),  is  an  economically 
important  and  highly  invasive  potato  pest  of  global  proportions.  In  most  of  the  tropics  and 
subtropics,  L.  huidobrensis  is  established  under  open  field  conditions  and  has  become  a 
greenhouse  pest  in  temperate  regions  of  the  northern  hemisphere.  We  hypothesized  that  the 
future  distribution  and  abundance  (damage  potential)  of  this  pest  will  be  greatly  affected  by 
climate-change-caused  changes  in  temperature. 

Methods:  We  used  a  process-based  climatic  phenology  model  of  L.  huidobrensis  and  applied 
three  risk  indices  (establishment,  generation,  and  activity  indexl)  in  a  geographic  information 


system  (GIS)  environment  to  map  changes  for  climate  change  scenarios  of  the  year  2050.  All 
applications  and  simulations  were  made  using  the  Insect  Life  Cycle  Modeling  (ILCYM)  software 
developed  by  The  International  Potato  Center,  Lima,  Peru. 

Results/Conclusion:  Global  predictions  on  the  future  L.  huidobrensis  distribution  and  abundance 
(damage  potential)  clearly  indicate  a  slight  to  moderate  decrease  in  the  establishment  in  most  of 
the  tropical  and  subtropical  potato  production  areas,  but  still  with  a  high  pest  risk  in  these  areas. 
Also,  a  range  expansion  into  temperate  regions  of  the  northern  hemisphere  in  Asia,  North  and 
South  America,  and  Europe  is  expected  with  a  moderate  increase  of  its  establishment  and 
damage  potential.  In  Peru,  L.  huidobrensis  is  estimated  to  expand  to  higher  altitudes  but  with  a 
moderate  increase  of  its  potential  damage.  Early  predictions  could  help  adaptation  to  climate 
change  by  developing  and  supporting  farmers  with  adequate  pest  management  strategies  to 
reduce  greater  crop  yield  and  quality  losses. 


Poster 

Presentation  Title:  Spatial  synchrony  analysis  for  the  convergence  of  the  distribution  model  of 
the  pests  and  the  crop 

Author  Name:  Jung-Joon  Park 

Author  Institution:  Gyeongsang  National  University 

Session  Title:  Poster  Session  2:  Insect-Plant  Interactions  in  a  Changing  Climate 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3495 

DOI:  10.1603/ICE.2016.1 12336 

Abstract  text: 

Local  distribution  of  insect  pest  population  should  be  changed  in  near  future  as  well  as  their  host 
based  on  climate  change  scenario.  Although  well-defined  insect  geographical  distribution  model 
is  developed  and  projected  its  potential  establishment  in  Korea,  it  has  defectiveness  without 
geographical  matching  of  its  host,  because,  in  agriculture,  insect  pest  damage  is  related  by  host- 
insect  synchrony  in  time  and  space. 

In  this  study,  the  possible  geographical  distributions  of  two  insect  species,  Corposina  sasakii 
(native  species)  and  light  brown  apple  moth,  Epiphyas  postvittana  (possible  invasive  species), 
were  estimated  by  CLIMEX  simulation  under  RCP8.5  climate  change  scenario  in  Korea. 
Projected  farm  land  suitability  of  apple  trees  was  obtained  from  open  website  of  Fruit  Research 


Division,  NIHHS,  RDA.  All  the  potential  geographical  distribution  maps  were  overlapped  then 
the  spatial  synchrony  were  analyzed  by  SADIE  (spatial  analysis  with  distance  indices),  which 
allows  improved  interpretation  of  the  spatial  synchrony. 
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Introduction:  Bees  play  a  critical  role  in  the  pollination  of  fruit,  nut,  and  vegetable  agriculture, 
contributing  over  $15  billion  in  pollination  services  in  the  United  States  each  year.  In  the 
following  study,  native  bee  abundance  and  diversity  was  investigated  from  2010-2015  in 
Georgia  apple  orchards.  The  bee  survey  occurred  over  the  entire  growing  season  (March- 
September  each  year),  with  special  emphasis  on  the  apple  bloom. 

Methods:  Over  20,000  bees  were  collected  using  pan  traps,  vane  traps,  malaise  traps,  and  sweep 
netting. 

Results/Conclusion:  2010  was  a  traditional  apple  bloom  (late  March/early  April)  dominated  by 
Andrena  species.  In  201 1  and  2012,  the  apple  bloom  occurred  2  to  4  weeks  early.  During  these 
blooms,  fewer  Andrena  species  were  present;  however,  greater  abundances  of  Osmia  species  and 
other  non- Andrena  bees  were  documented.  In  2013,  the  apple  bloom  was  2-3  weeks  later  than 
the  traditional  bloom.  Overall  diversity  and  abundance  for  all  bee  groups  were  higher  than  in  the 
previous  years.  In  2014  and  2015,  a  traditional  apple  bloom  occurred,  and  the  Andrena  species 
dominated  the  samples.  This  study  showed  that  regardless  of  the  timing  of  the  apple  bloom, 
some  native  bee  species  were  available  for  pollination.  In  order  to  use  native  bees  successfully  in 
commercial  agriculture,  a  better  understanding  of  the  abundance,  diversity,  emergence  times,  and 
pollination  behaviors  of  native  bee  species  is  needed.  In  Georgia,  the  mining  bees  {Andrena 
species)  appear  to  be  good  candidates  to  serve  as  commercial  native  bee  pollinators. 
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Introduction:  Some  bee,  hummingbird,  and  wasp  species  pierce  the  bases  of  tubular  flowers  of 
many  plant  species  and  obtain  nectar  through  the  holes,  acting  as  nectar  robbers.  Animals  which 
did  not  make  such  holes,  but  obtain  nectar  through  them  act  as  secondary  robbers. 

Methods:  I  observed  the  U.S.  native  carpenter  bees  Xylocopa  varipuncta  and  A  virginica 
virginica  pierce  Hemerocallis  flowers  in  the  Cesar  E.  Chavez  Memorial  Plaza  in  downtown 
Sacramento,  California,  and  in  the  Wehawken  Nature  Preserve  in  Bethesda,  Maryland, 
respectively. 

Results/Conclusion:  Xylocopa  varipuncta  frequently  made  and  re-used  piercings  in  tubular 
corolla  bases  of  nonnative,  nectarless  Hemerocallis  ‘Stella  de  Oro’  (Stella  de  Oro  Daylily)  in  the 
Plaza.  These  bees  frequently  visited  H.  ‘Stella  de  Oro’  flowers  from  mid-morning  through  late 
afternoon  in  August  2014  during  the  dry  period  of  the  3-yr,  severe  California  drought.  Their 
foraging  bouts  included  up  to  10  floral  visits,  and  they  were  evidently  obtaining  cell  fluid,  not 
nectar.  Nonnative  Apis  mellifera  extended  their  proboscides  through  the  piercings,  acting  as 
secondary  cell-fluid  robbers.  They  also  may  have  pollinated  H  ‘Stella  de  Oro’  when  they 
collected  its  pollen.  Hemerocallis-fiowQY  piercing  by  native  A  virginica  virginica  is  evidently 
rare;  but,  in  the  Preserve,  a  female  pierced  succulent,  nectarless  flowers  of  two  other 
Hemerocallis  cultivars  and  three  unnamed  seedlings,  possibly  obtaining  cell-fluid,  learning  that 
the  flowers  did  not  have  nectar,  or  both  during  the  wet  summer  of  2015. 
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Abstract  text: 

Three  sugar  beet  ( beta  vulgaris  L.)  genotypes  were  used  in  this  study.  They  were  characterized 
by  a  relatively  wide  range  of  variations  according  to  their  insect  attacks  tolerance.  Biochemical 
and  molecular  analysis  were  utilized  to  study  protein  and  peroxidase  isozyme  banding  patterns 
under  insect  attacks  and  plants  without  attacks.  In  addition,  genomic  DNA  (IS SR  technique)  was 
used  to  find  molecular  markers  associated  with  insect  attack  tolerance  in  sugar  beet  plants.  For 
the  peroxidase  isozyme  the  band  number  2  may  be  considered  as  a  marker  associated  with  plant 
defense  against  insect  pests.  The  band  with  Mw  150  KDa  can  be  considered  as  a  negative  marker 
associated  with  plant  defense  to  insect  pests,  the  band  with  Mw  1 1.5  KDa  may  be  considered  as 
positive  marker  associated  with  plant  defense  to  insect  pests.  A  high  level  of  DNA 
polymorphism  was  detected  by  IS  SR  technique  for  the  three  sugar  beet  genotypes  and  showed 
some  positive  and  negative  markers  associated  with  plant  tolerance  to  insect  pest  attacks. 
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Abstract  text: 

According  to  recent  climate  change,  Ricania  shantungensi  is  an  outbreak  insect  that  increases  the 
damage  in  Jeonbuk  province.  According  to  the  result  of  our  researches,  the  plants  of  oviposition 
plants  of  R.  shantungensi  are  57  species.  Lots  of  egg  mass  was  especially  spotted  more  in  6 
spices,  such  as  Peach,  Persimmon,  Plum  trees,  Chestunt,  blueberry  and  Japanese  corne  among  57 
species.  Nymphs  were  discovered  in  77  species  of  plants,  such  as  hardy  rubber  tree.  The  adult 
occurred  more  in  79  species  of  plants,  and  preferred  6  species  such  as  exalted  Angelica  tree, 
Persimmon,  Jujube  tree,  Blueberry,  Evening  primrose,  foremost  mugwort  among  79  species. 
Thus,  plants  that  occurred  overall  R.  shantungensi  have  been  woody,  55  species  and  total  81 
species  have  been  confirmed  in  herbaceous  26  species.  And  all  of  egg  mass,  nymphs  and  adults 
have  been  occurred  in  52  species  of  host-plants,  the  incidence  of  it  have  been  likely  to  show 
more  trend  especially  in  6  species,  such  as  Persimmon,  Korean  forsythia,  Blueberry,  Japanese 
corne,  Black  locust,  Japanese  chestnut.  In  the  results  of  survey  of  the  branch  thickness  of  host- 
plants  being  preferred  to  a  oviposition  by  R.  shantungensi ,  every  branch  thickness  has  been 
3.7mm(peach),  4.4mm(persimmon),  3.7mm(Japanese  apricot).  The  length  of  Egg  mass  have 
showed  a  little  difference  in  each  host-plants  such  as  each  E7mm(peach),  2.0mm(persimmon), 

2.  lmm( Japanese  apricot).  The  number  of  egg  per  egg  mass  have  showed  a  wide  difference  in 
each  host-plants,  such  as  each  17.4  eggs(peach),  20.5  eggs(persimmon)  and  23.6  eggs( Japanese 
apricot). 
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Introduction:  Cyclic  outbreaks  by  several  species  of  geometrid  moth  have  a  strong  impact  on 
mountain  birch  ( Betula  pubescens  ssp.  czerepanovii)  forest  ecosystems,  and  are  thought  to  be 
intensified  by  climate  warming.  Outbreaks  cause  crown  defoliation  leading  to  death  of  branches, 
stems,  and  entire  trees  over  sometimes  hundreds  of  km2.  Defoliation  mapping,  based  on  either 
ground  estimates  or  remotely  sensed  reflectance  such  as  NDVI,  are  common  approaches  to 
monitor  outbreaks,  but  the  relationships  between  larval  density,  crown  defoliation  and  NDVI  are 
poorly  documented.  Similarly,  the  impact  of  accumulated  defoliation  over  years  on  tree  damage 
is  little  explored,  despite  its  relevance  for  our  understanding  of  birch  resilience  towards  pest 
outbreaks. 

Methods:  We  used  9  localities  (90  sampling  stations),  which  are  part  of  a  monitoring  program  on 
moth  outbreaks  in  Northern  Norway,  with  larval  densities  from  up  to  15  years.  We  quantified 
larval  density,  defoliation  and  NDVI  at  a  branch-  level  in  a  single  year,  and  used  this  relationship 
to  reconstruct  defoliation  levels  for  the  past  15  years  of  known  larval  densities.  We  further 
quantified  current  station-level  tree  damage  (branch,  stem  and  tree  mortality)  in  order  to  relate 
this  to  accumulated  defoliation  over  the  past  15  years. 

Results/Conclusion:  We  found  a  strong  and  nonlinear  relationship  between  larval  density  and 
defoliation,  permitting  us  to  reconstruct  past  defoliation  levels  based  on  larval  density  time 
series.  Similarly,  we  found  a  strong,  but  linear,  relationship  between  defoliation  and  NDVI, 
suggesting  that  reflectance-based  defoliation  estimates  are  valid  proxies  for  larval  densities  in 
our  system. 


Poster 

Presentation  Title:  Effects  of  white  cabbage  and  broccoli  hybrids  on  the  life  history  traits  of  the 
cabbage  moth  Mamestra  brassicae  (Lepidoptera:  Noctuidae) 

Author  Name:  Tatiana  Popova 

Author  Institution:  Russian  Timiryazev  State  Agrarian  University 

Session  Title:  Poster  Session  2:  Insect-Plant  Interactions  in  a  Changing  Climate 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  D3501 

DOI:  10.1603/ICE.2016.1 13786 


Abstract  text: 


Effects  of  5  Fi  hybrids  of  white  cabbage  (Agressor,  Kazachok,  Kolobok,  Orion,  SB-3)  and  1  Fi 
hybrid  of  broccoli  (Heraclion)  on  the  life  history  traits  of  cabbage  moth  Mamestra  brassicae  (L.) 
(Lepidoptera:  Noctuidae)  were  studied  in  laboratory  at  optimal  conditions  (t  =  24±1°C,  RH  = 
70±5  %,  photoperiod  (L:D)  =  16:8  h)  and  on  cabbage  fields  in  2013-2014  in  Moscow  Region, 
Russia.  The  aim  of  these  studies  was  to  determine  which  biological  traits  of  M.  brassicae  should 
be  used  to  characterize  resistant  and  susceptible  cabbage  hybrids.  It  was  found  that  resistant 
hybrid  was  Fi  Agressor,  susceptible  hybrids  -  Fi  SB-3  and  Fi  Heraclion.  Effects  of  resistant 
cabbage  hybrid  on  M.  brassicae  were  established  using  the  following  life  history  insect  traits: 
under  laboratory  conditions  -  survival  of  immature  stages,  egg  laying  period  of  females  that  fed 
on  the  hybrid  as  caterpillars,  total  fecundity  per  female,  daily  fecundity,  daily  fertility,  the  net 
reproductive  rate  (Ro),  the  mean  generation  time  (T),  the  intrinsic  rate  of  increase  (rm);  under 
field  conditions  -  the  smallest  egg  clutch  size.  Effects  of  susceptible  cabbage  hybrids  were 
established  using  the  following  life  history  insect  traits:  under  laboratory  conditions  - 
developmental  times  of  caterpillars,  survival  of  immature  stages,  egg  laying  period  of  females 
that  fed  on  the  hybrid  as  caterpillars,  total  fecundity,  daily  fecundity,  daily  fertility,  sex  ratio  in 
offspring,  Ro,  T,  rm;  under  field  conditions  -  the  largest  egg  clutch  size,  and  total  numbers  of 
eggs  on  a  hybrid  in  a  season. 
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Abstract  text: 

Introduction:  Cotton  fleahoppers,  Pseudatomoscelis  seriatus ,  (Hemiptera:  Miridae)  are  key 
cotton  pests  in  many  southern  states.  They  damage  cotton  by  feeding  on  devloping  squares  and 
meristem  tissue.  Cotton  fleahopers,  however,  are  omnivores  and  are  known  to  feed  on 
Lepiodopteran  eggs.  The  extent  of  how  omnivorous  behaviour  impacts  their  life  history  and  pest 
status  is  unknown. 

Methods:  In  this  study  we  identified  cotton  fleahopper  prey.  We  observed  male  and  female 
cotton  fleahoppers  during  choice  and  no  choice  feeding  assays  in  laboratory  arenas. 


Results/Conclusion:  It  was  found  that  cotton  fleahoppers  will  consume  lepidopteran  eggs  and 
neonates,  as  well  as  immature  aphids.  Larger,  late  instar  lepidoptera  larvae,  and  adult  aphids 
were  rejected  food  items.  Fleahoppers  were  observed  to  feed  on  plant  and  animal  material  for 
equal  amounts  of  time  during  the  day.  Fleahoppers,  however,  ate  more  animal  material  during 
night,  than  when  in  daylight,  regardless  of  whether  plant  material  was  present. 
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Abstract  text: 

Introduction:  The  western  corn  rootworm  (WCR:  Diabrotica  virgifera  virgifera )  is  an  important 
below  ground  pest  of  corn.  Belowground  feeding  is  debilitating  to  crops  because  it  weakens  the 
roots  system,  diminishes  nutrient  uptake,  and  creates  entry  points  for  fungal  and  bacterial 
pathogens,  increases  the  chances  of  their  lodging,  and  results  in  huge  loss  of  revenue  annually. 

Methods:  In  this  study,  we  used  RNA-sequencing  to  investigate  the  early  and  late  transcriptional 
responses  of  the  resistant  maize  genotype  Mp708  compared  to  susceptible  B73  maize  shoots  and 
roots  infested  with  WCR.  In  addition,  we  investigated  the  transcriptional  response  of  WCR  at 
different  developmental  stages  when  fed  on  B73  and  Mp708  roots. 

Results/conclusion:  The  underlying  maize  defense  signaling  networks  and  WCR  compensatory 
transcriptome  responses  will  be  discussed. 
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We  conducted  a  7- week  pilot  field  study  along  two  Iowa  east-west-running  roads  east  of  the  Des 
Moines  River  during  July  and  August  2015.  We  examined  the  extent  to  which  several 
environmental  variables  affected  late-summer  Monarch  oviposition  rates  and  larval  prevalence 
on  roadside  milkweeds.  Monarch  eggs  and  1st  -  5th  instars  were  counted  weekly  in  30  milkweed 
patches  (15  along  each  roadside)  of  varying  sizes  and  at  least  1  km  apart.  We  examined  effects  of 
sampling  date,  roadway,  geographic  location,  milkweed  patch  size,  plant  height,  condition,  and 
growth/reproductive  status,  as  well  as  north  vs.  south  side  of  the  road,  and  presence  of  ants  and 
aphids.  Data  were  analyzed  with  canonical  correspondence  analysis.  Of  all  factors  we 
considered,  milkweed  patch  size  was  the  most  important.  Although  more  adults  were  seen 
visiting  larger  patches,  more  eggs  were  laid  per  plant  in  smaller  patches,  and  larvae  of  all  sizes 
were  also  more  abundant.  Eggs  and  larvae  were  more  common  on  taller  plants  in  better 
condition,  and  varied  in  abundance  from  site  to  site.  Inter-site  variation  was  more  readily  due  to 
point-to-point  differences  rather  than  to  variation  by  longitude  or  distance  from  the  river.  Eggs 
and  young  larvae  tended  to  be  more  common  on  budded,  flowering,  or  podded  plants,  as  were 
aphids,  perhaps  due  to  a  mutual  preference  for  a  more  concentrated  nutrient  source.  Presence  of 
ants  tending  aphids  had  slight  or  no  significant  effects  on  egg  or  larval  abundance,  and  there 
were  no  significant  differences  in  proportions  of  life  stages  between  the  two  roads. 
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Introduction:  Greenhouse  whitefly  Trialeurodes  vapomriorum(HQmiptQYa:  Aleyrodidae)  is  one 
of  the  most  harmful  insects  in  tomato  crops  principally  those  growing  under  greenhouses.  In 
some  places  with  the  climate  change,  the  water  scarcity  become  in  a  real  problem,  affecting 
some  crops.  Therefore  is  important  to  study  the  impact  of  the  insect  and  the  water  stress  in 
tomato  crops  and  analyze  the  importance  of  them. 

Methods:  This  study  was  develop  in  an  experimental  greenhouse  with  a  factorial  design  4x2x2, 
with  four  commercial  varieties  of  tomato  (Mistral,  7742,  Luciana  and  Patron),  two  irrigation 
levels  (normal  and  deficit)  and  presence  and  absence  of  greenhouse  whitefly.  Vegetative  growth 
of  the  plants  as  height,  number  of  leaves  and  fruits,  and  performance  of  the  insect  on  each 
treatment  was  evaluated. 

Results/Conclusion:  The  results  show  significant  differences  in  all  the  parameters  where  the 
presence  of  the  insect  and  the  irrigation  level  have  important  responses  in  the  different  tomato 
cultivar  studies.  Therefore,  this  study  show  the  interaction  between  the  appropriate  irrigation  and 
the  damage  of  the  greenhouse  whitefly  on  the  tomato  crops. 
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Abstract  text: 


Introduction:  What  does  the  gut  content  tell  us  about  bryophagous  insect?  Although  bryophytes 
represent  favorable  habitat  for  great  diversity  of  arthropods,  their  dietary  utilization  is  marginal, 
due  to  the  toxicity,  poor  nutritiousness  and  physical  properties  hindering  digestion.  We  focused 
on  two  largest  consistent  bryophagous  insect  taxa  with  chewing  mouthparts:  Tetrigidae 
(Orthoptera)  and  Byrrhidae  (Coleoptera).  Both  groups  have  been  neglected  by  ecologists  for  a 
long  time,  and  almost  nothing  had  been  known  about  their  host  specificity  and  preferences. 

Methods:  The  determination  according  to  phylloid  fragments  and  cell  morphology  is  possible  for 
bryophytes  and  applicable  also  on  bryophagous  insect  gut  content.  Insect  specimens  were 
collected  by  individual  sampling  (Byrrhidae)  or  sweeping  (Tetrigidae).  For  Byrrhidae,  the  list  of 
mosses  in  closest  proximity  of  each  individual  was  recorded.  The  gut  content  was  dissected,  and 
randomly  captured  images  of  each  preparate  were  analyzed  to  identify  mosses  and  quantify  their 
biomass.  Host  bryophyte  preferences  were  compared  with  their  coverage  on  locality. 

Results/Conclusion:  Whereas  mosses  comprise  only  about  15%  of  diet  with  some  seasonal 
fluctuations  in  Tetrigidae,  Byrrhidae  are  strictly  bryophagous.  Surprisingly,  mosses  are  always 
defecated  seemingly  undigested.  Both  taxa  are  highly  polyphagous,  consuming  plenty  of  mosses 
with  preferences  for  particular  species.  Shared  traits  of  consumed  host  bryophytes  are  discussed, 
but  physical  properties  as  cell  wall  thickness  seem  to  be  essential. 

The  research  was  funded  by  grant  GACR2 06/07/0 81 1  —  Host  specialization  and  species 
diversity  of  bryophagous  insect  —  analysis  of  key  factors,  and  by  National  Feasibility  Program  I 
(LO1208  “TEWEP”). 
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Introduction: 

Rice  grasshopper,  Oxya  chinensis  sinuosa,  produces  one  generation  per  year  in  Korea  nature.  It’s 
necessary  to  use  fast  hatching  method  by  artificial  overwintering  or  cold  storage  with  egg-mass 
within  a  year  for  Yearlong  rearing.  Fast  hatching  methods  are  to  hatch  an  egg-mass  at  28°C  after 
being  stocked  at  8°C  for  the  50  days  and  pre-stocked  at  25°C  for  the  10  days  after  oviposition. 

It’s  possible  to  hatch  more  then  80%  point  after  being  stocked  an  egg-mass  at  8°C  for  a  year.  We 
developed  the  year-long  rearing  system  of  rice  grasshopper  by  two  mixed  methods,  there  are  two 
generation  or  four  times  rearing  per  year  in  the  greenhouse  or  panel  house. 

Methods: 

This  study  has  three  experiment  plots.  One  is  control  plot  of  a  generation  per  year  with  natural 
environment.  Another  one  is  two  generation  or  four  times  rearing  per  year  with  air  temperature 
from  28  to  30°C.  The  cage  is  consist  of  net  screen  with  1,800(W)  and  2,400(L)  and  l,800(H)mm 
in  the  bare  ground,  greenhouse  or  panel  house.  Number  of  rice  grasshopper  is  7,000  per  m2  and 
feed  is  maize  or  sorghum  leaves. 

Results/Conclusion: 

The  period  from  hatching  to  harvesting  was  101  days  in  the  rare  ground,  81-86  days  in  the 
greenhouse  and  64-66  days  in  the  panel  house.  An  adult(  S)  weight  was  0.82~0.95g  in  the  rare 
ground,  0.72~0.76g  in  the  greenhouse  and  0.73-0.8  lg  in  the  panel  house.  Survival  rate  was  22% 
point  in  the  rare  ground,  68-70%  point  in  the  greenhouse  and  76-84%  point  in  the  panel  house. 
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Introduction:  The  larval  stage  of  Hermetia  illucens  (Diptera:  Stratiomyidae)  is  the  object  of 
interest  worldwide  as  an  agent  to  treat  organic  waste  and  as  a  commodity  for  its  protein  and  lipid. 
Here,  I  report  analyses  of  published  and  unpublished  studies  with  implications  for  H.  illucens  as 
a  commodity. 

Methods:  Standardized  measures  of  H.  illucens  mass  production  rate  [MPR  =  ( PMS)/DP )  for 
PM(prepupal  wet  mass),  S  (survival  neonate  to  prepupa),  and  DP  (developmental  period)]]  and 
feed  utilization  efficiency  [FUE  =  MPR/FSR  for  FSR  (dry  mass  feed  supply  rate  per  neonate)] 
were  calculated  for  studies  that  collectively  focused  on  Strain  Origin,  Feed  Type,  Feed  Water 
Content,  and  Feed  Supply  Rate  (FSR). 

Results/Conclusion:  Among  three  H.  illucens  strains,  MPR  (FSR  fixed)  varied  by  1.9X.  Among 
six  feed  types  (identical  wet  mass  feed  provided),  MPR ,  FSR ,  and  FUE  were  uncorrelated;  and 
MPR  and  FUE  varied  by  2.3X  and  8.5X,  respectively.  Across  four  feed  water  contents  (identical 
dry  mass  chicken  manure  provided;  water  added  daily  to  maintain  initial  total  mass),  survival 
was  nil  at  80%  water;  r  >  0.96  between  MPR ,  FSR,  and  FUE  but  nonsignificant;  and  MPR  and 
FUE  were  2.2X  and  1.5X  higher  at  70%  compared  to  50%  water,  respectively.  Across  five 
FSR’ s,  MPR  and  FUE  were  negatively  correlated;  and  MPR  and  FUE  were  increasing,  convex 
quadratic  and  decreasing,  concave  quadratic  functions  of  FSR,  respectively.  Use  a  productive 
strain  of  H.  illucens.  Maintain  ca.  70%  feed  water  content.  Choose  a  feed  type  and  FSR  that 
maximize  FUE-  [(value/unit  production)/(cost/unit  feed)]. 
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Introduction:  Hermetia  illucens 


Methods:  The  main  scope  of  this  study  was  to  determine  if  the  presence  of  a  drainage  can  affect 
the  preimaginal  development  of  BSF  reared  on  vegetable  waste.  Different  tests  were  conducted 
in  presence  and  in  absence  of  a  good  drainage  filter  in  climatic  chamber. 

Results/Conclusion:  No  significant  differences  were  observed  on  the  larval  and  pupal  final 
weight  and  on  the  mortality  of  the  larvae.  However,  the  presence  of  a  drainage  filter  has 
influenced  the  length  of  larval  development:  in  the  experiment  with  the  drainage  larvae  took  33 
days  to  reach  their  maximum  weight,  while  on  the  other  42  days.  The  time  to  pupation  of  all  the 
specimens  was  shorter  and  much  synchronized  in  the  presence  of  the  net;  finally,  the  pupae 
mortality  was  significantly  higher  in  the  experiment  without  drainage.  These  data  need  to  be 
deepened,  but  have  to  be  taken  in  consideration  in  the  case  of  BSF  mass  rearing. 
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Abstract  text: 

World  population  is  forecast  to  top  nine  billion  by  2050,  and  food  and  feed  production  must  be 
increased  by  more  than  half  of  current  levels,  while  arable  land  and  fresh  water  resources  remain 
limited.  Many  scientists  and  agriculturalists  suggest  that  insects  can  augment  traditional  livestock 
markets  to  help  meet  these  needs,  but  some  groundwork  must  be  laid  in  order  to  widely 
incorporate  them  into  local  food  and  feed  systems.  Cultural  perceptions  of  insects  in  the  West 
will  need  to  be  reconceived. 

A  promising  approach  to  this  re-conception  is  to  incorporate  entomophagy  into  existing 
sustainable  agricultural  education  programs  at  a  local  level.  The  Austin  Peay  State  University 
Farm  provides  an  important  resource  to  demonstrate  entomophagy  techniques  at  the  university 


and  community  level.  Efforts  are  underway  to  engage  and  educate  university  and  high  school 
students  and  community  members  in  entomophagy  in  courses,  labs  and  community  service 
projects  for  local  hunger  relief  organizations. 
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Abstract  text: 

Introduction:  The  alfalfa  leafcutting  bee,  Megachile  rotundata ,  is  an  economically  important 
pollinator  of  the  forage  crop  alfalfa  in  North  America.  The  bee  was  introduced  from  Eurasia  and 
is  now  widely  cultured  across  the  continent  and  sold  as  a  commercial  pollinator. 

Methods:  In  order  to  investigate  population  structure  with  in  North  America  and  European 
populations  we  developed  16  novel  microsatellites  for  the  study  of  the  species. 

Results/Conclusion:  Here  we  present  the  loci,  with  statistics  on  linkage  disequilibrium,  null  allele 
frequency,  heterozygosity  and  allelic  richness  for  North  American  and  European  populations. 
Additionally  we  tested  the  loci  on  12  other  related  bee  species  to  explore  the  utility  of  the 
markers  for  wider  usage. 
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Abstract  text: 

Cave  crickets  that  inhabit  the  abandoned  mines  of  Arizona  and  New  Mexico  have  the  potential  to 
experience  the  inhibition  of  gene  flow  between  aggregations  based  on  the  constant  habitat 
provided  by  mines  and  the  surrounding  desert  habitat  as  a  limiting  factor.  If  gene  flow  is 
inhibited  between  aggregations,  it  can  be  expected  that  they  may  become  genetically  different 
from  each  other.  The  occurrence  of  gene  flow  will  be  tested  through  the  use  of  mitochondrial 
DNA,  and  this  will  determine  whether  gene  flow  is  inhibited  and  if  there  are  significant 
differences  between  aggregations. 
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Abstract  text: 

Anastrepha  striata  (Schiner)  is  a  pest  infecting  economically  important  crops,  mainly  Psidium 
guajava  species.  The  aim  of  this  study  was  to  evaluate  the  effect  the  Andes  has  in  the  population 
structure  of  A.  striata.  The  Andes  are  a  geographical  barrier  to  gene  flow  and  gives  shape  to 


three  natural  regions  in  the  south  western  Colombia  (the  Pacific  coast,  the  mountainous  region 
and  the  Andean  valley  of  the  Cauca  river). 

Adult  individuals  were  collected  from  guava  fruits  in  nine  locations  in  the  southwest  of 
Colombia.  A  concatenated  of  COI  and  ND6  mitochondrial  genes  was  sequenced.  Haplotype  and 
nucleotide  diversity  were  estimated.  The  population  structure  was  evaluated,  using  Fsipairwise 
analysis  and  a  mantel  test.  Finally,  a  demographic  history  analysis  was  done,  using  a  Mismatch 
distribution  and  Tajima's  and  Fu's  test. 

14  haplotypes  with  a  low  number  of  changes  between  them  (1  to  3)  and  one  dominant  haplotype 
in  the  three  regions  were  found.  According  to  the  analyzes,  there  is  no  genetic  structure, 
associated  with  the  three  eco-geographic  regions  studied.  In  addition,  it  was  found  that  the 
western  Andes  is  not  an  effective  barrier  to  gene  flow  among  populations  of  the  Pacific  Coast 
and  the  Andean  valley.  This  genetic  homogeneity  may  be  due  in  part  to  the  intervention  of  man, 
who  would  act  as  a  dispersing  agent,  mobilizing  infested  fruits.  Another  fact  contributing  to  the 
lack  of  structure  can  be  the  recent  arrival  and  subsequent  expansion  (~  17,000  years)  of  A  striata 
to  the  region  as  indicated  by  demographic  history  analyzes. 
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Abstract  text: 

The  New  World  screwworm  fly,  Cochliomyia  hominivorax ,  is  an  important  ectoparasite  and 
myiasis  causing  fly  endemic  from  the  Americas.  The  current  geographic  distribution  of  NWS  fly 
is  Neotropical,  having  been  eradicated  in  the  North  and  part  of  Central  America  after  the 
implementation  of  the  Sterile  Insect  Technique  (SIT).  Planning  a  similar  control  program  in 
South  America  could  be  an  interesting  alternative  to  the  exclusive  use  of  insecticides  but  requires 
the  delineation  of  regions  and  geographic  scales.  Studies  that  investigated  NWS  fly  populations 


indicate  that  the  distribution  pattern  of  the  species  is  complex.  Considering  this  scenario,  the 
present  work  investigates  NWS  fly  population  structure  in  microgeographic  scale,  at  the  southern 
end  of  the  species  distribution.  Samples  from  the  Brazil-Uruguay  border  were  analyzed  through 
microsatellite  loci  and  mitochondrial  DNA  sequences.  Haplotype  network  and  DAPC  analysis  of 
mitochondrial  data  suggest  the  presence  of  up  to  three  genetically  distinct  groups.  SAMOVA  and 
Mantel  tests  showed  no  correlation  between  genetic  and  geographic  distances.  A  demographic 
process  of  population  expansion  is  corroborated  by  high  haplotype  diversity,  low  nucleotide 
diversity,  unimodal  curves  for  mismatch  distribution  and  Tajima’s  D  and  Fu’s  Fs  negative 
values.  Microsatellite  data  indicate  lack  of  structure  through  DAPC,  SAMOVA  and 
STRUCTURE  analysis.  Effective  population  size  estimates  resulted  in  infinite  values,  agreeing 
that  it  is  a  unique  panmitic  population.  SNPs  markers  are  now  being  obtained  through  the 
Genotyping-By- Sequencing  (GBS)  technique  and  will  be  used,  together  with  previous  ones,  to 
temporal  and  spatial  studies  to  possibly  detect  stronger  signals  of  structure  and  elucidate  species 
distribution  pattern. 
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Abstract  text: 

Mosquitoes  from  the  genus  Aedes  are  considered  one  of  the  most  important  arboviruses  vectors 
in  the  world.  The  high  population  density  of  the  vector  and  consequent  transmission  of  diseases 
are  facilitated  by  high  human  population  growth,  uncontrolled  urbanization,  deforestation, 
among  others.  One  of  the  key  factors  to  success  in  control  programs  is  the  in-depth  knowledge 
on  aspects  such  as  genetic  structure,  gene  flow  and  level  of  genetic  diversity.  Thus,  the  objective 
of  this  study  was  to  study  the  genetic  diversity  and  structure  of  A.  albopictus  from  areas  of  Sao 
Louren£o  da  Mata  (SLM),  Recife-PE/Brasil,  a  region  in  rapid  urbanization,  using  mitochondrial 
markers.  Analysis  of  fragments  from  the  cytochrome  oxidase  I  gene  (COI),  obtained  from 
mosquitoes  from  the  Pernambuco  Arena  (PA)  revealed  the  presence  of  two  haplotypes,  while 
mosquitoes  from  Obra  de  Maria  (OM) ,  an  Atlantic  forest  region  preserved  in  the  city,  displayed 
the  presence  of  five  haplotypes.  The  analysis  of  NADH  dehydrogenase  gene  5  (ND5)  showed  the 
presence  of  four  haplotypes  in  the  PA  population,  and  two  haplotypes  in  OM.  Analysis  of 
molecular  variance  for  the  COI  gene  showed  moderate  and  significant  genetic  structure  (cpst  = 
0.0971 1;  P  <0.05),  with  over  90%  of  the  observed  variation  within  populations.  Genetic 
differentiation  of  this  population  to  ND5  showed  large  and  significant  genetic  structure  (cpst  = 
0.93874;  P  <0.05),  with  94%  of  the  variation  observed  between  populations  from  the  areas. 

These  data  suggest  that  SLM  has  recently  experienced  population  growth  or  there  is  presence  of 
purifying  selection  associated  to  mutation. 
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Abstract  text: 


Introduction:  The  genus  Hylesia  Hiibner  (Lepidoptera  Saturniidae  )  involves  moths  of  human 
health  importance  in  South  America,  inducing  epidemic  outbreaks  of  lepidopterism,  a  puriginous 
dermatitis  caused  by  the  urticating  properties  of  the  females’  abdominal  hairs.  The  genus 
includes  about  1 10  species  in  South  America,  several  species  having  been  clearly  identified  as 
responsible  for  health  problems.  The  species  H.  metabus  is  considered  as  widespread  at  low 
elevation  in  South  America.  Furthermore,  outbreaks  of  H.metabus  have  been  reported  in  Atlantic 
coastal  countries  such  as  Venezuela,  Guyana,  Suriname  and  French  Guiana  since  the  last 
century.  In  spite  of  their  sanitary  and  economics  importance  these  moths  have  been  poorly 
studied,  and  their  ecology  and  systematics  remain  unclear. 

Methods:  In  order  to  evaluate  genetic  differentiation  among  populations  of  Hylesia  metabus , 
specific  microsatellite  primers  have  been  developed  on  moths  sampled  during  outbreak  events. 
Moths  from  20  sampling  locations  throughout  the  outbreak  areas  in  French  Guiana  and 
Venezuela  were  analyzed  at  7  microsatellite  loci. 

Results/Conclusion:  We  found  significant  genetic  population  structure  as  evidenced  by 
Bayesian-based  and  Multivariate  analysis.  Our  data  support  the  hypothesis  of  multiple  highly 
differentiated  populations  .  Interestingly  only  few  of  them  seem  to  be  involved  in  lepidopterism 
events  occurring  in  French  Guiana  and  in  Venezuela.  These  findings  emphasize  the  utility  of 
molecular  approaches  for  identifying  population  structure  and  connectivity.  Such  approaches 
constitute  useful  tools  for  understanding  outbreak  patterns. 
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Abstract  text: 


The  net  per  generation  dispersal  distance  of  individuals,  and  hence  genes,  from  the  natal  location 
can  be  estimated  from  the  radius  of  Wright's  neighborhood.  Inferring  the  radius  of  the 
neighborhood  area  for  western  corn  rootworm  (WCR),  Diabrotica  virgifera  virgifera ,  within  its 
larger  continuous  distribution  is  important  for  parameterizing  future  models  designed  to  predict 
the  both  rate  of  resistance  development  to  transgenic  corn  (whether  based  on  Bt  toxins  or  RNAi), 
and  the  rate  of  spread  after  it  develops.  Determining  the  neighborhood  area  for  WCR  will  be 
made  possible  by  the  independent  estimation  of  two  parameters,  one  genetic  -  the  neighborhood 
size,  inferred  from  the  genetic  isolation  by  distance  (IBD)  relationship  among  WCR  populations 
-  and  one  demographic  -  the  adult  WCR  population  density.  Here,  we  report  estimates  of  genetic 
neighborhood  area  of  WCR  populations  in  its  home  range  of  eastern  Colorado  using  a 
genotyping  by  sequencing  approach  and  the  Stacks  pipeline.  A  total  of  136,391  SNP  loci  were 
detected  based  on  a  parameter  setting  (m=3,  M=3,  and  n=5).  After  filtering  with  a 
samples/populations  constraint  (p=10,  r=0.60,  and  MAF=0.05),  1,665  loci  were  employed  to 
calculate  pairwise  Fst’s  between  populations.  Preliminary  results  for  12  WCR  populations 
indicated  significant  IBD  and  neighborhood  size  estimates  of  ca.  125,000  individuals. 
Independent  estimation  of  adult  population  density  showed  a  mean  of  822,666  ind./km2.  Thus, 
combined  estimates  of  neighborhood  size  and  adult  population  density  led  to  neighborhood  area 
of  1.08  km2  and  radius  of  0.444  km,  as  the  per  generation  dispersal  distance  of  WCR  individuals 
and  their  genes. 
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Abstract  text: 

Introduction:  Zizina  emelina  (de  l’Orza)  is  ranked  as  one  of  the  most  endangered  species  in  the 
Red  List  of  the  Ministry  of  the  Environment,  Japan  because  of  loss  of  its  principal  food  plant  and 
habitat. 


Methods:  We  compared  parts  of  the  mitochondrial  and  nuclear  genes  of  this  species  to 
investigate  the  level  of  genetic  differentiation  among  populations  in  Japan  and  Korea.  We  also 
examined  infection  of  the  butterfly  with  the  bacterium  Wolbachia  to  clarify  the  bacterium’s 
effects  on  the  host  population’s  genetic  structure. 

Results/Conclusion:  Mitochondrial  and  nuclear  DNA  analyses  revealed  that  haplotype 
composition  differed  significantly  among  most  of  the  populations,  and  the  fixation  index  FST 
was  positively  correlated  with  geographic  distance. 

In  addition,  we  found  three  strains  of  Wolbachia ,  one  of  which  was  a  male  killer;  these  strains 
were  prevalent  in  several  populations.  There  was  linkage  between  some  host  mitochondrial 
haplotypes  and  the  three  Wolbachia  strains,  although  no  significant  differences  were  found  in  a 
comparison  of  host  mitochondrial  genetic  diversity  with  nuclear  genetic  diversity  in  Wolbachia- 
infected  or  -uninfected  populations. 

These  genetic  analyses  and  Wolbachia  infection  findings  show  that  Z.  emelina  has  little 
migratory  activity  and  that  little  gene  flow  occurs  among  the  current  populations. 
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Abstract  text: 

Introduction:  The  sunn  pest,  Eurygaster  spp.,  is  one  of  the  most  devastating  pests  of  wheat  crops 
in  Asia,  Europe  and  Africa  causing  up  to  90  %  losses  and  seriously  damaging  the  remaining 
grain  quality.  Chemical  control  is  the  only  effective  method  used  to  suppress  this  pest.  In  recent 
years,  bacteria-insect  interactions  have  emerged  as  a  promising  area  for  development  of  novel 
methods  to  control  insect  pests.  The  aim  of  this  work  was  to  determine  the  endosymbiotic  fauna 
of  two  Eurygaster  species  using  16S  rDNA  library  screening. 


Methods:  A  total  of  27  individual  rDNA  clones  were  sequenced:  14  from  two  Eurygaster  maura 
individuals  and  13  from  two  Eurygaster  integriceps  individuals.  Sequences  obtained  were 
searched  in  the  NCBI  database  using  BLASTN  analysis  and  aligned  using  CLC  Workbench  to 
consensus  sequences.  Both  E.  maura  and  E.  integriceps  clones  matched  with  strains  of  Pantoea 
species.  While  five  individual  clones  sequenced  from  E.  maura  belonged  to  Rickettsia  spp.,  eight 
clones  from  E.  integriceps ,  belonged  to  Acetobacteraceae  family.  All  insects  tested  for 
WolbachiasNQXQ  negative. 

Results/Conclusion:  It  appeared  that  for  each  individual  insect,  the  microbiota  was  dominated  by 
different  species.  In  E.  maura ,  one  individual  predominantly  had  Pantoea  sp .,  while  the  second 
only  had  Rickettsias  sp.  Similarly,  for  E.  integriceps ,  one  individual  had  Pantoea  sp .,  while  the 
second  had  Acetobacteraceae  and  Pantoea  sp.  Further  analysis  of  additional  individuals  from 
these  two  species  would  provide  more  insights  into  the  natural  microbiota  associated  with 
Eurygaster  populations. 
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Abstract  text: 

Endosymbiotic  bacterial  associations  are  essentials  for  the  evolutionary  and  ecological  success  of 
insects  in  different  habitats.  In  the  whitefly,  Bemisia  tabaci ,  endosymbionts  provide  essential 
nutrients,  contribute  to  the  ability  of  the  insect  to  transmit  viruses  and  increase  its 
thermotolerance.  In  Colombia,  B.  tabaci  is  an  important  pest  and  information  regarding 
endosymbionts  is  lacking.  Here,  we  characterized  three  endosymbionts  ( Portiera ,  Hamiltonella 
and  Rickettsia)  from  B.  tabaci  populations  collected  from  different  regions  in  Colombia.  Portiera 
was  found  in  all  localities  with  100%  infection,  while  Hamiltonella  infected  92%  and  Rickettsia 
88%  of  the  tested  individuals.  Our  results  indicate  that  co-infection  by  these  three  endosymbionts 
is  more  common  than  single  infections  with  a  44%  of  incidence.  We  did  not  find  any  correlation 


between  single  and  mixed  infections  with  the  region  from  which  the  tested  whiteflies  were 
collected.  A  phylogenetic  analysis  based  on  the  16S  rRNA  gene  showed  that  the  sequences  for 
each  one  of  the  endosymbionts  tested  were  identical,  suggesting  the  absence  of  haplotypes 
among  each  symbiont.  The  sequences  from  Colombian  populations  were  BLASTed,  and  the 
results  indicate  high  similarities  with  sequences  from  African,  China  and  Japan.  These  results 
suggest  that  B.  tabaci  endosymbionts  from  Colombia  belong  to  unique  genetic  groups. 
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Abstract  text: 

Ambient  environmental  conditions  are  one  of  the  major  factors  that  affect  morphogenic 
processes  of  insects.  For  endoparasitoids,  inter-body  environment  of  host  insects  may  play  an 
important  role  to  regulate  the  morphogenic  process  because  it  provides  living-space  and  nutrients 
for  parasitoid  larva  on  one  hand,  and  it  suppresses  the  development  of  parasitoid  through  its 
immune  system.  However,  what  inter-body  environmental  factor  influences  the  morphogenic 
process  of  endoparasitoid  is  still  unknown  largely  because  it  is  very  difficult  to  assess  the  micro¬ 
environment  within  the  host  larva. 

In  this  study,  we  estimated  the  inner-body  environmental  factors  that  affect  parasitoid 
morphogenesis  by  examining  the  association  between  the  morphological  variation  of  adult 
parasitoids  and  the  genetic  variation  of  their  hosts.  As  an  endoparsitoid,  we  used  Asobara 
japonica  and  measured  their  forewing  shape  and  size,  and  as  hosts,  we  use  whole-genome 
sequenced  lines  of  Drosophila  melanogaster  and  performed  genome-wide  association  analysis. 
We  performed  elliptic  Fourier  analysis  and  principal  component  analysis  on  the  outline  of  the 
wings  of  A.  japonica  reared  in  each  D.  melanogaster  lines  to  obtain  shape  scores  (PCI,  PC2). 


As  a  result  of  genome-wide  association  analysis,  20,  24  and  nine  SNPs  showed  association  with 
PCI,  PC2,  and  wing  size  with  P- values  smaller  than  10-5.  Based  on  the  location  of  the  SNPs,  35 
and  eight  protein  coding  genes  were  identified  as  potential  candidates  affecting  the  parasitoid 
wing  shape  and  size.  Our  result  indicated  that  host  genetic  variation  in  multiple  loci  associated 
with  the  host  growth  induced  the  differentiation  of  parasitoid  wing  shape  and  size. 


Poster 

Presentation  Title:  Phylogenetic  relationships  of  the  groundnut  leafminer,  Aproaerema 
simplexella  (Walker),  and  A  modicella  (Deventer)  (Lepidoptera:  Gelechiidae)  populations 
collected  from  Africa,  Australia  and  India  based  on  mitochondrial  and  nuclear  DNA  gene 
sequences 

Author  Name:  Makhosi  Buthelezi 

Author  Institution:  Mangosuthu  University  of  Technology 

Session  Title:  Poster  Session  3:  Genetics  and  Evolutionary  Entomology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3523 

DOI:  10. 1603/ICE.2016. 110908 

Abstract  text: 

In  recent  molecular  work,  the  South  African  groundnut  leaf  miner  (GLM)  was  found  to  be  very 
closely  related  to  both  the  Australian  soya  bean  moth  Aproaerema  simplexella  (Walker)  and  the 
Indian  GLM  A.  modicella.  However,  there  are  differences  in  the  plant  species  utilized  in  the 
different  countries.  Therefore,  we  investigated  the  evolutionary  relationships  of  specimens 
collected  from  these  three  continents  by  comparing  sequences  of  five  different  gene  regions  of 
mitochondrial  and  nuclear  DNA  (COI,  COII,  cytb,  28S  and  EF  1).  Sequenced  samples  included 
44  collected  from  four  sites  in  South  Africa,  four  from  Mozambique  and  three  each  from  India 
and  Australia.  Evolutionary  history  was  assessed  using  Maximum  Parsimony  (MP)  and 
Neighbour  Joining  (NJ)  analyses.  In  the  phylogenetic  tree  for  region  28S,  all  sequences, 
irrespective  of  the  country  from  where  they  were  sampled,  gathered  and  formed  one  group.  In 
the  phylogenetic  trees  for  regions  COI,  COII,  cytb  and  EF  1,  a  similar  pattern  was  observed  in 
the  way  that  the  sequences  assembled  into  different  groups;  i.e.  some  sequences  of  A.  simplexella 
from  Australia  were  grouped  separately  from  the  others,  but  some  Australian  sequences  grouped 
with  those  of  the  GLM  from  South  Africa,  India  and  Mozambique.  Genetic  pairwise  distances 
between  the  experimental  sequences  ranged  from  0.97  to  3.60%  (COI),  0.19%  to  2.32%  (COII), 
0.25  to  9.77%  (cytb)  and  0.48  to  6.99%  (EF  1).  Phylogenetic  analysis  results  of  the  current  study 


indicated  that  GLM  populations  in  Africa,  India  and  A.  simplexella  from  Australia  are 
genetically  related  and  presumably  constitute  a  single  species. 
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Abstract  text: 

Introduction:  Proper  selection  of  oviposition  site  is  a  fundamental  animal  behaviour  that  highly 
affects  the  survival  of  the  progeny.  In  insects,  females  use  different  environmental  cues,  such  as 
odorants  or  tastants,  to  choose  the  best  possible  site;  the  molecular  bases  of  this  key  behaviour 
are  complex,  involving  different  chemoreceptors  scattered  through  the  insect  body,  and  part  of 
them  remains  still  mostly  unexplored. 

Methods:  In  this  study,  we  analyzed  the  whole-gene  expression  of  four  Drosophila  species 
ovipositors,  including  that  of  D.  suzukii,  an  invasive  pest  which  oviposits  on  fresh  rather  than 
fermenting  fruits,  and  three  Drosophila  species  which  served  as  successive  outgroups  {D. 
subpulchrella,  D.  biarmipes  and  D.  melanogaster). 

Results/Conclusion:  We  found  that  all  species  express  various  taste-related  genes,  such  gustatory 
and  ionotropic  receptors,  as  well  as  odorant  binding-proteins.  While  some  genes  are  expressed  in 
all  the  Drosophila  species  tested,  others  are  species-specific.  Overall,  our  results  reveal  a 
conserved  mechanism  of  oviposition  site  choice  in  Drosophila,  which  is  likely  modulated  in 
different  species  by  the  expression  of  species-specific  receptors  or  binding  proteins  which  we 
suggest  are  involved  with  adaptation  to  specific  ecological  niches. 
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Abstract  text: 

The  commonly  green  colored  Nezara  viridula  (L.)  (Heteroptera:  Pentatomidae  present  body 
color  polymorphism.  The  rare  uniformly  orange  color  morph  (A.  viridula  f.  aurantiaca )  has  been 
reported  in  Brazil,  Japan  and  Hawaii,  but  no  reports  exist  of  this  morph  in  the  continental  United 
States.  Nezara  viridula  coloration  is  controlled  by  a  single  sex  linked  gene,  where  the  orange 
allele  is  recessive  to  the  green  allele.  A  colony  was  established  from  field  collections  of  N. 
viridula  done  in  Stoneville,  MS  during  the  spring  and  summer  of  2010.  This  colony  has  been 
maintained  in  culture  for  5  year  in  the  USDA- ARS  National  Biological  Control  Laboratory. 

After  approximately  40  generations  in  culture,  three  orange  morph  adult  males  were  detected  in 
the  colony.  The  orange  morph  males  were  paired  with  green  females  and  allowed  to  reproduce. 
The  Fi  generation  resulted  in  only  green  morphs,  but  females  were  expected  to  be  heterozygote 
coloration  gene.  All  Fi  adults  were  paired  and  allowed  to  reproduce.  The  F2  generation  produced 
672  green  females,  351  green  males,  298  orange  males,  and  no  orange  females.  These  ratios 
were  not  significantly  different  to  those  expected  for  a  recessive  allele  of  a  sex  linked  gene  and 
were  consistent  with  results  of  previous  studies.  To  produce  the  F3,  all  green  males  were 
eliminated  and  F2  females  were  paired  with  only  orange  males.  The  first  3  cohorts  of  the  F3 
generation  consisted  of  345  green  females,  346  green  males,  100  orange  females,  and  85  orange 
males,  which  were  consistent  with  the  expected  color  morph  ratios. 
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Abstract  text: 

Introduction:  Autotomy,  induced  limb  loss,  is  an  extreme  survival  trait  observed  throughout  the 
animal  kingdom.  Recently,  the  “risky  decoy”  hypothesis  has  been  proposed  suggesting  that 
autotomy  can  result  in  the  evolution  of  conspicuous  traits.  The  conspicuous  traits  can  then 
misdirect  fatal  attacks  away  from  the  body,  providing  the  animal  the  opportunity  to  escape  from 
a  predation  attempt. 

Methods:  Here,  I  investigated  whether  or  not  the  enlarged  hind  tibias  of  coreids  (Insecta: 
Hemiptera:  Coreidae)  also  serve  as  risky  decoys.  To  test  my  hypothesis,  I  investigated  the 
following  through  experimentation:  1)  Are  insects  with  large  tibias  attacked  sooner  and  more 
often  (ie.,  risky)?  2)  Are  attacks  misdirected  towards  their  legs  (ie.,  decoy)?  For  this  study,  we 
used  modeling  clay  replicas  of  L.  phyllopus.  These  insects  are  prevalent  inhabitants  of  Florida 
and  display  enlarged  hind  tibial  flags.  Wild  predators  were  observed  and  video  recorded  during 
trials  in  a  natural  setting. 

Results/Conclusion:  Our  results  provide  evidence  of  convergent  evolution;  autotomizable  limbs 
may  have  evolved  to  become  more  conspicuous  resulting  in  a  risky-decoy.  Our  results  are  the 
first  to  suggest  that  the  risky  decoy  hypothesis  can  also  drive  morphological  evolution  (e.g.,  hind 
limb  shape).  Not  only  does  this  study  help  us  better  understand  animal  form  and  function,  but  it 
suggests  that  separate  taxa  have  followed  convergent  evolutionary  trajectories  following  the 
evolution  of  autotomy. 


Poster 

Presentation  Title:  The  hidden  costs  of  sexually  selected  weapons  in  the  heliconia 
bug,  Leptoscelis  tricolor  (Hemiptera:  Coreidae) 

Author  Name:  Ummat  Somjee 

Author  Institution:  University  of  Florida 

Session  Title:  Poster  Session  3:  Genetics  and  Evolutionary  Entomology 
Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  D3527 


DOI:  10.1603/ICE.2016.1 15658 

CANCELLED 

Poster 

Presentation  Title:  Male  lifetime  mating  success  in  relation  to  body  size  in  Diabrotica  barberi 
Author  Name:  Bryan  French 

Author  Institution:  USDA  -  ARS 

Session  Title:  Poster  Session  3:  Genetics  and  Evolutionary  Entomology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3528 

DOI:  10. 1603/ICE.2016. 110242 

Abstract  text: 

Introduction:  Body  size  is  often  an  important  component  of  male  lifetime  mating  success  in 
insects,  especially  when  males  are  capable  of  mating  several  times  over  their  lifespan. 

Methods:  We  paired  either  a  large  or  small  male  northern  corn  rootworm  with  a  female  of 
random  size  and  noted  copulation  success.  We  observed  courtship  and  copulation  durations  and 
offered  each  male  a  virgin  female  up  to  three  times  a  week. 

Results/Conclusion:  Of  87  males  (38  large,  49  small),  72  (83%)  mated  successfully  when  first 
offered  a  female,  36  for  both  the  large  (95%)  and  small  (73%)  males,  resulting  in  the  small  males 
showing  a  higher  frequency  of  female  rejections.  No  difference  in  longevity  occurred  between 
the  large  (69  d)  and  small  (74  d)  males.  There  were  1346  mating  opportunities  for  the  large  (644) 
and  small  (702)  males,  with  a  mean  of  19  females  per  male.  The  small  males  showed  a  higher 
percentage  (35%)  of  unsuccessful  pairings  compared  with  the  large  males  (20%).  For  both  the 
large  and  small  males,  the  probability  of  successful  copulation  decreased  as  the  males  aged.  For 
the  successful  pairings,  the  courtship  duration  did  not  vary  with  male  size,  but  the  small  males 
copulated  for  longer  periods  than  the  large  males,  with  the  copulation  duration  longest  for  small 
males  mating  large  females  and  shortest  for  large  males  mating  small  females.  Resistant  males 
could  have  a  reproductive  disadvantage  or  advantage  over  susceptible  males  depending  on 
whether  resistance  to  Bt  corn  were  to  reduce  or  enhance  male  size,  respectively. 
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Abstract  text: 

Introduction:  In  insects,  final  body  size,  which  has  significant  fitness  consequences,  strongly 
correlates  with  development  time,  and  both  traits  depend  on  environmental  conditions. 

Methods:  We  exposed  progeny  of  half-sib  families  of  Tribolium  castaneumto  stable  and 
fluctuating  regimes  of  benign  (30°C)  and  stressful  (35°C)  thermal  conditions,  and  measured 
development  time  (DT)  and  final  body  mass  (BM). 

Results/Conclusion:  Our  results  indicate  that  in  both  sexes  developmental  time  (particularly 
pupa-to-adult  DT)  is  not  genetically  linked  to  adult  body  size  and  is  ecologically  flexible,  as  seen 
in  the  sensitivity  of  these  environmental  correlations  to  experimental  conditions.  On  the  other 
hand,  the  mass  of  the  intermediate  (pupal)  stage  is  tightly  genetically  linked  with  adult  body 
mass  and  thus  cannot  be  easily  adjusted  by  ecological  conditions  and  physiological  plasticity 
without  incurring  costs  in  terms  of  (fitness-related)  adult  body  mass. 

At  the  same  time,  we  have  not  detected  any  sexual  dimorphism  in  genetic  variances  in  the 
developmental  time  and  body  size  traits.  Intersexual  genetic  correlations  were  strong  in  all  cases 
(and  not  distinguishable  statistically  from  unity)  indicating  strong  developmental  integration, 
which  is  consistent  with  in  general  weak  sexual  size  dimorphism  in  this  species. 
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Abstract  text: 

Canalization  describes  the  phenomenon  of  a  phenotype’s  stability  against  genetic  and 
environmental  perturbations.  The  molecular  chaperone  heat  shock  protein  90  (HSP90)  is 
involved  in  this  process,  since  it  stabilizes  the  developmental  pathways  and  thus  allows  for  the 
storage  of  genetic  variation  in  a  cryptic  form,  which  can  be  released  under  stressful  conditions 
when  HSP90  becomes  limited.  Here,  the  expression  of  the  hsp83  gene,  which  encodes  the 
cytosolic  heat  shock  protein  90,  was  reduced  by  RNAi-mediated  knock-down  in  the  red  flour 
beetle  Tribolium  castaneum  and  the  effects  on  fitness  and  phenotypic  variation  of  offspring  were 
studied.  So  far  our  results  showed  that  the  reduction  of  hsp83  expression  shortened  the  life  span 
of  both  male  and  female  beetles.  The  treated  females  were  significantly  less  fecund  than  controls 
and  their  fecundity  was  completely  inhibited  with  the  strong  reduction  of  hsp83  gene 
accompanied  with  an  ovarian  phenotype  i.e.  an  arrest  of  egg  development.  By  contrast,  male 
fertility  was  only  partially  inhibited,  even  with  strong  hsp83  reduction,  and  male  gonads  did  not 
change  morphologically.  Moreover,  a  low  proportion  of  larvae  produced  from  hsp83RN  Ai- 
treated  parents  revealed  either  reduced  or  missing  eyes  as  abnormal  phenotypes,  which  were 
never  found  in  controls,  which  suggests  a  potential  release  of  cryptic  genetic  variation. 
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Abstract  text: 

Introduction:  Organisms  have  evolved  various  endogenous  clocks  to  cope  with  the  periodic 
environmental  changes,  such  as  the  daily  light-dark  cycles  and  the  annual  day/night  length.  The 
idea  of  the  circadian  genes  underlying  the  photoperiod  clock  has  been  long  debated.  Although 
mechanisms  of  circadian  clocks  have  been  disclosed  in  several  species,  how  photoperiodic  time 
measurement  functions  remains  elusive.  The  linden  bug  Pyrrhocoris  apterus  (Heteroptera), 
which  demonstrates  a  robust  reproductive  diapause  phenotype  at  short  photoperiods,  can  serve  as 
a  model  for  photoperiodism  studies. 

Methods:  We  characterized  the  free-running  period  (FRP)  and  the  critical  photoperiod  (CPP)  of 
strains  collected  across  a  wide  range  of  latitudes.  We  also  carried  out  transcriptome/genome 
sequencing  to  detect  variations  in  some  of  the  strains. 

Results/Conclusion:  Individuals  were  tested  under  constant  darkness  conditions  and  exhibited 
great  variability  (up  to  7hrs)  in  their  circadian  phenotype.  Animals  originating  from  northern 
Europe  showed  long  FRPs,  while  those  from  central  Europe  had  short  FRPs.  The  most  southern 
populations  (Spain  and  Israel)  were  characterized  by  long  FRPs.  Preliminary  analysis  of 
massively  parallel  sequencing  data  revealed  non- synonymous  single  nucleotide  polymorphisms 
(SNPs)  on  clock  genes  between  north  and  south  populations.  Association  of  these  SNPs  with 
circadian  (FRP)  and  photoperiodic  (CPP)  phenotypes  will  be  tested  in  genetic  crosses. 

Confirmed  SNPs  will  be  candidates  for  functional  test  by  genome  editing. 
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Abstract  text: 


Introduction:  The  brown  planthopper  (BPH),  Nilaparvata  lugens( Stal)  is  the  most  destructive 
insect  pests  of  rice  in  tropical  Asia.  Compound  eye  color  is  an  important  biological  character  of 
insects.  A  red-eye  mutation  is  commonly  found  in  BPH  populations  maintained  in  laboratories. 

Methods:  In  this  study,  a  red-eye  colony  was  established  from  a  normal  brown  eye  population 
collected  from  Kalasin  province,  Thailand.  The  genetic  inheritance  and  physiological  effect  of 
the  eye  color  mutant  in  BPH  has  been  intensively  studied  but  the  location  of  a  gene  controlling 
the  red-eye  mutant  on  a  chromosome  is  not  yet  elucidated.  A  simple  sequence  repeat  (SSR) 
analysis  was  performed  to  identify  and  localize  the  gene.  A  total  of  140  SSR  markers  throughout 
BPH  genome  were  used  to  survey  ten  brown  eye  wild-type  and  ten  red-eye  mutant  individuals 
derived  from  an  F2  population  of  a  cross  between  wild  type  and  red-eye  mutant  colonies.  A  total 
of  70  female  offspring  of  the  F2  population  was  used  to  map  the  gene. 

Results/Conclusion:  The  result  confirmed  the  previous  studies  that  a  recessive  gene  control  the 
red-eye  mutant  was  located  on  the  autosome.  This  study  constitutes  a  discovery  of  a  location  of 
red-eye  mutant  gene,  which  leads  to  acquisition  of  genetic  controlling  the  compound  eye  color 
mutation  in  BPH. 
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Information:  Discovering  the  genetic  basis  of  adaptation  has  long  been  a  captivating  and  elusive 
goal  of  evolutionary  biology.  Environmental  association  tests,  which  identify  loci  whose  allele 
frequencies  are  correlated  with  environmental  variables,  have  emerged  as  a  powerful  way  to 
identify  adaptive  genetic  variation  in  non-model  species. 


The  Colorado  potato  beetle  (Leptinotarsa  decemlineata)  is  an  infamous  pest  of  potatoes,  with  a 
rich  history  of  management  successes  and  failures  since  the  1860s.  Several  adaptive  leaps 
enabled  the  transition  from  innocuous  buffalo  bur-feeder  to  global  super  pest,  particularly  the 
evolution  of  resistance  to  nearly  every  chemical  class  of  insecticides.  We  have  found  that  levels 
of  insecticide  resistance,  genetic  structure,  and  density  of  potato  fields  vary  on  a  fine  spatial  scale 
in  Wisconsin.  This  spatial  variability  presents  an  opportunity  to  implement  an  environmental 
association  approach  to  discover  adaptive  genetic  variation  underlying  insecticide  resistance. 

Methods:  We  tested  for  correlations  between  several  thousand  single  nucleotide  polymorphisms 
and  a  surrogate  for  insecticide  exposure,  "potato  intensification",  using  a  latent  factor  mixed 
models  approach. 

Results/Conclusion:  We  identified  86  loci  with  significant  associations,  17  of  which  had 
documented  or  plausible  roles  in  insecticide  resistance.  Notably,  several  resistance  mechanisms 
were  represented  by  these  genes.  Combined  with  emerging  genomic  and  transcriptomic 
resources  for  the  Colorado  potato  beetle,  this  research  will  contribute  to  a  growing  understanding 
of  the  genetic  basis  of  adaptation  to  insecticides. 
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Many  nocturnal  insects  have  developed  behavioral  strategies  to  avoid  bat  predation.  Ultrasound 
sensitive  ears  allow  for  early  warning  of  feeding  bats  and  have  been  described  in  five  orders  of 
insects.  Although  ultrasound  sensitive  ears  and  anti-bat  behaviors  have  been  well  described  in 
Lepidoptera,  much  less  is  known  about  these  traits  in  Coleoptera.  To  better  understand  how  bat 
predation  has  shaped  the  evolution  of  Cicindelidae  I  compared  the  characters  nocturnality  and 
behavioral  response  to  ultrasound  in  a  phylogenetic  framework. 


Poster 


Presentation  Title:  Is  codling  moth  sprayable  pheromone  safe  for  natural  enemies?  The  case  of 
adult  Coccinella  septempunctata  under  laboratory  conditions 

Author  Name:  Bilgi  Pehlevan 

Author  Institution:  Uludag  University 

Session  Title:  Poster  Session  3:  Insect  Chemical  Ecology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3535 

DOI:  10. 1603/ICE.20 16. 108187 

Abstract  text: 

Introduction:  As  an  alternative  to  pesticides,  microencapsulated  sprayable  pheromones  have 
shown  promise  for  mating  disruption  of  insect  pests.  They  are  considered  nontoxic  to  natural 
enemies  although  their  liquid  flowable  formulations  contain  not  only  the  pheromone  active 
ingredient  but  also  inert  ingredients  such  as  antioxidants  and  UV  absorbers. 

Methods:  Laboratory  studies  were  used  to  determine  the  potential  harmful  effects  of  sprayable 
pheromone  for  codling  moth,  Cydia pomonella ,  to  adults  of  seven-spotted  lady 
beetle,  Coccinella  septempunctata.  In  2014  and  2015,  adult  lady  beetles  were  collected  from 
apple  orchards  in  Bursa,  Northwestern  Turkey,  and  sprayed  with  the  following  doses  of  the 
sprayable  pheromone  compared  to  water-only  control;  0.18  (the  product  label  of  lower  dose), 
0.36  (upper  dose),  0.72,  1.44,  and  2.88  ml/1. 

Results/Conclusion:  No  mortality  was  observed  for  C.  septempunctata  adults  at  doses  up  to  0.72 
ml/1  while  a  slight  effect  was  observed  at  higher  doses  of  1.44  (3.3%  mortality)  and  2.88  ml/1 
(6.7%  mortality)  24  hours  after  treatment.  After  48  hours,  the  mortality  rates  were  more  than 
twice  the  24-hour  mortality  rates  at  doses  of  1.44  (6.9%)  and  2.88  ml/1  (13.8%)  but  labeled  doses 
of  0.18  and  0.36  ml/1  showed  only  little  (3.5%)  or  no  toxicity  (0.0%)  to  adult  lady  beetles, 
respectively.  Similarly,  increased  mortality  rates  were  recorded  at  high  doses  of  1.44  (17.2%) 
and  2.88  ml/1  (20.7%)  72  hours  after  treatment.  Yet,  a  similar  trend  was  not  detected  for  doses  of 
0.18  (3.5%)  and  0.36  ml/1  (0.0%).  Our  results  suggest  that  microencapsulated  sprayable 
pheromones  can  be  safely  used  for  integrated  control  of  C.  pomonella. 
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Introduction:  Nitrogen  (N)  availability  is  a  key  factor  influencing  the  yield  of  Rice.  Thus, 
mineral  fertilization  is  widely  used  to  improve  the  quality  and  quantity  of  seeds.  In  this  study,  we 
conducted  field  experiments  to  determine  the  impact  of  nitrogen  fertilization  on  bph  Nilaparvatae 
lugens,  and  their  parasitoid  Anagrus  nilaparvatae.  The  results  showed  that  N  treatment  had  an 
impact  on  the  abundance  of  bph  and  A.n. 

The  bph  is  an  important  pest  of  rice  in  Asia.  Its  importance  has  been  attributed  to  the  effects  of 
"Green  Revolution"  which  promoted  intensive  rice  monocultures  with  high  fertilizer. 

Methods:  We  conducted  a  research  about  change  in  feeding  behavior,  host  plant  interaction, 
performance  and  oviposition  of  bph  regarding  in  different  dose  of  nitrogen  application:  high, 
middle  and  low. 

We  use  EPG  for  feeding  behavior,  cage  and  H-tube  for  choice  behavior,  cage  for  performance 
and  oviposition  and  Y-tube  for  natural  enemy  choice  or  attractant  by  host  plant  selection. 

Results/Conclusion:  We  fund  that  nitrogen  application  has  a  crucial  role  in  insect  rice  pest.  Bph 
feed  differently  depending  quantity  of  Nitrogen  used  as  fertilizer.  Bph  prefers  high  nitrogen  then 
middle  and  middle  than  low. 

Bph  performs  more  in  high  nitrogen  application.  In  another  side  we  fund  that  nitrogen  is  in  need 
and  we  must  manage  quantity  of  Nitrogen  to  use.  Natural  enemies  are  more  attracted  by  rice 
damaged  by  insect. 

Future  investigation:  Drought  water  stress,  Climate  change(Teperature),  VOC,  HIPVs,  Amino 
acid  and  sugar,  Phytohormone,  Nucleic  acid, genes  expression,  tissu  culture. 
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Introduction:  Adult  Aleochara  bipustulata  and  Aleochara  bilineata  are  predators  of  immature 
Delia  radicum  (cabbage  maggot).  Female  Aleochara  oviposit  close  to  D.  radicum  puparia,  which 
newly-hatched  larvae  enter  to  consume  the  pupa  inside.  Dimethyl  disulfide  (DMDS)  is  produced 
by  brassica  roots  infested  with  D.  radicum  larvae.  In  published  field  studies,  DMDS  attracts 
adults  of  both  Aleochara  species,  in  some,  but  not  all,  circumstances. 

Methods:  In  the  laboratory,  we  studied  behavioral  responses  of  Aleochara  larvae  and  adults  in 
still  and  moving  air,  and  investigated  the  influence  of  DMDS  on  selection  of  puparia  by  larvae. 

Results/Conclusion:  In  still  air  arenas,  larvae  of  both  Aleochara  species  exhibited  restricted  area 
search  near  droplets  of  DMDS  in  solvent  but  not  near  solvent  droplets.  In  moving  air,  larvae 
remained  motionless  and  no  responses  to  DMDS  were  observable.  Puparia  of  D.  radicum  that 
were  close  to  a  source  of  DMDS  were  more  frequently  attacked  by  larvae  than  were  puparia  near 
solvent  controls.  Newly-emerged  virgin  adults  of  both  species  and  sexes  tended  to  avoid  the 
vicinity  of  DMDS  in  still  air  and,  in  Y-tube  olfactometers,  avoided  the  olfactometer  arm  with 
DMDS.  Older  mated  females  most  frequently  chose  the  olfactometer  arm  with  DMDS,  whereas 
frequency  of  choices  of  older  mated  males  did  not  differ  from  random.  Responses  of  newly- 
emerged  adults  to  DMDS  would  promote  dispersal  from  the  site  of  emergence.  Responses  of 
mated  females  would  favor  oviposition  close  to  D.  radicum-infQstQd  brassica  roots,  and 
responses  of  larvae  would  enhance  probability  of  finding  a  host  near  such  roots. 
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Introduction:  In  North  America,  the  invasive  European  woodwasp,  Sirex  noctilio  threatens  pines 
by  inoculating  host  trees  with  the  fungal  symbiont  Amylostereum  areolatum  and  phytotoxic 
mucus  upon  oviposition.  Ibalia  leucospoides  is  a  larval  parasitoid  of  S.  noctilio  and  is  attracted  to 
odors  of  its  larval  habitat. 

Methods:  As  a  first  step  to  understand  whether  they  are  attracted  to  larval  host  odor  or  A. 
areolatum  odor  or  both,  we  cultured  the  fungi  on  a  PDA  medium  prepared  with  or  without  Scots 
pine  sawdust,  collected  headspace  volatiles,  conducted  GC-EAD,  and  tentatively  identified 
antennally  active  compounds  using  GC-MS. 

Results/Conclusion:  Our  results  show  differences  in  antennally  active  fungal  volatile  compounds 
between  PDA  plates  with  or  without  sawdust.  Laboratory  bioassays  will  determine  whether  I. 
leucospoidesaYQ  sensitive  to  these  differences. 
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Introduction:  The  ability  to  distinguish  group  members  from  strangers  is  central  to  the  evolution 
and  maintenance  of  animal  societies.  Thus,  for  social  animals  like  the  dominant  Iridomyrmex 
reburrus  ant,  there  exists  selective  pressure  to  possess  a  finely  tuned  recognition  system,  which 
acts  as  the  mechanistic  basis  for  nest  defense  and  maintaining  a  stake  in  resources.  Yet,  some 
parasites  like  Melophorus  anderseni  have  evolved  to  penetrate  the  highly  protected  social 
fortresses  of  I.  reburrus. 

How  does  M.  anderseni  manage  to  be  parasitic  on  the  powerful  I.  reburrus ? 

Methods:  We  used  quantified  behavioral  observations  and  mass  spectra  analyses  of  cuticular 
hydrocarbons  (CHCs)  to  examine  three  possible  mechanisms:  running  speed,  thermal  tolerance, 
and  chemical  mimicry. 

Results/Conclusion:  We  found  that  M.  anderseni  use  them  in  combination.  For  all  activities,  M. 
anderseni  was  significantly  faster  than  Iridomyrmex  as  indicated  by  the  measured  mean  speed. 
Specifically,  foraging  speed  was  significantly  faster  in  M.  anderseni  ( n=95  ants,  M=9. 72, 
SE=0.35  cm/s)  than  in  I.  reburrus  workers  ( n=20  ants,  M=7.05,  S  =0.46  cm/s).  Additionally, 
activity  of  both  species  were  measured  against  soil  temperature.  M.  anderseni  activity  was 
positively  associated  with  soil  temperature  (n  =  5  colonies,  r  =0.35)  and  negatively  related  to 
Iridomyrmex  activity  ( n=3  colonies,  r=0.52).  This  implies  that  soil  temperature  limits  I.  reburrus 
activity,  indicating  that  thermal  tolerance  facilitates  the  parasitic  behavior  of  M.  anderseni. 
Finally,  a  comparison  of  CHC  profiles  of  I.  reburrus  (n=6)  and  M.  anderseni  (n=13)  showed  no 
compounds  were  unique  to  either  species.  Also,  relative  abundances  of  compounds  within  the 
profiles  were  similar  in  both  species. 
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Introduction:  Nowadays,  increasing  focus  is  paid  to  symbiotic  bacteria  in  the  insect  gut  that  have 
been  proposed  to  play  important  role  in  the  host  plant-insect  interactions.  Although  herbivorous 
larvae  naturally  co-exist  with  a  broad  range  of  symbiotic  bacteria  in  their  gut,  little  is  still  known 
about  the  effect  of  those  bacteria  on  herbivores’  host  adaption  and  plant  defense  systems. 

Methods:  In  this  study,  in  order  to  understand  the  nature  of  symbiotic  bacteria  in  oral  secretions 
(OS)  of  the  generalist  herbivore  Spodoptera  litura,  we  assessed  the  germ-free  OS  (OS-)  derived 
from  sterilized  larvae  that  had  been  cultivated  on  Arabidopsis  plants. 

Results/Conclusion:  In  Arabidopsis  plants  treated  with  OS-  onto  mechanically  damaged  (MD) 
leaves,  the  biosynthesis  and  response  of  jasmonates,  and  reactive  oxygen  species  were  more 
highly  up-regulated  compared  to  those  in  Arabidopsis  leaves  treated  with  MD  +  conventional  OS 
(OS+)  derived  from  non-sterilized  larvae.  In  contrast,  biosynthesis  and  response  of  salicylic  acid 
(SA)  were  down-regulated  in  Arabidopsis  leaves  treated  with  MD  +  OS-,  whereas  those 
responses  were  absent  in  Arabidopsis  SA  signaling  mutants  (nprl).  Our  data  suggest  that  the  OS 
bacteria  enable  orchestration  of  the  defense-related  signal  cross-talk  between  jasmonates  and  SA 
in  host  plants. 
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Introduction:  The  peach  bark  beetle  (PBB),  Phloeotribus  liminaris ,  is  native  to  North  America 
where  it  is  a  common  pest  of  black  cherry  trees,  Prunus  serotina.  Adult  beetles  colonize  the 
branches  and  stems  where  they  bore  through  the  bark  to  feed  on  nutrient-rich  phloem.  In 
response  to  insect  attack,  the  tree  produces  a  resinous  gum  to  pitch  out  colonizing  beetles.  This 
gummosis  response  permanently  stains  the  wood,  making  it  unsuitable  for  veneer,  thereby 
reducing  its  value.  PBB  spends  the  majority  of  its  life  cycle  hidden  beneath  the  bark  where  it  is 
protected  from  sprayed  insecticides.  However,  semiochemicals  may  hold  promise  for  monitoring 
and  controlling  populations. 

Methods:  In  this  study,  we  tested  the  hypotheses  that  1)  adult  PBB  locate  suitable  hosts  by 
orienting  to  cherry  volatiles,  and  2)  sexes  are  united  by  attraction  to  aggregation  pheromones. 
Traps  baited  with  benzaldehyde,  a  common  volatile  of  cherry,  were  placed  in  mixed  hardwood 
forest  in  northern  Indiana  to  test  attraction  of  PBB  to  host  volatiles.  In  a  separate  field 
experiment,  traps  were  baited  with  cherry  bolts  infested  with  either  male  or  female  beetles  to 
determine  the  pheromone-producing  sex. 

Results/Conclusion:  Adult  PBB  were  attracted  to  benzaldehyde,  as  well  as  female-infested 
cherry  bolts,  suggesting  that  host  volatiles  and  a  female-produced  volatile  pheromone  are 
important  for  host  and  mate  location.  Information  on  the  colonization  behavior  of  PBB  will  aid 
in  establishing  effective  management  programs,  including  the  use  of  pheromones  and  host 
volatiles  as  lures  to  detect,  monitor,  and  manipulate  pest  populations. 
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Introduction:  Bird  cherry-oat  aphid  ( Rhopalosiphum  padi  L.)  is  an  oligophagous  species  altering 
between  bird  cherry  ( Prunus  padus  L.)  and  grasses  (Poaceae).  The  aphid  life  cycle  is  well 
known,  however  there  is  no  experimental  data  on  molecular  basis  of  the  host  alternation.  The 
present  paper  reports  on  possible  role  of  plant  metabolites  in  adaptation  strategy  of  the  bird 
cherry-oat  aphid  to  its  host-plants. 

Methods:  Plant  material  was  collected  from  both  hosts  through  the  all  growing  season.  The  plant 
nutrients  and  allelochemicals  were  analyzed  using  HPLC  and  spectrophotometric  methods.  In 
addition,  expression  of  a  few  genes  in  aphid  infested  tissues  was  controlled. 


Results/Conclusion:  The  aphid  occupied  young  leaves  and  green  shoots  of  the  primary  host 
which  are  at  that  time  the  most  suitable  for  growth  and  development  of  its  population.  When 
level  of  nutrients  decrease  and  concentration  of  plant  allelochemicals  increase  within  the  bird 
cherry  tissues,  winged  morphs  are  created  and  change  for  cereals.  After  spring  migration,  at  first 
R.  padi  occupy  sheaths  of  lower  leaves  and  moves  on  ears  after  heading.  Thus  while  occurring 
on  cereals  the  aphid  population  is  always  exposed  to  relatively  soft,  highly  watered  tissues.  Such 
tissues  offer  again  high  level  of  nutrients  and  low  amounts  of  unsuitable  biomolecules. 
Moreover,  the  aphid  feeding  induce  expression  of  the  host  plant  genes,  responsible  for  reduction 
of  the  plant  allelochemical  levels.  Thus  the  host-plant  adaptation  strategy  of  the  bird  cherry-oat 
aphid  is  clearly  related  to  molecular  value  of  its  hosts. 
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Introduction:  Spotted  wing  drosophila  (SWD),  Drosophila  suzukii,  is  an  invasive  species  of  fruit 
fly  in  the  United  States,  and  has  become  an  increasing  threat  to  fruit  production.  Developing 
attractants  for  this  species  can  play  an  important  role  in  effectively  monitoring  and  controlling 
their  spread  across  the  country. 

Methods:  Starting  from  fruit  juice,  an  attracting  blend  has  been  identified  in  laboratory  bio¬ 
assays,  and  tested  in  the  field. 

Results/Conclusion:  This  newly  identified  blend  performs  superior  to  all  previous  ones  in  terms 
of  efficiency  and  selectivity.  Hundreds  of  flies  were  caught  in  nearly  every  trap  with  over  90% 
selectivity  of  target  insects.  This  encouraging  result  led  us  to  further  investigation  of  this  blend, 
and  it  is  believed  that  this  blend  will  be  useful  in  the  field  for  effectively  managing  this  invasive 
species. 
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Introduction:  The  common  grass  yellow  Eurema  mandarina  is  a  coliadine  butterfly  feeding  on 
various  leguminous  plants.  Females  readily  oviposited  to  the  artificial  plants  treated  with 
methanolic  extracts  of  its  main  hosts,  Albizia  julibrissin  and  Lespedeza  cuneata. 

Methods:  We  attempted  to  identify  the  oviposition  stimulant  of  E.  mandarina  through  bioassay- 
directed  fractionation  techniques. 

Results/Conclusion:  In  both  hosts,  an  aqueous  fraction  of  the  crude  extract,  and  its  highest  polar 
subfraction  had  high  oviposition-stimulatory  activity,  suggesting  E.  mandarina  females  use 
water-soluble  compounds  for  host  recognition.  Subsequent  activity-directed  fractionation  by  ion 
exchange  chromatography  indicated  that  the  key  substances  were  contained  in  the 
neutral/amphoteric  (N)  fraction.  Preparative  HPLC  of  the  N  fraction  and  chemical  analyses 
revealed  that  the  active  fractions  from  both  hosts  contained  d-pinitol  as  the  major  component. 
The  authentic  d-pinitol  induced  oviposition  responses  from  gravid  females  at  a  concentration  of 
more  than  0.1%,  and  showed  itself  to  be  as  effective  as  the  A+N  and  B+N  fractions  at  a 
concentration  of  0.5  %.  Since  this  cyclitol  is  known  to  be  widely  distributed  in  Fabaceae,  we 
concluded  that  d-pinitol  plays  a  pivotal  role  in  host  recognition  and  oviposition  by  E.  mandarina. 
Moreover,  Colias  erate ,  belonging  to  the  same  subfamily  (Coliadinae)  as  E.  mandarina ,  also 
depend  on  d-pinitol  for  host  recognition  and  oviposition  on  leguminous  plants.  It  is  feasible  that 
the  use  of  this  cyclitol  as  an  oviposition  cue  allows  these  coliadine  butterflies  to  exploit  a  wide 
variety  of  host  plants  within  the  family  Fabaceae. 
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Introduction:  Induced  resistance  triggered  by  insect  herbivory  may  provide  defense  against 
future  biotic  stressors. 

Methods:  We  examined  the  induced  resistance  in  resistant  and  susceptible  soybean  cultivars 
after  Spodoptera  eridania  herbivory  by  assessing  the  effects  of  larval  injury  on  insect  and  plant 
growth,  and  activities  of  antioxidative  enzymes.  The  oldest  trifoliate  of  V3  plants  of  resistant 
('IAC  100')  and  susceptible  ('BRSGO  8360')  cultivars  were  voile- caged  and  infested  with  one  S. 
eridania  5th-instar  larva  for  24h.  Three  days  after  injury,  the  second  oldest  trifoliate  was 
collected  and  offered  to  neonate  larvae  in  Petri  dishes.  Leaf  area  and  dry  weight  consumed,  fresh 
and  dry  weights  of  larvae,  and  larval  survival  were  recorded  after  5  days.  Activities  of  ascorbate 
peroxidase  (APX),  catalase  (CAT),  superoxide  dismutase  (SOD),  and  polyphenol  oxidase  (PPO) 
were  recorded  in  injured  and  uninjured  soybeans.  Plant  growth  parameters  were  recorded  at  plant 
flowering. 

Results/Conclusion:  Effects  of  cultivar  and  injury  were  significant  for  leaf  area  consumed;  injury 
affected  larval  survival;  and  interactive  effects  of  cultivar  and  injury  were  significant  for  fresh 
and  dry  weights  of  larvae.  Larval  injury  decreased  SOD  and  PPO  activities,  and  had  no  influence 
on  APX  and  CAT.  The  resistant  cultivar  sustained  higher  enzyme  activities  than  the  susceptible 
cultivar.  Plant  growth  was  not  affected  by  herbivory,  and  susceptible  soybean  plants  grew  faster 
than  resistant  plants.  All  evaluated  enzymes  play  a  role  in  soybean  constitutive  resistance 
against  S.  eridania.  Future  research  will  seek  for  responses  of  trypsin  inhibitors  and  flavonoids 
after  S.  eridania  herbivory  and  their  correlation  with  soybean  induced  resistance. 
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Introduction:  The  juvenile  hormone  (JH)  controls  many  essential  physiological  functions  in 
insects  including  development,  reproduction,  pheromone  production,  and  cast  differentiation. 

Methods:  We  constructed  insect  species-specific  in  vitro  assay  systems  which  could  quantitate 
JHAN  activities  of  plant  extracts.  This  system  employed  the  yeast  two-hybrid  based  microplate 
simulation  method  of  the  juvenile  hormone-mediated  binding  between  the  JH  receptor 
Methoprene-tolerant  (Met)  and  its  partner  proteins,  steroid  receptor  coactivator  (SRC). 

Results/Conclusion:  By  testing  and  comparing  the  JHAN  activities  of  3,707  plant  extracts 
between  two  herbivorous  insect  species,  the  cotton  aphid  Aphis  gossypii  and  Indian  meal  moth 
Plodia  interpunctella,  we  showed  that  plant-insect  coevolution  through  plant  JHANs  drove  the 
large-scale  diversification  of  both  plants  and  insects,  presenting  molecular  evidence  supporting 
the  theory  of  phytochemical  coevolution.  We  also  found  that  through  the  rapid  evolution  of 
insect  juvenile  hormone  receptors  and  their  consequent  divergence,  insects  developed  escape 
mechanisms  from  these  phytochemicals.  When  considering  that  the  phytochemical  coevolution 
may  have  been  a  factor  that  triggered  the  extreme  diversity  of  current  plant-insect  associations, 
we  expect  that  in  detail  analyses  of  specific  plant-insect  associations  between  insect  JH  receptors 
and  plant  JHANs  will  help  us  find  phytochemicals  that  can  be  developed  into  novel  and  safe 
effective  insecticides. 
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Introduction:  Galerucella  grisescens,  an  oligophagous  leaf  beetle,  feed  on  strawberry  and 
polygonaceous  plants  such  as  genus  Rumex  plants.  In  the  field,  the  beetles  do  not  feed  on  R. 
acetocella  which  grows  simultaneously  with  their  host  plants,  R.  japonicas  and  R.  obtusifolius. 
Feeding  tests  with  fresh  leaves  also  revealed  that  G.  grisescens  did  not  feed  on  R.  acetocella 
leaves.  We  expected  that  R.  acetocella  leaves  have  a  feeding  deterrent  for  the  beetles  and 
investigated  the  feeding  deterrent  in  the  leaves. 

Methods:  The  fresh  leaves  of  R.  acetocella  were  extracted  with  acetone  and  the  extract  was 
examined  for  feeding  deterrent  activity  against  G.  grisescens  by  a  feeding  test  with  a  filter  paper. 
The  extract  showed  feeding  deterrent  activity  against  G.  grisescens.  The  extract  was  divided  into 
several  fractions  by  a  liquid-liquid  partition  and  a  silica  gel  column  chromatography.  The 
fractions  were  examined  for  feeding  deterrent  activity  by  the  feeding  tests.  Finally,  a  feeding 
deterrent  against  G.  grisescens  in  R.  acetocella  leaves  was  determined  to  be  a  flavonoid 
glycoside. 

Results/Conclusion:  Although  several  reports  showed  that  the  beetles  are  stimulated  to  feed  by 
flavonoid  glycosides  such  as  quercetin  glycosides  containing  in  polygonaceous  plants,  no 
flavonoid  glycosides  as  a  feeding  deterrent  against  the  beetles  have  been  reported.  We  will 
discuss  the  relation  between  flavonoids  and  the  host  plant  selection  by  G.  grisescens. 
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Introduction:  In  previous  studies,  we  have  shown  that  some  coleopteran  insects  use  their  tarsi  as 
a  gustatory  organ.  In  morphological  studies,  it  was  shown  that  almost  all  chrysomelid  beetles 
observed  had  gustatory  sensilla  on  their  tarsi.  In  behavioral  studies  using  Galerucella  grisescens 
Joannis,  we  have  revealed  that  chrysomelid  beetles  could  recognize  gustatory  substances,  such  as 
sucrose  and  bitter  compounds,  by  only  their  tarsi.  However,  the  discrimination  between  host  and 
nonhost  plant  chemicals  by  using  tarsi  had  not  yet  been  investigated. 

Methods:  In  the  present  study,  we  observed  the  tarsi  of  some  Chrysomelid  beetles  using  scanning 
electron  microscopy  and  we  examined  the  behavioral  response  of  G.  grisescens  to  the  leaf 
surface  waxes  of  the  host  plant  Rumex  obtusifolius  and  the  nonhost  plants  such  as  Solanum 
melongena. 

Results/Conclusion:  We  revealed  that  two  subfamilies,  Chlamisinae  and  Sagrinae,  which  had  not 
been  examined  in  the  previous  studies,  also  have  tarsal  gustatory  sensilla.  Consequently,  we 
could  confirm  the  presence  of  tarsal  gustatory  sensilla  in  15  of  the  17  subfamilies  that  constitute 
Chrysomelidae.  In  behavioral  studies,  G.  grisescens  showed  behavioral  response  to  the  leaf 
surface  wax  of  the  host  plant  by  only  their  tarsi.  In  contrast,  the  beetles  showed  no  response  to 
the  leaf  surface  waxes  of  the  nonhost  plants.  These  results  indicate  that  G.  grisescens  use  their 
tarsi  in  host  selection,  and  that  they  can  discriminate  between  host  and  nonhost  plant  by  using 
their  tarsi.  Thus,  using  their  tarsi,  the  beetles  can  decide  whether  to  accept  plants  as  their  hosts 
before  they  bite  the  leaves. 


Poster 

Presentation  Title:  Response  of  adult  Anoplophora  glabripennis  (Coleoptera:  Cerambycidae)  to 
host-derived  isothiocyanates 

Author  Name:  Scott  Gula 

Author  Institution:  Purdue  University 

Session  Title:  Poster  Session  3:  Insect  Chemical  Ecology 

Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  D3551 


DOI:  10.1603/ICE.2016.1 13304 
Abstract  text: 

The  Asian  longhorned  beetle,  Anoplophora  glabripennis  Motschulsky,  is  a  serious  woodboring 
pest  that  has  become  established  outside  of  its  native  range  in  several  locations  in  North  America 
and  Europe.  If  left  unmanaged,  ALB  is  estimated  to  be  capable  of  destroying  over  30%  of  urban 
tree  canopy  cover  in  the  United  States  and  inflicting  damages  of  over  650  billion  USD. 
Unfortunately,  successful  monitoring/control  of  ALB  has  been  hindered  by  a  lack  of  highly 
attractive  lures.  Recent  genomic  evidence  suggests  the  presence  of  a  number  of  genes  that 
encode  enzymes  of  the  beta-glycosyl  hydrolase  GH1  family,  some  members  of  which  produce 
isothiocyanates  (ITCs).  These  compounds  play  a  role  in  intraspecific  communication  in  several 
insect  taxa.  Here  we  describe  the  results  of  laboratory  bioassays  testing  the  response  of  ALB 
adults  to  ITCs,  alone  and  in  combination  with  previously  identified  attractants  for  ALB. 
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Introduction:  Mosquitoes  rely  on  their  sense  of  smell  to  find  nectar,  oviposition  sites,  and 
vertebrate  hosts  for  blood  meals.  Odor  headspace  emanating  from  these  biological  sources  is 
often  a  complex  and  variable  blend  consisting  of  multiple  chemical  volatiles,  making  it 
challenging  to  determine  which  constituents  are  responsible  for  driving  mosquito  behavior. 

Methods:  To  provide  a  high-resolution  overview  of  how  mosquitoes  perceive  complex  odor 
blends  such  as  human  body  odor,  we  are  applying  gas  chromatography-imaging  (GC-I)  methods 
to  functionally  image  patterns  of  odor-evoked  activity  in  the  mosquito  antennal  lobe. 


Results/Conclusion:  Progress  towards  developing  the  GC-I  approach  in  different  mosquito 
species  and  identifying  components  of  human  scent  that  are  actively  perceived  by  the  mosquito 
brain  to  elicit  host-seeking  behavior  will  be  discussed. 
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Carbon  dioxide  (CO2)  from  expired  breath  of  vertebrate  hosts  is  a  strong  attractant  for  many 
mosquito  species  and  is  often  employed  in  traps.  Orientation  and  navigation  upwind  along  a 
plume  to  a  host  is  presumed  to  be  the  method  used  to  locate  the  source;  however,  mosquitoes  are 
often  in  environments  (e.g.,  inside  a  human  dwelling)  where  air  movement  does  not  provide  a 
reliable  directional  cue.  In  this  study,  we  tested  the  hypothesis  that  female  Anopheles  coluzzii 
(formerly  An.  gambiae  s.s.,  M-form)  can  locate  a  source  of  CO2  in  still  air. 

Mosquitoes  flew  in  a  wind  tunnel  with  either  laminar  airflow  of  20  cm  Y  sec"1  or  still  air.  The 
stimulus  was  300  mL  Y  min'1  of  air  enriched  to  4%  CO2  emitted  from  a  perforated  glass  tube. 
More  mosquitoes  located  the  source  of  CO2  in  laminar  airflow  (85%)  than  in  still  air  (40%).  No 
mosquitoes  located  the  source  in  clean  air  controls. 

Another  experiment  tested  the  hypothesis  that  additional  semiochemicals  in  human  breath 
increased  numbers  locating  the  source  in  still  air  over  4%  CO2  alone.  Stimuli  were  delivered  to 
the  wind  tunnel  from  gas  sampling  bags.  Similar  numbers  of  mosquitoes  (>80%)  located  sources 
of  breath  in  still  air,  breath  in  moving  air,  and  CO2  in  moving  air.  Fewer  mosquitoes  located 
CO2  alone  in  still  air. 
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Phorid  parasitoids  in  the  genus  Apocephalus  utiilze  several  insect  hosts,  including  lampyrid 
lightning  beetles  (Lampyridae),  stingless  bees  (Apidae),  and  ants  (Formicidae).  Reliabiilty  of 
host-location  cues  is  an  important  factor  in  parasitoid  success,  and  most  Apocephalus  flies  utilize 
healthy  insects,  which  they  encounter  in  aggregations  such  as  recruitment  trails  or  nest  sites. 
However,  adult  flies  in  the  Apocephalus  miricauda-group  are  attracted  to  injured  ant  hosts.  In 
order  to  reliably  locate  injured  hosts,  Miricauda-growp  flies  may  eavesdrop  on  alarm 
pheromones  released  by  agitated  ants.  Volatile  alarm  pheromones  are  released  from  ant 
mandibular  glands  and  provide  precise  information  about  host  location,  as  they  are  short-lived 
and  in  many  cases,  species-specific.  Phylogenetic  patterns  of  alarm  pheromone  composition  in 
ants  may  be  reflected  in  host  specificity  and  use  by  their  phorid  parasitoids.  We  carried  out  field 
behavioral  assays  to  demonstrate  that  injured  ants  and  their  mandibular  gland  contents  attract 
phorid  parasitoids;  rearing  experiments  were  carried  out  to  confirm  host  relationships.  Then, 
mandibular  gland  contents  of  ant  species  were  analyzed  by  GCMS,  and  molecular  phylogenies  of 
ant  hosts  and  phorid  parasitoids  are  currently  being  explored,  using  ultra  conserved  element 
markers  (UCEs). 
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Introduction:  The  tea  geometrid,  Ectropis  grisescens  Warren,  is  one  of  the  most  severe  defoliator 
insect  pests  in  tea  plantation.  Sex  pheromone  and  lure  application  technology,  as  an 
environmentally  sound  method,  have  been  widely  used  for  monitoring  and  controlling  the  insect 
pests  for  organic  plantation,  however,  no  female-produced  sex  pheromone  of  E.  grisescens  has 
been  identified. 

Methods:  In  the  present  study,  female  gland  extracts  were  analyzed  by  coupled  gas 
chromatography  with  electroantennographic  detection  (GC-EAD)  and  two-dimensional 
(GCxGC)  gas  chromatography  using  a  time-of-flight  mass  spectrometric  detector  (TOFMS). 

Results/Conclusion:  Two  components,  (Z,Z,Z)-3,6,9-octadecatriene  (Z3Z6Z9-18:Hy)  and  (Z,Z)- 
3,9-6,7-epoxyoctadecadiene  (Z3Z9-6,7-epo-18:Hy),  were  identified  from  pheromone  gland 
extracts,  and  their  electrophysiological  and  behavioral  activity  evaluated.Under  laboratory 
conditions,  Z3Z9-6,7-epo-18:Hy  elicited  a  stronger  electrophysiological  response  than  Z3Z6Z9- 
18:Hy.  In  the  field,  traps  baited  with  Z3Z9-6,7-epo-18:Hy  alone  was  better  than  Z3Z6Z9-18:Hy. 
And  the  binary  mixture  of  Z3Z9-6,7-epo-18:Hy  and  Z3Z6Z9-18:Hy  in  a  ratio  of  4:1 
(approximate  ratio  of  females  emitting  pheromone)  caught  more  males  than  single  component  or 
any  other  blends. Our  study  showed  that  Z3Z6Z9-18:Hy  and  Z3Z9-6,7-epo-18:Hy  are  the  sex 
pheromone  components  of  E.  grisescens.  Currently,  two  tea  geometrid,  E.  grisescens  and  E. 
obliqua ,  were  very  serious  pests  in  China,  they  were  morphologically  similar  and  not  easily  be 
distinguished.  However,  the  pherobase  already  showed  that  Z3Z9-6,7-epo-18:Hy  and  Z3Z6Z9- 
18:Hy  as  the  sex  pheromone  components  of  E.  obliqua ,  but  the  two  components  in  any  ratios 
were  no  attractiveness  to  E.  obliqua  males. Our  research  evidenced  that  more  than  two  sex 
pheromone  active  components  from  E.  obliqua  calling  females  were  tentatively  found. 
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Introduction:  Anoplophora  glabripennis  (Motschulsky)  (Coleoptera:  Cerambycidae),  commonly 
known  as  the  Asian  longhorned  beetle,  is  considered  to  be  one  of  the  most  serious  invasive  pests 
of  deciduous  trees  in  North  America.  An  efficient  monitoring  trap  is  needed  to  detect  and  delimit 
new  introductions  and  assess  population  densities  of  established  infestations.  Previous  studies  on 
A.  glabripennis  have  shown  that  males  produce  a  two-component  pheromone,  which  consists  of 
a  1:1  blend  of  4-(n-heptyloxy)  butan-l-ol  and  4-(n-heptyloxy)  butanal.  Moderate  attraction  in 
field  trapping  studies  suggests  that  there  may  be  missing  chemical  cues. 

Methods:  Volatiles  from  male  A.  glabripennis  were  examined  to  identify  other  potential 
pheromone  components. 

Results/Conclusion:  Gas  chromatographic  /  electroantennographic  (GC/EAD)  analyses  of  male 
aerations  detected  a  consistent  EAD-active  response  to  a  previously  unidentified  compound.  This 
compound  was  identified  as  (3£,6£)-a-farnesene.  Both  male  and  female  beetles  were  antennally 
responsive  to  this  sesquiterpene  and  both  sexes  were  attracted  to  it  in  olfactometer  assays  at 
different  doses.  When  (3£,6£)-a-farnesene  was  combined  with  4-(n-heptyloxy)  butan-l-ol  and 
4-(n-heptyloxy)  butanal,  attraction  of  both  sexes  increased  compared  to  assays  using  4-(n- 
heptyloxy)  butan-l-ol  and  4-(n-heptyloxy)  butanal  alone.  Two  further  volatiles  were  later 
identified  as  being  male  produced  and  antennally  active.  Their  identification  and  effect  on  adult 
behavior  will  be  discussed. 
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Pheromone  biosynthesis  activating  neuropeptide  (PBAN)  produced  in  the  subesophageal 
ganglion  is  known  to  stimulate  pheromone  production  in  the  pheromone  gland.  A  cDNA  isolated 
from  female  adult  heads  of  Maruca  vitrata  encodes  197  amino  acids  including  PBAN, 
designated  as  Mvi-PBAN,  and  four  other  neuropeptides  (NPs):  diapause  hormone  (DH) 
homologue,  a-NP,  p-NP  and  y-NP.  All  of  the  peptides  are  amidated  in  their  C-termini  and  shared 
a  conserved  motif,  FXPR(or  K)L-NH2  structure.  Mvi-PBAN  consists  of  35  amino  acids  as 
previously  reported.  When  female  adults  were  injected  with  a  synthetic  Mvi-PBAN,  pheromone 
production  showed  a  maximal  increase  lh  post- injection.  Quantitative  RT-PCR  analysis  revealed 
that  Mvi-PBAN  cDNA  was  expressed  in  all  examined  body  parts.  Nucleotide  sequence  analysis 
of  RT-PCR  products  indicated  the  Mvi-PBAN  sequence  was  identical  in  all  examined  body  parts 
of  both  sexes.  These  results  suggest  that  Mvi-PBAN  has  pheromonotropic  activity  in 
vz'voanalysis  and  its  expression  is  maintained  in  examined  stages  or  tissues. 
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There  are  at  least  four  pentatomid  stink  bug  species  using  a  l-bisabolen-3-ol  entity  in  their 
aggregation  pheromone  molecules:  the  rice  stalk  stink  bug,  Tibraca  limbativentris  (Stal),  the  rice 
stink  bug,  Oebalus  poecilus  (Dallas),  the  harlequin  bug,  Murgantia  histrionica  (Hahn),  and  the 
brown  marmorated  stink  bug,  Halyomorpha  halys  (Stal).  Detailed  stereoisomeric  structures  of 
pheromones  of  the  last  three  species  have  recently  been  established  by  stereoselective  syntheses 
of  all  individual  stereoisomers.  A  novel  route  to  all  stereoisomers  of  l,10-bisaboladien-3-ol  (total 
eight)  and  10,1 1 -epoxy- l-bisabolen-3-ol  (total  sixteen)  had  been  developed  via  a  rhodium- 


catalyzed  asymmetric  addition  of  trimethylaluminum  to  diastereomeric  mixtures  of  cyclohex-2- 
enones.  However,  yields  of  trans  isomers  were  low  and  scaling  up  using  expensive  catalysts  was 
cumbersome. 

Now  we  report  on  improved  preparations  of  l-bisabolen-3-ol  stink  bug  pheromones  using  (S)- 4- 
((^)-6-methylhept-5-en-2-yl)cyclohex-2-enone  and  (i?)-4-((*S)-6-methylhept-5-en-2-yl)cyclohex- 
2-enone  intermediates.  The  new  syntheses  started  from  commercially  available  ( R )-  and  (£)- 
citronellals  and  benefited  from  an  enantioselective  Michael  addition  and  a  straightforward 
chromatographic  separations  of  cis-  and  tra^-l,10-bisaboladien-3-ols  formed  by  the  addition  of 
methyl  lithium  to  the  above-mentioned  cyclohexenones. 
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Heliothine  moths  are  ubiquitous,  representing  some  of  the  most  serious  agricultural  pests  on  the 
planet,  causing  massive  annual  crop  losses  particularly  in  the  developing  world.  We  are 
developing  a  global  initiative  to  investigate  comparative  evolution  of  olfactory  systems  in  this 
important  group  of  agricultural  pests  to  develop  this  species  complex  as  a  model  system  for 
evolution  of  complex  pheromone  communication.  Using  comparative  physiology,  chemistry  and 
genomic  tools  to  characterize  odorant  receptor  shifts  associated  with  communication,  we  are 
developing  a  comprehensive  comparative  database  of  olfaction  for  this  group.  The  long  term 
goal  of  this  study  will  be  the  establishment  of  a  global  network  of  collaborators  using  heliothines 
as  a  model  system  to  correlate  shifts  in  communication  manifested  by  differential  olfactory 
receptor  (OR)  expression  with  larger  trends  in  speciation  (both  sympatric  and  allopatric)  and 
evolution  in  insects.  Overall,  this  initiative  will  determine  genetic  factors  mediating  shifts  in 
female  pheromone  production,  male  behavioral  pheromone  preference  and  physiological 
processing  of  these  odorants  as  these  species  diverge. 
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Since  its  introduction  into  the  USA  in  2002,  the  exotic  redbay  ambrosia  beetle,  Xyleborus 
glabratus  Eichhoff,  has  become  a  serious  invasive  pest,  currently  established  in  eight 
southeastern  states.  Females  are  the  primary  vectors  of  a  pathogenic  fungus,  Raffaelea  lauricola, 
that  causes  laurel  wilt.  This  vascular  disease  has  caused  extensive  mortality  of  native  Persea 
species,  including  redbay  P.  borbonia ,  swampbay  P.  palustris ,  and  silkbay  P.  humilis ,  and  now 
impacts  commercial  production  of  avocado  P.  americana  in  south  Florida.  With  continued 
spread,  laurel  wilt  may  soon  threaten  the  avocado  industries  in  California  and  Mexico,  as  well  as 
additional  native  Lauraceae  (e.g.  California  bay  laurel  along  the  Pacific  Coast,  numerous 
lauraceous  species  endemic  to  Mexico).  Effective  lures  are  needed  for  early  detection  of  this 
pest,  and  for  implementing  measures  to  curtail  further  spread.  Research  to  date  indicates  that  the 
best  lures  forX  glabratus  contain  plant  essential  oils  high  in  sesquiterpene  content,  particularly 
a-copaene.  This  presentation  presents  the  results  of  lab  and  field  tests  to  compare  efficacy  and 
longevity  of  commercially  available  essential  oil  lures,  including  formulations  of  manuka,  cubeb, 
copaiba,  and  a  newly-developed  50%  copaene  oil.  In  addition,  lures  containing  eucalyptol  (a 
monoterpene  shown  to  be  attractive  to  X.  glabratus )  are  evaluated  for  efficacy  alone  and  in 
combination  with  essential  oil  lures. 
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Introduction:  The  four-spotted  coconut  weevil,  Diocalandra  frumenti  Fabricius  (Coleoptera: 
Curculionidae),  is  a  small  weevil  found  attacking  Arecaceae  hosts,  most  of  these  being 
economically  important  palm  species  cultivated  for  food  or  landscape  purposes,  such  as  coconut, 
date,  oil  and  Canary  palms.  Management  of  this  pest  is  difficult  due  to  its  cryptic  nature  and 
control  is  based  on  cultural  measures  and  chemical  treatments  although  no  specific  insecticides 
are  registered.  Specifically,  trapping  of  D.  frumentiis  based  on  weak  attractants,  such  as 
fermenting  odors  of  plant  material.  The  availability  of  a  powerful  semiochemical  to  be  included 
in  trapping  protocols  would  be  a  crucial  advantage  for  the  management  of  this  pest.  Laboratory 
experiments  showed  evidences  for  the  typical  weevil  aggregation  behavior;  thus,  our  main  goal 
was  to  determine  the  existence  of  an  aggregation  pheromone  in  this  species. 

Methods:  For  this  purpose,  the  volatile  profile  of  D.  frumenti  individuals  was  studied  by  aeration 
and  collection  of  effluvia  in  Porapak-Q  and  also  by  solid  phase  micro-extraction  (SPME) 
techniques.  Moreover,  the  solvent  extraction  of  previously  frozen  crushed  individuals  was  also 
performed.  All  resulting  extracts  and  SPME  fibers  were  analyzed  by  gas  chromatography 
coupled  to  mass  spectrometry  (GC-MS). 

Results/Conclusion:  The  comparison  of  male  and  female  samples  provided  a  candidate 
compound  with  an  oxabicycle  structure,  analogous  to  other  coleopteran  pheromones,  whose 
activity  was  confirmed  by  means  of  biological  assays. 
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Introduction:  Eusocial  insects  are  characterized  by  a  remarkable  reproductive  division  of  labour 
between  queens  and  workers,  and  they  use  a  large  variety  of  chemical  signals  during  their  life. 

Methods:  In  the  present  study,  we  investigated  the  chemical  profile  in  regard  to  queen 
reproductive  status  (groups:  1-day  old  gynes;  young  queen  taking  off  for  nuptial  flight;  recently 
mated  queen)  in  the  Brazilian  stingless  bee  Melipona  scutellaris.  We  extracted  the  epicuticular 
compounds  of  individual  queens’  heads,  thoraces  and  abdomens  in  hexane  and  the  extract  was 
analysed  in  a  combined  GC-MS  system. 

Results/Conclusion:  Non-metric  multi-dimensional  scaling  (NMDS)  revealed  that  all  groups 
show  marked  differences  in  the  chemical  profiles.  Interestingly,  mated  queens  are  well  separated 
in  the  NMDS  plots  from  both  1-day  old  queens  and  virgins  that  left  the  colony.  Results  of 
SIMPER  analyses  show  that  the  compounds  that  predominantly  contribute  to  Bray-Curtis 
dissimilarities  between  the  cuticular  lipid  profiles  of  virgin  queens  that  left  the  colony  and  mated 
queens  are  Z-9-heptacosene,  Z-9-hentriacontene,  and  Z-9-tritriacontene  that  are  more  abundant 
in  virgin  queen  profiles,  as  well  as  the  compound  groups  comprising  methyl-tritriacontanes  and 
methyl-hentriacontanes,  which  are  present  only  in  the  profiles  of  mated  queens.  Z-9- 
hentriacontene  and  the  methyl-tritriacontanes  also  account  for  the  dissimilarities  between  the 
thoraces  of  1-day  old  virgins  and  mated  queens  in  addition  to  tricosane,  which  makes  a  larger 
proportion  in  the  profile  of  the  young  queens.  In  conclusion,  we  demonstrated  that  the 
reproductive  status  of  M.  scutellaris  queens  can  affect  the  cuticular  hydrocarbons  profiles  of 
these  individuals. 
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The  Japanese  pine  sawyer  ( Monochamus  alternatus  Hope)  is  the  vector  of  a  devastating 
epidemic  disease  that  occurs  in  coniferous  forests,  caused  by  the  pine  wood  nematode 
Bursaphelenchus  xylophilus.  The  morphology,  typology  and  fine  structures  of  sensilla  located  on 
antenna,  maxillary  palp,  labial  palp  and  ovipositor  were  observed  systematically  by  scanning 
electron  microscopy  (SEM)  and  transmission  electron  microscopy  (TEM).  Seven  types  of 
sensilla  were  identified  on  the  antenna,  six  types  were  found  on  the  maxillary  and  labial  palps, 
and  five  types  were  found  on  both  sternite  and  tergite  of  the  8th  abdomen  and  the  ovipositor  of 
adult  M.  alternatus.  Sensillar  characters  such  as  forms  of  the  socket,  connections  with  the 
antenna  cuticle,  openings  of  the  sensillar  cuticle  (pores,  spoke  channels  or  uniporous  tip)  and 
varied  dendrite  structures  in  the  outer  dendritic  segment  were  observed.  The  putative  functions 
including  mechanoreception,  chemoreception  and  hygro-  or  thermo  reception  of  these  different 
sensilla  were  compared  and  discussed,  with  the  goals  of  improving  the  understanding  on  the 
roles  of  different  sensilla  in  mate  recognition  and  oviposition  behaviours,  as  well  as  on  the 
mechanism  of  host  location  in  this  longhorned  beetle. 
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The  European  grapevine  moth  Lobesia  botrana  (Denis  &  Schiffermuller)  is  an  economically 
important  pest  in  Europe  and  America.  In  Chile,  this  moth  has  been  found  mainly  in  the  central 


part  of  the  country,  and  monitored  with  the  major  component  of  the  sex  pheromone,  (£,Z)-7,9- 
dodecadienyl  acetate.  This  compound  is  widely  used  in  mating  disruption  technique  or  to 
monitor  pest.  However,  sexual  pheromones  commonly  act  as  blends  of  volatiles  being  specie- 
specific.  This  last  based  on  highly  tuned  perireceptor  processes  that  involve,  for  instance, 
pheromone-binding  proteins  (PBPs)  in  the  insect  antenna.  These  PBPs  are  thought  to  be  key 
players  to  transport  hydrophobic  volatiles  to  olfactory  receptors.  Thus,  the  presence  of  both, 
more  pheromone  components  for  L.  botrana  and  geographical  races,  suggest  us  a  less  efficient 
control  of  the  grapevine  moth.  Considering  the  above,  the  objective  of  this  preliminary  study  is 
to  evaluate  the  in  silico  affinity  of  new  sex  pheromone  components  from  glands  of  female  L. 
botrana  (Chilean  race)  using  a  PBP  already  identified  (LbotPBP).  Thus,  analysis  of  extracts  of 
sex  pheromone  glands,  showed  two  previously  unidentified  compounds,  dodecyl  acetate  and  (Z)- 
9-tetradecenyl  acetate.  Our  results  based  on  the  homology  model  of  LbotPBP  and  docking 
simulations,  revealed  that  hydrophobic  residues,  such  as  Met8,  Ser9,  Phel2,  Ile52,  Ser56,  Ala73, 
Phe76,  Val77,  Leu90,  Val91,  Ile94,  Vail  1 1,  Alai  15,  Phel  18  could  participate  in  the  recognition 
of  acetate  compounds.  Moreover,  (Z)-9-tetradecenyl  acetate  showed  stronger  binding  (-6.03  kcal 
mol"1)  to  LbotPBP  than  (£,Z)-7,9-dodecadienyl  acetate  (-5.44  kcal  mol'1).  Further  perspectives  of 
the  new  acetate  compound  as  a  promising  attractant  are  discussed. 
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Honey  bees  will  learn  to  respond  to  an  odor  when  their  antennae  are  stimulated  with  sucrose, 
even  if  they  are  not  fed  during  the  conditioning  phase.  However,  the  memory  of  this  association 
does  not  persist  at  24  hr  after  conditioning.  These  results  suggest  that  the  nutritional  quality  of 
the  reward  plays  an  important  role  in  establishing  a  long  term  memory.  The  three  sugars,  xylose, 
sorbitol  and  mannitol,  are  used  to  further  investigate  the  relationship  between  learning,  sensory 
perception  and  nutritional  value.  The  proboscis  extension  reflex  is  used  to  show  that  honey  bees 
cannot  taste  these  sugars,  whereas  mortality  data  suggest  that  bees  can  metabolize  all  three 
sugars.  When  given  a  free  choice  test  between  sucrose  alone  and  sucrose  supplemented  with 
these  nutritional  sugars,  bees  preferentially  choose  sucrose  plus  mannitol,  but  not  solutions 
containing  sorbitol  or  xylose.  Feeding  with  mannitol  or  xylose  during  olfactory  associative 
conditioning  also  restores  long  term  memories.  Together  these  results  suggest  that  nutritional 
content  and  not  just  sensory  information  is  important  for  establishing  long  term  memories,  but 
that  bees  may  not  be  able  to  assess  nutritional  content  when  it  is  disassociated  from  taste. 
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Introduction:  Ecological  success  of  social  insects  is  often  attributed  to  their  division  of  labor,  in 
which  workers  in  a  colony  to  specialize  in  different  tasks  and  each  task  is  performed  by  a 
different  set  of  individuals.  What  is  the  underlying  mechanism  controlling  such  task 
specialization?  One  of  the  leading  models  of  division  of  labor  proposes  that  specialization  arises 
because  individuals  have  different  response  thresholds  to  task-related  stimuli.  However,  there  is 
little  direct  evidence  to  support  this  model  or  studies  linking  response  thresholds  to  structures  in 
the  nervous  system. 

Methods:  As  a  first  step  in  uncovering  how  task  specialization  arises,  we  test  the  hypothesis  that 
variation  in  response  thresholds  underlies  task  specialization.  To  this  end,  we  test  sucrose 
thresholds  of  Temnothorax  rugatulus  ant  workers  and  explore  the  relationship  between  worker 
threshold  and  task  specialization. 

Results/Conclusion:  Sucrose  response  thresholds  did  not  predict  task  specialization  but  were 
significantly  associated  with  a  worker’s  overall  activity  level. 
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Chemosensory-driven  hostplant  specialization  is  a  major  force  mediating  insect  ecological 
adaptation  and  speciation.  While  the  fruit  fly  Drosophila  melanogaster  is  a  generalist  that  feeds 
in  decaying  fruit  of  many  species,  one  of  its  closest  relatives,  D.  sechellia ,  is  specialized  in 
Morinda  citrifolia  fruit,  which  is  highly  toxic  and  avoided  by  most  other  fly  species.  While  some 
of  the  olfactory  adaptations  mediating  this  specialization  have  been  uncovered,  the  role  of  the 
taste  system  in  this  process  has  been  investigated  less.  D.  sechellia  lost  several  genes  encoding 
gustatory  receptor  proteins  and  ionotropic  receptors  which  likely  detect  bitter  (harmful) 
substances,  suggesting  that  taste  contributes  to  specialization  via  a  functional  reduction  of 
sensitivity  to  bitter  compounds.  Using  the  well-established  proboscis  extension  reflex  paradigm, 


we  thus  investigated  the  behavioral  taste  responses  of  D.  sechellia  and  its  generalist  relatives  D. 
melanogaster  and  D.  simulans.  We  found  that  the  response  to  appetitive  (sweet)  substances  is 
modulated  in  a  species-specific  dependent  manner  by  the  organ  stimulated  (proboscis  or  legs), 
the  appetitive  stimulus  quality  (sucrose,  glucose,  etc),  and  the  addition  of  a  bitter  stimulus  to  an 
appetitive  substance.  Also,  stimulation  of  D.  sechellia  with  Morinda  fruit  reconstitute  evoked 
stronger  responses  than  stimulation  with  sucrose.  These  results  thus  show  similarities  but  also 
important  differences  in  taste  responses  between  specialist  and  generalist  species,  which  maybe 
common  to  other  specialist  insects.  We  plan  to  further  investigate  the  role  of  taste  in  host 
specialization  by  recording  electrophysiological  responses  from  gustatory  receptor  cells  and  by 
investigating  differences  in  chemosensory  gene  expression  across  species. 
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Tyrosine  hydroxylase  (TH)  catalyzes  the  rate  limiting  step  of  cathecolamine  biosynthesis.  In 
insects,  cathecholamines  are  involved  in  locomotion,  learning  and  cuticle  sclerotization  among 
other  functions.  Two  isoforms  of  TH  have  been  reported;  the  shorter  one  which  lacks  a  highly 
acidic  region  is  present  in  neural  cells. 

The  distribution  of  TH  was  studied  in  the  nervous  system  of  triatomine  bugs  ( Triatoma  infestans ) 
and  bees  ( Melitoma  segmentaria ,  Thygater  analis  and  Leiopodus  lacertinus)  using  our 
standardized  immunocytochemistry  protocol.  The  TH  antiserum  developed  by  O’  Gorman  et  al. 
(2007)  in  Manduca  sexta  was  employed  in  the  immunolocalization  of  cell  bodies  as  well  as  in 
western  blot  assays. 

The  TH  antiserum  allowed  the  detection  of  immunoreactive  (IR)  somata  and  neurites  in  the  brain 
of  all  the  species  analyzed.  Most  of  the  immunopositive  cell  bodies  displayed  a  uniform  size  of 
about  10  pm.  In  the  protocerebrum,  clusters  with  variable  numbers  of  somata  were  observed 


above  the  mushroom  body  calices,  in  the  pars  intercerebralis  as  well  as  around  the  central 
complex.  The  antennal  lobe  glomeruli  and  the  dorsal  lobe  also  housed  immunoreactive  elements 
in  all  these  species.  It  was  found  that  within  the  bee  species,  only  L.  lacertinus  contained  TH-IR 
cell  bodies  in  the  proximal  optic  lobe,  a  finding  also  shared  by  the  triatomine  T.  infestans. 

The  anti-TH  antiserum  recognized  an  immunoreactive  band  of  ~60kDa,  compatible  with  a 
predicted  mass  for  the  monomer  form  of  66.3  kDa.  The  presence  of  TH  in  the  same  brain  areas 
of  insect  species  from  separate  orders  suggests  highly  conserved  functions  for  catecholamines. 
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Abstract  text: 

Introduction:  Transient  Receptor  Potential  (TRP)  channels  are  a  large  group  of  cation  channels 
that  occur  in  the  plasma  membranes  of  many  types  of  cells  and  are  typically  involved  in  sensory 
transduction.  The  only  two  insect  TRPs  of  the  vanilloid  (TRPV)  family  are  Nanchung  (Nan)  and 
Inactive  (lav),  which  co-assemble  exclusively  in  chordotonal  stretch  receptor  neurons  where  they 
play  an  essential  role  in  the  senses  of  hearing,  gravity,  balance,  proprioception,  acceleration  and 
kinesthesia.  Nan  and  lav  have  recently  been  shown  to  be  the  targets  of  the  selective  insecticides 
pymetrozine  and  pyrifluquinazon  (PFQ).  These  insecticides  activate  and  then  silence  chordotonal 
organs  by  activating  their  TRPV  channels.  PFQ  is  a  proinsecticide  that  is  converted  to  its  de- 
acetylated  active  form. 

Methods:  In  this  study,  we  electrophysiologically  characterize  insect  Nan  and  lav  TRPV 
channels.  Voltage  clamp  measurements  were  performed  on  Xenopus  laevis  oocytes 
heterologously  expressing  Nan-lav  heteromers  from  Drosophila  melanogaster  and  Myzus 
persicae. 


Results/Conclusion:  Pymetrozine  or  deacetylated  PFQ  potently  activated  channels  in  oocytes 
expressing  both  subunits  but  not  those  expressing  either  subunit  alone.  However,  flonicamid  and 
its  bioactive  metabolite  TFNA-AM,  which  modulate  chordotonal  organs  much  like  pymetrozine, 
did  not  affect  the  function  of  Nan-lav  channels  expressed  in  oocytes.  Ion  substitution  studies 
showed  that  Nan-lav  channels  are  non-selective  cation  channels.  Nan-lav  channel  gating 
displayed  little  or  no  voltage  dependence  but  was  highly  dependent  upon  intracellular  free 
calcium  concentration.  This  is  the  first  electrophysiological  description  of  insect  TRPV  channels 
and  provides  further  insight  into  the  mode  of  action  of  chordotonal  modulator  insecticides. 
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Abstract  text: 

Introduction:  The  fluorescent  tube  and  heated  metal-pan  let  a  wild  silkmoth  turned  and  flew  off. 
This  is  an  artificial  occasion.  Antimagnetic  water  experiment  used  to  use  a  heated  metal-pan 
surface.  This  hot  water  phenomenon  has  been  moved  small  and  dried  slow  for  several  minutes. 

Methods:  Two  chewing-gum  papers  are  useful  to  leaf  condenser  materials.  Electric  tester  Fluke 
175  was  used  .  It  measurement  ignored  the  thickness  and  square.  My  condenser  could  measure 
to  the  many  kinds  of  the  leaves  even  if  the  southern  hemisphere.  This  plant  cell  is  possible  to 
separate  the  isolator  saturated  stearic  acid  and  the  electrode  unsaturated  oleic  acid,  for 
example.  This  dielectric  might  be  balanced  both  stand  in  many  hydrogen  bonds.  Mono  layer 
structure  has  been  charged. 

Results/Conclusion:  Japanese  oak  leaf  could  measure  from  min7.0  nF  to  max  19.0  nF  for  200h. 
The  capacitance  have  been  rising  and  falling.  It  would  be  worked  like  crystal  radio  with  no 
battery  which  keeps  an  independent  structure  between  many  moths.  The  leaves  would  maintain 
to  vibrate  and  change  it  temperature.  It  dedicated  to  the  Self-Complementary  Antenna  (SCA)  for 
communication  by  Prof.  Yasuto  Mushiake,  Tohoku  Univ.  One  wild  silkmoth  larvae  must  eat 


Japanese  oak  leaf  of  single  distribution  nutrition.  The  food  composition  table  showed  an  antenna 
material  ratio  and  physics  performance.  An  electrical  communication  was  considered.  It  was 
made  some  experiments  at  Shiidomari  Sadogashima  Is.  Japan.  Antimagnetic  water  and 
electromagnetic  might  be  useful  between  wild  silkmoth  antennas.  The  frequency  response  and 
it  interference  must  study  to  the  public  wealth. 
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Abstract  text: 

Eusocial  hymenoptera  (e.g.  ants,  wasps,  bees)  show  division  of  labor,  a  system  in  which 
individuals  in  a  colony  specialize  in  different  tasks,  and  each  task  is  completed  by  a  specific  set 
of  individuals.  Here,  we  explore  how  differences  in  nervous  system  among  worker  ants  drive  this 
task  specialization.  A  leading  hypothesis  in  division  of  labor  studies  propose  that  task 
specialization  arises  because  individual  workers  have  different  response  thresholds  to  task- 
related  stimuli.  Currently,  there  is  little  empirical  evidence  for  how  response  thresholds  arise 
from  the  nervous  system. 

Here,  we  test  the  hypothesis  that  sensory  organ  variation  underlies  response  thresholds  and  thus 
task  specialization.  We  hypothesize  that  higher  sensilla  numbers  indicate  higher  sensitivity  and 
thus  lower  response  threshold  and  a  more  specialized  task.  Various  subjects’  sensilla  hair  will  be 
compared  when  approaching  a  conclusion.  Using  Temnothorax  rugatulus  ants,  task 
specialization,  response  threshold  to  sucrose  and  sensory  organ  elaboration  were  quantified  for 
each  worker.  If  found  that  ants  specializing  in  a  particular  task  (i.e.  foraging)  feature  more 
elaborate  sensory  organs  and  lower  response  thresholds  to  sucrose,  our  hypothesis  will  be 
supported. 

If  discovered  that  sensilla  number  relates  to  behavior,  the  response  threshold  model  and  idea  that 
sensory  organ  variation  generates  these  thresholds  are  supported.  If  findings  suggest  that  sensilla 


numbers  do  not  relate  to  behavior,  it  demonstrates  that  thresholds  drive  task  specialization 
perhaps  in  the  central  nervous  system,  and  that  response  threshold  model  is  subject  to  question. 
Further  research  would  involve  comparing  sensilla  to  threshold  measurements  to  indicate  which 
of  these  it  is. 
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Abstract  text: 

Introduction:  The  current  state  of  knowledge  of  the  circadian  clock  in  insects  is  mostly  based  on 
studies  of  Drosophila  melanogaster  behaviour  and  genetics.  D.  melanogaster  exhibits  a  strong 
and  reliable  daily  rhythm  in  locomotor  activity  under  artificial  12-hours-light :  12-hours-dark 
regime  (LD12:12).  This  locomotor  activity  rhythm  persists  when  flies  are  released  into  constant 
darkness  (DD),  while  it  is  impaired  if  released  into  constant  light  (LL).  Specific  clusters  of 
neurons  (the  so-called  clock  neurons)  in  the  brain  of  the  fly  are  responsible  for  driving  locomotor 
activity  rhythms. 

In  diptera  species  other  than  D.  melanogaster  the  function  and  structure  of  the  circadian  clock 
have  not  been  so  extensively  studied.  Therefore,  we  aim  to  identify  and  characterize  the  specific 
clock  features  of  selected  species  of  Drosophilidae  and  Tephiritidae  flies,  in  comparison  to  the 
well  known  clock  of  D.  melanogaster ,  both  at  the  neuroanatomical  and  behavioural  levels. 
Within  the  family  Drosophilidae,  we  focus  on  natural  strains  of  Drosophila  ezoana,  Drosophila 
montana,  Drosophila  mercatorum  and  Drosophila  hydei  collected  at  different  latitudes  and  a 
laboratory  strain  of  Chymomyza  costata.  Within  the  family  Tephritidae  we  examined  laboratory 
strains  of  Bactrocera  oleae  and  Ceratitis  capitata. 


Methods:  We  performed  standard  locomotor  activity  analysis  and  immunocytochemistry  at  the 
neuronal  level. 

Results/Conclusion:  In  some  of  these  species  we  can  find:  1)  dramatic  changes  in  locomotor 
activity  patterns  compared  to  D.  melanogaster ;  2)  differences  in  the  expression  pattern  of  some 
clock  genes  and  neuropeptides  in  the  clock  network.  We  are  currently  investigating  the  possible 
relation  between  the  two. 
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Abstract  text: 

Introduction:  The  cabbage  root  fly  Delia  radicum  is  an  important  pest  of  UK  agriculture  causing 
substantial  economic  damage.  Most  UK  fly  species  are  currently  without  effective  chemical 
control  and  it  is  predicted  that  we  face  the  prospect  of  no  effective  conventional  insecticides  in 
the  near  future.  In  order  to  identify  new  targets  for  the  development  of  insect  control  agents,  we 
have  focused  attention  on  the  neural  control  of  the  crop  of  D.  radicum.  Myosuppressin  is  an 
insect  neuropeptide  known  to  inhibit  muscle  contractions  needed  for  food  movement  within  the 
digestive  tract. 

Methods:  We  have  identified  the  presence  of  a  myosuppressin-like  peptide  in  the  crop  nerve 
bundle  of  D.  radicum  using  an  antibody  that  recognizes  the  C-terminal  RF amide  sequence  of  the 
peptide  and  shown  that  these  nerves  branch  out  over  the  crop  sac.  Confirmation  of  the  presence 
of  myosuppressin  (TDVDHVFLRF amide)  in  the  crop  nerve  bundle  was  obtained  using  direct 
tissue  profiling  by  MAFDI-TOF  mass  spectrometry.  A  bioassay  for  crop  contractions  was 
established  and  used  to  show  that  myosuppressin  is  a  potent  inhibitor  of  the  spontaneous 
contractions  of  crop  muscle  with  an  IC50  of  4.4x1  O'8  M. 


Results/Conclusion:  Current  results  indicate  a  key  role  for  myosuppressin  in  the  regulation  of  D. 
radicum  crop  function  and  form  the  foundation  for  subsequent  studies  aimed  at  exploring  new 
control  strategies  targeting  the  gut  physiology  of  adult  D.  radicum. 
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Abstract  text: 

Introduction:  The  University  of  Nevada  Cooperative  Extension  Integrated  Pest  Management 
(IPM)  program  has  been  meeting  the  educational  needs  of  Nevada  stakeholders  interested  in 
landscaping,  garden,  agricultural  and  recreational  land  pest  management.  Programs  include  green 
industry  training,  pesticide  applicator  training,  IPM  in  agronomic  crops,  noxious  weed 
management,  IPM  for  small-scale  beekeepers,  master  gardener  training  and  other  IPM  outreach 
activities  throughout  Nevada. 

Methods:  Our  educational  programs  present  fact-based  methods  for  identifying,  preventing  and 
controlling  pest  by  creating  educational  programs  based  on  stakeholder  feed-back.  Programs  are 
constantly  responding  to  stakeholder  feedback  to  provide  timely  and  accurate  information,  so 
stakeholders  can  make  the  best  choices  when  managing  pests.  We  collect  and  analyze 
stakeholder  feed-back  through  formal  assessments,  social  media,  and  face-to-face  interactions 
from  organizations  concerned  with  IPM  issues  to  respond  directly  to  their  needs. 

Results/Conclusion:  Using  a  variety  of  educational  tools,  the  program  potentially  reaches 
100,000  through  radio,  TV,  social  media  and  newspaper  and  1,000s  attend  educational 
presentations,  workshops  and  field  days  annually.  Our  programs  have  increased  the  awareness 
and  adoption  of  alternative  methods  of  pest  control,  improved  ability  of  stakeholders  to  identify 
and  treat  pests,  reduction  in  pesticide  and  fertilizer  use,  assisted  in  starting  biological  control  of 


weed  programs,  provided  training  for  using  weed  mapping  and  monitoring  software  and 
increased  the  use  of  monitoring  prior  to  applying  treatments  in  small-scale  beekeeping 
operations. 
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Abstract  text: 

Extension  services  have  long  held  the  role  of  disseminating  and  streamlining  emerging  research 
to  serve  the  public’s  needs.  Accomplishing  this  mission  can  be  done  through  varying 
presentation  methods.  The  goal  of  this  study  is  to  determine  if  there  are  any  differences  in 
audience  competency  and  engagement  between  professional  video  productions  and  slideshow 
presentations,  one  common  (slides)  and  one  more  contemporary  (video)  extension  media 
practices.  Using  the  current  issue  of  the  invasive  species,  the  sugarcane  aphid  ( Melanaphis 
sacchari )  in  sorghum,  materials  will  be  developed  to  educate  about  identification  of  the  pest  and 
estimating  populations,  2  key  principles  to  control  this  pest.  Audiences  gathered  from  key 
affected  areas  in  Texas  will  be  sorted  into  2  groups  each  receiving  either  the  video  or  slideshow 
training.  Prior  to  receiving  trainings  initial  competency  tests  will  be  administered  to  the 
participants.  Months  after  the  trainings,  participants  will  receive  the  same  competency  test  to 
evaluate  differences.  This  experimental  approach  will  guide  our  development  of  sugarcane  aphid 
extension  materials  using  classical  and  contemporary  media  to  optimize  time,  effort,  and  learning 
outcomes. 
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Abstract  text: 

The  United  Nations  has  declared  2016  as  “The  International  Year  of  the  Pulses.”  Pulses  are 
leguminous  crops  harvested  solely  for  the  dry  seed.  They  include  dried  beans,  lentils,  and  peas. 

In  California,  U.S.,  we  produce  4  classes  of  beans:  garbanzos  (chickpeas),  limas  (baby  and 
large),  cowpeas  (blackeyes),  and  common  beans  (such  as  kidney  and  cranberry)  planted  on 
50,000  acres  and  valued  at  $70  million.  The  western  tarnished  plant  bug  Lygus,  Lygus  hesperus, 
is  the  major  pest  of  dry  beans  in  California,  affecting  yield  and  seed  quality.  Insecticides  are 
currently  the  primary  means  for  managing  this  pest  due  limited  alternative  control  methods.  5 
years  of  research  data  on  cowpea  and  lima  beans  showed  that  pyrethroids  are  working  well  for 
lygus  control,  as  well  as  the  insect  growth  regulator  novaluron  mixed  with  a  pyrethroid  to  control 
the  adults.  Dimethoate  and  indoxacarb  were  moderate  for  lygus  management.  The  non-registered 
material  flonicamid  was  less  effective  on  lygus;  however,  clothianidin  and  sulfoxaflor,  showed 
potential  for  managing  lygus  in  dry  beans  with  increased  bean  yields.  The  University  of 
California  Integrated  Pest  Management  Guidelines  for  Dry  Beans  have  been  updated  for  2016, 
including  new  information  on  managing  weeds,  insect  and  mites,  and  diseases  in  California. 
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Abstract  text: 

In  sub-saharan  Africa,  million  people  still  need  an  emergency  food  assistance  and  poverty 
represents  a  dramatic  concern  affecting  the  population.  Agriculture  plays  a  major  role 
representing  the  most  important  economic  sector.  In  this  context,  the  establishment  of  a 
Biofarming  system  represent  a  key  issue  to  improve  livelihood  and  enhance  sustainability  of  eco- 
social  systems  in  urban  and  rural  areas  of  these  countries.  The  approach  has  as  basis  the  3  pillars 
of  sustainability  (ecological,  social,  economic)  with  the  aim  to  develop  self-maintained 
agricultural  systems  modelled  from  natural  ecosystems  and  merging  approaches  like 
permaculture,  organic  farming  and  conservation  agriculture.  The  project  “Mainstreaming  the 
Biofarming  System  in  Ethiopian  and  Ugandan  Higher  Education  Institutions”,  carried  out  under 
the  EU  program  Edulink,  intended  to  facilitate  the  transfer  of  knowledge  and  research 
methodology  throughout  the  joint  development  of  demonstration  actions  among  African  and 
European  Universities,  to  enhance  the  partners  capacity  to  train  competent  experts  in  sustainable 
agriculture.  The  project  actions  involved  University  of  Molise  (Italy),  Gulu  University  (Uganda), 
Addis  Ababa  University,  Hawassa  University  and  Bioeconomy  Africa  (Ethiopia).  Among  the 
best  sustainable  practices,  the  following  emerged.  -  Adaptive  management  of  tsetse  population 
transmitting  trypanosomiasis,  considered  the  key  constraint  for  development  of  many  East 
African  agro-pastoral  communities,  here  represented  an  entry  point  into  the  rural  community  to 
promote  changes  of  the  agricultural  practices  toward  an  increased  sustainability  of  the  system.  - 
Promotion  of  sericulture  and  apiculture,  as  productive  sectors  to  generate  additional  income  for 
rural  communities.  In  the  present  paper,  the  implementation  of  these  practices  are  presented  and 
discussed. 
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Abstract  text: 

Exotic  ambrosia  beetles  (Coleoptera:  Curculionidae)  are  important  pests  in  ornamental  tree 
production.  Adult  females  are  highly  attracted  to  ethanol-baited  traps  and  make  distance-limited 
dispersals  from  peripheral  forested  areas  into  nurseries.  For  these  reasons,  we  are  testing  a 
perimeter  intercept  trap  program  with  a  variety  of  trap-spacing  designs  for  maximized  capture  of 
ambrosia  beetles.  In  addition,  conophthorin  lures  are  being  tested  for  enhanced  attractiveness  of 
baited  traps  (pull),  as  well  as  verbenone  emitters  as  beetle  deterrents  on  baited  trees  (push).  Over 
the  course  of  a  month  during  peak  ambrosia  beetle  activity,  numbers  of  new  beetle  galleries  on 
baited  trees  were  counted  and  circled  to  prevent  recounting.  Counts  of  galleries  were  then 
normalized  as  needed  and  subjected  to  repeated  measures  analysis  of  variance  to  determine 
treatment  and  treatment-time  interactions  for  the  various  experimental  designs.  Presented  here 
are  the  results  of  a  field  trial  in  Mississippi  for  a  proposed  push-pull  Integrated  Pest  Management 
strategy  for  ambrosia  beetles  in  ornamental  nurseries. 
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In  Niger  (West  Africa),  sorghum  and  millet  are  the  2  most  important  cereals  in  terms  of  acreage 
and  annual  production.  Biotic  and  abiotic  stresses  result  in  low  productivity  of  the  crops.  Insect 
pests  attack  and  damage  the  crops  during  production  and  storage,  thus  reducing  the  quantity  and 
quality  of  grain.  Insect  pests  cause  significant  postharvest  loss.  Farmers  rely  on  pesticides  to 
control  storage  insect  pests.  But,  insecticides  are  costly  and  toxic  to  living  species  and  the 
environment.  A  survey  assessed  farmers’  knowledge  of  storage  pests  and  control  methods. 
Moisture  and  humidity  were  the  main  constraints  for  storage  for  82.5%  and  100%  of  farmers 
surveyed.  Ants,  termites,  and  storage  insects  are  recognized  as  storage  pests  of  sorghum  and 
millet  by  3 1.3,  67.5,  and  70.0%  of  respondents,  respectively.  Birds  were  not  cited  as  a  constraint 
during  storage.  By  contrast,  23.8%  of  farmers  recognized  rodents  as  storage  pests.  Insecticides 
were  used  by  all  farmers.  Most  (100%)  of  the  surveyed  farmers  used  phostoxin  tablets  and 
actellic  powder  (2%).  8  plants  with  insecticidal  effect  were  commonly  used  as  substitutes  for 
insecticides.  The  plant  Cenchrus  biforus  Roxb.  was  used  to  trap  rodents.  The  farmers  also  used 
inert  materials  (sand  and  ash)  against  insect  pests  in  stored  grain.  To  solve  problems  of  cost  and 
toxicity  of  pesticides,  alternative  control  strategies  are  needed  to  effectively  manage  storage 
pests  and  protect  grain  quality,  humans,  and  the  environment. 
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Helicoverpa  zea  and  Helicoverpa  armigera  (Lepidoptera:  Noctuidae)  are  insect  pests  native  from 
Americas  and  Old  World,  respectively.  The  invasion  of  H.  armigera  in  Brazil  may  result  in 
natural  hybridization  events  with  H.  zea ,  due  to  morphological  and  genetic  similarity  between 
these  species.  We  conducted  interspecific  crosses  to  understand  the  implications  in  Integrated 
Pest  Management  Programs  (IPM)  by  confirming  the  viability  of  a  hybrid  offspring  between  H. 
armigera  and  H.  zea  strains  from  Brazil.  We  also  used  nuclear  markers  to  verify  natural 
occurrence  of  potential  hybrid  individuals  in  different  locations  in  Brazil.  Mate-choice  bioassays 
indicated  the  existence  of  interspecific  mating  between  individuals  of  both  species.  Reciprocal 
crosses  ($7/.  zea  *  <$  H.  armigera  and  S  H.  zea  x  §  H.  armigera)  generated  a  hybrid  offspring, 
but  only  the  cross  between  $  H.  zea  x  $  H.  armigera  generated  fertile  hybrids.  The  egg  viability 
in  interspecific  cross  was  lower  than  intraspecific  cross,  but  heterosis  was  observed  in  hybrid 
larvae.  Intraspecific  and  hybrid  strains  were  susceptible  to  Bt  cotton  plants.  However,  H. 
armigera  intraspecific  strain  was  more  tolerant  to  deltamethrin  than  H.  zea  and  the  inheritance  in 
the  hybrid  offspring  was  dominant  and  not  sex-linked.  The  nuclear  marker  showed  the 
occurrence  of  possible  hybrid  offspring  in  field  populations,  with  their  frequency  varying  among 
regions,  hosts  and  seasons.  These  results  highlight  the  need  of  other  hybridization  studies 
between  H.  armigera  and  H.  zea  in  Americas  knowing  that  introgression  events  can  affect  to 
specimens  adaptation  in  new  environments  and  control  strategies. 
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The  discovery  of  the  sex-attractant  pheromone  of  the  Hessian  fly  Mayetiola  destructor  provides 
an  opportunity  to  use  pheromone  traps  to  better  manage  Hessian  fly,  an  important  pest  of  winter 
wheat.  To  investigate  applications  of  pheromone  trapping,  we  monitored  adult  M. 
destructor  activity  in  pheromone  traps  in  winter  wheat  during  3  growing  seasons  in  Texas  and 
Oklahoma.  The  objectives  of  this  study  were  to  characterize  the  seasonal  phenology  of  M. 
destructor  flight  activity  and  determine  the  relationship  between  adult  captures  and  subsequent 
larval  densities.  Adult  activity  as  determined  by  pheromone  trap  captures  appeared  to  accurately 
track  Hessian  fly  phenology.  The  total  number  of  M.  destructor  adults  captured  during  the  fall 
appeared  to  be  a  useful  predictor  of  the  number  of  larvae  and  pupae  present  in  late  November. 
However,  as  this  information  is  available  after  planting,  there  is  no  opportunity  to  select  a 
Hessian  fly  resistant  variety  or  use  an  insecticide  seed  treatment  for  M.  destructor  control.  In 
most  cases,  high  trap  captures  (>  160  adult/trap/day)  were  not  associated  with  economically 
damaging  number  of  immature  Hessian  fly.  The  sensitivity  of  newly  eclosed  larvae  to  adverse 
environmental  conditions  could  explain  why  large  numbers  of  adults  in  pheromone  traps  rarely 
give  rise  to  a  damaging  infestation  of  larvae.  It  appears  that  pheromone  traps  detect  adult  Hessian 
fly  activity  at  low  densities  and  could  be  useful  in  quarantine  and  surveillance  programs  and  in 
validating  the  effective  geographic  distribution  of  delayed  planting,  (the  so  called  fly-free 
planting  date). 


Poster 

Presentation  Title:  Addressing  the  issue  of  pesticides  in  surface  waters  of  the  middle  Rogue 
watershed:  The  Pesticide  Stewardship  Partnership  approach 

Author  Name:  Richard  Hilton 

Author  Institution:  Oregon  State  University 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 
Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  D3585 


DOI:  10.1603/ICE.2016.1 14721 


Abstract  text: 

The  Pesticide  Stewardship  Partnership  (PSP)  Program  was  created  to  help  address  the  problem 
of  pesticide  contamination  of  surface  waters  in  Oregon.  The  PSP  involves  state  agencies 
(Departments  of  Environmental  Quality,  Agriculture,  and  Forestry)  and  Oregon  State  University 
working  in  partnership  with  pesticide  applicators  and  local  stakeholders.  Regions  of  concern  are 
identified  by  monitoring,  and  the  partnership  engages  end-users  in  voluntary  actions  that 
alleviate  the  problem.  In  2014,  a  pilot  PSP  project  was  started  in  the  middle  Rogue  watershed  in 
southern  Oregon,  where  agricultural,  forestry  and  urban  pesticide  uses  take  place.  Water  samples 
taken  from  five  sites  during  2014  resulted  in  121  detections  consisting  of  16  different  analytes, 
primarily  herbicides.  However,  4  insecticides  were  detected:  4,4-DDE  (DDT  degradate), 
carbaryl,  imidacloprid,  and  acetamiprid.  The  one  sample  with  the  legacy  compound  4,4-DDE 
was  also  associated  with  an  abnormally  high  level  of  total  solids.  Carbaryl  was  detected  once  in 
April  while  neonicotinoid  compounds  were  detected  multiple  times,  May  to  July,  at  multiple 
locations.  The  PSP  project  in  the  middle  Rogue  watershed  has  included  pesticide  collection 
events,  where  over  5  tons  of  unwanted  pesticides  have  been  collected.  Sprayer  workshops  have 
been  conducted  to  evaluate  airblast  sprayers  and  minimize  the  potential  for  pesticide  drift.  A 
participatory,  outcomes-based  education  program  is  developing  web-based  tools  with 
applicators,  to  avoid  spraying  in  conditions  that  are  conducive  to  aquatic  contamination. 
Collaboratively  developed  decision-support  tools  and  education  programs  target  implementation 
of  Integrated  Pest  Management  (IPM)  and  alternatives  to  problematic  pesticides. 
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High  tunnels  can  be  used  in  colder  climates  (e.g.,  northern  Minnesota)  to  extend  an  otherwise 
short  growing  season  and  increase  the  diversity  of  vegetable  crops.  The  present  challenge  for 
researchers  and  growers  is  to  determine  which  of  the  integrated  pest  management  tactics 
developed  for  greenhouse  and  field  production  are  effective  and  economical  for  high  tunnel 
systems.  A  key  first  step  is  to  understand  how  arthropod  communities  differ  between  high 
tunnels  and  open  field  group  vegetable  crops.  Here  we  present  preliminary  data  from  a  study 
designed  to  evaluate  change  in  arthropod  communities  associated  with  crops  grown  in  high 
tunnels  versus  the  open  field.  Research  was  conducted  at  the  University  of  Minnesota  High 
tunnel  research  facility  located  at  the  North  Central  Research  and  Outreach  Center  in  Grand 
Rapids,  MN.  A  combination  of  vacuum  sampling,  visual  counts,  and  pitfall  traps  were  used  to 
identify  early  season  arthropod  pests  and  predators  associated  with  snap  bean,  cucurbit,  and 
onion  crop  grown  in  high  tunnels  and  open  fields.  Sampled  arthropods  were  classified  to  the 
lowest  taxonomic  group  possible.  As  the  use  of  high  tunnels  continues  to  expand  there  is  a  clear 
need  to  understand  how  insect  communities  differ  from  those  in  the  open  field.  This  in  time,  will 
allow  us  to  determine  the  best  approach  for  managing  high  tunnel  systems  to  maximize  crop 
production  and  to  minimize  devastating  pest  outbreaks 
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Introduction:  The  cabbage  maggot,  Delia  radicum  L.  (Diptera:  Anthomyiidae)  is  one  of  the  most 
serious  and  challenging  insect  pests  of  vegetable  brassicas  in  Canada.  Management  of  D. 
radicum  has  relied  heavily  on  the  use  of  a  single  chemical,  chlorpyrifos,  a  pyridine 
organothiophosphate  insecticide.  Alternative  management  tools  for  D.  radicum  have  been 
investigated  for  decades  and  yet  we  still  rely  almost  solely  on  chemicals. 

Methods:  In  2006  a  project  was  initiated  by  the  Pesticide  Risk  Reduction  Program  of  Agriculture 
and  Agri-Food  Canada,  to  review  the  scientific  literature  and  current  strategies  used  for  D. 


radicum  management  around  the  world.  The  goal  was  to  identify  management  tools  and 
practices  which  could  be  adopted  in  Canadian  production  systems.  In  the  10  years  since  this 
review,  and  based  on  its  recommendations,  a  number  of  projects  focused  on  the  D.  radicum  in 
vegetable  brassicas  have  been  initiated  and  completed. 

Results/Conclusion:  We  will  present  the  findings  of  the  2006  literature  review  as  well  as  outline 
various  projects  including  development  of  D.  radicum- resistant  rutabaga,  use  of  biopesticides, 
insect  exclusion  fencing  and  insect  netting.  We  will  focus  on  results  of  using  long-lasting 
polyethylene  insect  netting,  one  of  the  most  promising  integrated  pest  management  tools,  as  a 
physical  barrier  to  exclude  the  D.  radicum  in  vegetable  brassicas. 


Poster 

Presentation  Title:  Impact  of  soil  management  on  soil  food  web  health  in  long-term  organic  and 
transitioning  farming  systems 

Author  Name:  Harit  K.  Bal 

Author  Institution:  The  Ohio  State  University 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3588 

DOI:  10.1603/ICE.2016.1 15060 
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Sustainable  management  practices  enhance  ecosystem  services  of  organic  production  systems 
provided  by  the  soil  food  web  diversity.  We  hypothesized  that  a  combination  of  continuous  no¬ 
till,  multi-functional  cover  crops,  and  natural  amendments  (Zeolite)  would  produce  greater 
ecosystem  services  by  increasing  soil  food  web  structural  and  functional  complexity  in  long-term 
organic  systems  compared  to  transitioning  organic  farms.  We  compared  2  levels  of  tillage 
(conventional  till  and  no-till),  3  levels  of  zeolite  (0,  50  100  kg/ha)  and  3  crop  phases  (corn- 
soybean-spelt)  at  3  locations,  long-term  organic  farms  at  Bowling  Green  and  West  Salem,  and 
transitioning  experiments  at  Piketon,  Ohio  to  evaluate  the  soil  food  web  (represented  by 
nematode  community).  Nematode-faunal  analysis  showed  that  the  soil  food  web  in  the  long-term 
organic  farms  was  significantly  enriched  (Enrichment  Index,  El:  60%),  structured  (Structure 
Index,  SI:  51%)  and  matured  (Maturity  Index,  ME  2.2%)  than  in  transitioning  systems  (EE  51%; 
SI:  35%;  MI:  2%)  with  greater  bacterial  decomposition  channels  (Channel  Index,  Cl  <50%)  in 
all  3  sites  at  most  sampling  times.  The  soil  food  web  became  more  structured,  enriched  and 


matured  after  3  years  of  proposed  soil  management  with  significant  improvement  in  the  structure 
index  in  no-till  than  conventional  till  over  time.  All  nematode  feeding  types  and  trophic  groups 
(cp  values)  were  found  in  significantly  higher  numbers  in  the  top  (0-2”)  than  in  the  bottom  (2-8”) 
portion  of  the  soil.  Fungal  feeding,  omnivorous,  cp2,  and  higher  trophic  (cp  3-4)  nematodes 
increased  significantly  with  time  with  highest  numbers  recorded  in  the  last  year  of  the  study. 
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Introduction:  Lepidopterous  pests  are  a  serious  threat  to  yields  of  Alabama  soybeans.  This  study 
determined  which  insecticides  provide  the  most  cost-effective  control  of  the  3  main  foliage¬ 
feeding  caterpillars  in  Alabama. 

Methods:  Studies  were  conducted  at  Auburn  University  research  stations  located  at  Prattville  and 
Brewton,  Alabama.  Soybean  plots  were  planted  in  May  or  June  with  plot  sizes  of  6  to  8  rows  x 
25  to  30  feet  long  (36-38  inch  row  spacing).  Insecticide  treatments  were  arranged  in  a 
Randomized  Complete  Block  (RCB)  design  with  at  least  4  replications  of  each  treatment. 
Treatments  were  applied  when  caterpillar  pests  began  to  cause  noticeable  levels  of  defoliation. 
Lepidopterous  population  densities  were  determined  by  using  a  3 -foot  shake-cloth  or  a  15  inch 
diameter  sweep  net. 

Results/Conclusion:  Insecticides  and  their  lowest  evaluated  application  rates  which,  under  test 
conditions,  provided  a  significant  reduction  in  numbers  of  soybean  loopers  Pseudoplusia 
includens  (SBL’s),  green  clover  worms  Hypena  scabra  (GCW’s)  and  velvetbean  caterpillars 
Anticar sia  gemmatalis  (VBC’s)  at  7  to  11  DAA  in  comparison  to  untreated  plots  were  Intrepid 
Edge-4  oz/ac,  Belt-2  oz/ac,  Prevathon-14  oz/ac,  and  Besiege-7  oz/ac.  Brigade-6.4  oz/ac  and 
Dimilin-2  oz/ac  provided  a  significant  reduction  in  GCW  and  VBC  numbers  but  not  SBL 
numbers.  However  all  these  treatments  provided  a  significant  reduction  in  SBL,  GCW  and  VBC 


defoliation  at  20  DAA.  The  study  indicated  that  Alabama  soybean  producers  who  monitor 
defoliation  levels  closely  may,  under  certain  conditions,  be  able  to  reduce  their  lepidopteran 
control  costs  by  using  less  expensive  chemistry  to  reduce  SBL  feeding  and  preserve  yields. 
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Abstract  text: 


The  response  of  vegetative  soybean  ( Glycine  max)  to  Helicoverpa  armigera  attacking  was 
studied  in  greenhouse  in  Brazil  to  determine  the  relationship  between  larval  density  and  yield 
loss.  The  experiment  was  conducted  on  soybean  plants  grown  in  plastic  pots  of  14  liters,  filled 
with  soil  and  organic  compost.  The  caterpillars  used  were  obtained  from  rearing  kept  in  the 
Entomology  Laboratory  of  Universidade  Estadual  Paulista  Ilha  Solteira,  Brazil.  The  design  was  a 
completely  randomized  with  6  treatments  and  4  replications.  The  treatments  consisted  of 
infestation  levels,  ranging  from  0  (control),  1  ,2,  3,  4  and  5  larvae  (2nd  instar)  per  plot.  Each  plot 
had  7  plants  and  the  infestation  was  done  in  soybean  V4  stage.  The  evaluations  were  performed 
daily  after  the  infestation  until  the  larvae  turned  pupae  by  registered  the  percentage  of  leaflet 
attacked,  percentage  of  defoliation  and  yield.  Data  were  subjected  to  analysis  of  variance  and  the 
averages  compared  by  Tukey  test  (5%).  There  was  not  the  reduction  of  the  yield  in  function  of 
the  infestation  of  the  pest,  in  a  larval  cycle.  The  leaflet  percentage  attacked  promoted  growing 
lineal  adjustment  (R2  =  0,903)  according  to  the  increase  of  the  infestation.  At  the  end  of  the 
larval  cycle  (16  days  after  infestation)  the  treatment  that  consisted  of  3  larvae/0, 5m  of  row  of 
soybean  provided  the  largest  percentage  of  defoliates  (3,6%),  decreasing  to  0,8%  to  the  30  days 
after  the  infestation  of  the  pest. 
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Abstract  text: 

Introduction:  Extension  of  Integrated  Pest  Management  (IPM)  information,  methods,  and 
practices  to  Limited  Resource  Farmers  (LRFs)  in  Alabama  has  been  going  on  for  several  years. 
There  is  however  inadequate  information  on  the  impact  of  these  efforts  on  LRFs.  This  is  partly 
due  to  the  fact  that  a  significant  proportion  of  LRFs  in  Alabama  are  part-time  farmers  who  do  not 
maintain  regular  contact  with  Extension  IPM  specialists.  The  inadequate  record-keeping 
practices  observed  among  a  number  of  LRFs  further  hamper  economic  impact  analysis  efforts. 
The  decision  by  Wal-Mart  to  purchase  selected  fruits  and  vegetables  from  LRFs  in  Alabama 


presented  a  unique  opportunity  to  conduct  an  assessment  of  the  impact  of  Extension  IPM  efforts 
on  LRFs.  This  is  because  record-keeping  constitutes  a  major  element  of  the  food  safety 
certification  required  to  supply  Walmart  with  produce. 

Methods:  Questionnaires  were  used  to  conduct  pre-  and  post-tests  on  the  ability  of  participants  to 
identify  major  pests  and  to  assess  the  quantum  of  change  in  IPM  knowledge  and  practices  over  a 
3  year  period.  Data  collection  was  enhanced  by  the  fact  that  participating  farmers  formed  a 
cooperative  which  meets  regularly.  Extension  IPM  efforts  included  training  workshops,  on-farm 
demonstrations,  pest  surveys  and  pest  identification. 

Results/Conclusion:  Major  pests  encountered  include  the  cowpea  curculio  Chalcodermus 
aeneus  (southern  peas),  diamondback  moths  Plutella  xylostella  (collard  greens),  and  anthracnose 
disease  (watermelons).  Post-tests  revealed  a  50-80%  change  in  IPM  knowledge  and  a  40-70% 
change  in  IPM  practices  of  LRFs.  Economic  impact  analysis  is  being  carried  out  using 
information  provided  by  some  of  the  farmers. 

Chalcodermus  aeneus 


Poster 

Presentation  Title:  Daily  temperature  and  precipitation  can  be  used  to  forecast  North  American 
grasshopper  populations 

Author  Name:  Larry  E.  Jech 

Author  Institution:  USDA  -  APHIS 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3593 

DOI:  10.1603/ICE.2016.1 16174 

CANCELLED 

Poster 

Presentation  Title:  Effects  of  adult  density,  stages  of  plant  development,  and  genotype  of 
soybeans  on  Helicoverpa  armigera  oviposition 

Author  Name:  Arlindo  Boi£a  Junior 


Author  Institution:  Universidade  Estadual  Paulista 


Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3594 

DOI:  10.1 603/ICE.20 16.111 509 

Abstract  text: 

Larvae  of  Helicoverpa  armigera  Hiibner  (1805)  (Lepidoptera:  Noctuidae)  are  among  the 
defoliating  pests  of  soybeans  receiving  great  attention  because  of  their  economic  importance. 
This  study  aimed  at  evaluating  the  effects  of  adult  density,  stages  of  soybean  plant  development, 
and  validation  of  the  methodology  tested  for  oviposition  non-preference  among  genotypes  of 
soybeans.  A  no-choice  oviposition  assay  was  conducted  with  the  densities  of  1,  2,  and  4  couples 
of  adults  per  plant  of  the  cultivar  BR  16.  Free-choice  and  no-choice  assays  were  carried  out 
using  plants  of  the  cultivar  BR  16  at  V6-vegetative  stage,  R2-reproductive  stage,  and  R5.2- 
reproductive  stage  with  the  adult  density  determined  in  the  previous  assay.  To  validate  the 
methodology  proposed,  H.  armigera  oviposition  preference  was  tested  among  genotypes  PI 
227682,  PI  227687,  CD208,  IAC100,  VALIOSA  RR,  M7908RR,  M8230RR,  and  W71 1RR. 
Soybean  plants  at  R2  stage  were  used  in  this  assay,  which  were  arranged  in  a  randomized  block 
design  for  the  free-choice  test,  and  in  a  completely  randomized  design  for  the  no-choice  test, 
with  5  replicates.  Number  of  eggs  laid  on  soybean  plants  were  recorded  in  each  assay  after  24 
hours.  Adult  density  did  not  affect  H.  armigera  oviposition,  whereas  higher  number  of  eggs  were 
observed  on  plants  at  both  reproductive  stages.  Genotypes  M8230RR  and  W71 1RR  were  the 
least  preferred  in  free-choice  conditions,  and  all  genotypes  were  equally  oviposited  under  no¬ 
choice  conditions.  We  conclude  that  using  1  couple  of  adults  per  plant,  and  plants  at  R2- 
reproductive  stage  is  adequate  for  evaluating  oviposition  preference  of  H.  armigera  on  soybeans. 
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Abstract  text: 

Field  experiments  were  conducted  at  Kafr  El-Sheikh,  Egypt  over  2  winter  seasons,  2006-2007 
and  2007-2008,  to  evaluate  the  effect  of  faba  bean-cereals  intercropping  and  nitrogen 
fertilization  on  leafminer,  Liriomyza  trifolii  infestation  on  2  cultivars  of  faba  bean  Vida  faba. 
Level  of  leafminer  infestation  increased  gradually  from  mid-December  reaching  maximum  levels 
by  the  end  of  March.  Larvae  population  increased  gradually  reaching  a  maximum  level  by  mid- 
February,  and  then  gradually  decreased  and  completely  disappeared  by  the  end  of  March. 
Triticale  intercropping  with  Faba  bean,  cv.  Giza  Blancka,  and  nitrogen  fertilization  (50  kg 
/Feddan)  resulted  in  the  lowest  susceptibility  to  leafminer  infestation  during  the  first  and  second 
seasons.  Wheat  intercropping  with  faba  bean,  cv.  Giza  Blancka  was  the  best  treatment  to  reduce 
the  population  of  leafminer  larvae,  while  barley  intercropping  with  faba  bean,  cv.  Yossif  El- 
Sediek  resulted  in  the  highest  leafminer  population. 
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Abstract  text: 

Efforts  to  determine  the  species  of  corn  rootworms  (Diabrotica  species)  present  in  eastern  South 
Dakota  were  initiated  in  2014.  This  study  will  investigate  whether  any  changes  are  occuring  in 
the  dominance  of  western  or  northern  corn  rootworm  species,  (D.  virgifera  virgifera  and  D. 
barberi ,  respectively).  6  Pherocon  AM®  Yellow  sticky  traps  (Trece  Incorporated)  will  be  placed 
inside  maize  fields  at  1  to  2  locations  per  county  sampled.  These  traps  will  be  placed  in  a  line- 
transect  into  the  field  and  spaced  approximately  20  m  apart.  Fields  will  be  selected  with  the 
assistance  of  producers,  local  agronomists/seed  companies,  crop  consultants  and  extension 


agents.  Field  history  (tillage  system  used,  crop  rotation,  use  of  Bt  maize  hybrids  &  how  many 
years  used,  non-Bt  refuge  planted  [yes/no],  high  corn  rootworm  populations  present,  or 
symptoms  of  corn  rootworm  damage),  GPS  location  and  soil  type  will  be  recorded.  The  date, 
crop  phenology,  corn  rootworm  species  (western  or  northern),  numbers  and  sex  will  be  recorded. 
South  Dakota  collections  will  follow  the  same  plan  of  work  as  described  above;  however,  our 
trap  deployment  will  take  place  during  the  2nd  week  of  July  and  continue  for  a  4  to  5  week  period 
to  monitor  species  distribution  and  abundance  to  coincide  with  our  state’s  peak  corn 
rootworm  emergence  periods.  Most  of  the  data  will  be  geo-referenced  for  subsequent  mapping 
purposes,  and  count  data  was  analyzed  using  PROC  CATMOD. 
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Abstract  text: 

The  whitefly  ( Bemisia  tabaci  biotype  B)  causes  significant  damage  to  common  bean  ( Phaseolus 
vulgaris  L.)  mainly  by  virus  transmission.  Genetically  modified  common  bean  (GMCB)  resistant 
to  the  Bean  golden  mosaic  virus  (BGMV)  can  tolerate  larger  population  of  adults  and  nymphs  of 
whitefly.  In  this  study  we  evaluated  the  damage  caused  by  whitefly  nymphs  to  GMCB  and 
conventional  bean  (CB)  infested  in  3  developmental  stages.  6  different  densities  of  whitefly 
nymphs  were  used  to  infest  plants  in  the  stages  of  primary  leaves  (V2),  vegetative  (V4)  and 
flowering  (R6).  The  experimental  design  was  completely  randomized  with  12  replications  except 
for  the  experiment  at  flowering  that  9  replications  were  used.  It  was  determined  the  yield 
components,  incidence  and  severity  of  BGMV  and  sooty  mold.  For  GMCB,  infestations  up  to 
240  nymphs  of  whiteflies  per  leaf  in  the  primary  leaves,  318  nymphs  in  vegetative  growth  stage 
and  915  nymphs  at  flowering  stage  did  not  reduce  mass  of  grain  per  plant,  pods  and  grains  per 
plant.  In  CB,  infestations  at  V4  reduced  yield  mainly  due  to  BGMV  infection.  Plants  infested  at 
R6  stage,  did  not  present  BGMV  symptoms.  The  growth  of  the  sooty  mold,  on  the  honeydew 
excreted  by  nymphs,  was  only  observed  on  plants  at  the  V4  stage.  These  results  indicate  that 
GMCB  can  tolerate  high  population  levels  of  whitefly  nymphs  at  any  growth  stage.  The  stress 


imposed  by  all  nymph  population  levels  tested  in  this  study  was  not  enough  to  cause  direct 
damage  to  yield  components  or  indirect  damage  such  as  sooty  mold. 
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Abstract  text: 

The  tobacco  budworm  Heliothis  virescens  Fabricius  damages  soybean  crops  by  feeding  on  the 
leaves,  the  pods,  and  the  terminal  buds.  The  aim  of  the  present  study  was  to  evaluate  antibiosis 
resistance  against  H.  virescens  by  different  soybean  cultivars.  The  experiment  was  conducted  at 
the  Laboratory  of  Agricultural  Entomology  of  the  Instituto  Federal  Goiano,  Urutai  Campus  (25  ± 
2  °C;  70  ±  10%  RH,  12  hours  light:  12  hours  dark  photoperiod),  Brazil.  Seeds  of  the  following 
soybean  cultivars  were  used:  P  98Y30  RR,  NA  7337  RR,  SYN  1 163  RR,  NK  7059  RR,  ANTA 
82  RR,  M  71 10  IPRO  (. Bt ),  BRS  8160  RR,  BRSGO  Jatai,  and  IAC  100.  A  completely 
randomized  experimental  design  with  50  replicates  was  used.  The  following  variables  were 
analyzed:  larval  stage  duration,  larval  viability,  10-day-old  caterpillar  weight,  prepupal  stage 
duration,  prepupal  viability,  pupal  stage  duration,  pupal  viability,  24-hour-old  pupa  weight,  total 
life  cycle  duration,  total  viability,  and  adult  longevity.  The  cultivars  BRS  8160  RR,  BRSGO 
Jatai,  and  P  98Y30  RR  were  highly  susceptible,  and  IAC  100  and  M  71 10  IPRO  exhibited 
antibiosis  resistance  to  H.  virescens. 
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Abstract  text: 

The  soybean  aphid  {Aphis  glycines  Matsumura)  is  a  limiting  factor  in  soybean  production  in  the 
United  States.  The  objective  of  this  work  was  to  identify  sources  of  resistance  to  A.  glycines  in 
14  soybean  genotypes.  Aphid  population,  peroxidase  activity,  chlorophyll,  and  total  protein 
content  were  determined  at  different  time  points.  Lower  A.  glycines  infestation  levels  were 
documented  in  genotypes  UX  2569-159-2-01  and  UX  2570-171-04.  The  total  activity  of 
peroxidases  was  higher  in  the  infested  treatment  of  UX  2570-171-04.  A  reduction  in  chlorophyll 
content  was  observed  at  5  day  after  infestation  in  the  infested  plants  of  UX  2569-159-2-01.  We 
found  evidence  that  the  genotypes  UX  2569-159-2-01  and  UX  2570-171-04  possess  antibiosis 
resistance.  Where  UX  2569-159-2-01  expressed  the  highest  levels  of  resistance  and  UX  2570- 
171-04  expressed  moderate  levels  of  resistance  to  A.  glycines. 


Poster 

Presentation  Title:  Characterizing  cotton  resistance  to  Aphis  gossypii  (Hemiptera:  Aphididae) 

Author  Name:  Rafaela  Morando 

Author  Institution:  Universidade  Estadual  Paulista 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3600 

DOI:  10. 1603/ICE.2016. 114449 

Abstract  text: 

Aphis  gossypii  Glover  (Hemiptera:  Aphididae)  is  a  serious  pest  of  cotton  in  several  countries. 
Aiming  to  control  this  aphid  farmers  adopt  several  sprays  of  synthetic  insecticides,  often  in  doses 
above  the  recommended,  favoring  the  selection  of  resistant  insects.  Plant  resistance  is  a  valuable 


strategy  of  Integrated  Pest  Management,  reducing  the  insect  populations  below  to  the  economic 
injury  level.  This  work  evaluated  the  ability  of  infestation  and  attractiveness  of  15  cotton 
genotypes  to  cotton  aphid,  in  order  to  characterize  resistance  mechanisms 
(antixenosis/antibiosis).  For  the  ability  of  infestation  test,  genotypes  were  evaluated  at  V2  and 
V4  growth  stages.  Plants  were  infested  with  10  aphid  adults  and  evaluated  for  the  number  of 
insects  after  7,  14  and  21  days  of  infestation.  For  the  attractiveness  assay,  plants  (V2)  were 
arranged  (equidistant  and  next  the  margins)  in  circular  arenas.  A  proportion  of  20  aphids  per 
plant  ( 1  hour  fast)  was  released  in  the  center  arena  and  the  number  of  attracted  insects  per  plant 
was  visually  counted  1,  2,  3,  6  and  24  hours  after  releasing.  For  the  plants  at  V2  stage,  genotypes 
Deltapine  Smooth  Leaf,  Express  257  and  3  E313  presented  lower  cumulative  aphid-days  (CAD) 
indicating  antibiosis/antixenosis  expression.  The  genotypes  3  E313,  IAC  PV010-1664  and  Acala 
4-42  (V4  stage)  exhibited  lower  numbers  of  CAD  being  also  considered  resistant.  There  were  no 
differences  on  aphid  attractiveness  among  genotypes  evaluated. 
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Abstract  text: 

Organic  sweetpotato  varieties  consisting  of  Beauregard,  All  Purple,  Porto  Rico  and  O’Henry 
were  hand  transplanted  in  Randomized  Complete  Block  (RCB)  design  during  2014  and  2015  in 
research  plots  at  Alcorn  State  University  Extension  and  Research  Farm,  Mound  Bayou, 
Mississippi.  Each  plot  had  2  rows  and  contained  20  sweetpotato  plants  on  conventional  raised 
beds  with  1.5  ft  distance  between  plants  and  3.5  ft  between  rows.  Drip  irrigation  was  used  as 
needed  until  the  plants  were  established.  Plots  were  maintained  by  organic  production  practices. 
Insect  populations  were  monitored  by  sticky  cards  and  soil  baited  traps.  Prior  to  harvest 
sweetpotato  vines  were  collected  from  1  row  (10  plants)  of  each  plot  and  weighed.  1  row  from 
each  test  plot  was  harvested  and  sweetpotato  roots  were  evaluated  for  yield  and  insect  damage. 
Roots  were  differentiated  into  jumbo  grade,  U.S.  No.  1  and  canners.  Root  periderm  of  each 
variety  was  measured.  Insect  damage  to  roots  was  determined  by  specific  feeding  marks  of 
Phyllophaga  spp.,  wireworms,  Diabrotica  undecimpunctata ,  Euetheola  humilis  and  flea  beetles. 


Roots  damaged  by  more  than  1  insect  were  categorized  as  multiple  insect-damage.  Overall  insect 
damage  significantly  differed  among  different  varieties  during  both  test  years.  Percent  damage 
by  D.  undecimpunctata  and  wireworms  was  significantly  different  among  varieties.  All  Purple 
and  Beauregard  had  significantly  less  multiple  insect  feeding  damage  than  Porto  Rico  and  O’ 
Henry.  All  Purple  showed  the  highest  resistance  to  the  wireworm  feeding  damage.  Thickness  of 
periderm  differed  significantly  among  varieties  and  had  negative  correlation  with  the  extent  of 
insect  damage. 
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Abstract  text: 

Introduction:  The  spotted  wing  drosophila  ( Drosophila  suzukii  Matsumura)  (Diptera: 
Drosophilidae),  is  an  invasive  pest  from  Asia  which  threatens  fruit  production  in  North  America. 
D.  suzukii  was  first  detected  in  California  in  2008  and  since  then  has  spread  across  North 
America. 

Methods:  Over  the  past  3  years,  field  surveys  using  baited  traps  for  adults  and  fruit  samples  for 
larvae,  were  conducted  to  monitor  the  distribution,  spread  and  establishment  of  D.  suzukii  in 
Atlantic  Canada. 

Results/Conclusion:  It  was  first  found  in  Nova  Scotia  in  201 1,  in  New  Brunswick  and  Prince 
Edward  Island  in  2012  and  in  Newfoundland  and  Labrador  in  2013.  Annual  increases  in  fly 
counts  and  levels  of  infestation  in  fruit  suggest  that  this  pest  can  survive  in  northern  latitudes 
(trapped  at  48.95°  latitude).  Habitat  suitability  studies  were  conducted  to  help  identify  fly 
overwintering  sites,  particularly  the  potential  of  adjacent  non-cultivated  vegetation  as  “weather 
refuges”.  The  relationship  between  multiple  predictor  variables  (crop  phenology,  adjacent 
vegetation  type  and  distance  from  crop,  climate,  field  size,  harvest  time)  and  the  number  of  D. 
suzukii  captured  within  the  crop  or  isolated  from  infested  fruit,  was  measured  and  interactions 


were  found  for  crop  type,  phenology,  temperature  and  availability  of  refugia.  Our  data  show  a 
seasonal  trend  in  movement  between  the  crop  and  adjacent  vegetation.  Year-round  count  data 
suggest  that  overwintering  flies  are  using  wooded  areas  as  refuge  based  on  the  location  of  trap 
for  captures  recorded  in  the  winter  months. 
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Abstract  text: 

Soybean  has  great  importance  in  world  agricultural  landscape  and  its  productive  potential  is 
significantly  reduced  by  insect  pests  attack.  Factors  such  as  the  expansion  of  Brazilian 
agricultural  border,  together  with  no-tillage  cultivation  system  use  and  of  "off-season"  corn 
cultivation  have  favored  the  increase  of  secondary  species  as  Dichelops  melacanthus  Dallas 
(Hemiptera:  Pentatomidae),  intensifying  the  complex  damage  of  soy  bugs.  This  polyphagous 
stink  bug  has  been  registered  on  29  plant  species  belonging  to  10  plant  families,  which  include 
cultivated  and  non-cultivated  plants.  The  use  of  resistant  genotypes  may  be  a  valuable  strategy  as 
an  alternative  to  the  excessive  use  of  chemical  control  in  crops.  This  study  evaluated  the 
attractiveness  and  feeding  preference  of  the  green  belly  stink  bug  for  17  entries  of  soybean  in 
different  maturity  groups  (early,  semiearly  and  late)  in  order  to  characterize  the  expression  of 
antixenosis  resistance.  In  order  to  do  so,  attractiveness  testing  and  food  preference  free  choice 
were  performed  under  laboratory  conditions.  Early  entries  PI  171451  and  D  75-10169,  the 
semiearly  'IAC  100',  IAC  74-2832,  IAC  78-2318  and  PI  227687  and  late  PI  274454,  PI  274453 
and  L  1-1-01  express  significant  levels  of  antixenosis  against  adult  D.  melacanthus.  These  results 
can  be  useful  for  soybean  breeding  programs  focusing  on  stinkbugs  resistance  complex. 
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Abstract  text: 

Aphis  glycines  Matsumura  (Hemiptera:  Aphididae)  is  a  serious  pest  of  soybean  in  North  America 
and  plant  resistance  is  considered  a  valuable  tool  for  the  management  of  this  pest.  We  used 
electropenatography  (EPG)  to  evaluate  the  feeding  behavior  of  A.  glycines  (biotype  1)  on 
soybean  genotypes  exhibiting  antibiosis  and/or  antixenosis  (Ragl -containing  ‘Dowling’  and 
Rag2- containing  PI  200538),  the  tolerant  ‘KS4202’,  and  the  susceptible  ‘SD76R’.  The  aphids 
spent  shorter  periods  in  the  sieve  element  phase  on  “Dowling’  and  exhibited  higher  number  of 
pathway  phases,  non-probing  events  and  longer  time  in  non-probing  events  in  PI  200538  and 
‘Dowling’  compared  to  ‘KS4202’  and  ‘SD76R’.  Similar  to  that  observed  for  the  susceptible 
genotype  'SD76R'  and  tolerant  genotype  'KS4202',  the  aphids  fed  for  a  long  time  in  the  sieve 
element  phase,  spent  shorter  time  in  non-probing  events  and  exhibited  lower  numbers  of  pathway 
phases  and  potential  drops.  These  results  indicate  that  resistance  factors  are  present  in  the 
phloem  of  ‘Dowling’  genotype.  For  the  genotype  PI200538  it  is  suggested  that  antixenotic 
factors  are  also  involved  in  resistance  to  A.  glycines.  Because  ‘KS4202’  has  been  described  as 
tolerant  to  this  biotype  of  A.  glycines ,  the  suitability  of  this  genotype  as  a  food  source  was 
already  expected.  Overall,  our  study  provides  important  data  that  contribute  to  the  understanding 
of  how  the  insect  feeds  on  genotypes  carrying  different  resistance  mechanisms  and  genes.  In 
addition  to  assisting  the  distinction  between  resistance  mechanisms  (antibiosis/antixenosis),  these 
results  may  be  useful  in  soybean  breeding  programs  focusing  on  developing  genotypes  with 
greater  resistance  to  insects. 
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Grain  sorghum  (, Sorghum  bicolor  (L.)  Moench)  also  referred  to  as  milo,  is  a  warm  season, 
drought  tolerant  crop  that  is  grown  all  across  the  Central  and  Southern  U.S.  (Rana  2014).  Valued 
at  $1.67  billion,  in  2015  there  was  almost  8  million  acres  of  grain  sorghum  harvested  which  is 
the  highest  production  acreage  since  2008  (USD A  FGYearbookOl  2016).  Recently,  Melanaphis 
sacchari  Zehntner,  (Hemiptera:  Aphididae)  commonly  known  as  the  sugarcane  aphid  has  been 
identified  as  a  damaging  pest  to  grain  and  forage  sorghum.  Causing  significant  yield  loss  in 
2014,  sugarcane  aphid  expanded  to  12  states  in  which  3.2  million  acres  reported  crop  damage 
(USDA  NASS  2015a;  Knutson  2015).  Currently,  management  practices  are  limited  to  approved 
insecticides  and  some  tolerant  varieties,  but  there  is  no  research  based  economic  threshold 
established.  The  goal  of  this  research  is  to  develop  research-based  efficient  sampling  protocols 
that  will  be  utilized  by  producers.  Conducting  intensive  sampling  in  multiple  states  affected  by 
sugarcane  aphid,  will  ensure  that  sampling  protocols  are  based  on  a  robust  data  set,  and 
adaptable  to  different  growing  regions  throughout  the  U.S. 
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Abstract  text: 


Introduction:  Cotton  crop  have  a  relatively  long  cycle,  with  fruiting  time  starting  from  45  days 
after  emergence,  and  the  abscission  and  spare  floral  structures  is  common  and  varies  with  the 
phenological  stage.  This  study  aimed  to  measure  the  capacity  of  4  cotton  cultivars  to  compensate 
losses  promoted  by  insects. 

Methods:  4  cotton  cultivars  were  sown  in  irrigated  area.  The  treatments  were  arranged  in  a 
factorial  design,  varieties  are  the  main  factor  and  intensity  of  injury  is  the  secondary  factor.  The 
damage  consisted  of  5  levels  of  manual  flower  buds,  flowers  and  apples  remotion  at  75  days 
after  emergence  (DAE).  The  number  of  floral  structures  present  in  plants  was  recorded  at  140 
DAE  and  the  number  of  bolls  was  registered  at  the  harvest  time.  Data  were  statistically  analyzed 
by  using  analysis  of  variance  and  medium-sized  cluster  test  (Scott-Knott,  P  <0.05). 

Results/Conclusion:  The  acceptable  level  of  injury  varied  among  cultivars,  showing  differential 
response  for  capacity  of  tolerance  to  insects  injury.  FM980GLT  and  FM975WS  presented 
compensation  and  overcompensation  phases;  the  same  are  not  happenedto  FM  913GFT  and 
FM966FF.  The  phases  of  tolerance  and  linearity  occurred  in  cultivars,  except  FM966FF.  The 
natural  process  of  abscission  (shedding)  reduced  significantly  the  effect  of  removing  floral 
structures.  The  cotton  plants  offsetthe  loss  of  structures  up  to  a  certain  injury  threshold,  which 
varies  among  the  cultivars.  The  compensation  occured  by  replacement  of  new  structures; 
compensation  by  boll  weight  increasing  did  not  happen. 
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The  next  generation  of  transgenic  corn,  SmartStax  PRO,  contains  DvSnf7  dsRNA,  a  new  mode 
of  action  against  western  corn  rootworm  (Diabrotica  virgifera  virgifera  FeConte),  along  with  the 
Bt  proteins,  Cry3Bbl  and  Cry34Ab/35Ab.  Diet  bioassays  were  conducted  against  D.  virgifera 


virgifera  PPI  (Product  performance  inquiry)  populations  by  exposing  D.  virgifera 
virgifera  neonates  to  DvSnf7  dsRNA  or  Cry3Bbl  toxin  overlaid  on  the  surface  of  artificial  diet. 
Mortality  and/or  growth  inhibition  were  recorded  after  12  days  for  dsRNA  and  3-5  days  for 
Cry3Bbl.  Baseline  variation  in  the  susceptibility  of  multiple  D.  virgifera  virgifera  field 
populations  to  DvSnf7  dsRNA  was  assessed  and  the  results  will  be  used  for  monitoring  D. 
virgifera  virgifera  field  populations  for  potential  changes  in  susceptibility  post¬ 
commercialization.  In  addition,  linear  regression  results  showed  no  significant  correlation 
between  DvSnf7  and  Cry3Bbl  susceptibility,  which  is  consistent  with  previous  studies 
demonstrating  no  cross-resistance  between  Cry3Bbl  and  DvSnf7. 
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Since  2009,  the  exotic  invasive  pest  of  soybeans,  Megacopta  cribraria  Fabricius  (Hemiptera: 
Plataspidae)  has  spread  from  Georgia  to  hundreds  of  southeastern  U.S.  counties.  Fortunately, 
certain  soybean  varieties  have  been  found  to  possess  host  plant  resistance  against  M.  cribraria 
but  the  mechanism  of  resistance  (antixenosis,  antibiosis,  tolerance)  is  unknown.  Objectives  of 
this  project  include  quantification  of  resistance  in  various  soybean  lines  (n=16)  and  investigation 
of  those  resistance  mechanisms.  Field  and  greenhouse  studies  are  being  conducted  in  a 
collaborative  effort  in  North  and  South  Carolina  to  address  these  objectives.  The  results  from  the 
field  study  in  2015  have  shown  that  significantly  lower  number  of  M.  cribraria  adults  appeared 
on  2  narrow-leaf,  small-seeded  soybean  varieties  N7103  and  Vance  (antixenosis),  compared  to 
the  high  yield  variety  NC  Raleigh,  which  was  used  as  a  control.  Also,  significantly  lower  number 
of  M.  cribraria  eggs  and  nymphs  survived  on  Crokett,  Vance,  and  N02-7002  (antibiosis) 
compared  to  NC  Raleigh  in  a  greenhouse  choice  experiment.  Total  nymph  weight  was  also  found 
to  be  significantly  lower  (antibiosis)  in  these  soybean  lines  when  compared  to  the  control. 
Trichome  density,  plant  amino  acids  and  volatiles  are  being  studied  as  well,  to  further  understand 
resistance  mechanisms  in  these  soybean  lines.  The  findings  will  assist  soybean  breeding 


programs  to  be  more  efficient  in  incorporating  resistance  in  future  lines  while  reducing  reliance 
on  broad-spectrum  insecticides  for  management  of  M.  cribraria. 
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Rice  is  the  major  cereal  crop  in  Taiwan  and  has  the  most  cultivated  area  and  crop  production  in 
Taiwan.  Recently,  rice  planthoppers  and  leaffolders  ( Cnaphalocrocis  medinalis  Guenee)  are  the 
major  rice  pests  in  Taiwan.  Currently,  planthopper  resistant  rice  varieties  have  been  widely  used. 
However,  there  is  no  C.  medinalis  resistant/tolerance  rice  variety  in  Taiwan  yet.  Thus,  we  are 
screening  rice  varieties  in  Taiwan  and  expect  to  have  C.  medinalis  resistant/tolerance  rice 
genotypes  based  on  the  field  trials.  For  rearing  C.  medinalis ,  we  still  use  the  corn  seedling 
rearing  technique  instead  of  artificial  diet  rearing  method  because  the  artificial  diet  is  not  good 
enough  to  maintain  the  insect  population.  We  have  been  selected  several  rice  varieties  which 
showed  the  C.  medinalis  resistant  trait  in  the  field  test.  One  of  these  varieties  showed  the 
significant  C.  medinalis  resistant  trait  in  the  laboratory.  Furthermore,  previous  studies  showed 
the  migratory  C.  medinalis  in  Taiwan  come  from  Mainland  China  every  year.  Thus,  we  collected 
C.  medinalis  throughout  Taiwan  to  understand  the  genetic  variation  of  C.  medinalis  in  Taiwan. 
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Although  Brazil  is  the  second  largest  producer  of  soybean,  one  of  the  main  problems  is  still  the 
incidence  of  insect  pests  which  compromises  the  production.  Among  the  insect  pests,  the 
caterpillar  Helicoverpa  armigera  Hiibner  (Lepidoptera:  Noctuidae)  has  caused  severe  damage  to 
the  crop.  Recently  identified  in  the  country,  this  insect  has  been  caused  significant  losses  for 
their  greed  and  high  ability  to  reproduce.  In  order  to  contain  this  pest,  alternative  and  sustainable 
methods  of  control  are  necessary,  such  as  the  use  of  silicon.  The  aim  of  this  study  was  evaluated 
the  effect  of  foliar  application  of  silicon  in  conventional  and  Bt  soybean  on  biological  aspects  of 
young  stage  of  the  H.  armigera.  The  following  treatments  were  tested:  T1  -  soybean  Bt  Cry  lAc; 
T2  -  conventional  soybean;  T3  -  conventional  soybean  +  silicic  acid  1.0%  in  the  soil  at  a  dose 
equivalent  to  1  t/ha;  T4  -  conventional  soybean  +  silicic  acid  1.0%  foliar.  The  results  showed  that 
the  foliar  application  of  silicon  promoted  an  increase  in  the  duration  of  the  larval  stage,  a 
decrease  in  larval  weight  at  14  days  of  age  and  leaf  area  consumed.  It  was  also  observed  that  the 
application  of  silicon  in  soybean  leaves  adversely  effects  leaf  consumption  caterpillars. 
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Introduction:  Chili  is  a  very  common  crop  in  Pakistan.  There  are  many  sucking  insect  pests  that 
attack  the  crop.  The  severe  pest  causing  damage  are  aphids.  Many  synthetic  chemical  pesticides 
has  been  applied  to  overcome  this  problem.  In  this  context,  biopesticides  has  been  used 
as  biodegraable,  environment  safe,  selective,  economical  and  safe  for  human  health  in  the 
Integrated  Pest  Management  (IPM)  program.  Plant  extracts  are  natural  plant  products  that  can  be 
grown  at  minimum  costs  and  can  be  extracted  by  indigenous  methods.  Plant  extracts  are 
metabolites,  which  include  terpenoids,  alkaloids,  phenolics,  and  minor  secondary  chemicals.  It  is 
estimated  that  thousands  of  plants  extract  has  been  used  as  a  plant  extract.  In  this 
study  Azerchita  indica ,  Eucalyptus  globus ,  Acacacia  nil  otic  a.  Citrus  aurantiun  and  Cassia 
fistula  plants  are  used  to  control  the  aphid  populations. 

Methods:  Fresh  leaves  are  harvested  from  the  surrounding  areas  of  the  center.  Hold  them  to  the 
laboratory  and  washed  with  clean  water.  Plant  materials  were  kept  in  the  shade  for  air-drying  and 
then  they  dried  in  an  oven  at  60°C  to  gain  constant  weight.  The  prepared  fresh  leaves  were  used 
only  for  the  plant  extract.  20  gram  of  powders  was  took  from  each  plant  in  a  1000 
ml  beakers  and  mixed  with  200  ml  of  different  solvents  acetone.  Mixture  is  stirred  at  6000  rpm 
for  30  minutes  and  maintain  it  for  2  days.  The  solution  filters  with  Whatman  No.  1.  Stock 
solutions  of  plant  extracts  are  prepared  separately  by  diluting  the  condensed  extracts 
with  respect  solvent  acetone.  Different  concentrations  as  desired  such  as  25%,  50%  and  100%. 

Results/Conclusion:  The  results  show  that  Azerchita  indica  showed 

maximum  mortality  while  the  Acacacia  nilotica  showed  the  minimum  mortality  at  the 

most  suitable  time  and  concentrations.  It  is  concluded  that  the  present  study  could  be  helpful  for 

the  management  of  aphid  and  important  tool  in  IPM 
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Indtroduction:  Mustard  ( Brassica  spp .)  is  an  annual  crop  belonging  to  the  family  Brassicaceae 
and  one  of  the  most  important  oilseed  crops  grown  in  various  parts  of  India.  The  crop  is 
susceptible  to  various  insect  pests,  of  which  mustard  aphid  ( Lipaphis  erysimi)  is  found  to  cause 
heavy  damage.  At  earlier  stages  of  the  crop,  the  leafy  part  used  as  sag  which  is  consumed 
directly  by  humams,  and  the  end  product  is  used  as  oil.  So,  it  is  possible  to  retain  toxic  residues 
in  the  harvested  product,  which  can  cause  health  hazards. 

Method:  Studies  were  made  to  evaluate  the  efficacy  of  sulfoxaflor  12  %  SC  under  field 
conditions  during  the  Rabi  cropping  seasons  in  2014-15  and  2015-16.  Thiamethoxam  25%  WDG 
and  chlorpyrifos  25  EC  were  used  as  checks.  Total  aphid  population  per  leaf  was  taken  into 
account  at  1,  3,7,  10  and  14  days  after  treatment.  The  data  obtained  were  analyzed  statistically. 

Result/  Conclusion:  Variation  in  relative  efficacy  of  different  treatments  and  their  persistency  at 
different  days  after  treatment  (DAT)  on  suppression  of  aphid  population  was 
significant.  Sulfoxaflor  was  found  most  effective  to  control  aphid  population,  followed  by 
thiamethoxam.  From  overall  observation,  it  was  revealed  that  highest  mustard  yield  vis-a-vis 
better  control  of  mustard  aphids  was  recorded  in  sulfoxaflor  12  %  SC  @  27-30  gm  a.i./ha 
without  showing  any  phytotoxicity  symptom  on  the  plant.  The  molecule  was  also  soft  toward  the 
important  natural  enemies  associated  with  the  pest.  So,  it  may  be  incorporated  in  IPM  program 
for  management  of  aphid  on  mustard. 
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The  aim  of  this  study  was  to  reduce  immature  and  adult  Aedes  albopictus  populations  by 
contamination  of  larval  habitats  using  autodissemination  of  the  insect  growth  regulator 
pyriproxyfen.  A  previous  study  showed  a  marked  decrease  in  the  number  of  eggs  collected  from 
oviposition  cups  placed  in  the  treatment  sites;  however,  the  data  was  inconclusive  regarding 
adult  population  counts.  Large  variations  in  adult  population  numbers  among  the  treatment  sites 
and  across  sampling  periods,  in  conjunction  with  restrictions  on  the  number  of  sites  that  could  be 
monitored,  contributed  to  the  inability  to  effectively  isolate  a  treatment  effect.  Therefore,  the 
study  was  redesigned  to  include  more  treatment  and  control  sites  and  the  number  of  Biogents 
Sentinel  (BGS)  traps  at  each  site  was  increased  from  1  to  2  in  order  to  provide  some  measure  of 
replication.  Furthermore,  barrier  spraying  was  included  in  the  design  to  reduce  inflation  of  adult 
mosquito  due  to  immigration  from  neighboring  areas.  A  power  analysis  is  included  to  explore 
the  power  attainable  under  the  new  design. 
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Microbial  insecticides  are  underutilized  in  cropping  systems  for  pest  control.  As  an  alternative  to 
conventional  control  technologies,  microbial  insecticides  have  the  capacity  to  reduce  insect 
pressure  in  Bt  crops  in  a  manner  that  is  environmentally  sound  and  economically  effective. 
Laboratory  colonies  of  bollworm  ( Helicoverpa  zea  Boddie)  and  tobacco  budworm  ( Heliothis 
virescens  F.)  were  exposed  to  microbial  and  chemical  insecticides  on  non  -Bt  and  Bt  cotton  leaves 
in  spray-table  and  field-plot  experiments.  The  insecticides  included  a  commercial  formulation  of 
Heliothis  ( Helicoverpa )  nuclear  polyhedrosis  virus  and  conventional  technologies  lambda- 
cyhalothrin  and  chlorantraniliprole.  A  range  of  field  application  rates  was  evaluated  with  the 
microbial  and  chemical  insecticides  against  neonate  and  third  instar  larvae,  and  residual  activity 
was  measured  in  a  small  plot  field  experiment.  Insecticides  were  also  evaluated  for  heliothine 
control  in  a  production-type  field  setting.  Trends  in  activity  provided  quantitative  assessments  of 
insecticidal  and  Bt  cotton  activity  against  the  susceptible  laboratory  strains  of  insects  studied. 
This  information  may  be  utilized  to  evaluate  the  possible  use  of  microbial  insecticides  on  Bt 
crops  for  supplemental  control  of  bollworms. 
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Abstract  text: 

Alfalfa  weevil,  Hypera  postica  Gyllenhall  (Coleoptera:  Curculionidae),  is  the  most  destructive 
insect  pest  of  alfalfa  hay  in  many  parts  of  world,  including  the  intermountain  west  of  the  United 
States.  The  larvae  and  the  adults  are  the  damaging  stages  of  alfalfa  weevil.  They  feed  on 
terminals,  foliage  and  new  crown  shoots  and  therby  lowering  crop  yield  and  quality.  Although 


conventional  insecticides  can  control  H.  postica,  these  chemicals  have  adverse  effects  on 
pollinators  and  insects  natural  enemies.  In  this  context,  naturally  derived  insecticides  from 
plants,  and  entomopathogens  would  be  the  best  alternative  pest  control  option  since  they  usually 
pose  less  risk  to  non-target  organisms.  In  summer  2015,  we  have  evaluated  6  commercially 
available  naturally  derived  insecticides  against  H.  postica :  Mycotrol  ESO  ( Beauveria  bassiana 
GHA),  Aza-Direct  (Azadirachtin),  Met52  EC  {Metarhizium  brunneum  F52),  Xpectro 
emulsifiable  dispersible  oil  {Beauveria  bassiana  GHA  +  pyrethrins),  Xpulse  emulsifiable 
dispersible  oil  {Beauveria  bassiana  GHA  +  A.  indica  extract)  and  Entrust  WP  (spinosad  80%), 
against  the  second  instar  larva  of  H.  postica.  Our  results  indicated  that  the  Entrust  WP  (spinosad 
80%)  as  the  most  effective  one  followed  by  Xpectro,  Xpulse,  Aza-Direct,  Met  52,  and  Mycotrol. 
Our  results  sugggest  that  naturally  derived  insecticides  have  potential  for  use  in  management  of 
H  postica.  In  the  summer  of  2016,  we  have  planned  the  laboratory  and  field  experiments  on  the 
susceptibility  of  H.  postica  developmental  stages  to  biologically  derived  insecticides  and  the 
effect  of  infection  on  adult  oviposition. 
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Soybean  aphid,  Aphis  glycines  Matsumura  (Hemiptera:  Aphididae),  which  is  native  to  Asia,  was 
first  detected  in  the  North  Dakota  in  2001,  and  today  poses  a  serious  threat  to  soybean 
production.  Soybean  producers  need  to  scout  fields  for  seasonal  aphid  populations,  and  apply 
foliar  insecticides  at  the  established  economic  threshold  (E.T.)  of  250  aphids  per  plant  to  prevent 
yield  losses.  The  goal  of  this  research  was  to  determine  which  management  strategy  provided  the 
best  management  of  soybean  aphid:  foliar- applied  insecticides,  an  insecticide  applied  as  a  seed 
treatment,  or  a  Ragl  aphid  resistant  soybean  variety.  3  different  insecticide  mode  of  actions  were 
evaluated  pyrethroid  (lambda-cyhalothrin),  organophosphate  (chlorpyrifos)  and  pyrethroid  + 
neonicotinoid  (beta-cyfluthrin  +  imidacloprid).  Insecticide  treatments  were  applied  at  R1 
(beginning  bloom)  and  at  E.T.  This  study  was  conducted  at  3  field  sites  each  year  from  2012  to 


2015.  Results  indicated  that  application  timing  was  more  important  than  insecticide  mode  of 
action.  The  best  timing  for  foliar  insecticide  application  was  the  E.T.,  because  there  was  no 
significant  yield  gain  from  spraying  before  the  E.T.  was  reached.  The  use  of  an  insecticide  seed 
treatment  did  not  keep  soybean  aphids  from  reaching  the  E.T.,  and  there  was  no  demonstrated 
yield  advantage  to  using  an  insecticide  seed  treatment.  Ragl  aphid  resistant  soybeans  provided 
excellent  control  of  soybean  aphid;  however,  current  Ragl  aphid  resistant  soybean  varieties  do 
not  always  reach  maturity  in  northern  North  Dakota. 


Poster 

Presentation  Title:  Cytotoxic  effects  of  neem  oil  in  the  midgut  of  the  predator  Ceraeochrysa 
claveri  (Neuroptera:  Chrysopidae) 

Author  Name:  Daniela  Santos 

Author  Institution:  Universidade  Estadual  Paulista 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3618 

DOI:  10.1603/ICE.2016.1 13375 

Abstract  text: 

Studies  of  morphological  and  ultrastructural  alterations  in  target  organs  have  been  useful  for 
evaluating  the  sublethal  effects  of  biopesticides  regarded  as  safe  for  non-target  organisms  in 
ecotoxicological  analyses.  One  of  the  most  widely  used  biopesticides  is  neem  oil,  and  its  safety 
and  compatibility  with  natural  enemies  have  been  further  clarified  through  bioassays  performed 
to  analyze  the  effects  of  indirect  exposure  by  the  intake  of  poisoned  prey.  Thus,  this  study 
examined  the  cellular  response  of  midgut  epithelial  cells  of  the  adult  lace  wing,  Ceraeochrysa 
claveri ,  to  neem  oil  exposure  via  intake  of  neem  oil-contaminated  prey  during  the  larval  stage.  C. 
claveri  larvae  were  fed  Diatraea  saccharalis  eggs  treated  with  neem  oil  at  concentrations  of 
0.5%,  1%  and  2%  throughout  the  larval  stage.  The  adult  females  obtained  from  these  treatments 
were  used  for  morphological  and  ultrastructural  analyses.  Neem  oil  was  found  to  cause 
pronounced  cytotoxic  effects,  such  as  cell  dilation,  emission  of  cytoplasmic  protrusions,  cell 
lysis,  loss  of  integrity  of  the  cell  cortex,  dilation  of  cisternae  of  the  rough  endoplasmic  reticulum, 
swollen  mitochondria,  vesiculated  appearance  of  the  Golgi  complex  and  dilated  invaginations  of 
the  basal  labyrinth.  Epithelial  cells  responded  to  those  injuries  with  various  cytoprotective  and 
detoxification  mechanisms,  including  increases  in  cell  proliferation,  HSP  70  expression, 
autophagic  processes  and  others.  This  study  demonstrates  that  neem  oil  exposure  impairs  the 
midgut  by  causing  sublethal  effects  that  may  affect  the  physiological  functions  of  this  organ, 


indicating  the  importance  of  studies  like  these  to  evaluate  the  safe  and  compatible  integrated  use 
of  biopesticides. 
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Sugar  beet  plants  during  germination  and  emergence  can  be  attacked  by  a  large  number  of  pests. 
For  the  control  of  the  most  important  sugar  beet  pests,  neonicotinoid  insecticides  represent  an 
effective  tool.  The  preventive  application  of  neonicotinoids  as  sugar  beet  seed  treatment  is 
regularly  conducted.  The  objective  of  the  study  was  to  establish  the  residual  activity  of 
imidacloprid  and  thiamethoxam  seed  treatments  on  sugar  beet  pests  and  to  get  the  answer  if  there 
are  real  benefits  of  seed  treatment.  Field  trials  were  carried  out  in  areas  with  different  climatic 
conditions  (Tovarnik-east  and  Fukae-north  Croatia)  in  3  variants  according  seed  treatment.  Sugar 
beet  seeds  have  been  treated  with:  (i)  fungicides  only,  (ii)  imidacloprid  and  (iii)  combination  of 
thiamethoxam  and  tefluthrin.  The  occurrence  of  pests  was  followed  once  a  week  during  2 1 
weeks.  We  established  plant  stand  count,  yield  and  attack  intensity  of  flea  beetles,  weevils, 
caterpillars  and  aphids.  The  both  insecticide  seed  treatment  variants  (ii/iii)  resulted  in  a 
significant  increase  in  plant  stand  count  in  Tovarnik.  Insecticide  application  significantly  reduced 
the  attack  of  flea  beetles  on  both  fields.  In  Fukae,  low  damages  caused  by  few  weevil  species 
have  been  detected,  as  well  as  a  significant  reduction  of  caterpillars'  attack.  The  attack  of  the 
aphids  on  both  fields  was  very  low.  Despite  the  observed  efficacy  against  the  main  sugar  beet 
pests,  a  significant  difference  in  yield  has  not  been  established.  Due  to  the  uncertain  future  of 
neonicotinoid  insecticides,  it  would  be  recommended  to  find  the  alternative  solutions  for  sugar 
beet  seed  treatments. 
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Natural  products  from  plant  origin  represent  untapped  sources  of  environmentally  safe  multi¬ 
functional  inputs  for  sustainable  agriculture.  These  included  various  aspects,  3  of  which  can  be 
indicated  as  major  ones:  a)  provision  of  valuable  renewable  fertilizing  compounds  added  to  the 
soil  through  degradation  of  complex  organic  matters  in  plant  residues,  including  animal  manures, 

b)  active  ingredients  in  some  plant  species  work  as  naturally  biodegradable  safe  pesticides,  and 

c)  plant  materials  and  residues  involved  in  different  cultural  practices  (e.g.,  mulching,  cover 
crop,  catch  crop,  etc)  contribute  positively  in  protecting  and  enhancing  soil  fertility  and 
maintaining  soil  biology.  Such  aspects  were  investigated  in  this  paper  with  special  reference  to 
indigenous  knowledge  regarding  potential  flora  of  the  Sudan.  The  experience  gained  on  organic 
fertilizers  exploiting  certain  combinations  of  plant  materials  (with  or  without  animal  manures) 
was  highlighted.  Exploitation  of  active  plants  in  combating  agricultural  pests  through  various 
means  (viz.,  spraying,  soil  incorporation,  intercropping,  mixed  cropping,  etc)  were  covered,  and 
examples  of  potent  species  among  different  families  (e.g.,  Meliaceae,  Asclepiadaceae, 
Solanaceae,  Apiaceae,  Fabaceae,  etc)  were  specified.  The  contributions  of  both  previous 
approaches  as  well  as  that  of  botanically  based  cultural  practices  in  preserving  healthy  soils  were 
outlined.  The  paper  reflected  the  huge  resources  in  botanical  natural  products  which  entail 
judicious  management  as  prospective  components  for  improving  sustainability  of  cropping 
systems. 
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The  insecticidal  activity  of  the  constituents  of  cinnamon  essential  oils  and  structurally  related 
compounds  against  both  the  nymphs  and  adults  of  the  citrus  flatid  planthopper  Metcalfa  pruinosa 
was  examined  using  a  direct-contact  application.  The  toxicity  of  the  cinnamon  oil  constituents 
and  21  (L)-cinnamaldehyde  related  compounds  regarding  the  nymphs  of  M.  pruinosa  was 
evaluated  using  a  leaf-dipping  bioassay.  Based  on  24  h  LC50  values,  hydro-cinnamic  acid  (1.55 
mg/cm2)  is  the  most  toxic  compound,  followed  by  geranic  acid  (1.59  mg/cm2).  The  LC50  values 
of  1 1  of  the  compounds  including  cinnamaldehyde  are  between  1.60  mg/cm2  and  4.94  mg/cm2. 
Low  toxicities  and  no  toxicity  were  observed  with  the  other  15  (5.24  mg/cm2to  13.47  mg/cm2) 
and  2  compounds,  respectively.  Also,  the  toxicities  of  the  cinnamon  oil  constituents  and  21 
cinnamaldehyde  related  compounds  regarding  the  M.  pruinosa  adults  were  evaluated  using  a 
direct-spray  method.  The  toxicity  of  eugenol  (10.81  mg)  is  the  most  toxic  compound  for  the 
adults  of  M.  pruinosa ,  followed  by  geranic  acid  (30.68  mg).  The  LC50  values  of  9  of  the 
compounds  including  cinnamaldehyde  are  between  59.16  mg  and  96.70  mg.  Low  toxicities  and 
no  toxicity  were  observed  with  the  other  15  (105.44  mg  to  255.76  mg)  and  3  compounds, 
respectively.  Global  efforts  to  reduce  the  level  of  highly  toxic  synthetic  insecticides  in 
agricultural  environments  justify  further  studies  on  cinnamon  oils  to  ascertain  whether  the 
corresponding  active  principles  can  act  as  insecticides,  when  they  are  applied  as  a  direct  spray 
with  contact  action,  for  the  control  of  M.  pruinosa  populations. 
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Abstract  text: 

Helicoverpa  armigera  is  a  species  that  until  2013  was  considered  A1  quarantine  pest  in  Brazil. 
For  the  management  of  this  pest,  applications  of  insecticides  are  indispensable  in  almost  every 
crops.  An  alternative  to  the  use  of  insecticides  is  the  release  of  Trichogramma  parasitoids. 
Considering  the  large  number  of  agrochemical  applications,  it  is  essential  to  assess  the  selectivity 
of  insecticides  used  for  the  control  of  H.  armigera  on  the  parasitoid  Trichogramma  pretiosum. 
However,  such  studies  are  scarce,  and  this  information  can  enhance  the  biological  control  of  H. 
armigera ,  that  are  important  tactics  for  the  establishment  of  a  Integrated  Pest  Management  (IPM) 
program  in  field  crops.  Therefore,  the  aim  with  this  research  was  stablish  the  acute  toxicity,  the 
effect  on  the  pupal  stage  and  determine  the  interference  of  insecticides  on  the  parasitism 
capacity.  Teflubenzuron,  indoxicarb,  flubendiamide,  chlorantraniliprole,  and  metoxifenozide 
were  considered  innocuous  to  the  adults  in  laboratory  conditions.  Chlorpyriphos  and  lambda- 
cyhalotrin  +  thiamethoxam  were  harmful  to  the  pupal  stage,  while  acephate,  chlorfenapyr,  and 
flubendiamide,  although  were  considered  innocuous,  affected  the  next  generations,  with  the  low 
emergence  of  Fi.  Chlorfenapyr,  chlorpyriphos  and  lambda-cyhalotrin  +  thiamethoxam  interfered 
on  the  parasitism  capacity,  and  acephate  had  a  deleterious  effect  on  the  generation  that  has 
contact  with  the  insecticide  residue.  Therefore,  for  an  effective  IPM  program,  it  is  important  to 
spray  selective  insecticides.  Future  studies  should  be  conducted  under  field  conditions  to  verify 
the  real  selectivity  of  these  insecticides. 
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Recent  introductions  of  the  exotic  invasive  pests  Halymorpha 

halys  (Pentatomidae)  and  Megacopta  cribraria  (Plataspidae)  have  increased  the 


attention  paid  to  Pentatmoidae  as  pests  in  agricultural  systems.  These  recently 
introduced  pests,  as  well  as  the  southern  green  stink  bug,  Nezara 
viridula  (Pentatomidae),  exhibit  adult  reproductive  diapause,  a  winter  survival 
strategy  initiated  by  cessation  of  juvenile  hormone  (JH)  secretions  from  the 
corpus  allatum.  Interference  with  this  survival  strategy,  via  interrupting  diapause 
with  topically  applied  juvenile-hormone  analogues,  may  serve  as  a  potential 
avenue  for  control  of  these  pests.  To  test  this  hypothesis  the  effects  of  the  JH 
analogue  pyriproxyfen  on  ovary  development  and  egg  production  in  H.  halys ,  M. 
cribrarm  and  N.  viridula  was  investigated.  Specimens  were  reared  under  diapause 
inducing  conditions  and  treated  with  either  pyriproxyfen  or  a  control  of  petroleum 
distillates.  Dissections  showed  significant  ovary  development  in  pyriproxyfen 
treated  specimens  when  compared  to  the  control.  Egg  production  was  induced  via 
pyriproxyfen  application,  with  low  egg  viability  observed.  As  current  efforts  for 
biological  control  of  these  pests  include  utilization  of  hymenopteran  egg 
parasitoids,  the  suitability  of  JH  induced  eggs  for  parasitoid  rearing  was 
evaluated.  Results  and  potential  future  applications  of  insect  growth  regulators  for 
interference  with  reproductive  diapause  and  their  potential  for  use  in  a  modified 
trap-and-kill  approach  and  as  a  technique  for  augmenting  natural  parasitoid 
populations  is  discussed. 
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Abstract  text: 

The  Brown  Marmorated  Stink  Bug  -  Halyomorpha  halys  Stal  (Rhynchota:  Pentatomidae)  -  was 
reported  in  Italy  for  the  first  time  in  2012.  In  2015,  this  species  caused  serious  damages  to 
orchards  and,  to  a  lesser  extent,  to  arable  crops.  A  field  study  was  performed  to  evaluate  the 
short-term  activity  of  some  insecticides  in  genuine  field  conditions.  In  August  2015,  2  trials  were 
carried  out  in  a  pear  orchard  (cv  Abate  Fetel).  Chlorpyrifos  ethyl,  chlorpyrifos  methyl, 


deltamethrin,  imidacloprid  and  thiacloprid  were  tested  in  the  first  trial,  while  acetamiprid, 
deltamethrin,  ethofenprox  and  thiacloprid  were  applied  in  the  second  trial.  Each  insecticide  spray 
was  followed  24  hours  later  by  a  “cleaning”  spray  (deltamethrin  5-fold  the  recommended  field 
rate)  aimed  at  collecting  all  canopy-dwelling  bugs  that  survived  the  insecticide  application.  The 
bugs  knocked  down  by  the  sprays  were  collected  by  means  of  white  sheets  arranged  beneath  the 
trees.  The  percentage  of  activity  was  calculated  as  the  ratio  between  the  number  of  individuals 
knocked  down  by  the  insecticide  and  the  total  number  of  individuals  (pooling  the  insecticide  and 
the  “cleaning”  sprays).  The  short-term  activity  of  the  tested  products  ranged  between  33  and 
66%.  Deltamethrin  showed  the  best  short-term  activity  among  the  tested  insecticides,  albeit  with 
low  statistical  support.  The  benefits  and  the  shortcomings  of  the  experimental  plan  described 
here  are  discussed  with  a  view  to  performing  further  assays  in  the  coming  years. 
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Abstract  text: 

Sugarcane  borer  Diatraea  saccharalis  is  important  pest  of  sugarcane  in  Brazil.  The  management 
of  this  sugarcane  pest  is  done  with  use  of  larvae  parasitoid  Cotesia  flavipes ,  which  is  now  being 
complemented  by  insecticide  applications.  The  objective  of  this  study  was  to  evaluate  the 
selectivity  of  pesticides  on  the  parasitism  capacity  of  C.  flavipes.  The  tested  insecticides  were: 
triflumuron,  novaluron,  teflubenzuron,  diflubenzuron,  lufenuron,  Bacillus  thuringiensis ,  lambda- 
cyhalothrin  +  thiamethoxam,  lambda-cyhalothrin  +  chlorantraniliprole,  chlorantraniliprole, 
bifenthrin,  chlorpyrifos  and  water  (control).  C.  flavipes  females  were  released  on  cages 
containing  sugarcane  leaves  with  fresh  residue  of  pesticides.  After  remaining  in  contact  with  the 
leaves  for  2  hours,  were  offered  to  the  parasitoid,  fourth  instar  larvae  of  sugarcane  borer,  to 
verify  the  parasitism  capacity  of  C.  flavipes.  The  mortality,  parasitism  capacity  and  the  effect  on 
the  reproduction  of  the  parasitoid  were  evaluated.  The  insecticides  triflumuron,  novaluron, 
teflubenzuron,  diflubenzuron,  lufenuron,  B.  thuringiensis  and  chlorantraniliprole  were  harmless, 
and  did  not  influence  the  parasitism  capacity  of  C.  flavipes.  Lambda-cyhalothrin  +  thiamethoxam 
were  slightly  harmful.  Bifenthrin  was  moderately  harmful  and  lambda-cyhalothrin  + 


chlorantraniliprole  and  chlorpyrifos  were  harmful,  causing  100%  mortality  of  C.flavipes.  The 
effect  on  reproduction,  evaluated  by  the  emergency  of  the  parasitoid,  the  insecticides 
triflumuron,  lufenuron,  B.  thuringiensis  and  chlorantraniliprole  were  innocuous.  Novaluron  and 
teflubenzuron  were  slightly  harmful.  Diflubenzuron,  lambda-cyhalothrin  +  thiamethoxam  and 
bifenthrin  were  moderately  harmful  and  lambda-cyhalothrin  +  chlorantraniliprole  and 
chlorpyrifos  were  harmful.  Insecticides  considered  harmless,  can  be  recommended  in  the 
management  program  of  the  sugarcane  borer,  associated  with  C.  flavipes ,  being  selective  to  the 
parasitoid. 
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Abstract  text: 

Certador™  is  a  new  BASF  insecticide  offering  for  the  control  of  a  wide-range  of  sap-feeding  and 
leaf-damaging  insect  pests  in  vegetable  crops.  Certador™  contains  the  active  ingredient 
Dinotefuran  providing  fast  action  and  excellent  residual  control  of  pests  that  are  difficult  to 
manage,  such  as  whiteflies  and  stink  bugs.  Further  key  target  pests  include  squash  bugs,  Bagrada 
bug,  thrips,  grape  mealybug,  cucumber  beetles,  and  flea  beetles  in  a  wide  variety  of  crops  such  as 
cucurbits,  fruiting  vegetables,  brassica,  grapes  and  potatoes.  Certador™  can  be  used  in  foliar 
spray  or  soil  drench  applications  and  is  an  important  Integrated  Pest  Management  and  resistance 
management  tool. 
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Solenopsis  invicta  Buren  (red  imported  fire  ant),  Solenopsis  richteri  Forel  (black  imported  fire 
ant)  and  their  hybrid  are  invasive  pests  with  costly  impacts  on  agriculture  and  human  health.  Few 
organic  control  options  are  available  for  fire  ants,  but  the  essential  oil  of  Alaskan  yellow  cedar 
(nootka  oil)  and  some  of  its  constituent  compounds  have  demonstrated  toxic  and  repellent  effects 
on  various  arthropod  pests.  To  determine  its  potential  as  a  suitable  control  agent  in  ornamental 
nurseries  we  tested  the  efficacy  and  longevity  of  nootka  oil  against  fire  ants  in  laboratory  and 
field  settings.  In  contact  and  fumigation  assays,  1%  and  10%  solutions  of  nootka  oil, 
respectively,  achieved  100%  mortality.  Fire  ant  digging  behavior  was  also  significantly  reduced 
in  nootka  oil-treated  sand  up  to  6  months  after  treatment.  In  field  drench  tests,  80%  of  mounds 
died  within  12  weeks  compared  with  a  quarantine-approved  bifenthrin  product  which  killed 
93%.  In  a  mound  “push”  test,  fire  ants  were  displaced  from  100%  of  treated  mounds  within  48 
hours.  Finally,  a  24-week  band  test  for  long-term  fire  ant  exclusion  kept  nursery  fields  88-95% 
free  of  mounds  from  weeks  2-17  while  the  bifenthrin  control  kept  fields  100%  free  of  fire  ants 
from  weeks  2-24.  Multiple  components  of  nootka  oil  have  known  toxic/repellent  properties,  but 
more  work  is  needed  to  determine  which  compounds  are  responsible  for  the  observed  effects  on 
fire  ants. 
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Effective  control  of  mosquito  borne  diseases  can  be  achieved  by  eliminating  larval  stages  of 
mosquitoes.  Preliminary  screening  of  several  bacterial  species  indicated  that  the  supernatant  of 
entomopathogenic  bacterium,  Xenorhabdus  sp .,  has  a  potent  insecticidal  activity  towards 
mosquito  larvae.  The  larvicidal  compound  was  purified  by  column  chromatography  and  the 
results  from  mass  spectrometry,  amino  acid  and  fatty  acid  analysis  indicated  that  it  is  a  small 
molecular  weight  lipopeptide.  Oral  application  of  Xenorhabdus  lipopeptide  toxin  (Xlt)  showed 
potent  insecticidal  activities  towards  Aedes  aegypti ,  Anopheles  gambiae  and  Culex  pipiens  larvae 
but  did  not  affect  other  insect  orders  including  Apis  mellifera ,  Leptinotarsa  decemlineata  and 
Manduca  sexta  at  tested  concentrations.  Xlt  was  highly  toxic  towards  mosquito  cell  lines 
including  Aag-2  and  C6/36  but  showed  significantly  lower  toxicity  towards  human  epithelial  and 
immune  cell  lines.  The  pH  level  changes  within  larval  midgut  induced  by  Xlt  confirmed  that  it  is 
orally  toxic  to  mosquito  larva  and  affects  its  midgut  but  confocal  and  fluorescent  microscopy 
images  of  Xlt  treated  midgut  suggested  that  its  putative  mode  of  action  is  different  from  existing 
bacterial  larvicides  such  as  Cry  toxins  from  Bacillus  thuringiensis  serotype  israelensis.  Results 
in  this  study  suggest  that  the  lipopeptide  isolated  from  entomopathogenic  bacteria  has  promising 
characteristics  that  could  be  utilized  as  a  novel  bacterial  mosquito  larvicide. 
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The  objective  of  this  research  was  to  evaluate  the  mode  of  intoxication  (ingestion,  tarsal  and  over 
the  top  application)  of  the  Euschistus  heros  in  soybean  treated  with  insecticides.  The  treatments 
and  doses  (g  a.i./ha)  were:  control  (untreated),  acephate  (750),  thiamethoxam  +  lambda- 
cyhalothrin  (35  +  26),  thiamethoxam  (35)  and  lambda-cyalothrin  (26).  To  verify  the  over  the  top 
application  effect  was  used  an  electric  sprayer.  The  evaluations  were  accomplished  until  6  hours 
after  application.  To  verify  the  contamination  by  ingestion,  soybean  green  beans  treated  with  the 
insecticides  were  offered  to  the  E.  heros  adults  confined  in  cages  with  tulle  fabric.  The  green 
beans  were  placed  over  the  tulle  fabric,  so  that  the  bugs  could  suck  the  green  pods  without 
touching  them  with  the  tarsi.  Evaluations  of  mortality  of  the  E.  heros  were  accomplished  until  24 
hours  after  application.  For  tarsal  contamination,  soybean  leaves  treated  with  the  insecticides 


were  used  to  cover  the  internal  part  of  plastic  tubes.  In  each  tube  24  adult  of  E.  her  os  were 
confined,  so  that  bugs  walked  on  the  treated  leaves  for  one  hour.  Evaluations  of  mortality  of  the 
E.  her  os  were  accomplished  until  24  hours  after.  For  over  the  top  application  effect,  all  the 
insecticides  promoted  mortality  of  100%  six  hours  after  application.  For  the  tarsal  intoxication, 
the  thiamethoxam  caused  mortality  of  36%.  The  acephate,  thiamethoxam  +  lambda-cyhalothrin 
and  lambda-cyalothrin  promoted  mortality  above  95%;  For  the  intoxication  by  ingestion,  the 
average  mortality  was  30%  for  all  the  tested  insecticides. 
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Introduction:  Fruit  flies  are  among  the  most  damaging  agricultural  pests  worldwide.  To  combat 
their  devastating  impacts  on  a  wide  variety  of  crops,  most  growers  rely  on  organophosphate 
insecticides  to  manage  these  pests  in  their  fields.  Overuse  of  organophosphates  has  been 
implicated  in  secondary  pest  outbreaks,  negative  impacts  on  beneficial  insects,  environmental 
contamination,  hazards  to  human  health,  and  resistance  development.  With  increasingly  stringent 
regulations  limiting  use  of  these  insecticides,  growers  have  been  challenged  with  finding  more 
effective,  sustainable  fruit  fly  control  techniques. 

Methods:  ISCA  has  developed  several  semiochemical  A&K  technologies  targeting  fruit  flies. 
Because  A&K  pairs  a  chemical  toxicant  with  a  powerful  attractant,  only  a  tiny  fraction  of  the 
former  is  required,  compared  to  conventional  cover  spray  applications.  Furthermore,  ISCA’s 
slow-release  matrix  anchors  the  active  ingredients  in  place,  reducing  the  likelihood  of 
environmental  degradation  or  soil  or  water  contamination.  This  attractive  capacity  enables  A&K 
formulations  to  be  applied  in  more  selective  ways,  drawing  pests  away  from  crops  to  areas  where 
they  may  be  dealt  with  more  effectively,  decreasing  risks  to  non-targets. 

Results/Conclusion:  Here  we  describe  long-lasting,  sprayable  A&K  formulations  designed  to 
target  fruit  fly  pests  of  global  importance:  Anamed,  designed  to  attract  all  fruit  fly  species 


responsive  to  hydrolyzed  protein;  SPLAT  MAT  ME  and  Hook  ME+CL,  2  products  targeting 
tephritid  fruit  flies  using  the  highly  attractive  lure  and  phagostimulant  methyl  eugenol,  and  a 
combination  of  methyl  eugenol  and  another  attractive  fruit  fly  parapheromone,  cue-lure, 
respectively;  and  Trimedlure,  an  attractant  for  an  additional  species  of  tephritid,  the 
Mediterranean  fruit  fly,  Ceratitis  capitata. 
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After  its  first  record  in  2009,  Drosophila  suzukii  Matsumura  (Diptera:  Drosophilidae)  (spotted 
wing  Drosophila)  has  emerged  as  a  harmful  invasive  pest  in  Italy,  causing  lot  of  damages  and 
economic  losses  in  the  fruit  production.  Current  D.  suzukii  control  is  mainly  based  on  the 
application  of  insecticides,  but  cultural  management  tactics  such  as  sanitation  and  netting  could 
provide  a  good  alternative  in  some  crops.  The  efficacy  (number  of  captures  and  percentage  of 
infested  fruit)  of  nets  with  a  mesh  size  ranging  from  0.5-1. 0  x  0.8-1. 6  was  observed  in  cherries 
and  blueberries,  but  no  information  of  the  bagging  on  microclimatic  conditions  and  fruit  quality 
were  reported.  The  netting  side  effects  were  investigated  by  covering  a  single  tree  with  the  nets, 
a  single  row,  or  the  whole  orchard  on  cherry  and  covering  the  whole  orchard  on  blueberry  and 
raspberry  in  3  different  fruit  growing  area  of  North-East  Italian  regions.  The  nets  were  installed 
before  the  fruits  changed  color  in  order  to  prevent  any  D.  suzukii  being  trapped  inside  the  nets.  In 
addition  to  the  evaluation  of  the  efficacy  against  the  pest,  the  effect  of  the  nets  on  climatic 
condition  (temperature,  humidity,  amount  of  rainfall  passed  the  net),  on  pesticide  application 
(spray  reduction  measured  by  water- sensitive  paper),  on  fruit  quality  (weight,  size,  shape, 
chroma,  brightness,  skin  toughness,  sugar  content,  acidity,  pH)  and  on  pest-fungi  development 
were  assessed.  The  results  showed  that  nets  are  effective  and  they  don’t  significantly  affect  the 
investigated  parameters;  however,  for  their  adoption  on  large  scale,  economic  sustainability 
analysis  are  needed. 
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Mass  trapping  of  Japanese  beetles  ( Popillia  japonica)  has  been  conducted  by  the  Lincoln 
University  Integrated  Pest  Management  (IPM)  program  since  2012  using  a  new  design  for  mass 
trapping  involving  steel  mesh  and  pheromone/floral-based  lures.  While  effective,  the  mass 
trapping  system  still  requires  optimization  for  practical  use  by  farmers.  The  objective  of  this 
study  was  to  improve  the  effectiveness  of  the  mass  trapping  system  by  evaluating  the 
performance  of  121 -liter  trash  bins.  The  effects  of  trap  height,  ventilation,  and  background  color 
were  evaluated  at  an  experimental  elderberry  ( Sambucus  nigra  and  Sambucus.  canadensis )  plot. 
Ventilation  was  the  primary  factor  influencing  average  catch  while  height  and  background  color 
were  less  important.  Even  though  the  steel  mesh  design  caught  76%  more  P.  japonica  on  average 
compared  to  non- vented  bins,  adding  holes  made  the  trash  bins  comparable  to  the  steel  mesh 
design.  Based  on  durability  and  capacity,  this  study  supports  the  usefulness  of  ventilated  bins  for 
organic  P.  japonic  management.  Plus,  bins  could  serve  as  devices  for  on-farm  composting 
utilizing  P.  japonic  biomass  to  produce  good  quality  soil  amendment. 
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Abstract  text: 

Introduction:  The  use  of  chemical  communication  agents,  such  as  synthetic  sex  pheromones,  has 
become  widespread  to  disrupt  mate  localization.  Recently,  Ishihara  Sangyo  Kaisha,  Ltd. 
discovered  2  new  types  of  insecticides,  Acetylated  glyceride  (AG)  and  Flonicamid,  which  do  not 
eradicate  pest- insects  directly.  We  have  confirmed  a  significant  effect  of  these  chemicals  as  a 
mating  behavior  disruption.  AG,  derived  from  food  additives,  was  currently  registered  as 
repellents,  BEMIDETACHtmEC,  against  Bemisia  tabaci. 

Methods:  When  an  unmated  pair  of  male  and  female  B.  tabaci  comes  into  contact  with  a  leaflet 
where  AG  is  processed,  a  reduction  in  the  mutual  vibratory  courtship  signals  are  observed.  Such 
a  decline  in  sexual  signals  were  found  to  result  in  a  significant  increase  of  the  number  of  mating 
failure.  Mechanism  of  Flonicamid  is  starvation  of  feeding  behavior  by  affecting  paralysis  of 
stylet  penetration.  When  an  unmated  pair  of  the  brown  planthopper,  Nilaparvata  lugens ,  lands  on 
a  Flonicamid-treated  stem,  their  legs  and  wings  start  to  become  paralyzed.  The  chemicals  were 
found  to  cause  a  decrease  in  the  occurrence  of  vibratory  courtship  signals  as  well  as  a 
deterioration  of  key  stimulus  in  the  signal. 

Results/Conclusion:  The  reduction  of  an  appropriate  female  response  to  vibratory  signals  led  to 
increase  the  number  of  mate  failure.  Such  mating  behavior  disruption  appears  to  be  applicable 
for  pests  which  transmit  courtship  signals  via  sound  or  vibratory  signals.  This  leads  us  to 
conclude  that  these  chemicals  offer  promise  when  it  comes  to  promoting  a  safer  environment  and 
sustainable  agricultural  systems  combining  with  an  Integrated  Pest  Management  strategy. 
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An  evaluation  of  potentially  attractive  compounds  was  conducted  in  both  Tennessee  and 
Connecticut  during  the  summers  of  2014  and  2015.  A  summary  of  all  identified  ambrosia  beetle 
species  (Coleoptera:  Curculionidae:  Scolytinae)  will  be  presented  with  special  reference  to 
introduced  species.  Buprestidae  and  Cerambycidae  collections  will  also  be  presented. 
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Introduction:  American  serpentine  leafminer  Liriomyza  trifolii  Burgess,  is  an  important  insect 
pest  of  chrysanthemums  and  gerberas  in  Canadian  ornamental  greenhouses.  L.  trifoli  has 
traditionally  been  managed  with  insecticides  but  since  the  1970s  insecticide  resistance  has 
become  an  increasingly  contentious  issue.  While  the  Canadian  ornamental  industry  as  a  whole  is 
moving  toward  biological  control-based  Integrated  Pest  Management,  only  one-third  of 
cut/potted  chrysanthemums  and  gerbera  growers  have  adopted  biological  control  for  L.  trifoli. 
Consequently,  the  development  of  alternative  control  tactics  such  as  a  sterile  insect  technique 
(SIT)-based  program  for  L.  trifoli  is  critically  important. 


Methods:  The  objective  of  this  research  was  to  verify  efficacy  of  X-ray  technology  (linear 
particle  accelerator  (linac))  in  sterilizing  L.  trifoli  pupae  using  previously  established  protocols 
developed  for  use  with  gamma  irradiators,  and  determine  the  competitiveness  and  sterility  of  X- 
ray  irradiated  insects.  Treatments  included  exposure  to  dose  rates  of  150Gy  and  170Gy  using  a 
linac  located  at  the  University  of  Guelph  and  an  unexposed  control. 

Results/Conclusion:  Emergence  and  flight  ability  of  treated  L.  trifoli  were  not  compromised  by 
X-ray  exposure  and  supported  previous  findings  from  literature.  However,  residual  male  fertility 
following  irradiation  with  the  linac  was  observed  and  an  increased  dose  rate  may  be  necessary  to 
account  for  potential  protective  effects  induced  by  hypoxia.  Variation  between  applied  and 
absorbed  dose  rates  was  minimal  (0.2%),  demonstrating  that  linac  is  a  highly  precise  dose 
delivery  system  ideally  suited  for  development  of  optimal  dose  rates  required  for  sterilization  of 
a  new  SIT  candidate  species  such  as  L.  trifoli. 
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Introduction:  The  West  Indian  sweet  potato  weevil,  Euscepes  postfasciatus  is  a  serious  insect 
pest  of  sweet  potato  in  the  tropics.  For  the  ongoing  eradication  program  by  sterile  insect 
technique  in  Okinawa,  we  use  artificial  diets  as  well  as  sweet  potato  roots  in  the  mass  production 
of  sterile  E.  postfasciatus.  However,  in  2013,  Farinocystis  sp.,  an  entomopathogenic  protozoan, 
which  severely  reduces  the  efficacy  of  mass  production  of  the  weevils,  was  detected  in  adults 
and  larvae  of  the  weevil  reared  using  the  artificial  diet  system.  To  identify  the  infection  route,  we 
conducted  a  detailed  investigation  of  the  occurrence  of  Farinocystis  sp.  infection  in  the  weevil. 

Methods:  We  investigated  the  infection  rate  in  three  different  developmental  stages  of  the  weevil 
(i.e.,  larvae,  pupae,  and  young  adults)  maintained  in  rearing  containers.  Temporal  changes  in  the 
infection  rate  in  adults  in  egg  collection  containers  were  also  monitored.  Tissue  suspensions  of 
the  weevils  were  observed  under  an  optical  microscope,  and  samples  in  which  either  gametocysts 
or  oocysts  were  detected  were  considered  as  infected. 

Results/Conclusion:  In  the  rearing  containers,  the  infection  rates  at  8  weeks  after  egg  inoculation, 
in  which  about  90%  of  the  weevils  were  adults,  were  56.1%,  14.7%,  and  1.5%  for  larvae,  pupae, 
and  adults,  respectively.  In  the  egg  collection  container,  the  infection  rate  increased  with  increase 
in  the  number  of  days.  These  findings  suggested  that  Farinocystis  sp.  infection  might  delay 
larval  development,  and  infection  rate  of  adults  in  the  egg  collecting  containers  increased 
through  horizontal  transmission. 
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Introduction:  In  the  eradication  program  using  the  sterile  insect  technique  (SIT),  mass-rearing  of 
target  pest  insects  is  indispensable  for  both  sterile  insect  release  and  successive  rearing.  Taking 
into  consideration  the  limitation  of  resources  during  the  larval  stage  under  the  mass-rearing 
condition,  trade-offs  between  quantity  and  quality  of  produced  adults  will  exist.  Although  many 
authors  have  mainly  focused  on  the  sexual  performance  of  males,  which  directly  affects  the 
effectiveness  of  the  SIT,  the  quality  of  produced  females  which  determine  the  reproduction 
successive  rearing  has  been  less  noticed. 

Methods:  In  Japan,  an  eradication  program  using  the  SIT  for  the  West  Indian  sweetpotato  weevil 
Euscepes  postfasciatus’^  presently  underway;  weevil  were  mass-reared  using  a  sweet  potato 
tuberous  root.  However,  the  quality  for  successive  rearing  of  produced  females  has  not  been 
evaluated.  We  analyzed  the  effect  of  yield  performance  (the  number  of  produced  adults  per  lg 
sweet  potato  root)  on  the  sexual  development  of  produced  adults  based  on  three  reproductive 
components  (mating  success  of  males,  female  maturity,  and  number  of  progeny). 

Results/Conclusion:  Reproductive  development  of  E.  postfasciatus  for  all  the  3  examined 
components  was  significantly  inhibited  under  high  yield  conditions.  In  particular,  the  proportion 
of  matured  females  decreased  the  most  under  high  yield  conditions.  There  results  suggest  that  the 
weevils  reared  under  high  yield  condition  are  not  adequate  for  successive  rearing  as  well  as 
sterile  insect  release.  In  conclusion,  we  believe  that  quality  control  focused  on  female  sexual 
development  would  improve  the  efficiency  of  mass-rearing  of  E.  postfasciatus. 
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Abstract  text: 

Introduction:  The  nymphal  development  of  the  polyphagous  predator  Dicyphus  errans  Wolff 
(Hemiptera:  Miridae)  was  investigated. 

Methods:  Nymphs  had  access  to  a  variable  quantity  of  food  at  a  daily  basis,  in  petri  dishes  with  a 
tomato  leaflet.  Eggs  of  Ephestia  kuehniella  Zeller  (Lepidoptera:  Pyrallidae)  were  provided  daily 
to  newly  emerged  nymphs  at  different  quantities:  1)  2-fold  higher  of  each  nymphal  instar  daily 
satiation  rate,  2)  equal  quantity  to  the  satiation  rate,  and  3)  amount  equal  to  4/5,  3/5,  2/5  and  1/5 
of  satiation.  In  all  cases  15  replicates  were  used  under  constant  conditions  (25±1°C,  65±5%RH 
and  photoperiod  16:8  L:D). 

Results/Conclusion:  Interestingly,  when  nymphs  fed  daily  on  food  quantity  equivalent  to  1/5  of 
their  satiation  rate  could  complete  development  in  a  percentage  as  high  as  93%,  while  in  the 
absence  of  prey  none  of  the  nymphs  survived.  The  duration  of  the  nymphal  stage  was  similar  in 
all  cases,  except  from  the  treatment  of  the  1/5  of  satiation  when  the  duration  was  significantly 
longer.  The  female  adult  weight  decreased  following  the  food  source  limitation  rate.  Males  had 
significantly  lower  weight  only  when  the  1/5  or  2/5  of  satiation  rate  was  offered  to  nymphs.  The 
results  show  the  potential  of  D.  erransto  develop  successfully  even  under  extremely  limited  food 
sources  and  provide  useful  information  for  the  mass  rearing  of  predators. 
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Abstract  text: 

Introduction:  The  sweetpotato  whitefly,  Bemisia  tabaci  and  aphids  are  major  pests  of  crops  in  the 
southeast  U.S.  An  environmentally-friendly  management  strategy  is  “push-pull”  technology 
which  combines  the  use  of  repellent  (“push”)  and  trap  crops  (“pull”)  for  insect  pest  control.  The 
repellent  crop,  giant  red  mustard,  can  decrease  whitefly  oviposition  in  vegetables.  To 
complement  push-pull,  refuge  plants  can  attract  and  sustain  beneficial  insects.  The  study 
objectives  were:  1)  Evaluate  arugula  ( Eruca  sativa)  and  mustard  ( Brassica  juncea )  as  repellents 
against  B.  tabaci;  2)  Evaluate  attractiveness  of  sweet  alyssum  ( Lobularia  maritima)  to  predatory 
hoverflies  in  kale  {Brassica  oleracea)  crops  to  control  aphids. 

Methods:  Repellency  tests  were  conducted  using  an  olfactometer.  Cucumber  {Cucumis  sativus) 
acted  as  attractive  odor  sources  and  controls.  Repellent  plants  were  arugula  (E.  sativa  cv. 

Nemat),  and  mustard  (B.  juncea  cv.  Caliente  19  and  giant  red  mustard).  Green-colored  discs 
served  as  visual  attractants.  Potted  sweet  alyssum  plants  were  placed  under  malaise  traps  to 
sample  hoverflies,  and  intercropped  with  kale  throughout  the  2014  spring  season. 

Results/Conclusion:  Nemat,  arugula  and  giant  red  mustard  elicited  no  movement  in  whiteflies, 
which  we  interpret  as  arrested  behavior,  while  var.  Caliente  mustard  repelled  whiteflies.  Kale 
plots  with  sweet  alyssum  had  more  hoverflies  than  control  plots.  Toxomerus  marginatus  was  the 
most  common  among  7  hoverfly  species  sampled.  In  general,  Nemat  arugula,  giant  red  mustard 
and  caliente  mustard  are  potential  repellents  against  whiteflies,  and  may  be  used  as  the  “push” 
component  in  “push-pull”  crop  management.  Sweet  alyssum  can  serve  as  refuge  plants  for 
hoverflies  as  a  complementary  strategy. 
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Abstract  text: 

Ornamental  trees  and  shrubs  are  susceptible  to  a  wide  range  of  insect  pests,  which  limit  their 
growth  and  marketability.  Ambrosia  beetles  (Coleoptera:  Scolytidae)  are  one  group  of 
economically  important  insects  found  in  woody  ornamentals.  Most  species  are  considered 
beneficial  due  to  the  part  they  play  in  forest  decomposition.  Some  species,  such  as  granulate 
ambrosia  beetle  ( Xylosandrus  crassiusculus ),  black  stem  borer  ( Xylosandrus  germanus )  and 
camphor  shot  borer  ( Cnestus  mutilatus )  are  considered  pests  in  nursery  production  settings  due 
to  the  mortality  they  cause  in  young  trees.  Ambrosia  beetles  attack  stressed  plants  by  cuing  in  on 
the  ethanol  signal  released  during  anaerobic  respiration.  Despite  our  understanding  of  basic 
ambrosia  beetle  ecology,  trapping  and  insecticide  treatments  for  nursery  stock,  the  only  certain 
way  to  prevent  ambrosia  beetle  attacks  is  to  prevent  plant  stress.  Where  cultural  management 
methods  fail  to  do  so,  the  sole  management  option  currently  recommended  is  to  treat  plants  with 
insecticides.  2  additional  methods  for  ambrosia  beetle  management  were  tested  here,  each  with 
the  goal  of  reducing  the  ethanol  stress  signal.  The  first  method  employs  the  pre-treatment  of  trees 
with  a  fungicide  reported  to  have  antifungal  and  stress  priming  activity.  The  second  method 
involves  the  application  of  an  adsorbent  to  the  trunks  of  stressed  trees  in  order  to  lower  the 
ethanol  signal  strength  emitted  by  treated  trees.  The  objective  of  these  studies  was  to  identify 
additional  tools  for  use  in  ambrosia  beetle  management  as  stand-alone  applications  or  as 
components  of  a  trap-tree  management  strategy. 
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The  process  of  urbanization  can  have  detrimental  effects  on  ecosystem  functioning,  as  habitats 
capable  of  supporting  biodiversity  are  converted  into  landscapes  dominated  by  built  features. 

The  goal  of  this  study  was  to  examine  how  local  and  landscape  variables  associated  with 
urbanization  affect  bees  and  their  ability  to  provide  pollination  services  to  urban  agricultural 
sites.  We  measured  bees  and  pollination  services  in  20  urban  agricultural  sites  across  the  city  of 
Chicago,  Illinois.  Bees  were  sampled  using  bee  bowls,  and  pollination  services  were  measured 
using  sentinel  cucumber  plants.  We  used  model  selection  to  identify  local  and  landscape 
variables  best  explaining  bee  abundance,  while  ANOVA  compared  pollination  services  across 
sites  with  high  and  low  amounts  of  within  site  flower  area.  The  model  best  explaining  the 
abundance  of  small  bodied  soil  nesting  bees  included  the  local  site  variables  flower  area  and 
farm  management  and  the  landscape  variable  impervious  cover.  In  contrast,  the  abundance  of 
small  bodied  stem  nesting  bees  was  best  explained  by  the  local  site  variable  hardscape. 
Abundance  of  large  bodied  cavity  nesting  bees  was  best  explained  by  impervious  cover  and 
flower  area.  No  difference  in  pollination  services  was  found  across  sites.  Our  results  indicate 
bees  are  differentially  responding  to  local  and  landscape  variables  yet  providing  similar 
pollination  services  to  urban  agricultural  sites.  Our  results  suggest  2  mechanisms  may  be  driving 
the  similar  pollination  services  we  observed  across  sites:  1)  the  presence  of  one  dominate 
pollinator,  or  2)  different  pollinator  communities  providing  similar  services. 
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The  soybean  looper,  Chrysodeixis  includens  Walker  is  a  major  pest  of  row  crops  in  the  southern 
U.S.  The  crop  damage  that  it  inflicts  is  due  to  feeding  on  the  foliage  of  its  host  plants  causing 
defoliation  and  interfering  with  photo  synthetic  capacity  of  plants.  Several  other  species  of 
Plusiinae  larvae,  especially  cabbage  looper,  Trichopluia  ni  Hiibner  are  similar  in  appearance  to 
C.  includens  and  may  be  present  in  mixed  populations  on  crop  hosts  at  the  same  time. 
Determining  the  correct  species  before  insecticidal  control  is  important  due  to  varying  levels  of 
susceptibilities  to  insecticides,  especially  the  pyrethroid  class  of  insecticides.  Historically,  the 
larval  leg  color  has  been  used  at  least  to  some  extent  to  distinguish  C.  includens  and  T.  ni 
larvae.  Laboratory  studies  were  conducted  to  examine  potential  environmental  influences  on  leg 
color  of  C.  includens  larvae  and  determine  if  this  may  be  a  useful  characteristic  in  distinguishing 
larvae  of  the  2  species.  Results  of  these  studies  indicate  that  larval  densities  in  the  rearing  arena 
had  the  largest  impact  on  whether  C.  includens  larvae  had  green  or  black  true  legs.  As  larval 
densities  increased,  a  larger  proportion  had  black  true  legs.  The  ecological  significance  for  the 
difference  in  coloration  is  not  known. 
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Abstract  text: 

Codling  moth  ( Cydia  pomonella)  is  the  key  pest  of  pome  fruits  worldwide.  Commercial  orchards 
are  subjected  to  management  practices  for  this  pest,  such  as  insecticide  sprays  and  mating 
disruption.  Codling  moth  populations  in  commercial  orchards  are  maintained  by  adult 
immigration  from  neighboring  unmanaged  host-plants.  Therefore,  identification  of  the  variables 
affecting  adult  codling  moth  dispersal  is  important  to  prevent  orchard  infestation.  Our  studies 
were  conducted  during  2  seasons  (2013-2014  and  2014-2015)  in  33  apple  orchards  of  the  Maule 
Region,  Chile.  We  used  immunomarking  techniques  with  food  proteins  (cow  milk,  chicken  eggs 
and  soybean)  sprayed  on  potential  population  sources  of  the  codling  moth  associated  with 
unmanaged  host-plants  (pome  fruits  and  walnut).  Codling  moth  males  and  females  were  trapped 
inside  commercial  orchards  and  were  subjected  to  ELISA  tests  for  food  proteins  in  order  to 


identify  their  origin.  For  each  season  we  used  generalized  mixed  linear  models  with  codling 
moth  male  and  female  trap  catches  and  proportion  of  marked  catches  as  dependent  variables. 
Source  host-plant,  distance  and  infestation  were  included  as  fixed  factors,  and  trap  and  orchard 
as  random  factors.  Our  main  results  indicate  that  female  catches  were  increased  by  infestation  of 
the  source  host-plants  during  the  first  season,  while  source  host-plant  significantly  increased 
female  catches  during  the  second  season.  Proportion  of  marked  catches  was  also  increased  by 
infestation  of  the  source  host-plants  during  the  first  season,  but  no  significant  effects  were  found 
for  the  second  season.  Interestingly,  distance  from  source  host-plant  to  commercial  orchards  did 
not  significantly  affect  codling  moth  immigration. 


Poster 

Presentation  Title:  Cultivated  plant  diversity  controls  arthropod  communities  and  Helicoverpa 
armigera  regulation  in  tomato  cropping  systems 

Author  Name:  Anais  Chailleux 

Author  Institution:  CIRAD 

Session  Title:  Poster  Session  3:  Integrated  Pest  Management  and  Sustainable  Agriculture 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3648 

DOI:  10.1 603/ICE.20 16.111 823 

Abstract  text: 

The  intercropping  can  increase  the  plant  biodiversity,  conserve  the  local  crops  and  modify  the 
arthropod  communities  for  pest  management.  With  the  goal  of  optimizing  pest  management,  we 
studied  the  effect  of  cultivated  plant  diversity,  their  spatial  organization  on  the  arthropod 
communities  and  Helicoverpa  armigera  regulation  in  tomato  cropping  systems.  During  the 
study,  30  farmer’s  fields  were  selected  in  South  of  Benin  (West  Africa)  and  we  assessed  the 
diversity  of  cultivated  plants  inside  and  around  of  the  tomato  fields  and  determined  the  arthropod 
communities.  This  study  showed  that  the  arthropod  families  Hymenoptera,  Orthoptera,  Araneae 
and  Coleoptera  were  most  abundant  in  tomato  cropping  systems.  Cultivated  plant  diversity 
increased  the  abundance  of  the  omnivore  predators  and  generalist  predators  which  are  negatively 
correlated  with  H.  armigera  abundance  meaning  it  biological  control.  The  different  crop 
association  types  increased  the  arthropod  abundance  for  the  stability  of  theirs  food  webs  at  local 
field  scale  while  at  the  neighbourg  field  scale,  the  crop  associations  increased  or  decreased  the 
arthropod  abundance  according  to  the  types.  The  plants  palm,  pineapple,  maize,  cassava, 
triumphetta,  talinum  and  groundnut  could  be  the  best  plants  associated  to  the  tomato  for 
ecological  management  of  H.  armigera.  This  study  allowed  us  to  understand  how  to  organize  the 


landscape  of  tomato  cropping  systems  for  the  best  arthropod  food  web  structures,  the  ecological 
management  of  H.  armigera. 
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Abstract  text: 

Two  species  of  armored  scale  insects,  the  cycad  aulacaspis  scale,  Aulacaspis  yasumatsui,  and  the 
tea  scale,  Fiorinia  theae  (Hemiptera:  Diaspididae),  are  economically  important  pests  of  woody 
ornamental  plants  in  the  southeastern  United  States.  Our  objective  was  to  evaluate  efficacy  of 
biological,  botanical  and  chemical  insecticides  applied,  primarily  as  foliar  applications  against 
the  crawler  stages.  In  tests  with  A.  yasumatsui ,  the  products  based  on  a  mineral  oil  (SuffOil-X), 
azadirachtin  (Molt-X),  entomopathogenic  fungus  (BotaniGard-ES),  and  an  azadirachtin/fungus 
combination  significantly  reduced  the  number  of  CAS  over  several  months,  but  were  not  always 
as  effective  compared  with  the  insecticidal  standard  dinotefuran  (Safari).  In  tests  with  Fiorinia 
theae  Green  (Hemiptera:  Diaspididae),  all  tested  materials  spinetoram  +  sulfoxaflor  (GF-2860), 
cyantraniliprole  (Mainspring  ),  pyriproxifen  (Distance),  buprofezin  (Talus),  horticultural  oil 
(SuffOil-X)  and  dinotefuran  (Safari)  significantly  reduced  scale  numbers  (adults  and  large 
nymphs)  on  established  foliage  (older  leaves)  compared  with  controls  at  150  DAT.  GF-2860  also 
reduced  scale  numbers  at  76  DAT,  but  there  were  no  significant  reduction  among  treatments 
observed  at  7,  14,  21,  and  35  DAT.  The  apparent  slow  activity  (decline)  in  scale  numbers  on  old 
foliage  may  have  been  influenced  by  existing  armored  scales  remaining  attached  to  leaf  surfaces 
for  some  time  after  death.  We  suggest  that  monitoring  infestations  on  new  foliage  (which  was 
observed  more  readily  compared  with  older  leaves)  is  a  more  reliable  method  of  establishing 
efficacy  of  insecticides  against  this  group  of  pests. 
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Abstract  text: 

Insect  and  rodent  pests  are  adept  at  exploiting  structural  faults  in  residential  and  commercial 
buildings.  When  pests  invade  structures,  their  activity  causes  substantial  health  problems  and 
costs  for  people  and  businesses.  There  is  growing  evidence  that  the  best  way  to  control  pest 
infestations  is  to  prevent  the  entry  of  colonizers  and  stop  the  spread  of  existing  pests  within  a 
structure.  In  a  sense,  exclusion  practices  use  our  understanding  of  pest  ecology  and  behavior  to 
employ  “azz/z-conservation”  biology  approaches  to  disrupt  the  formation  of  stable  populations. 
The  ongoing  challenge  for  urban  Integrated  Pest  Management  (IPM)  programs  is  to  do  more  than 
simply  react  to  complaints  or  pest  thresholds  with  “catch-up”  control  approaches;  however,  little 
more  than  anecdotal  evidence  supports  the  importance  of  exclusion  practices.  The  Scientific 
Coalition  On  Pest  Exclusion  (SCOPE)  is  a  group  of  scientists,  pest  managers,  public  health 
experts,  and  facility  managers  whose  goal  is  to  bring  scientific  study  to  exclusion  practices  as  a 
fundamental  part  of  IPM  strategies  in  residential  and  commercial  structures.  The  ultimate  goal  of 
the  working  group  is  to  provide  end-users  practical  guidance  such  as  designing  pest-proofmg 
into  new  construction  and  deploying  exclusion  materials  at  any  stage  of  an  existing  structure’s 
lifespan. 
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The  Formosan  subterranean  termite,  Coptotermes  formosanus ,  is  a  very  important  structural  pest 
and  is  a  very  destructive  insect  in  Louisiana.  Lake  Charles,  Louisiana  is  one  of  the  original 
introduction  sites  in  the  United  States.  6  structures  in  the  greater  Lake  Charles,  Louisiana  area 
were  treated  to  evaluate  the  biological  activity  of  Termidor®  SC  and  an  additive  (BAS  270  00  S) 
treatments  for  management  of  subterranean  termites.  Termidor®  SC  was  applied  at  a  rate  of 
0.06%  AI.  Structures  were  inspected  1,  3,  6,  12,  18,  24,  30,  36,  42,  48,  54,  and  60  months  post 
treatment.  The  treatments  of  Termidor®  SC  and  the  additive  in  this  study  prevented  shelter  tubes 
from  being  rebuilt.  New  shelter  tubes  were  not  present  and  active  termites  were  not  found. 
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Abstract  text: 

Evaluating  insecticides  in  the  field  for  management  of  perimeter  pests  is  inherently  difficult  due 
to  the  nature  of  the  target  location.  Even  with  adequate  replication,  it  is  not  possible  to  control 
the  environment  to  exact  specifications.  It  also  is  not  feasible  to  expect  property  owners  to  limit 
their  interaction  with  the  landscape  around  their  structures.  Consequently  we  compared  two 
laboratory  bioassays  for  evaluating  perimeter  mulch  treatments  for  management  of  outdoor  pest 
species,  in  this  case,  Periplaneta  spp.  One  protocol  has  been  used  in  our  laboratory  for  25  years, 
and  the  other  was  designed  to  improve  on  that  method.  The  2  methods  were  either  screen  baskets 
or  plastic  storage  containers  holding  soil  covered  with  mulch.  Products  were  applied  to  the  2 
types  of  mulch/soil  containers  at  label  rates  using  a  compressed  air  sprayer  at  25  psi,  and  then 
held  outdoors  in  a  protected  environment  without  exposure  to  direct  sunlight  or  rainfall. 


Bioassays  were  performed  at  24  hr,  2,  4,  and  8  wk  post-treatment.  For  each  bioassay  date,  data 
were  recorded  at  1-9  days  after  initial  exposure  to  treated  mulch.  Both  methods  for  assessing 
efficacy  gave  significantly  comparable  results  for  mean  percent  mortality  by  the  9th  day. 
Because  the  bioassay  using  plastic  storage  containers  is  less  expensive  and  less  labor  intensive 
we  recommend  this  as  the  method  of  choice  when  evaluating  perimeter  treatment  products. 
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Giant  African  snail  Achatina  fulica  is  an  important  invasive  pest  currently  present  in  Miami- 
Dade  county  of  Florida.  It  feeds  on  hundreds  of  plant  species  that  includes  vegetables  and 
ornamental  plants,  and  can  transmit  disease  to  plants  and  animals,  including  humans.  Division  of 
Plant  Industry  (Florida  Department  of  Agriculture),  Gainesville  has  been  working  to  eradicate 
this  pest  since  it  was  detected  in  Florida  in  201 1.  360  snails  were  monitored  in  a  containment 
facility.  It  has  been  found  that  on  average,  snails  need  to  be  at  least  97mm  in  height  and  require 
201  days  for  oviposition.  The  average  number  of  eggs  laid  by  snails  during  the  first  year  of  egg 
production  was  4,796.  Maximum  of  1033  eggs  were  laid  in  a  single  clutch  with  an  average  of 
295  eggs  laid  per  clutch.  The  average  egg  viability  was  60%.  Although,  egg  production 
decreased  after  the  first  year,  snails  continued  to  lay  an  average  of  172  eggs  with  68%  average 
viability  at  2  !4  years  of  age.  Egg  production  was  also  possible  without  mating  in  A.  fulica  as  4% 
of  the  virgin  snails  laid  viable  eggs.  These  data  show  that  even  a  few  number  of  A.  fulica  could 
have  a  huge  damage  potential  in  agriculture  and  human  life. 
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Abstract  text: 

The  Mississippi  Entomological  Museum  (MEM)  has  served  as  a  Screening  and  Identification 
Center  for  the  United  States  Department  of  Agriculture,  Animal  Plant  Health  Inspection  Service 
(USDA- APHIS  -  Raleigh  Hub),  for  10  years.  This  service  has  allowed  the  state  and  federal 
programs  an  efficient  and  timely  way  to  have  their  samples  processed,  with  a  targeted  turn 
around  time  of  three  weeks.  During  the  2015-2016  trapping  year,  samples  were  received  from 
Alabama,  Kentucky,  Mississippi,  North  Carolina,  South  Carolina,  Tennessee,  and  Georgia. 

These  samples  include  Lindgren  Funnel  trap  samples  run  for  exotic  wood  borers/bark  beetles 
( Cerambycidae ,  Scolytinae,  Platypodidae,  Buprestidae  and  C urculionidae)  and  Sirex 
Woodwasps,  pheromone  traps  for  a  wide  range  of  Lepidopteran  pests,  and  purple  prism  traps  for 
emerald  ash  borer  ( Agrilus  planipennis).  Lure  types  used  included:  walnut  twig  beetle 
( Pityophthorus  juglandis ),  monochamol,  alpha-pinene,  Ips,  pitcha,  lineatin,  Playpus  quercivorus, 
spruce  blend  with  geranyl  acetol,  pine  shoot  beetle  ( Tomicus  piniperda ),  Megaplaytypus  mutates , 
and  Typographus.  Increases  in  the  number  of  specimens  screened  increases  the  chance  of  exotic 
specimens  being  identified  during  the  screening  process.  This  year  most  positive  samples  were 
from  previously  recorded  counties,  all  new  county  and  state  records  will  be  provided  in  the 
poster. 
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Coconut  rhinoceros  beetle  Oryctes  rhinoceros  L.  is  a  large  scarab  beetle  native  to  Southeast  Asia 
and  a  damaging  pest  of  palm  species,  most  notably  coconut  palm  Cocos  nucifera.  In  December 
2013,  adult  O.  rhinoceros  were  found  on  the  island  of  Oahu,  Hawaii  at  the  Honolulu 
International  Airport  and  the  adjacent  Joint  Base  Pearl  Harbor-Hickam.  Subsequent  delimiting 
surveys  indicated  that  O.  rhinoceros  occur  as  discrete,  incipient  populations  and  is  not 
widespread  on  Oahu.  The  eradication  strategy  for  O.  rhinoceros  on  Oahu  includes  the 
examination  of  mulch  for  breeding  sites.  A  complicating  factor  in  mulch  examination  is  the 
presence  of  oriental  flower  beetle  Protaetia  orientalis  (Gory  and  Percheron  1833)  which  are 
widespread  on  Oahu.  The  eggs,  1st  instar  larvae,  and  excrement  of  P.  orientalis  are 
morphologically  indistinguishable  from  O.  rhinoceros.  Currently,  O.  rhinoceros  eggs  and  early 
instars  need  to  be  grown  to  3rd  instar  for  an  accurate  morphological  identification.  Here  we  report 
the  development  of  a  multiplex  PCR  assay  that  can  rapidly  identify  O.  rhinoceros  and 
distinguish  them  from  P.  orientalis  in  four  different  biological  samples:  eggs,  1st  instar  larva, 
adult  tissue,  and  excrement.  Following  DNA  extraction,  three  sets  of  primers  were  designed  for 
simultaneous  detection  of  the  O.  rhinocero  or  P.  orientalis  coxl,  and  include  an  internal  positive 
control  to  indicate  DNA  extraction  quality.  This  assay  provides  a  rapid  diagnostic  procedure  for 
the  identification  of  O.  rhinocero  breeding  sites  in  a  dynamic  pest  response  program. 
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The  goal  of  this  study  is  to  gain  a  better  understanding  of  the  interactions  between  the  invasive 
Japanese  beetle  Popillia  japonica  Newman  larvae  and  its  subterranean  environment.  Specific 
objectives  include  (1)  quantifying  the  impact  of  P.  japonica  larvae  on  soil  microbial  activity  and 
functional  diversity  and  (2)  characterizing  the  microbiota  associated  with  the  P.  japonica  larval 
gut  and  identifying  linkages  between  soil  and  gut  microbes.  CO2  flux  and  fluorescein  diacetate 
(FDA)  hydrolysis  were  measured  in  field  and  microcosm  studies  to  provide  surrogate 
measurements  of  the  impact  of  P.  japonica  larvae  on  microbial  activity.  Coarse  changes  in  the 
functional  diversity  of  soil  microbes  were  also  examined  using  phospholipid  fatty  acid  analysis 
(PLFA).  Findings  support  the  idea  that  P.  japonica  larvae  cause  significant  and  lasting  changes 
to  soil  microbial  diversity  and  activity  by  weakening  soil  fungal  and  protozoan  populations  and 
shifting  remaining  microbial  populations  in  favor  of  bacteria.  These  changes  resulted  in 
increased  microbial  activity,  potentially  liberating  larger  amounts  of  CO2  from  the  soil.  Results 
suggest  that  P.  japonica  infestations  may  reduce  soil  organic  matter  and  increase  soil  CO2 
emissions.  It’s  also  implied  that  interactions  between  P.  japonica  larvae  and  the  soil  are,  in  part, 
microbially-mediated,  which  could  have  implications  for  pest  management.  Bacterial  16S  rDNA 
from  P.  japonica  larval  guts  and  infested  and  non-infested  soil  was  extracted,  sequenced,  and 
characterized  in  order  to  reveal  relationships  between  these  samples.  Preliminary  findings  reveal 
stark  contrasts  between  the  microbial  communities  within  the  1st  and  3rd  larval  gut. 
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Abstract  text: 

The  South  American  tomato  leafminer,  Tuta  absoluta  Meyrick  (Lepidoptera:  Gelechiidae)  is  a 
native  of  South  America  and  a  serious  pest  of  tomato.  If  no  appropriate  control  measures  are 
taken,  it  may  cause  up  to  80-100%  yield  losses.  T.  absoluta  was  accidentally  introduced  to  Spain 
in  2006  and  by  2010  it  had  spread  to  rest  of  Europe  and  the  Mediterranean.  It  has  since  spread  to 
the  Middle  East  and  North  Africa,  East  and  West  Africa,  and  reached  India  in  2014.  Since  it 
already  reached  India,  it  is  bound  to  establish  in  all  the  adjoining  contiguous  countries  in  South 
and  Southeast  Asia.  T.  absoluta  poses  a  threat  of  invasion  to  the  United  States:  (1)  it  has  spread 
northwards  to  Panama  and  Costa  Rica  from  South  America;  and  (2)  through  the  imported 
tomatoes  from  Europe. 

The  primary  management  tactic  for  T.  absoluta  has  been  chemical  control.  However,  this  insect 
has  developed  resistance  to  organophosphate  and  pyrethroid  insecticides.  Pheromone  traps  are 
widely  used  for  monitoring  as  well  as  for  mass  trapping.  However,  for  mass  trapping  to  be 
effective,  this  tactic  needs  to  be  implemented  with  recommended  insecticides  or  on  an  area-wide 
basis.  Additional  control  measures  include  the  use  of  biological  control  agents.  Several 
parasitoids  and  predators  of  T.  absoluta  have  been  identified.  Augmentative  release  of  predatory 
mirid  bugs,  mites,  and  egg  parasitoids  have  been  used.  Biopesticides  such  as  Bacillus 
thuringiensis ,  Beauveria  bassiana ,  and  neem  botanical  products  are  used  in  an  Integrated  Pest 
Management  (IPM)  approach. 
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Sweetpotato  weevils  Cylas  formicarius  Summers  are  the  most  important  pests  of  sweetpotatoes 
in  the  world  and  a  regulatory  pest  in  North  Carolina  (NC)  which  currently  ranks  1  in  sweetpotato 
production  in  the  United  States.  C.  formicarius  are  only  found  in  the  coastal  areas  of  Brunswick 
and  New  Hanover  Counties  in  NC  and  represent  a  threat  to  the  sweetpotato  industry  in  the  state. 
To  implement  an  eradication  program,  it  is  important  to  know  the  spatial  and  temporal 
distribution  of  C.  formicarius  populations  in  the  quarantine  area.  This  was  accomplished  through 
an  intensive  survey  using  green  bucket  traps  baited  with  a  female-produced  C. 
formicarius  pheromone.  A  detection  grid  of  450  traps  was  set  in  the  coastal  areas  of  New 
Hanover  and  Brunswick  Counties.  Traps  were  checked  for  weevils  every  two  weeks.  C. 
formicarius  were  found  year  round  in  the  quarantine  area  with  peak  numbers  found  between 
August  to  November.  At  the  end  of  the  first  year  of  surveys,  1 1  population  clusters  (PC)  were 
detected  in  New  Hanover  county  and  four  PC  in  Brunswick  county.  Population  levels  in 
Brunswick  county  were  the  highest  and  were  primarily  found  in  undisturbed  areas.  Association 
of  C.  formicarius  presence  with  host  material  in  the  area  including  morning  glory  species 
(Convolvulaceae)  and  with  potential  human-assisted  movement  of  regulated  commodities  was 
also  established.  The  information  obtained  will  be  used  to  plan  and  implement  a  C. 
formicarius  eradication  program  in  NC. 
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Abstract  text: 

The  brown  marmorated  stink  bug  (BMSB),  Halyomorpha  halys ,  is  a  significant  agricultural  and 
nuisance  pest  in  several  States.  Although  this  pest  has  not  been  detected  in  crops  in  California,  a 
large  number  of  BMSB  was  found  in  urban  areas  in  Sacramento  in  2013,  and  now  spread  to 
other  counties  including  the  counties  within  the  northern  San  Joaquin  Valley.  Many  crops  (e.g. 
peach,  grape,  cherry)  grown  in  this  area  are  known  to  be  the  host  of  BMSB.  Early  warning  of 
BMSB  allows  for  planning  to  direct  efforts  of  prevention,  monitoring  and  management.  In  order 
to  increase  assurance  of  discovering  BMSB  presence  before  it  has  built  up  large  numbers,  we 
propose  to  conduct  surveys  in  cling  peach  orchards  in  the  region.  The  survey  methods  include 
pheromone  trapping,  beat  tray  sampling  and  visual  inspection  in  peach  orchards  that  are  in 
proximity  to  the  highways  and  residential  areas.  The  study  results  will  be  discussed  in  relation  to 
the  potential  risks  of  this  pest  causing  damage  to  major  crops  in  the  region. 


Poster 

Presentation  Title:  A  comparison  of  nectar  sources  of  the  invasive  hoverfly  Merodon  equestris 
and  a  native  congener  M.  kawamurae  (Diptera:  Syrphidae)  in  Japan 

Author  Name:  Mitsuaki  Sutou 

Author  Institution:  The  University  of  Tokyo 

Session  Title:  Poster  Session  3:  Invasive  and  Exotic  Entomology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3661 

DOI:  10. 1603/ICE.2016.1 12474 

Abstract  text: 

Introduction:  A  potential  negative  effect  of  invasive  species  on  native  ecosystems  is  competition 
with  related  native  species  which  often  occupy  the  same  ecological  niche.  Hoverflies  (Diptera: 
Syrphidae)  are  pollinators  of  various  plant  species.  The  hoverfly  genus  Merodon  consists  of  two 
species  in  Japan:  Merodon  equestris ,  an  exotic  species  that  has  invaded  central  and  eastern 
Japan,  and  Merodon  kawamurae ,  a  native  species  found  throughout  central  and  western  Japan.  In 
this  study,  I  compared  the  nectar  and  pollen  source  preferences  of  these  related  hoverfly  species. 

Methods:  I  collected  all  individuals  of  M.  equestris  and  M.  kawamurae  found  in  the  study  sites 
during  2009-2015,  and  recorded  the  flower  species  from  which  the  hoverflies  were  collected.  At 


four  sites  in  central  and  eastern  Japan,  I  collected  917  individuals  of  M.  equestris ,  including  290 
that  were  caught  while  visiting  flowers.  At  two  sites  in  central  and  western  Japan,  I  collected  94 
individuals  of  M.  kawamurae ,  including  16  that  were  caught  while  visiting  flowers. 

Results/Conclusion:  I  recorded  M.  equestris  visiting  fourteen  species  of  flowers,  of  which  the 
three  most  frequently  visited  were  Erigeron  philadelphicus ,  Ornithogalum  umbellatum ,  and 
Taraxacum  officinale.  In  contrast,  I  recorded  M.  kawamurae  visiting  only  five  flower  species;  the 
three  most  frequently  visited  were  Potentilla  hebiichigo ,  Taraxacum  japonicum ,  and  Kerria 
japonica.  Although  both  hoverfly  species  visited  flowers  of  the  genus  Taraxacum  (dandelions), 
they  generally  did  not  visit  similar  species.  Thus,  I  conclude  that  there  is  little  competition 
between  these  hoverfly  species  for  adult  food  resources. 
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Introduction:  Spotted  wing  drosophila  Drosophila  suzukii  Matsumura  (Diptera:  Drosophilidae) , 
is  an  invasive  pest  that  has  recently  colonized  Europe  and  North  America.  Many  studies  on 
biology  and  control  methods  have  been  conducted  in  the  last  10  years  although  the  use  of 
sterility  methods  has  not  been  reported.  In  this  work  the  effect  of  gamma  irradiation  on  D. 
suzukii  has  been  evaluated  for  applications  such  as  the  sterile  insect  technique  (SIT)  or  release 
recapture  trials. 

Methods:  In  the  DROPSA  project  (EU  FP7)  we  have  conducted  a  research  to  study  the  effect  of 
doses  between  10  and  150  Gy  on  emergency  of  adults  from  irradiated  pupae  and  fecundity  and 
fertility  of  irradiated  females  and  non-irradiated  females  mated  with  irradiated  males.  In  addition, 
longevity  of  irradiated  flies  and  the  reduction  of  fertility  were  studied  for  2  weeks  after 
irradiation. 

Results/Conclusion:  Results  show  that  an  irradiation  dose  of  40  Gy  reduces  egg  hatching  by  98% 
and  totally  avoids  larvae  development  from  irradiated  females  or  females  mated  with  irradiated 
males.  However  this  irradiation  dose  significantly  reduce  emergency  from  irradiated  pupa  and 
therefore,  a  lower  dose  could  be  studied  for  SIT  programs.  Longevity  of  flies  emerged  from 
irradiated  pupae  decrease  with  irradiation  doses  over  25  Gy,  suggesting  a  reduction  on  D. 
suzukii  functionality  at  higher  doses.  No  fecundity  or  fertility  recover  has  been  observed  in 
irradiated  flies. 
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New  Jersey  highbush  blueberry  growers  produce  fruit  on  3,237  H  (8,000  acres)  with  an  annual 
value  of  about  $70  million.  The  spotted  wing  drosophila  (SWD),  Drosophila  suzukii,  was  first 
found  in  New  Jersey  in  201 1,  and  dramatically  changed  pest  management  practices  by  2012. 
Previous  to  201 1,  blueberry  insecticide  use  was  driven  primarily  by  management  of  blueberry 
maggot  (BBM),  Rhagoletis  mendax  Curran.  Growers  used  anywhere  from  1  to  8  insecticide 
applications  consisting  largely  of  neonicotinoid  chemistry.  Application  needs  were  often  dictated 
by  trap  capture  levels,  and  field  locations  where  traps  exceeded  treatment  levels.  Given  the  facts 
that  blueberries  have  a  "0"  tolerance  for  internal  larvae,  are  a  high  value  crop,  and  SWD 
monitoring  cannot  be  associated  with  a  treatment  threshold,  growers  returned  to  an  intensive 
calendar-based  spray  program.  Since  neonicotinoids  are  not  effective  for  SWD  control,  much  of 
the  chemistry  now  consists  of  repeated  use  of  pyrethroids.  Applications  are  made  both  by  ground 
and  aerial  means.  While  growers  have  often  applied  fungicides  with  insecticides,  many  of  these 
additional  applications  have  been  ‘SWD  only’  sprays.  This  has  increased  grower  production 
costs  at  a  time  of  increased  competition. 
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Governmental  policies  and  public  perception  are  pushing  for  a  reduction  in  pesticide  use.  Safer 
alternatives  are  continually  being  sought.  A  hot  water  bath  or  shower  for  eliminating  pests  on 
plants  is  proving  to  be  a  viaible  option.  Storage  containers  have  been  converted  to  shower 
chambers  where  plants  are  treated  prior  to  shipment  to  remove  coqui  frogs  in  Hawaii.  This 
technology  is  being  expanded  to  other  parts  of  the  U.S.  where  other  plants  and  pests  need  to  be 
tested.  A  portable  system  is  being  built  in  San  Diego  County  to  study  the  effects  of  this  syetem 
on  nursery  plants  commonly  grown  in  southern  California. 
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The  natural  grassland,  with  an  area  of  2.44*  106  hm2,  accounts  for  36.80%  of  total  land  area  in 
Ningxia,  China.  It  is  divided  into  different  types  including  temperate  meadow  steppe,  temperate 
steppe,  temperate  desert  steppe,  temperate  steppe  desert  belt, etc.  However,  in  recent  years,  insect 
pest  becomes  as  one  of  the  most  frequent  and  harmful  biological  disasters  in  natural  grassland 
with  the  changes  of  climate  and  ecological  environment.  Predicting  which  species  among 
thousands  of  insect  pests  are  most  likely  to  establish  in  Ningxia  presents  a  significant  challenge, 
but  can  be  facilitated  using  the  self  organizing  map  (SOM),  which  is  able  to  analyze  species 
associations  to  rank  large  numbers  of  species  simultaneously  with  an  index  of  establishment.  A 
presence/absence  dataset  including  thousands  of  insect  pests  in  different  grassland  types  and 
counties  was  analyzed  by  SOM.  The  establishment  risk  lists  of  insect  pests  in  various  grassland 
types  and  counties  were  ranked  and  compared.  It  also  showed  that  those  counties  geographically 
close  or  similar  in  grassland  type  were  clustered  together  by  the  SOM  analysis  because  of  their 
similar  insect  pest  assemblages.  Especially,  these  closely  and  similarly  clustered  counties 
therefore  represented  greater  threats  to  each  other  as  sources  of  insect  pests’  spread.  Finally,  it 
was  indicated  how  SOM  method  could  be  utilized  as  an  initial  screen  to  support  prioritizing 
insect  pests  of  natural  grassland  for  further  research  into  their  potential  to  spread  in  Ningxia.  This 
study  provides  an  interesting  application  of  SOM  to  analyse  the  establishment  risk  of  insect  pests 
in  small  scale  of  natural  grassland. 
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A  primary  goal  of  Plant  Protection  and  Quarantine  (PPQ)  division  of  the  United  States 
Department  of  Agriculture  -  Animal  and  Plant  Health  Inspection  Service  (USDA- APHIS)  is  to 
protect  agriculture  and  natural  resources  in  the  U.S.  from  the  entry,  establishment,  and  spread  of 
exotic  plant  pests.  To  aid  this  mission,  we  are  developing  a  statistically  robust  risk  assessment 
tool,  which  categorizes  exotic  arthropods  based  on  their  likelihood  of  causing  serious  impacts  to 
agricultural  and  natural  resources.  As  part  of  the  model  development  process,  we  compiled  a  list 
of  arthropods  that  have  been  introduced  into  the  U.S.,  and  prepared  an  initial  list  of  predictor 
variables,  or  risk  criteria,  that  may  contribute  to  the  impact  potential  of  these  species.  The  exotic 
pests  in  this  training  dataset  were  analyzed  as  though  they  were  not  yet  introduced.  We  therefore 
relied  only  on  information  (behavior,  impacts,  and  controls)  from  outside  the  U.S.  We  then 
developed  an  ordinal  logistic  regression  model  using  mutual  information  from  entropy  based 
techniques  to  identify  the  most  informative  subset  of  predictor  variables.  Initial  model 
assessment  was  conducted  using  K-fold  cross  validation  for  ROC.  Current  efforts  will  further 
validate  the  model  with  an  independent  dataset  of  introduced  arthropods.  Our  model  categorizes 
exotic  pests  as  high,  moderate,  or  low  impact  species,  allowing  PPQ  decision-makers  to  more 
judiciously  allocate  agency  resources  towards  regulatory  activities  such  as  early  detection 
surveys. 
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Agriculture  Quarantine  Inspection  (AQI)  at  U.S.  ports  of  entry  produces  data  about  insects  found 
in  commercial  cargo,  conveyances,  and  baggage  from  locations  outside  the  U.S.  The  discovery 
of  insect  specimens  transported  in  this  manner  constitutes  a  distinct  sampling  method.  While  not 
necessarily  definitive  about  the  country  of  origin  of  any  particular  insect  specimen,  AQI  data  can 
provide  valuable  suggestions  of  countries  in  which  new  country  records  may  be  found  for  insect 
taxa.  The  present  analysis  of  recent  AQI  data  quantifies  and  identifies  insect  taxa  that  would  be 
considered  new  country  records  if  collected  in  the  country  of  origin  of  the  inspected  material. 
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We  evaluated  odors  found  to  be  attractive  to  giant  African  snail  Achatina  fulica  in  laboratory 
quarantine  for  the  development  of  field  methods  to  deploy  attractants  in  our  Florida  eradication 
program.  The  first  approach  was  a  "kill"  strategy,  aimed  at  luring  snails  from  a  known  detection 
site  into  pesticide-treated  areas.  The  second  approach  was  a  "monitor"  strategy,  intended  to  lure 
any  remaining  hidden  snails  into  a  trap  that  could  possibly  contain  a  snail-lethal  but  otherwise 
non-toxic  substance  (e.g.,  salt);  this  second  technique  would  therefore  have  applications  where 
pets  and  livestock  may  be  present.  The  attractants  and  traps  we  have  designed  are  presented 
visually  on  this  poster  for  shared  knowledge,  along  with  the  message  that  the  best  plan  for 
controlling  invasive  species  is  simply  not  to  introduce  them  into  places  where  their  effects  are 
unwanted.  Please  don't  pack  a  pest  when  you  travel! 
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Introduction:  Halymorpha  halys  has  become  a  major  pest  in  the  US  since  it  was  first  discovered 
in  1996.  Native  to  eastern  Asia,  they  feed  on  over  150  different  plant  species  including  many 
native,  ornamentals  and  agricultural  crops.  A  deeper  understanding  their  biology  and  potential 
periods  to  apply  control  methods  could  be  discovered  by  understanding  their  nutrient  profiles.  To 
date,  there  is  no  information  on  nutrient  profiles  (lipid,  glycogen,  and  sugar)  of  naturally- 
occurring  H.  halys  adult  in  North  America.  The  goal  of  the  project  was  understand  the  general 


nutrient  dynamics  of  wild  H.  halys  adults  in  the  Willamette  Valley  of  Oregon  at  two  different 
time  periods,  as  emerging  from  overwintering  and  throughout  the  summer  on  host  plants. 

Methods:  Emerging  adults  were  collected  from  overwintering  boxes  from  March  through  June. 
Summer  adults  were  collected  from  holly  at  five  sites  throughout  the  Willamette  Valley  of 
Oregon.  All  adults  were  weighed,  prothorax  measured,  and  females  dissected  for  reproductive 
information.  Nutrient  bioassay  for  lipid,  glycogen,  and  sugar  was  conducted  for  each  adult 
collected. 

Results/Conclusion:  It  was  found  that  overwintering  adults  had  a  steady  nutrient  decline  from 
March  through  June.  This  means  they  use  up  more  nutrient  reserve  when  they  overwinter  longer. 
The  adults  collected  from  summer  holly  had  nutrient  profiles  fluctuate  throughout  the  summer, 
reflecting  population  shifts. 
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Eriococcus  lagerstroemiae  Kuwana  was  first  discovered  in  the  U.S.  in  Richardson,  Texas  by  a 
landscape  company  in  2004.  This  pest  of  crape  myrtle  {Lagers troemia  spp.),  a  widely  planted 
exotic  flowering  woody  ornamental,  has  quicky  spread  in  the  U.S.  All  of  the  crape  myrtle 
cultivars  in  the  nursery  and  landscape  appear  to  be  susceptible  to  this  pest.  We  expect  E. 
lagerstroemiae  to  infest  crape  myrtle  across  the  U.S.  in  the  near  future.  The  extensive  use  of 
insecticide  for  control  of  this  pest  over  many  thousands  of  landscapes  is  not  desireable. 
Currently,  systemic  neonicotinoid  insecticides  are  being  used  extensively  for  control.  Insect 
growth  regulator  insecticides  present  another  good  option  but  they  require  scouting  for  crawlers 
for  proper  timing  of  applications  and  are  presently  underutilized.  Organic  or  less  chemical 
intensive  options  need  to  be  developed.  The  high  pressure  washing  of  plants  possibly  with  soap 


or  insecticidal  soap  to  physically  remove  the  scale  insects  and  some  of  the  sticky  honeydew  and 
black  sooty  mold  is  an  alternative  option  that  needs  to  be  investigated.  Several  species  of 
predatory  coccinelid  beetles  have  been  found  in  increasing  numbers  on  plants  infested  with  E. 
lager stroemiae.  One  scenario  would  be  the  use  of  high  pressure  washing  in  the  spring  prior  to 
egg  hatch  and  again  in  the  fall  to  drastically  reduce  the  number  of  E.  lager  stroemiae  on  the  plant. 
This  option  has  the  potential  to  bring  about  a  more  ideal  predator  to  prey  ratio  which  will  allow 
natural  biological  control  to  provide  an  acceptable  level  of  pest  control. 
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Abstract  text: 

Tomato  is  considered  one  of  the  most  important  agricultural  products  and  food  processing 
industries  in  the  world.  The  tomato  leafminer  Tuta  absoluta  Meyrick  (Lepidoptera:  Gelechiidae), 
originated  from  South  America,  has  recently  invaded  the  Old  World.  It  is  the  most  significant 
and  devastating  pest  of  tomato  crops  in  greenhouses  and  fields  that  attacks  tomato  plants  in  all  of 
their  developmental  stages  and  leading  to  losses  of  up  to  100%.  The  widespread  use  of  chemical 
pesticide  has  been  the  only  effective  way  to  reduce  the  damage  of  this  pest  which  can  severely 
endanger  the  consumer  health  and  food  security.  In  this  study,  we  aimed  to  examine  the 
resistance  of  three  tomato  cultivars  (Mobil,  Dehghan,  Falat-1 1)  to  tomato  leafminer  induced  by 
spraying  jasmonic  and  salicylic  acid  in  greenhouse  with  daily  temperature  fluctuations  of  18-27 
°C.  The  plants  at  three-leaf  stages  were  treated  by  0.5  and  1.5  mM  jasmonic  and  salicylic  acid 
and  then  the  spraying  was  repeated  after  four  weeks.  After  two  weeks  of  the  second  treatment, 
the  following  characteristics  were  evaluated:  the  oviposition  preference  of  the  females, 
embryonic,  larval  and  pupal  durations  and  the  total  carbohydrates  and  phenol  of  the  tomato 
leaves.  The  lowest  oviposition  rate  (on  Mobile)  and  the  longest  immature  development  (on 
Dehghan)  were  observed  on  plants  treated  by  jasmonic  acid  (1.5  mM).  The  highest  amount  of  the 
carbohydrates  and  phenol  were  found  in  the  Falat  treated  by  salicylic  acid  (0.5  mM).  This  results 
can  be  used  in  managing  the  tomato  cropping  systems. 
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An  updated  list  of  the  introduced  species  of  bees  in  the  United  States  which  includes  new  records 
for  the  country  is  presented  followed  by  a  discussion  about  the  role  of  the  Animal  and  Plant 
Health  Inspection  Service  (APHIS)-  Plant  Protection  and  Quarantine  (PPQ)  of  the  United  States 
Department  of  Agriculture  (USDA)  in  protecting  our  native  bees  and  American  agriculture  by 
preventing  the  introduction  of  potentially  invasive,  nonnative  bees  into  the  country  that  can  bring 
with  them  new  parasites  and  diseases  and  can  compete  with  our  native  bees  for  resources. 

Finally,  I  present  data  and  an  a  preliminar  analysis  for  the  interceptions  of  non  native  bees  at 
United  States  ports  of  entry. 
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Abstract  text: 

Partially  due  to  extensive  global  trade  in  the  modern  era,  introductions  of  exotic  organisms, 
including  ants,  have  become  commonplace.  In  instances  where  conditions  were  favorable, 
introduced  species  have  become  established  in  new  regions,  and  in  some  cases  have  become 


invasive.  In  the  United  States,  the  southeastern  region  has  been  particularly  susceptible  to 
invasions  of  exotic  ants  due  to  numerous  oceanic  ports  in  the  region  and  suitable  climatic 
conditions  for  tropical  and  semitropical  species.  To  date,  67  exotic  ant  species  have  become 
established  in  the  Southeast.  Since  2002,  the  Mississippi  Entomological  Museum  (MEM)  has 
conducted  extensive  surveys  of  ants  in  the  region,  especially  in  Mississippi.  Earlier  surveys 
predating  2002  in  Mississippi  by  Marion  Smith  and  others  resulted  in  eight  exotic  ant  species 
being  reported  from  Mississippi.  Since  2002,  MEM  surveys  have  added  an  additional  22  species 
of  exotic  ants  to  the  known  fauna  of  the  state.  The  exotic  ants  reported  from  Mississippi  are 
native  to  variety  of  regions  including  Central  and  South  America,  Europe,  Africa,  Australia,  and 
Asia.  Here,  we  report  the  exotic  ant  species  currently  known  to  occur  in  the  state  and  provide 
distribution  maps  showing  county  distributions  for  each  species. 
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The  dacetine  ant  Strumigenys  rogeri ,  a  tramp  species  originated  in  Africa,  has  become  widely 
dispersed  in  the  Pacific,  Hawaii,  and  even  recorded  in  the  greenhouses  of  England  and  Scotland. 
In  this  study,  we  observed  the  reproduction  of  S.  rogeri  queens  and  each  developmental  stages  of 
their  offspring  were  recorded.  All  S.  rogeri  colonies  were  collected  in  Nantou  County,  Taiwan. 
Six  virgin  queens  (alate  queens)  were  kept  individually  in  an  artificial  nest  provided  with  15 
workers,  respectively.  Collombolas  were  given  as  food  1  to  2  times  per  week.  All  alate  queens 
able  to  produce  diploid  workers  and  queens  without  mating.  Under  laboratory  conditions,  new 
alate  queens  emerged  within  39  to  157  days  and  can  produce  female  sexual  and  asexual 
individuals  continuously.  However,  no  males  were  found  in  the  end  of  any  experiments. 
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The  ghost  ant,  Tapinoma  melanocephalum  Fabricius,  is  a  ubiquitous  structural  pest  ant  with  a 
cosmopolitan  distribution  in  tropical,  subtropical,  and  temperate  areas.  The  suggested  origins  of 
T.  melanocephalum  are  from  the  old  world  tropics,  but  this  has  not  been  fully  investigated  due  to 
the  ant’s  widespread  establishment  throughout  the  world.  In  the  United  States,  T. 
melanocephalum  lives  both  indoors  and  outdoors  in  tropical  areas,  such  as  Florida  and  Hawaii, 
but  also  survives  in  subtropical  and  temperate  areas  where  heated  structures  support  their 
colonies.  Currently,  it  is  assumed  that  T.  melanocephalum  are  polydomous,  freely  mixing 
between  nests  in  a  colony  or  colonies,  although  this  assumption  has  not  yet  been  evaluated.  Ant 
samples  were  submitted  from  sites  in  North  America  (United  States,  Mexico),  Africa,  and 
Australia.  Studies  were  undertaken  to  investigate  the  genetic  relatedness  of  the  submitted 
samples,  and  will  be  undertaken  for  aggression  testing  and  genetic  relatedness  of  locally 
collected  samples.  Preliminary  results  suggest  that  the  18s  and  28s  ribosomal  regions  are  not  as 
varied  as  the  mitochondrial  regions  in  the  ant  samples  submitted  from  North  America,  Africa, 
and  Australia.  This  information  will  be  utilized  for  molecular  identification  of  locally  collected 
T.  melanocephalum  colonies,  as  well  as  to  investigate  the  intraspecific  aggression  of  locally 
collected  colonies. 
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For  people  living  in  the  southeastern  United  States  and  venturing  outdoors,  imported  fire  ants 
have  long  constituted  a  nuisance.  For  some,  their  sting  precipitates  a  medical  emergency.  The  red 
imported  fire  ant,  Solenopsis  invicta ,  has  been  expanding  into  western  regions  of  the  United 
States  and  increasingly  into  habitats  occupied  by  many  native  Solenopsis  species  of  similar 
appearance.  Identification  of  native  from  non-native  fire  ants  is  sometimes  problematic  when 
solely  using  morphological  characters.  Identification  errors  are  likely  to  be  occurring  even  more 
often  with  increasing  overlap  of  ranges.  If  non-invasive  native  fire  ant  populations  are  preserved, 
S.  invicta  should  have  more  difficulty  becoming  established  and  expanding.  Consequently,  there 
would  be  fewer  negative  human-ant  interactions.  Unfortunately,  as  notoriety  of  the  imported  fire 
ants  spreads,  both  native  and  non-native  species  are  likely  to  be  targeted  indiscriminately  with 
pesticides.  The  development  of  a  genetic  assay  that  determines  which  fire  ant  species  is  present 
might  serve  as  a  tool  for  local  professionals  that  are  in  a  position  to  provide  advice,  but  who  may 
lack  the  necessary  specialized  taxonomic  skills.  We  selected  and  amplified  a  polymorphic  gene 
region  for  Solenopsis  amblychila ,  Solenopsis  xyloni ,  Solenopsis  aurea ,  Solenopsis  geminata  and 
Solenopsis  invicta.  We  then  assembled  novel  sequences  and  noted  polymorphisms  capable  of 
producing  distinctive  restriction  digest  patterns.  When  a  fire  ant’s  amplified  DNA  is  digested  and 
separated  on  an  agarose  gel,  the  ant  can  be  identified  to  species. 
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Despite  the  heavy  study  due  to  the  ecological  and  economic  importance  of  the  red  imported  fire 
ant  Solenopsis  invicta  Buren,  certain  aspects  of  their  ecology  have  been  overlooked.  This  study 
may  provide  detailed  insight  into  the  early  stages  of  colony  growth,  to  supplement  data  from 
previous  studies  that  focused  on  mature  colony  characteristics.  Newly-mated  monogyne  queens 
were  collected  in  the  field  and  reared  in  the  lab.  Egg-laying  rates  for  newly  mated  queens  were 
continuously  recorded  along  with  periodic  measurement  of  colony  health  and  productivity.  At 
the  end  of  the  experiment,  queens  were  genotyped  to  verify  social  form.  Overall  egg-laying  rates 
did  not  accurately  portray  colony  growth  as  evidenced  by  the  colony  size  counts.  Colonies  grew 
rapidly  once  minims  appeared.  Colonies  with  larger  numbers  of  minims  and  fourth  instar  larvae 
generally  had  larger  egg  totals. 
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Nylanderia  fulva  was  first  discovered  in  Texas  and  Florida  in  2002.  Since  then,  this  invasive  ant 
pest  has  spread  to  all  southeastern  gulf  states  where  it  outcompetes  native  species,  reduces 
arthropod  species  diversity,  and  infests  urban,  agricultural,  and  natural  areas.  Colonies  of  this  ant 
are  believed  to  be  unicolonial  in  invasive  populations,  but  to  date  this  has  not  been  explicitly 
investigated.  It  is  important  to  understand  the  reproductive  and  social  behaviors  of  this  pest  in 
order  to  develop  effective  strategies  for  managing  their  populations.  In  this  study,  we  test  the 
hypothesis  that  colonies  in  the  invasive  range  of  this  ant  are  unicolonial  using  both  behavioral 
assays  and  genetic  characterization  of  colonies  with  microsatellite  loci.  We  also  report  on  the 
genetic  structure  of  colonies  across  the  southeastern  U.S. 


Poster 


Presentation  Title:  Molecular  evidence  for  different  migration  patterns  of  Helicoverpa 
armigera  in  Brazil 

Author  Name:  Rogerio  Gonsalves 

Author  Institution:  Centro  de  Biologia  Molecular  e  Engenharia  Genetica 

Session  Title:  Poster  Session  3:  Invasive  and  Exotic  Entomology 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3683 

DOI:  10. 1603/ICE.2016.1 12686 

Abstract  text: 

Helicoverpa  armigera  Hiibner  (1808)  (Lepidoptera:  Noctuidae)  is  considered  the  most  impactful 
agricultural  pest  in  the  old  world.  In  early  2013,  this  species  was  identified  for  the  first  time  in 
Brazil  infesting  soybean  and  cotton.  Its  introduction  was  quickly  followed  by  significant 
economic  losses.  Although  the  capacity  of  long-distance  flight  has  been  well  documented  for  H. 
armigera ,  there  is  a  lack  of  knowledge  regarding  its  migration  patterns.  Thus,  this  work  has 
applied  the  information  of  COI,  COII  and  Cyt  b  markers  from  mtDNA  to  investigate  H. 
armigera  migration  through  molecular  inference.  All  molecular  markers  were  successfully 
sequenced  for  229  individuals  and  concatenated  into  a  1,646  bp-long  alignment.  Samples  were 
further  divided  into  4  geographical  groups  covering  the  entire  Brazilian  territory:  North  (n=16); 
West-Central  (n=60);  Northeast  (n=98)  and  Southeast-South  (n=55).  The  mutation-scaled 
population  size  (0=Nep)  and  the  mutation-scaled  migration  rate  (M=m/p)  were  estimated  using 
the  Bayesian  search  with  4  independent  runs.  The  results  showed  that  the  highest  numbers  of 
effective  migrants  were  found  going  to  Northeast  and  West-Central  (28.9  and  16.9  respectively). 
The  inferred  migrants  going  to  North  and  Southeast-South,  9.3  and  4.7  respectively,  were 
comparatively  lower.  Overall,  Northeast  and  West-Central  regions  seem  to  have  the 
characteristic  of  receive  more  migrants  than  provide,  while  North  and  Southeast-South  seem  to 
provide  more  migrants  than  receive.  These  results  can  support  decision  makers  to  focus  the 
allocation  of  resources  in  more  critical  areas,  providing  a  more  efficient  management  of  this  pest. 
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Challenges  in  identifying  intercepted  Heliothinae  (Lepidoptera:  Noctuidae)  are  not  restricted  to 
adult  moths.  Numerous  Noctuid  larvae  of  various  developmental  stages  are  intercepted  daily  at 
U.S.  ports.  Current  morphological  methods  involving  some  distinctive  and  other  highly  variable 
characters  are  used  to  differentiate  Helicoverpa  from  other  genera  such  as  Chloridea  (formerly 
Heliothis). 
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Introduction:  Orthoptera  are  intercepted  in  imported  commercial  cargo  at  U.S.  ports  of  entry. 
Populations  are  found  with  host  plants;  individuals  arrive  either  with  host  plants  or  as 
hitchhikers. 

Methods:  Collection  data  was  analyzed  to  determine  frequency  and  probable  pathways  for 
potential  invasive  species. 


Results/Conclusion:  Exotic  species  of  Orthoptera  pose  a  significant  risk  of  establishment  in  the 
United  States.  The  size,  biology,  and  mobility  of  Orthoptera  potentially  enable  them  to  exploit 
pathways  unavailable  to  other  insect  taxa.  Several  important  intercepted  species  are  discussed  as 
examples. 
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American  cockroaches  Periplaneta  americana  are  a  common  pest  of  human  dwellings  and 
structures.  The  species  is  native  to  Africa,  but  was  introduced  to  North  America  in  the  1600s. 
This  species  is  a  pest  because  it  contaminates  food  items  through  secretions,  and  can  vector 
bacteria  and  other  pathogens.  The  American  cockroach  is  commonly  found  outdoors  in  southern 
states  but  is  rarely  observed  away  from  heated  dwellings  in  more  temperate  zones,  including 
Oklahoma.  Even  though  cold  temperatures  are  anecdotally  reported  to  be  detrimental  to 
American  cockroach  survival,  there  are  few  published  data  to  support  this.  This  study  compared 
survival  and  activity  of  P.  americana  to  native  cockroach  species  under  laboratory  conditions. 
After  4  days  at  8°C  (47°F)  approximately  40%  of  cockroaches  die  and  40%  are  immobilized.  In 
comparison,  native  species  continued  normal  activity  and  survived  at  temperatures  of  3°C 
(37°F).  In  contrast,  native  cockroach  species,  including  the  fulvous  wood  cockroach  Parcoblatta 
fulvescens ,  and  the  Virginia  wood  cockroach,  Parcoblatta  virginica  were  very  resilient  to  cold 
temperatures.  These  specieswere  kept  in  cold  temperatures  lethal  to  P.  americana  for  4  months 
without  significant  mortality.  These  results  provide  valuable  information  about  potential  control 
methods  for  the  American  cockroach  and  suggest  a  physiological  reason  for  pest  cockroach 
species  to  associate  with  human  dwellings. 
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Abstract  text: 

Bioswales  are  landscape  elements  engineered  to  capture  water  washed  from  impervious  surfaces 
during  rain  events.  Plants  within  bioswales  help  filter  out  silt  and  pollutants  from  the  water. 
However,  plants  in  the  bioswales  may  provide  a  secondary  critical  service  by  conserving 
beneficial  arthropods  including  pollinators,  predators,  and  parasitoids.  Our  research  focuses  on 
bioswale  characteristics,  including  size,  plant  diversity,  soil  pH,  and  plant  abundance  and  how 
they  affect  the  beneficial  arthropod  abundance  and  diversity.  Greater  beneficial  arthropod 
abundance  would  suggest  that  the  bioswales  were  simulating  well-functioning  ecosystems, 
which  serve  to  conserve  biodiversity.  By  sampling  the  arthropod  numbers  and  classifying 
collected  species  according  to  their  functional  groups,  we  were  able  to  determine  the  level  of 
pollinators,  parasitoids  and  predators,  which  may  correlate  to  greater  diversity  within  the 
bioswales.  Currently  bioswales  are  engineered  solely  with  stormwater  filtration  in  mind, 
meaning  there  is  no  consideration  given  to  designing  sustainable  sites  with  healthy  biological 
communities.  The  results  of  these  studies  will  provide  guidelines  for  designing  bioswale 
ecosystems  to  better  attract  pollinators,  predators,  and  parasitoids,  which  will  increase  the 
diversity  within  bioswales  and  allow  them  to  function  as  communities,  while  effectively  filtering 
stormwater  pollutants. 
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Abstract  text: 

Sex  pheromones  of  female  moths  are  critically  important  for  specific  induction  of  mating 
behaviors  in  conspecific  males.  Sex  pheromone  components,  which  are  produced  by  the 
concerted  work  of  enzymes  specifically  expressed  in  the  female  pheromone  gland,  are 
discriminated  from  general  odorants  by  the  males.  Despite  this  elaborated  pheromone  production 
system,  pheromone  gland  of  moths  often  contains  analogues  of  pheromone  components  as 
byproducts.  Therefore,  male  moths  must  have  developed  mechanisms  to  distinguish  pheromone 
components  from  their  analogues.  Silkmoth  Bombyx  mori  is  a  good  model  insect  to  address  this 
problem  because  of  the  availability  of  many  mutant  strains  as  well  as  genomic  data. 

Interestingly,  we  found  that  pheromone  gland  of  silkmoth  contains  E10,E12-16:OH  (EE),  a 
geometrical  isomer  of  its  pheromone,  E10,Z12-16:OH  (bombykol).  Further  analyses  using  16 
silkmoth  strains  revealed  that  the  occurrence  of  EE-isomer  is  ubiquitous  in  this  species.  The  EE- 
isomer  was  confirmed  to  stimulate  mating  behavior  of  male  moths  at  a  high  dose  of  10  ug.  GC- 
EAD  analysis  showed  that  the  antennae  of  male  silkmoth  do  respond  to  EE-isomer, 
demonstrating  that  male  antennae  have  the  ability  to  detect  EE-isomer.  Single  sensillum 
recordings  from  long  sensillum  trichodea  on  the  male  antennae  revealed  the  presence  of 
bombykol-sensitive  olfactory  receptor  neuron  (ORN)  and  bombykal-sensitive  ORN;  however, 
both  ORNs  did  not  respond  to  EE-isomer  even  at  higher  dose  (30  ug).  Taken  altogether, 


information  of  stimulation  by  EE-isomer  could  stimulate  some  kind  of  receptor  via  male  antenna. 
The  mechanism  will  be  discussed. 


Poster 

Presentation  Title:  Pheromone  biosynthesis  in  moths 

Author  Name:  Russell  Jurenka 

Author  Institution:  Iowa  State  University 

Session  Title:  Poster  Session  3:  Physiology  and  Biochemistry 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3690 

DOI:  10.1603/ICE.2016.1 11632 

Abstract  text: 

Introduction:  Pheromone  biosynthesis  in  moths  usually  occurs  in  the  pheromone  gland  using 
modification  of  fatty  acid  biosynthetic  pathways.  This  poster  will  explore  how  the  acetate  ester 
and  aldehyde  pheromones  are  biosynthesized  in  moths. 

Methods:  Products  of  enzymatic  reactions  will  be  analyzed  by  gas  chromatography.  Enzymes  at 
the  molecular  level  will  be  analyzed  by  PCR. 

Results/Conclusions:  The  enzymes  invovled  in  pheromone  biosynthesis  of  moths  will  be 
presented.  Discussion  will  include  how  these  enzymes  interact  to  produce  the  species  specific 
pheromone  blend  of  select  moths. 
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Introduction:  The  mosquito  Anopheles  funestusis  is  one  of  the  major  malaria  vector  species  in 
Africa.  Olfaction  is  essential  in  guiding  mosquito  behaviors  such  as  foraging,  host-seeking,  and 
oviposition.  Odorant-binding  proteins  (OBPs),  one  of  the  major  components  of  the  insect’s 
olfactory  system,  are  highly  expressed  in  olfactory  tissues.  They  are  involved  in  the  first  step  of 
odorant  reception  where  they  bind,  solubilize  and  deliver  odorant  molecules  to  odorant  receptors. 
AfunOBP3  is  one  of  most  abundant  protein  in  the  mosquito  antenna.  To  further  study  structure- 
activity  relationship,  we  mutated  AfunOBP3  at  predicted  binding  pocket  and  compared  wild  type 
(wt)  and  mutated  OBP  by  binding  studies. 

Methods:  Expression  plasmids  were  transformed  to  Escherichia  co//BL21  (DE3),  and 
recombinant  proteins  were  purified  with  a  series  of  iron  exchange  and  gel  filtration  columns. 
Fluorescence  binding  assay  was  carried  out  to  determine  affinities  at  pH  5.5  and  pH  7. 

Results/Conclusion:  By  expanding  the  panel  of  compounds,  we  identified  skatol  as  a  ligand  for 
AfunOBP3  with  high  affinity:  Kd  values  were  1.04  and  0.65  at  pH  7  and  pH  5.5,  respectively.  In 
terms  of  the  predicted  binding  site  from  modeling  study,  we  made  a  point  mutation.  The 
mutation  did  not  change  the  affinity  to  skatole,  but  interestingly  bound  to  a  natural  repellent, 
PMD  (Kd=0.32)  which  showed  little  affinity  to  wildtype  AfunOBP3  (Kd=2.1)  at  pH  7.  We  are 
further  examining  the  structures  of  the  wt  and  mutated  AfunOBP3  by  X-ray  crystallography  to 
get  a  better  insight  into  OBP-ligand  binding. 
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In  most  moth  species,  including  Mamestra  brassicae ,  pheromone  biosynthesis  activating 
neuropeptide  (PBAN)  regulates  pheromone  production.  PBAN  acts  directly  on  the  pheromone 
gland  (PG)  cells  via  specific  G-protein-coupled  receptors  with  calcium  as  a  second  messenger.  In 
this  study,  we  have  identified  cDNAs  encoding  three  isoforms  of  the  M.  brassicae  PBAN- 
receptor  (Mambr-PBANR)  from  PG  tissue  using  5'  and  3'  RACE.  The  deduced  amino  acid 
sequences  of  Mambr-PBANR  isoforms  have  high  homology  (97-99%)  to  other  members  of  the 
PBANR  family  in  heliothine  moths.  For  functional  characterization,  the  full  length  coding 
sequences  of  the  Mambr-PBANR  A,  B  and  C  isoforms  were  transiently  expressed  in  cultured 
Trichoplusia  ni  cells  and  Sf9  cells.  Confocal  microscopic  studies  demonstrated  specific  binding 
of  rhodamine  red-labelled  pheromonotropin  (PT)  (RR10CPBAN)  ligand  to  all  3  Mambr-PBANR 
isoforms.  RR10CPBAN  binding  did  not  trigger  ligand- induced  internalization  in  cells  expressing 
PBANR- A,  but  did  in  cells  expressing  the  PBANR-B  and  -C  isoforms.  When  co-expressed  with 
a  Drosophila  melanogaster  arrestin  homolog  (DmKurtz-mCherry),  fluorescent  chimeras  of  the 
PBANR-B  and  -C  isoforms  co-localized  with  the  fly  protein  following  stimulation  with  Mambr- 
PT  (18  amino  acid  long  fragment)  but  not  with  an  unrelated  peptide,  indicating  that  Mambr-PT  is 
an  active  ligand.  To  gain  insights  into  the  potential  biological  functions  mediated  by  the  Mambr- 
PBANRs,  we  analyzed  their  tissue  expression  patterns.  In  conclusion,  all  three  isoforms  were 
amplified  from  the  M.  brassicaeFG ,  with  the  PBANR-C  transcript  being  the  most  abundant 
form. 

This  work  was  supported  by  Hungarian  Research  Funds  OTKA  K 100421,  K 10401 1,  and  French- 
Hungarian  collaborative  agreement  (Campus  France  PHC  Balaton  N°  32064QF/TET12  FR-2- 
2014-0009) 
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The  regulations  of  feeding  and  organ  growth  may  be  integrated.  To  test  this,  we  used  the  feeding 
stimulant  neuropeptide  F  and  lubber  grasshoppers  ( Romalea  microptera).  First,  we  tested  if 
injections  of  truncated  neuropeptide  F  (YSQVARPRF-amide)  would  stimulate  feeding.  Adult 
males  were  fed  to  satiety,  denied  food  for  3  d,  injected  with  100  pmol  of  trNPF  (~50  nM  in 
hemolymph),  then  offered  a  lettuce  meal  for  45  min.  Treatment  with  trNPF  increased  food  intake 
(initial  body  mass  /  final  body  mass),  by  38%  over  water- injected  controls  (Ti3=2.62,  P=0.021). 
Next,  we  analyzed  organ  growth  in  reproductive  females  (age  41  d,  just  after  clutch  1)  that  were 
injected  with  100  pmol  trNPF  daily  for  ~1 1  d  (range  8  to  16  d).  Effects  of  trNPF  were  tested 
upon  ad  libitum  feeding  or  40%  dietary  restriction  (trNPF  &  ad  libitum,  trNPF  &  DR, 
water  &  ad  libitum,  and  water  &  DR;  total  n=37).  trNPF  tended  to  increase  the  number  of  eggs  in 
the  2nd  clutch  (P=0.069).  In  contrast  to  this  minimal  response  in  reproduction,  hemolymph 
volume  (P=0.003),  gut  mass  (P=0.010),  fat  body  mass  (P=0.053),  and  perhaps  body  mass 
(P=0.066)  were  increased  by  trNPF  &  DR  treatment  but  decreased  by  water  &  DR  treatment  (P- 
values  are  interaction  terms).  These  results  suggest  that  feeding  stimulants  can  produce  growth  of 
internal  somatic  organs  when  increased  feeding  is  denied.  Our  results  suggest  that  the  growth 
observed  upon  feeding  signals  may  not  require  increased  intake  to  support  that  growth,  and  that 
NPF  may  alter  investment  patterns  to  grow  internal  organs. 
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Abstract  text: 


Tetrahydrobiopterin  (BH4)  is  an  essential  cofactor  of  aromatic  amino  acid  hydroxylases  and 
nitric  oxide  synthase  so  that  BH4  plays  a  key  role  in  many  biological  processes.  BH4  deficiency 
is  associated  with  numerous  metabolic  syndromes  and  neuropsychological  disorders.  BH4 
concentration  in  mammals  is  maintained  through  a  de  novo  synthesis  pathway  and  a  regeneration 
pathway.  Previous  studies  showed  that  the  de  novo  pathway  of  BH4  is  similar  between  insects 
and  mammals.  However,  knowledge  about  the  regeneration  pathway  of  BH4  (RPB)  is  very 
limited  in  insects.  Several  mutants  in  the  silkworm  Bombyx  mori  have  been  approved  to  be 
associated  with  BH4  deficiency,  which  are  good  models  to  research  on  the  RPB  in  insects.  In  this 
study,  homologous  genes  encoding  two  enzymes,  pterin-4a-carbinolamine  dehydratase  (PCD) 
and  dihydropteridine  reductase  (DHPR)  involving  in  RPB  have  been  cloned  and  identified  from 
B.  mori.  Enzymatic  activity  of  DHPR  was  found  in  the  fat  body  of  wild  type  silkworm  larvae. 
Together  with  the  transcription  profiles,  it  was  indicated  that  BmPcd  and  BmDhpr  might 
normally  act  in  the  RPB  of  B.  mori  and  the  expression  of  BmDhpr  was  activated  in  the  brain  and 
sexual  glands  while  BmPcd  was  expressed  in  a  wider  special  pattern  when  the  de  novo  pathway 
of  BH4  was  lacked  in  lemon.  Biochemical  analyses  showed  that  the  recombinant  BmDHPR 
exhibited  high  enzymatic  activity  and  more  suitable  parameters  to  the  coenzyme  of  NADH  in 
vitro.  The  results  in  this  report  give  new  information  about  the  RPB  in  B.  mori  and  help  in  better 
understanding  insect  BH4  biosynthetic  networks. 
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In  insects,  vitellogenesis  is  a  central  event  of  reproduction  that  elicits  the  uptake  of  yolk  protein 
precursors  (YPPs)  by  developing  oocytes.  Employing  Dipetalogaster  maxima,  a  Chagas  disease 
vector,  we  demonstrated  that  a  cathepsin  D-like  peptidase,  DmCatD,  is  synthesized  by  the  fat 


body  and  the  ovary  as  a  YPP.  DmCatD  plays  a  central  role  in  early  vitellin  proteolysis  during 
follicular  atresia,  nevertheless,  the  mechanism  involved  in  its  internalization  by  the  oocytes  has 
not  been  established.  The  aim  of  this  work  was  to  characterize  in  silico  the  partial  DmCatD 
sequence  as  well  as  to  analyze  the  biochemical  events  involved  in  its  accumulation  in  the  ovarian 
tissue.  Approximately  73%  of  the  DmCatD  sequence  was  obtained  by  PCR.  CBS  and 
ScanProsite  servers  predicted  putative  N-glycosylation,  phosphorylation,  N-myristoylation  and 
signal  peptide  cleavage  sites.  The  structural  modeling,  carried  out  with  the  Phyre  2  portal, 
evidenced  an  expected  folding  for  the  enzyme  and  a  conserved  active  site  architecture.  The 
evolutionary  history  was  inferred  using  the  maximum  likelihood  method  and  the  obtained 
phylogeny  followed  the  expected  grouping  for  a  species  tree.  Assays  employing  hemolymph  of 
vitellogenic  females  demonstrated  that  DmCatD  co-immunoprecipitated  with  lipophorin,  the 
main  insect  lipoprotein.  Partial  co-localization  between  lipophorin  and  DmCatD  in  the  oocyte 
membrane  facing  the  perioocytic  space  was  detected  by  immunofluorescence.  Taken  into 
account  that  lipophorin  is  taken  up  by  the  oocytes  through  specific  receptors,  our  results  suggest 
that  such  a  lipoprotein  may  act  as  a  carrier  for  DmCatD,  facilitating  its  internalization  by  the 
oocytes.  (Supported  by  PICT  2013-0626). 
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Introduction:  Damage  caused  by  western  corn  rootworm  Diabrotica  virgifera  virgifera  can  result 
in  high  yield  loss  in  corn  production  regions  of  North  America.  Corn  rootworm  traits  developed 
based  on  the  toxins  expressed  by  Bacillus  thuringiensis  have  been  an  important  tool  utilized  by 
growers  to  maximize  productivity,  but  traits  based  on  new  actives  are  needed.  In  this  regard,  a 
new  D.  virgifera  virgifera  active  has  been  isolated  from  the  soil  bacterium  Alcaligenes  faecalis. 

It  consists  of  2  proteins  designated  AflP-lA  (16kDa)  and  AflP-lB  (77kDa)  which  exhibit  high 
potency  in  killing  D.  virgifera  virgifera  larvae  when  combined,  but  not  individually.  To  elucidate 


the  mechanism  of  action  of  this  binary  toxin,  binding  studies  were  initiated  using  midgut  tissue 
from  susceptible  and  Cry 3 4/3 5- selected  f).  virgifera  virgifera  larvae. 

Methods:  Conventional  binding  studies  were  conducted  using  D.  virgifera  virgifera  brush  border 
membrane  vesicles  (BBMVs)  in  buffered  solution. 

Results/Conclusion:  We  found  that  AflP-lB  binds  specifically  to  D.  virgifera  virgifera  BBMVs, 
but  only  in  the  presence  of  AflP-lA.  Interestingly,  AflP-lA  exhibited  specific  binding  in  the 
absence  of  AflP-lB.  Binding  of  AflP-lA/AflP-lB  was  also  evaluated  in  BBMVs  from  a  D. 
virgifera  virgifera  colony  that  was  selected  for  resistance  to  Cry34/3 5-expressing  maize  (DAS- 
59122)  and  exhibited  cross-resistance  to  AflP-lA/AflP-lB.  The  extent  of  binding  of  AflP- 
lA/AflP-lB  to  the  resistant  BBMVs  was  substantially  reduced  compared  to  binding  in 
susceptible  BBMVs.  It  was  concluded  that  the  resistance  in  this  colony  involves  receptor 
modification  leading  to  reduced  toxin  binding. 
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Abstract  text: 

Lipophorin,  the  main  insect  lipoprotein,  is  involved  in  the  process  of  lipid  transfer  from  the 
hemolymph  to  tissues.  In  this  context,  our  group  has  recently  reported  that  the  p-chain  of  the 
ATP  synthase  complex  (p-ATPase),  located  in  the  plasma  membrane  of  the  enterocytes  of  the 
hematophagous  insect  Panstrongylus  megistus ,  binds  lipophorin  and  plays  a  role  as  a  non- 
endocytic  receptor.  The  aim  of  this  work  was  to  gather  new  information  regarding  the 
physiological  function  of  p-ATPase  in  insect  lipid  metabolism,  focusing  in  lipid  delivery  to 
ovarian  tissue.  To  analyze  the  effect  of  in  vivo  p-ATPase  blocking  on  lipid  transfer  from 
lipophorin  to  oocytes,  vitellogenic  females  of  P.  megistus  were  injected  with  an  anti-p-ATPase 


antibody  followed  by  the  injection  of  lipophorin  conjugated  with  fluorescent  tracers.  The  p- 
ATPase  was  sequenced  (GenBank:  KF724682.1)  and  investigated  from  a  bioinformatic 
viewpoint.  The  molecular  phylogeny  study  resulted  in  a  species  tree  grouping  and  the  structural 
modeling  analysis  suggested  an  expected  folding  and  conserved  architecture  for  the  subunit. 
Analytical  ultracentrifugation  assays  using  the  recombinant  p-ATPase  confirmed  the 
lipophorin  binding  with  a  stoichiometry  of  1:1.  Laser  confocal  microscopy  showed  that  anti-p- 
ATPase  antibody  significantly  impaired  the  transfer  of  lipids  to  developing  oocytes.  Comparison 
of  experiments  at  physiological  temperature  and  at  4°C  allowed  the  demonstration  of  the  p- 
ATPase  functioning  as  a  docking  lipophorin  receptor  in  the  ovary.  Altogether,  these  findings 
expand  our  knowledge  of  lipoprotein  receptors  in  insects  and  provide  insights  for  future  in-depth 
studies  aimed  to  unravel  the  mechanism  of  lipid  transfer  mediated  by  the  p-ATPase.  (Supported 
by  PICT20 13-0626). 
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Mitochondrial  adenine  nucleotide  translocase  (ANT)  exchanges  ADP  and  ATP  at  inner 
membrane.  Most  organisms  possess  several  ANT  paralogues,  there  are  4  paralogous  genes 
( ANT  1-4 )  in  human  for  instance.  One  of  the  4  paralogues,  human  ANT 4  (HsANT4)  is  expressed 
in  the  testicular  germ  cells  for  meiotic  progression  in  the  spermatocytes.  Because  little  is  known 
for  the  ANT  paralogues  in  insects,  we  analyzed  ANT  paralogues  of  t20  insect  species,  and  found 
that  the  most  species  has  2  or  3  paralogues.  In  the  silkworm,  2  paralogues,  BmANTIl  and 
BmANTI2  were  found.  BmANTIl  was  expressed  in  all  tissues  and  throughout  developmental 
stages  investigated,  and  might  be  related  with  homeostatic  functions.  On  the  other  hand,  the 
BmANTI2  is  quite  different  from  BmANTIl  in  terms  of  the  expression,  that  is,  the  expression  was 
detected  only  in  the  testis  and  found  to  increase  toward  to  pupation  during  late  larval 
development,  suggesting  that  the  BmANTIl  plays  a  role  in  the  progression  of  spermatogenesis. 
In  addition,  BmANTI2,  not  BmANTIl,  possessed  lysine-rich  extension  at  N-terminus,  which  is 
similar  characteristics  in  HsANT4.  In  the  stink  bug  Plautia  stall ,  we  found  2  paralogues, 


PsANTIl  and  PsANTI2.  Silencing  of  PsANTIl  at  nymphal  stages  caused  lethality  during  the 
development  while  no  apparent  effect  was  observed  in  PsANTI2  silencing  to  propose  PsANTIl 
plays  important  role  for  homeostasis.  From  these  results,  the  ANT  related  with  homeostasis 
could  serve  as  a  novel  target  for  pest  control. 
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Abstract  text: 


Obesity  is  now  the  largest  epidemic  in  the  world.  This  disease  increases  the  risk  of  developing 
hypertension,  dyslipidemia,  atherosclerosis  and  diabetes  in  an  individual.  The  kissing-bug 
Rhodnius  prolixus  can  be  an  interesting  model  to  study  the  regulation  of  lipogenesis  and 
lipolysis,  due  to  its  intense  dynamic  of  storage  and  mobilization  of  triacylglycerol  in  the  fat 
body.  The  genome  of  R.  prolixus  was  analyzed,  and  genes  encoding  the  nuclear  receptors  were 
identified.  The  bioinformatics  analyzes  showed  that  the  HNF4  gene  is  duplicated.  The  nuclear 
receptors  genes  expression  was  investigated  in  different  organs  by  RT-PCR.  We  further  analyzed 
the  expression  of  HNF 4  paralogues,  Ecdysone  Receptor  (EcR),  Ultraspiracle  (USP),  and  E75  by 
qPCR.  These  genes  were  expressed  in  all  organs  studied;  RpHNF4-2  was  highly  expressed  in 
anterior  midgut,  and  RpEcR  and  RpUSP ,  in  male  testis.  RpEcR  and  RpUSP  expression  was  not 
regulated  after  blood  meal  in  the  insect  fat  body.  We  then  investigated  hormonal  influence  over 
the  lipid  metabolism.  Injection  of  100  pmol  of  20-hydroxyecdysone  (20-HE)  induced  a  10  fold 
increase  on  the  triacylglycerol  amount  in  the  fat  body  when  compared  to  control  insects. 
However,  treatment  with  juvenile  hormone  seemed  to  not  regulate  lipid  storage.  20-HE  treatment 
induced  an  increased  in  de  novo  fatty  acid  synthesis,  measured  by  acetate  incorporation; 
however,  SREBP  cleavage  was  not  activated.  These  results  indicate  that  20-hydroxyecdysone 
regulates  R.  prolixus  lipid  metabolism,  inducing  fatty  acid  synthesis  and  triacylglycerol  storage 
in  the  fat  body.  How  this  hormone  accomplishes  this  role  is  unknown  and  will  be  investigated  in 
our  next  studies. 
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Physiological  processes  driving  the  insect  molt  are  potential  targets  in  the  development  of 
alternative  control  strategies.  The  western  tarnished  plant  bug  ( Lygus  hesperus  Knight)  is  a  pest 
of  numerous  agronomic  and  horticultural  crops  but  the  development  of  novel  control  approaches 
is  impeded  by  limited  knowledge  of  the  mechanisms  regulating  its  molt.  The  relationship 
underlying  the  hormonal  and  molecular  components  of  ecdysis  were  examined  to  identify 


possible  targets.  At  27  °C  L.  hesperus  exhibits  a  temporally  controlled  nymph-adult  molt  that 
occurs  4  days  after  the  final  nymph-nymph  molt  with  ecdysteroid  levels  peaking  2  days  prior  to 
the  final  molt.  Application  of  exogenous  20-hydroxyecdysone  when  endogenous  ecdysteroid 
levels  had  decreased  disrupted  the  nymphal-adult  molt.  Treated  animals  failed  to  escape  the  old 
exoskeleton  and  had  higher  mortality  compared  to  controls.  10  chitinase-like  sequences  (LhCht), 
8  of  which  had  protein  motifs  consistent  with  chitinases,  were  identified  in  the  L.  hesperus 
transcriptome.  Phylogenetic  analyses  revealed  orthologous  relationships  to  chitinases  critical  to 
molting  in  other  insects.  RT-PCR  based  transcript  profiling  revealed  that  expression  changes 
observed  in  4  of  the  LhChts  was  coordinated  with  the  molt  period  and  shifts  in  ecdysteroid 
levels.  Collectively,  the  results  support  a  role  for  ecdysteroid  regulation  of  the  L.  hesperus  molt 
and  suggest  that  cuticle  clearance  is  mediated  by  LhCht  orthologs  of  chitinases  that  are  essential 
to  the  molt  process.  These  results  provide  the  initial  hormonal  and  molecular  basis  for  future 
studies  to  investigate  the  specific  roles  of  these  components  in  molting. 
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Cardol  was  previously  reported  to  be  a  major  compound  found  in  Trigona  incisa  propolis 
collected  from  Indonesia.  It  had  a  strong  antiproliferative  activity  against  SW620  colorectal 
adenocarcinoma  with  the  IC50  value  of  4.51  ±  0.76  mg/ml.  It  caused  the  death  of  SW620  cancer 
cells  by  early  apoptosis  and  led  to  the  cell  cycle  arrest  at  G0/G1  subphase.  Here,  it  was  further 
reported  that,  by  qRT  PCR,  cardol  (ICgo,  6.84  mg/ml)  could  increase  the  expression  of  Bcl2, 
MADD,  c-Flip,  and  p21  significantly  at  P  <  0.01  and  DR5  significantly  at  P  <  0.05.  However,  it 
decreased  the  expression  of  Mel  1  significantly  at  P  <  0.05.  By  western  analysis,  high 
concentration  of  cardol  (CDL-H,  14  mg/ml)  could  change  the  expression  level  of  PARP,  pro- 
casp  8,  pro-casp  9  from  4  hours  but  pro-casp  3  after  6  hours.  Next,  caspase  activity  was  assayed 
from  CDL-H  treated  SW620  cells  after  2  hours  incubation,  the  activity  of  caspase  3/7,  caspase  8, 
caspase  9  was  activated  and  increased  significantly  at  P  <  0.01.  By  morphology  observation, 


cardol  caused  apoptosis  very  early  within  2  hours.  Then,  necrosis  was  completely  occurred  after 
24  hours.  In  addition,  it  was  found  that  cardol  caused  cell  death  by  producing  intracellular 
reactive  oxygen  species  (ROS)  which  later  led  to  the  decrease  in  mitochondrial  membrane 
potential.  Cardol  made  SW620  cancer  cell  dead  via  intrinsic  pathway  through  mitochondria.  In 
this  research,  it  was  firstly  reported  a  molecular  mechanism  of  cardol  on  apoptosis  of  SW620 
cancer  cells. 
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Silkworm  ( Bombyx  mori )  silk  and  spider  silk  are  fibrous  protein,  which  have  become  the  subject 
of  extensive  study  as  model  polymer  for  high-performance  fibers.  Attenuated  total 
reflectance  infrared  spectroscopy  was  applied  to  investigate  the  structure  analysis  of  natural  silk 
from  the  silkworm  and  japanese  spiders.  Polarized  infrared  absorption  measurement  showed  that 
most  of  amide  group  in  protein  were  oriented  in  the  silk  fibers.  Secondary  structures  of  silk 
protein  were  estimated  by  Fourier  self-deconvolution  and  curve-fitting  procedures.  These  data 
indicated  that  sheet  structure  is  predominantly  in  spider  silk  and  the  component  of  aggregated 
strand  was  rich  in  silkworm  silk.  It  may  be  expected  that  the  differences  of  secondary  structure 
between  spider  silk  and  silkworm  silk  influence  upon  the  physicochemical  properties. 
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The  effects  of  4  compounds  derived  from  alkaloid  Girgensohnine  with  possible  larvicidal 
activity  were  analyzed  on  mitochondria  of  larvae  A edes  aegypti.  The  compounds  AL-47:  2-(3,4- 
Dimethoxyphenyl)-2-(piperidin-l-yl)  acetonitrile,  AL-48:  2-(3,4-Dioxymethylenphenyl)-2- 
(piperidin-l-yl)  acetonitrile,  AL-49:  2-(3,4-  Dimethoxyphenyl)-2-(pyrrolidin-l-yl)  acetonitrile 
and  AL-50:  2-(3,4-Dioxymethylenphenyl)-2-(pyrrolidin-l-yl)  acetonitrile  were  used  to  evaluate 
enzymatic  activities  of  the  mitochondrial  respiratory  chain  complexes  and  the  antioxidant 
enzymes,  catalase  and  superoxide  dismutase.  The  enzymatic  activities  of  NADH  and  succinate 
oxidases  were  determined  by  polarographic  methods,  while  spectrophotometric  methods  were 
used  for  evaluating  enzyme  activities  of  NADH  and  succinate  dehydrogenase,  cytochrome  c 
reductase,  cytochrome  c  oxidase,  catalase  and  superoxide  dismutase  (at  the  concentrations  of  8 
nM,  2  pM,  8  pM  and  40  pM).  The  tested  compounds  showed  inhibitory  activity  of  complex  I,  by 
reducing  the  activity  of  NADH  dehydrogenase  from  12  to  44%,  succinate  oxidase  from  25  to 
44%  and  catalase  in  95%,  the  molecules  AL-49  and  AL-50  displayed  a  higher  inhibitory  activity. 
The  results  suggested  that  the  compounds  of  the  series  AL  can  produce  a  pronounced  inhibition 
of  the  mitochondrial  complex  I,  promoting  the  leak  of  electrons  and  increasing  the  generation  of 
reactive  oxygen  species.  Additionally,  these  molecules  can  act  as  inhibitors  of  the  antioxidant 
enzyme  catalase,  inducing  oxidative  stress  on  mitochondria  isolated. 
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Abstract  text: 

Ethephon,  an  ethylene  releaser  type  of  plant  growth  regulator  is  an  important  ecological  factor  to 
plant  and  animals  and  also  used  in  agriculture  as  an  organophosphorus  pesticide.  Therefore,  we 
investigated  the  toxicological  effects,  a  significant  series  of  physiological  characters  of  insects, 
of  ETF  stress  on  Galleria  mellonella  L.  (Lepidoptera:  Pyralidae)  as  a  model  organism. 
Insecticidal  assays  showed  that  the  LD50  and  LD99  values  for  ETF  treatment  were  344.30  and 
418.64  pg/5pl,  respectively.  Toxicological  analyses  performed  with  doses  <LDso  at  2  time  points 
(24  and  48  hours)  revealed  that  Malondialdehyde  level  and  activities  of  glutathione- S- 
transferase,  glutathione  peroxidases,  catalase,  and  superoxide  dismutase  increased  at  higher 
doses;  however,  the  physiological  resistance  of  pest  larvae  was  variable  depending  on  the  time  of 
treatment.  These  data  showed  that  ETF  induced  oxidative  stress  and  caused  toxic  effects  on  the 
survival  and  developmental  process  of  the  pest  species. 
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Introduction:  Peritrophins  are  the  mainly  protein  of  the  peritrophic  membrane  present  in  insect 
midguts.  The  presence  of  peritrophic  membranes  has  also  been  described  in  some  Arachnida 
species.  However,  even  in  insects  there  are  some  peritrophin-like  proteins  involved  in  cuticle 
composition.  The  analyses  of  peritrophin  sequences  in  insect  have  provided  some  important 
information  regarding  protein  structure/function,  CBD  domains  type  and  the  physiological  roles 
of  peritrophin/peritrophic  membrane. 

Methods  and  Results/Conclusion:  Transcriptome  and  proteome  data  from  the  spider  Nephilingis 
cruentata ,  the  scorpion  Tityus  serrulatus  and  from  species  belonging  to  Ixodidae,  allowed  the 


identification  of  a  series  of  proteins  presenting  CBD-domains.  The  in  silico  analysis  of  these 
protein  sequences  permit  the  classification  of  these  proteins  in  the  distinct  groups  of  peritrophin- 
like  proteins  and  the  proposal  of  their  physiological  role.  In  silico  analysis  also  makes  possible 
some  evolutionary  studies  of  peritrophins  in  Artrhopoda.  Studies  of  real-time  PCR  will  also 
allow  expression  analysis  and  the  corroboration  of  the  in  silico  classification  of  Arachnida 
peritrophins  and  their  location  and  involvement  in  the  digestive  process. 
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Abstract  text: 

Sunn  pest,  Eurygaster  maura ,  is  one  of  the  devastating  pests  for  cereal  crops.  The  biological 
cycle  of  the  sunn  pest  comprises  active  and  passive  stages.  During  the  active  stage,  sunn  pest 
completes  the  processes  of  feeding,  mating,  laying  eggs  and  later  dies.  The  new  generation  adults 
enter  a  passive  stage  after  feeding  on  grains.  Passive  stage  consists  of  aestivation  and  diapause 
phases.  Nutrition  stored  as  fat  body  is  consumed  in  order  to  survive  during  the  diapause  phase. 
Sunn  pest  completes  its  biological  cycle  in  spring  by  migrating  to  the  fields.  Reproductive 
success  of  insect  depends  on  vitellogenin  (Vg)  synthesis,  which  supplies  nutrients  to  the  ovaries. 
Vg  is  usually  synthesized  by  fat  body,  secreted  into  the  hemolymph  and  sequestered  by 
membrane -bound  vitellogenin  receptors  (VgRs)  of  developing  oocytes.  We  identified  a 
vitellogenin  receptor  protein  (EmVgR)  from  the  cDNA  library  generated  from  the  fat  body  of 
actively-feeding  sunn  pest  adults.  In  this  study,  FgR  expression  levels  of  different  tissues  and 
organs,  developmental  stages,  and  biologically-important  time  points  were  examined  using  real 
time  PCR.  High  abundance  of  EmVgR  transcript  was  detected  in  the  ovary  among  the  tissues  and 
organs  including  fat  body,  midgut,  ovary,  Malpighian  tubules,  head,  trachea,  flight  muscles  and 
nervous  system.  EmVgR  is  highly  synthesized  in  adults  when  compared  to  eggs  and  nymphal 
stages.  Furthermore,  highest  expression  of  EmVgR  was  found  in  females  after  migration. 


Expression  analyses  indicated  that  EmVgR  is  essential  for  the  maturation  of  the  ovaries  in  adults 
after  migration  before  mating  in  spring. 
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Abstract  text: 

The  Wnt  signaling  pathway  was  first  discovered  as  a  key  event  in  embryonic  development  and 
cell  polarity  in  Drosophila.  Recently,  several  reports  have  shown  that  Wnt  stimulates  translation 
and  cell  growth  by  activating  the  mTOR  pathway  in  mammals.  Previous  studies  have 
demonstrated  that  the  Target  of  Rapamycin  (TOR)  pathway  plays  an  important  role  in  mosquito 
vitellogenesis.  However,  the  interactions  between  these  two  pathways  are  poorly  understood  in 
the  mosquito.  In  this  study,  we  hypothesized  that  factors  from  the  TOR  and  Wnt  signaling 
pathways  interacted  synergistically  in  mosquito  vitellogenesis.  Our  results  showed  that  silencing 
Aedes  aegypti  Frizzled  2  (AaFz2),  a  transmembrane  receptor  of  the  Wnt  signaling  pathway, 
decreased  the  fecundity  of  mosquitoes.  We  showed  that  AaFz2  was  highly  expressed  at  the 
transcriptional  and  translational  levels  in  the  female  mosquito  6  hours  after  a  blood  meal, 
indicating  amino  acid-stimulated  expression  of  AaFz2.  Notably,  the  phosphorylation  of  S6K,  a 
downstream  target  of  the  TOR  pathway,  and  the  expression  of  vitellogenin  were  inhibited  in  the 
absence  of  AaFz2.  A  direct  link  was  found  in  this  study  between  Wnt  and  TOR  signaling  in  the 
regulation  of  mosquito  reproduction. 
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Introduction:  The  zygaenid  moth  Thyrassia  penangae  is  a  typical  long-day  species,  entering 
winter  diapause  as  a  prepupa  in  a  cocoon  in  response  to  short-day  conditions  during  autumn.  In 
the  present  study,  we  analyze  our  own  puplished  plus  further  unpublished  date  on  the 
photoperiodism  of  diapuse  induction  of  the  zygaenid  moth. 

Methods:  By  independently  varying  light  and  dark  in  overall  cycle  lengths  close  to  24  hour  in 
duration,  we  examined  whether  the  light  component  is  more  important  than  the  dark  in  the 
determination  of  diapause  in  the  zygaenid  moth.  Nanda-Hamner  and  Biinsow  experiments  were 
carried  out  at  25°C  to  determine  whether  the  clock  has  an  hourglass  or  circadian  basis. 

Results/Conclusion:  Independent  variation  of  the  light  and  dark  components  of  the  daily 
photocycles  has  shown  that  the  zygaenid  moth,  T.  penangae ,  unlike  most  insect  species, 
measures  daylength  rather  than  nightlength  in  photoperiodic  induction  of  diapause.  Nanda- 
Hamner  and  Biinsow  experiments  failed  to  reveal  rhythmic  fluctuations  in  the  occurrence  of 
diapause.  The  incidence  of  diapause  mainly  depended  on  whether  the  length  of  the  photophase 


exceeded  the  critical  daylength  in  Nanda-Hamner  experiments.  The  incidence  of  diapause  was 
also  low  when  pre-interruption  photophase  was  longer  than  the  critical  daylength  in  Biinsow 
experiments.  Our  results  suggest  that  photoperiodic  time  measurement  in  this  moth  is  performed 
by  a  day-interval  timer  or  an  hourglass-like  clock. 
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Soluble  inorganic  pyrophosphatases  (sPPase)  catalyze  the  hydrolysis  of  inorganic 
pyrophosphate,  which  is  formed  mainly  as  a  product  of  many  biosynthetic  pathways,  including 
oligosaccharide  and  fatty  acid  synthesis,  tRNA  charging/amino  acid  activation,  and 
polynucleotide  synthesis.  Here,  we  investigated  the  effects  of  sPPase  gene  knocked  down  in 
oogenesis  in  the  red  flour  beetle  ( Tribolium  castaneum).  A  single  sPPase  gene  was  identified  in 
insect  genome  and  is  maternally  provided  at  the  mRNA  level  and  not  restricted  to  any  embryonic 
or  extraembryonic  region  during  embryogenesis.  After  injection  of  Tc-sPPase  dsRNA,  female 
survival  was  reduced  to  15%  of  the  control  (dsNeo  RNA),  and  egg  laying  was  completely 
impaired.  The  morphological  analysis  by  nuclear  DAPI  (4',6-diamidino-2-phenylindole)  staining 
of  the  ovarioles  in  Tc-sPPase  dsRNA- injected  females  showed  that  the  ovariole  number  is 
diminished,  degenerated  oocytes  can  be  observed,  and  germarium  is  reduced.  Altogether,  these 
data  provide  evidence  that  Tc-sPPase  is  essential  to  oogenesis. 
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Introduction  It  is  difficult  to  predict  the  occurrence  of  fruit-sucking  stink  bugs  in  orchards, 
because  most  of  their  population  stays  on  cedar  ( Cryptomeria  japonica)  and  cypress 
( Chamaecyparis  obtusa ),  which  are  the  primary  host  plants.  We  need  to  understand  in  detail  the 
characteristics  of  their  life  history  in  their  original  habitat.  However,  there  are  few  knowledges 
about  those  in  Glaucias  subpunctatus,  which  is  one  of  the  major  species  in  south-west  Japan.  In 
our  research  about  their  voltinism,  we  have  noticed  that  mature  females  showed  reddish  color  on 
dosal  abdomen.  Therefore  we  have  tried  to  analyse  the  relation  between  body  color  and  ovarian 
development. 

Methods:  Newly  emerged  females  from  a  laboratory  colony  were  kept  under  long-day  (16L  8D) 
or  short-day  (12L  12D)  conditions  at  25°C.  Their  body  color  were  classified  in  3  stages  10,  20, 
30,  60  days  after  emergence.  Every  individuals  were  then  dissected  to  classify  the  ovarian 
development  in  3  stages.  Females  collected  from  field  with  light  traps  were  also  examined. 

Results/Conclusions:  Females  from  long-day  reached  stage  iii  (full-reddish)  within  10  days  after 
emergence.  Their  ovaries  were  in  stage  III  (with  matured  eggs)  or  II  (with  immature  eggs).  On 
the  other  hand,  those  from  short-day  kept  stage  i  (green)  or  stage  ii  (reddish  in  edges)  even  in 
60th  day.  Their  ovaries  were  in  stage  I  (no  egg)  or  II.  The  correlation  between  the  scores  of  body 
color  and  ovarian  development  were  significant.  These  results  suggested  that  body  color  is  useful 
for  an  index  to  recognize  ovarian  maturation  without  dissection. 
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Insect  bodies  are  lavishly  adorned  with  sensory  receptors  that  sample  the  environment  and 
inform  their  behavior.  Auditory  detectors  are  perhaps  the  most  elaborate  of  the 
mechanoreceptors.  Their  acute  sensitivity  is  underpinned  by  ensembles  of  sub-cuticular  stretch- 
sensitive  mechano sensory  neurons  called  chordotonal  organs  that  are  typically  associated  with 
specialized  cuticular  structures  such  as  eardrums  or  antennae.  Hill  (1983)  developed  the  first 
intracellular  recordings  from  mechanosensory  neurons  of  the  Muller’s  (auditory  chordotonal) 
organ  of  the  locust,  located  on  the  internal  surface  of  the  sound-capturing  tympanum.  More 
recently  the  Drosophila  Johnston’s  (antennal  auditory  chordotonal)  organ  has  emerged  as  a 
powerful  model  to  investigate  mechanotransduction  because  of  the  enticing  menu  of 
mechanosensory  mutants.  Despite  a  lack  of  intracellular  recordings  from  the  sensory  neurons 
themselves  (in  Drosophila ),  candidate  transduction  ion  channels  and  components  necessary  for 
transduction  have  been  localized  to  particular  regions  of  the  sensory  neurons,  and  conflicting 
hypotheses  have  been  proposed  to  explain  how  these  neurons  transduce  mechanical  stimuli.  To 
test  these  hypotheses  I  have  established  patch-clamp  recordings  from  the  larger  sensory  neurons 
of  the  Muller’s  organ  in  the  desert  locust.  I  have  used  a  combination  of  voltage-clamp  protocols 
and  pharmacology  to  isolate  the  transduction  current  at  the  ciliated  tip  of  the  neuron  and 
understand  its  encoding  into  action  potentials.  I  aim  to  characterize  the  role  of  transient  receptor 
potential  vallinoid  (TRPV)  ion  channels,  which  I  can  specifically  target  with  the  insecticides 
pymetrozine  and  pyrifluquinazol.  These  insecticides  are  of  special  interest  for  pest  control, 
because  they  target  pest  species  but  have  low  toxicity  for  honeybees. 
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Introduction:  The  project  “ACTING”  (Addiction  of  Insects  for  Biosensoring),  funded  by  a 
prestigious  EU  Marie-Curie  Fellowship,  is  part  of  a  broader  programme  intended  to  exploit  the 
powerful  olfactory  system  of  insects  as  a  biosensor.  This  should  be  achieved  through  the 
induction  of  a  positive  association  between  an  originally  aversive  odour  and  a  psychoactive 
addicting  reward  (nicotine)  in  the  German  cockroach,  Blattella  germanica.  The  behaviour  of  the 
addicted  insect  is  expected  to  change  under  the  motivational  point  of  view,  acquiring  plasticity 
better  to  accomplish  the  recognition  of  the  marker  chemical. 

Methods:  The  experiment  is  carried  out  through  three  distinct  phases.  During  the  first  phase  of 
training  it  is  possible  to  induce  addiction  by  7  days  of  continuous  administration  of  food 
integrated  with  the  nicotine;  the  second  phase  has  been  designed  to  allow  the  onset  of  withdrawal 
symptoms  of  the  administration  of  the  drug,  by  applying  a  starvation  period  of  72  hours;  the  third 
phase  comprises  in  a  Choice  test  where  the  single  individuals  can  make  a  binary  choice  between 
artificial  food  and  artificial  food  integrated  with  nicotine. 

Results/Conclusion:  Data  collected  so  far  show  that  there  is  a  preference  for  the  artificial  food 
over  the  nicotine  treated  food  in  the  choice  phase.  However,  we  observe  a  significant  increase  of 
consumption  of  food,  regardless  of  its  nature,  by  the  insects  that  were  trained  on  nicotine  treated 
food  in  the  first  phase.  These  results  indicate  that  nicotine  seems  not  induce  addiction  in  the 
cockroaches  but  acts  as  a  hunger  enhancer. 
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Introduction:  Overwintering  freeze-tolerant  larvae  of  Chilo  suppressalis  can  survive  at  -25  °C, 
but  non-diapausing  larvae  cannot.  When  overwintering  larvae  were  frozen,  water  left  the  cells 
and  glycerol  entered  them  from  the  outside  at  the  same  time.  The  movements  of  water  and 
glycerol  of  cells  of  overwintering  larvae  are  thought  to  be  related  to  water  channels  in  the  cell 
membrane,  because  the  movements  were  inhibited  by  HgCh.  Moreover,  in  order  to  reduce  the 
cold  injury  of  cell  membrane,  overwintering  larvae  increase  the  proportion  of 
phosphatidylethanolamine  (PE)  in  the  phospholipids  and  the  content  of  oleic  acid  with 
decreasing  temperature.  However,  how  to  reduce  physical  injury  of  cell  membrane  by  ice  crystal 
of  frozen  haemolymph  is  still  unclear.  To  clarify  the  mechanism  of  that  we  compared  size  of  ice 
crystals  of  haemolymph  of  overwintering  larvae  with  that  of  non-diapausing  larvae. 

Methods:  Both  larvae  were  placed  in  the  cold  room,  cooled  at  a  rate  of  0.2-0. 5  °C  min_1to  -20 
°C,  and  held  for  12h.  After  freeze  treatment  thin  sliced  sections  of  both  laevae  were  made  by 
sliding  microtome  in  the  cold  room.  Size  of  ice  crystals  of  haemolymph  were  observed  by 
polarizing  -  differential  interference  contrast  microscope. 

Results/Conclusion:  The  ice  crystal  of  haemolymph  of  overwintering  larvae  were  small  and 
uniform,  but  that  of  non-diapausing  larvae  were  big  compared  with  overwintering  larvae  and 
were  not  uniform.  These  result  suggested  that  haemolymph  of  overwintering  larvae  include 
antifreeze  protein  like  substance  and  ice  crystal  growth  was  suppressed. 
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Aedes  aegypti  females  need  a  blood  meal  to  reproduce  and  mature  their  eggs  (hematophagous). 
Besides  blood  meal  has  a  physiological  importance,  it  also  allows  females  to  acquire  pathogens 
that  cause  diseases  in  humans  such  as  dengue  virus  (DENV).  Different  pathogens  can  affect  the 
fitness  of  mosquitoes.  Studies  show  that  Anopheles  stephensi  infected  with  Plasmodium  yoelii 
nigeriensis  and  A.  aegypti  infected  with  Plasmodium  gallinaceum  or  dengue  virus  type  2 
(DENV-2)  produce  fewer  eggs  compared  to  healthy  ones.  In  this  work,  we  verified  if  a  Brazilian 
DENV-2  strain  is  able  to  infect  and  generates  a  reproductive  impact  on  A.  aegypti  Rexville-D 
mosquito  strain.  We  used  the  Glytube  feeder  to  artificially  blood  feed  the  mosquitoes  with 
DENV-2  infected  blood  (ACS  46  strain)  or  with  MOCK  control  blood  (supernatant  without 
virus).  In  the  15th  day  post  infected  blood  meal  those  mosquitoes  had  the  second  blood  meal  in 
mice.  After  5  days  of  each  blood  meal,  MOCK  and  DENV-infected  were  placed  in  to  the 
oviposition  site  for  48  hours  and  the  laid  eggs  were  counted.  Our  results  showed  that  the  number 
of  eggs  laid  at  the  first  and  second  gonotrophic  cycle  was  reduced  in  DENV-infected  mosquitoes 
compared  with  control.  An  explanation  for  this  reduction  is  the  apoptosis  of  follicular  cells  in 
DENV-infected  ovaries  as  observed  in  Plasmodium-infected  mosquitoes.  Therefore  the  next  step 
of  this  study  will  characterize  the  expression  levels  of  AeDredd,  AeDronc,  AelAPl  and  Caspase- 
16  genes  in  MOCK  and  DENV-infected  ovaries  in  order  to  obtain  evidence  that  apoptosis  is  the 
phenomenon  causing  this  reduction. 
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The  small  copper  butterfly  Lycaena  phlaeas  daimio  exhibits  a  seasonal  color  diphenism  that 
includes  a  spring-morph  with  reddish  coloration  and  summer-morph  with  blackish  coloration. 
Here,  we  aim  to  determine  a  morphological  difference  between  both  morphs  other  than  the 
coloration  of  scales  on  wings.  Microscopic  observations  revealed  that  the  number  of  hair-like 
scales  on  the  legs  differed  between  morphs.  We  therefore  investigated  the  effect  of  photoperiod 
and  temperature  on  the  hair-like  scale  development  on  the  legs  of  adults.  Newly  hatched  larvae 


were  exposed  to  long-day  (LD)  and  short-day  (SD)  conditions,  consisting  of  alternating  16-hours 
light  and  8-hours  dark  periods  at  16°C,  23 °C,  30° C  and  35°C,  and  8-hours  light  and  16- 
hours  dark  periods  at  12°C,  16°C  and  23 °C,  respectively.  All  adults  that  emerged  from  pupae 
were  immediately  killed  at  -20° C.  After  defrosting,  the  fore,  middle  and  hind  legs  were  cut  off  at 
the  junction  of  the  body  and  legs  with  scissors.  The  number  of  hair-like  scales  on  each  leg  was 
counted  by  pulling  off  individual  hairs  using  fine  forceps  under  a  binocular  microscope.  The 
number  of  hair-like  scales  in  SD-adults  was  much  greater  than  that  of  LD-adults.  The  length  of 
hair-like  scales  in  SD-adults  was  longer  than  that  of  LD-adults.  These  results  suggested  that  hair¬ 
like  scale  development  on  the  legs  of  this  species  might  be  controlled  by  mainly  photoperiodic 
and  temperature  conditions  during  larval  and  pupal  stages. 
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The  butterfly  Narathura  japonica  dose  not  exhibit  a  seasonal  diphenism  in  the  coloration  of 
scales  on  wings.  To  confirm  whether  this  butterfly  exhibits  a  seasonal  plasticity  or  not,  we 
investigated  the  effect  of  temperature  and  photoperiod  during  the  larval  and  pupal  stages  on  the 
morphological  trait  of  adults.  Newly  hatched  larvae  were  exposed  to  long-day  (LD)  and  short- 
day  (SD)  conditions,  consisting  of  alternating  16-hours  light  and  8-hours  dark  periods  at  15°C, 
20°C,  23°C,  25°C  and  30°C,  and  8-hours  light  and  16-hours  dark  periods  at  20°C  and  23°C, 
respectively.  All  adults  that  emerged  from  pupae  were  immediately  killed  at  -20°  C  after  their 
wings  were  expanded.  Microscopic  observations  revealed  that  the  number  of  hair-like  scales  on 
the  legs  differed.  After  defrosting,  the  fore,  middle  and  hind  legs  were  cut  off  at  the  junction  of 
the  body  and  legs  with  scissors,  and  then  fixed  on  scotch  tape  from  above.  The  number  of  hair¬ 
like  scales  on  each  leg  was  counted  by  pulling  off  individual  hairs  using  fine  forceps  under  a 
binocular  microscope.  The  number  of  hair-like  scales  in  LD  15-adults  was  much  greater  than  that 
of  adults  subjected  to  a  higher  temperature  during  development.  But,  the  number  of  hair-like 
scales  in  LD-  and  SD-adults  subjected  to  the  same  temperature  was  almost  similar.  These  results 


indicated  that  the  hair-like  scales  on  the  legs  of  N.japonica  may  represent  a  new  morphological 
and  seasonal  trait,  suggesting  that  the  development  of  hair-like  scale  might  be  controlled  by 
temperature  conditions  during  larval  and  pupal  stages. 
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A  bean  bug,  Riptortus  pedestris  (Hemiptera:  Alydidea),  is  a  major  pest  for  soybean  and  fruits  in 
Korea.  This  pest  has  caused  tremendous  economic  damages  on  bean  industry  because  it  pierces 
while  feeding  on  beans.  However,  the  detailed  life  history  of  this  pest  is  not  clearly  known  yet. 
Recently,  many  studies  have  focused  on  the  effects  of  a  bacterial  symbiont,  Burkholderia  sp., 
infection  on  this  insect  especially  developing.  Without  this  symbiont,  R.  pedestris  showed  low 
molting  rate  as  well  as  failed  to  develop  a  full  digestive  system.  R.  pedestris  acquires  this 
symbiont  from  its  environment  during  specific  developmental  period,  the  second  instar  nymph. 
After  acquisition,  this  symbiont  locates  in  a  limited  area  known  as  M4B  region  in  the  midgut.  It 
is  known  that  R.  pedestris  acquires  this  bacterial  symbiont  from  its  environments.  However,  the 
detailed  mechanism  for  acquiring  this  symbiont  has  not  been  described  yet.  In  this  study,  we 
found  the  behavioral  difference  of  R.  pedestris  with  and  without  Burkholderia  infection.  To 
show  the  behavioral  difference,  we  measured  3  different  behavioral  characteristics  -  moving 
activity,  feeding  activity,  mating  activity  -  with  and  without  Burkholderia  infection  on  R. 
pedestris.  With  these  factors,  we  could  show  the  behavioral  changes  with  and  without 
Burkholderia  symbiont  infection  of  R.  pedestris.  This  study  will  help  to  build  a  strong  foundation 
for  developing  more  efficient  pest  management  strategy  as  well  as  to  investigate  the  symbiotic 
relationship  between  insects  and  microorganisms. 
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Abstract  text: 

Compensatory  feeding  mechanisms  promoting  the  selection  of  a  balanced  diet  in  generalist 
insects  are  well  understood.  In  this  study  I  presented  Melanoplus  differentialis  with  2  suitable 
host  plants  and  asked  if  they  would  feed  on  the  plant  offering  higher  fitness  or  would  be  driven 
to  switch  among  the  2  plants  by  compensatory  mechanisms,  even  if  performance  suffered.  In  13 
different  trials  using  common  cultivated  plants,  insects  offered  2  host  plants  in  excess  fed  on 
both  species  without  exception.  Survival  was  generally  higher  on  the  mixed  diet  treatment  than 
on  either  plant  alone.  Males  also  had  higher  relative  growth  rates  and  final  adult  mass  on  mixed 
diet  treatments  with  few  exceptions.  However,  in  females  the  mixed  diet  produced  lower  or 
intermediate  relative  growth  rates  in  3  of  13,  and  lower  or  intermediate  final  adult  mass  in  5  of 
13  trials.  The  results  suggest  that  nutritional  regulating  mechanisms  may  operate  differently  in 
males  and  females  of  this  species  and  that  under  some  conditions  compensatory  feeding  may 
result  in  lower  fitness  than  functional  specialization,  even  without  specific  host-plant 
adaptations. 
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Abstract  text: 

Biogenic  magnetic  particles  have  been  detected  in  some  migratory  insects,  which  implies  the 
basis  of  magnetoreception  mechanism  for  orientation  and  navigation.  Here,  the  biogenic 
magnetic  particles  in  the  migratory  brown  planthopper,  Nilaparvata  lugens  were  qualitatively 
measured  by  superconducting  quantum  interference  device  (SQUID)  magnetometry,  and  their 
characteristics  were  further  determined  by  Prussian  Blue  staining,  electron  microscopy  and 
energy  dispersive  x-ray  spectroscopy.  The  results  indicate  that  there  were  remarkable  magnetic 
materials  in  the  abdomens  and  not  in  the  head  or  thorax  of  the  3rd-5th  instar  nymphs,  and  in 
macropterous  and  brachypterous  female  and  male  adults  of  N.  lugens.  The  size  of  magnetic 
particles  was  shown  to  be  between  50-450  nm  with  a  shape  factor  estimate  of  between  0.8- TO 
for  all  the  tested  N.  lugens.  Moreover,  the  amount  of  magnetic  particles  was  associated  with  the 
developmental  stage  (the  3rd-5th  instar),  wing  form  (macropterous  vs.  brachypterous)  and  sex. 
The  macropterous  female  adults  had  the  largest  amount  of  magnetic  particles.  Although  the 
existence  of  magnetic  particles  in  the  abdomens  of  N.  lugens  provides  sound  basis  for  the 
assumption  of  magnetic  orientation,  further  behavioral  studies  and  complementary  physical 
characterization  experiments  should  be  conducted  to  determine  whether  the  orientation  behavior 
of  N.  lugens  is  associated  with  the  magnetic  particles  detected  in  this  study.  The  potential 
significance  of  biogenic  magnetic  particles  in  organisms  are  discussed. 
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Introduction:  Drosophila  suzukii  is  a  newly  emergent  pest  insect  which  targets  ripening  fruit. 
First  identified  in  Asia,  this  species  has  spread  rapidly  to  and  within  North  America  and 
Europe.  D.  suzukii  infestation  causes  massive  losses  to  a  wide  range  of  soft  skin  fruit  crops, 
including  blueberries,  grapes  and  strawberries.  Management  strategies  need  to  be  implemented 
quickly  to  prevent  further  spread  of  D.  suzukii.  Research  has  so  far  focused  upon  tracking  D. 
suzukii  infestations,  trap  design  and  effectiveness,  reproductive  behaviour  and  potential 
environmental  ranges.  However,  very  few  investigations  have  targeted  D.  suzukii  with  the  intent 
of  elucidating  its  internal  physiology  to  determine  novel  targets  of  intervention.  Comparative 
studies  of  D.  suzukii  malpighian  tubules  with  the  well-established  model  organism,  D. 
melanogaster,  will  help  in  understanding  the  physiology  of  D.  suzukii.  The  main  role  of 
malpighian  tubules  are  water  and  ion  homeostasis  (Beyenbach  et  al.  2010),  and  are  under  control 
of  several  neuropeptides. 

Methods:  Ramsay  assay  for  fluid  secretion  of  D.  suzukii  malpighian  tubules  were  conducted 
according  to  Dow  et  al.  1994.  Basal  and  stimulated  fluid  secretion  rates  were  measured  before 
and  after  addition  of  neuropeptide  e.g.  Drome-Kinin. 

Results/Conclusion:  Drome-Kinin  stimulates  fluid  secretion  in  the  malpighian  tubules  of  D. 
suzukii ,  increasing  basal  secretion  rates  by  approximately  three-fold.  This  suggests  that  the 
tubules  of  D.  suzukii  are  under  similar  neuropeptide  control  to  D.  melanogaster,  and  that 
physiological  similarities  may  exist  between  D.  suzukii  and  D.  melanogaster  malpighian  tubules. 
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The  vitellogenin  is  a  lipoglycoprotein  synthesized  in  the  fat  body,  released  to  the  hemolymph 
and  absorbed  by  oocytes  during  vitellogenesis.  The  developing  oocyte  is  surrounded  by  a 
follicular  epithelium  and  during  vitellogenin  uptake  are  formed  intercellular  spaces  between  the 
follicular  cells,  a  phenomenon  termed  as  patency.  In  some  Hymenoptera,  vitellogenic  follicles 
show  vitellogenin  in  the  cytoplasm  of  follicular  cells  suggesting  a  transcellular  route  of 
vitellogenin  until  oocyte  surface.  Thus,  this  study  examined  the  possible  presence  of  VgR  in  the 
follicular  cells  of  honey  bee  Apis  mellifera  and  wasp  Polistes  simillimus  ovaries  to  verify 
whether  vitellogenin  is  transported  by  the  transcellular  route  in  these  insects.  A  specific  anti-VgR 
antibody  was  produced  from  a  highly  conserved  sequence  of  this  receptor  (fragment  of  the 
second  repeat  region  YWXD),  expressed  in  transformed  E.  coli  (pET  BL21).  The  Western 
blotting  analysis  confirmed  that  the  antibody  is  specific  for  VgR  and  that  this  protein  is  present 
in  membrane  protein  extracts  from  ovaries  of  both  species.  Immunofluorescence  analyzes 
associated  with  immunocytochemistry  show  the  presence  of  VgR  in  the  basal  and  apical  plasma 
membrane  of  follicular  cells  of  vitellogenic  follicles  of  A.  mellifera  and  P.  simillimus ,  indicating 
that  the  protein  may  have  been  transported  from  basal  to  apical  cell  membrane  domain  with 
subsequent  release  in  the  perivitelline  space,  evidenced  by  the  presence  of  myelin  figures  with 
VgR  in  this  region.  These  data  support  the  hypothesis  that  the  vitellogenin  is  transported  via 
receptor  by  the  transcellular  route  in  the  follicular  cells  of  bees  and  wasps. 
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Transposable  elements  (TE)  play  a  significant  role  in  genome  evolution.  However,  they  are 
typically  in  a  repressed  state  as  genome  integrity  can  be  jeopardized  by  their  activity.  Hence, 
animals  take  extensive  measures  to  ensure  TE  silencing  in  the  germline  to  prevent  transmission 
of  deleterious  mutations  to  progeny.  One  such  molecular  defense  machinery  is  RNA  interference 
(RNAi)  that  relies  on  small  non-coding  RNAs  to  recognize  TE  transcripts  and  direct  their 
silencing.  Piwi/piRNA  pathway  is  a  major  small  RNA  defense  machinery  against  TE  in  animals. 
Chelicerates  (spider,  tick,  and  spider)  have  additional  RNAi  factors,  like  Rdrp  (RNA  dependent 
RNA  polymerase)  that  make  RNAi  more  diversified.  House  dust  mite  (HDM)  was  a  permanent 
parasite  of  warm-blooded  vertebrates.  During  the  course  of  evolution,  HDM  reverted  to  free 
living  abandoning  parasitic  life  styles  that  might  have  been  taken  place  by  means  of  significant 
genetic  alteration.  TE  defense  is  a  fast  evolving  phenomenon  and  so  methods  to  control  TE  also 
change  over  time.  To  study  how  extra  factors  contribute  to  TE  defense,  we  did  genome 
sequencing  and  small  RNA  profiling  of  American  house  dust  mite  Dermatophagoides  farinae. 
We  failed  to  detect  Piwi  ortholog  in  HDM.  Our  bioinformatics  pipeline  also  couldn't  detect 
piRNA,  instead  we  found  that  Dicer  produced  siRNA  plays  major  role  repressing  TE.  We 
propose  a  mechanism  similar  to  that  seen  in  plants,  fungi,  and  some  worms:  Rdrp  converts  TE 
transcripts  to  Dicer  substrates  that  results  in  siRNA  generation,  which  subsequently  recruits  Ago 
proteins  and  chromatin  modulators  to  repress  the  target  locus. 
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Harmonia  axyridis  is  a  beneficial  insect  that  well  known  as  biological  control  agents  by 
predators  for  several  aphids.  However,  the  gene  functions  of  H.  axyridis  has  rarely  been  studied. 
Therefore,  the  gene  function  analysis  of  H.  axyridis  was  performed  using  RNA  interference 
(RNAi).  First  of  all,  cDNA  library  of  H.  axyridis  with  the  titer  of  4.43x104  using  gateway  system 
was  constructed  in  order  to  apply  RNAi.  After  the  random  genes  of  cDNA  library  were 
synthesized  into  dsRNA  by  T7  promoter  of  transcription  vector  (LITMUS  28i  vector),  it  was 
injected  into  fourth  instar  larva  of  H.  axyridis  using  5p°  micro  syringe,  then  it  was  confirmed 
that  the  phenotypic  variation  of  H.  axyridis  were  appeared.  Through  this  gene  screening,  the 
random  gene  that  appear  phenotypic  variation  in  adult  stage  found  out  whole  sequence  of  the 
gene  through  race  and  confirmed  gene  information.  Thereby  it  is  considered  that  this  study 
would  be  useful  for  the  gene  functional  analysis  not  only  in  H.  axyridis  but  in  other  insects. 
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Abstract  text: 

The  carmine  spider  mite,  Tetranychus  cinnabarinus  is  an  important  pest  of  crops  and  vegetables 
worldwide,  and  it  has  the  ability  to  develop  resistance  against  acaricides  rapidly.  Our  previous 
study  identified  an  esterase  gene  (designated  TCE2 )  over-expressed  in  resistant  mites.  To 
investigate  this  gene’s  function  in  resistance,  the  expression  levels  of  TCE2  in  susceptible, 
abamectin-,  fenpropathrin-,  and  cyflumetofen-resistant  strains  were  knocked  down  (65.02%, 
63.14%,  57.82%,  and  63.99%,  respectively)  via  RNA  interference.  The  bioassay  data  showed 
that  the  resistant  levels  to  3  acaricides  were  significantly  decreased  after  the  down-regulation  of 
TCE2,  indicating  a  correlation  between  the  expression  of  TCE2  and  the  acaricide-resistance  in  T. 
cinnabarinus.  This  study  provides  direct  evidence  that  TCE2  is  a  functional  gene  involved  in 
acaricide  resistance  in  T.  cinnabarinus. 
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The  western  corn  rootworm  Diabrotica  virgifera  virgifera  LeConte  is  a  major  insect  pest  on 
maize  in  the  U.S.  Corn  Belt  and  control  failures  have  been  documented  to  many  control 
strategies,  including  chemicals,  transgenics  and  crop  rotation,  and  it  is  urgent  to  develop  new 
insecticides.  The  peritrophic  matrix  (PM)  is  composed  of  proteins  and  chitin  and  protects  the 
epithelium  against  abrasive  particles  and  microbial  infections.  RNAi  is  a  valuable  research  tool 
to  study  the  function  of  genes  and  to  develop  effective  pest  management  tools.  In  this  study,  we 
identified  four  PM  and  two  chitin  synthase  genes  in  D.  virgifera  virgifera  and  measured  their 
baseline  expression  separately  by  qPCR  in  both  D.  virgifera  virgifera  larval  and  adult  stages. 
Further  analysis  showed  that  the  knock-down  of  one  of  chitin  synthase  (CS14)  genes  could  cause 
strong  growth  inhibition  in  larvae  as  compared  to  the  other  PM  genes.  In  addition,  the  CS14 
dsRNA-pretreated  adults  showed  a  limited  change  in  insecticide  susceptibility  and  knockdown  of 
CS14  also  affected  the  knockdown  of  RNAi  of  other  genes. 
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Traditional  methods  of  pest  control  are  threatened  by  development  of  insecticide  resistance. 
Further,  there  is  resistance  to  the  use  of  transgenic  crops  to  control  insect  pests  and  many  crops 
have  not  been  modified  to  express  Bt  proteins.  Discovery  of  RNA  interference  (RNAi)  has 
created  opportunities  to  develop  new  insect  control  mechanisms.  However,  RNAi  responses 
appear  to  be  robust  in  Coleopteran  pests,  but  other  orders,  e.g.  Lepidoptera  and  Hemiptera, 
present  varied  or  ineffective  RNAi  responses.  Current  delivery  strategies  for  double-stranded 
RNA  (dsRNA)  include  microinjection,  ingestion,  and  soaking.  All  of  these  approaches  have 
benefits  and  problems.  This  study  investigates  the  potential  for  silica  nanoparticles  to  improve 
delivery  of  dsRNA  and  induce  an  RNAi  response.  Initially,  the  binding  and  dissociation  and 
loading  capacity  of  RNA  and  DNA  onto  porous  and  non-porous  silica  nanoparticles  was 
investigated.  Studies  included  determination  of  adsorption  isotherms,  ribonuclease  treatments, 
and  pH-dependent  release  trials.  We  then  investigated  in  vitro  whether  the  nanoparticles 
protected  nucleic  acids  and  facilitated  their  delivery  to  cells.  Experiments  conducted  for  this 
objective  included  cell  uptake  observation,  nuclease  protection  assays,  and  pH  protection  assays. 
The  third  objective  used  in  vivo  assays  in  cells  from  Spodoptera  frugiperda  and  Tribolium 
castaneum  to  determine  if  nanoparticles  improved  RNAi  efficacy  in  insect  cells.  Results  of  these 
studies  show  that  silica  nanoparticles  bind  nucleic  acids  and  can  be  used  to  induce  RNAi  in 
insect  cells. 
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Herbivorous  insects  are  responsible  for  one  fifth  yield  loss  of  crops  in  the  world  annually.  Many 
efforts  have  been  made  to  reduce  the  yield  loss  and  cost  of  control,  such  as  biological  control, 
chemical  insecticides,  crop  rotation  and  transgenic  plants.  However,  over  the  past  decades,  we 
have  witnessed  development  of  field  resistant  populations  in  variety  of  insect  species.  RNA 
interference  (RNAi)  is  a  biological  process,  in  which  RNA  molecules  silence  genes  at  post- 
transcriptional  level  and  observed  in  many  eukaryotes.  Recently,  researches  have  shown  great 
potential  for  its  application  in  pest  management.  In  this  study,  an  artificial  diet  and  feeding 
system  (for  aphids,  Schizaphis  graminum  and  Rhopalosiphum  maidis)  were  tested  for  their 
potential  application  in  dsRNA  delivery.  The  results  showed  that  the  RNAi  could  be  achieved  by 
oral  feeding  with  this  diet  in  lab  conditions.  Also  the  knock-down  level  of  target  genes  varied 
greatly  with  the  combination  of  different  exposure  time  and  concentrations  of  dsRNA.  The  result 
from  this  study  will  provide  a  baseline  of  a  lab  protocol  to  either  explore  the  function  of  genes  or 
screen  the  potential  candidate  genes  which  could  be  used  to  control  these  two  aphids  species  by 
RNAi  in  future. 


Poster 

Presentation  Title:  Oral  delivery  of  dsRNA  lipoplexes  to  German  cockroach,  Blattella 
germanica ,  protects  dsRNA  from  degradation 

Author  Name:  How-Jing  Lee 

Author  Institution:  National  Taiwan  University 

Session  Title:  Poster  Session  3:  RNAi  and  Gene  Expression  Control  in  Insects 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  D3731 

DOI:  10.1603/ICE.2016.1 13415 

Abstract  text: 

In  the  past  years,  the  concept  of  RNAi  application  for  insect  pest  control  has  been  proposed, 
considering  the  disruption  of  vital  genes  However,  the  efficiency  of  RNAi  is  variable  between 
different  insect  groups  as  well  as  concerning  the  administration  methods,  especially  by  oral 
delivery  of  dsRNA.  Our  study  examined  the  effect  of  the  depletion  of  an  essential  housekeeping 
gene,  a-tubulin,  interfered  following  2  approaches  of  dsRNA  delivery  in  the  German  cockroach, 
Blattella  germanica.  Injecting  dsRNA  into  the  abdomen  of  B.  germanica  resulted  in  dramatic 
transcript  depletion  and  mortality.  In  contrast,  oral  delivery  of  dsRNA  resulted  in  lower  RNAi 
efficiency  due  to  the  action  of  extracellular  enzymes  of  the  midgut  digestive  juice,  which  rapidly 
degrade  the  dsRNA.  Notably,  we  further  demonstrated  that  ingestion  of  dsRNA  lipoplexes, 
which  were  formulated  with  the  dsRNA  with  a  cationic  liposome  carrier,  was  sufficient  to  slow 


down  the  degradation  of  dsRNA  in  the  midgut  and  to  increase  the  mortality  of  the  German 
cockroach  by  significantly  inhibiting  a-tubulin  expression.  Thus,  we  provide  evidence  that  the 
formulation  of  dsRNA  lipoplexes  could  be  a  plausible  approach  for  insect  pest  control  based  on 
RNAi. 
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Abstract  text: 

The  German  cockroach  (Blattella  germanica)  is  an  economically  and  medically  notorious 
household  insect  pest  with  a  global  distribution.  This  study  aimed  to  develop  double-stranded 
RNA  (dsRNA)-based  baits  for  managing  this  important  pest.  We  sequenced  the  open  reading 
frames  of  several  candidate  genes  as  targets  for  RNA  interference  (RNAi)  and  examined  their 
developmental  stage-  and  tissue-dependent  expression  patterns.  We  prepared  the  naked  dsRNA- 
based  bait  and  the  chitosan/dsRNA-based  nanoparticles  to  deliver  dsRNA  and  compared  their 
RNAi  efficiency.  The  prospects  of  using  RNAi-based  approaches  for  managing  B.  germanica 
will  also  be  discussed  in  this  presentation. 
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Abstract  text: 

The  kudzu  bug  (Hemiptera:  Megacopta  cribarici)  is  an  exotic  pest  introduced  to  the  U.S.  in  2009 
that  has  since  become  a  relevant  pest  of  soybeans  ( Glycine  max)  in  the  southeastern  USA.  The 
goal  of  our  project  is  developing  insecticidal  gene  silencing  by  RNA  interference  (RNAi)  as  a 
method  of  controlling  M.  crib  aria  in  soybean.  We  obtained  a  transcriptome  for  the  kudzu  bug 
gut  to  identify  target  genes  for  silencing  and  prepared  double-stranded  RNA  (dsRNA)  to  use  in 
bioassays  against  adult  M.  cribaria.  Insecticidal  activity  observed  for  selected  dsRNA  constructs 
in  feeding  bioassays  supports  the  potential  use  of  this  technology  to  control  kudzu  bug  using 
transgenic  soybean  plants. 
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Abstract  text: 

Introduction:  Laccase  2  is  a  gene  with  major  role  in  eggs  and  body  cuticle  tanning  in  insects. 
When  this  gene  was  experimentally  silenced  in  Aedes  albopictus,  females  laid  hyaline  and 
inviable  eggs.  We  then  hypothesized  that  we  could  obtain  a  similar  result  by  silencing  laccase  2 
in  the  congeneric  species  Aedes  aegypti.  In  case  of  confirmation  of  this  hypothesis,  laccase  2 
could  be  a  good  target  to  the  development  of  benign  genetically-modified  A.  aegypti.  In  this 


study  we  knocked  down  the  laccase  2  gene  in  adult  females  of  A.  aegypti  to  evaluate  the 
phenotypic  effects  on  the  egg  chorion  development. 

Methods:  Double-stranded  RNA  (dsRNA)  of  laccase  2  was  synthesized  to  knock  down  the 
homologous  gene  in  vivo.  We  used  dsRNA  of  MSP  1  gene  ( Plasmodium  falciparum  merozoite 
surface  protein)  as  a  control.  Both  in  the  experimental  and  the  control  sets,  three  sample  batches 
of  females  were  injected,  each  batch  with  either  20ng,  200ng  or  1700ng  dsRNAs.  A  blood  meal 
was  provided  24  hours  after  injection  and  these  females  are  allowed  to  lay  eggs. 

Results/Conclusion:  No  significant  morphological  differences  between  eggs  of  females  injected 
with  laccase  2  and  MSP1  dsRNA  were  observed.  Pigmentation  of  the  eggs  started  30  minutes 
after  they  were  laid  in  both.  However,  the  pigmentation  started  slightly  later  in  those  eggs  of 
females  injected  with  laccase  2  dsRNA.  This  apparent  developmental  delay  may  be  related  to  the 
silencing  of  laccase  2.  The  next  experiments  will  focus  on  quantitative  PCR  to  determine  the 
efficiency  of  the  silencing  method. 
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Abstract  text: 

The  28-spotted  potato  ladybird,  Henosepilachna  vigintioctomaculata ,  is  pest  of  chewing  type 
that  damages  to  the  Solanaceae  plants.  Especially,  if  this  pest  makes  a  large  outbreak  on  a 
Chinese  matrimony  vine  or  potato,  it  causes  a  large  amount  of  yield  loss  and  products  a  quality 
degradation.  Generally,  28-spotted  potato  ladybird  is  controlled  by  chemical  method  using 
pesticide,  but  there  are  side  effects,  such  as  pesticide  residue  and  environmental  problem.  So,  in 
this  study,  we  try  to  control  28-spotted  potato  ladybird  through  RNA  interference  (RNAi). 


Firstly,  we  construct  cDNA  library  of  28-spotted  potato  ladybird  to  select  target  gene.  cDNA  is 
amplified  using  primers  that  involve  restriction  enzyme  EcoR  I  or  Hind  HI,  respectively.  And 
then,  cloning  PCR  product  into  T-vector  and  treat  the  restriction  enzyme  EcoR  I  or  Hind  hi  to 
check  insert.  So,  when  we  check  insert,  confirm  the  genetic  information  and  cloning  the  insert 
into  LITMUS  28i  transcription  vector.  And  then,  we  synthesis  double  strand  RNA  using  T7 
promoter  of  28i  vector  and  inject  dsRNA  into  larvae  to  select  the  target  gene  that  shows  a  molt- 
inhibiting  effect  or  lethal  effect. 
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Abstract  text: 

Tuta  absoluta  Meyrick  is  an  important  pest  of  tomato  Solarium  lycopersicum.  RNA  interference 
(RNAi)  offers  potential  application  to  control  this  pest.  Through  the  generation  of  transgenic 
plants  expressing  dsRNA  molecules  that  target  essential  insect  genes,  ingestion  by  larvae  may 
result  in  specific  gene  silencing.  To  test  the  effect  of  RNAi,  ‘Micro-Tom’  tomato  plants  were 
transformed  to  express  hairpin-loop  versions  of  gene  fragments  targeting  the  vacuolar  ATPase 
catalytic  subunit  A  (V- ATPase)  and  Arginine  kinase  ( AK )  genes  using  the  binary  vector 
pK7GWIWG2(I).  Transformation  efficiency  ranged  from  3.5  to  18.9%.  Eight  events  were 
obtained  for  V-ATPase  and  six  for  AK,  which  were  advanced  for  T2.  To  evaluate  resistance  to  T. 
absoluta ,  two  events  of  each  construction,  selected  based  on  high  level  of  transgene  expression, 
were  tested.  For  each  event,  30  T.  absoluta  neonate  larvae  were  inoculated  per  plant,  with  5 
plants  event"1,  plus  ‘Micro-Tom’  non-transgenic  controls;  infested  plants  were  kept  at  25°C,  70% 
RH,  14:  lOh  photoperiod.  Larval  mortality,  pupae  sex  and  weight  were  evaluated  at  the  end  of  the 
larval  cycle.  V-ATPase  events  tended  to  increase  mortality,  while  reducing  pupae  weight.  One 
AK  event  led  to  significantly  higher  larvae  mortality,  while  decreasing  pupae  weight.  These 
results  showed  relevant  effects  of  RNAi  from  transgenic  plants  on  T.  absoluta.  Identification  of 
additional  target  genes  with  larger  effect  offers  the  potential  to  control  this  pest  in  tomato. 
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Abstract  text: 

Brown  rice  planthopper  ( Nilaparvata  lugens )  is  one  of  main  rice  diseases  and  insect  pests, 
strengthen  the  brown  planthopper  insect  scouting  information  acquisition  has  important 
significance  of  prevention  and  cure  of  plant  diseases  and  insect  pests  of  rice.  A  PEN3  electronic 
nose  was  used  to  the  brown  planthopper  insect  body  (under  the  age  of  3  nymphs,  3  age  nymphae) 
acquisition  of  bouquet  and  rice  plant  stalks  and  through  to  the  benchmark  treatment  to  reduce  the 


interference  of  environmental  factors  on  the  sampling  results.  Using  principal  component 
analysis  (PCA)  and  linear  discriminant  analysis  (LDA),  fuzzy  c-means  (FCM)  clustering 
analysis,  the  BP  neural  network  (BPNN)  and  probabilistic  neural  network  (PNN),  the  load  factor 
analysis  (Loadings)  in  pattern  recognition.  Test  results  show  that  FCM  for  BPH  nymphae  under 
the  age  of  3,  3  age  on  BPH  nymphae  of  rice  stem  and  the  recognition  rate  is  76.67%.  BPNN  and 
PNN  for  BPH  nymphae  under  the  age  of  3,  3  age  on  brown  rice  planthopper  nymphae  and  haulm 
training  set  back  sentenced  to  the  correct  rates  were  98.48%  and  100%,  respectively,  the 
recognition  accuracy  of  the  test  set  were  95.83%,  100%,  and  has  good  recognition  effect. 
According  to  the  result  of  Loadings  analysis  suggests  that  BPH  in  the  process  of  growth,  young 
insects  are  greatly  influenced  by  the  smell  of  rice  stem,  but  with  the  growth  of  the  age,  the 
influence  of  the  brown  planthopper  insect  body  itself  gradually  increased. 
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Abstract  text: 

Introduction:  Egypt  is  rapidly  developing  its  infrastructure  and  supply  chain  to  provide  quality 
fresh  market  green  beans  for  high  value  European  and  International  export  markets.  This  Feed 
the  Future  project,  undertaken  in  cooperation  with  United  States  Agency  for  International 
Development  (USAID),  Agricultural  Cooperative  Development  hiternational/Volunters  in 
Overseas  Cooperative  Assistance  (ACDI/VOCA),  and  Land  O’  Lakes  International,  has 
completed  its  first  season  in  the  Upper  Nile.  During  our  November  2015  assignment,  we 
surveyed  production  methods  and  made  recommendations  to  establish  sustainable  integrated 
crop  production  systems. 

Methods:  We  toured  and  assessed  17  fields  in  the  Luxor/Qena/Suhog  area,  assessing  insect, 
disease,  and  weed  pest  pressure,  as  well  as  fertilization  and  irrigation  methods,  including  detailed 
interviews  with  farmers  and  local  agricultural  specialists. 


Results/Conclusion:  Our  findings  formed  the  basis  of  a  sustainable  crop  management  program, 
developed  in  close  association  with  local  agricultural  experts.  These  program  recommendations 
were  presented  in  training  courses  to  farm  managers  and  master  trainers  in  the  Upper  Nile.  The 
USAID  Farmer-to-Farmer  Program  promotes  sustainable  economic  growth,  food  security  and 
agricultural  development  worldwide.  Volunteer  technical  assistance  from  U.S.  farmers, 
agribusinesses,  cooperatives,  and  universities  through  the  Farmer  to  Farmer  Program  helps 
developing  countries  improve  productivity,  access  new  markets,  build  local  capacity,  combat 
climate  change  and  conserve  environmental  and  natural  resources.  Since  the  program  began  30 
years  ago,  Americans  have  volunteered  their  time  for  over  16,700  assignments  to  work  with 
partners  in  more  than  1 12  countries,  providing  invaluable  technical  assistance  to  more  than  1.3 
million  farm  families. 
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Abstract  text: 

Drosophila  suzukii ,  spotted  wing  drosophila,  is  a  global  pest  of  berries  and  stone  fruit.  Literature 
about  the  biology  of  D.  suzukii  flight  and  how  it  could  impact  management  practices  is  limited. 
This  study  examines  the  flight  capacities  of  D.  suzukii  and  the  nutritive  requirements  for  flight. 

D.  suzukii  were  observed  flying  on  flight  mills  custom  built  for  the  species.  Pre-  and  post-flight 
nutrient  assays  of  the  flies  were  done  to  determine  the  type  and  amount  of  nutrients  expended 
during  flight.  The  D.  suzukii  were  kept  under  various  biotic  and  abiotic  conditions  before  and 
during  their  flight.  Distance,  duration,  and  velocity  of  D.  suzukii  flight  were  compared  and 
analyzed  for  significance.  The  results  of  this  laboratory  study  provide  an  approximation  of  D. 
suzukii  flight  parameters,  and  their  dispersal  potential  in  various  ecosystems  and  climates.  The 
broader  impacts  of  this  study  on  D.  suzukii  management  may  include  reductions  in  insecticide 
use  by  improving  the  timing  of  applications  and  a  better  understanding  of  D.  suzukii  migration  to 
and  from  non-crop  hosts  and  overwintering  sites. 
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Abstract  text: 

In  order  to  investigate  the  synergies  of  KB  100  strain  of  Bacillus  thuringiensis  and  40  mM  tannic 
acid  against  Spodoptera  exigua ,  SDS-PAGE,  trypsin  substrates  activity,  trypsin  colorimetric 
activity,  qRT-PCR  analysis  of  the  expression  level  of  the  trypsin  gene  and  immunofluorescence 
antibody  experiment  were  performed.  Protease  activity  in  midgut  juice  of  S.  exigua  was  about 
83.1%,  77.6%,  68.0%  and  40.1%  at  concentrations  of  10,  20,  40  and  80  mM,  respectively.  After 
analysis  of  substrate  reaction  in  several  kinds  of  proteases,  trypsin  exhibited  91.4%  and  89.4%  of 
proteolytic  activity  in  BApNA  and  BPVApNA  substrates,  respectively.  Thus,  when  trypsin  was 
treated  with  tannic  acid,  proteolytic  activity  was  62.2%  and  54.5%  in  BApNA  and  BPVApNA 
substrates,  respectively.  Trypsin’s  proteolytic  activity  was  inhibited  by  29.2%  and  34.9%  when 
mixed  with  tannic  acid.  Digestion  of  protoxin  produced  by  trypsin  in  KB  100  strain  of  B. 
thuringiensis  was  analyzed  using  SDS-PAGE.  As  a  result,  a  band  appeared  at  about  60-70  kDa 
and  it  seemed  to  be  inhibited  by  tannic  acid.  Digestion  patterns  of  protoxin  were  measured  over 
time.  As  it  was  over-digested  in  a  group  of  trypsin  treatment,  a  band  of  protoxin  at  60  kDa 
completely  disappeared.  On  the  other  hand,  when  it  was  treated  with  tannic  acid,  protoxin  as  a 
digestion  inhibitor  was  maintained  for  up  to  24  hours.  After  trypsin  colorimetric  activity  assay, 
qRT-PCR  analysis  of  the  expression  level  of  the  trypsin  gene  through  analysis  and 
immunofluorescence  antibody  technique  of  KB  100  strain,  expression  amount  and  image  analysis 
were  different  when  40  mM  tannic  acid  is  added. 
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Abstract  text: 

Introduction:  The  dipteran  parasitoid  Compsilura  concinnata  (Tachinidae),  introduced  from 
Europe  in  North  America  in  the  early  20thcentury  to  control  gypsy  moth,  is  hypothesized  to  be  a 
key  contributor  to  the  decline  of  certain  silk  moth  species  (Saturniidae)  in  the  Northeastern 
United  States.  The  impact  of  this  fly  is  regionally  variable,  with  the  greatest  impact  in  southern 
New  England  and  considerably  lower  parasitism  elsewhere.  The  mechanisms  driving  this  uneven 
impact  are  not  understood  but  may  be  a  function  of  alternative  host  density,  forest  composition, 
among  many  other  potential  drivers  of  spatial  variability. 

Methods:  We  established  plots  within  a  gradient  of  forest  types  in  order  to  assess  the  influences 
of  habitat  and  alternative  host  Lepidoptera  on  parasitism  of  silk  moths.  By  deploying  and 
retrieving  sentinel  larvae,  we  assessed  the  local  impact  of  C.  concinnata  on  silk  moths  and 
correlated  parasitism  rates  to  oak  basal  area,  tree  diversity,  gypsy  moth  density,  and  minimum 
site  temperature. 

Results/Conclusions:  Our  results  suggest  C.  concinnata  parasitism  is  influenced  by  the 
composition  of  forests,  the  silk  moth  species,  and  by  background  population  densities  of  other 
Lepidoptera.  These  results  provide  clues  as  to  why  certain  species  of  Saturniidae  have  been 
extirpated  from  some  regions  of  the  Northeast  while  remaining  abundant  in  other  areas  and  point 
toward  future  avenues  of  exploration  between  the  biological  interactions  of  silk  moth  larvae  and 
C.  concinnata. 
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Abstract  text: 

The  millet  head  miner,  Heliocheilus  albipunctella  (Lepidoptera,  Noctuidae),  is  a  major  constraint 
to  increasing  crop  productivity  in  sub-Saharan  Africa.  In  the  absence  of  any  insecticide 
application  by  farmers,  millet  production  relies  on  natural  pest  control  by  predators  and 
parasitoids.  However,  the  continued  delivery  of  such  ecosystem  service  is  threatened  by 
biodiversity  loss  due  to  simplification  of  land  uses  and  deforestation.  A  better  understanding  of 
factors  driving  natural  pest  control  is  a  major  challenge  for  reducing  yield  losses  due  to  insect 
pests.  A  set  of  90  millet  fields  were  selected  in  a  20*20  km  area  in  Senegal,  according  to 
proportion  of  semi-natural  habitats  (mainly  trees  in  traditional  parkland  agroforestry)  and  millet 
in  the  agricultural  landscape.  Surveys  of  pest  incidence,  natural  pest  control  (natural  enemy 
exclusion  on  sentinel  plants,  parasitism  rates),  and  crop  damage  were  carried  out  over  two 
cropping  seasons.  High  incidence  of  the  millet  head  miner  (75%  infested  heads)  and  variability 
among  fields  (34-94%)  were  observed.  Grain  losses  ranged  from  2-20%,  but  experimental 
evidence  showed  that  they  would  have  exceeded  90%  in  a  quarter  of  fields  in  the  absence  of 
natural  control.  Density  of  trees  in  the  agricultural  landscape  significantly  enhanced  natural  pest 
control.  Incidence  of  the  millet  head  miner  was  negatively  related  to  earliness  of  crop  emergence 
and  proportion  of  millet  in  the  landscape.  Further  research  is  needed  to  better  understand 
relationships  between  agroforestry  systems,  food  web  structure  and  biological  control  at  a 
landscape  scale.  Next  steps  include  farmer-participatory  approaches  to  design  farm-  or  land¬ 
scapes  fostering  natural  pest  regulation. 
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Abstract  text: 

Thaumastocoris  peregrinus  (Heteroptera:  Thaumastocoridae)  is  an  insect  that  is  limiting 
eucalyptus  production  in  many  countries.  Further  studies  are  needed  in  order  to  find  effective 
biological  control  agents.  Therefore,  this  work  aimed  to  evaluate  the  effect  of  Beauveria 
bassiana  (Hypocreales)  on  T.  peregrinus  3rd  instar  nymphs.  The  treatments  were:  sterile  distilled 
water  (DW),  sterile  distilled  water  +  Tween®  80  (0.01%)  (WT)  and  isolate  of  B.  bassiana  IBCB 
66  (1.0x10s  conidia.ml)  (BB).  Eucalyptus  benthamii  leaves  were  immersed  in  each  treatments 
solution  for  5  seconds  and  cut  in  2,4cm  0  discs.  These  were  placed  into  glass  tubes  (2.5cm  0  e 
10cm  h)  with  hydrogel.  One  3rd  instar  nymph  was  placed  in  each  tube,  totaling  50 
nymphs/repetitions  each  treatment.  The  tubes  were  kept  in  BOD  at  26±2°  C  temperature,  70  ± 
10%  RH  and  14  hour  photophase.  Every  24  hours  nymphs  longevity  and  ecdises  were  evaluated. 
The  shortest  longevity  was  observed  in  nymphs  from  BB  treatment  (77.4  hours)  differing  from 
WT  (1 10.1  hours)  and  DW  (104.8  hours).  There  were  no  difference  in  the  3rd  instar  duration  in 
the  different  treatments.  The  BB  treatment  caused  reduction  in  the  4th  instar  duration  (25.6 
hours),  when  compared  with  WT  treatment  (35.6  hours)  and  DW  (32.7  hours).  Also,  the  BB 
treatment  caused  reduction  in  the  5th  instar  duration  (9.9  hours),  when  compared  with  DW 
treatment  (30.6  hours)  and  WT  (29.4  hours).  B.  bassiana  caused  negative  effect  on  T.  peregrinus 


development  and  shows  potential  to  be  used  as  biological  control  agent  on  T.  peregrinus 
nymphs. 
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Abstract  text: 

The  fungus  gnat  ( Bradysia  agrestis)  has  been  recognized  as  important  pest  of  greenhouse  crops, 
especially,  strawberry  cultivation  in  Korea.  Fungus  gnat  larvae  cause  not  only  direct  injury  by 
feeding  on  young  roots  but  also  provide  an  entries  into  the  roots  for  several  kinds  of  plant 
pathogens.  There  is  needed  to  research  to  control  the  fungus  gnat.  However,  it  is  hard  to  get  out 
of  many  generations  of  the  fungus  gnat  for  several  kinds  of  researches.  Indoor-growing  is  very 
useful  methods  for  obtaining  a  large  enough  individuals  in  case  of  necessity  in  place  of  larvae  in 
soil.  It  was  conducted  to  determine  the  optimum  growing  media  and  temperature  condition  for 
rearing  of  the  fungus  gnat  in  the  laboratory,  and  to  investigate  control  effect  of  the  fungus  gnat 
using  several  kinds  of  insecticides.  The  increase  of  the  number  of  fungus  gnat  was  better  in 
potato  disk  (water  agar  with  potato  flakes)  than  PDA  (potato  dextrose  agar).  Developmental 
period  of  the  fungus  gnat  was  shortened  with  higher  temperature.  This  potato  disk  method 
provided  higher  growth  rate  and  egg  production  of  the  fungus  gnat  than  any  other  method. 
Several  insecticides  were  evaluated  by  control  efficacy  to  the  fungus  gnat.  For  the  larvae  stages, 
chlorfenapyr  and  dinotefuran  were  showed  100%  mortality.  It  might  be  suggested  that  this 
rearing  method  is  very  useful  technique  for  obtaining  enough  fungus  gnat  population  to  research 
dynamics  or  behavior. 
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Abstract  text: 

Roses  and  chrysanthemums  are  the  most  exported  cut  flowers  in  Korea.  We  investigated  the 
effects  of  X-ray  irradiation  on  the  disinfestation  of  6  floriculture  insect  pests  ( Tetranychus 
urticae ,  Myzus  persicae ,  Bemisia  tabaci ,  Liriomyza  trifolii ,  Spodoptera  litura ,  and  Frankliniella 
intonsa)  placed  in  the  top,  middle,  and  bottom  sections  of  rose  and  chrysanthemum  boxes.  After 
irradiation  with  an  X-ray  dose  of  150  Gy,  the  development  of  nymphs  and  adults  of  M.  persicae 
and  eggs,  nymphs,  and  adults  of  B.  tabaci  was  prevented  at  every  position  in  the  boxes.  When  T. 
urticae  nymphs  were  irradiated  at  200  Gy,  newly  emerged  adults  laid  eggs  in  the  bottom  section 
of  rose  boxes  only.  However,  hatching  was  completely  inhibited.  When  L.  trifolii  adults  were 
irradiated  at  200  Gy,  hatching  of  the  F\  generation  was  completely  inhibited  in  every  section  of 
both  the  rose  and  chrysanthemum  boxes.  The  hatchability  of  S.  litura  was  not  completely 
inhibited  in  the  bottom  sections,  even  at  200  Gy.  In  F.  intonsa ,  the  hatchability  of  eggs  and 
emergence  of  nymphs  was  prevented  at  150  Gy.  However,  at  200  Gy,  the  hatching  of  the  F\ 
generation  was  completely  inhibited  only  in  the  chrysanthemum  boxes.  These  results  suggest 
that  the  required  dose  of  X-ray  irradiation  may  depend  on  the  type  of  flower,  the  species  of  insect 
pest,  and  the  insect  location  within  the  box. 
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Introduction:  The  sweetpotato  weevil,  Cylas  formicarius ,  is  a  serious  pest  of  sweet  potato  in 
tropical  and  subtropical  regions  of  the  world.  The  Japanese  Plant  Protection  Law  has  prohibited 
the  transport  of  the  weevil  and  its  host  plants  (e.g.,  sweet  potato)  from  the  infested  areas  to 
uninfested  areas.  To  solve  this  problem,  weevils  are  needed  to  eradicate  from  Japan.  An 
eradication  program  for  C.  formicarius ,  using  the  sterile  insect  technique  (SIT)  and  male 
annihilation  technique  (MAT)  was  initiated  on  Kume  Island  (approx.  6,000ha)  in  Okinawa 
Prefecture  in  1994. 

Methods:  After  the  MAT  using  a  synthetic  sex  pheromone  and  insecticide  (from  November  1994 
to  January  1999),  we  have  regularly  released  sterile  weevils  at  one -week  intervals  in  the  targeted 
areas  (approx.  2,000  ha  in  the  early  stages)  since  February  1999. 

Results/Conclusion:  Although  we  were  able  to  control  most  of  the  infested  areas  until  2000, 
some  “hot  spots”  were  detected  by  the  host  plant  or  pheromone  trap  surveys.  We  have  then 
conducted  the  additional  MAT  and/or  host  plant  removal  along  with  the  SIT  in  these  areas  for 
almost  10  years,  and  no  wild  weevils  were  observed  for  13  months  regardless  of  the  intensive 
survey  around  the  island  in  2012.  Depending  on  these  results,  we  have  judged  that  the 
eradication  program  was  successful  in  2012  and  no  weevils  have  been  detected  in  Kume  Island 
from  this  year.  This  is  the  first  case  of  the  area-wide  eradication  of  a  Coleopteran  insect  using  the 
SIT  in  combination  with  the  MAT. 
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Abstract  text: 

Regulation  on  appropriate  spraying  volume  of  agricultural  chemicals  per  unit  area  have  been  not 
standardized  in  Korea.  It  was  set  to  45 0L  per  10a  at  apple  orchard  in  the  pesticide  registration 
test  standards.  But  this  spraying  volume  may  be  too  much  set  up  for  insect  pest  control.  It  might 
be  developed  resistance  to  insecticides  and  then  increased  the  number  of  spraying.  This  study 
investigated  the  relationship  among  spray  volume,  spraying  method  and  control  effect  using  the 
speed  sprayer  (SS)  to  Grapholita  molesta ,  Phyllonorycter  ringoniella  and  Aphis  spiraecola  in 
apple  orchards.  On  mid- April,  acetamiprid  8%  were  sprayed  to  control  G.  molesta  and  P. 
ringoniella  at  3  apple  orchards.  Under  80  to  150L/10a  than  450L/10a  were  sprayed.  And  it  was 
checked  the  result  of  spray  using  water  color  sensitive  card  for  insecticide.  Although,  small 
number  of  water  color  sensitive  card  is  unchanged  at  some  divided  area  in  blind  zone,  their  pest 
control  effects  at  3  apple  orchards  were  more  than  95%.  On  early-June,  378L/10a  of  acetamiprid 
2.5%,  335L/10a  of  imidacloprid  10%  and  380L/10a  of  flonicamid  10%  were  sprayed  at  3 
different  apple  orchard  I,  II  and  III,  respectively,  using  SS.  Their  control  effects  were  over  90% 
at  all  of  3  different  farm.  It  might  be  supposed  that  it  is  possible  to  get  a  good  effective  control  of 
any  insect  pest  in  the  apple  orchard  if  pesticides  is  uniformly  applied  to  all  application  areas  by 
farmer  with  low  spray  liquid  volume  that  is  lower  than  450L/10a  of  application  in  regulation. 
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Abstract  text: 

Fastac®  CS  Insecticide  is  the  newest  formulation  innovation  from  Baden  Aniline  and  Soda 
Factory  (BASF)  for  alpha-cypermethrin.  This  novel  micro-encapsulated  formulation  provides  for 
an  enhanced  handling  and  application  experience  for  the  user  and  is  available  in  the  U.S.  for  use 
to  control  a  broad  spectrum  of  insects  in  many  crops. 
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Abstract  text: 

Introduction:  Vegetable  brassicas,  such  as  cabbage,  broccoli  and  rutabaga,  are  grown  in  every 
Canadian  province.  Delia  radicum  L.,  the  cabbage  maggot  (CM)  (DIPTERA:  Anthomyiidae),  is 
widespread  and  is  among  the  most  chronic  and  challenging  agricultural  insect  pests  facing 
vegetable  growers.  Chlorpyrifos  is  one  of  few  registered  insecticides  in  Canada  for  D.  radicum , 
but  resistance  to  it  is  spreading.  Studies  in  British  Columbia  in  2013  showed  75%  of  populations 
tested  in  3  growing  regions  were  chlorpyrifos-resistant.  D.  radicum  damage  is  generally 
attributed  to  D.  radicum ,  but  other  species,  such  as  Delia  platura  Meigen,  Delia  floralis  Fallen, 
Delia  planipalpis  Stein  and  Delia  florilega  Zetterstedt  are  commonly  found  in  fields  exhibiting 
D.  radicum  damage.  The  understanding  of  the  relative  abundance  of  the  different  species  and 
their  role  in  D.  radicum  damage  in  brassica  vegetables  is  limited. 

Methods:  A  nation-wide  survey  of  Delia  fly  species  and  chlorpyrifos  resistance  among 
populations  of  these  species  was  begun  in  2015.  More  than  40  participants  collected  eggs,  larvae, 
puparia  and  adult  flies  from  brassica  vegetable  fields  in  every  major  growing  area.  Fields  were 
georeferenced,  and  field  cropping  history  and  characteristics  were  linked  to  these  coordinates. 
Specimens  were  identified  to  species  at  regional  hubs.  Puparia  were  allowed  to  emerge  and  adult 
flies  were  used  in  Potter  Tower  Assays  to  determine  prevalence  of  chlorpyrifos  resistance. 

Results/Conclusion:  Preliminary  results  are  presented,  illustrating  the  planned  interactive  GIS- 
based  maps  of  species  distribution  and  chlorpyrifos  resistance,  which  will  guide  farmers  and 
agrologists  in  predicting  the  effectiveness  of  chlorpyrifos  use  for  D.  radicum  management  in 
their  respective  regions  across  Canada. 
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Abstract  text: 

Altrevin™  fire  ant  bait  insecticide  is  a  registered  product  for  control  of  fire  ant  (, Solenopsis ) 
species  in  citrus,  tree  nuts,  vineyards  and  most  recently  in  bearing  pome  and  stone  fruit.  The 
active  ingredient  in  Altrevin™,  metaflumizone,  is  a  new  mode  of  action  for  ant  control  making  it 
an  excellent  alternative  for  resistance  management.  Altrevin™  has  been  shown  to  deliver  fast¬ 
acting  control  of  foraging  workers  and  excellent  knockdown  of  ant  colonies.  Altrevin™  is 
quickly  picked  up  by  foraging  workers  and  spread  through  the  colony.  In  the  case  study 
presented,  within  6  days  of  application,  Altrevin™  demonstrated  90%  control  for  foraging 
workers  of  Solenopsis  xyloni  in  tree  nuts.  The  fast  action  of  Altrevin™  allows  for  flexibility  in 
application  timing  making  it  a  unique  and  valuable  tool  for  fire  ant  control  in  tree  nuts  and  other 
orchard  crops. 


Poster 

Presentation  Title:  Plant  organ  hardness  as  a  factor  of  crop  resistance  to  insect  pests 
Author  Name:  Alain  Ratnadass 

Author  Institution:  CIRAD 

Session  Title:  Poster  Session  4:  Agriculture  and  Forest  Entomology,  Part  2 
Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  D3753 


DOI:  10. 1603/ICE.2016.1 12487 

CANCELLED 

Poster 

Presentation  Title:  Effect  of  tobacco  thrips  on  yield  in  different  varieties  of  upland  cotton 
Author  Name:  Glenn  Studebaker 

Author  Institution:  University  of  Arkansas  Cooperative  Extension  Service 

Session  Title:  Poster  Session  4:  Agriculture  and  Forest  Entomology,  Part  2 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3754 

DOI:  10. 1603/ICE.2016. 114467 

Abstract  text: 

Thrips  are  an  important  early  season  pest  of  cotton.  Although  there  are  several  species  that  infest 
cotton,  tobacco  thrips  (Frankliniella  fused)  are  the  predominant  species  found  in  cotton  most 
years.  Thrips  are  managed  almost  entirely  by  applying  insecticide  seed  treatments  containing 
either  imidacloprid  or  thiamethoxam.  Resistance  to  thiamethoxam  was  detected  in  2013  and  has 
all  but  eliminated  this  product  as  a  choice  for  thrips  management  in  the  Mid-South,  leaving 
growers  with  only  one  option.  Because  imidacloprid  and  thiamethoxam  are  both  in  the 
neonicotinoid  class  of  chemistry,  there  are  concerns  that  resistance  to  imidacloprid  is  not  far 
behind.  Therefore,  it  is  important  to  investigate  other  management  options,  such  as  potential  host 
plant  resistance.  Differences  in  tobacco  thrips  numbers  were  detected  between  varieties.  The 
Stoneville  varieties  tested  had  lower  thrips  populations  through  the  early  season,  indicating  they 
are  either  less  attractive  or  thrips  survival  may  be  lower  on  these  varieties.  Possibly  just  as 
important  was  the  fact  that  PHY444WRF  and  DP1518B2XF  had  much  higher  populations  of 
thrips.  Yield  loss  was  determined  by  measuring  the  differences  in  yield  between  the  imidacloprid 
and  untreated  plots.  The  Stoneville  varieties  that  had  lower  thrips  populations  also  had  less  yield 
loss  as  expected.  DP1518B2XF  also  had  higher  yield  loss  (as  welll  as  higher  thrips  numbers). 
However,  PHY444WRF  which  had  the  highest  thrips  populations,  also  had  no  apparent  yield 
loss  resulting  from  thrips.  This  may  indicate  that  PHY444WRF,  although  obviously  attractive  to 
thrips,  may  have  some  tolerance  to  thrips,  or  may  be  able  to  successfully  recover  from  thrips 
damage. 
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Abstract  text: 

The  Southern  chinch  bug  ( Blissus  insularis)  is  the  most  damaging  insect  pest  of  St. 
Augustinegrass.  Historically,  host  plant  resistance  though  the  cultivar  ‘FloratanT  served  as  an 
important  management  tool.  However,  chinch  bug  populations  across  the  southeastern  United 
States  overcame  resistance  to  Floratam  in  the  1980s  and  new  resistant  cultivars  are  needed.  17 
advanced  genotypes  of  St.  Augustinegrass  were  screened  for  chinch  bug  resistance  by  measuring 
adult  survival  in  no-choice  laboratory  bioassays  using  field-collected  insects  provided  with  cut 
stolons.  The  same  genotypes  were  planted  in  a  field  experiment  arranged  as  a  randomized 
complete  block  design  with  3  replications.  Individual  plots  were  1.0  m2.  A  natural  infestation  of 
chinch  bugs  occurred  and  plots  were  sampled  in  July  2015.  Insect  survival  in  the  laboratory 
assays  ranged  from  comparable  to  our  resistant  controls  to  much  lower,  indicating  that  some 
lines  appear  promising.  In  addition,  while  natural  infestation  was  comparable  to  released 
cultivars  for  most  genotypes,  it  was  almost  non-existent  in  3  of  the  genotypes.  This  field  choice 
and  laboratory  no-choice  data  will  be  combined  to  inform  future  St.  Augustinegrass  breeding 
efforts. 
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Sweetpotato  whitefly  biotype  B  (MEAM1  cryptic  species  of  Bemisia  tabaci ;  SPWF)  can 
severely  impact  melon  ( Cucumis  melo  L.)  yield  and  quality.  Melon  accessions  (PI  161375,  PI 
414723  PI  313970,  TGR  1551,  PI  532841)  were  reported  resistant  to  SPWF.  We  identified  6 
potential  sources  of  resistance  or  extreme  susceptibility  to  SPWF,  and  compared  the  1 1 
accessions  for  SPWF  resistance  in  a  field  test  at  the  University  of  California,  Desert  Research 
and  Extension  Center,  Holtville,  U.S.  that  was  planted  27  April  2015  in  a  split-plot  design,  with 
accessions  as  whole  plots  and  insecticide  treatment  as  split  plots.  SPWF  were  sampled  weekly 
from  27  May  through  7  July,  with  a  final  sample  on  9  July.  Adult  counts  were  based  on  10- 
second  vacuum  samplings  of  each  plot.  Immatures  were  counted  in  a  2-cm2  area  of  a  single-leaf 
taken  from  5  plants  in  the  center  of  each  plot  (12.2  m  in  length).  Log  (adults)  and  square  root 
(immatures)  transformations  were  done  for  analysis  of  variance  and  covariance.  Insecticide 
treatments  significantly  reduced  mean  numbers  of  adults  and  immatures,  but  masked  differences 
among  the  accessions.  PI  122847  had  the  lowest  number  of  adults  in  the  non- insecticide 
treatment,  but  was  not  significantly  lower  than  PI  532841,  PI  313970,  PI  145594,  or  PI  414723. 
Likewise  for  mean  numbers  of  immatures,  PI  122847  had  the  fewest,  but  was  not  significantly 
different  from  PI  313970,  PI  145594,  PI  414723  or  TGR  1551.  Adult-immature  correlations 
ranged  from  0.21  (27  May)  to  0.59  (25  June  at  their  peak  on  the  resistant  accessions). 
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Abstract  text: 

The  bioenergy  crops  Miscanthus  sacchariflorus  cv.  Geodae  1  developed  by  Rural  Development 
Administration  rapidly  increasing  the  cultivating  area  apart  from  agricultural-land.  Information  is 
insufficient  for  Chilo  suppressalis  Walker  that  occurs  to  a  miscanthus  field,  so  necessary  to 
research  on  this.  In  this  study,  we  investigated  the  occurrence  period  increasing  trend  in 
miscanthus  field,  and  performed  attempting  to  manufacture  a  trap  which  can  be  capturing  the 
mass  adults  in  difficult  environments  to  use  chemical  pesticide.  By  installing  the  delta-traps 
around  miscanthus  field  for  research  on  the  occurrence  of  C.  suppressalis ,  survey  each  week  in 
April  to  October  2015,  investigated  for  the  development  of  control  methods  by  installing  the 
emergence  trap — attaching  pheromone  lures  on  emergence  traps — set  up  traps  from  the  ground 
to  height  of  50cm  to  secure  for  activity  space,  to  compare  collecting  number  of  individuals 
between  the  delta  traps.  Result  on  the  occurrence  of  C.  suppressalis  by  pheromone  traps  that 
occurred  twice  a  year  in  paddy  field,  showed  a  trend  of  similar  occurrences  period  in  miscanthus 
field.  The  first  generation  occurred  from  late  May  to  early  June  and  the  second  generation 
occurred  from  late  August  and  early  September.  This  result  determined  that  utilized  control 
suitable  time  on  the  occurrence  of  paddy  field,  it  is  also  possible  control  in  miscanthus  field. 
Attraction  effect  by  traps,  the  result  of  comparison  the  collecting  number  of  individuals  between 
conventional  delta-trap  and  emergence  trap  was  confirmed  to  attract  up  to  21  individuals  in  the 
emergence-trap.  It  is  planning  to  produce  a  readily  available  trap  for  farmers. 
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Abstract  text: 

The  Rothamsted  Insect  Survey  has  operated  a  network  of  40-foot  (12.2m)  suction  traps  across 
the  United  Kingdom  since  1964.  The  primary  role  of  this  network  is  to  collect  and  report  on 
aphids  (Family  Aphididae),  which  are  important  vectors  of  plant  viruses.  Models  have  been 
developed  using  long  term  aphid  and  meteorological  datasets  to  predict  ‘first  flight’  and 
abundance  of  species  of  agricultural  importance,  such  as  Myzus  persicae  Sulzer.  Changes  in 
virus  incidence  within  crops  can  also  be  predicted  by  combining  aphid  and  crop  virus  data.  The 
data  held  on  aphids  is  a  unique  and  extremely  valuable  resource  comprising  the  most 
comprehensive  standardised  long  term  data  on  terrestrial  insects  in  the  world.  By-catch  (i.e. 
insects  other  than  aphids)  from  the  suction  trap  network  is  collected  and  may  prove  to  be  a 
valuable  and  under-utilised  resource.  The  network  provides  a  low-resource  alternative  to  field- 
level  monitoring  for  aphids  and  this  model  could  be  transferrable  to  other  insect  groups.  The 
proteobacterium  Candidatus  Liberibacter  solanacearum  is  an  emerging  threat  to  agriculture,  and 
is  vectored  by  the  psyllid  Bactericera  cockerelli  Sulc  in  potato  in  the  U.S.  and  New  Zealand  and 
by  several  other  psyllid  species  in  carrot  in  mainland  Europe.  Field  level  monitoring  for  the 
disease  and  vectors  has  been  implemented  in  the  U.K.  since  2012  but  is  limited  by  resources. 
Here  we  present  a  preliminary  report  on  an  evaluation  of  the  suction  trap  network  as  a  potential 
early  warning  system  for  the  detection  of  Candidatus  Liberibacter  solanacearum  and  its  psyllid 
vectors. 
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Introduction:  Cydia pomonella  L.  (Lepidoptera:  Tortricidae)  is  the  most  significant  pest  in  apple, 
pear  and  walnut,  worldwide.  Research  has  continued  to  search  for  host  plant  volatiles  attractive 
to  both  sexes  of  moths  that  can  be  used  to  monitor  pest  densities  and  develop  more  effective 
control  strategies,  such  as  mass  trapping  and  attract  and  kill.  Comparative  studies  were 
conducted  in  apple,  Malus  domestica  Borkhausen,  to  test  lures  combining  sex  pheromone  with 
and  without  reported  attractants  in  untreated  orchards  and  in  those  under  mating  disruption 
management. 

Methods:  Field  studies  were  conducted  in  untreated  orchards  (Chile)  and  in  orchards  under 
mating  disruption  (Argentina,  Uruguay  and  United  States)  to  evaluate  the  effectiveness  of  lures 
loaded  with  ethyl  (E,Z)-2,4-decadienoate  (pear  ester),  (E)-4,8-  dimethyl-l,3,7-nonatriene 
(nonatriene),  N-Butyl  sulfide  (NBS),  and  the  sex  pheromone,  (F,F)-8,10-dodecadien-l-ol 
(codlemone),  in  different  combinations  with  the  addition  of  an  acetic  acid  co-lure. 

Results/Conclusion:  Traps  baited  with  codlemone/pear  ester+nonatriene  and  acetic  acid  in 
orchards  either  untreated  or  treated  with  mating  disruption  caught  significantly  more  males, 
females,  and  total  moths  than  similar  traps  baited  with  pear  ester/nonatriene  and  acetic  acid  or 
NB S/pear  ester  and  acetic  acid  with  or  without  codlemone.  Also,  traps  baited  with 
codlemone/pear  ester  and  acetic  acid  with  or  without  NBS  did  not  catch  significantly  more  moths 
than  traps  with  other  combinations.  These  data  suggest  that  monitoring  of  codling  moth  can  be 
improved  using  complex  semiochemical  blends.  Further  development  of  cost-effective  strategies 
using  mass  trapping  and  attract  and  kill  of  C.  pomonella  is  planned. 
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Abstract  text: 

The  Prairie  Pest  Monitoring  Network  (PPMN)  is  a  prairie-wide,  coordinated  insect  monitoring 
program  designed  to  keep  the  Canadian  agriculture  industry  informed  of  the  risks  to  crop 
production  from  pest  species  and  to  highlight  and  conserve  their  natural  enemies.  The  Prairie 
Ecoregion  contains  a  large  expanse  of  approximately  29  million  hectares  of  cropped  land 
typically  dominated  by  ~12  million  hectares  of  wheat  and  ~6  million  hectares  of  oilseed  rape 
(canola)  seeded  annually.  Given  the  periodic  or  cyclical  nature  of  insect  outbreaks,  production 
risks  associated  with  insect  pests  can  be  minimized  through  a  coordinated  monitoring  program 
that  provides  decision-support  to  the  agriculture  industry  in  a  timely  manner.  The  PPMN  is 
supported  by  researchers  at  the  federal,  provincial,  and  university  levels  and  involves  key 
agricultural  industry  partners.  The  PPMN’s  participants  all  strive  to  develop  sustainable  pest 
management  strategies  capable  of  maintaining  the  productivity  and  quality  of  agricultural  field 
crops  grown  on  the  Canadian  prairies.  An  additional,  yet  essential,  component  of  the  PPMN’s 
activities  includes  the  monitoring  of  beneficial  organisms  which  contributes  to  their  conservation 
but  also  to  the  development  of  reduced-risk  strategies  for  the  management  of  pest  species.  The 
PPMN  has  a  20-year  history  of  prairie-wide  collaboration,  a  website 
(http://www.westernforum.org/IPMNMain.html),  and  a  new  Blog 

(http://prairiepestmonitoring.blogspot.ca/)  and  ongoing  efforts  will  continue  to  address  climate 
change,  new  agronomic  practices,  new  crops  and  the  diversity  of  pest  and  beneficial  arthropods 
that  utilize  field  crop  production  systems  in  Canada. 
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Introduction:  In  the  last  15  years  ambrosia  beetles  are  becoming  serious  pests  of  rubber  tree 
plantations  in  southern  Brazil.  Stress  on  rubber  trees  might  predispose  them  to  be  attacked  by 
these  borers.  Our  objective  was  to  determine  the  influence  of  fire  on  the  population  of  ambrosia 
beetles  in  rubber  tree  plantations. 

Methods:  There  were  2  Hevea  brasiliensisdom  RRIM600  stands  planted  in  1990,  where  tapping 
started  in  2001,  in  Castilho,  state  of  Sao  Paulo.  One  stand  never  caught  on  fire  (UNBU),  while 
the  other  caught  on  fire  twice,  in  2010  and  2011  (BURN).  We  surveyed  for  ambrosia  beetles 
with  95%  ethanol-baited  flight  intercept  traps  in  weekly  trappings,  from  November  2014  to 
November  2015. 

Results/Conclusion:  Altogether,  44  Scolytinae,  4  Platypodinae  and  5  Bostrichidae  species  were 
trapped.  For  the  most  abundant  species,  Ambrosiodmus  obliquus ,  Ambrosiodmus  opimus, 
Cryptocarenus  heveae ,  Cryptocarenus  seriatus ,  Hypothenemus  brunneus ,  Hypothenemus 
obscurus ,  Hypothenemus  seriatus  (Scolytinae)  and  Micrapate  brasiliensis  (Bostrichidae)  were 
significantly  more  trapped  in  the  unburnt  stand,  while  Xyleborus  affinis ,  Xyleborus  ferrugineus 
(Scolytinae)  and  Xyloperthella picea  (Bostrichidae)  were  more  trapped  in  the  burnt  stand.  All 
species  significantly  more  trapped  in  the  unburnt  site  develop  in  small  diameter  plants,  seeds, 
branches  or  broken  twigs.  This  plant  material  was  reduced  due  to  fire  in  BURN,  while  it  was 
more  abundant  in  UNBU.  Xyleborus  affinis  and  X.  ferrugineus  are  known  to  attack  stressed 
rubber  trees,  while  X.  picea  is  known  to  attack  live  (stressed?)  Eucalyptus.  Results  suggest  that 
fire  might  predispose  more  aggressive  species  to  increase  in  abundance  and  attack  rubber  trees. 
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Abstract  text: 

Field  and  laboratory  studies  on  fungus  farming  bark  beetles  (ambrosia  beetles)  have  shown  that 
delayed  dispersal  of  sexually  mature  females  in  favour  of  alloparental  care  is  a  fundamental 
component  of  cooperative  breeding,  possibly  marking  a  keystone  in  the  evolutionary  transition  to 
eusociality.  During  this  cooperative  phase,  the  beetles  groom  colony  members,  remove  waste 
and  tend  the  mutualistic  fungus  garden  on  which  they  feed  inside  trees.  We  have  recently  shown 
that  these  hygienic  behaviours  are  part  of  a  broader  social  immune  response  and  that  the 
virulence  of  artificially  introduced  parasitic  fungi  can  be  reduced  significantly  by  the  beetles' 
activities.  Only  if  the  infection  is  very  severe,  the  reduced  quality  of  the  fungus  garden  may  lead 
to  premature  dispersal.  Here  we  report  on  our  search  for  factors  triggering  dispersal  in  ambrosia 
beetles.  Theory  predicts  that  dispersal  decisions  should  be  based  on  information  about  the 
conditions  affecting  dispersal  success,  but  little  is  known  about  the  costs  involved  in  the 
acquisition  of  such  information.  Our  data  provide  insight  into  how  decisions  to  stay  or  disperse 
are  made,  including  the  strategies  applied  to  optimize  information  acquisition.  In  ambrosia 
beetles,  the  state  of  the  fungus  garden  and  the  general  status  of  the  inhabited  wood  (e.g. 
humidity)  provide  crucial  information  for  the  optimization  of  dispersal  decisions.  We  also 
studied  the  beetles'  abilities  to  asses  outside  conditions  such  as  the  current  weather  status  with 
help  of  information  about  temperature  and  air  pressure  changes. 
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Bark  beetles  Hylurgus  ligniperda  Fabricius  and  Hylastes  ater  Paykull  could  become  an 
important  pest  that  cause  mortality  to  radiata  pine  one-year-old  plantations.  2  trials  were  installed 
on  six-month-old  plantations  located  in  different  sites,  one  to  evaluate  the  optimum  height  of  the 
traps  and  the  second  to  evaluate  the  type  of  trap  and  attractant.  In  the  first  trial  were  considered  2 
treatments;  60  and  160  cm  above  the  ground,  installed  in  3  sites  with  12  replicates,  each  one  with 
funnel  traps  and  BioAtray®  (alpha-pinene  +  ethanol).  In  the  second  trial,  to  evaluate  the  type  of 
traps  and  the  attractant  were  compared  the  funnel  and  a  novel  traps,  called  BioTrap®,  with  2 
different  attractants;  one  with  alpha-pinene  and  ethanol  and  another  with  beta-pinene  and 
ethanol.  The  design  was  completely  randomized  with  1 1  replicates  each  one,  and  was  evaluated 
weekly  during  1  year.  The  results  obtained  in  the  first  trial,  showed  after  1 1  months  of 
evaluation,  an  average  capture  of  1,02  adults/trap/day  with  60  cm  trap  height  while  with  the  160 
cm  trap  height,  the  capture  was  0,58  adults/trap/day.  In  the  second  trial,  funnel  trap  showed  the 
highest  catche  of  bark  beetles  with  an  average  of  8,2  adults/day  with  BioAtray®,  while  the  same 
trap  using  beta-pinene  +  ethanol  captured  an  average  of  8,3  adults  per  day.  Moreover,  BioTrap® 
obtained  a  capture  of  5,2  and  5,1  adults/trap/day,  using  the  same  attractants  described  before. 
These  results  have  been  important  to  improve  the  establishment  of  radiata  pine  plantations, 
reducing  the  damage  by  bark  beetles. 
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Abstract  text: 

The  ambrosia  beetl q  Austroplatypus  incompertus  Schedl  (Curculionidae:  Platypodinae)  is  the 
only  known  eusocial  Coleoptera.  This  beetle  excavates  tunnels  inside  the  heartwood  of  living 
Eucalyptus  trees  in  Australia.  Families  with  one  foundress  and  daughter  workers  can  inhabit  a 
horizontal  gallery  for  extensive  time  periods.  While  its  eusocial  behaviour  has  recently  been 
studied,  its  cryptic  lifestyle  means  many  aspects  of  its  ecology  are  unknown.  As  in  other 
Platypodinae,  A.  incompertus  cultivates  a  fungal  ‘garden’  as  its  sole  food  source.  Structural 
defect  caused  by  the  beetle’s  tunnelling,  and  softening  and  staining  of  the  timber  caused  by 
fungal  growth  leads  to  economic  losses  to  the  forest  industry.  Furthermore,  its  wide  host  range  of 
up  to  19  different  Eucalyptus  species,  including  common  plantation  and  re-forestation  species, 
makes  this  beetle  a  potential  domestic  and  international  biosecurity  issue.  The  durability  of  the 
beetle’s  gallery  as  well  as  its  unusual  longevity  and  cooperative  behaviour  is  unique.  Therefore, 
the  microbial  community  of  this  species  may  differ  compared  to  the  known  symbionts  of 
Platypodinae,  the  less  studied  lineage  of  ambrosia  beetles.  Furthermore,  the  basal  phylogenetic 
position  of  A.  incompertus  makes  this  an  informative  case  study  for  the  evolution  of  fungiculture. 
The  aim  of  this  project  is  to  resolve  the  composition  and  identity  of  microbial  symbionts  of  A. 
incompertus.  We  collected  galleries  and  emerging  beetles  in  a  Eucalyptus  forest  in  New  South 
Wales,  Australia.  A  diversity  of  culture-dependent  and  molecular  methods  were  applied  on 
beetle  specimens,  gallery  material  and  uninfested  wood  to  determine  the  beetle’s  primary  fungal 
symbiont  and  microbial  associates. 
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Abstract  text: 

Introduction:  The  walnut  twig  beetle  Pityophthorus  juglandis ,  vectors  a  phytopathogenic  fungus, 
Geosmithia  morbida ,  which  causes  Thousand  Cankers  Disease  (TCD)  in  walnut  trees,  Juglans. 
The  disease  was  discovered  in  the  western  U.S.  and  has  now  spread  to  seven  eastern  U.S.  states 
and  to  northern  Italy.  Through  feeding  and/or  construction  of  brood  galleries,  P. 
juglandis  transfer  the  spores  of  the  fungus  to  the  phloem  of  Juglans.  Infected  trees  have  dark, 
wet  stain  spots  on  the  bark  surface  and  cankers  in  the  phloem  around  P.  juglandis  entrance  holes. 
As  the  infections  accumulate,  numerous  cankers  in  the  branches  and  stem  result  in  crown  die 
back.  We  are  investigating  the  susceptibility  of  2  walnut  species  native  to  the  western  U.S. 

( Juglans  californica  and  Juglans  major)  by  comparing  the  P.  juglandis  flight  and  landing 
responses. 

Methods:  20  unbaited  branch  sections  (10  each  of  J.  californica  and  J.  major)  were  presented  in 
a  completely  randomized  design  to  a  population  of  P.  juglandis  at  the  United  States  Department 
of  Agriculture  -  Agriculture  Research  Service  (USDA  ARS)  National  Clonal  Germplasm 
Repository  Juglans  collection  at  Wolfskill  Experimental  Orchards  (Winters,  California). 
Stickem-coated  acetate  sheets  were  placed  around  branch  sections  and  exchanged  weekly. 
Landing  rates  on  these  traps  were  compared  between  J. californica  and  J.  major. 

Results/Conclusions:  Preliminary  results  from  assays  in  spring  and  fall  2015  suggest  a  preference 
for  J.  californica ,  although  the  difference  is  not  statistically  significant.  Additional  assays  will  be 
conducted  in  2016. 
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Abstract  text: 

The  gypsy  moth  ( Lymantria  dispar)  is  a  folivorous  lepidopteran  species  domestic  to  Europe, 
where  it  has  characteristic  periodic  outbreaks.  Due  to  its  polyphagous  nature  and  capabilities  for 
longitudinal  and  latitudinal  expansion  it  is  considered  as  one  of  the  significant  biological  agents 
causing  economical  and  ecological  damage  in  forests  of  Europe.  The  variation  in  outbreak 
periodicity  between  continental  and  mediterranean  regions  of  Europe  prompts  the  hypothesis  of 
possible  genetic  differences  between  populations,  supported  by  the  known  consequences  of 
quaternary  glaciations.  Prediction  of  northward  range  shift  due  to  climate  change,  as  well  as 
ever-growing  risk  of  anthropogenic  movement,  increase  the  chance  of  migration  of  formerly 
isolated  southern  populations.  Using  the  COI  mitochondrial  DNA  marker,  497  specimens  from 
38  sites  in  Europe  were  analyzed.  Recolonization  pattern  of  gypsy  moth  is  congruent  with  the 
butterfly  paradigm  and  Dinarid  Alps  acted  as  a  barrier  for  the  Illyrian  genes.  Allelic  richness 
index  (r),  as  well  as  migration  index  (M)  based  on  genetic  divergence  between  populations  were 
assessed,  and  subsequently  visualized  with  Genetic  Landscape  toolbox.  Data  from  future 
monitoring  programs  can  be  incorporated  into  this  base  dataset  to  perceive  changes  in  the 
migration  index,  an  indicatorof  the  migration  rate  between  populations. 
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Abstract  text: 

Pine  wilt  disease,  caused  by  Bursaphelenchus  xylophilus  (pinewood  nematode),  has  been  a 
serious  problem  in  Korea.  Bursaphelenchus  mucronatus  has  a  great  degree  of  morphological 
similarity  to  B.  xylophilus  and  reported  that  has  a  pathogenicity  in  European  genotype.  However, 
it  is  difficult  to  determine  the  possession  of  B.  xylophilus  and  B.  mucronatus  in  the  insect  vectors 
( Monochamus  alternatus  and  Monochamus  saltuarius ),  and  to  identify  Bursaphelenchus  species 
on  morphological  characteristics.  In  this  study,  we  detected  the  B. 

xylophilus  and  B.  mucronatus  using  species-specific  multiplex  PCR  primer  sets,  and  assessed  the 
potential  of  molecular  tool  to  detect  B.  xylophilus  and  B.  mucronatus  from  the  Monochamus 
insect  vectors  (in  vitro).  We  designed  3  primer  sets  ( B .  xylophilus :  ITSBX2F/2R, 

B.  mucronatus  Asian  genotype:  IGSBMA14F/14R,  B.  mucronatus  European  genotype: 
IGSBME70F/70R)  based  on  rDNA,  ITS  and  IGS  regions,  respectively.  Multiplex  PCR  using 
these  primer  pairs  sets  was  successfully  detected  in  B.  xylophilus  and  B.  mucronatus  (Asian  and 
European  genotype),  and  3  amplicons  were  amplified  by  PCR  in  only  once.  To  assess  the 
sensitivity  of  Multiplex  PCR,  genomic  DNA  of  B.  xylophilus  and  B.  mucronatus  were  serially 
diluted  (20  ng/pl  to  0.16  ng/pl).  The  sensitivity  was  1.25  ng/pl.  When  B. 

xylophilus  and  B.  mucronatus  were  detected  from  insect  vectors,  3  amplicons  were  produced,  but 
were  not  in  controls.  These  results  show  that  multiplex  PCR  primer  sets  are  effective  and  reliable 
for  the  identification  and  detection  of  B.  xylophilus  and  B.  mucronatus  on  a  molecular  basis  from 
insect  vectors. 
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Abstract  text: 


Introduction:  Beetles  are  the  most  species-rich  group  among  insects,  yet  they  are  under¬ 
represented  in  insect  molecular  studies.  The  large  pine  weevil,  Hylobius  abietis,  is  typically  the 
most  damaging  insect  to  European  conifer  forests,  when  large  populations  develop  in  root- 
stumps  following  clearfelling.  Emerging  adults  feed  on  the  bark  of  restocked  seedlings,  causing 
plant  death.  Control  methods  currently  rely  on  chemical  intervention,  with  associated 
environmental  and  operator  health  concerns,  and  high  economic  costs.  Sequencing  the  H. 
abietis  transcriptome  will  provide  an  underlying  framework  for  molecular  and  physiological 
studies  in  this  species.  Furthermore,  Malpighian  (renal)  tubules  serve  a  vital  role  in  maintaining 
water  and  ion  balance  and  are  under  control  of  several  neuropeptides.  Comparative  physiology 
with  other  insects  would  help  in  analysing  the  importance  of  Malpighian  tubules  to  H.  abietis. 

Methods  :RNA  was  extracted  from  whole  adult  insects  to  provide  an  overview  of  RNA 
abundance.  RNA  was  also  extracted  from  the  Central  Nervous  System  (CNS)  and  alimentary 
canal,  and  sequencing  was  performed  using  NextSeq™500.  Ramsay  assays  for  fluid  secretion  of 
H.  abietis  Malpighian  tubules  were  conducted  according  to  Dow  et  al.  1994.  Basal  and 
stimulated  fluid  secretion  rates  in  isolated,  intact  tubules  were  measured  before  and  after  addition 
of  specific  neuropeptides  e.g.,  Drome-DH31. 

Results/Conclusion:  The  RNA  sequencing  data  provides  a  framework  to  identify  neuropeptide 
sequences  as  well  as  RNA  enrichment  in  specific  tissues  of  H.  abietis.  For  tubule  physiological 
studies,  data  suggests  that  Drome-DEB  1  modulates  H.  abietis  tubule  secretion  rates  and  so  could 
be  an  endogenous  regulator  of  tubule  function  in  this  species. 
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Abstract  text: 


The  processionary  pine  moth,  Thaumetopoea  pityocampa  Denis  and  Schiffermuller 
(Lepidoptera:  Thaumetopoeidae)  infect  species  of  the  Pinaceae  (Pinales)  family  in  forests,  but 
also  in  urban  and  suburban  ecosystems  and  is  dangerous  for  the  public  health,  by  causing 
allergies,  dermatitis  and  asthma.  This  species  is  mostly  located  at  the  Mediterranean  basin,  but, 
during  the  last  years,  it  is  also  present  in  Central  Europe.  Under  the  framework  of  LIFE-PISA,  an 
EU-funded  research  project,  trapping  and  pheromone-based  control  of  this  species  was  assessed, 
by  minimizing  chemical  measures  and  maximizing  the  use  of  recyclable  materials.  Among  the 
trapping  devices  tested,  experiments  in  Spain,  Italy  and  Greece  in  2015,  showed  that  the  "G"  trap 
was  by  far  more  effective  for  adult  detection  among  the  trapping  devices  evaluated.  Moreover, 
the  application  of  pheromones,  deployed  as  a  gel  formulation  directly  on  the  trees,  was  very 
effective  for  the  control  of  this  species,  through  mating  disruption.  Additional  experimentation  is 
carried  out  in  2016  in  order  to  optimize  trapping  and  mating  disruption  of  T.  pityocampa  in  urban 
and  suburban  areas,  in  different  parts  of  Europe. 
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Abstract  text: 

Emerging  overwintered  ambrosia  beetles  leave  overwintering  sites  seeking  new  hosts  to 
colonize.  Recent  research  demonstrated  that  ambrosia  beetles  emerging  from  woodlands  adjacent 
to  nurseries  are  the  primary  sources  of  beetles  attacking  trees  in  those  nurseries.  Intercepting 
beetles  as  they  move  into  nurseries  is  an  alternative  to  conventional  insecticides  for  managing 
ambrosia  beetles  in  tree  crops.  Even  if  interception  was  not  effective  as  a  stand-alone  technique, 
reducing  numbers  of  ambrosia  beetles  invading  nurseries  should  improve  efficacy  of  protective 
sprays.  Research  using  ethanol-baited  traps  along  woodland-nursery  interfaces  will  be  tested  as  a 
technique  to  reduce  numbers  of  ambrosia  beetles  in  nurseries.  In  addition,  ethanol-injected  trap- 
trees  will  be  evaluated  as  a  technique  to  intercept  beetles  from  insecticide  treated  trees  and 
enhance  efficacy  of  those  treatments. 
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Abstract  text: 

Green  multifunnel  traps,  coated  with  fluon,  had  been  found  to  be  comparable  to  or  better  than 
purple  prism  traps  in  terms  of  both  trap  catch  and  detection  (the  ability  of  a  trap  to  catch  at  least 
1  beetle)  of  emerald  ash  borer  Agrilus  planipennis  (Coleoptera:  Buprestidae).  Trapping  assays 
were  conducted  to  compare  trap  catch  and  detection  rates  of  A.  planipennis  with  4  trap/lure 
combinations  on  ash  as  well  as  several  non-hosts.  Trapping  on  non-hosts  was  conducted  to 
answer  2  questions  that  have  been  raised  about  surveying  for  A.  planipennis :  1)  if  an  ash  tree  is 
not  readily  available  to  surveyors  does  placing  the  trap  on  another  species  affect  trap  catch  and 
detection  rates  and  2)  can  these  traps  that  have  been  developed  for  A.  planipennis  be  used  for 
surveying  other  woodborers?  The  4  traps  were  1)  an  unbaited  purple  prism  trap,  2)  an  unbaited 
purple  multifunnel  trap,  3)  an  unbaited  green  multifunnel  trap,  and  4)  a  green  multifunnel  trap 
baited  with  a  3Z-hexenol  lure  (50  mg/d  release  rate).  In  2013  traps  were  placed  on  4  tree  genera: 
1)  Fraxinus ,  2)  Acer ,  3)  Pinus  and  4)  Quercus  (red  oak  group).  In  2014,  5  tree  groups  were 
compared:  1)  Fraxinus ,  2)  Betula ,  3)  Populus ,  4)  Quercus  (red  oaks)  and  5)  Quercus  (white 
oaks).  Besides  emerald  ash  borer,  all  non-target  buprestids,  cerambycids  and  curculionids  were 
identified.  Besides  being  conducted  in  5  states  in  2013  and  8  states  in  2014,  this  survey  were  also 
conducted  in  Poland  (with  adjustments  made  for  locally  available  tree  genera). 


Poster 

Presentation  Title:  Buprestid  and  cerambycid  trapping:  The  progression  of  13  years  of  trapping 


Author  Name:  Nadeer  Youssef 


Author  Institution:  Tennessee  State  University 


Session  Title:  Poster  Session  4:  Agriculture  and  Forest  Entomology,  Part  2 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3775 

DOI:  10. 1603/ICE.2016.1 12002 

Abstract  text: 

Buprestid  and  Cerambycid  (Coleoptera)  wood  borers  are  important  as  wood  decomposers  and  as 
native  and  foreign  pests.  This  poster  documents  13  years  of  our  trapping  of  these  beetles  in 
Middle  Tennessee,  U.S.  Our  initial  studies  were  directed  at  the  buprestids  attacking  the  nursery 
trees  grown  in  Tennessee,  but  evolved  into  trapping  both  buprestids  and  cerambycids  in  multiple 
habitats.  A  brief  discussion  of  our  trapping  techniques  are  documented  and  future  plans  are 
discussed. 
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Abstract  text: 

The  need  for  effective  trapping  systems  for  forest  insects  is  high  due  to  increasing  demands  for 
forest  products,  a  decreasing  acreage  to  meet  these  demands,  and  the  increasing  number  of 
interceptions  of  introductions  of  non-native  species.  A  wide  variety  of  traps  and  trapping 
methods  are  used  extensively  in  operational  surveys,  monitoring,  and  management  programs  that 
target  forest  insects.  The  efficacy  of  traps  and  trapping  methodology  can  be  improved  either 
qualitatively  or  quantitatively  via  a  variety  of  techniques  that  include  bait  attractants,  surface 
modifications,  colors,  etc.  Many  studies  have  demonstrated  that  this  variation  in  overall  trap  type 


and  design  can  influence  both  the  abundance  and  diversity  of  Coleoptera  species  sampled. 
Consequently,  there  is  a  large  body  of  literature  that  has  examined  how  various  traps,  trap 
modifications,  and  deployment  methodologies  influence  captures  of  forest  beetles. 

Unfortunately,  no  synthesis  of  this  literature  has  been  conducted  examining  patterns  in  the 
effects  of  trap  design  or  trap  deployment  methodology  on  the  capture  of  forest  Coleoptera.  Using 
this  large  literature  database,  we  conducted  several  standard  meta-analyses  comparing  the 
success  of  various  traps  and  trap  modifications  with  regard  to  their  ability  to  capture  suites  of 
Coleoptera  species  as  categorized  by  guilds  (woodborers,  bark  beetles,  natural  enemies)  and 
families  (Cerambycidae,  Curculionidae,  Bupresitidae,  etc.).  Our  results  indicate  that  depending 
on  guild  or  family,  not  all  traps  and  trap  designs  are  equal.  Indeed,  depending  on  the  objective  of 
a  survey,  it  should  be  possible  to  target  specific  guilds,  and  potentially  families,  of  forest 
Coleoptera  with  specific  trap  designs. 
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Abstract  text: 

Introduction:  Several  native  and  non-native  ambrosia  beetle  pests  (Coleoptera:  Curculionidae: 
Scolytinae)  are  widespread  across  Tennessee  and  are  expected  to  cause  economic  and  aesthetic 
injury  both  to  nursery  plants  in  commercial  production  and  to  plants  established  in  managed  and 
urban  landscape  habitats.  Many  of  these  beetle  species  are  readily  attracted  to  ethanol  and  are 
present  as  trap  by-catch  in  efforts  to  monitor  other  borers. 

Methods:  Gaps  in  understanding  about  capture  efficiencies  for  these  secondary  species  are 
examined  by  comparisons  of  different  trap  styles  and  colors,  trap  yield  across  different  height 
profiles,  and  relative  attraction  to  host  plant  portions.  These  factors  are  investigated  as  by-catch 
components  from  replicated  experiments  that  were  initiated  to  assess  walnut  twig  beetle 
( Pityophthorus  juglandis)  trapping  options  and  were  undertaken  across  3  years  of  monitoring  at 
multiple  locations  in  eastern  Tennessee. 


Results/Conclusion:  Cnestus  mutilatus,  Xyleborinus  saxes enii,  Xylosandrus  crass iusculus, 
Monarthrum  mali  and  Monarthrum  fas  datum  were  scolytine  species  captured  in  greatest 
numbers  between  April  and  September  201 1  to  2013.  Discussion  of  results  from  trapping  efforts 
in  Tennessee  will  emphasize  influence  of  tested  parameters  at  optimizing  monitoring  efficacy  for 
these  species. 
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Intellectual  property  provides  a  number  of  benefits  including  the  ability  to  exclude  others  from 
using  the  invention,  the  opportunity  to  license  or  trade  the  invention  and  it  provides  a 
competitive  advantage.  This  analysis  evaluates  the  subject  matter,  assignee,  and  countries  where 
patents  were  filed  from  2005-2015.  A  search  of  patents  related  to  entomology  in  agricultural 
chemistry,  biotechnology,  and  other  innovations  was  conducted.  This  study  assesses  the  primary 
assignee  grouped  by  industry,  academia,  government  and  other  entities  to  determine  which 
groups  are  generating  intellectual  property.  Another  important  aspect  considered  is  the  countries 
of  filings. 
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Diterpenes  in  conifer  oleoresins  are  mainly  diterpene  resin  acids  (DRAs),  which  are  thought  to 
play  a  role  in  conifer  defence  against  insect  herbivores,  but  their  molecular  mechanism  is 
unknown.  Here,  we  present  that  conifer  DRAs  are  juvenile  hormone  antagonists  (JHANs)  that 
serve  as  plant  defence  chemicals.  We  purified  4  plant  DRAs  harbouring  JHAN  activity  from  the 
roots  of  Pinus  densiflora :  7p-hydroxydehydroabietic  acid  (7p-HDHAA,  C20H27O3),  7- 
oxodehydroabietic  acid  (DHAA-7-one,  C20H26O3),  dehydroabietic  acid  (DHAA,  C20H28O2),  and 
sandaracopimaric  acid  (SCA,  C20H30O2).  Treatment  of  DHAA  resulted  in  the  impaired  gene 
expression  of  vitellogenin  (Vg)  gene  in  a  model  coleopteran  insect,  Tribolium  castaneum , 
indicating  that  DHAA  interfered  juvenile  hormone-mediated  Vg  gene  expression.  DHAA  could 
possibly  link  Sitka  spruce  ( Picea  sitchensis)  resistance  to  the  white  pine  weevil  ( Pissodes  strobe) 
with  JHIII  regulation  on  the  Vg  gene.  We  also  observed  antifeedant  activity  in  a  choice  feeding 
test  but  no  significant  effects  on  larval  growth  in  a  non-choice  feeding  test  with  DHAA  in  P. 
interpunctella,  indicating  that  moth  larvae  were  tolerant  to  this  DRA.  Interestingly,  another 
DRA,  DHAA-7-one,  was  able  to  interfere  with  the  development  of  the  moth.  In  a  non-choice  test 
with  1%  DHAA-7-one-containing  artificial  diets,  all  of  hatched  larvae  reached  the  last  (5th)  instar 
larval  stage  with  significantly  reduced  weights.  The  majority  of  last  instar  larvae  then  failed  to 
pupate,  which  resulted  in  an  extremely  reduced  emergence  rate. 
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Coffee  is  the  main  crop  in  Peru,  with  425,000  hectares,  and  about  $65  million  in  exports  (2014). 
All  coffee  farms  are  in  agroforestry  systems,  with  different  tree  species,  e.g.  eucalyptus,  pine  and 
Inga.  The  knowledge  about  insect  diversity  in  coffee  agroforestry  systems  in  very  limited.  It  was 
used  malaise  trap,  bait  and  pitfall  traps  (6  -  9  points)  in  Santa  Rosa  coffee  farm  (Villa  Rica, 
Oxapampa,  Pasco  -  Peru),  with  Rainforest  Alliance  certified.  It  was  made  1-2  sampling  per  year, 
in  dry  and  rainy  season.  Entomological  richness,  abundance  and  diversity  was  analyzed.  The 
main  order  collected  were  Diptera,  Hymenoptera,  Coleoptera,  Hemiptera  and  Lepidoptera. 
Regarding  functional  groups,  abundance  of  predators  was  very  low,  as  well  as  parasitoids  and 
phytophagous. 
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The  Forest  Stewardship  Council  (FSC)  was  the  first  non-governmental  organization  composed  of 
multi-stakeholders  to  ensure  the  social,  environmental  and  economic  sustainability  of  forest 
resources.  FSC  prohibits  the  use  of  certain  chemical  pesticides  in  certified  forest  plantations.  A 
company  seeking  certification  must  stop  using  them  and  many  face  problems  to  comply  with 
these  constraints.  The  aim  of  this  study  was  to  assess  the  impacts  of  certification  on  pest 
management  from  the  perspective  of  Brazilian  private  forestry  sector.  93%  of  Brazilian  FSC 
certified  forest  companies  rated  leaf-cutting  ants  as  ‘very  important’  pests.  Chemical  control  was 
the  most  important  management  technique  used  and  considered  very  important  by  82%  of 
respondents.  The  main  chemical  used  to  control  leaf-cutting  ants,  sulfluramid,  is  in  the 
derogation  process  and  was  classified  as  ‘very  important’  by  96.5%  of  the  certified  companies. 
Certified  companies  were  generally  satisfied  in  relation  to  FSC  certification  and  the  integrated 
management  of  forest  pests,  but  27.6%  agreed  that  the  prohibitions  of  pesticides  for  leaf-cutting 
ant  and  termite  control  could  be  considered  as  a  non-tariff  barrier  on  high  productivity  of 


Brazilian  forest  plantations.  FSC  forest  certification  has  encouraged  the  implementation  of  more 
sustainable  techniques  and  decisions  in  pest  management  in  forest  plantations  in  Brazil.  The  ban 
on  pesticides  like  sulfluramid,  and  the  use  of  alternatives  without  the  same  efficiency  will  result 
in  pest  mismanagement,  production  losses  and  higher  costs.  This  work  has  shown  that  the 
application  of  global  rules  for  sustainable  forest  management  needs  to  adapt  to  each  local  reality. 

FAPEMIG  funded  this  research. 
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Arthropod  Management  Tests  (AMT)  has  been  the  go-to  journal  for  publishing  pest  management 
product  efficacy  information  for  the  past  40  years.  However,  not  all  entomologists  are  familiar 
with  the  journal.  AMT  publishes  editor-reviewed  original  research  focused  on  pest  management 
across  a  range  of  specialty  areas  from  apples  to  urban  pest  management  and  laboratory  bioassays 
to  host  plant  resistance.  With  the  support  of  Entomological  Society  of  America's  (ESA)  partners 
at  Oxford  University  Press  (OUP),  the  metamorphosis  of  AMT  is  fully  underway.  The  once  print 
publication  has  recently  transitioned  to  online-only  and  to  increase  AMT’s  value  to  users  AMT  is 
now  fully  open  access  with  online  usage  surging  21 -fold  in  2015.  AMT  papers  from  1999  to 
present  are  electronically  available  on  AMT  website  and  efforts  are  underway  at  OUP  to  digitize 
and  tag  the  remaining  archives  going  back  40  years  to  AMT  volume  1.  Starting  in  2016  AMT 
has  moved  to  a  continuous  submission,  review  and  publishing  model  designed  to  speed  up  cycle 
time  with  a  goal  for  authors  to  see  their  papers  published  online  around  4  weeks  after  acceptance. 
Perhaps  the  most  significant  AMT  transition  has  been  to  open  AMT  to  international  submissions. 
This  move  reflects  the  growing  international  readership  of  AMT  and  provides  opportunities  for 
participation  by  members  of  the  ESA  international  branch.  Taken  together  these  changes  reflect 
the  transformation  of  a  journal  to  more  broadly  and  efficiently  provide  opportunities  to  its 


contributors  globally  and  ensure  that  the  important  content  is  readily  accessible  to  the  widest 
possible  range  of  customers. 
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The  National  Institute  of  Food  and  Agriculture  (NIFA)  within  U.S.  Department  of  Agriculture 
provides  leadership,  capacity  and  competitive  grants  which  supports  the  creation  of  a  safe, 
sustainable,  competitive  agricultural  system.  Many  of  the  agency’s  education  programs  are  led 
by  the  Division  of  Community  and  Education  (DOCE).  These  programs  span  agricultural 
education  and  enhance  agricultural  literacy  through  both  formal  and  non-formal  education  and 
focusses  around  three  major  areas  1)  Teaming  and  Engagement;  2)  Workforce  Development  and 
Careers  and  3)  Capacity  Building  for  Minority  Serving  Institutions  (MSI).  Here,  we  provide  on 
information  about  existing  and  new  funding  opportunities  within  DOCE.  Educating  the  next 
generation  of  agricultural  scientists  involves  the  continued  support  of  student  and  teacher 
training,  financial  support  in  targeted  areas  and  advancing  the  development  of  the  food  and 
agricultural  workforce  through  innovative  teaching  and  recruitment  and  retention  techniques. 
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The  United  States  Department  of  Agriculture,  Animal  and  Plant  Health  Inspection  Service 
(USDA  APHIS)  has  developed  a  new  web  based  system  for  applying  for  and  receiving  permits 
to  import  and  move  interstate  (as  applicable)  live  animals,  plants,  fruits  and  vegetables,  and  plant 
pests.  The  platform  will  replace  ePermits,  providing  a  one  stop  place  for  all  Certificates, 
Accreditations,  Registration,  Permits,  and  other  Licenses  from  USDA  APHIS.  The  526  Plant 
Pest  Permit  utilized  by  entomologists  to  move  live  plant  pest  insects,  biological  control 
organisms,  plant  diseases,  and  pollinators  is  available  to  U.S.  residents  with  qualified  accounts 
via  the  online  application  process.  The  new  system  automates  low  risk  and  high  volume  permits. 
Higher  risk  organisms  or  more  complicated  applications  are  processed  faster  with  fewer  steps 
compared  to  ePermits.  The  new  web  based  system  has  information  aids  to  help  the  applicant 
through  the  submission  process.  We  expect  the  new  system  to  be  a  welcome  improvement  and 
time  saver  for  many  entomologists. 
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Although  the  species-level  identification  of  cryptic,  invasive  species  pests  is  increasingly 
important  for  international  trade,  available  resources  to  assist  point-of-contact  identifiers  remain 
limited.  During  2013-2015,  the  University  of  Florida,  United  States  Department  of  Agriculture, 


Animal  and  Plant  Health  Inspection  Service,  Plant  Protection  and  Quarantine,  National 
Identification  Services  (USDA-APHIS-PPQ-NIS),  and  the  National  Plant  Diagnostic  Network 
(NPDN)  developed  a  series  of  novel  hands-on  taxonomic  training  videos  to  assist  with  screening 
and  identification  of  Hemiptera,  Thysanoptera,  and  Acari  of  economic  importance.  In  addition  to 
reviewing  narrated  PowerPoint  presentations,  learners  are  guided  through  the  use  of  key 
resources  ‘under  the  microscope’.  As  traditional  dichotomous  keys  may  contain  some  taxon- 
specific  terminology,  the  learner  will  ideally  practice  identification  of  a  known  specimen 
remotely  with  the  guidance  of  the  example  video.  Specifically,  116  videos  have  been  produced 
and  the  videos  integrate  the  expertise  of  14  instructors  and  6  institutions.  The  videos  are 
accessible  on  the  World  Wide  Web  hrough  both  the  NPDN  First  Detector  website 
(https://firstdetector.org/static/Taxonomic_Training_Videos.html)  and  YouTube  Channel 
(https://www.voutube.com/channel/UC4umCPVB71uPI6SWAdrtN5g).  The  impact  of  the 
training  videos  as  determined  via  a  2016  learning  assessment  of  the  primary  users  will  be 
presented.  Learning  assessment  outcomes  will  then  be  used  to  assist  in  the  design  of  future 
diagnostic  resources. 
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Thousand  cankers  disease,  caused  by  a  fungus  ( Geosmithia  morbida)  vectored  by  the  walnut 
twig  beetle  ( Pityophthorus  juglandis ),  is  a  deadly  disease  of  black  walnut  ( Juglans  nigra).  This 
disease  was  first  found  in  the  native  range  of  black  walnut  in  2010  and  has  since  been  found  in  6 
states  throughout  the  eastern  U.S.  A  multidisciplinary  team  at  the  University  of  Tennessee  was 
formed  to  focus  on  research  to  better  understand  and  manage  this  disease  complex.  As  an 
extension  of  the  research  program  and  to  better  inform  and  educate  walnut  producers,  growers, 
land  owners,  consumers,  and  the  general  public  about  this  new  disease  and  its  potential  impact  to 
black  walnut  and  the  industry,  an  outreach  program  titled  'Walnut  Alert'  was  initiated  in  2012. 
This  early  program  focused  on  educating  Tennesseeans;  however,  the  program  was  later 


expanded  regionally  because  this  problem  affects  black  walnuts  throughout  their  native  range 
(the  eastern  U.S.).  Our  outreach  program  will  be  described,  focusing  on  the  tools  that  were 
developed  to  enhance  its  effectiveness.  Some  outreach  tools  effectively  transfer  knowledge  about 
thousand  cankers  disease  to  the  general  public,  while  other  outreach  tools  fail  to  deliver  the 
expected  outcome.  In  other  words,  what  are  the  most  effective  and  least  effective  tools  in  helping 
to  'crack  a  tough  nut'?  Research  and  education  are  important  and  necessary  components  to 
address  management  concerns  related  to  this  threat  to  black  walnuts.  We  continue  to  seek  ways 
to  improve  the  effectiveness  of  this  ongoing  'Walnut  Alert'  program  focused  on  the  thousand 
cankers  disease. 
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Abstract  text: 

Colony  soil  collections  from  monogyne  and  polygyne  red  imported  fire  ant  colonies  were 
performed  in  Raleigh,  North  Carolina.  Genomic  DNA  extractions  were  performed  on  soil 
samples  of  colony  tumulus  and  nearby  ant-free  soils.  Separetly,  bacterial  and  fungal  community 
fingerprints  were  composed  using  denaturing  gradient  gel  electrophoresis  with  universal 
bacterial  primers  (16S  rRNA  gene)  and  univeral  fungal  primers  (18S  rRNA  gene).  Comparisons 
of  microbial  taxa  diversity  and  microbial  species  richness  were  made  between  monogyne  colony 
soils,  polygyne  colony  soils  and  ant-free  soils.  Results  and  analysis  will  be  presented. 
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Dear  Enemy  Phenomena  describe  a  high  aggressiveness  between  individuals  from  distant  nests. 
This  phenomenon  can  be  seen  in  many  animals  in  the  nature,  from  mammals  to  social  insects. 
Pheidole  oxyops  is  an  ant  species  found  in  most  of  Brazilian  biomes  and  anthropic  environments, 
and  are  easy  to  find  and  collect.  We  selected  four  nests  of  P.  oxyops  at  different  distances,  and 
measured  their  aggressive  behavior.  For  each  interaction  we  placed  two  ants,  from  different  or 
the  same  nest,  in  a  petri  dish.  The  evaluation  of  aggressiveness  was  made  by  continuous  and 
direct  observation  for  two  minutes  (with  two  previous  minutes  of  acclimatization).  We 
performed  150  interactions  between  the  nests,  30  interactions  from  each  nest.  We  used  a  PCA  to 
verify  the  principal  behavior  that  distinguishes  the  interactions,  and  an  aggression  index  to 
compare  the  aggressiveness  of  the  interactions.  The  analyses  were  done  with  R  v.2.3.2.  The  most 
significant  variable  was  “Antennation  1,”  with  44%.  The  results  of  aggressive  behavior  showed 
that  there  was  a  difference  between  the  nests  (p  <  0.001,  AIC  =  -38.24362,  adj  R2  =  0.7907). 
Pheidole  oxyops  is  more  aggressive  with  cospecifics  from  distant  nests,  but  show  moderate 
aggressiveness  with  nests  until  1 10  m  of  distance.  Our  results  support  the  hypothesis  that  the 
recognition  of  cospecifics  of  near  nests  induces  less  aggressiveness  in  P.  oxyops ,  but  we  also 
observed  that  this  species  have  a  behavior  of  nest  protection  and  foraging  sites  with  cospecific. 
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Temnothorax  congruus  (Smith,  1874)  is  a  black-colored  and  small  sized  (2.5- 
3  mm  in  worker  body  length)  myrmicine  ant  species.  It  is  widespread  in 

mainland  Japan,  usually  inhabits  forest  edges,  bushes  and  gardens,  and  nests  inside  hollows  of  de 
ad  branches  and  dead  grass  stems.  The  typical  colony  consists  of  a  single-mated  queen, 
immatures,  and  approximately  100  workers. 

When  a  nest  is  disturbed,  the  workers  scout  for  potential  new  nest  sites.  Scouts  searching  for 
suitable  sites  sometimes  recruit  others  through  tandem  running.  Once 
the  number  of  workers  in  the  new  nest  site  reaches 
a  certain  level,  they  switch  their  behavior  to  carrying  adults  and  brood. 

In  this  study,  we  analytically  investigated  interactions  and  communication  networks 
among  nestmates  during  migration  which  has  been  poorly  documented  in  the  previous  studies. 

Before  the  experiments,  all  of  the  workers  of  each  colony  were  marked  with  small  papers  on  whi 
eh  individual  identification  numbers  were  given.  Behaviors  of  the  workers  in  experimental  arena 
s  were  recorded  using  HD  web  cameras  controlled  with  iSpy  software.  An  object  tracking  softwa 
re  known  as  “AnTracks”  was  used  to  detect  activities  of  each  worker  as  well  as 
interactions  among  the  workers  from  the  recorded  movies.  Network  analyses  were  then  conducte 
d  based  on  the  data  using  R,  UCINET  and  Pajek  softwares. 

From  the  results,  we  discussed  the  implications  of  interactions  and  communication  networks 
among  workers  in  their  collective  decision-making. 
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Since  queens  of  the  claustral  colony-founding  ants  nurse  their  first  brood  until  emergence 
without  foraging  outside  the  nest,  low  mortality  of  queens  and  their  brood  by  predation  might  be 
expected  throughout  the  period  for  the  first  colony  founding.  However,  queens  tend  to  be  starved 
in  the  nest  as  they  have  to  lay  eggs  and  feed  larvae  using  the  reserves  they  accumulated  just 
before  founding  the  colony.  Thus,  claustral  queens  must  have  evolved  efficient  brood  production 
and  care.  In  the  Japanese  black  carpenter  ants,  Camponotus  japonicas ,  newly  mated  queens  were 
collected  just  after  nuptial  flight  and  reared  with  water  in  the  incubator,  25°C  and  darkness.  Dry 
body  weight  of  queen  and  the  fat  body  weight  in  the  abdomen  were  measured  at  0,  10,  20,  30,  40 
and  52  days  after  collecting.  During  the  first  10  days,  about  12  eggs  were  laid,  and  about  8  eggs 
were  added  in  the  next  ten  days.  Workers  were  found  in  the  nest  at  52  days  after  collecting.  The 
body  weight  of  the  queens  gradually  decreased  soon  after  collecting,  and  then  rapidly  decreased 
after  the  larvae  hatched.  Alternatively,  fat  body  decline  was  observed  at  a  constant  rate 
throughout  the  experimental  period.  Therefore,  the  founding  queens  utilized  the  fat  body 
originally  accumulated  in  the  abdomen  through  somatic  maintenance,  while  some  nutrients  such 
as  protein  might  have  been  reserved  for  investment  in  brood  feeding. 
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Abstract  text: 

In  ant  colonies,  the  flow  of  information  plays  a  critical  role  in  colony  work  organization  and 
function.  Social  antennation  networks  present  one  potential  mechanism  by  which  to  transmit  this 
information.  However,  heterogeneity  in  the  spatial  environment  and  in  individual  movement 
patterns  can  have  profound  effects  on  how  this  information  moves  via  individual  contacts  to  the 
whole  colony.  To  better  understand  these  potential  effects,  we  developed  an  agent-based  model. 
The  model  incorporated  three  different  task  groups  located  in  distinct  locations  of  the  colony, 
with  variation  in  the  level  of  spatial  fidelity  relative  to  their  task  location.  Information  was 
exchanged  at  some  probability  when  individual  ants  antennated  each  other.  We  applied  this 
model  to  simulation  experiments  for  three  spatial-temporal  scenarios  under  emergency 
conditions:  (1)  Random-Mixing  with  a  random  initial  distribution  of  ants  among  spatial  locations 
and  with  no  spatial  fidelity;  (2)  Post-Random  Mixing  with  an  initially  random  distribution  of 
ants,  and  varying  the  proportion  of  ants  within  task  groups  that  show  spatial  fidelity  (20%~98%); 
(3)  Pre-Random  Mixing  in  which  ants  are  initially  aggregated  by  task  group,  and  then  varying 
spatial  fidelity  (20%~98%).  Our  results  showed  that:  (a)  Preferential  movement  of  ant  workers 
causes  the  dynamics  of  the  spatial  heterogeneity;  (b)  Antennation  is  determined  by  nonlinear 
effects  of  spatial  structure;  (c)  The  process  of  information  distribution  is  determined  by  the  time 
of  information  injection  among  these  three  scenarios.  Those  results  suggest  colonies  may  use  an 
adaptive  spatial  strategy  to  regulate  the  transmission  of  information  relative  to  task  performance, 
and  other  colony  functions. 
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Silkworms  normally  produce  uric  acid  (UA)  as  a  result  of  nucleic  acid  metabolism  and  reserve  it 
in  epidermal  cells  for  use  after  the  pupal  stage.  Mutant  silkworms,  called  ’’Aburako”,  have 
decreased  ability  to  store  UA  in  the  epidermis,  which  then  builds  up  in  the  hemolymph  and 
causes  the  skin  of  these  mutants  to  become  translucent.  Herein,  we  discuss  the  o06  strain  as  a 
possible  substitute  for  the  mouse  hyperuricemia  model  in  medical  studies. 

The  UA  content  was  measured  in  o06  strain  from  NBRP  (Kyushu  University)  and  in  gunma200 
strain  as  the  control  silkworms.  The  UA  level  was  analyzed  using  improved  high-performance 
liquid  chromatography  with  ultraviolet  detection  (HPLC-UV),  which  allows  high- sensitivity 
analysis  of  a  microliter  of  plasma  (1>2) .  The  standard  chemicals,  allopurinol  (AP)  and  potassium 
oxonate,  were  obtained  from  Wako  Pure  Chemical  Industries.  The  silkworm  mutants  were  then 
treated  with  medications  for  hyperuricemia  (Zyloric  ®,  Feburic  ®,  and  Uriadec®). 

The  hemolymph  of  the  translucent  larvae  (at  the  5th  instar  stage)  contained  a  larger  amount  (4-6 
mg/dL)  of  UA  compared  with  that  of  the  normal  silkworms  (<0.8  mg/dL).  Moreover,  AP  and 
other  hyperuricemia  treatments  effectively  reduced  the  UA  levels  in  the  mutants.  Our  results 
indicate  that  o06  strain  may  be  a  potential  substitute  for  the  mouse  hyperuricemia  model  in 
medical  research. 

1)  Tanaka  R.  et  al. ,  Gout  and  Nucleic  Acid  Metabolism  ,  37(2),  117-125,  2013. 

2)  Tanaka  R.  et  al.,  YAKUGAKU ZASSHI ,  135  (10),  1169-1176,  2015. 
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Lithurgus  chrysurus  is  a  univoltine  solitary  wood-boring  bee  species  native  to  the  circum- 
Mediterranean  area  that  was  inadvertently  introduced  in  the  USA,  where  it  was  discovered  in  the 
70’ s.  Although  cocoons  of  many  bee  species  contain  a  mucous  component  in  addition  to  silk 
layers,  we  have  not  thus  far  detected  such  a  component  on  the  median  and  rear  zones  of  the 
cocoon  wall  of  L.  chrysurus.  Here,  we  studied  the  front  zone  of  this  cocoon,  searching  its 
components  and  their  organization  with  topochemical  methods  and  polarization  microscopy.  The 
front  zone  of  the  cocoon  wall  was  found  to  contain  highly  birefringent  salivary  silk  filamentous 
threads  distributed  with  an  oriented  organization  in  well-defined  inner  and  outer  layers, 
interspersed  by  an  intermediate  laminar  layer.  In  the  intermediate  layer,  a  non-birefringent  foamy 
material  composed  of  mucin  glycoproteins,  acid  glycosaminoglycans  and  calcium  was  detected. 
In  conclusion,  silk  elements  provided  by  larval  salivary  glands,  a  mucous  component  assumed  to 
be  contributed  by  larval  Malpighian  tubules,  plays  a  role  in  the  structure  of  the  front  zone  of  the 
cocoon  wall  of  L.  chrysurus.  (Support:  FAPESP,  CNPq) 
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Lactic  acid  bacteria  (LAB)  are  also  considered  as  probiotic  microorganisms,  which  inhibit 
pathogenic  and  spoilage  bacteria.  Strain  of  Lactobacillus  plantarum  was  isolated  from  the 
intestinal  tract  of  the  indigenous  honeybee  of  Saudi  Arabia,  Apis  mellifera  jemenitica ,  and 
investigated  for  its  in  vitro  inhibitory  activity  against  pre-formed  biofilm  and  its  interference 
with  the  biofilm  formation  of  C.  albicans. 

The  XTT  reduction  assay  and  scanning  electron  microscopy  (SEM)  were  employed  to  determine 
the  inhibitory  effect  of  Lactobacillus  plantarum  on  C.  albicans  biofilm.  Changes  in  the  infrared 
spectrum  after  treatment  with  Lactobacillus  plantarum  were  also  determined  by  Fourier 
Transform  Infrared  (FTIR)  spectroscopy. 

Lactobacillus  plantarum  affects  biofilms  by  decreasing  the  size  of  mature  biofilms  and  by 
disruption  of  their  structure.  The  SEM  results  indicated  that  this  bacteria  affected  the  cellular 
morphology  of  C.  albicans  and  decreased  biofilm  thickness.  The  present  findings  show  that 
Lactobacillus  plantarum  from  the  gut  of  indigenous  Saudi  Arabian  honeybee  has  antifungal 
properties  against  C.  albicans  and  has  the  ability  to  inhibit  the  formation  of  C.  albicans  biofilms 
and  disrupt  established  biofilms. 
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Braula  coeca  Nitzsch  (Diptera:  Braulidae),  or  bee  louse,  is  a  new  species  that  is  reported  for  the 
first  time  in  Ecuador.  We  describe  morphologic  characters  of  adult  males  and  females  based  on 
entomological  keys  using  scanning  electron  microscope  (SEM)  in  the  Electron  Microscopy 
Center  of  ESPE  University.  Adult  lice  were  separated  using  meshes  of  different  pore  size  from 
bees  collected  between  February  -  April  2015  from  apiaries  (n=25)  located  in  “Los  Chillos” 
Valley,  province  of  Pichincha,  Ecuador,  with  temperatures  between  10  to  29  °C  and  an  average 
altitude  of  2880  m  above  sea  level.  This  species  is  presumed  to  be  harmless  for  its  host  {Apis  sp.) 
although  this  point  can  be  discussed  since  the  control  of  B.  coeca  is  recommended  in  some 
countries.  Sanitary  and  economic  impacts  of  infestation  are  not  well  documented.  The  lack  of 
scientific  information  on  bee  lice  B.  coeca  in  Ecuador  is  mainly  due  to  the  insufficient  attention 
of  the  apiculture  sector,  as  well  as  the  possibility  of  Braula  sp.  being  sometimes  confused  with 
Varroa  sp.  The  first  report  of  bee  lice,  in  Los  Chillos  Valley,  puts  on  alert  the  situation  of 
beekeeping  of  the  country.  Information  from  collection  sites  and  dates,  as  well  as  geo- 
referencing  data,  is  included  in  the  study. 
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Entomopathogenic  fungal  strains  isolated  from  different  insect  hosts  have  been  bioassayed 
against  Varroa  destructor.  Although  some  strains  were  pathogenic,  they  were  evaluated  using 
high  spore  concentrations  and  methods  of  exposure  that  cannot  be  used  under  field  conditions. 
Additionally,  the  use  of  entomopathogenic  fungal  strains  isolated  from  the  target  pest  is 
recommended  because  they  are  already  adapted  to  environmental  conditions.  Unfortunately,  few 
fungal  species  have  been  found  infecting  V  destructor  inside  the  beehive  ecosystem.  The 
objective  of  this  study  was  to  determine  the  number  of  Beauveria  spores  that  V  destructor  picks 
up  after  walking  on  a  treated  surface. 

A  strain  of  Beauveria  spp.  was  isolated  from  V  destructor  and  growth  on  agar  plates  until  spores 
were  produced.  Five  mg  of  powdered  spores  (1.5xl010  spores)  were  evenly  distributed  on  1260 
mm2  plastic  surface.  Varroa  destructor  mites  were  dropped  on  the  treated  surface  from  a  5  cm 
height  and  allow  to  walk  for  15,  30,  45,  and  60  seconds  (n=48).  Mites  were  individually 
collected  using  sterile  needles  and  transferred  to  one  ml  0.5%  tween  solution.  The  number  of 
dislodged  spores  were  counted  using  a  hemocytometer.  Data  were  analyzed  as  a  completely 
randomize  design  using  the  SAS  GLM  Procedure. 

After  30  seconds,  V  destructor  picked  up  the  minimum  number  of  spores  (9.9xl04±  3.5xl04), 
which  was  significantly  lower  than  the  number  of  spores  picked  up  after  60  seconds  (1. 1x10s  ± 
9x1 04).  Further  studies  will  demonstrate  the  kinetics  of  Beauveria  spores  when  using  different 
application  methods  to  control  this  pest  inside  the  beehive. 
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The  impact  of  the  mite  Varroa  destructor  is  partly  related  to  the  natural  resistance  of  some  bee 
species,  climate  and  different  parasite  genotypes.  A  pending  issue  in  Ecuador  has  been  the 


molecular  characterization  of  populations  of  Varroa  mite,  which  identifies  the  relevance  of 
belonging  to  one  of  the  four  species  of  Varroa  and  one  of  the  two  existing  haplotypes,  either  the 
Korean  or  Japanese.  Varroa  species  are  distinguished  by  morphology  and  molecular 
identification  is  distinguised  by  the  difference  in  the  sequence  of  mtDNA  fragments  which 
encode  for  the  cytochrome  c  oxydase  subunit  1  ( Cox-1,  458pb).  Molecular  characterization 
through  analysis  of  Cox-1  was  performed  on  a  total  of  30  mites,  genus  Varroa,  from  different 
apiaries  sampled  within  framework  of  an  epidemiological  survey  performed  in  ‘Los  Chillos’ 
Valley,  Ecuador.  When  harmonizing  sequences  in  BLAST,  samples  presented  a  100%  identity 
with  the  mtDNA  sequence  of  Varroa  destructor  complete  genome  and  a  100%  identity  with  the 
Korean  haplotype  (K). 
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Abstract  text: 

Intensified  agriculture  reduces  habitat  and  plant  diversity,  potentially  contributing  to  declining 
honey  bee  health.  We  seek  to  determine  if  increasing  landscape  complexity  provides  honey  bees 
with  more  abundant  and  diverse  pollen  forage.  Furthermore,  we  hypothesized  that  a  mixture  of 
pollen  from  research  sites  will  improve  honey  bee  survival  compared  to  pollen  from  a  single 
plant.  Pollen  traps  were  placed  at  hive  entrances  for  nine  24  h  periods  during  the  summer  and  fall 
of  2015  in  central  Iowa.  We  identified  pollen  collected  by  bees  in  simple  landscapes  (80%  of  the 
landscape  within  a  1.6  km  radius  comprised  of  soybean  and  corn)  and  complex  landscapes  (more 
than  50%  non-crop  habitat  within  same  radius).  We  compared  the  survival  of  uninfected  and 
virus-infected  (a  mix  of  five  viruses  included  sacbrood,  black  queen  cell,  deformed  wing  and 
Israeli  acute  virus)  newly  emerged  honey  bees  supplied  with  sucrose  supplemented  with  either 
corn  pollen  ( Zea  mays),  clover  pollen  ( Trifolium  sp.),  a  mixture  of  8  plant  species,  or  no  pollen. 
We  observed  no  difference  in  the  amount  or  composition  of  pollen  collected  in  complex  or 
simple  landscapes.  In  both  landscapes  70%  of  the  pollen  came  from  clover,  20%  from  partridge 
pea  ( Chamaecrista  fasciculata),  and  the  remaining  10%  from  a  mixture  of  approximately  18 


species.  Pollen  diet  did  not  significantly  affect  honey  bee  survival  compared  to  a  non-pollen  diet 
within  both  vims  and  non- vims  treatment.  In  2016  we  will  determine  if  spring  pollen  varies  by 
landscapes  and  if  this  improves  honey  bee  health. 
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Abstract  text: 

Selectivity  tests  of  biological  agents  and  pesticides  to  africanized  honey  bee  Apis  mellifera  are 
needed  and  can  help  prevent  Colony  Collapse  Disorder  (CCD).  In  this  sense,  the  objective  of  this 
work  was  to  evaluate  the  influence  of  three  strains  of  Bacillus  thuringiensis  (Bt)  and  three 
commercial  pesticides  used  in  soybean  ( Glycine  max)  on  the  longevity  of  the  workers  of  A. 
mellifera.  The  treatments  were:  BtIPS82,  BtBR81,  BtBR147,  Acetamiprid  +  Alpha-cypermethrin 
(PI),  Imidacloprid  +  Beta-cyfluthrin  (P2)  and  fenitrothion  +  Esfenvalerate  (P3).  For  this,  the  Bt 
strains  and  pesticides  were  incorporated  into  the  diet  (Candi  paste)  of  workers  of  A.  mellifera. 
The  control  was  composed  of  pure  Candi  paste.  We  used  50  workers/replications  per  treatment. 
The  workers  were  placed  in  groups  of  10  individuals,  in  vials  with  voile  and  allocated  in  BOD  at 
32±2°  C  temperature,  60±10%  RH  and  12  hours  photophase.  The  longevity  of  the  workers  was 
assessed  2,  3,  4,  5,  6,  9,  12,  15,  18,  21,  24,  30,  36,  42,  48,  60,  72,  96,  120  and  144  hours  after  the 
start  of  the  bioassay.  The  longevity  of  A.  mellifera  was  not  affected  by  treatments  BtIPS82 
(52.48  hours  of  longevity),  BtBR81  (48.36h)  and  BtBR147  (60.24h),  compared  to  the  control 
(59.54h).  However,  there  was  a  reduction  in  the  longevity  of  A.  mellifera  when  they  ingested  the 
pesticides  incorporated  with  diet  (PI:  9.82h,  P2:  7.96h  and  P3:  8.00  longevity).  All  Bt  strains 
were  considered  selective  when  incorporated  into  A.  mellifera  diet,  the  same  was  not  true  for  the 
evaluated  pesticides. 


Poster 


Presentation  Title:  Acute  toxicity  and  survivorship  of  Apis  mellifera  L.  1758  after  exposure  to 
sublethal  doses  of  clothianidin 

Author  Name:  Stephan  Carvalho 

Author  Institution:  Federal  University  of  Uberlandia 

Session  Title:  Poster  Session  4:  Apidology,  Sericulture,  and  Social  Insects 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3802 

DOI:  10.1603/ICE.2016.1 14877 

CANCELLED 

Poster 

Presentation  Title:  Modeling  the  complex  biology  of  pesticide  exposure  in  honey  bees,  Apis 
mellifera. 

Author  Name:  Reed  Johnson 

Author  Institution:  The  Ohio  State  University 

Session  Title:  Poster  Session  4:  Apidology,  Sericulture,  and  Social  Insects 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3803 

DOI:  10.1603/ICE.2016.1 10839 

Abstract  text: 

The  relationship  between  honey  bees  and  neonicotinoid  insecticides  is  one  of  the  most 
controversial  issues  in  contemporary  ecological  risk  assessment.  While  laboratory  studies  have 
documented  both  lethal  and  sublethal  effects  of  neonicotinoids  on  individual  bees,  field  studies 
have  usually  failed  to  detect  effects  in  free-foraging  colonies.  These  discrepancies  have 
prompted  a  strong  interest  in  the  development  of  ecological  models  to  explore  how  the 
intoxication  of  individual  bees  relates  to  the  impairment  of  colony-level  functions  like  foraging, 
reproduction,  and  disease  resistance.  While  these  modeling  efforts  are  promising,  they  are 
hindered  by  the  fact  that  any  model  of  toxic  effects  is  predicated  on  some  model,  either  explicit 
or  implied,  of  toxic  exposure ,  and  there  currently  exists  no  mechanistic  model  describing  how 
honey  bees  encounter  pesticides  in  their  environment  or  how  these  pesticides  are  distributed 


among  colony  members.  We  present  a  model  of  pesticide  exposure  in  honey  bees  that 
distinguishes  three  behavioral  stages  by  which  pesticides  enter  and  spread  through  the  colony¬ 
foraging,  processing,  and  consumption— and  describes  the  pathways  of  physiological  exposure 
that  can  occur  at  each  stage.  We  then  apply  this  model  to  explore  the  results  of  an  empirical 
study  of  honey  bee  exposure  to  neonicotinoid-laden  dust  produced  during  the  planting  of  treated 
corn  seed.  The  next  step  will  be  the  integration  of  our  pesticide  exposure  model  with  existing  and 
future  models  of  pesticide  effects,  toward  the  goal  of  capturing  the  whole  system  of  honey  bee 
toxicology  in  a  framework  that  enables  more  thorough  explanation,  more  reliable  prediction,  and 
more  targeted  mitigation. 
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Abstract  text: 

This  research  was  conducted  in  order  to  understand  the  coconut  tree  pollination  process  under 
Brazilian  conditions  in  the  state  of  Rio  Grande  do  Norte-RN,  (5°55'30"S;  35°  1 1'53"W),  where 
forms  of  flower  pollination  were  observed  in  giant,  hybrid  and  dwarf  varieties.  Three  treatments 
were  used  to  evaluate  the  influence  of  Africanized  honey  bees  as  pollinators  of  this  plant:  1) 
rachilles  were  enveloped  with  fine  mesh  fabric  that  excluded  the  insects  and  anemophilous 
pollen,  allowing  only  self-pollination;  2)  for  the  second  treatment,  emasculated  rachilles  were 
enveloped  with  coarse  mesh  fabric  to  exclude  bees  but  allow  access  of  anemophilous  pollen;  and 
3)  in  the  third  treatment,  flowers  were  exposed  allowing  bees  to  have  free  access.  The  rachilles 
were  marked,  with  each  containing  two  female  flowers  and  the  fruit  set  of  six  plants  by  variety, 
and  was  evaluated  after  thirty  days.  Self-pollination  occurred  mainly  in  dwarf  coconut  trees, 
where  33.3%  of  the  flowers  were  fertilized;  8.3%  in  the  hybrid  coconut  trees;  and  no  fruit  was 
formed  in  the  giant  variety.  Anemophilous  pollination  of  coconut  dwarves  and  hybrids  showed 
16.6%  of  fertilized  flowers,  twice  the  giant  variety.  By  exposing  the  flowers  to  natural 
pollinators  (bees  and  wind),  the  highest  flower  fertilization  rates  were  observed,  being  33.3%  in 
the  giant  and  hybrid  varieties,  and  41.6%  in  dwarf  coconut  trees.  Thus  demonstrating  that 
Africanized  honey  bees  contribute  to  the  pollination  of  coconut  trees,  increasing  the  number  of 
fertilized  flowers  per  plant. 
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Abstract  text: 

The  blue  orchard  bee,  Osmia  lignaria ,  is  a  native  bee  species  that  shows  great  promise  for 
commercial  propagation  and  as  an  alternative  pollinator  in  managed  orchards.  Here,  we  present 
the  results  of  a  two-year  study  evaluating  the  use  of  the  blue  orchard  bees  in  combination  with 


honey  bees  in  California  almond  orchards.  To  examine  the  success  and  influence  of  blue  orchard 
bee  releases,  bee  reproduction,  almond  fruit  set  and  nut  yield  were  evaluated  across  six  forty-acre 
orchard  blocks  during  the  2015  and  2016  growing  seasons.  Additionally,  half  of  the  orchard 
blocks  received  an  adjacent  installment  of  a  floral  enhancement  plot  measuring  1.1  acres  in  size 
for  both  years.  The  floral  enhancement  plots  were  seeded  with  wildflower  mixes  that  are  known 
to  overlap  with  the  almond  pollination  season  and  extend  the  availability  of  floral  resources  to 
the  blue  orchard  bees  beyond  bloom.  Results  suggest  that  the  availability  of  the  floral 
enhancement  plots  significantly  influence  reproductive  success  of  the  bees,  though  it  does  not 
appear  to  impact  almond  fruit  set  or  nut  yield. 
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Abstract  text: 

Bee-mediated  pollination  generates  an  increase  in  production  and  productivity  of  crops  of 
commercial  interest.  Since  the  80s  the  bumblebees  of  genus  Bombus  have  been  used  as  a 
pollinating  technology  in  greenhouse  crops  in  many  countries.  That  is  why  the 
Colombian  Biodiversity  and  Ecology  research  group  focused  on  wild  bees  has  devoted  over  10 
years  to  the  rearing  of  the  native  bumblebee,  Bombus  atratusto,  to  be  used  in  pollination  schemes 
of  some  promising  crops  in  Colombia.  Until  now,  reared  colonies  came  from  wild  queens  due  to 
the  problems  attributed  to  the  continuous  production  of  queens  and  males.  The  use  of  queen  and 
males  produced  under  controlled  conditions,  allows  for  the  limiting  of  wild  material  used  for 
effective  matings.  However,  there  have  been  a  low  number  of  viable  colonies  (60  workers)  from 
controlled  matings. 

For  this  reason,  we  evaluated  the  effect  of  photoperiod  and  low  temperatures  in  the  percentage  of 
posture  queens  and  production  of  workers  under  controlled  conditions.  Our  result  shown  an 
increase  in  the  percentage  of  posture  between  queens  under  the  regimes  of  cold  and  photoperiod 
treatments  compared  with  control  (queens  in  standard  conditions).  The  development  of  this 


project  will  be  made  through  resources  from  the  National  Fund  for  financing  for  science, 
technology  and  innovation  Francisco  Jose  de  Caldas  COLCIENCIAS,  convening  669-2014, 
project  CIAS  1922. 
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Abstract  text: 

Recent  studies  disagree  about  the  adequacy  of  natural  pollination  of  pumpkins  and  the  value  of 
supplementation  with  honey  bees  or  bumble  bees.  This  study  examines  the  adequacy  of 
pollination  of  pumpkins  in  Connecticut  by  comparing  natural  pollination  with  supplemental  hand 
pollination  in  relation  to  fruit  set  and  yield  parameters,  and  measuring  pollen  deposition  over 
four  years  at  both  experimental  and  commercial  farms.  In  addition,  we  related  pollen  deposition 
to  bee  visitation  by  Apis  mellifera,  Bombus  impatiens,  and  Peponapis  pruinosa. 

Open  pollination  was  compared  with  supplemental  pollination  for  Cucurbita  pepo  cv.  Gladiator 
in  seven  trials  in  three  years  at  three  experimental  farms,  measuring  fruit  set,  survival  to  harvest, 
fruit  weight,  diameter,  seed  number  and  seed  weight.  Natural  pollen  deposition  was  also 
measured  at  80  additional  sites  in  farmers’  fields,  ranging  in  area  from  0.03  ha  to  1.9  ha,  on 
pumpkins  and  winter  squash  and  including  farms  with  and  without  pesticides. 

No  significant  differences  between  natural  pollination  and  supplemental  pollination  were  found 
for  any  yield  parameters.  In  experimental  sites  and  in  farmers’  fields,  pollen  deposition  was 
generally  above  the  level  needed  for  full  fruit  set,  based  on  data  for  pumpkin  from  the 
horticultural  literature.  Visitation  by  Bombus  impatiens  to  female  flowers  was  more  closely 
related  to  pollen  deposition  than  other  models  tested.  Although  farmers  are  primarily  interested 
in  effects  on  yield,  direct  measurement  of  pollen  deposition  can  be  useful  for  evaluating  whether 
pollination  deficit  or  adequacy  is  affecting  yield,  or  whether  other  factors  may  be  limiting  yield. 
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Abstract  text: 

Specialist  oligoleges  are  bees  with  narrow  dietary  niche  breadths  often  touted  to  have  foraging 
specializations  that  enhance  their  pollination  efficiency  above  that  of  co-foraging  generalists 
(polyleges)  such  as  honeybees  Apis  mellifera  L.  This  study  and  many  comparative  pollinator 
efficacy  studies  in  crops  show  that  oligoleges  on  a  per  bee  basis  are  not  always  the  most  efficient 
pollinators.  Percentage  of  stigmatic  contact  visits  by  populations  of  oligolectic  Ptilothrix 
bombiformis  (Cresson)  in  Maryland  and  Mississippi  show  that  adult  bees  contact  stigmas  and 
transfer  70+  pollen  grains  during  2%  -  3%  of  floral  visits.  As  low  as  these  percentages  seem, 
pollination  efficiency  of  this  bee  varies  from  negative  values  due  to  the  removal  of  stigmatic 
pollen  during  some  visits  to  increases  of  30%  as  Hibiscus  petals  close  and  spikes  of  300%  - 
1000%  as  Ptilothrix  adults  display  aggression  inside  flowers.  Aggressive  P.  bombiformis  tussle 
with  each  other,  often  grappling  with,  lunging  at,  and  biting  conspecifics.  Opponents  will  often 
lose  their  balance,  tumble  around  inside  flowers  and,  in  the  process,  more  efficiently  pollinate 
host  blooms.  Such  aggressive  interactions  constituted  5%  of  visitation  bouts  to  Hibiscus  flowers, 
yet  accounted  for  -20%  of  contact  visits  that  transferred  10  or  more  pollen  grains  per  stigma. 
Tussles  therefore  represent  brief  agonistic  entanglements  that  can  enhance  the  pollination 
efficiency  of  solitary  bees  at  host  plants  with  large  herkogamous  blooms.  More  complex 
behavioural  interactions  between  different  sexes  and  species  of  foraging  bees  may  explain  the 
importance  of  greater  bee  diversity  to  overall  pollinator  effectiveness. 
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The  blueberry  Vaccinium  corymbosum  is  one  of  the  most  commercialized  berries  in  the  world 
because  of  its  nutraceutical  characteristics.  Given  that  it  is  a  new  crop  in  Colombia  there  are 
many  doubts  about  its  pollination  requirements. 

In  this  study,  we  characterized  the  foraging  behavior  of  two  species  of  bees  occurring  during 
cultivation.  First,  we  observed  Bombus  atratus ,  a  native  bumblebee  reared  in  controlled 
conditions,  and  then  we  moved  onto  Apis  mellifera,  a  naturally  occurring  species  in  the  zone. 
Components  such  as:  the  manipulation  time  of  the  flower,  description  of  the  movements  in  the 
flower,  stage  of  development  most  visited,  resources  offered  by  flowers  and  presence  of 
blueberry  pollen  in  the  loads  of  the  workers  and  inside  the  B.  atratus  colonies  were  evaluated. 

We  found  that  the  flower  stage  most  visited  in  the  two  cultivars  was  stage  4  (stages  determined 
by  floral  morphology)  when  greater  opening  of  the  corolla  is  observed;  the  largest  time  of 
manipulation  was  performed  in  Biloxi  by  the  two  species,  which  is  related  with  the  nectar 
quantities  offered  and  floral  and  pollinator  morphology.  Also,  we  found  that  the  pollen  loads 
carried  by  A.  mellifera  workers  are  composed  100%  by  blueberry  pollen  whereas  the  pollen 
masses  found  in  the  colonies  and  in  the  loads  carried  by  B.  atratus  workers  are  composed  by 
pollen  of  different  plant  species  in  addition  to  the  blueberry  pollen.  We  can  conclude  that  the  two 
species  are  using  the  blueberry  pollen  like  a  food  resource  in  cultivation  for  feeding  the 
immatures. 
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Abstract  text: 

Studies  about  floral  resources  exploited  by  bees  have  been  conducted  in  order  to  provide 
information  on  resources  which  are  indispensable  in  the  diet  and  breeding  of  bees. 

For  this  work,  a  survey  was  conducted  of  plants  and  pollen.  Pollen  samples  were  processed  by 
the  method  of  acid  acetolysis,  permanent  slides  and  palynological  analysis  was  made. 
Additionally,  pollen  loads  were  collected  weekly  for  the  workers  and  the  colonies,  between  June 
and  December  2015.  Pollen  loads  collected  were  processed  under  the  same  methodology  and 
were  analyzed  using  the  catalog  referenced  by  the  comparison  method. 

A  quantitative  analysis  was  performed  by  counting  grains  in  each  sheet,  400  loads  from  workers, 
to  determine  the  most  frequent  pollen  type.  The  pollen  types  were  classified  in  terms  of  the 
percentage  and  occurrence. 

We  determined  that  the  dominant  pollen  grains  (45%)  are  those  belonging  to  families  Myrtaceae 
and  Brassicaceae.  The  accessory  pollen  families  (15-45%)  included  Fabaceae  and  Solanaceae. 
Important  isolated  pollen  (between  3-14%)  included  the  families  Malvaceae,  Asteraceae  and 
Bignoniaceae.  Occasionally  isolated  pollen  (from  1-3%)  came  from  the  Primulaceae  family. 
Finally,  marginally  present  pollen  (1%)  came  from  the  Onagraceae  family.  Percentages  indicated 
that  Bombus  atratus  has  a  preference  for  families  with  a  greater  abundance.  Preliminary  results 
allowed  for  the  implementation  of  a  conservation  plan  and  inturn  encourage  resource  preference 
thus  contributing  to  an  effective  diet  for  the  colonies. 

This  work  was  supported  by  Colciencias  “Fondo  nacional  de  fmanciamiento  para  la  ciencia  la 
tecnologia  y  la  innovacion  Francisco  Jose  de  Caldas  de  Colciencias”  CIAS1922  UMNG. 
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Abstract  text: 

Central  place  foragers,  such  as  social  bees  and  wasps,  navigate  between  the  nest  and  flower 
patches.  When  leaving  their  nest  or  a  newly  discovered  foraging  site  for  the  first  few  times,  these 
female  insects  perform  elaborate  learning  flights,  during  which  they  learn  the  views  that 
determine  the  spatial  location  of  the  goal.  It  has  been  unknown  whether  male  insects  perform 
such  learning  flights.  Previously  we  have  not  observed  learning  flights  in  male  bumblebees 
( Bombus  terrestris)  that  left  the  nest  (Hempel  de  Ibarra  et  al.  2009).  Presumably,  they  aimed  to 
disperse  and  find  mates,  and  therefore  did  not  need  to  learn  the  location  of  the  nest.  Now  we 
report  the  occurrence  of  learning  flights  in  male  bumblebees  during  departures  from  an  artificial 
feeder.  We  have  analysed  and  compared  the  trajectories  of  departure  flights  in  bumblebee  males 
and  workers  at  the  nest  and  the  feeder.  Each  of  the  two  goals,  nest  or  feeder,  was  surrounded  by  a 
flat  purple  ring  and  three  black  cylinders.  When  leaving  their  nest,  males  flew  directly  away 
without  looking  back  at  the  nest.  In  contrast,  after  feeding,  they  performed  elaborate  flights 
around  the  feeder,  turning  back  to  look  at  the  goal  location.  Comparing  these  flights  with  those 
of  workers  departing  from  the  feeder,  we  found  striking  similarities  in  durations,  viewing 
directions  and  other  features  that  characterise  insect  learning  flights.  We  conclude  that  learning 
flights  occur  in  both  sexes  at  goals  that  are  important  to  them. 
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Native  bees  shift  to  use  positively  alien  flowering  species  as  favorable  food  resources  with  the 
expansion  of  distribution  in  native  ecosystems.  In  addition,  alien  plants  seem  to  help  native 
insects  to  increase  their  reproductive  success.  Red  clover,  Trifolium  pratense ,  is  a  common  alien 
plant  in  Japan,  without  any  information  on  effective  pollinators.  The  foraging  behavior  of  native 
bees  in  relation  to  the  flowering  strategy  of  red  clover  in  the  cool  temperate  zone  of  Japan  was 
carried  out.  The  flowering  pattern  of  inflorescence  indicated  that  the  insect  attractive  stage  was 
early,  middle  and  full  bloom.  Nectar  volume  increased  with  the  flowering,  while  no  difference  in 
the  pollen  amount  of  each  stage  was  detected.  The  main  flower  visitors  of  bee  were  sweat  bee, 
honeybee  and  native  bumblebees.  Bees  collected  pollen  and/or  nectar  from  the  inflorescence. 
They  tended  to  start  the  foraging  from  the  bottom  florets  of  inflorescence.  Except  for  Bombus 
diversus ,  the  proboscis  of  other  bee  species  were  short  compared  with  the  tube  length,  indicating 
that  B.  diversus  was  an  adaptive  pollinator  for  red  clover.  On  the  other  hand,  B.  hypocrita,  which 
have  a  short  proboscis,  also  visited  as  frequently  as  B.  diversus.  Although  B.  hypocrita  rob  nectar 
by  gnawing  a  hole,  handling  time  and  the  number  of  visited  florets  on  inflorescences  were  not 
different  with  those  of  B.  diversus.  Then,  the  pollen  of  red  clover  was  attached  on  the  body  of  B. 
hypocrita ,  suggesting  that  the  nectar  robber  also  behave  as  a  potential  pollinator  of  red  clover. 
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Abstract  text: 

Spring  emerging  ground-nesting  bees  provide  essential  pollination  services  for  many 
economically  valuable  crops.  Resources  for  foraging  and  nesting  limit  pollinator  communities, 
especially  in  intensely  managed  landscapes.  Many  geospatial  models  incorporate  foraging 
resources  to  predict  pollinator  abundance  and  diversity,  but  much  less  is  known  about  mapping 
potential  nesting  resources.  Modeling  nesting  habitat  of  ground-nesting  bees  is 
particularly  challenging  because  species  vary  in  preferences  for  soil  characteristics  and  have 
diverse  behaviors  associated  with  nesting.  We  quantified  areas  of  potentially  suitable  nesting 
soils  that  satisfied  the  broadest  range  of  preferences  in  and  around  19  apple  orchards  across  New 
York  State.  Suitable  soil  was  defined  as  well-drained,  greater  than  30  percent  sand  and  excluded 
areas  of  dense  conifer  forests,  wetlands,  and  steep,  north-facing  slopes  using  soil  survey  data, 
land-use  land  cover  data,  and  digital  elevation  models.  We  aimed  to  determine  how  proportion  of 
suitable  soil  surrounding  orchards  at  different  spatial  scales  affected  faunal  similarity,  presence 
of  individual  species,  and  ground-nesting  bee  species  richness  and  abundance  collected  on  apple 
orchards  in  the  spring  of  2012  and  2013.  Of  six  abundant  ground-nesting  bee  species 
investigated  for  presence/absence,  only  Colletes  inaequalis,  a  species  that  strongly  associates 
with  sandy  soil,  had  a  significant  (P  <  0.1)  positive  relationship  with  amount  of  suitable  soil  in 
the  orchard,  suggesting  that  the  model  can  detect  strong  signals.  These  results  help  improve  our 
ability  to  predict  and  model  ground-nesting  bee  populations  within  an  agricultural  landscape 
context  and  can  inform  larger  scale  models  that  inform  growers  and  land  managers  on  best 
approaches  to  conserve  pollinator  habitat. 
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The  genetic  underpinnings  of  social  behavior  are  of  great  interest  to  understanding  the  evolution 
of  social  complexity.  With  the  advent  of  comparative  genomics,  emphasis  has  been  placed  on 
characterizing  the  underlying  genomic  mechanisms  of  the  transition  from  solitary  to  eusocial 
behavior  in  bees.  While  genomic  data  are  available  for  both  solitary  and  eusocial  species,  data 
are  deficient  for  subsocial  and  incipiently  social  species.  Since  the  evolutionary  path  from 
solitary  to  eusocial  likely  involved  these  intermediates,  genomic  comparisons  including 
subsocial,  incipiently  and  primitively  social  species  will  provide  important  insights  into  the 
genomic  mechanisms  underlying  the  transition  from  simple  to  complex  societies.  Ceratina  small 
carpenter  bees  exhibit  the  full  range  of  social  forms  from  solitary  to  eusocial  colony 
organization.  Here,  we  present  the  genome  of  the  Australian  small  carpenter  bee,  Ceratina 
australensis.  This  species  is  of  special  interest  because  it  is  socially  polymorphic  with  both 
solitary  and  social  nests  occurring  in  the  same  populations.  C.  australensis  provides  a  natural 
experiment  and  unprecedented  potential  to  explore  the  molecular  changes  that  may  underlie  the 
transition  from  solitary  to  social  life  within  a  single  species.  We  use  genomic  data  to  identify 
taxonomically  restricted  genes  and  areas  of  the  genome  under  positive  selection.  Additionally, 
we  provide  comparative  transcriptomic  data  of  a  socially  polymorphic  bee. 
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Sibling  cannibalism,  the  killing  and  consumption  of  conspecific  individuals  of  same  lineage,  has 
been  reported  among  many  taxonomic  groups  of  animals.  In  most  cases,  sibling  cannibalism 
entails  a  high  risk  of  direct  and  inclusive  fitness  loss  for  the  parents  and  their  offspring.  Maternal 
regulation  is  an  effective  mechanism  preventing  or  limiting  sibling  cannibalism.  Subsocial 
burrower  bug  Adomerus  rotundus  (Heteroptera:  Cydnidae)  mothers  produce  physical  vibrations 
immediately  before  their  eggs  hatch.  A  previous  report  described  that  such  maternal  vibrations 
function  to  regulate  synchronous  hatching.  For  this  study,  we  tested  the  hypothesis  that 
synchronous  hatching  of  A.  rotundus  is  necessary  to  mitigate  risks  of  cannibalism  to  explain  the 
adaptive  significance  of  maternal  hatching  regulation.  We  expected  that  asynchronous  hatching 
might  result  in  earlier-hatched  nymphs  eating  eggs  that  have  not  yet  hatched  or  even  young 
nymphs  that  hatch  later.  In  fact,  no  difference  was  found  in  the  occurrence  of  egg  cannibalism  in 
groups  hatched  synchronously  (SH)  or  asynchronously  (AH).  However,  the  occurrences  of 
nymphal  cannibalism  in  SH  and  AH  groups  were  remarkably  different.  We  inferred  that 
asynchronous  ecdysis  produced  these  differences  because  it  caused  asynchronous  hatching.  We 
frequently  observed  that  earlier-hatched  nymphs  ate  later-hatched  nymphs  and  that  earlier- 
hatched  nymphs  also  faced  risk  of  predation  by  later-hatched  nymphs  at  ecdysis.  Results  show 
that  synchronous  hatching  of  A.  rotundus  mitigates  risks  of  sibling  cannibalism. 
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Abstract  text: 


Acetylated  glyceride  (AG;  BEMIDETACHtmEC),  a  food  additive,  has  repellency  against  adult 
sweetpotato  whiteflies  ( Bemisia  tabaci)  and  inhibits  their  mating  behaviors.  We  evaluated  the 
effects  of  AG  spray  to  tomato  plants  on  the  infestation  of  whiteflies  and  the  occurrence  of 
Tomato  yellow  leaf  curl  virus  (TYLCV)  disease  in  greenhouse. 

Healthy  tomato  plants  (cv.  Momotaro  8)  were  transplanted  at  16  plants  per  plot  in  90  m2  plastic 
greenhouse  on  21  Oct.  2015.  Two  TYLCV-IL-infected  plants  were  transplanted  in  each  plot 
as  infection  sources.  Three  hundred  non-viruliferous  adult  whiteflies  (B  biotype)  were  released 
to  each  plot  seven  days  after  transplant.  Plants  were  then  sprayed  with  AG  (4.0  kg  a.i./ha)  three 
times  every  two  weeks  after  release.  Spiromesifen  and  fenpyroximate-buprofezin  mixture  were 
sprayed  at  4- week  intervals  as  a  comparison  (insecticide  plots).  The  experiment  was  conducted 
with  three  replications.  TYLCV  infection  on  tomato  plants  was  investigated  by  DAS-ELISA 
forty  days  after  release. 

The  abundance  of  adult  whiteflies  in  AG-sprayed  plots  was  lower  than  in  untreated  control  plots, 
at  less  than  8%  of  control.  The  abundance  of  progeny  in  AG-sprayed  plots  was  also  lower  than  in 
control  plots,  at  46-56%  of  control,  however,  was  2.9  to  1 1.9  times  higher  than  in  insecticide 
plots.  The  incidences  of  TYLCV-infected  plants  were  26.7%  in  AG-sprayed  plots  and  88.1%  in 
untreated  control  plots  (p<0.01)  (24.4%  vs.  85.1%  for  symptomatic  plants).  These  results  suggest 
that  AG  spray  can  suppress  whitefly  infestation  and  secondary  spread  of  TYLCV  in  tomato 
greenhouses. 
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Abstract  text: 

Tomato-yellow-leaf-curl  virus  (TYLCV),  which  is  transmitted  by  Bemisia  tabaci ,  is  of  particular 
concern  in  tomato  production.  The  food  additive  acetylated  glyceride  (AG;  Bemidetach™  EC) 


was  officially  approved  as  a  novel  repellent  in  Japan  in  2015.  We  evaluated  the  suppressive 
mechanism  of  AG  on  TYLCV  infection. 

Experiment  1.  Grape-tomato  seedlings  treated  with  AG  (0.2%,  v/v)  or  water  were  placed  in  each 
test  tube.  One  viruliferous  adult  B.  tabaci  was  released  for  7  d  under  a  no-choice  condition. 
Experiment  2.  Petri  dishes  were  filled  with  a  mixed  solution  of  AG  plus  sucrose  (30%)  or 
sucrose  solution  and  a  female  B.  tabaciQ  was  released  on  the  dish,  which  was  sealed  with 
Parafilm.  The  adults  that  remained  on  the  leaves  (Experiment  1)  and  the  number  of  honey  dew 
excreta  (Experiments  1  &  2)  were  counted  and  the  presence  of  TYLCV  infection  was  detected 
by  a  diagnostic  assay  (Experiment  1). 

Experiment  1.  Fewer  adult  females  settled  on  the  seedlings  treated  with  AG  than  on  non-treated 
leaves  up  to  2  d  after  release  (DAR)  during  the  7-d  observation  period.  The  AG  treatment 
significantly  reduced  the  incidence  of  TYLCV  infection  in  plants.  The  amount  of  honey  dew 
excreta  on  the  treated  leaves  was  55%  lower  than  on  non-treated  leaves  at  7  DAR.  Experiment  2. 
The  number  of  honey  dew  excreta  produced  by  females  fed  AG  plus  sucrose  was  76%  lower  than 
for  those  fed  sucrose  alone.  We  believe  that  the  main  suppressive  mechanism  of  AG  in  TYLCV 
infection  is  via  anti-feeding  activity  against  B.  tabaci. 
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Abstract  text: 

The  whitefly  Bemisia  tabaci  (Hemiptera:  Aleyrodidae)  is  an  important  vector  of  numerous  plant 
viruses  including  the  emergent  semipersistently -transmitted  Tomato  chlorosis  virus  (ToCV) 
(genus  Crinivirus ,  family  Closteroviridae).  The  objective  of  this  study  was  to  reveal  the  feeding 
behavior  of  B.  tabaci  in  relation  to  the  inoculation  of  ToCV.  Single  viruliferous  whiteflies  were 
monitored  using  the  Electrical  Penetration  Graph  (EPG)  technique  on  tomato  test  plants,  and 


removed  when  specific  behavioral  events  were  recorded.  Then,  whiteflies  were  individually 
transferred  to  another  tomato  plant  for  an  inoculation  access  period  of  72h.  EPG  recordings  were 
classified  into  six  categories  depending  on  the  waveforms  observed:  I)  stylet  pathway,  II)  stylet 
pathway  +  >1  potential  drops,  III)  stylet  pathway  and  a  single  El,  IV)  stylet  pathway  and  a  single 
transition  E1/E2  phase,  V)  stylet  pathway  and  a  single  E1+E2  phase,  and  VI)  stylet  pathway 
followed  by  several  E1+E2  phases.  ToCV  infection  was  confirmed  by  tissue  blot  molecular 
hybridization  using  a  coat  protein  gene  probe.  The  results  showed  that  ToCV  infection  is  mainly 
associated  with  the  salivation  phase  in  phloem  sieve  elements,  as  there  was  a  significant  increase 
in  transmission  rate  when  whiteflies  reached  the  El  phase  (60%).  There  was  no  significant 
increase  in  transmission  rate  when  whiteflies  were  interrupted  during  the  E1/E2  transition  phase 
(73.3%),  but  there  was  a  significant  increase  in  transmission  after  several  E1+E2  phases.  We  also 
observed  some  positive  cases  before  whiteflies  reached  El  (5/160),  suggesting  that  transmission 
may  occur  at  a  low  rate  before  whiteflies  reach  the  phloem  sieve  elements. 
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Abstract  text: 

The  rates  of  spread  of  insect-transmitted  plant  pathogens  are  a  function  of  vector  abundance. 
Despite  this,  factors  affecting  population  growth  rates  of  insects  that  transmit  plant  pathogens 
have  received  limited  attention.  The  glassy-winged  sharpshooter  ( Homalodisca  vitripennis )  feeds 
on  xylem-sap  and  has  a  broad  host  range.  As  a  result,  the  glassy-winged  sharpshooter  is  capable 
of  transmitting  the  xylem-limited  bacterial  pathogen  Xylella  fastidiosa,  which  causes  disease  in  a 
wide  range  of  perennial  crops.  Studies  to  identify  factors  affecting  egg  production  by  the  glassy¬ 
winged  sharpshooter  have  been  conducted  over  the  past  decade.  Results  indicate  that  females 
emerge  without  mature  eggs  and  must  feed  to  produce  mature  eggs.  During  oviposition  events, 
females  deposit  the  majority  of  their  egg  load,  thereby  requiring  another  feeding  bout  to  produce 
additional  mature  eggs.  Low  levels  of  feeding  (<12  ml  of  excreta)  were  associated  with  an 
increase  in  female  dry  weight  and  body  lipid  content,  but  little  egg  production.  As  levels  of 


feeding  increased  (>12  ml  of  excreta),  females  diverted  resources  to  egg  production.  As  a  result, 
there  was  an  exponential  relationship  between  feeding  (as  measured  by  excreta  production)  and 
egg  load.  Rates  of  egg  maturation  varied  with  host  plant  species,  suggesting  that  host  plant 
species  vary  in  quality  for  providing  nutrients  to  produce  mature  eggs.  Xylem-sap  chemical 
profiles  of  plants  used  in  egg  maturation  assays  vary,  although  it  is  unclear  if  differences  in  egg 
maturation  rates  were  due  to  feeding  stimulants,  feeding  deterrents,  or  quantity  of  limiting 
compounds. 
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Abstract  text: 

Central  India  is  a  main  soybean  producing  area,  where  legume  crops  suffer  from  yellow  mosaic 
disease  (YMD)  incited  by  mungbean  yellow  mosaic  India  virus  (MYMIV).  MYMIV  is 
transmitted  by  the  whitefly  Bemisia  tabaci ,  a  species  complex  composed  of  various  genetic 
groups.  B.  tabaci  harbors  different  endo symbionts  among  regional  strains  and  among 
individuals.  As  a  part  of  ongoing  project  in  the  state  of  Madhya  Pradesh  (MP)  on  MYMIV,  the 
infection  status  of  the  symbionts  and  virus  in  whiteflies  were  studied.  PCR  survey  of  the 
whiteflies  collected  from  34  places  in  MP  revealed  four  secondary  endo  symbionts, 

Arsenophonus ,  Hemipteriphilus ,  Wolbachia ,  and  Cardinium  in  addition  to  primary  endosymbiont 
Portiera.  Arsenophonus  and  Hemipteriphilus  were  highly  infected  and  infection  rate  of 
Wolbachia  and  Cardinium  was  low.  MYMIV  was  detected  from  whitefly  populations  collected 
from  various  host  plants  in  MP.  The  strains  of  whiteflies  belonged  to  the  genetic  groups  of  Asian 
I  and  II;  predominant  Asian  II  populations  were  distributed.  Specific  relation  was  not  observed 
among  symbiont  infection  status,  virus  infection,  and  the  whitefly  genetic  groups,  though 
relatively  high  detection  of  Cardinium  was  found  to  be  associated  with  Asian  II  I  group  of  B. 
tabaci.  New  primers,  which  can  be  used  for  template  validation  and  for  discriminating  two 
phylogenetically  close  endosymbionts,  were  designed.  Analysis  of  genome  sequences  of 


MYMIV  strains  was  also  performed,  revealing  that  there  are  variations  in  the  sequences  among 
strains. 
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Abstract  text: 

Yellow  mosaic  disease  (YMD)  caused  by  mungbean  yellow  mosaic  India  virus  (MYMIV)  is  one 
of  the  obstacles  in  legume  crop  production  in  Madhya  Pradesh  (MP),  central  India;  there  was  a 
serious  outbreak  of  YMD  in  soybean  plants  in  2015.  The  sweetpotato  whitefly,  Bemisia  tabaci ,  a 
vector  of  MYMIV,  is  highly  prevalent  on  various  plants  in  this  area.  Main  cultivating  period  of 
legume  crops  are  summer  (March-mid  June)  and  Kharif  (mid  June-November)  seasons; 
mungbean  and  blackgram  are  cultivated  in  both  the  summer  and  Kharif  seasons,  whereas 
soybean  in  Kharif  season.  Aiming  at  revealing  virus  life  cycles  and  avoiding  the  damage  of 
YMD  in  soybean  production,  we  took  surveys  in  farmers’  lands  and  an  experimental  farm. 
Blackgram  was  often  more  heavily  infected  with  MYMIV  than  soybean  in  the  field.  However, 
experimental  observation  in  experimental  plots  showed  that  MYMIV  symptom  development, 
whitefly  population  changes,  and  viruliferous  rates  of  whiteflies  between  two  crops  differed  little 
in  both  seasons,  suggesting  both  crops  are  equally  suitable  host  legume  plant  for  MYMIV.  The 
symptom  development  seems  to  be  related  to  the  whitefly  immigration  to  the  crop  fields  in  early 
stages,  especially  in  Kharif  season,  because  many  whiteflies  immigrate  from  summer  crops. 
Other  host  plants  of  the  whitefly  are  considered  to  be  possible  virus  reservoirs  and  further 
holistic  field  surveys  are  needed. 
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Abstract  text: 

Whiteflies  are  considered  as  one  of  the  most  important  pests  in  agriculture.  Most  whitefly 
species  are  either  oligophagous  or  polyphagous  and  few  monophagus  (like  A.  socialis  in  South 
America)  and  they  attack  several  crops.  In  addition  to  the  direct  damage  caused  by  feeding  on 
the  plant,  they  transmit  plant  viruses.  Whiteflies  maintain  close  associations  with  bacterial 
endosymbionts  that  can  significantly  influence  their  biology.  We  evaluated  the  presence  and 
location  of  endosymbionts  in  four  whitefly  populations  collected  on  cassava  from  Cali,  Valle  del 
Cauca,  Colombia.  Molecular  identification  of  the  insects  and  endosymbionts  was  done  by 
cytochrome  c  oxidase  subunit  I  gene  (mtCOI).  Further,  a  fluorescence  in  situ  hybridization  was 
used  to  localize  the  endosymbionts  in  the  whole  insect.  COI  revealed  the  presence  of  two 
whiteflies  species.  Trialeurodes  variabilis  (olyphagous)  and  Aleurotrachelus  socialis 
(monophagous).  COI  gene  sequencing  showed  that  Portiera  was  detected  in  all  whitefly 
individuals.  Additionally,  T.  variabilis  was  infected  with  Arsenophonus  and  A.  socialis  was 
infected  with  Cardinium.  Fluorescence  in  situ  hybridization  analysis  on  representative 
individuals  showed  that  Arsenopnohus  was  localized  inside  the  bacteriome  while  Cardinium 
exhibited  dual  localization  patterns.  This  study  is  the  first  survey  of  T.  variabilis  and  A.  socialis 
collected  in  Colombia,  and  provides  further  insights  into  the  complexity  of  infection  with 
secondary  endosymbionts  in  whiteflies. 
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Environmental  factors  influence  flight  activity  of  insect  vectors  with  implications  on  disease 
spread  and  management.  This  study  was  designed  to  determine  the  effect  of  temperature  on 
flight  propensity  of  the  Asian  citrus  psyllid,  Diaphorina  citri ,  vector  of  causative  agents  of  citrus 
Huanglongbing  (HLB),  as  well  as  its  take-off  temperature  threshold. 

To  evaluate  the  effect  of  temperatures  on  flight  propensity,  groups  of  40  third- instar  nymphs 
were  transferred  to  non-infected  sweet  orange  seedlings  ( Citrus  sinensiscv.  Caipira)  confined 
inside  clear  plastic  bottle  cages  with  tubes  of  50  ml  placed  on  the  cap,  in  order  to  collect  emerged 
adults  that  initiated  flights.  The  study  was  conducted  in  incubator  chambers  at  constant 
temperatures  of  18,  22,  27  or  32°C  (treatments).  Take-off  temperature  threshold  was  determined 
by  recording  the  number  of  5 -day  old  adults  that  initiated  flight  from  a  platform  when  subjected 
to  gradual  temperature  increases  from  15  to  39°C. 

When  subjected  to  constant  temperatures,  emerged  adults  were  more  and  less  prone  to  fly  at  27 
and  18°C,  respectively.  Of  150  insects  that  initiated  flights  when  the  temperature  was  increased 
gradually,  only  2-3  individuals  did  it  at  17-19°C;  the  take-off  rates  increased  between  21  and  27 
°C,  and  50%  of  the  population  had  already  flown  at  27°C,  indicating  that  this  is  the  temperature 
threshold  for  D.  citri  take-off.  The  results  show  that  temperature  plays  an  important  role  on  flight 
activity  of  D.  citri,  and  suggest  that  control  measures  of  D.  citri  may  be  more  effective  at 
temperatures  below  27°C,  when  the  insects  are  less  active. 
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Abstract  text: 

The  purpose  of  the  research  was  to  investigate  entomopathogenic  nematode  populations 
associating  with  ambrosia  beetles  in  its  origin  places,  and  their  interactions  among  host  and 
symbionts.  Ambrosia  beetles  are  important  pest  of  forests  and  many  cash  crops.  The  beetles  store 
and  carry  symbiotic  fungi  within  mycangia,  and  cultivate  the  fungus  as  their  food  while  they 
excavate  tunnels  within  host  trunks  after  physical  invasion.  Some  Asia-originated  ambrosia 
beetles,  especially  Euwallacea  sp.,  that  carry  the  symbiont  fungus  Fusarium  ambrosium ,  have 
caused  serious  damages  to  the  avocado  industry  in  United  States  in  the  past  couple  years  after 
successful  invasion.  Entomopathogenic  nematodes  could  serve  as  biological  control  agents 
against  ambrosia  beetles.  In  this  study,  ambrosia  beetles  in  forests  and  orchards  were  collected 
from  10  locations  in  Taiwan,  the  origin  of  several  Euwallacea  species,  and  nematode  samples 
were  harvested  from  the  dissected  pieces  of  beetle  cadavers  at  room  temperature  incubation. 
Morphological  characteristics  of  nematodes  were  recorded  and  measured  under  dissect  and 
compound  microscopes,  and  then  identified  molecularly  by  sequences  of  multi-regions  of  genes. 
Total  DNA  of  the  obtained  nematode  samples  were  extracted  individually  with  a  modified  single 
nematode  extraction  method  and  gel  cleaned  before  use.  Multiple  regions  of  the  ribosomal  gene 
and  the  mitochondria  gene  were  PCR  amplified  with  nematode  specific  primers,  and  then 
sequenced  for  identification  analysis.  Phylogenetic  analysis  revealed  several  nematode 
populations  associating  with  ambrosia  beetles  in  Taiwan. 
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Abstract  text: 


Huanglongbing  (HLB)  is  a  severe  citrus  disease  associated  to  phloem-limited  bacteria  in  the 
genus  'Candidatus  Liberibacter’,  which  were  detected  in  Brazil  in  2004.  In  2008,  another 
bacterium  was  found  in  association  with  HLB  symptom  in  Sao  Paulo  State,  and  characterized  as 
a  phytoplasma  belonging  to  16SrIX  group.  Phytoplasmas  are  vector-borne  phytopathogenic 
mollicutes  that  inhabit  plant  sieve  elements.  To  understand  the  epidemiology  and  establish 
management  strategies  of  this  disease,  it  is  important  to  know  the  insect  vector  involved  in  the 
system.  Scaphytopius  marginelineatus  (Stal)  was  identified  carrying  the  16SrIX  group 
phytoplasma,  and  also  this  leafhopper  specie  was  abundant  and  frequently  found  in  citrus 
orchards  with  positive  plants  to  the  phytoplasma.  The  objective  of  this  study  was  to  test  the 
experimental  transmission  of  the  16SrIX  group  phytoplasma  by  S.  marginelineatus.  Healthy 
adults  from  laboratory  rearing  were  caged  on  phytoplasma  PCR-positive  citrus  plants  for  an 
access  acquisition  period  of  72  hours  then  kept  on  Sida  rhombifolia  L.  plants  for  a  latent  period 
of  21  days.  After  that,  infected  leafhoppers  were  caged  on  seedlings  of  healthy  citrus  plants  for 
72  hours  of  inoculation  access  period.  Positive  plants  were  confirmed  by  nested-PCR.  S. 
marginelineatus  was  capable  to  transmit  the  citrus  phytoplasma  in  a  low  efficiency  rate  (0.5%). 
Low  concentration  of  phytoplasma  in  plants  and  insects  could  explain  such  results.  These  results 
confirm  the  possible  effect  of  S.  marginelineatus  in  citrus  phytoplasma  epidemiology,  spreading 
this  phytopatogenic  agent  in  a  primary  and  secondary  dissemination  way. 
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Abstract  text: 

The  Asian  citrus  psyllids  (ACP)  is  a  known  vector  of  Candidatus  Liberibacter  asiaticus  ( Clas ), 
which  is  the  causal  agent  of  Huanglongbing  (HLB).  HLB  is  considered  one  of  the  most 
devastating  citrus  diseases.  The  opportunity  to  analyze  spatial  patterns  for  the  underlying 
biological  process  has  developed  from  the  wide  spread  sampling  and  testing  of  ACP  in  Texas 
and  California  to  locate  infections  of  HLB.  The  real-time  polymerase  chain  reaction  diagnostic 


methods  used  to  detect  the  casual  agents  of  HLB  are  set  to  run  for  40  cycles.  The  reaction  must 
surpass  a  set  threshold  of  <  32  prior  to  the  completion  of  the  run  to  be  considered  positive  for  the 
presence  of  Clas.  Currently,  reactions  that  surpass  the  threshold  at  33  or  more  cycles  have 
proven  difficult  to  acquire  confirmatory  conventional  PCR  bands  and  DNA  sequence  data.  Thus, 
these  samples  are  classified  as  inconclusive.  The  question  we  are  trying  to  answer  is  whether 
information  in  the  Ct- values  between  32  and  40,  is  also  useful  for  predicting  locations  with  HLB 
infected  citrus  plants.  Based  on  the  spatial  pattern  analysis  and  pattern  of  HLB  positive  tree 
detections  in  both  Texas  and  California,  there  appears  to  be  a  biological  process  involved 
underlying  Ct- values  in  the  range  of  32  -  40.  Results  indicate  clustering  of  Ct- values  of  psyllid 
samples  in  some  areas  and  not  a  random  distribution.  In  both  Texas  and  California  spatial 
clustering  of  psyllid  samples  with  inconclusive  Ct- values  have  been  shown  to  cluster  around 
known  positive  HLB  infected  trees. 
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Abstract  text: 

We  used  the  Ion  Torrent  Personal  Genome  Machine  to  examine  the  microbiomes  of  24 
Amblyomma  americanum  ticks  from  Oklahoma.  Samples  included  flat  (19)  and  engorged  (5) 
ticks  collected  from  human  (10),  horse  (12),  dog  (1),  and  unknown  (1)  hosts.  For  our  initial 
analyses  of  the  platform  with  the  Ion  318  chip  (version  2)  and  200  bp  sequencing  chemistry  for 
this  application,  we  sequenced  the  16S  rRNA  V4  gene  region  from  each  of  the  24  A. 
americanum  plus  one  control  DNA  in  parallel  using  previously  assessed  barcoded  fusion  primers 
chosen  from  a  region  with  minimal  tick  DNA  amplification.  This  approach  yielded  an  average  of 
233,000  sequencing  reads  per  tick,  with  a  range  of  176,000-291,000  reads.  We  detected  a  total 
206  bacterial  genera  among  all  samples,  with  a  range  of  16-88  genera  per  sample.  Many  genera 
were  very  rarely  detected,  with  92  present  in  only  one  tick  and  135  genera  with  an  average 
abundance  <100  reads  (0.04%).  We  also  detected  our  expected  primary  target  genera,  Rickettsia 
and  Coxiella ,  at  great  depth.  These  results  are  consistent  with  our  conclusions  based  on  previous 


analyses  performed  using  the  Roche  454  sequencing  platform  with  GA  tick  DNAs  at  lower  read 
coverage.  We  demonstrated  sufficient  16S  read  depth  can  be  obtained  on  the  Ion  Torrent  PGM 
for  microbiome  analysis  with  25  barcoded  samples  sequenced  on  one  Ion  318  chip  but  we  expect 
up  to  50  barcoded  samples  can  be  run  on  the  Ion  Torrent  PGM  system  with  comparable 
reliability. 
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Abstract  text: 

Ticks  are  worldwide-living  chelicerate  arthropods  which  represent  economically  important 
obligatory  blood-feeders  and  vectors  of  a  wide  spectrum  of  pathogens  to  human,  domestic  and 
wildlife  animals. 

The  first  legumain  identified  from  arthropods  was  IrAEl  {Ixodes  ricinus  asparaginyl 
endopeptidase).  IrAEl  has  been  characterized  as  a  crucial  cysteine  endopeptidase  of  the 
multienzyme  hemoglobinolytic  machinery  in  ticks.  Genomic  and  EST  data  from  closely  related 
Ixodes  scapularis  complement  IrAEl  with  a  full-set  of  nine  legumain-like  peptidases,  IsAEl-9. 
IsAEl-3  posses  the  active  site  triad  and  are  thus  capable  of  protein  bond  hydrolysis.  We  propose 
that  other  isoforms  with  modified  active  site  may  function  as  protein  ligases  or  carboxylases. 
Expressional  qRT-PCR  profiling  over  I.  scapularis  lifestages  and  tissues  demonstrates  that 
predominant  abundance  of  IsAEl  in  female  guts  is  accompanied  by  three  other  legumains 
IsAE2,  IsAE4  and  IsAE9.  Interestingly,  IsAEl  is  upregulated  by  bloodfeeding,  whereas  the  level 
of  IsAE2  expression  is  constant.  IsAE2  replaces  IsAEl  as  the  dominant  gut  tissue  legumain  in 
unfed  lifestages.  IrAEl  and  IrAE2  have  nearly  identical  in-silico  3D  model  structures,  yet  have 
distinct  properties.  In  contrast  to  IrAEl,  which  is  self-catalytically  activatable  in  acidic 
conditions,  IrAE2  expressed  in  yeast  does  not  exhibit  self-catalytic  activation  and  is  activated  by 
IrAEl  in-trans. 


RNAi  experiments,  qRT-PCR,  and  in-vivo  LE28  activity  probe  labeling  are  performed  to 
ascertain  potential  differences  between  IrAEl  and  IrAE2.  IrAEl  and  IrAE2  expressed  in  E. 
colidiXQ  now  used  for  rabbit  immunization  and  tested  as  anti-tick  vaccine  targets. 

Acknowledgments:  This  work  was  supported  by  the  Grant  Agency  of  the  Czech  Republic  No. 
14-33693S. 
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Abstract  text: 

The  bluetongue  virus  (BTV,  family  Reoviridae,  order  Orbivirus)  is  an  OIE  listed  vector-borne 
disease  of  livestock  transmitted  by  the  culicoides  species  of  biting  midges.  Climate  change  is 
expected  to  increase  the  activity  of  theses  insect  vectors  resulting  in  the  increased  occurrence  of 
such  vector-borne  diseases  and  it  is  essential  that  information  such  as  the  distributions  of 
biological  vector  species  of  Culicoides  is  available  to  be  better  prepared  for  future  outbreaks.  For 
these  reasons,  a  monitoring  study  was  conducted  in  the  Republic  of  Korea  (ROK)  using 
mosquito  magnet  traps  and  blue  light  traps  which  were  operated  across  the  country  in  2013  and 
2014.  Species  identification  was  performed  based  on  morphological  characteristics  proposed  by 
Ree.  Culicoide ssamples  were  pooled  and  screened  for  BTV  using  qRT-PCR. 

In  2013,  a  total  of  64,026  specimens  consisting  of  22  species  were  captured  at  28  sites,  which 
included  Culicoides  punctatus ,  C.  arakawae ,  C.  erairai,  C.  tainanus ,  C.  nipponensis ,  C. 
pulicaris ,  C.  circumscriptus  and  others.  In  2014,  a  total  of  807  specimens  consisting  of  12 
species  were  captured  at  21  sites,  which  included  C.  tainanus ,  C.  arakawae ,  C.  homotomus ,  C. 
circumscriptus ,  C.punctatus ,  C.  nipponensis  and  C.  japonicus.  A  total  of  1,846  Culicoides 


samples  were  placed  into  399  pools  and  tested.  BTV  was  identified  in  pools  of  C.  tainanus,  C. 
punctatus,  C.  arakawae,  C.  japonicus ,  C.  homotomus,  C.  eraira,  C.  circumscriptus  and  C. 
nipponensis. 

Further  study  will  be  required  to  determine  the  possible  role  of  the  dominant  species  and  vector 
competence  of  the  species  that  were  positive  for  BTV. 
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Abstract  text: 

Culicoides  spp.  are  vectors  of  many  animal  diseases  worldwide  but  most  notably  in  two  closely 
related  viruses  in  the  USA  -  epizootic  hemorrhagic  disease  viruses  (EHDV)  and  bluetongue 
viruses  (BTV).  Hemorrhagic  disease  (HD)  has  long  been  recognized  as  one  of  the  most 
significant  diseases  of  white -tailed  deer  ( Odocoileus  virginianus ),  but  EHDV  and  BTV  can  also 
cause  disease  in  other  wild  and  domestic  ruminants.  Although  this  disease  is  well-known,  the 
identity,  ecology  and  population  dynamics  of  the  vectors  that  cause  disease  outbreaks  are 
not.  Culicoides  sonorensis  (Diptera:  Ceratopogonidae)  is  the  only  confirmed  vector  of  both  BTV 
and  EHDV  in  most  of  the  USA,  but  little  is  known  of  its  breeding  habitats  outside  of  dairy  ponds 
in  California.  Other  potential  vectors  exist  but  little  is  known  of  their  breeding  habitats  as  well.  A 
long  term  study  was  initiated  to  examine  the  breeding  habitats  of  Culicoides  spp.  in  the  Konza 
Prairie  Preserve  to  evaluate  the  role  of  habitat  type  (springs,  creeks,  Bison  wallows,  stock  ponds 
etc.)  and  animal  use  type  (cattle  grazing,  Bison  grazing,  and  un-grazed)  on  habitat  use  by 
Culicoides.  Results  indicate  that  both  habitat  type  and  animal  use  significantly  affect  the 
Culicoides  spp.  that  use  specific  breeding  site  types.  Culicoides  sonorensiswas  found  to  be 
uncommon  in  this  prairie  ecosystem  casting  doubt  on  its  significance  as  a  vector  in  some 
locations. 


Poster 


Presentation  Title:  A  mechanical  transmission  of  dengue  vims  infection  in  mice  by  mosquito 
Aedes  aegypti 

Author  Name:  Kuen-Nan  Tsai 

Author  Institution:  National  Health  Research  Institutes 

Session  Title:  Poster  Session  4:  Arthropod  Vectors  of  Animal  and  Plant  Disease 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3833 

DOI:  10.1603/ICE.2016. 115700 

Abstract  text: 

Dengue  virus  (DENV)  is  transmitted  by  Aedes  mosquitoes  between  humans  and  causes  febrile 
illness  and  severe  diseases  of  dengue  hemorrhagic  fever  and  dengue  shock  syndrome  in  some 
patients.  Dengue  outbreaks  have  become  a  serious  threaten  to  public  health  in  tropic  and 
subtropic  areas  and  are  expanding  geographically.  After  an  extrinsic  incubation  period  (EIP)  in 
mosquito  midgut  and  salivary  gland,  infectious  DENV  is  secreted  in  the  saliva  and  transmitted  to 
a  new  host  via  next  blood  feeding  behavior.  Thus  DENV  outbreaks  highly  depends  on  a  human- 
mosquitoes-human  cycle  and  correlates  with  the  Aedes  mosquitoes  distribution,  density,  and 
blood-feeding  behavior.  A  comprehensive  understanding  on  how  DENV  is  transmitted  by 
mosquito  to  human  will  be  fundamental  for  the  development  of  new  strategies  to  eliminate 
dengue  outbreaks.  Here  we  show  that  DENV  clinical  isolate  of  Taiwan  can  replicate  robustly  in 
both  Aedes  aegypti  and  immune  deficient  mice  and  can  be  further  transmitted  to  a  new  host  by 
mosquitoes.  With  the  DENV  transmission  mouse  model,  we  further  proved  that  DENV  can  be 
transmitted  mechanically  to  a  second  host  without  a  completion  of  DIP  inside  mosquito.  By 
mathematical  modeling  and  epidemic  data  analysis,  we  show  that  mechanical  transmission  could 
make  a  meaningful  contribution  to  dengue  outbreaks.  Therefore,  the  finding  suggests  that  vector 
control  efforts  for  DENV  should  take  mechanical  transmission  into  account,  and  could  contribute 
to  realize  the  epidemiological  significance  of  DENV  transmission  in  endemic  areas. 
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Little  published  information  exists  on  Honduran  Lampyridae.  Few  firefly  surveys  have  occurred 
in  the  past  100  years  in  this  biologically  rich,  species  diverse  country  which  is  part  of  the  critical 
Mesoamerican  Biological  Corridor. 

From  2005  to  2016,  at  25+  sites,  surveys  of  fireflies  were  made  by  Hugh  Faust,  traveling  by  foot 
or  raft,  using  nets  or  light  traps.  Sampled  habitats  in  the  Rios  Copan,  Cangrejal  and  Platano 
watersheds,  spanning  five  (of  18)  Honduran  Departaments,  included  a  cloud  forest,  coffee 
plantation,  primary  and  secondary  rainforests,  inhabited  areas  and  coastal  lagoons.  Additional 
records  from  the  Stann  Creek  district  of  Belize  were  also  included.  Site  elevations  ranged  from 
sea  level  to  1276  m.  Habitat  photos,  GPS  coordinates,  seasonality,  time  of  display  and 
preliminary  flash  data  were  recorded. 

Descriptions  and  over  6,000  photographs  of  25+  species  were  taken  of  these  fresh  specimens  to 
document  their  living  colors,  appearance  and  aedeagi.  Dissection  revealed  unique  aedeagi  in 
several  otherwise  “ Photinus  looking”  fireflies.  Seven  genera  (tentative  species  #s  in  parenthesis) 
have  been  identified,  ending  with  several  less  certain  genera:  Photinus  (9)  Green’s  Division  1 
and  Division  2;  Photuris  (4);  Bicellonycha  (6);  Pyropyga  (1);  Aspisoma  (1);  Cratomorphus  (2); 
Phaenolis  (1).  Less  certain  are  Lucidota  (1)  and  other  incertae  sedis.  Selected  Lampyrids  have 
thus  far  been  shared  with  four  universities.  Although  representing  a  fraction  of  the  extreme 
diversity  of  Lampyridae  likely  present,  it  is  hoped  this  initial  information  will  inspire  future 
studies  and  spotlight  the  vast  potential  of  the  often  under-recognized  biological  richness  of 
Honduras. 
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Food  security  in  West  Africa  could  be  improved  if  basic  taxonomic  information  about  pests  and 
biocontrol  agents  was  readily  available  for  the  region.  Because  predatory  ladybeetles  have  been 
important  elements  in  pest  management  programs  in  other  regions  of  the  world,  we  reviewed  the 
literature,  conducted  field  surveys,  and  visited  natural  history  museums  in  order  to  produce  a 
catalogue  of  the  Coccinellidae  (Coleoptera)  of  West  Africa.  The  catalogue  includes  250  species 
representing  38  genera  and  18  tribes,  as  well  as  summaries  of  available  biological  and 
distributional  data. 
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A  formal  checklist  of  Cerambycidae  of  Connecticut  has  not  been  published  even  though  many 
species  collected  between  1865  and  the  present  are  deposited  in  notable  insect  collections  in  the 
northeastern  United  States.  My  research  to  develop  an  annotated  checklist  is  highlighted  in  this 
poster.  To  bolster  the  mostly  historic  records  from  the  American  Museum  of  Natural  History,  the 


Connecticut  Agricultural  Experiment  Station,  the  Museum  of  Comparative  Zoology,  the 
University  of  Connecticut,  and  the  Yale  Peabody  Museum,  I  have  captured  -20,000  cerambycids 
with  light-traps,  sticky  bands  on  girdled  trees,  panel  traps  baited  with  sex  pheromones  and  host 
volatiles,  Malaise  traps,  and  fermenting  baits.  I  also  have  collected  adults  by  rearing,  netting  on 
flowers  and  vegetation,  and  beating  branches. 

As  of  February  2016, 1  have  specimen-based  records  of  197  species  of  Connecticut 
Cerambycidae  in  the  subfamilies  Parandrinae  (1  species),  Prioninae  (3),  Lepturinae  (52), 
Spondylidinae  (7),  Necydalinae  (1),  Cerambycinae  (61),  and  Lamiinae  (72).  Of  the  197  species,  I 
have  captured  165  (83.8%)  during  surveys  in  the  past  30  years.  Based  upon  museum  records,  29 
(17.6%)  of  the  165  species  were  new  records  for  Connecticut.  The  fate  of  the  32  species  that 
could  not  be  found  in  the  last  30  years  is  uncertain,  although  3  species  almost  surely  arrived  in 
imported  timber  many  years  ago.  Of  the  197  species  recorded  from  the  state,  only  4  (2.0%)  were 
introduced  from  abroad.  Two  of  the  foreign  species,  Callidiellum  rufipenne  and  Phymatodes 
testaceus ,  are  invasive. 
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While  the  forest  canopy  is  crucial  for  understanding  of  insect  herbivore  diversity  patterns,  there 
are  methodological  difficulties  caused  by  canopy  inaccessibility  hindering  effectivity  of 
sampling.  Surprisingly,  while  there  are  many  projects  focused  on  tropical  canopy  research 
including  long-term  studies  using  various  methods  (such  as  canopy  crane,  canopy  rafting  or 
fogging  method),  temperate  forest  canopy  research  received  less  attention  and  was  reduced 
mainly  on  canopy  cranes.  Here,  we  present  summary  of  our  experience  with  sampling  using  an 
aerial  working  platform  in  a  temperate  floodplain  forest. 


Between  May  2013  and  April  2015,  we  performed  quantitative  sampling  of  insects  from  trees 
within  0.2  ha  plot  of  temperate  floodplain  forest.  Precise  manipulation  with  the  areal  working 
platform  allowed  us  to  reach  maximum  height  of  40  meters  and  gather  large  dataset  of  many 
insect  taxa  (mainly  herbivorous  guilds)  even  from  the  least  accessible  parts  of  the  crown  using 
beating  and  manual  collecting  (miners  and  galls). 

During  approximately  450  hours  we  collected  material  from  all  59  trees  of  the  0.2  ha  plot. 
Recently  processed  dataset  include  2676  individuals  of  aphids,  1450  herbivorous  beetles,  6462 
externally  feeding  lepidopterans  and  sawflies,  89480  galled  plantparts  (more  than  650  thousands 
galls),  1 1747  miners  and  2404  reared  parasitoids.  As  we  used  similar  methodology  to  parallel 
projects  performed  in  Japan  and  Papua  New  Guinea,  we  had  sampled  comprehensive  material  for 
comparison  of  tropical  and  temperate  patterns  of  herbivore  diversity  and  host  specificity.  Project 
was  funded  by  grant  project  GACR  14-04258S  and  by  National  Feasibility  Program  I  (LO1208 
“TEWEP”). 
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Bark  and  ambrosia  beetles  are  an  important  group  of  beetle  borers  in  the  forest  environment 
worldwide.  In  Brazil,  they  are  better  studied  in  implanted  forests,  mainly  in  the  southern  part  of 
the  country.  Surprisingly,  the  few  publications  that  deal  with  Amazonian  representatives  list 
mainly  secondary  species.  The  objectives  of  our  research  are  two-fold:  to  survey  the  bark  and 
ambrosia  beetle  biodiversity  of  an  Amazon  rainforest,  and  to  understand  how  a  vertical 
stratification  impacts  both  their  diversity  and  abundance. 


The  site  is  a  60-ha  well  preserved  terra  firme  ombrohilous  forest  fragment,  (central  coordinates 
are  1°7'59.60"N  51°18'2.40"W),  in  Tartarugalzinho,  state  of  Amapa,  Brazil.  The  survey  has  been 
done  biweekly  with  95%  ethanol  baited  flight  intercept  traps  at  2-m  height  intervals,  from 
ground  level  until  the  beginning  of  dominant  tree  canopy  (24  m),  totaling  13  traps  per  sampling 
point.  Partial  results  presented  here  are  based  on  the  first  seven  weeks  of  collecting,  from  April 
to  July  2015. 

An  impressive  number  of  over  90  species  of  Scolytinae  and  Platypodinae  were  trapped.  The 
most  abundant  species  showed  a  large  flight  height  range,  flying  from  ground  until  the  lower 
canopy.  Xyleborus  affinis  and  Xylosandrus  compactus  were  significantly  more  trapped  at  ground 
level,  Cryptocarenus  seriatus  and  Euplatypus  parallelus  at  the  highest  traps  (above  20  m),  while 
Hypothenemus  obscurus  and  Cnemonix  niger  at  intermediate  heights,  8-10  m  and  4-6  m, 
respectively.  Traps  at  ground  level  trapped  the  lowest  number  of  species  (5),  while  traps  at  20  m 
trapped  the  highest  number  (26). 
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Several  insect  species  tend  to  fly  at  heights  where  they  find  their  food  resources.  Food 
competition  might  be  reduced  by  flying  at  different  heights.  Our  objective  was  to  ascertain  if 
bark  and  ambrosia  beetles  would  show  a  vertical  flight  stratification,  and  if  this  is  influenced  by 
the  forest  canopy  height. 

We  used  two  sites,  a  cerradao  fragment  in  advanced  stage  or  regeneration  and  bottom  canopy 
limit  at  6m  height  (CE1),  and  a  cerradao  fragment  5  km  away  and  canopy  height  at  8m  (CE2)  in 


Selviria,  state  of  Mato  Grosso  do  Sul.  We  used  95%  ethanol-baited  FITs  in  weekly  trappings, 
from  July  2013  to  July  2014  (CE1),  and  from  April  2014  to  July  2015  (CE2). 

Fifty-four  species  were  trapped  in  CE1,  and  63  in  CE2.  The  number  of  species  trapped  in  each 
height  was  similar,  averaging  roughly  above  30  in  both  sites.  For  those  species  who  showed 
statistically  significant  abundance  differences  in  flight  height,  they  could  be  divided  into  two 
groups.  One  group  congregated  species  that  showed  an  invariable  flight  pattern  in  both  sites. 
Hypothenemus  eruditus ,  Xyleborus  affinis ,  Xyleborus  ferrugineus  and  Xyleborus  spinulosus  were 
more  caught  at  ground  level  traps,  while  Ambrosiodmus  opimus  and  Cnestus  laticeps  at  the 
highest  traps.  The  other  group  encompassed  species  that  varied  their  flight  pattern; 

Hypothenemus  obscurus  was  more  trapped  at  4m  traps  in  CE1  but  at  0m  in  CE2,  while 
Premnobius  cavipennis  was  more  trapped  at  0-2m  in  CE1  and  at  2-4m  in  CE2.  Shannon  diversity 
was  highest  2m  below  forest  canopy. 
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The  tropical  dry  forest  is  defined  by  its  stationality,  physiognomy,  climatic  affinity  and  a  great 
variation  in  the  vegetation  structure  and  plant-species  composition.  An  analysis  of  alpha  and  beta 
diversity  in  two  vertical  strata  (canopy  and  understory)  from  one  region  with  tropical  dry  forest 
in  Mexico,  Chamela,  Jalisco,  and  the  seasonality  effect  on  it,  is  presented.  The  study  was  carried 
out  between  November,  2012,  to  October,  2014.  Flight  intercepted  traps  were  active  during 
seven  days  of  every  month  in  the  canopy  and  understory.  To  evaluate  the  alpha  diversity  we  used 
the  effective  numbers  of  species  (true  diversity  measures).  To  evaluate  the  beta  diversity  the 
indices  Bray-Curtis  and  Jaccard  throughout  Multidimensional  scaling  non-metrical  were  used. 
We  collected  125  individuals  and  34  morphospecies  and  20  genera  were  found.  The  genera 


Chalcolepidius,  Glyphonyx  and  Conoderus  were  the  most  abundant.  The  alpha  diversity  of 
canopy  and  understory  was  similar  in  both  strata.  The  rainy  season  was  significatively  more 
diverse  than  the  dry  season  on  the  canopy  and  understory,  with  19.5  and  13.85  effective  species 
on  each  strata  respectively.  In  comparison,  the  dry  season  had  2.69  and  3.68  effective  species. 
We  observed  about  the  same  species  composition  of  elaterids  in  both  strata.  The  studies  about 
phenology  on  the  family  Elateridae  conclude  that  they  are  more  abundant  and  diverse  in  the 
rainy  season  as  this  present  study  indicates.  This  suggests  that  the  family  Elateridae  in  the 
tropical  dry  forest  is  sensitive  to  local  changes  in  the  vegetational  cover  as  environmental 
parameters. 
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A  2014  urban  biodiversity  study  sampling  primarily  from  private  backyards  in  Los  Angeles, 
California  (USA),  revealed  the  presence  of  30  species  of  Megaselia  previously  unknown  to 
science  within  the  first  few  months  of  sampling.  These  30  species  have  now  been  described,  but 
the  life-histories  are  poorly  understood  or  completely  unknown.  This  study  uses  traditional  life- 
history  techniques  to  reveal  the  resources  needed  for  their  development  and  to  shed  light  on  the 
ecological  roles  of  these  new  species. 
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The  Iowa  Monarch  Conservation  Consortium  was  established  in  2015  to  develop  workable 
conservation  practices  to  increase  monarch  breeding  success  and  restoration  of  monarch 
breeding  habitat.  A  broad-based  coalition  of  Iowa-based  farmer  and  conservation  organizations, 
state  agencies,  companies  and  Iowa  State  University  are  committed  to  supporting  monarch 
conservation  and  establishment.  The  conservation  effort  will  address  a  wide  variety  of 
landscapes  to  expand  monarch  breeding  habitat.  Habitat  improvements  in  rural  landscapes  will 
target  underutilized  areas  that  do  not  conflict  with  agricultural  land  use,  are  sufficient  in  scale  to 
support  improved  monarch  breeding  success,  and  strive  to  complement  other  conservation 
programs.  An  integrated  research  and  extension  program  will  ensure  the  distribution  of  science- 
based  information  on  conservation  approaches  in  agricultural  landscapes.  This  information  will 
help  ensure  that  resources  invested  in  Iowa  habitat  conservation  have  a  high  likelihood  of 
successfully  supporting  monarch  populations.  Progress  on  the  Iowa  Monarch  Conservation 
Consortium  goals  will  be  reported. 
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Abstract  text: 


Conservation  of  pollinators  can  be  facilitated  by  knowledge  of  preferred  plants  for  visitation  in 
landscapes.  Numerous  herbaceous  plants  (75)  were  evaluated  for  pollinator  visitation.  Also 
evaluated  were  41  crape  myrtle  cultivars  for  honey  bee  and  native  bee  visitation. 
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Longleaf  pine  ecosystems  of  the  Southeastern  United  States  are  among  the  most  biologically 
diverse  and  most  threatened  terrestrial  ecosystems  in  the  world.  The  open  canopies  of  these 
ecosystems  allow  for  the  existence  of  a  species  rich  angiosperm  community  in  the  understory, 
requiring  a  functionally  diverse  community  of  pollinators  for  preservation  of  its  diversity.  With 
the  ongoing  decline  of  the  commercially  utilized  honey  bee,  an  important  pollinator  of  both  crop 
and  native  plants,  new  interest  has  been  shown  in  native  bees  and  the  pollination  services  that 
they  provide.  This  study  (1)  surveys  the  bee  communities  found  within  three  of  Louisiana’s  top- 
tier  conservation  priority  habitats:  longleaf  pine  savannas,  longleaf  pine  uplands,  and  eastern 
hillside  seepage  bogs,  (2)  compares  resulting  survey  data  to  data  collected  a  decade  earlier  on  the 
bee  communities  in  many  of  the  same  sites  to  determine  the  relative  status  of  species  in  these 
communities,  and  (3)  contrasts  the  communities  found  in  the  different  ecosystems,  as  well  as 
differences  between  different  sites  of  similar  ecosystem  designations.  Several  methods  of  capture 
were  utilized,  with  each  being  tested  for  efficacy  of  capture  for  different  representative  species. 
Preliminary  analysis  has  revealed  similarity  in  community  makeup  and  diversity  levels  between 
sites  of  the  same  ecosystem  designation,  with  much  less  similarity  between  communities  in 
different  ecosystems. 
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Growing  evidence  for  declines  in  important  pollinator  species  due  to  loss  of  habitat  requires 
development  of  conservation  measures  for  farmland  that  provide  optimized  resources  for 
pollinators  in  the  limited  space  available  for  conservation.  Providing  enhanced  patches  of  habitat 
containing  floral  resources  for  pollinators  is  a  well-documented  approach  to  protect  and  augment 
their  populations  in  agricultural  areas,  but  the  efficacy  of  this  approach  can  vary  with  landscape 
type,  cropping  system,  and  through  time.  To  test  the  response  of  wild  bee  communities  and 
honey  bees  to  enhanced  habitat  in  Michigan  farms,  we  evaluated  pollinator  abundance,  diversity, 
and  bee  nesting  in  wildflower  restoration  plantings  of  varying  maturity  and  floral  composition, 
and  compared  that  to  nearby  unenhanced  controls.  Timed  samples  of  bee  visitors  to  flowers  and 
quantification  of  flower  species  density  and  floral  area  sampled  over  multiple  years  were  used  to 
better  understand  the  patterns  of  response  to  the  plantings.  Emergence  and  tube  nesting  traps 
were  also  placed  on  enhanced  habitat  and  control  sites  to  determine  how  floral  abundance  and 
diversity  impact  nest  site  selection  and  potential  long-term  impacts  on  bee  reproduction.  We  also 
developed  and  compared  flower  visitation  networks  to  determine  which  flower  species  were 
most  frequently  visited  by  important  crop  pollinators  in  restoration  plantings  relative  to  their 
observed  abundance.  Our  results  will  guide  management  strategies  for  the  development  of 
specific  wildflower  mixes  that  attract  and  augment  bee  diversity  in  this  region,  and  also  specific 
crop  pollinators. 
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The  decline  of  native  flowering  plant  populations  due  to  anthropogenic  impacts  has  been  well 
documented  in  Ontario,  Canada.  Properly  understanding  a  species’  ecological  requirements  and 
natural  history  is  a  critical  component  to  effective  conservation  management.  Government 
agencies  and  environmental  organizations  rely  on  recovery  strategies  and  other  documents  to 
mitigate  threats  and  recover  ailing  populations.  However,  many  of  these  documents  lack  the 
basic  information  about  plant  species  pollination  requirements  and  pollinators. 

This  study  involved  collecting  data  from  Ontario  Recovery  Strategies,  accompanying 
Government  Response  Statements,  and  the  scientific  literature,  for  50  at-risk  plant  species  that 
are  visited  by  pollinators  as  well  as  8  at-risk  pollinating  insects.  Information  concerning  the 
status  of  each  species,  pollination  requirements,  recovery  recommendations,  and  other  criteria 
were  summarized.  Hypotheses  were  created  and  used  to  assess  the  government  documents  for 
pollinator-related  information. 

The  reproductive  systems  for  at-risk  plants  were  known  in  full  or  in  part  for  about  72%  of  the 
species.  Of  these,  only  about  36%  could  self-pollinate,  which  shows  the  need  for  pollinators. 
However,  detailed  information  on  visitors  (identified  to  family  level  or  more  specific)  to  at-risk 
plants  was  only  known  for  about  50%  of  the  species.  While  many  species  do  not  yet  have  a 
recovery  strategy,  very  few  of  the  existing  ones  actually  identify  these  knowledge  gaps  or  list 
increasing  beneficial  pollinators  as  a  recovery  action.  By  identifying  and  addressing  these  gaps, 
more  successful,  efficient  and  cost-effective  management  plans  may  be  implemented  for  future 
species  recovery  work. 
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Ptrotura  and  Diplura  are  soil  aptrygote  insects  that  remain  unnoticed  due  to  their  lower  number 
and  frequency  of  occurrence  in  soil  corer  samples.  Protura  and  Diplura  were  periodically 
collected  (by-product  of  Tullgren  funnel)  from  four  reclaimed  overburden  dumps  (ROBDs)  in 
the  year  2007-2009  of  Kathara  coal  field  area.  An  average  of  134.5  protura  and  137  diplura  were 
collected  in  the  year  2007-2008  and  2008-2009  respectively.  The  percentage  of  collection  was 
higher  (30  to  33%)  in  mid-aged  sites  than  in  the  young  ROBD  (5yeras  old  ROBD  -13%)  and  in 
more  than  50  year  old  ROBDs  (7%).  The  importance  value  index  was  calculated  and  functional 
groups  were  formed  based  on  habits  of  feeding.  It  was  noticed  that  they  play  a  role  to  make  the 
soil  biologically  active  and  productive.  They  are  pedosphere  engineers  and  in  combination  with 
the  other  insect  group  or  arthropods  like  collembolan  and  acari  dovetail  for  formation  of 
ecological  functional  groups  and  facilitate  in  restoration  of  biogeochemical  cycle  broken  due  to 
mining  processes. 
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The  Fukushima  Daiichi  Nuclear  Power  Plant  accident  emitted  radioactive  substances  into  the 
environment,  contaminating  a  diverse  range  of  organisms.  Stream  algae,  litter,  sand  substrate, 
aquatic  insects  and  fishes  are  among  the  organisms  that  have  been  impacted.  Radioactive  Cs 
contaminations  in  litter  and  sand  substrate  were  elevated  where  the  atmospheric  dose  rate  in  the 
air  was  high.  Radioactive  Cs  contaminations  in  algae  and  aquatic  insects  varied  irregularly; 
nevertheless,  radioactive  Cs  contaminations  in  aquatic  insects  in  pools  were  consistently  higher 
than  those  in  stream  riffles.  Contamination  by  the  radioactive  Cs  differed  by  species,  location 
and  stream  velocity.  Contamination  of  fishes,  those  used  by  humans  for  food,  occurred  via 
dietary  uptake,  and  consequently,  the  degree  of  fish  contamination  was  diet-dependent. 
Radioactive  Cs  contamination  in  aquatic  insects,  many  that  serve  as  diet  for  fish,  will  be 
discussed. 
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North  American  tallgrass  prairies  and  their  obligate  inhabitants,  which  before  mechanized 
agriculture  occupied  a  large  swath  of  central  North  America,  now  face  the  combined  challenges 
of  habitat  loss  and  fragmentation.  In  the  Upper  Osage  grasslands  of  Missouri,  several  hundred 
hectares  of  tallgrass  prairie  have  been  restored  near  tracts  of  remnant  native  prairie.  In  order  to 
evaluate  the  effectiveness  of  prairie  reconstructions  in  restoring  invertebrate  communities,  we 
used  sweep  nets  and  blue  vane  traps  to  sample  three  guilds  of  terrestrial  invertebrates:  native 
bees  (superfamily  Apoidea),  grasshoppers  ( Acrididae ),  and  grassland  cicadas  ( Cicadidae ).  We 
compared  community  richness  and  composition  of  remnant  and  reconstructed  prairies  of  various 
ages.  We  also  examined  the  effects  of  reconstructionand  age  on  species  richness.  We 
hypothesized  that  species  richness  will  be  greater  in  remnant  prairies  than  in  restored  prairies, 
and  that  restored  sites  will  be  characterized  by  certain  species.  These  characteristic  species  are 
probably  more  capable  of  colonization  due  to  above  average  mobility  or  their  ability  to  survive 
in  the  surrounding  matrix.  Our  work  suggests  that  reconstructed  prairies  may  simply  require 
more  time  for  less  mobile,  remnant-dependent  species  to  establish  and  displace  the  rapid 
colonizers  characteristic  of  restored  communities.  However,  successful  reconstruction  of 
invertebrate  communities  may  require  the  reintroduction  of  certain  species  with  especially 
limited  dispersal  capabilities. 
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Abstract  text: 

Grasshoppers  are  a  dominant  herbivore  assemblage  in  grassland  ecosystems,  and  many  studies 
have  examined  how  grazing  by  large  herbivores  and  patterns  of  precipitation  individually 
influence  the  assemblage  dynamics  of  grassland  grasshoppers,  but  their  combined  effects  are 
largely  unknown.  In  this  study,  we  conducted  a  field  experiment  with  manipulated  precipitation 
(i.e.,  natural  precipitation,  and  increased  amount  of  precipitation)  and  grazing  intensity  (i.e., 
control,  moderate  intensity,  and  heavy  intensity)  to  test  the  hypothesis  that  grasshopper  species 
richness  are  greater  and  abundance  are  lower  in  moderate  grazing  intensity  under  increased 
precipitation  in  a  meadow  steppe  at  northeast  in  China.  We  found  that  grasshopper  species 
richness  did  not  change  in  different  grazing  intensities  under  natural  precipitation,  but 
significantly  increased  in  modertate  grazing  intensity  under  increased  precipitation.  Grasshopper 
abundance  significantly  increased  with  increasing  grazing  intensity  in  natural  precipitation 
treatments,  but  was  significantly  lower  in  in  heavy  grazing  intensity  under  increased 
precipitation.  Moreover,  the  responses  of  grasshopper  abundance  to  grazing  under  altered 
precipitation  were  species-specific.  Grazing  effects  on  grasshopper  species  diversity  were 
mediated  through  biomass  of  Leymus  chenesis  (resource  productivity),  but  effects  on 
grasshopper  abundance  were  influenced  through  cover  of  Leymus  chenesis  (resource  diversity) 
under  increased  precipitation.  Our  results  suggest  that  appropriate  grazing  management  practices 
would  be  beneficial  for  maintaining  grasshopper  assemblage,  conserving  as  many  grasshopper 
species  as  possible,  or  reducing  outbreaks  of  grasshopper  pests  in  the  background  of  altered 
precipitation  patterns. 
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Recently,  the  use  of  green  roofs  has  received  considerable  attention  to  improve  urban 
environment.  Biodiversity  is  one  of  important  driving  forces  to  install  green  roofs.  This  study 
aimed  to  compare  invertebrates  in  different  vegetation  types  on  green  roofs,  biotope,  herb  and 
meadow  green  roofs  in  Chiba  University,  Japan.  The  biotope  green  roof  (150  m2,  approximately 
50  kinds  of  plants  including  trees,  shrubs  and  forbs)  was  installed  to  create  habitats  for 
invertebrates  in  2002  on  the  ninth  storey  of  a  building.  The  herb  green  roof  (50  m2, 
approximately  50  kinds  of  herbs)  was  installed  in  201 1  for  demonstration  and  usage  for  people 
on  the  same  building  as  the  biotope  green  roof.  The  meadow  green  roof  (165  m2)  was  installed  in 
2012  on  fourth  storey  of  a  building,  which  was  approximately  500m  away  from  the  above 
building.  In  the  meadow  green  roof,  the  vegetation  of  neighborhood  was  recreated  and  weeds 
were  colonized  spontaneously.  Insect  fauna  study  was  carried  out  every  month  from  April  to 
November  in  four  years,  2012-2015.  The  results  showed  that  most  of  observed  species  were 
herbivores  such  as  grasshoppers  (e.g.  Patanga  japonica )  and  beetles  (e.g.  Pyrrhalta  humeralis ) 
on  these  three  green  roofs.  The  highest  number  of  insects  was  observed  in  the  biotope  green  roof. 
Many  butterflies  were  observed  in  the  herb  green  roof  because  of  long  flowering  plants  and 
larval  host  plants.  In  meadow  green  roof,  the  number  of  insects  was  not  stable  and  decreased  in 
the  summer  time  because  of  harsh  weather. 
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Soil  biodiversity  is  an  important  regulator  of  agro-ecosystem  functions  so  agro-ecosystem 
managers  should  identify  good  farming  practices  which  follow  ecosystem-based  approaches 
designed  to  improve  sustainability  of  production  systems.  In  this  study,  we  examine  the 
relationship  between  the  soil  arthropod  biodiversity  and  three  types  of  sunflower  farming 
systems:  (1)  intensive  system,  (2)  system  with  green  crops  and  chemical  treatments  for  pest 
control  and  (3)  system  with  green  crops  and  biological  products  for  pest  control.  The  study  was 


conducted  in  south-eastern  Romania,  were  the  diversity  of  soil  arthropods  was  assessed  from 
pitfall  traps  and  soil  samples  collected  on  four  sampling  occasions  during  vegetation  seasons 
2014  and  2015.  All  specimens  collected  were  identified  to  species  or  family  level  and 
subsequently  their  relative  abundance,  species  richness,  diversity  index  Shannon- Wiener  and 
equitability  were  calculated.  Results  have  demonstrated  the  highest  species  richness  and  the 
highest  diversity  values  in  the  farming  system  with  green  crops  and  biological  control  of  the  pest. 
Here,  we  collected  over  3000  specimens  per  year,  belonging  to  98  species,  and  the  most 
abundant  groups  were  Collembolla,  Araneae,  Carabidae,  Coccinellidae,  Staphylinidae  and 
Heteroptera.  In  contrast,  at  the  intensive  system  were  collected  less  than  1500  specimens  per 
year,  belonging  to  73  species  and  dominant  groups  were  Carabidae,  Curculionidae,  Araneae, 
Opilionidae  and  Formicidae.  The  systems  with  green  crops  not  only  increase  the  productivity  of 
agricultural  lands  but  also  have  a  positive  impact  on  abundance  and  biodiversity  of  soil 
arthropods.  Future  research  to  assess  arthropods  functional  role  and  connection  with  soil  fertility 
are  needed. 
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Many  farmers  use  chemical  pesticides  more  than  10  times  per  year  on  conventional  orchards  in 
Korea.  However,  some  farmers  manage  orchards  without  chemical  pesticides  as  organic  farmimg 
practices.  Distribution  of  vegetation  and  arthropods  on  orchard  are  quite  different  between 
conventional  and  organic  farms. 

We  studied  biodiversity  of  arthropods  at  orchards  according  to  cultivation  and  possibility  of  pest 
management  with  vegetation  at  orchards.  Distribution  of  arthropod  and  vegetation  was  surveyed 
at  apple  and  pear  orchards  on  eight  provinces  in  Korea.  Two  organic  farms  were  managed  with 
the  use  of  flower  strips. 


Arthropoda  collection  was  carried  out  from  May  to  October  in  2015.  Samples  were  collected 
with  sweep  nets,  tap  trays  and  pitfall  traps.  The  collected  samples  are  identified  by 
morphological  features.  Biodiversity  was  assessed  with  species  diversity  index  (Shannon- 
Wiever)  and  species  richness  (Margalef).  Species  diversity  and  species  richness  of  arthropods  at 
organic  apple  orchards  were  36%  and  96%  higher  than  conventional  orchards  respectively. 
Species  diversity  and  species  richness  of  arthropods  were  enhanced  1 1-13%  and  30-107%  with 
flower  strips  at  these  orchards.  According  this  study,  we  suggest  biodiversity  of  organic  orchards 
are  higher  than  conventional  orchards  in  Korea  and  biodiversity  could  be  enhanced  with 
ecological  compensation  area. 
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Biodiversity  resources  sustain  vital  ecosystem  services  and  more  diverse  ecosystems  are  known 
to  be  more  stable  and  resilient  in  the  face  of  disturbance.  However,  anthropological  activities 
which  result  in  land-use  change  and  fragmentation  of  habitat  can  deplete  the  species  pool.  In  this 
study  we  quantified  the  changes  in  predacious  arthropod  species  richness  and  diversity  across 
disturbance  gradients.  We  examined  the  effect  of  urbanization  and  agricultural  disturbance  on 
diversity  patterns  of  Lacewings  (Chrysopidae),  Praying  mantids  (Mantodea),  Spiders  (Araneae) 
and  Ladybugs  (Coccinelidiae).  These  predators  were  selected  based  on  differences  in  their 
biology  and  behaviour,  mobility  and  foraging  strategies.  Study  sites  were  all  located  in  grassland 
and  included  maize  field-field  margin-untransformed  grassland  and  ruderal-fragmented- 
untransformed  grassland  gradients  in  urban  areas.  We  found  that  urban  areas  had  a  higher 
predator  species  richness  than  agro-ecosystems,  but  predator  species  were  more  abundant  in 
agricultural  areas.  Our  results  support  the  Intermediate  Disturbance  Hypothesis  as  the  field 
margins  of  agricultural  landscapes  and  fragmented  areas  of  urban  landscapes  have  a  higher 


species  richness  and  abundance  than  transformed  or  untransformed  grassland.  Analyses  also 
suggest  that  urban  sprawl  is  more  likely  to  deplete  the  species  pool  as  some  predators  decrease 
with  increasing  size  of  the  urban  area. 
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Termites  are  widely  distributed  in  tropical  and  subtropical  regions  and  play  a  crucial  role  in 
forest  ecosystems  as  a  decomposition  agent.  Termite  diversity  varies  according  to  their 
inhabiting  environments:  usually  termite  diversity  tends  to  be  higher  in  natural  rain  forests  than 
in  disturbed  areas.  Termite  communities  may  start  to  recover  from  disturbed  states  mainly  by 
migration  of  some  species  from  neighboring  natural  forests.  The  objective  of  this  study  is  to 
clarify  the  effect  of  the  distance  between  natural  forests  and  acacia  plantation  forests  on  termite 
diversity. 

We  investigated  the  difference  of  species  diversity  of  termites  among  the  three  types  of  forest 
arrangements  -  isolated  acacia  forests,  acacia  forests  wholly  surrounded  by  natural  forests  and 
acacia  forests  partly  adjacent  to  natural  forests  in  Sabah  and  Sarawak,  Malaysia.  For  the 
surrounded  forests  and  adjacent  natural  forests,  we  surveyed  the  termite  diversity  at  5m,  10m, 
100m  and  300m  away  from  the  forest  boundaries  at  both  sides.  The  100m  belt  transect  protocol 
was  used  to  assess  the  species  richness  and  abundance  of  termites. 

The  results  showed  that  the  presence  of  adjacent  natural  forests  contributes  to  the  increase  of 
biodiversity  in  acacia  plantation  forests.  It  was  also  found  that  the  presence  of  acacia  plantation 
forests  caused  the  decrease  of  biodiversity  in  adjacent  natural  forests.  We  also  compared  the 
proportion  of  common  species  among  the  three  types  of  forest  arrangements. 
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Most  studies  of  biodiversity  related  to  ecosystem  functioning  have  focused  only  on  a  single 
trophic  level  despite  the  fact  that  ecosystems  are  characterized  by  interactions  between  trophic 
levels  represented  by  various  organisms.  To  address  the  patterns  of  functional  diversity  in  the 
perspective  of  coppicing,  we  studied  the  effects  of  conservation-motivated  tree  canopy  thinning. 
The  functional  diversity  of  vascular  plants  and  spiders,  representing  two  distinct  trophic  groups 
within  a  forest  ecosystem  was  compared  between  thinned  and  control  forest  patches.  To 
characterize  functional  patterns,  we  examined  several  functional  traits.  These  traits  were  divided 
into  two  types:  response  traits,  e.g.,  those  indicating  responses  to  environmental  factors  traits  not 
directly  related  to  ecosystem  functioning  (response  for  both  vascular  plants  and  spiders)  and 
traits  with  a  direct  functional  role  in  the  ecosystem  (effect  traits;  only  for  vascular  plants). 
Functional  diversity  was  analysed  by  CCA  using  two  measures:  community -weighted  means  and 
Rao’s  quadratic  diversity.  CCA  models  revealed  that  the  canopy  thinning  had  a  positive  effect  on 
diversity  of  the  response  traits  of  both  trophic  groups  and  negatively  influenced  the  diversity  of 
effect  traits.  This  pattern  can  be  explained  in  the  context  of  forest  succession  theory.  In  addition, 
we  found  distinct  seasonal  dynamics  of  the  spider  communities,  which  was  probably  linked  to 
leaf  phenology  of  deciduous  trees.  We  conclude  that  canopy  thinning  affected  diversity  of 
functional  traits  across  trophic  groups  during  the  initial  phase  of  coppicing  restoration.  With 
necessary  precautions,  careful  canopy  thinning  can  be  effectively  applied  in  the  restoration  of 
functional  diversity  in  abandoned  coppices. 
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Understanding  invertebrate  community  responses  to  frequent  prescribed  fires  is  important  in 
conservation  of  biodiversity.  Prescribed  fire  is  implemented  in  forestry  practices  to  improve 
habitat  for  target  conservation  species.  However,  little  information  is  available  regarding  the 
impacts  of  prescribed  fire  regimes  on  non-target  communities,  particularly  on  communities  of 
invertebrates  that  play  important  roles  in  ecosystem  functions  such  as  pollination  and  nutrient 
cycling.  Invertebrate  community  data  was  gathered  using  two  trapping  methods  1)  crossvane 
traps  that  attract  flying  arthropods,  including  hymenoptera  and  2)  pitfall  traps  designed  to  collect 
ground-dwelling  arthropods.  Data  from  six  months  of  collection  were  analyzed  using  Simpson’s 
Diversity  index  and  non-metric  multidimensional  scaling  to  determine  community  diversity,  and 
similarity  between  sampling  sites  in  the  context  of  and  time  since  burn  for  habitat  within  a  300m 
radius  of  traps.  Results  will  be  discussed  in  terms  of  implications  for  biodiversity  conservation  of 
invertebrate  communities  within  ecosystems  currently  managed  with  prescribed  fire. 
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Maritime  forests  are  globally-imperiled  ecosystems  that  occur  on  barrier  islands  and  adjacent 
mainland  along  the  southern  Atlantic  coast  of  the  United  States.  These  live  oak-dominated 
forests  provide  critical  ecosystem  services  and  wildlife  habitat,  but  have  been  heavily  impacted 
by  agriculture,  silviculture,  and  development.  Little  is  known  about  the  insect  communities  of 
maritime  forests  or  how  they  respond  to  anthropogenic  habitat  disturbance  such  as  conversion  to 
commercial  pine  plantations.  We  used  replicated  pitfall  traps  to  sample  ground-dwelling  insects 
in  three  forest  types  at  Cannon’s  Point  Preserve,  St.  Simons  Island,  GA,  USA:  (1)  mature 
maritime  forest,  (2)  40-yr-old  unmanaged  pine  plantation,  and  (3)  recently  clearcut  pine 
plantation  following  southern  pine  beetle  infestation.  Preliminary  results  indicate  that  species 
richness  of  ants  (Hymenoptera:  Formicidae)  was  greatest  in  the  maritime  forest,  whereas  beetles 
(Coleoptera)  were  more  diverse  and  abundant  in  the  pine  plantation.  We  will  further  analyze 
patterns  of  community  composition  and  test  for  bioindicator  taxa  that  may  be  used  to  monitor 
and  assess  maritime  forest  restoration. 
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Isolation  and  functionality  identification  of  receptor  proteins  of  Cry  1  Ac  toxin  in  Chilo 
suppressalis  is  very  important  to  understand  the  mode  of  action  and  resistance  mechanism  of  Bt 


toxin.  In  this  article,  Cry  1  Ac  -binding  proteins  in  the  midgut  brush  border  membrane  vesicles  of 
Chilo  suppressalis  were  captured  under  non-denaturing  condition  using  pull-down  assay  and 
their  receptor-functionality  was  tested  by  RNA  interference.  Pull-down  precipitate  contains  three 
aminopeptidases,  CsAPNl  and  CsAPN3  in  85-240  kDa  protein  bands,  and  CsAPN4  in  the  45, 
85,  and  95  kDa  bands.  After  feeding  with  dsRNA  synthesized  for  5  days  constantly,  the 
expression  of  Csapnl,  Csapn3  and  Csapn4  in  the  larvae  were  reduced  by  51.3%,  35.9%  and 
37.6%  respectively  compared  with  that  of  control  fed  on  dsGFP.  The  larvae  fed  with  dsAPNl 
had  significantly  lower  mortality  (24.4%)  than  a  positive  control  fed  with  dsGFP  (50.7%)  when 
treated  with  lOOmg/L  Cry  1  Ac.  The  larvae  fed  with  dsAPN3  or  dsAPN4,  however,  showed  no 
significant  difference  in  mortality  compared  with  dsGFP  control.  The  dsRNA-mediated  silencing 
in  C. suppressalis  resulted  in  the  decrease  in  the  amount  of  all  APNs  expressed  in  C. suppressalis. 
Only  CsAPNl  silenced  larvae,  however,  tolerated  high  dose  of  Cry  1  Ac  toxin.  It  suggested  that 
APN1  -Cry  1  Ac  binding  mediated  cytotoxicity  and  CsAPNl  may  act  as  a  functional  receptor  of 
Cry  1  Ac  toxin  in  C.  suppressalis. 
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Body  louse  ABCC4  (PhABCC4)  is  a  member  of  the  C  subfamily  of  ATP-binding  cassette  (ATP) 
transporter,  which  efflux  negatively  charged  organic  endogenous  and  xenobiotic  compounds 
across  plasma  membranes.  We  previously  observed  that  PhABCC4  was  significantly 
overexpressed  in  body  lice  following  non-invasive  induction  by  a  sublethal  dose  of  ivermectin 
and  that  injection  of  dsRNA  against  PhABCC4  increased  sensitivity  to  ivermectin,  indicating 
that  PhABCC4  is  involved  in  phase  III  xenobiotic  metabolism  of  ivermectin.  In  this  study,  the 
functional  properties  of  PhABCC4  were  investigated  after  expression  in  Xenopus  laevis  oocytes. 
Efflux  of  [3H]-PMEA  [9-(2-phosphonomethoxy ethyl)  adenine],  a  known  ABCC4  substrate  in 
human,  was  detected  from  PHABCC4  cRNA- injected  oocytes  by  liquid  scintillation 
spectrophotometric  analysis.  The  [3H]-PMEA  efflux  was  increased  by  adding  Mg- ATP  but 


decreased  by  MK571  (ABCC-specific  inhibitor),  confirming  PhABCC4  expression  in  oocytes. 
Also,  the  transport  of  [3H]-PMEA  was  inhibited  by  co-injection  of  quercetin,  verapamil  (ABC 
transporter  inhibitors)  and  AMP-PNP  (non-hydrolyzable  ATP  analog).  Co-injection  of  [3H]- 
PMEA  and  ivermectin  led  to  the  decreased  efflux  of  [3H]-PMEA.  However,  DDVP  and 
imidacloprid,  relative  hydrophilic  organophosphate  insecticides,  did  not  affect  this  transport, 
indicating  that  ivermectin  competes  with  PMEA  at  the  same  receptor  but  DDVP  and 
imidacloprid  does  not.  In  addition,  the  direct  efflux  of  [3H] -ivermectin  from  PhABCC4- 
expressing  oocytes  increased  over  time,  suggesting  that  PhABCC4  is  involved  in  the  phase  III 
xenobiotic  metabolism  of  ivermectin  and  may  play  an  important  role  in  the  evolution  of 
ivermectin  resistance  in  lice  and  other  insects. 
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The  brown  planthopper  (BPH),  Nilaparvata  lugens ,  (Hemiptera:  Delphacidae),  a  major  pest  of 
paddy  rice,  has  evolved  resistance  to  various  kinds  of  insecticide  including  insect  growth 
regulator  insecticide  (IGR),  buprofezin,  in  the  field.  However,  the  resistance  mechanism  of  BPH 
to  buprofezin  was  unknown.  Cytochrome  P450  monooxygenases  (P450s)-mediated 
detoxification  is  an  important  mechanism  involved  in  the  resistance  to  different  classes  of 
insecticides.  In  our  lab,  a  resistance  strain  (Nl-BuR)  was  developed,  with  330-  fold  resistance  to 
buprofezin,  through  more  than  80  generations  of  discontinuous  selection  of  the  field  population 
from  Haiyan  in  2007  with  buprofezin.  Synergism  tests  showed  that  piperonyl  butoxide  (PBO) 
produced  a  high  synergism  of  buprofezin  effects  in  the  Nl-BuR  strain.  We  conducted  the 
functional  studies  to  investigate  the  potential  roles  of  P450  genes  involved  in  buprofezin- 
resistance  in  the  BPH. 
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Pyrethroid  insecticides  exert  toxic  effects  by  prolonging  the  opening  of  voltage-gated  sodium 
channels.  More  than  20  sodium  channel  mutations  from  arthropod  pests  and  disease  vectors  have 
been  confirmed  to  confer  pyrethroid  resistance.  These  mutations  have  been  valuable  in 
elucidating  the  molecular  interaction  between  pyrethroids  and  sodium  channels,  including 
identification  of  two  pyrethroid  receptor  sites.  Previously,  two  alanine  to  valine  substitutions, 
one  in  the  pore  helix  IIIP1  and  the  other  in  the  linker-helix  connecting  S4  and  S5  in  domain  III 
(IIIL45),  were  found  in  Drosophila  melanogaster  mutants  that  are  resistant  to  DDT  and 
deltamethrin  (a  type  II  pyrethroid  with  an  a-cyano  group  at  the  phenylbenzyl  alcohol  position, 
which  is  lacking  in  type  I  pyrethroids),  but  their  role  in  target-site-mediated  insecticide  resistance 
has  not  been  functionally  confirmed.  In  this  study,  we  functionally  examined  the  two  mutations 
in  cockroach  sodium  channels  expressed  in  Xenopus  oocytes.  Both  mutations  caused 
depolarizing  shifts  in  the  voltage  dependence  of  activation,  conferred  DDT  resistance  and  also 
resistance  to  two  Type  I  pyrethroids  by  almost  abolishing  the  tail  currents  induced  by  Type  I 
pyrethroids.  In  contrast,  neither  mutation  reduced  the  amplitude  of  tail  currents  induced  by  the 
Type  II  pyrethroids,  deltamethrin  or  cypermethrin.  However,  both  mutations  accelerated  the 
decay  of  Type  II  pyrethroid-induced  tail  currents,  which  normally  decay  extremely  slowly.  These 
results  provided  new  insight  into  the  molecular  basis  of  different  actions  of  Type  I  and  Type  II 
pyrethroids  on  sodium  channels.  Computer  modeling  predicts  that  both  mutations  may 
allosterically  affect  pyrethroid  binding  to  a  new  receptor  site. 
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Voltage-gated  sodium  channels  are  essential  for  the  generation  and  propagation  of  action 
potentials  in  most  excitable  cells.  They  are  the  primary  target  of  several  classes  of  insecticides 
including  pyrethroids.  Because  mutations  in  sodium  channels  confer  insect  resistance  to 
pyrethroids,  extensive  research  has  been  focused  on  the  molecular  interactions  of  pyrethroids 
with  sodium  channels  from  insect  pests  and  disease  vectors.  However,  limited  information  is 
available  on  the  effects  of  pyrethroids  on  sodium  channels  from  beneficial  insects.  Like 
honeybees,  bumble  bees  are  important  pollinators  and  whether  the  use  of  pyrethroids  in 
agricultural  crops  has  any  negative  impact  on  bumble  bees  in  natural  environments  remain 
unknown.  In  this  study,  we  isolated  a  sodium  channel  full-length  cDNA  clone  BiNavl-l  from 
Bombus  impatiens ,  the  first  one  from  bumble  bees.  The  cDNA  contains  5685  nucleotides  with  an 
open  reading  frame  encoding  1895  amino  acids.  We  expressed  the  BiNav  channels  in  Xenupus 
oocytes  and  detected  typical  voltage-dependent  sodium  currents.  Currently,  we  are  evaluating  the 
sensitivity  of  BiNav  channels  to  various  pyrethroid  insecticides  using  two  microelectrode  voltage 
clamp.  Our  study  could  provide  valuable  information  for  assessing  potential  risks  of  pyrethroid 
insecticides  to  bumble  bee  populations  in  natural  ecosystems. 
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Pyrethroid  insecticides  are  widely  used  as  one  of  the  most  effective  control  measures  in  global 
fight  against  agricultural  arthropod  pests  and  mosquito-borne  diseases,  including  malaria  and 
dengue.  They  exert  toxic  effects  by  altering  the  function  of  voltage-gated  sodium  channels, 
which  are  essential  for  proper  electrical  signaling  in  the  nervous  system.  A  major  threat  to  the 
sustained  use  of  pyrethroids  for  vector  control  is  the  emergence  of  mosquito  resistance  to 
pyrethroids  worldwide.  Several  mutations  in  sodium  channels  have  been  reported  to  be 
associated  with  knockdown  resistance  (kdr)  to  pyrethroids  in  global  populations  of  Aedes  aegypti 
mosquitoes.  The  kdr  mechanism  has  been  implicated  in  a  pyrethroid  resistant  strain  of  Ae. 
aegypti ,  Puerto  Rico  (PR).  However,  the  molecular  basis  of  kdr  in  PR  remains  unknown. 
Currently,  we  are  sequencing  sodium  channel  cDNA  clones  from  PR  adult  mosquitoes  to 
identify  mutations  associated  with  pyrethroid  resistance.  To  determine  the  role  of  the  mutations 
in  pyrethroid  resistance,  we  are  introducing  the  mutations  individually  and  in  combinations  into 
AaNavl-l,  a  pyrethroid-susceptible  sodium  channel,  and  examining  the  sensitivities  of  mutant 
channels  to  pyrethroid  insecticides  using  the  Xenopus  oocyte  expression  system.  Identification  of 
new  kdr  mutations  would  provide  additional  molecular  markers  for  more  accurate  and  earlier 


detection  of  resistance  genotypes  in  field  populations  which  is  critical  for  resistance 
management. 
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The  GABA-  and  glutamate-gated  chloride  channels  are  the  major  inhibitory  neurotransmitter 
receptors  of  the  brain,  and  are  targeted  by  a  diverse  range  of  chemical  classes  including 
cyclodienes,  phenylpyrazoles,  isoxazolines,  meta-diamides  (GABA-Rs)  and  macrocyclic 
lactones  (Glu-Rs).  The  evolution  of  resistance  to  these  chemicals  is  an  ever  increasing  problem 
for  effective  pest  control  and  often  arises  due  to  the  selection  of  by  simple  point  mutations  in 
these  targets  that  disrupt  the  highly  selective  binding  of  these  pesticides  to  the  protein. 

Recent  advances  in  the  availability  of  sequence  and  molecular  structure  data  for  both  GABA-R 
and  Glu-R  targets  are  being  exploited  to  develop  molecular  models  of  how  the  different  chemical 
groups  interact  with  their  target  receptors.  Comparative  analysis  of  the  functionality  of  known 
and  novel  resistance  mutations  in  these  targets,  and  the  validity  of  our  models,  will  be  assessed 
by  the  expression  of  cloned  GABA-R/Glu-R  cDNAs  in  Xenopus  oocytes  and  analysis  of  the 
modified  receptors  by  two  electrode  voltage  clamp  methods. 

Electrophysiology  testing  of  wild  type  and  mutagenized  GABA-R  cDNAs  demonstrates  varying 
responses  to  GABA-R  ligands  such  as  GABA  and  phenylpyrazoles.  The  efficacy  of  ligand 
binding  is  being  evaluated  in  this  system  and  will  be  discussed  in  the  context  of  pesticide 
selectivity  and  resistance. 
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As  a  tetracyclo-quinolizidine  alkaloid,  matine  is  one  of  the  bioactive  components  extracted 
from  Sophora  flavescens  -a  traditional  Chinese  medicinal  herb  that  is  used  as  the  main 
ingredient  of  a  number  of  pesticides  in  China,  but  the  insecticidal  activity  against  mosquitoes 
and  the  mechanism  of  action  at  the  tissue  and  cellular  levels  have  not  been  well  documented.  In 
order  to  facilitate  the  development  of  novel  insecticides,  we  examined  the  action  mechanism  of 
matrine.  The  effects  of  matrine  on  the  evoked  muscle  EPSP  of  the  housefly, 

Drosophila  melanogaster ,  demonstrated  little  effect  of  matrine  on  EPSP  amplitude  or  muscle 
membrane  potential.  Interestingly,  no  EPSP  block  was  observed  approximately  640  seconds  after 
275  pM  verapamil  HC1  (an  L-type  calcium  channel  blocker)  was  added  to  the  bath,  but  there  was 
complete  block  of  the  fast  EPSP  when  combined  with  matrine  at  concentrations  of  200 
pM  (N=2).  Therefore,  matrine  and  verapamil  HC1  appear  to  interact  presynaptically  to  block  the 
EPSP  at  micromolar  concentrations.  Experiments  on  the  effect  of  matrine  on  the  CNS  of 
Drosophila  melanogaster  demonstrated  that  when  the  intact  nerve  sheath  was  treated  with  1- 
2nM  matrine,  the  nerve  firing  could  be  completely  blocked  for  several  minutes  with  little 
recovery,  whereas  matrine  at  micromolar  concentrations  only  partially  blocked  firing.  Compared 
with  3 -APS,  a  GABA(C)-receptor  antagonist,  both  drugs  gave  similar  results  with  subtle 
differenes.  Based  on  the  above  electrophysiological  tests,  we  concluded  that  the  possible  target 
of  matrine  in  the  CNS  is  the  GABA  receptor.  For  better  validation,  further  cellular  level  research 
needs  to  be  performed. 
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The  American  chestnut  was  once  the  dominant  hardwood  species  in  Eastern  North  America 
before  an  exotic  fungal  pathogen  eliminated  more  than  4  billion  trees.  One  promising  approach 
to  restoration  has  been  genetic  transformation  with  an  oxalate  oxidase  gene  (OxO)  from  wheat 
that  neutralizes  oxalic  acid,  the  primary  wounding  mechanism  of  the  fungus.  Prior  to  regulatory 
approval  for  general  release,  transgenic  American  chestnuts  must  exhibit  ecological  function 
within  the  range  of  wild  genotypes.  Transgenesis  can  alter  plant-herbivore  interactions  through 
the  direct  effect  of  the  expression  product,  indirectly  through  up-  or  down-regulation  of  other 
pathways,  or  by  pleiotropic  effects.  These  alterations  can,  in  turn,  affect  ecologically  important 
insect  herbivores  and  their  natural  enemies. 

To  assess  unintended  tritrophic  effects  we  compared  the  efficacy  of  two  categories  of  natural 
enemies  of  leaf-feeding  caterpillars,  entomopathogens  and  parasitoids,  on  transgenic  and 
wildtype  chestnut  cultivars.  An  LD50  dose  of  host-specific  virus  (gypsy  moth  NPV)  or  a  general 
lepidopteran-specific  bacteria  ( Bacillus  thuringiensis  or  BtK)  were  fed  to  2nd  instar  gypsy  moth 
( Lymantria  dispar  L.)  on  7  mm  diameter  transgenic  or  wild  type  leaf  disks.  Mortality  was 
recorded  following  8  (BtK)  or  14  (NPV)  days.  We  also  tested  parasitoid  response  to  groups  of 
2nd  instar  gypsy  moth  caterpillars  placed  on  wildtype  or  transgenic  field-planted  trees  for  ten 
days. 

Given  the  importance  of  entomopathogens  and  parasitoids  in  the  natural  and  artificial  control  of 
this  defoliating  Lepidopteran  pest,  our  results  will  be  vital  in  understanding  how  the  transgenic 
American  chestnut  may  interact  with  its  environment. 
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Bacillus  thuringie  ns  is -based  products  have  been  used  for  >60  years  to  control  insects  in 
agriculture.  In  recent  years,  insects  from  multiple  Orders  have  developed  resistance  to  crops 
expressing  Cry  toxins.  Although  the  agricultural  biotechnology  industry  has  aggressively 
pursued  the  discovery  of  novel  insecticidal  genes  derived  from  microbes,  the  number  of  products 
on  the  market  remains  limited  and  there  is  a  need  for  new  modes  of  action.  At  AgBiome,  we 
discover  microbial-based  solutions  for  insect  control  by  leveraging  a  core  collection  of  fully 
sequenced  microbes  from  the  plant-soil  microbiome.  Successful  identification  of  active  leads  is 
achieved  through  integration  of  sequence  data  and  performance  in  insect  bioassays. 
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Maize  and  other  crops  have  been  genetically  engineered  to  produce  Bt  proteins  that  control 
certain  insect  pests.  As  target  pests  feed  on  the  crop  and  are  controlled  by  the  Bt  proteins,  they 
are  removed  from  the  system  and  are  subsequently  not  available  as  prey  items  to  sustain  natural 
enemy  populations.  The  result  of  prey  removal  on  an  assemblage  of  natural  enemies  was 
simulated  using  an  individual  based  model  with  particular  focus  on  omnivory,  alternative  prey, 
intraguild  predation,  and  cannibalism.  As  expected,  natural  enemies  that  were  reliant  on  the  pest 
targeted  by  the  Bt  crops  were  affected;  however,  generalist  predators  were  more  resilient  to  prey 
removal  due  to  the  utilization  of  additional  food  resources.  This  type  of  model  is  useful  to 
evaluate  insect  resistant  crops  and  other  pest  control  measures  with  respect  to  natural  enemy 
conservation  and  to  provide  guidance  for  specific  research  questions  in  the  field. 
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Abstract  text: 

Bacillus  thuringiensis  (Bt)  Vip3  insecticidal  proteins  are  produced  as  soluble,  extracellular 
proteins  during  the  vegetative  growth  stage  prior  to  sporulation.  Insecticidal  proteins  from  this 
family  have  been  reported  to  exhibit  toxicity  towards  a  wide  variety  of  lepidopteran  insect  pests. 
In  this  study,  insect  sensitivity  and  pest  spectrum  of  Vip3Abl  and  Vip3B  were  characterized. 
These  proteins  were  tested  against  economically  important  Lepidopteran  pests  of  corn  and 
soybean.  These  proteins  were  shown  to  be  efficacious  on  most  of  the  test  insects.  Each  protein 
offers  a  different  insecticidal  spectrum. 
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Environment-friendly  methods,  those  avoiding  unwanted  side  effects  of  conventional 
insecticides,  are  becoming  very  important  in  modern  pest  management  strategies.  The 
entomopathogenic  bacterium  Bacillus  thuringiensis  (Bt),  which  has  been  used  in  crop  protection 
for  the  last  60  years,  is  one  of  the  alternative  approaches.  B.  thuringiensis  Cry  proteins  are  highly 
toxic  to  a  wide  range  of  insect  pests  but  some  insect  taxa  resist  their  action.  This  is  true  for  many 
economically  important  beetles,  including  serious  stored  product  insects. 

In  this  work,  the  synergistic  action  of  four  different  fragments  of  the  Tenebrio  molitor  cadherin 
combine  with  Cry3Aa  toxins  were  tested  on  Tribolium  castaneum  in  a  bioassay  lasting  6  weeks. 

Our  results  showed  that  the  toxicity  of  consumed  Cry3Aa  (natural  or  recombinant)  to  the  second 
instar  larvae  of  T.  castaneum  is  modified  by  simultaneous  application  of  certain  recombinant 


fragments  of  the  Cry  receptor,  the  cadherin,  identified  in  T.  molitor.  Cadherin  fragment 
containing  the  toxin-binding  region  CRtb,  which  represents  a  substantial  part  of  the  repeat  CRA¬ 
MPED  (membrane-proximal  extracellular  domain),  exerts  a  synergistic  effect,  while  cadherin 
fragments  CR1 1  and  CR9-1 1  elicit  either  an  increase  or  a  decrease  of  toxin  activity,  in 
dependence  on  the  mass  ratio  toxin  :  cadherin  fragment. 
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Seed  mixture,  also  called  RIB,  has  been  used  as  a  strategy  to  provide  refuge  insect  populations 
for  delaying  resistance.  However,  a  major  concern  in  implementing  RIB  is  cross-pollination  of 
maize  hybrids  that  can  cause  low  to  medium  level  of  Bt  proteins  to  be  present  in  the  non-Bt 
maize  in  seed  mix  plantings.  The  pollen  contamination  could  make  insect  resistance  to  Bt 
proteins  become  more  dominant.  In  this  study,  insect  survival  and  development  of  CrylF- 
susceptible  (SS),  -resistant  (RR),  and  heterozygous  (RS)  of  fall  armyworm  were  evaluated  in 
four  planting  patterns  of  seed  mixtures  of  non-Bt  and  Bt  maize  containing  Herculex®  I  trait:  1) 
pure  stand  Bt  maize;  2)  pure  stand  non-Bt  maize;  3)  95:  5%  RIB  planting;  and  4)  80:  20%  RIB 
planting,  to  determine  if  pollen  contamination  increases  the  dominance  of  resistance.  Results 
generated  from  this  study  should  provide  useful  information  to  improve  insect  resistance 
management  strategy  and  modeling  for  Bt  maize. 
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Transgenic  crops  producing  Bacillus  thuringiensis  (Bt)  toxins  have  been  globally  planted  to 
control  some  key  insect  pests.  To  delay  evolution  of  pest  resistance,  one  primary  strategy  uses  Bt 
crop  “pyramids”  that  produce  two  or  more  distinct  Bt  toxins  against  the  same  pest.  A  necessary 
condition  for  success  of  the  pyramid  strategy  is  that  there  is  no  cross-resistance  between  the 
different  Bt  toxins  pyramided  in  Bt  crops.  We  present  data  showing  significant  cross-resistance 
occurred  in  a  laboratory-selected  strain  (An2Ab)  of  cotton  bollworm  Helicoverpa  armigera  to  Bt 
toxins  Cry  1  Ac  and  Cry2Ab,  which  are  genetically  engineered  in  the  most  widely  used  Bt  cotton 
pyramids.  Laboratory  selection  of  the  An2Ab  strain  with  Cry2Ab  resulted  in  significant  cross¬ 
resistance  to  three  Cry  1A  toxins  (from  16-fold  to  >21 -fold)  and  Cry2Aa  (77-fold)  as  well  as  134- 
fold  resistance  to  Cry2Ab.  The  Cry2Ab  resistance  was  inherited  as  a  dominant  and  polygenic 
trait.  Furthermore,  the  An2Ab  strain  completed  larval  development  when  reared  from  neonate  on 
plant  materials  from  non-Bt  cotton  (23.3  %  reached  pupation)  and  Bt  cotton  producing  Cry  1  Ac 
(5.3  to  6.7%)  or  both  Cry  1  Ac  and  Cry2Ab  (4%).  Considering  H.  armigera  has  inherently  low 
susceptibility  to  Bt  toxins,  the  cross-resistance  between  Cry  1  Ac  and  Cry2Ab  and  dominant 
resistance  to  Cry2Ab  we  observed  in  this  study  could  reduce  the  durability  of  pyramided  Bt 
cotton  against  H.  armigera.  Alternative  approaches  such  as  increasing  the  diversity  of  insect- 
resistant  genes  in  the  cotton  pyramids,  using  larger  refuges,  and  integrating  Bt  crops  with  other 
control  tactics  could  help  to  achieve  the  long-term  effectiveness  of  Bt  cotton  pyramids. 
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Since  2010,  field  and  laboratory  populations  of  Helicoverpa  zea  (Boddie)  and  Heliothis 
virescens  (F.)  (Lepidoptera:  Noctuidae)  have  been  exposed  to  different  sources  of  insecticidal 
toxins  from  Bacillus  thuringiensis  in  diet  incorporation  and  diet  overlay  assays.  Assay  materials 
included  Cry  1  Ac  and  Cry2Ab2  preparations  from  Monsanto  Company  in  2010-2013  studies,  and 
alternative  sources  of  Bt  toxins  including  commercial  formulations  of  B.  thuringiensis  (Dipel® 
and  Javelin®),  lyophilized  tissue  from  Bt  cotton  and  Bt  corn  plants,  and  excised  fresh  tissue  from 
Bt  cotton  and  Bt  corn  plants  in  2013-2015  studies.  Results  from  assays  with  Cry  1  Ac,  Cry2Ab2 
and  commercial  formulations  of  B.  thuringiensissLYQ  reasonably  consistent  with  those  previously 
published  in  the  literature.  Assays  with  lyophilized  tissue  were  highly  variable  because  of 
comparatively  low  concentrations  of  insecticidal  toxins.  Assays  with  fresh  tissue  appear  to  be  a 
reasonable  alternative  to  assaying  populations  with  purified  proteins  since  most  commercial  Bt 
crops  express  multiple  proteins.  Additional  research  is  needed  to  develop  the  necessary  baseline 
references  and  confirm  protein  expression  in  the  assay  materials. 
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Antimicrobial  peptides  (AMPs)  are  promising  candidate  for  novel  antibiotics.  We  developed 
artificial  AMPs  derived  from  defensins  of  rhinoceros  beetles  ( Allomyrina  dichotoma  and  Oryctes 
rhinoceros).  These  AMPs  showed  broad  antimicrobial  spectrum,  killing  both  Gram-positive  and 
negative  bacteria,  and  several  fungi  without  hemolytic  activity.  The  AMPs  disrupted  lipid  bilayer 
consisted  of  negatively  charged  phospholipid.  The  AMPs  showed  therapeutic  effect  for  MRSA 
infected  mice.  The  AMPs  bound  to  lipopoly saccharide  and  inhibited  expression  of  TNF-a  to 
block  endotoxin  shock.  The  AMPs  showed  low  antigenicity  when  immunized  on  mice. 
Furthermore,  these  AMPs  killed  several  cancer  cell  lines.  Susceptive  cell  lines  had 
phosphatidylserine-rich  cell  membrane.  The  AMPs  also  disrupted  mitochondria  and  induced 
apoptosis  when  introduced  into  cells.  When  the  AMPs  were  immobilized  covalently  on  the 
surface  of  cotton  fiber,  durable  antimicrobial  activity  was  seen  on  this  fabric.  Thus  the  beetle 
defensin  derived  AMPs  could  be  used  for  multi-purpose  applications. 
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Abstract  text: 

Teratocytes  derived  from  the  wasp  ( Cotesia  vestalis)  embryonic  membrane  are  released  into  host 
larval  ( Plutella  xylostella)  hemocoel,  where  they  perform  several  functions.  The  serine  protease 
inhibitors  (Serpins)  are  a  group  of  proteins  with  similar  structures  that  are  able  to  execute  their 
functions  by  negatively  regulating  the  functions  of  targeted  serine  proteases.  So  far,  few  studies 
have  examined  the  functional  role  of  serpins  from  parasitoid  wasps. 

We  cloned  the  gene  by  RACE.  The  Escherichia  coli  expression  system  was  used  for  acquiring 
recombinant  proteins.  We  tested  the  growth  of  microbes  by  measuring  A600  every  five  minutes 
over  12  hours.  The  SDS-stable  complexes  were  shown  by  SDS-PAGE.  PO  activity  was 
measured  using  dopamine  as  a  substrate  by  monitoring  A405  in  a  microplate. 


A  novel  serine  protease  inhibitor  (CyT-serpin),  encoding  for  412  amino  acids  with  a  signal 
peptide  atN-terminal  was  characterized  from  C.  vestalis  teratocytes.  The  recombinant  CyT- 
serpin  (rCyT-serpin)  could  inhibit  a-chymotrypsin,  thrombin  and  elastase  activities  in  a  dose- 
dependent  manner  and  form  trapped  SDS-stable  complexes  with  enzymes  but  did  not  affect 
trypsin.  The  antimicrobial  test  showed  that  the  growth  of  Gram-positive  bacterium  Bacillus 
subtilis  and  Staphylococcus  aureus  were  affected  by  the  rCyT-serpin  but  not  the  tested  Gram¬ 
negative  bacterium  Escherichia  coli.  The  rCyT-serpin  could  depress  the  host  P. 
xylostella  prophenoloxidase  (prnPO)-activating  system  in  vitro  to  some  extent.  These  results 
together  indicate  that  CyT-serpin  from  the  parasitoid  wasp  C.  vestalis  teratocytes  is  an  innate 
participant  in  the  immunity  of  host  P.  xylostella  by  the  inhibition  of  bacterial  growth  and  the 
regulation  of  proPO  system. 
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Abstract  text: 

Insect  immune  responses  depend  on  surveillance  by  a  microbial  recognition  system  that  includes 
pattern-recognition  receptors.  Peptidoglycan  recognition  proteins  (PGRPs)  are  multifunctional 
pattern  recognition  proteins.  Most  PGRPs  act  in  sensing  and  distinguishing  categories  of 
infecting  microbes  and  activating  down-stream  immune  effector  pathways,  such  as  Toll  and 
immune  deficiency  (IMD)  pathways  which  can  regulate  antimicrobial  peptide  expression. 

In  this  study,  we  identified  a  PGRP  gene,  named  BtPGRP ,  in  whitefly  Bemisia  tabaci.  To  study 
the  role  of  BtPGRP ,  we  analyzed  the  BtPGRP  activities  in  vitro ,  transcriptional  profiling,  the 
distribution  of  the  protein  in  the  midgut  and  the  relationship  with  Begomovirus.  We  also  silenced 
the  expression  of  BtPGRP  with  artificial  media  amended  with  dsRNA  and  co-localized  BtPGRP 
and  tomato  yellow  leaf  curl  virus  (TYLCV)  in  midgut  by  immunofluorescence. 

BtPGRP  can  binds  and  kills  bacteria  in  vitro  and  that  Begomovirus  infection  induces  BtPGRP 
expression  in  whitefly  Bemisia  tabaci.  We  propose  that  BtPGRP  has  a  potential  TYLCV  binding 
site  because  we  recorded  the  co-localization  of  TYLCV  and  BtPGRP  in  midguts.  Silencing 
expression  of  BtPGRP  with  artificial  media  amended  with  dsRNA  led  to  reduce  the  expression 
of  an  antimicrobial  peptide.  We  addressed  a  visible  gap  in  understanding  whitefly  immunity  by 
studying  the  functions  of  BtPGRP.  Importantly,  our  work  provides  an  insight  for  how  the 
immune  response  of  whitefly  vector  may  involve  in  the  whitefly /Begomovirus  complexity 
interactions. 
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Abstract  text: 

Immune  priming  (IP)  of  insects  allows  them  to  enhance  the  effectiveness  of  the  immune 
response  (IR)  after  a  previous  contact  with  an  elicitor  of  the  IR.  We  found  IP  against  DENV-2  in 
adult  Aedes  aegypti ,  when  mosquitoes  had  a  first  challenge  with  DENV-2  (108  PFU/ml)  and 
subsequently  had  a  second  challenge  with  same  virus,  exhibiting  a  decrease  of  NS1 
(nonstructural  protein  1)  using  Platelia™  ( Bio-Rad)  in  adult  mosquitoes,  suggesting  limited  viral 
replication  of  DENV-2.  However,  induction  of  IP  against  DENV-2  in  ontogenetic  stage  of  A. 
aegypti  has  not  been  reported.  In  this  study,  we  demostrated  the  induction  of  IP  against  DENV-2 
in  larval  stage  in  laboratory  conditions.  In  the  first  challenge,  larvae  were  exposed  with  DENV-2 
and  in  the  second  challenge,  adult  mosquitoes  were  infected  with  the  virus.  We  evaluated  IR 
after  second  challenge  by  analyzing  the  expression  of  antiviral  gene  Vago  and  antimicrobial 
peptides  (AMP's).  Furthermore,  we  analyzed  viral  replication  of  DENV-2  by  detecting  protein 
NS1.  Results  showed  that  mosquitoes  that  were  exposed  from  the  larval  stage  with  the  virus,  had 
a  greater  expression  of  AMP's  and  gene  Vago  after  second  challenge,  compared  to  mosquitoes 
that  were  not  previously  exposed.  Otherwise,  mosquitoes  that  were  exposed  in  larval  stage  with 
DENV-2,  showed  lower  NS1  than  mosquitoes  that  were  not  exposed  to  DENV-2.  We  concluded 
that  the  induction  of  IP  in  larval  stage  is  able  to  limit  viral  replication  of  DENV-2  in  adult 
mosquitoes. 
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Abstract  text: 

The  role  of  symbiotic  microbes  in  mediating  host  use  specificity  has  gained  attention  over  recent 
years,  however,  this  relationship  has  only  been  studied  in  a  few  systems.  We  investigated  the  role 
of  the  microbiome  in  the  context  of  a  host  shift  in  the  specialist  butterfly  Lycaeides  melissa.  L. 
melissa  has  colonized  the  exotic  legume  Medicago  sativa  in  the  past  200  years;  L.  melissa 
frequently  utilizes  M.  sativa  throughout  its  range  despite  the  fact  that  L.  melissa  larvae  suffer 
both  reduced  survival  and  decreased  adult  fecundity  on  this  host,  compared  to  the  native  host 
Astragalus  canadensis.  We  hypothesized  that  L.  melissa  utilizing  the  exotic  host  M.  sativa  may 
experience  trade-offs  in  the  form  of  strengthened  immune  response  or  pathogen  release.  To  test 
this,  we  reared  L.  melissa  on  the  two  hosts  and  measured  performance,  immune  response,  and 
microbial  density  and  richness.  We  found  that  microbial  density  was  significantly  higher  on  the 
exotic  host  M.  sativa.  In  addition,  standing  phenoloxidase  activity  was  also  higher  on  M.  sativa. 
Larval  performance  was  significantly  lower  on  M.  sativa ,  possibly  suggesting  higher  investment 
in  immune  response  or  higher  microbial  load  negatively  affects  growth  and  development. 
Interestingly,  phenoloxidase  activity  and  melanization  were  affected  by  microbial  factors  in 
different  ways.  Microbial  evenness  had  a  positive  effect  on  melanization,  whereas  phenoloxidase 
was  positively  affected  by  microbial  richness  and  density.  Taken  together,  these  results  suggest 
L.  melissa  experiences  profound  fitness  effects  as  a  result  of  increased  microbial  load  on  the 
exotic  host  M.  sativa. 


Poster 

Presentation  Title:  Probiotics  in  Drosophila  against  Aspergillus  infections 
Author  Name:  Luis  Ramirez  Camejo 


Author  Institution:  INDICASAT  AIP 


Session  Title:  Poster  Session  4:  Insect  Immunology 
Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  D3885 
DOI:  10. 1603/ICE.2016.1 14904 
Abstract  text: 

Probiotics  have  been  used  to  protect  hosts  from  pathogens  of  gastrointestinal  and  reproductive 
systems,  but  their  ability  to  protect  against  systemic  pathogens  is  largely  unexplored.  In  this 
study  we  ask  whether  orally  administered  bacteria  and  yeasts  can  protect  Drosophila 
melanogaster  against  the  opportunistic  fungal  pathogen  Aspergillus  flavus.  Seven 
microorganisms  were  tested;  of  these,  Bacillus  Candida ,  Issatchenkia,  and  Klebsiella  decreased 
mortality  of  flies  subsequently  infected  with  A.  flavus.  Heat-killed  microorganisms  did  not 
protect  flies,  suggesting  that  the  probiotic  effect  observed  was  not  caused  by  improved  nutrition. 
D.  melanogaster  is  a  good  model  organism  to  study  microbial  interactions  with  hosts  and  test  the 
effects  of  potential  probiotics  against  pathogens. 
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Abstract  text: 

One  of  the  distinctive  features  of  eusocial  insects  is  the  production  of  separate  castes,  each  of 
which  specialize  in  different  aspects  of  colony  performance.  As  a  consequence,  queens,  males 
and  workers  follow  different  life  history  trajectories,  depending  on  their  task  within  the  colony. 
While  the  short-lived  males  and  long-lived  gynes  only  leave  the  colony  for  reproduction, 
workers  experience  frequent  contact  with  the  surrounding  environment.  Yet,  workers  often 
perform  certain  tasks  sequentially  during  their  life,  and  depending  on  the  task  some  workers  stay 


closer  around  the  nest  (nurses)  or  spread  further  outdoors  (foragers).  Thus,  each  caste  and  worker 
class  encounters  pathogens  at  a  different  frequency,  which  might  influence  individual  demands 
in  immune  defenses.  Here,  we  examined  the  differences  in  constitutive  immunity  and  the 
expression  of  immunity  after  challenge  with  the  entomopathogenic  fungus  Beauveria  bassiana  in 
males,  young  queens  and  two  worker  classes  of  Formica  exsecta.  Using  survival  analysis  and 
gene  expression  data  we  found  clear  differences  among  castes  in  the  susceptibility  and  response 
to  B.  bassiana ,  as  well  as  in  the  general  readiness  to  respond  to  infections.  These  differences 
closely  matched  the  expectations  according  to  the  life  histories.  For  example,  concomitant  to  the 
increased  pathogen  exposure,  foragers  exhibited  a  lower  susceptibility  and  stronger  immune 
response  to  an  infection,  as  compared  to  nurses. 
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Abstract  text: 

In  the  genome  of  M.  sexta ,  we  have  identified  125  genes  coding  for  serine  proteases  (SPs)  and 
their  homologs  (SPHs).  Fifty -two  of  them  contain  cystine-stabilized  structures  for  molecular 
recognition,  including  clip  domains.  Proteomic  analysis  of  larval  hemolymph  detected  36  SP- 
related  proteins,  eleven  of  which  are  known  to  be  part  of  the  extracellular  network  coordinating 
humoral  and  cellular  immune  responses  ( e.g .  prophenoloxidase  and  Toll  pathway  activation).  We 
expressed  six  SPs/SPHs,  produced  specific  antibodies,  and  detected  their  proteolytic  processing 
by  column  fractions  of  bar-stage  hemolymph.  These  results  led  to  an  expansion  of  the  SP-SPH 
system  and  its  regulation  by  serpins.  Latest  progress  regarding  system  initiation  upon  pattern 
recognition  is  also  discussed. 
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Abstract  text: 

Diamondback  Moth  caterpillars  (Plutella  xylostella ),  a  prominent  pest  of  cruciferous  crops,  are 
often  controlled  with  the  use  of  pesticides,  which  can  have  far  reaching  harmful  effects  on  the 
surrounding  environment.  Natural  enemies,  including  microbes  and  parasitic  insects,  may  be 
used  to  control  P.  xylostella  populations,  however  the  effects  can  vary  between  Bacillus 
thuringiensis  (BT)  resistant  lines  and  wild  type  susceptible  populations. 

The  effectiveness  of  these  alternative  methods  of  control  were  quantitatively  analyzed  in  P. 
xylostella  by  recording  mortality  and  melanization  capacity  for  the  resistant  and  susceptible  BT 
populations.  The  larvae  were  then  exposed  to  the  Junonia  coenia  densovirus  and  Trichogramma 
pretiosum ,  an  egg  parasitoid,  in  order  to  determine  their  efficacy  as  biocontrol  agents.  In 
addition,  parasitoid  preference  for  high  or  low  immunity  caterpillars  was  investigated.  Finally, 
the  energetic  costs  of  maintaining  a  high  immune  response  was  examined  by  measuring 
development  time  and  pupal  weights. 

Results  will  be  discussed  on  the  differences  in  immune  competency  between  BT  susceptible  and 
BT  resistant  individuals  and  their  susceptibility  when  challenged  with  natural  enemies.  These 
data  will  provide  insight  into  the  dynamic  between  P.  xylostella  and  its  natural  predators  and 
possibly  allow  for  better,  eco-friendly,  methods  of  controlling  P.  xylostella  pest  populations. 
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Abstract  text: 

While  molecular  methods  are  being  developed  and  implemented  for  the  screening  of  microbial 
and  chemical  food  contaminants,  traditional  macro  and  microscopic  methods  are  still  being  used 
to  detect  insect  contaminants  in  foods.  Unfortunately,  sample  analysis  using  those  traditional 
methods  are  very  time-consuming  and  require  analysts  with  high  degree  of  training  and  skills, 
which  is  impractical  given  the  number  of  samples  that  require  analysis.  The  use  of  molecular 
techniques  to  detect  insect  fragments  in  foods  can  potentially  reduce  sample  processing  times 
and  accurately  detect  the  presence  of  insects.  The  purpose  of  this  study  is  to  determine  the 
detection  limits  of  insect  fragments  in  a  food  matrix  using  qualitative  endpoint  PCR. 

We  spiked  food  with  known  amounts  of  insect  fragments  (flies,  roaches,  and  ants)  and  extracted 
genomic  DNA  from  large  quantities  of  food  samples.  We  used  endpoint  PCR  and  selected 
customized  primers  that  amplified  several  regions  of  the  cytochrome  oxidase  I  (COI)  gene  to 
determine  the  minimum  number  of  insect  fragments  that  can  be  detected  from  spiked  samples. 

Genomic  DNA  was  successfully  isolated  from  both  spiked  and  control  samples.  Standard  PCR 
reactions  amplifying  the  insect’s  COI  regions  were  shown  to  be  reliable  and  sensitive.  We 
detected  insect  fragments  at  concentrations  as  low  as  0.001%  (10  ppm).  These  results  suggest 
that  molecular  methods  to  detect  the  presence  of  insect  contaminants  in  foods  have  the  potential 
to  be  rapid,  sensitive,  and  accurate,  thereby  increasing  the  number  of  samples  that  can  be 
analyzed. 
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At  US  ports  of  entry  incoming  cargo  is  inspected  by  DHS-CBP  (Department  of  Homeland 
Security  -  Customs  and  Border  Protection)  Agricultural  Specialists.  Intercepted  insects  are  sent 
to  USDA-APHIS-PPQ  (US  Department  of  Agriculture-  Animal  Plant  Health  Inspection  Service 
-  Plant  Protection  and  Quarantine)  Entomologists  for  identification.  Ports  without  an  Identifier 
on  site  send  insects  by  courier  or  overnight  mail  for  identification.  Identifications  may  also  be 
done  digitally  by  taking  static  photographs  of  taxa.  However,  taking  digital  images  can  be  time 
consuming  and  requires  taxonomic  knowledge.  In  September  of  2014  USDA  Identifiers  in  Ft. 
Lauderdale,  FL,  began  a  pilot  project  using  Food  Shield  (Adobe  Pro  Connect)  to  expedited 
identifications  with  CBP  Agricultural  Specialist  located  within  the  Area  Port  of  Tampa  Bay,  FL 
(Port  Manatee).  For  this  pilot  project  video  images  of  intercepted  insects  were  sent  in  real  time 
while  the  Identifiers  communicated  with  the  Agricultural  Specialist  via  telephone. 

Over  300  insects  have  been  identified  using  live  digital  streaming.  Since  insects  are  not  sent  by 
overnight  mail  or  courier,  identification  time  and  costs  associated  with  transport  have  decreased. 
Additionally,  this  pilot  project  has  strengthened  the  relationship  between  the  USDA  Area 
Identifiers  at  Ft.  Lauderdale  and  the  CBP  Agricultural  Specialist  at  Port  Manatee.  The  immediate 
feedback  provided  using  live  digital  streaming  has  positively  impacted  the  quality  of 
interceptions  turned  in  by  CBP  Agricultural  Specialists.  Also,  the  CRA  (Cargo  Release 
Authority)  Program  has  been  enhanced  with  an  increase  application  in  taxa  and  use  of  the 
program  by  CBP  Agricultural  Specialists. 
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The  Beneficial  Insect  Introductions  Research  Laboratory  seeks  to  identify,  import,  and  establish 
biological  control  agents  for  invasive  pests  in  the  USA. 

Critical  issues  are  reviewed  in  the  permitting  process,  physical  security,  and  worker  training.  The 
e-Permit  system  has  sped  up  the  response  from  APHIS-PPQ  and  state  officials.  Modular  spaces 
for  insect  containment  have  been  modified  in  response  to  the  requirements  for  particular  insects, 
along  with  the  standard  procedures  for  colony  maintenance. 

Individuals  involved  with  invasive  species  or  biological  control  will  find  useful  infomation  on 
navigating  regulation,  maintenace  of  biosecure  spaces,  and  developing  a  culture  of  containment. 
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Insecticides,  particularly  pyrethroids,  have  been  widely  used  in  Mexico  to  control  Aedes  aegypti , 
the  main  vector  of  Dengue,  Chikungunya  and  Zika  viruses  in  different  parts  of  the  country.  The 
extended  use  of  insecticides  in  vector  control  programs  represents  an  important  way  to  select 
insecticide  resistant  populations  if  the  susceptibility  status  of  the  populations  is  unknown.  In  this 
context,  the  CDC  bottle  bioassay  is  a  surveillance  tool  for  detecting  insecticide  resistance  in 
vector  populations.  However,  local  information  about  resistance  intensity  and  resistance 
mechanisms  in  mosquitoes  from  different  regions  is  needed  for  decision  making  about  which 
insecticide  or  insecticides  may  be  applied.  The  aim  of  this  study  was  to  analyze  the  intensity  of 
insecticide  resistance  in  adult  populations  of  Ae.  aegypti  from  Mexico  through  bottle  bioassay 
using  Resistance  Frequency  Rapid  Diagnostic  Test  (F-RDT)  and  Resistance  Intensity  Rapid 
Diagnostic  Test  (I-RDT),  both  proposed  by  CDC.  Also,  we  determined  the  molecular  resistance 


mechanisms  involved.  According  to  our  results,  all  populations  were  resistant  to  pyrethroids  used 
in  this  study  (mortality  percentage  <  90%).  In  bioassays  with  chlorpyrifos,  mortality  percentages 
of  populations  studied  varying  from  79%  to  100%.  In  contrast,  mortality  percentages  in 
mosquitoes  exposed  to  bendiocarb  showed  100%  mortality,  indicating  susceptibility  to  this 
insecticide  in  all  populations  analyzed.  The  I-RDT  results  in  Ae.  aegypti  exposed  to  pyrethroids 
showed  resistance,  even  when  DD  was  enhanced  ten  times.  In  molecular  assays,  we  detected 
VI 01 61  and  F1534C  kdr  mutations  in  both  populations  studied. 
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Abstract  text: 

The  CDC  bottle  bioassay  is  a  commonly  used  time-response  assay  to  measure  adulticide 
resistance  in  mosquitoes.  Statistical  analysis  of  time-response  data  can  be  complex  and  may  be 
an  obstacle  for  some  users.  In  cases  of  extreme  insecticide  resistance  statistical  analysis  may  not 
be  necessary;  however,  early  detection  of  low  levels  of  resistance  is  critical  for  all  insecticide 
resistance  management  and  is  the  goal  of  many  users  of  the  CDC  bottle  bioassay.  This  study 
assessed  the  variability  of  the  bioassay  response  within  single  populations,  allowing  the 
sensitivity  of  the  bioassay  to  be  quantified  and  levels  of  replication  to  produce  specific  levels  of 
assay  sensitivity  identified. 
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Abstract  text: 

The  larvicidal  activity  of  Magnolia  kobus  DC.  methanol  extract  against  two  mosquitoes,  Culex 
pipiens  and  Aedes  albopictus,  were  examined  using  direct  contact  application  for  larva.  The 
methanol  extracts  of  M.  &oteshowed  100%  larvicidal  activity  at  500  ppm  against  both 
mosquitoes  larva  within  24  hr. 

Hexane  and  chloroform  fractions  showed  highly  larvicidal  activity  in  two  mosquito  species  at  50 
ppm.  Purification  of  the  biologically  active  constituents  from  the  hexane  extraction  with 
larvicidal  activity  was  done  using  silica  gel  column  chromatography.  H2  fraction  gave  over  90% 
mortality  to  Cx.  pipiens,  and  Ae.  albopictus  at  10  ppm  after  48hrs. 

H21  fraction  was  determined  100%  mortality  to  Cx.  Pipiens,  and  Ae.  albopictus  at  10  ppm, 
respectively.  Active  constituent  of  hexane  fraction  was  analyzed  C2oHi806(H21,  MW354.1 1)  by 
GC-MS  and  NMR.  The  active  constituent  was  characterized  as  the  lignin  sesamin. 

M.  kobus  derived  compounds  described  herein  could  be  useful  for  managing  filed  populations  as 
larvicide  of  Cx.  pipiens,  and  Ae.  Albopictus. 
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Abstract  text: 

Malaria  and  the  Dengue  Fever  are  the  most  important  vector  borne  diseases  and  their  main 
vectors  in  Latin- America  ar q  Anopheles pseudopunctipennis  (Theobald)  and  Aedes  aegypti  (  L.) 
respectively.  Vector  control  studies  are  focused  mainly  on  the  lethal  dose  of  the  insecticides; 
however  their  sublethal  effects  may  have  important  implications  on  activities  related  to  establish 
their  vectorial  capacity. 

In  this  work  we  evaluated  the  larvicidal  and  sublethal  effects  of  temephos  on  Anopheles 
pseudopuntipennis,  using  Aedes  aegypti  as  a  reference. 

The  larvicidal  bioassay  was  performed  according  to  a  protocol  previously  used  in  our  laboratory 
after  which  we  used  probit  regression  to  obtain  de  LC50. 

To  determinate  the  sublethal  effects,  we  evaluated  the  behavior  of  those  larvae  that  survive  to 
temephos  exposure.  We  monitored  each  larva  throughout  a  10  minute  time  course  with  a  video¬ 
camera.  We  used  the  video-tracking  software  (Ethovision  XT  10.1)  to  calculate  behavioral 
variables.  Linear  regression  analyses  were  carried  out  between  the  behavior  variables  versus  the 
concentration  of  insecticide. 

The  LC50  values  were  higher  in  An.  pseudopunctipennis  than  in  Ae.  aegypti.  In  Ae.  aegypti ,  the 
variables  studied  had  significant  correlations  with  the  concentration  of  temephos,  some  variables 
(Velocity,  Distance,  Rotations  and  Time  of  Higly  Mobile  and  Mobile)  had  negative  correlations 
while  the  others  (Time  Immobile  and  Angular  Velocity)  presented  positive  correlations.  The 
same  tendency  was  observed  in  An.  pseudopunctipennis. 

The  study  of  susceptibility  and  sublethal  effects  of  insecticides  are  important  to  improve  the 
chemical  control  of  An.  pseudopunctupennis ,  understanding  the  potencial  effect  on  the  foraging 
and  evasion  behavior  of  its  larvae. 
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Abstract  text: 

Searching  for  new  insecticides  to  control  the  vector  of  Dengue,  Chikungunya  and  Zika  the 
larvicidal  action  of  essential  oils  (EOs)  isolated  from  Thymus  vulgaris ,  Salvia  officinalis ,  Lippia 
origanoides ,  Eucalyptus  globulus ,  Cymbopogon  nardus ,  Cymbopogon  martini ,  Lippia  alba , 
Pelargonium  graveolens  on  Aedes  (Stegomyia)  aegypti  was  evaluated.  Each  EO  was  extracted  by 
microwave-assisted  hydrodestillation  and  characterized  by  gas  chromatography-mass 
spectrometry  (GC-MS).  The  EO  chemical  components  were  identified  according  to  their  linear 
retention  indices  and  mass  spectra.  The  lethal  concentrations  (LC)  were  determined  by  Probit 
analysis  using  larvae  of  A.  aegypti  between  third  and  fourth  instar.  All  EOs  caused  larvicidal 
activity  with  LC50  value  lowest  than  115  ppm,  T.  vulgaris  was  the  EO  with  the  lowest  LC50  value 
(45.73  ppm)  and  C.  martini  showed  the  highest  LC50  (LC50  =  1 14.65)  among  the  EO  evaluated. 
Mixtures  of  some  EOs  showed  lower  LCs  than  the  corresponding  individuals  oils,  L.  origanoides 
+  S.  glutinosa  (LC50  =  38.40),  T diffusa  +  S.  glutinosa  (LC50  =  63.71)  and  S.  alba  +  L.  glutinosa 
(LC50  =  48.87).  The  EO  main  compounds  with  the  higher  larvicidal  activity  were  thymol  (42%) 
and p-cymene  (26.4%). 
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Abstract  text: 


To  strengthen  the  integrated  vector  management  (IVM)  and  to  avoid  the  excessive  use  of 
chemical  insecticides  that  can  induce  pesticide  resistance,  the  microbial  agent  Bacillus 
thuringiensis  israelensis  ( Bti )  has  been  spread  on  a  weekly  basis  in  outdoor  fixed  and  fmdable 
water  source  in  the  Democratic  Republic  of  Sao  Tome  and  Principe.  Twelve  sentinel  sites  were 
set  up  in  the  six  provinces  to  evaluate  the  changes  in  the  mosquito  density.  The  average  density 
of  the  outdoor  adult  Anopheles  coluzzii  (An.  gambiae  molecular  "M  form")  was  over  90-fold 
higher  than  that  of  indoor  adults.  Laboratory  analysis  showed  that  these  An.  gambiae  were  M 
form,  which  has  the  characteristics  of  the  exophilic  behavior.  The  allelic  frequency  of  the 
insecticide  resistance  gene  kdr  (L1014F)  was  as  high  as  65%,  which  could  be  the  result  of  indoor 
residual  spraying  (IRS)  and  long-lasting  insecticidal  net  (LLIN).  After  implementation  of  Bti 
control,  the  average  of  outdoor  adult  mosquito  density  dropped  from  8.9  in  2008  to  5.0  in  2013. 
The  larval  density  was  42.0  at  the  beginning  of  the  control,  which  decreased  to  12.9  after  the 
control.  Use  of  Bti  could  be  regard  as  eco-friendly  and  environmental  sustainable  approached 
tool  to  control  An.  coluzzii  populations  at  a  low  density. 
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Abstract  text: 

Vector-borne  pathogens  are  transmitted  to  humans  via  the  bite  of  an  infected  mosquito  and  then 
back  to  the  mosquito  during  blood  feeding.  Interestingly,  vertebrate  cells  and  serum  factors  are 
transferred  to  the  mosquito  midgut  during  this  process.  Previous  research  has  shown  that  human 
serum  components  are  able  to  induce  the  expression  of  genes  that  can  modulate  transmission  of 
human  pathogens  in  mosquito  tissues.  Our  recent  investigations  support  these  findings  and 
demonstrate  that  human  complement  C5a  protein  is  able  to  induce  gene  expression  in  Ae.  aegypti 
modulating  DENV  infection.  By  mass  spectrometry,  we  have  identified  a  hypothetical  G  protein 
coupled  receptor  (GPCR)  able  to  bind  human  C5a  in  Ae.  aegypti  cells,  the  same  protein  family 
that  includes  C5a  receptors  in  human  cells.  Not  surprisingly,  these  proteins  are  mainly  involved 
in  signal  transduction.  Since  GPCRs  are  involved  in  most  insect  essential  functions  and  have 


ligand  binding  specificity  we  believe  that  this  C5a-binding  GPCR  would  also  be  a  suitable  target 
for  insecticide  development. 
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Abstract  text: 

The  salivary  gland  of  blood  sucking  arthropods  produce  a  cocktail  of  molecules  that  helps  blood 
feeding,  including  antihemostatic  agents  and  immunomodulators.  The  invasion  of  salivary  gland 
by  Plasmodium  sporozoites  is  a  receptor  mediated  process  and  is  a  critical  step  that  defines  the 
success  of  disease  transmission.  A  better  knowledge  of  the  molecules  responsible  for  this 
important  step  could  be  used  towards  control  of  pathogen  transmission.  CSPBP  and  SGS  1  have 
been  shown  to  be  important  mediators  of  Plasmodium  sporozoite  invasion  of  salivary  gland  in 
Anopheles  gambiae  and  Aedes  aegypti  respectively.  We  used  RNA  interference  mediated 
knockdown  of  these  molecules  to  determine  whether  Plasmodium  gallinaceum  sporozoites  use 
them  as  receptors  for  tissue  invasion  in  Aedes  aegypti.  Our  results  suggest  that  knockdown 
AeCSPBP  disrupt  sporozoite  invasion  of  salivary  gland  but  not  SGS  1. 
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Abstract  text: 

Mosquitoes  are  vectors  for  many  pathogens  that  cause  severe  human  morbidity  and  mortality. 
There  is  continued  research  and  development  of  natural  products  to  discover  repellents  which 
protect  humans  from  mosquito-borne  illnesses.  The  present  study  was  an  attempt  to  assess 
repellency  of  the  essential  oil  of  Zingiber  zerumbet  (L.)  Smith,  against  Aedes  aegypti  (L.) 
mosquitoes.  Z  zerumbet  is  commonly  known  as  the  pinecone  or  shampoo  ginger  because  the 
inflorescence  is  a  pinecone  shape  and  the  mucilaginous  substance  present  in  the  inflorescence  is 
used  as  a  natural  hair  conditioner  by  the  Hawaiians.  They  apply  the  compressed  rhizomes  to  sore 
spots,  bruises,  and  cuts.  It  is  also  used  to  treat  headaches,  toothache,  skin  disease,  joint  pains, 
sprains  and  stomach-ache.  Rhizomes  were  subjected  to  hydrodistillation  and  analyzed  by  GC- 
FID  and  GC-MS.  The  main  constituents  of  Z  zerumbetoil  were  characterized  as  zerumbone 
(87.1%),  humulene  epoxide-I  (2.0%)  and  camphor  (1.4%).  The  major  compound  zerumbone  was 
identified  and  its  structure  was  characterized  by  ID-NMR  spectroscopic  data  analyses.  The 
repellent  data  will  be  discussed  in  the  presentation. 
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Abstract  text: 

Blood  sucking  insects  are  not  just  a  nuisance,  but  also  a  worldwide  concern  for  human  health  as 
well  as  agriculture.  Finding  ways  to  control  blood  sucking  insects  is  crucial  to  combat  the  spread 


of  vector-borne  diseases  like  malaria,  dengue  fever,  American  trypanosomiasis  (Chagas  disease), 
and  Zika  vims.  Repellents  and  attractants  are  valuable  tools  for  the  personal  protection  of 
humans  and  monitoring  of  disease  vector  populations.  This  study  focuses  on  identifying  the 
efficacy  of  specific  attractants  and  repellents  across  four  different  species:  the  yellow  fever 
mosquito,  Aedes  aegypti ;  the  African  malaria  mosquito,  Anopheles  gambiae ;  the  kissing  bug, 
Rhodnius  prolixus ;  and  the  common  bed  bug,  Cimex  lectularius.  The  results  of  our  study  are 
important  for  the  development  of  novel  push/pull  strategies  to  control  blood-sucking  disease 
vectors. 
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Abstract  text: 

As  analyses  of  the  Culex  quinquefasciatus  genome  are  refined,  the  numbers  of  putative  ORs  are 
being  updated.  Initially,  we  estimated  a  total  of  158  OR  genes  in  the  Culex  genome,  then  the 
genome  was  annotated  and  180  putative  OR  genes  were  reported.  Recently,  we  performed  an  in- 
depth  analysis  by  RNA-Seq  and  identified  a  repertoire  of  177  CquiORgQnQS.  It  is  expected  that  a 
number  of  these  ORs  are  involved  in  the  reception  of  plant-derived  volatile  compounds,  such  as 
attractants,  kairomones,  and  plant  defense  compounds.  As  a  matter  of  fact,  we  have  recently 
identified  a  DEET  receptor,  which  is  very  sensitive  to  methyl  jasmonate.  Here,  we  report  on  the 
identification  of  three  other  ORs,  which  are  sensitive  to  plant-derived  compounds,  particularly 
terpenoids. 

Test  genes  were  cloned  and  subcloned  into  expression  plasmid  (pGEMHE),  their  cRNA  products 
were  then  injected  into  Xenopus  oocytQS  for  two-electrode  voltage  clamp  (TEVC)  recordings. 
Oocytes  co-expressing  the  test  OR  and  the  co-receptor,  CquiOrco,  were  challenged  with  a  panel 
of  approximately  200  natural  compounds.  Additionally,  compounds  eliciting  strong  responses 
were  tested  by  behavioral  assay,  namely,  the  surface,  landing  and  feeding  assay. 


Three  odorant  receptors,  CquiOR44,  CquiOR73,  and  CquiOR175,  gave  robust  responses  to 
terpenoid  compounds  in  a  dose-dependent  manner.  Interestingly,  the  best  ligand  for  each  of  these 
receptors  showed  significant  repellency  activity  in  our  behavioral  tests.  These  findings  further 
suggest  that  plant-derived  compounds  are  natural  mosquito  repellents. 
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Abstract  text: 


Temperature  and  precipitation,  the  main  climatic  parameters  that  are  related  to  the  suitability  of  a 
region  for  the  establishment  and  seasonal  abundance  of  the  Invasive  Mosquito  Species  (IMS) 
were  assessed  using  data  from  the  European  Climate  Assessment  and  Dataset  (ECA&D)  project 
over  Greece  and  Italy  for  the  development  of  current  Spatial  Risk  Databases  of  IMS.  Results 
were  validated  from  the  installation  at  key  points  across  the  two  countries  of  a  prototype  IMS 
monitoring  device  that  has  been  designed  and  developed  in  the  LIFE  CONOPS  project.  Since 
climate  models  suggest  changes  in  future  temperature  and  precipitation  rates,  the  future  potential 
of  IMS  establishment  over  Greece  and  Italy  was  assessed  using  the  climatic  parameters  in  2050, 
provided  by  the  NASA  GISS  GCM  ModelE  under  the  IPCC-A1B  emissions  scenarios.  The  need 
for  regional  climate  projections  in  a  finer  grid  size  was  assessed  using  the  Weather  Research  and 
Forecasting  (WRF)  model  to  dynamically  downscale  GCM  simulations.  The  estimated  changes 
in  the  future  meteorological  parameters  were  combined  with  the  observation  data  in  order  to 
estimate  the  future  level  of  the  climatic  parameters  of  interest.  The  final  product  includes  spatial 
distribution  maps  presenting  the  future  suitability  of  a  region  for  the  establishment  and  seasonal 
abundance  of  the  IMS  over  Greece  and  Italy. 

Acknowledgement:  LIFE  CONOPS  project  “Development  &  demonstration  of  management 
plans  against  -  the  climate  change  enhanced  -  invasive  mosquitoes  in  S.  Europe”  (LIFE  12 
ENV/GR/000466). 
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Abstract  text: 

Monitoring  systems  and  vector  control  of  insects  such  as  mosquitoes  and  triatomine  has  become 
a  useful  tool  in  programs  for  integrated  pest  management.  The  aim  of  this  study  was  to  evaluate 
the  effectiveness  of  capture  of  field  condition  traps  designed  at  the  School  of  Industrial  Desing 
and  The  Center  for  Research  in  Tropical  Diseases  (CINTROP)  of  Universidad  Industrial  de 


Santander  -UIS-:  HomeTrap  (HP)  to  capture  Aedes  aegypti,  vector  of  dengue,  Chikungunya  and 
Zika;  and  the  Guardian  Nocturno  (GN)  trap  for  vectors  of  Chagas  disease. 

Traps  were  located  on  two  sampling  points  in  the  municipality  of  Macaravita  and  four  in  the 
municipality  of  Capitanejo  (Santander-Colombia),  in  which  they  have  historically  reported  these 
vectors.  We  installed  12  HP,  9  GN,  2  light  Shanon  traps,  9  Noireau  traps  and  9  Angulo  traps.  At 
each  point  the  traps  were  placed  in  the  intradomicile,  peridomicile  and  extradomiciliary  using 
bait  attractive  for  blood-sucking  insects:  BG-Sweetscent  sponge  and  grain,  hay  solution,  live  bait 
(mouse/chicken)  and  a  control  without  bait. 

At  HP  locations,  we  colleted  25  (9,57%)  individuals  in  4  Orders,  GN  collected  90  individuals 
(34.4%)  in  7  orders  and  Shanon  collected  146  individuals  (55.9%)  in  10  orders.  The  only 
triatomine  collected  was  captured  with  Shannon  trap  in  extradomiciliary,  corresponding  to  a 
Triatoma  maculata.  Although  traps  used  different  types  of  bait,  the  majority  of  insects  captured 
belonged  of  the  order  Diptera. 

In  laboratory  tests  the  GN  and  HT  traps  captured  insects,  under  field  conditions  the  baits 
employees  do  not  seem  to  be  suitable  for  mosquitoes  and  triatomine. 
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Abstract  text: 

Observations  on  the  diel  oviposition  behavior  of  Toxorhynchites  splendens  females  were  studied 
under  laboratory  conditions. 

Specific  aspects  studied  were  the  effect  of  copulation  time  and  female  age  on  fecundity  and  egg 
hatchability. 


Longer  time  periods  for  copulation  (1 1-15  sec  and  16-20  sec)  resulted  in  both  greater  numbers  of 
total  eggs  laid  and  increased  hatch  rates  when  compared  to  short  copulation  periods  (1-5  sec  and 
6-10  sec).  Individual  females  were  observed  for  15  consecutive  days.  Oviposition  began  on  the 
first  day  after  mating  and  continued  up  to  day  fifteen.  The  greatest  numbers  of  eggs  were 
deposited  on  the  third  day  (21.9+13.4  eggs/females)  and  the  eggs  laid  on  the  third  day  also  had 
the  greatest  hatch  rates  (19.6+12.2  larvae/female  or  89%).  The  non-hatchability  rate  of  egg  was 
positively  correlated  with  the  female  mosquito  age.  Oviposition  behavior  was  studied  in  different 
photoperiods,  and  although  a  few  eggs  were  deposited  at  night  (scotophase),  most  eggs  were 
deposited  during  the  day  (photophase)  with  a  large  peak  during  day  5.  These  results  provide 
important  information  for  understanding  the  oviposition  behavior  and  key  aspects  of 
Toxorhynchites  biology. 
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Abstract  text: 

Heterotrophic  microeukaryotes  such  as  ciliate  protozoans  and  rotifers  are  ubiquitous  in  mosquito 
larval  habitats  and  are  thought  to  comprise  a  significant  portion  of  the  microbial  food  resources 
for  larvae  of  mosquitoes.  The  objectives  of  this  study  were  to  determine  the  effects  of  these  two 
microbial  groups  on  other  microbial  food  resources,  such  as  bacteria,  in  the  water  column  and  on 
Culex  larval  development.  The  results  of  this  study  revealed  previously  unknown  interactions 
that  were  different  from  the  “top-down”  regulation  of  microbial  groups  by  mosquito  larvae 
observed  in  other  systems.  These  findings  will  help  our  understanding  of  the  basic  larval  biology 
of  Culex  mosquitoes,  variation  in  mosquito  production  among  various  larval  habitats,  and  may 
have  important  implications  for  larval  control  strategies  of  mosquitoes. 
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Abstract  text: 

Aedes  albopictus ,  called  as  the  Asian  tiger  mosquito,  is  a  mosquito  that  can  transmit  viruses  that 
cause  dengue  fever  and  chikungunya  fever.  In  Korea,  although  the  case  of  autonomous  dengue 
fever  has  not  been  reported,  it  leaves  rich  possibility  of  influx  of  this  disease.  Therefore,  the 
ecological  studies  of  Ae.  albopictus  are  urgently  needed  to  establish  a  strategy  for  control  of  this 
vector  mosquito. 

In  this  study,  we  evaluated  the  larval  growth  time  with  temperature,  investigated  the  larvae  found 
sites,  overwintering  mechanism  and  also  studied  the  diel  activity  of  adult  stage. 

The  larval  growth  time  was  reduced  as  the  temperature  increased:  it  takes  242.3  h,  at  26°C  and 
209.1  h  at  28°C.  Larvae  were  found  in  artificial  containers  with  water  such  as  tires,  flower  pots, 
buckets,  water  bowls,  etc.  The  most  Ae.  albopictus  take  advantage  of  egg  stage  as  overwintering 
methods,  but  some  use  larval  and  also  adult  stage.  Ae.  albopictus  showed  a  very  aggressive 
daytime  biting.  Its  peak  active  times  are  during  the  early  morning  (8:00-9:00)  and  late  afternoon 
(16:00-17:00).  However,  in  a  deep  forest  reduced  light  intensity,  the  peak  activity  showed  a 
single  broad  peak  in  the  afternoon. 

These  results  showed  that  Ae.  albopictus  is  deeply  related  with  human  activity  and  also  ready  to 
attack  humans  as  blood  meal  resources  allowing  virus  transmittance.  Our  results  indicate  that 
strategies  for  personal  protection  against  mosquito  bites  are  urgently  needed. 
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Abstract  text: 

Since  its  introduction  in  the  1980s,  Aedes  albopictus  has  become  an  important  invasive  mosquito 
in  much  of  the  US.  Aedes  albopictus  can  have  strong  competitive  effects  on  sympatric 
mosquitoes,  and  can  these  effects  can  contribute  to  declines  or  extirpation  of  sympatric 
mosquitoes.  However,  there  is  also  geographic  variation  in  persistence  or  extinction  of  co¬ 
occurring  species,  suggesting  the  hypothesis  that  environmental  factors  may  ameliorate  the 
impact  of  interspecific  competition  from  larval  A.  albopictus.  The  size  of  the  water-filled 
containers  inhabited  by  larvae  can  affect  intraspecific  competition  among  mosquito  larvae.  I 
tested  whether  interspecific  competitive  interactions  of  A.  albopictuswith  other  mosquitoes  may 
also  depend  on  the  size  and  shape  of  the  larval  environment. 

These  competition  experiments  with  A.  albopictus  used  Culex  quinquefasciatus  (non-native)  and 
Aedes  triseriatus  (native).  Larvae  were  raised  in  containers  ranging  in  size  from  250mL  to  1  L, 
and  also  similar  sized  (1L)  containers  of  different  shape,  which  resulted  in  variation  in  the 
amount  of  wall  surface  area  available  for  browsing  relative  to  water  volume.  Smaller  containers 
have  more  wall  surface  area  for  browsing  relative  to  volume  than  do  larger  containers  of  similar 
shape.  Because  browsing  containers  sides  are  likely  to  be  a  more  profitable  way  of  feeding  than 
feeding  within  the  water  column  for  Aedes ,  smaller  containers  yielded  reduced  intensity  of 
competition  with  A.  triseriatus.  In  contrast,  Culex  mosquitoes  browse  surfaces  less  and  filter  feed 
within  the  water  column  more  than  do  Aedes ,  resulting  in  a  reduced  competitive  effect  of  A. 
albopictus  on  C.  quinquefasciatus  in  larger  containers. 
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Abstract  text: 

The  presence  of  inconscpicuous  and  cryptic  culicid  species  make  taxonomic  and  species 
diagnosis  rather  challenging.  This  difficulty  is  augmented  when  non-entomologist  health 
professionals  need  to  identify  a  mosquito  vector.  In  the  Neotropical  region,  this  situation  is 
jeopardized  by  additional  factors,  including:  highly  diverse  mosquito  fauna,  incipient  health 
facilities  in  many  municipalities,  and  the  presence  of  several  mosquito-borne  diseases.  To  help 
solve  this  problem,  we  proposed  the  creation  of  an  online  database  of  morphological  information 
about  medically-important  mosquitoes.  This  database  named  WingBank  contains  thousands  of 
standardised  images  of  mosquito  wings,  which  are  powerful  taxonomic  markers.  Considering 
that  many  culicid  species  can  be  diagnosed  by  wing  shape,  a  morphometric  meaure,  Wing  Bank 
has  an  online  algorithm  that  can  classify  and  identify  the  species  of  a  new  wing  input  among  the 
existing  wing  database.  In  other  words,  WingBank  is  an  “online  taxonomist”  which  can  be 
accessed  and  consulted  by  any  health  professional  worldwide.  WingBank  is  dynamic  and  may  be 
continually  updated.  We  are  also  evaluating  the  possibility  of  aggregating  genetic  data  to  the 
database  to  enhance  the  robustness  of  species  identification. 
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Abstract  text: 

Identification  of  sand  flies  species  is  very  important,  especially  because  they  serve  as  vectors  for 
Leishmaniasis  in  most  provinces  in  Iran.  This  study  was  conducted  to  determine  the  various 


fauna  and  frequency  of  sand  flies  in  Kohgiluyeh  and  Boyer- Ahmad  province  located  in 
southwestern  Iran.  Sand  flies  samples  were  collected  from  five  counts  during  May  to  November 
2015  using  sticky  traps.  Traps  were  installed  around  indoor  and  outdoor  places  of  the  selected 
rural  areas  after  sunset,  and  traps  collected  before  sunrise  the  next  day.  Collected  sand  flies  were 
monitored  for  monthly  activity  and  identified  after  mounting. 

From  a  total  of  8500  collected  specimens,  12  species  of  sand  fly  were  identified.  They  were  from 
two  genera  (. Phlebotomus  and  Sergentomyia).  Phlebotomus  species  (with  50.8%  frequency) 
included:  Phlebotomus  sergenti  (58.3%),  P.  caucasicus  (26%),  P.papatasi  (12.5%)  and  P. 
kandelaki  (1%).  Sergentomyia  species  including:  Sergentomyia  tiberiadis  (49.5%),  S.  clydei 
(22.6%),  S.  dentana  (6.5%),  S.  sintoni  (10.7%),  S.  theodori  (6.5%),  S.  baghdadis  (2.1%),  S. 
parratomyia  (1.1%)  and  S.  iranica  (1.1%).  The  most  trapped  phlebotomus  species  were  from 
indoor  spaces  (62.5%).  The  dominant  observed  species  was  P.  sergenti  with  relatively  high 
frequency.  This  species  is  the  main  vector  for  Anthroponotic  Cutaneous  Leishmaniasis  (ACL)  in 
the  study  province  and  surrounding  three  provinces.  It  can  be  deduced  that  the  potential  of  ACL 
in  this  province  is  considerable. 
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Abstract  text: 

The  northern  Peruvian  Amazon  is  highly  endemic  for  leishmaniasis  and  bartonellosis,  yet 
information  on  sand  fly  vectors  is  limited.  Herein,  we  evaluated  different  sand  fly  trapping 
methods  and  identified  potential  sand  fly  vectors  in  two  different  ecological  sites  in  the  Peruvian 
Amazon.  Sand  fly  trapping  was  conducted  in  high  jungle  areas  in  Cajamarca  (El  Porvenir,  San 
Ignacio  Province;  1,284  m.a.s.l.)  and  San  Martin  (La  Banda  del  Shilcayo,  San  Martin  Province; 
421  m.a.s.l.)  in  January  2015.  Traps  evaluated  included  CDC  light  trap,  CDC  UV  trap,  CDC 
Blue  LED  trap,  Mosquito  Magnet,  BG  Sentinel  and  Shannon  trap.  Traps  were  placed  peri- 


domestically  and  operated  for  5  consecutive  nights  (1800-0600).  In  San  Martin,  1,411  adult  sand 
flies  (80  females,  603  males)  were  captured:  27%  in  CDC  light  trap,  26%  in  CDC  UV,  21%  in 
CDC  Blue  LED,  17%  in  Mosquito  Magnet,  8%  in  Shannon  trap  and  0.2%  in  BG  Sentinel. 
Lutzomyia  nevesi  and  L.  hirsuta  were  the  most  abundant  sand  fly  species  (40%  and  19%);  12 
Lutzomyia  species,  1  Brumptomyia  species  and  3  subgenera  ( Trichophoromyia ,  Pressatia, 
Micropygomyia)  were  also  recorded.  In  Cajamarca,  182  adult  sand  flies  (153  females,  29  males) 
were  captured:  87%  in  Mosquito  Magnet,  7%  in  CDC  Blue  LED,  5%  in  CDC  UV  and  2%  in 
CDC  light  trap.  Lutzomia  robusta  and  L.  maranonensis  were  the  most  abundant  (50%  and  32%); 
3  other  Lutzomyia  species  were  recorded.  Results  are  discussed  in  terms  of  trapping  method 
efficacy,  sand  fly  diversity,  potential  sand  fly  vectors  and  ecological  factors  underlying 
contrasting  results. 
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Abstract  text: 

Insect  salivary  components  facilitate  blood  meal  acquisition  and  have  been  shown  to  enhance 
pathogen  transmission  in  different  model  systems.  Here  we  show  that  two  salivary  enzymes  from 
Lutzomyia  longipalpis(3in  endonuclease:  Lundep  and  a  hyaluronidase:  LuloHYA)  have  a 
cooperative  effect  that  might  help  blood  meal  intake  and  diffusion  of  other  sialome  components. 
We  have  previously  shown  that  Lundep  prevent  blood  clotting  and  enhances  parasite  infection. 

In  this  work,  the  physiological  role  of  LuloHYA  in  blood  feeding  and  establishment  of  parasite 
infection  was  also  investigated. 

Hyaluronidase  and  Lundep  from  L.  longipalpis  were  cloned,  expressed  in  mammalian  cells  and 
biochemically  characterized  in  vitro.  A  dermonecrosis  assay  using  hemorrhagic  factor  (HF)  in 
mice  was  used  to  assess  hemorrhage  and  edema.  Vaccination  studies  were  conducted  with 
C57BL/6  strain  and  a  homozygous  mutant  mice  strain  (B6.129S2-/g/zm'™7Cg77J)  which  lacks 
mature  B  cells. 


Lundep  and  LuloHYA  significantly  exacerbate  the  macroscopic  erythema  caused  by  HF  in  mice, 
results  confirmed  by  histological  sections.  The  vaccination  experiment  demonstrated  that  both 
proteins  confer  protective  immunity  against  Leishmania  major  infection.  C57BL/6  animals 
immunized  with  LuloHYA  and  Lundep  controlled  lesion  development  through  the  8  weeks  of 
measurements  while  lesions  in  mock-immunized  animals  remained  ulcerated.  This  protective 
immunity  was  abrogated  when  B6.129S2-/g/zw^?7Cg77/J  mice  were  used  for  vaccination  suggesting 
that  anti-Lulo-HYA  and  anti-Lundep  antibodies  might  play  a  role  for  protection  against  the 
parasite.  This  work  highlights  the  relevance  of  vector  salivary  components  in  blood  feeding  and 
parasite  transmission  and  further  suggests  the  inclusion  of  these  proteins  as  components  for  an 
anti-Le is hmania  vaccine. 
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Abstract  text: 

Undergraduate  research  in  the  biological  sciences  offers  students  opportunities  to  engage  in  both 
field  and  laboratory  investigations.  In  particular,  research  involving  arthropods  offers 
undergraduates  the  opportunity  to  work  with  living  organisms  without  having  to  submit  animal 
use  protocols  commonly  encountered  in  studies  using  vertebrate  animals.  These  entomological 
studies  also  provide  students  with  opportunities  to  conduct  biological  investigations  on  limited 
budgets  while  at  the  same  time  adding  to  scientific  understanding  of  important  organisms.  One 
area  of  entomology  -  medical/public  health  entomology  -  provides  students  the  opportunity  to 
work  on  important  organisms  from  both  an  ecological  and  medical  perspective.  Studies 
involving  medically  important  arthropods  help  students  understand  basic  biological  and 
ecological  concepts  while  at  the  same  time  broadening  students’  understanding  of  pathogen 
transmission,  disease  ecology,  and  disease  and  pest  prevention  and  control.  Many  students 
majoring  in  biology  at  a  number  of  primarily  undergraduate  institutions  (PUIs)  plan  to  pursue  a 
career  in  the  health  and  medical  sciences.  Undergraduate  research  in  medical/public  health 


entomology  offers  students  opportunities  to  connect  to  a  variety  of  scientific  disciplines  that  will 
broaden  their  experiences  in  their  pursuit  of  a  health  science  degree.  Students  in  the 
medical/public  health  entomology  laboratory  at  McNeese  State  University  in  Lake  Charles, 
Louisiana,  USA,  are  conducting  interdisciplinary  studies  in  ecology,  microbiology,  and  organic 
chemistry.  This  presentation  provides  examples  of  several  laboratory  and  field  experiments  for 
students  engaged  in  undergraduate  research  using  medically  important  arthropods. 
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Abstract  text: 

Companion  animals  occasionally  present  with  symptoms  suggestive  of  cerebral  or  pulmonary 
cuterebriasis,  or  warbles  containing  unidentifiable  Cuterebra  larvae.  We  collected  larvae  from 
known  hosts  at  veterinary  clinics,  wildlife  rehabilitation  centers,  and  a  rodent  trapping  program 
used  to  monitor  the  tick  fauna  in  the  area.  DNA  was  sequenced  from  samples  of  80  larvae  and 
adults,  and  sequenced  at  a  -680  base-pair  segment  of  the  mitochondrial  COI  gene.  Posterior 
spiracles  of  larvae  were  mounted  for  microscopic  examination.  Sequences  from  wild  mammals 
indicated  larvae  of  Cuterebra  abdominalis  occurred  exclusively  in  eastern  cottontail  rabbits, 
whereas  Cuterebra  fontinella  and  C.  grisea  occurred  only  in  white  footed  mice.  A  fourth  species, 
C.  emasculator,  recorded  from  eastern  gray  squirrels  and  eastern  chipmunks,  was  not  detected  in 
rabbits,  mice  or  chipmunks.  All  of  14  sequences  from  cats  and  8  of  10  from  dogs  matched  C. 
abdominalis.  Two  specimens  from  dogs  and  one  from  a  human  boy  matched  C.  emasculator. 
Posterior  spiracular  plates  of  second  and  third  instars  are  useful  to  distinguish  among  Cuterebra 
species.  These  findings  suggest  risk  of  cuterebriasis  in  companion  animals  will  be  greater  where 
contact  with  cottontail  rabbits  and  their  nests  is  possible.  Knowledge  that  C.  abdominalis  is  the 
main  species  in  companion  animals  may  guide  development  of  immunodiagnostic  tools  to 
diagnose  companion  animal  cuterebriasis. 
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Abstract  text: 

Japan  is  divided  into  main  7  geographical  regions,  namely  Hokkaido,  Honshu,  Tsushima  Island, 
Shikoku,  Kyushu,  Nansei  Island  and  Ryukyus.  Each  region  has  their  characteristic  fauna  of 
tabanids.  Here,  distribution  patterns  of  tabanids  were  examined. 

Records  and  information  of  all  tabanids  inhabiting  in  Japan  were  collected,  listed  and  examined. 

Up  to  present,  99  tabanid  species  out  of  9  genera  have  been  recorded  from  Japan.  Among  them,  8 
genera  and  60  speciess  are  endemic  to  Japan.  Only  one  endemic  species  was  recorded  from 
Hokkaido,  Tsushima  isl.,  Shikoku  and  Kyushu,  and  Honshu  has  16  endemic  species.  Fourteen 
Endemic  species  were  recorded  in  Nansei  Isis,  and  Ryukyus.  Another  25  endemic  species  has 
more  than  one  distribution  region  of  Japan.  The  remaining  39  species  are  common  in  the 
adjoined  areas  with  Japan,  and  are  classified  according  to  their  original  habitats  and  invading 
route.  Three  species  have  wide  distribution  to  the  Oriental  region  and  4  species  distribute  in 
Palaearctic  region  widely.  Twelve  species  are  northern  species  and  seemed  to  have  invaded  into 
Hokkaido  from  coastal  Siberia  via  Sakhalin.  Another  3  northern  species  and  3  southern  species 
are  speculated  to  have  invaded  into  Honshu  via  Korea  Peninsula.  Eight  species  are  southern 
species  and  are  deemed  to  have  invaded  from  Oriental  Region  via  Ryukyus.  Finally,  the 
remaining  6  species  seemed  to  have  diffused  to  the  adjoined  areas  from  Japan. 
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Abstract  text: 

The  horn  fly,  Haematobia  irritans  irritans  (Linnaeus)  is  a  blood-sucking  ectoparasite  that  causes 
important  economic  losses  in  livestock.  The  salivary  gland  products  facilitate  blood  intake. 
Taking  advantage  of  the  identification  of  novel  horn  fly  salivary  antigens  (Hematobin,  HTB  and 
Irritans  5,  IT5),  we  investigated  the  parasite  loads,  fly  blood  intake,  and  antibody  response  of 
naturally  infected  bovines  during  the  fly  season.  Fly  loads  and  fly  hemoglobin  content  fluctuated 
during  the  trial  (p  <0.05  for  both).  Three  weeks  after  the  fly  loads  were  in  excess  of  200  flies  per 
cattle,  a  reduction  of  fly  blood  intake  was  observed.  All  cattle  elicited  an  antibody  response 
against  HTB  and  IT5  that  declined  once  the  fly  season  was  over.  Cattle  anti-IT5  titers  were 
positively  correlated  with  parasite  loads  (r2=0.34,  p=0.0085)  and  negatively  with  fly  blood  intake 
(r2=  -0.44,  p=0.0032).  These  results  suggest  that  natural  changes  in  the  fly  blood  intake  observed 
in  this  trial  were  associated  with  a  natural  host  response  against  horn  fly  salivary  antigens. 
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Abstract  text: 

Horn  flies  ( Haematobia  irritans)  are  the  primary  pest  of  pastured  cattle  in  North  America.  These 
haematophagous  flies  are  not  known  to  transmit  any  major  pathogens,  but  their  constant 
annoyance  reduces  weight  gain  and  milk  production.  Insecticide  resistance  is  wide  spread  in  horn 
fly  populations,  so  researchers  are  investigating  alternative  strategies  for  horn  fly  suppression.  In 
addition  to  new  chemistries,  we  studied  alternative  delivery  methods  in  attempts  to  provide 
cattlemen  with  rotational  options  that  would  delay  resistance,  fit  with  standard  production 
practices,  and  adequately  control  horn  flies  in  pasture  settings.  All  horn  fly  control  products 
should  be  employed  as  part  of  a  total  IPM  program  to  conserve  their  efficacy  and  ensure 
extended  use  life. 
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Abstract  text: 


Stored-grain  insects  and  mites  are  great  economic  significancefor  grains  and  other  products 
during  storage.  They  are  closely  related  with  human  life.  The  rapid  identificationare  the 
precondition  and  basis  for  the  comprehensive  prevention  and  control  of  the  pests.  The  modem 
identification  of  stored-grain  insects  by  molecular  biology  techniques  is  able  to  get  rid  of  the 
influence  of  the  growth  situation  of  individual  specimen  and  the  environment,  and  get  accurate 
and  reliable  result  from  their  DNA.  In  this  study,  we  tested  and  evaluated  the  general  genes  of 
COI,  ITS,  16SRNA,  and  screened  out  an  appropriate  gene  for  identifying  the  DNA  barcode  of 
stored-grain  insects/mites  -  a  section  of  650bp  COI  gene  in  mitochondria.  A  rapid  identification 
DNA  barcode  sequence  database  of  stored-grain  insect/mite  is  established,  including  42  species 
of  stored-grain  insects/  mites,  totally  128  populations.  Every  species  has  at  least  5  specimens,  so 
we  get  the  COI  barcode  sequence  of  276  specimens.  Based  on  that,  the  identification  kit  of  mites 
was  developed,  which  could  distinguish  two  species  of  predatory  mites — Cheyletus  malaccensis 
and  Cheyletus  eruditus,  from  other  6  mites  rapidly.Based  on  DNA  barcode  sequence  and 
distance  method,  parsimony  principle  and  maximum  likelihood,  the  phylogenetic  tree  of  stored- 
grain  insect/mite  is  built.  DNA  barcode  in  the  mitochondria  COI  sequence  can  be  used  to 
identify  the  species  of  stored-grain  insects/mites  rapidly  and  accurately. 
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Abstract  text: 

This  study  was  carried  out  to  review  the  taxonomy  of  Chlaeniini  ground-beetles  and  to  know  the 
molecular  analyses  with  allied  species  from  Korea. 

As  the  result,  there  were  34  species  belonging  to  2  genera  of  the  tribe  Chlaeniini  in  Korea. 
Among  them,  28  species  were  redescribed  based  on  deposited  specimens  from  Korea  or  abroad. 

Molecular  analyses  using  mitochondria  DNA  (cytochrome  c  oxidase  subunit  I)  were  conducted 
in  6  subgenera  for  representative  species  selected  by  morphologically  and  genitalic  differences  in 


the  genus  Chlaenius.  Molecular  analyses  showed  similarities  with  the  current 
synthetic  classification  system. 

Morphologically,  there  were  distinct  differences  between  Chlaenius  micans  Fabricius  and 
variicornis-grouip  (C.  sericimicans ,  C.  variicornis ,  C.  kurosawai,  C.ocreatus).  Nevertheless 
Chlaenius  micans  Fabricius  and  variicornis- group  were  included  in  the  same  subgenus 
Achlaenius  Manldl.  However,  the  molecular  analyses  suggested  the  above  two  groups  with  long 
genetic  distance  from  each  other.  Therefore,  the  status  of  Chlaenius  micans  Fabricius  needs  more 
comparison  work  with  allied  and  variicornis- group. 

This  study  provided  keys,  photos  of  adults,  photos  of  male  genitalia  and  molecular  analyses 
results  with  redescription  of  Korean  tribe  Chlaeniini  ground-beetles. 

Key  words:  Carabidae  ,  Chlaeniini,  Chlaenius,  Korea 
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The  genus  Oberea  Dejean,  1835  contains  about  270  described  species  in  the  world  (Ohbayashi  & 
Niisato,  2007).  In  the  Paleoarctic  region,  it  is  comprised  of  13  species  from  Korea  (Lee,  1987),  6 
species  from  Europe  (Danilevsky,  2011),  15  species  from  Russia  (Danilevsky,  201  lb),  49 
species  from  China  (Hua,  2002)  and  15  species  from  Japan  (Ohbayashi  &  Niisato,  2007). 

The  genus  Oberea  is  defined  by  the  following  combination  of  characteristics:  body  elongate, 
cylindrical;  legs  very  short,  apex  of  hind  femur  not  reaching  beyond  abdominal  2th  sternite 
(Cherepanov,  1991). 


Due  to  the  lack  of  the  obvious  keys  and  previous  studies,  the  systematic  works  of  the  genus 
Oberea  is  considerably  misunderstood  in  Korea.  For  these  reasons,  this  paper  reviewed  the 
previous  taxonomic  studies  on  Korean  Oberea  to  solve  the  existing  taxonomic  problems  and  to 
provide  the  improved  classification. 

All  the  known  species  of  the  genus  Oberea  Dejean,  1835  from  Korea  are  revised  in  here.  In  total, 
13  species  of  this  genus  are  recognized  from  Korea.  Among  them,  O.  tsuyukii  Takashi  &  Nobuo 
is  newly  recorded  in  Korea.  We  included  photos  of  adults  and  genitalia,  host  plant  and 
distribution  for  each  species  are  provided  with  a  key  to  the  Korean  Oberea  species. 

Key  words:  Cerambycidae,  Oberea ,  Korea 
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Leptogenys  Roger,  1863  is  the  largest  ponerine  genus  and  contains  over  300  species  from  the 
world’s  tropics  and  subtropics.  Species  from  the  Afrotropical  region  and  New  World  were 
revised  taxonomically,  whereas  Oriental  species  have  not  been  studied  comprehensively.  To 
explore  the  diversity  and  evolution  in  this  region,  we  revised  the  Oriental  species  taxonomically 
and  reconstructed  their  phylogeny  using  Bayesian  inference,  combining  mitochondrial  and 
nuclear  DNA  datasets  (about  2,500  bp,  80  OTUs). 

We  prepared  many  specimens  collected  by  ourselves  and  some  colleagues  from  the  Oriental 
region,  and  examined  specimens  from  nine  museums  including  type  series.  We  recognized  13 
species  groups  and  173  species  including  100  undescribed.  The  Oriental  fauna  is  revealed  to  be 
the  most  diverse  in  this  genus.  The  fauna  is  characterized  with  the  five  species  groups,  namely, 
processionalis,  myops,  currens,  diminuta  and  chalybaea  species  groups,  because  they  are 


restricted  to  the  Oriental  region  (and  Australian  region)  and  have  no  closely  related  groups  in  the 
other  regions.  Our  molecular  analysis  revealed  that  this  genus  is  divided  into  the  two  clades.  The 
two  clades  are  also  distinguished  by  their  morphological  character  states  of  the  head  and  petiole. 
These  states  are  probably  synapomorphies.  A  clade  comprising  of  three  species  groups 
( processionalis ,  myops,  currens)  can  be  regarded  as  “army  ants”  and  exhibit  swarm  raiding. 

We  believe  that  the  differences  of  their  synapomorphies  reflect  differences  of  their  ecology, 
especially  their  hunting  style. 
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The  objective  was  to  determine  the  taxonomical  and  biological  characteristics  of  the  species  of 
the  genus  Heteropsylla,  associated  with  L.  leucocephala ,  in  Cuban  conditions. 

The  taxonomical  study  was  conducted  through  periodical  random  samplings  in  sowings  of  L. 
leucocephala ,  located  in  different  regions.  Samples  of  infested  growing  shoots  were  taken  and 
the  winged  animals  were  collected  using  a  sweepnet.  Five  samples  were  collected  with  20  net 
sweeps  each.  In  each  area,  five  specimens  per  sex  were  clarified  and  the  genitalia  were  removed. 
The  biological  cycle  was  performed  in  laboratory.  Thirty  Petri  dishes  were  used  as  rearing  units, 
with  five  repetitions  in  time.  A  recently  emerged  couple  was  introduced  in  each  experimental 
unit  and  the  morphological  and  behavioral  changes  in  the  different  stages  of  insect  were 
observed  daily.  The  position  and  dispersion  statistics  were  determined. 

The  results  demonstrated  that  all  the  psyllids  collected  in  the  adult  stage  correspond  to  H 
cubana.  The  dimensions  of  the  insect  vary  in  each  stage.  The  average  duration  for  the  adult-egg 
cycle  is  of  17  d.  The  values  in  the  periods  of  pre-oviposition,  oviposition  and  postoviposition 


were  in  the  interval  from  two  to  three  days.  It  is  concluded  that  Heteropsylla  cubana  Crawford 
was  the  species  found  in  the  areas  of  L.  leucocephalain  the  different  regions  sampled.  Its  life 
cycle  is  composed  of  five  nymph  stages,  with  average  egg-adult  duration  of  17  d.  Further 
taxonomical  and  biological  studies  are  recommended  as  basis  for  the  diagnosis  of  the  species  and 
the  perfection  of  the  sampling  methodology. 
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Abstract  text: 

Nezara  viridula ,  also  known  as  the  Southern  green  stink  bug  (SGSB),  has  increasingly  become 
an  agricultural  pest  of  some  concern.  While  much  research  has  been  accomplished  on  this 
species,  only  minimal  information  is  available  on  the  morphology  of  the  female’s  reproductive 
system  especially  in  relation  to  morphological  changes  in  relation  to  number  of  eggs 
oviposited.  The  ability  to  assess  reproductive  health  and  past  and  present  reproductive  status 
based  on  ovarian  morphology  (i.e.,  physiological  age-grading)  can  be  an  important  tool  for 
evaluating  field  populations  and  laboratory  colonies  intended  for  various  experimental 
trials.  Toward  the  goal  of  developing  a  physiological  age-grading  system  for  the  SGSB,  females 
of  various  chronological  ages  were  randomly  selected  from  laboratory  colonies  and  dissected  to 
assess  ovarian  morphology.  Specific  morphological  differences  in  ovarian  structure  were  noted 
that  were  related  to  the  number  of  eggs  oviposited.  These  included  differentiation  of  the 
ovarioles,  deposition  of  yolk  in  the  most  proximal  follicle,  quantity  and  appearance  of  follicular 
relics,  expansion  of  the  lateral  oviducts,  and  number  of  developing  follicles  per  ovariole.  The 
continuum  of  ovarian  development  can  be  divided  into  three  nulliparous  (i.e.,  “no  eggs”)  and 
five  parous  stages  (i.e.,  “with  eggs”)  based  on  specific  combinations  of  characteristics  as 
described  previously.  The  current  state  of  knowledge,  research  status  and  future  directions  will 
be  presented. 
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Abstract  text: 

The  objective  of  this  study  is  to  know  whether  the  population  of  C.  barbarus  in  our  region  is 
homogeneous  or  not.  For  that,  a  morphometric  study  was  performed  in  three  different  stations: 
fixed  dunes  on  the  coast  (Jijel),  Mediterranean  bush  (Texenna)  and  fallow  land  (Kissir).  Each 
individual  was  studied  using  conventional  method  measuring  body  size  in  both  male  and  female 
sexes  as  follows:  total  length,  length  of  elytra,  femur  length,  width  of  the  femur,  head  width, 
pronotum  width,  posterior  femur  -  surface,  femoral  spot  -  surface.  The  results  obtained  were 
statistically  operated  based  on  correlation  matrix,  conformance  testing  of  various  pairs’ 
measurements,  equations  of  regression  lines  and  analysis  of  variance  (ANOVA  ).  Couples  of 
femur  length  /  femur  width,  elytra  length  /  femur  length,  femoral  surface  /  femoral  surface  spots 
of  three  populations  are  homogeneous  since  those  physical  dimensions  are  closely  correlated. 
Analysis  of  variance  test  showed  that  observed  or  calculated  F  is  greater  than  theoretical  F.  We 
concluded  that  there  is  a  slight  significant  difference  between  populations  of  stations.  Therefore, 
settlements  of  C.  barbarus  in  three  sites  are  morphologically  homogeneous,  in  males  and  in 
females.  However,  there  is  a  slight  difference  between  populations.  This  occurence  may  be  due 
to  difference  in  altitude  and  vegetation  that  characterizes  each  station. 

Keywords  :  Calliptamus  barbarus ,  morphometric  ,  station,  sex,  ANOVA 
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Abstract  text: 

Stingless  bees  are  restricted  to  tropical  and  subtropical  regions  of  the  world,  and  are  of  great 
importance  in  pollination  because  of  their  great  diversity  of  species.  Only  in  the  Neotropics, 
more  than  400  species  are  described,  however,  there  are  still  taxonomic  problems  and  several 
species  are  difficult  to  identify.  In  this  context,  geometric  morphometries  have  been  widely  used 
in  solving  such  taxonomic  problems.  It  has  been  showed  to  be  very  useful  for  detecting  minor 
morphological  changes,  imperceptible  by  traditional  morphometry.  Here,  we  analyzed  forewings 
of  40  stingless  bee  species  (Meliponini)  from  Brazil,  Australia,  Africa  and  India,  in  an  attempt  to 
identify  these  species  based  on  their  patterns  of  wing  venation.  We  plotted  seven  landmarks  in 
the  junctions  of  the  wing  venation  and  analyzed  them  using  geometric  morphometric  software. 
We  were  able  to  correctly  classify  99.78%  of  the  individuals  in  its  respective  species  in  the 
cross-validation  test.  We  consider  this  an  excellent  result  and  strongly  advise  the  use  of  this  tool 
to  the  non-specialized  public.  Our  next  steps  here  are  the  creation  of  online  databanks  along  with 
online  tools  that  will  allow  people  around  the  world  to  identify  stingless  bee  species  via  the 
internet. 
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Abstract  text: 

The  sternal  spots  and  transverse  frontal  carinae  of  twelve  species  of  North  American  Chrysididae 
were  imaged  using  a  scanning  electron  microscope.  Images  were  taken  of  species  in  the 
following  genera:  Chrysis(4 ),  Caenochrysis( 4),  Chrysura( 2),  Muesebeckidium(  1),  and 
Parnopes(  1).  The  abdomens  and  heads  from  a  male/female  pair  of  each  species  were  excised  and 
prepared  for  imaging  using  conventional  practices.  Additionally,  a  representative  species  from 
each  genus  were  imaged  in  replicate.  Herein  we  describe  and  compare  the  sternal  spots  and 
transverse  frontal  carinae  of  these  twelve  species. 
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The  proboscis,  formed  by  the  coupled  specialized  maxillae  is  one  of  the  most  remarkable 
evolutionary  innovations  in  the  evolution  of  the  glossatan  Lepidoptera.  This  organ  has  enabled 
the  majority  of  moths  and  butterflies  to  absorb  and  uptake  water,  chemicals  and  nutrients  from 
environment  in  an  efficient  way.  Reduction  of  proboscis,  therefore,  is  considered  an  evolutionary 
trade-off  in  the  taxa  of  which  the  adult  life  span  is  short  and  the  energy  investment  during 
courtship  is  limited.  Among  the  behaviors  that  require  functionality  of  proboscis,  puddling  is 
usually  associated  with  the  males  that  need  accumulating  sodium  or  regulating  body  temperature. 
Discovery  of  this  behavior  in  Saturniidae,  that  is  well-known  for  the  absence  of  coiled  and  long 
proboscis  in  both  sexes,  is  therefore  intriguing.  We  summarize  the  observation  records  of 
puddling  behavior  of  saturniids  from  Taiwan,  India,  Nepal,  and  Africa,  and  examined  the  relative 
proboscis  length  (RPL)  of  29  saturniid  species,  which  represent  those  with  puddling  behavior 


and  the  major  lineages  of  the  entire  family.  We  then  assessed  the  phylogenetic  correlations 
between  RPL,  geographical  region,  habitat  and  functionality.  The  results  show  that  the  longer 
proboscis  is  plesiomorphic  in  Saturniidae  and  becomes  reversal  again  in  the  derived  groups  in 
Asia  and  Africa.  No  phylogenetic  correlation  between  functionality  and  proboscis  morphology  is 
detected.  The  fact  that  the  galeae  of  the  species  having  puddling  behavior  are  not  fused  suggests 
that  the  fluid  uptake  is  possibly  accomplished  by  capillarity,  but  not  the  action  of  the  cranial 
sucking  pump. 
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Abstract  text: 

Ants  are  successful  evolutionary  social  insects  that  have  a  well-developed  crop  and  elaborate 
proventriculus  adapted  for  their  unique  regurgitation-feeding  method.  A  so-called  infrabuccal 
pocket  exists  in  their  preoral  cavity  to  house  the  highly  special  structure  known  as  the  alimentary 
canal.  Although  the  infrabaccal  pocket  is  an  interesting  structure  in  ants  and  has  been  know  for 
more  than  two  centuries,  the  detailed  morphology  still  remains  unclear. 

In  order  to  reveal  the  relationship  between  the  morphology  and  potential  functions  of  the 
infrabaccal  pocket  in  Camponotus  ants,  the  ultrastructure  of  the  infrabaccal  pocket  in  C. 
japonicas  workers  was  investigated  using  Scanning  Electron  Microscopy  (SEM)  and 
Transmission  Electron  Microscopy  (TEM). 

The  infrabuccal  pocket  is  situated  in  the  right,  rear  side  of  the  oral  cavity  of  the  workers,  which 
looks  like  a  big  sac.  Its  external  surface  looks  like  a  solid  cross-linking  structure,  and  scale-like 
structures  were  observed  on  the  internal  surface.  In  the  entrance  and  exit  of  the  infrabuccal 
pocket,  all  the  scales  are  palm-like  or  comb-like,  with  8-10  long  hairs.  The  number  and  length  of 
hairs  on  scales  are  gradually  reduced  along  the  depth  of  the  infrabuccal  pocket,  and  no  hairs 
present  on  scales  close  to  the  bottom  of  the  infrabuccal  pocket.  TEM  results  show  that  a  large 
number  of  mitochondria,  secretory  vesicles  and  secretory  granules  present  in  the  top  cells  of  the 


infrabuccal  pocket,  but  numerous  endoplasmic  reticulum  and  dense  vesicles  present  in  the 
bottom  cells. 
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Phylogenetic  "prediction"  has  several  meanings  and,  where  study  of  morphology  is  concerned, 
these  predictions  often  involve  making  hypotheses  about  unobserved  features.  The 
summarization  of  known  data  has  received  formal  analytical  treatment,  but  the  anticipation  of 
observations  not  yet  made  (missing  data)  has  not.  Solutions  to  both  issues  theoretically  inform 
the  process  of  identifying  specimens.  We  propose  an  index  to  quantify  the  precision  of 
predictions.  We  analyzed  several  arthropod  datasets  using  parsimony  with  scripts  in  TNT. 
Precision  moderately  correlates  with  the  number  of  trees  under  various  amounts  of  terminal 
jackknifing;  few  trees  may  nevertheless  yield  many  predictions  and  vice  versa.  We  suggest  using 
some  level  of  predictive  precision  as  a  stopping  rule  for  sampling  species  and  specimens.  The 
results  have  bearing  on  searching  for  arthropod  immature  stages,  chemical  prospecting,  and 
phylogenetic  taxon  sampling. 
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The  higher-level  phylogeny  of  Plecoptera  is  still  controversial,  with  reference  to  lilies  (1965), 
Zwick  (1973,  2000),  Nelson  (1984),  Du  (1999),  Thomas  et  al.  (2000)  and  Terry  (2003)  etc. 
Phylogenetic  relationship  between  the  sixteen  families  is  reconstructed  by  different  data  and  is 
variable  in  relevant  studies.  Mitogenomes  have  become  an  informative  molecular  structure 
widely  used  in  species  identification,  phylogeography,  molecular  evolution,  evolutionary 
biology,  phylogenetic  inference,  and  population  genetics.  We  have  sequenced  the  complete 
mitochondrial  genomes  of  four  species,  Styloperla  sp.,  Kamimuria  wangi,  Sweltsa  longistyla  and 
Cryptoperla  sp.  from  Styloperlidae,  Perlidae,  Chloroperlidae  and  Peltoperlidae,  respectively.  We 
will  continue  sequencing  the  complete  mitochondrial  genomes  of  selected  species  from  the 
sixteen  Plecopteran  families  in  future  work.  In  addition  to  the  mitochondrial  genome  data  (13 
PCGs+22  tRNAs+2  RNAs+1  control  region),  18S  rDNA  and  H3  gene  sequences  are  included  in 
our  final  dataset.  With  more  molecular  data  of  the  sixteen  families  and  based  on  the  large  dataset, 
a  credible  phylogenetic  tree  will  be  rebuilt  to  shed  new  light  on  the  long-standing  issue. 
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Few  studies  on  relationships  within  Pentatominae  tribes  have  been  made.  Catacanthini  was 
described  by  Atkinson  (1888),  including  Catacanthus  Spinola,  1837  and  Chalcocoris  Dallas, 
1851,  based  on  the  following  diagnostic  characters:  humeral  angles  of  the  pronotum  rarely  with 
spines;  abdomen  may  have  spine  or  tubercle  at  the  base  or  be  ornate  with  a  large  carena;  head 
with  black  punctuations,  arranged  in  parallel  and  longitudinal  rows;  frenum  generally  extends 
beyond  half  of  the  scutellum;  body  usually  large;  general  color  yellow  or  red,  with  black  spots. 
Distant  (1902)  included  Catacanthus  in  Nezaria  and  suggested  that  careful  study  would  be 
needed  to  move  the  genus  to  another  group.  Gross  (1976)  related  Catacanthus  as  close  to 
Menida ,  Piezodorus,  Pentatoma  and  Rhyne  hoc  oris  groups.  A  phylogenetic  study  by  Ahmad  & 
Afzal  (1978)  demonstrates  that  the  validity  of  the  tribe  and  its  classification  in  Pentatominae  is 
supported.  Some  groups  of  genera  have  been  established  empirically,  based  on  different  and 
generally  fewer  features.  The  proposal  made  by  Rider  (2016)  added  genera  Arocera  Spinola, 
1837;  Boea  Walker,  1867;  Rhyssocephala  Rider,  1992;  Runibia  Stal,  1861  and  Vulsirea  Spinola, 
1837  to  Catacanthini.  The  monophyly  of  the  group  was  tested.  We  analyzed  32  ingroups  and  15 
outgroups.  Eighty-one  characters  of  general  morphology  and  male  and  female  genitalia  were 
selected.  Characters  and  character  states  were  plotted  on  a  data  matrix,  analyzed  with  the  TNT 
program  and  the  resulting  cladogram,  consistency  and  retention  indices  were  edited  with 
Winclada.  Analysis  of  the  data  obtained  so  far  demonstrated  that  the  monophyly  of  Catacanthini 
is  supported. 
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Abstract  text: 

Aposematic  species  and  models  in  Batesian  mimicry  complexes  are  thought  to  have  tougher 
wings  than  palatable  mimics  in  order  to  withstand  predator  attacks.  However,  no  study  has 
compared  the  wing  stiffness  of  butterflies  in  a  mimicry  complex.  Wing  flexural  stiffness  in  five 
species  of  butterflies  from  the  Battus  philenor  mimicry  complex  was  tested;  tests  were 
performed  on  wings  of  freshly  sacrificed  specimens  and  then  again  after  a  two-week  period.  The 


larger  hindwings  of  Papilio  glaucus  were  stiffer  than  B.  philenor.  P.  glaucus  and  P.  troilus  were 
stiffer  than  the  smaller  hindwings  of  Limenitis  arthemis  arthemis.  P.  troilus  forewings  were 
stiffer  than  L.  arthemis  forewings.  Otherwise,  species  identity  did  not  significantly  affect  the 
stiffness  of  the  wings.  Wings  became  significantly  stiffer  after  just  two  weeks  of  drying,  but 
there  were  no  significant  drying-by-species  interactions.  Decreased  wing  toughness  does  not 
confer  significantly  different  wing  stiffness  in  mimic  species  of  the  Battus  mimicry  complex. 
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A  classic  explanation  for  tougher  wings  in  aposematic  and  Batesian  model  species  is  that  the 
increased  toughness  allows  these  insects  to  withstand  predator  attacks  and  handling  without  wing 
damage.  Selection  is  viewed  as  direct  selection  on  the  prey  insect  being  handled  by  bird  or  lizard 
predators.  Alternatively,  wing  toughness  may  vary  in  a  way  that  promotes  escape  from  aerial 
attack;  tougher  wings  may  have  little  to  do  surviving  attacks.  We  mapped  wing  toughness  on  the 
fore  and  hind  wings  of  butterflies  in  the  Battus  philenor  mimicry  complex  .  We  also  measured 
attack  frequencies  over  the  surfaces  of  fore  and  hind  wings.  While  B.  philenor  has  tougher 
wings  overall,  the  trailing  edges  are  not  significantly  tougher  than  mimics.  These  trailing  edges 
are  most  frequently  attacked  as  well.  Tougher  wings  may  not  be  advantageous  in  the  context  of 
aerial  attacks.  This  calls  into  question  the  direct  selection  hypothesis  as  an  explanation  of 
increased  wing  toughness  in  model  and  aposematic  species. 
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Introduction:  Methods  for  the  quantitative  evaluation  of  biological  shapes  are  valuable  for 
researchers  in  various  fields,  such  as  entomology  and  agriculture.  The  objective  of  this  work  was 
to  study  the  shape  of  the  forewings  and  pronotum  to  know  the  intraspecific  variability  that  exists, 
using  the  elliptical  Fourier  analysis  (EFA). 

Methods:  We  analyzed  forewing  and  pronotum  outline  shape  variations  of  male  and  female 
Rhipibruchus  jujuyensis.  In  total,  20  forewings  and  20  pronotum  from  the  R.  Jujuyensis  were 
sampled  and  subjected  to  an  EFA.  Twenty  1st  Fourier  harmonics  were  summarized  via  a 
principal  component  analysis  (PC A). 

Results:  The  results  of  the  PC  A  on  the  Fourier  coefficients  on  reduced  variability  of  the  three 
main  components  together  capture  74  and  84%  of  the  observed  variance  in  the  shape  of  the 
forewings  and  93  and  91%  of  the  variance  observed  in  the  form  pronotal  for  females  and  males 
respectively.  The  variation  in  the  shape  of  the  wings  is  represented  in  units  of  standard  deviation 
from  an  average  shape,  which  is  the  average  of  the  Fourier  coefficients  for  all  shapes  tested.  The 
greatest  variation  in  the  wings  corresponded  to  the  compression  form,  i.e.  the  variation  was 
larger  scale,  while  the  remaining  two  components  showed  more  localized  variation  (smaller 
scale).  The  greatest  variation  in  form  in  the  sample  pronotal  corresponded  to  elongation  and 
compression  in  females  compared  to  males.  Fourier  analysis  is  a  tool  that  allows  for  a  simple 
describtion  of  the  general  shape  variation  as  a  continuum.  We  hope  these  methodologies 
continue  to  develop  in  entomology,  allowing  us  to  further  deepen  our  knowledge. 
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Abstract  text: 

Pteromalidae  has  only  rarely  been  approached  from  a  phylogenetic  perspective,  in  part  because 
most  other  families  of  Chalcidoidea  must  also  be  included  in  a  complete  analysis  of  the  family. 
The  classification  of  Pteromalidae  has  hardly  departed  from  that  established  by  the  towering 
revisionary  works  by  Graham  (1969)  and  Boucek  (1988),  but  more  recent  research  has  indicated 
that  Pteromalidae  is  probably  not  a  monophyletic  group.  Because  Pteromalidae  currently 
contains  29  subfamilies,  a  complete  study  of  its  higher  classification  appears  to  be  a  daunting 
task.  Previous  molecular  results  indicated  that  Pteromalidae  consists  of  several  different  family- 
level  lineages  in  Chalcidoidea,  but  had  very  little  resampling  support.  We  approach 
phylogenetics  of  Pteromalidae  (and  of  all  Chalcidoidea)  again,  using  next  generation  sequencing 
methods  and  a  fresh  examination  of  external  and  internal  morphology. 
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Abstract  text: 

The  genus  Ravinia  Robineau-Desvoidy,  1863,  is  an  agriculturally  important  genus  within  the 
flesh  fly  family  Sarcophagidae.  Several  of  the  species  within  this  genus  are  known  to  be 


sympatric  and  broadly  distributed  throughout  the  United  States.  Recent  molecular  species 
delimitation  research  within  this  genus  has  identified  cryptic  species  within  Ravinia  anxia  {sensu 
lato)  and  Ravinia  querula  (, sensu  lato).  In  addition,  a  previous  study  using  mitochondrial  loci 
with  standard  maximum  likelihood  and  Bayesian  inference  analyses,  inferred  Ravinia  floridensis 
and  Ravinia  Iherminieri  to  be  paraphyletic  species.  Using  12  molecular  loci  and  expanded 
sampling  of  additional  Ravinia  species  (121  specimens,  12  species)  we  investigate  the 
phylogenetic  status  of  the  three  cryptic  species  (R.  anxia  {sensu  stricto ),  R.  querula  {sensu 
stricto ),  Ravinia  n.sp.),  and  the  paraphyletic  species  R.  floridensis  and  R.  Iherminieri.  Maximum 
likelihood,  Bayesian  inference,  and  coalescent-based  species-tree  methods  supported  the 
distinctiveness  of  each  of  the  Ravinia  species,  including  showing  the  three  cryptic  species  as 
monophyletic  lineages.  The  species  of  R.  floridensis  and  R.  Iherminieri ,  however,  were  only 
resolved  as  monophyletic  in  the  coalescent-based  species  tree  analyses.  This  study  employs  a 
coalescent-based  species  tree  approach  within  the  Sarcophagidae  using  a  large  dataset,  to  the 
extent  that  it  resolves  paraphyletic  relationships,  that  standard  phylogenetic  analyses  (Bayesian 
Inference:  MrBayes;  maximum  likelihood:  RAxML)  cannot. 
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Sexually  dimorphic  traits  vary  between  the  sexes  of  many  hymenopteran  species.  These 
differences  can  reflect  selection  for  specialized  biological  roles,  many  of  which  have  not  been 
documented  for  the  majority  of  bee  and  wasp  species.  A  multitude  of  studies  have  identified 
insects  that  exhibit  sexual  dimorphism  for  a  single  variable  trait,  such  as  color  or  antennae 
length.  The  excess  power  index  (EPI)  is  an  estimate  of  insect  flight  performance  that  is  inferred 
by  the  combination  of  a  number  of  morphological  characteristics.  The  EPI  can  be  used  to  infer 
basic  ecological  knowledge  (e.g.  foraging  behaviors,  foraging  distances  flown,  etc.)  about  bee 
and  wasp  species.  We  calculated  the  EPI  of  three  species  of  bees,  Agapostemon  virescens, 
Melissodes  bimaculata  and  Xylocopa  virginica ,  and  one  species  of  wasp,  Pachodynerus  erynnis. 
Female  bees  were  larger  in  every  trait  we  measured  in  isolation.  However,  when  these  variables 


were  combined  into  a  single  allometric  variable,  males  had  a  significantly  larger  EPI.  Male 
fitness  may  be  dependent  on  EPI;  males  that  have  greater  flight  capacity  can  travel  further  in 
search  of  mates.  This  trend  was  not  present  in  the  wasp,  P.  erynnis.  We  will  continue  to  explore 
EPI  in  additional  bee  and  wasp  species  in  order  to  determine  if  our  data  are  reflective  of  a  larger 
trend  in  bees  and  wasps. 
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Abstract  text: 

The  subterranean  environment  is  used  as  a  simplified  model  to  examine  ecological  and 
evolutionary  hypotheses.  The  majority  of  subterranean  inhabitants  belong  to  the  phylum 
Arthropoda,  of  which  several  orders  are  known  to  host  Laboulbeniales,  a  group  of  fungal 
ectoparasites.  These  fungi  exhibit  three  types  of  specialization:  high  specificity  to  host  species, 
preference  for  growth  in  restricted  areas  of  the  host  body,  and  speciation  resulting  from  co¬ 
habiting  hosts — ecological  specificity.  Despite  efforts  to  document  cave  subterranean 
biodiversity  all  over  the  world,  parasitism  of  cave  arthropods  has  been  considerably  neglected. 
We  present  three  examples  of  Laboulbeniales  associated  with  cave-dwelling  arthropods  used  to 
answer  ecological  and  evolutionary  questions. 

In  caves  of  central  Portugal,  64%  of  Lusitanipus  alternans  millipedes  are  parasitized  by  two 
species  exhibiting  position  specificity:  Diplopodomyces  lusitanipodos  is  found  on  the  legs  but 
also  more  or  less  randomly  along  the  body,  whereas  D.  vewemgrows  on  male  gonopods  and 
around  female  gonopores,  indicating  a  sexual  transmission  mechanism. 

Laboulbenia  flagellata  is  a  widespread  species  with  over  40  host  genera.  In  the  Iberian 
Peninsula,  a  large  morphotype  of  this  species  is  found  on  Laemostenus  cave  beetles.  Molecular 
data  are  used  to  assess  the  status  of  the  L.  flagellata  "species  complex,"  searching  for  within- 
species  diversity. 


Some  specimens  of  Speonemadus  (Leiodidae)  bear  thalli  of  Stichomyces  conosomatis.  Thus  far, 
this  species  was  only  known  from  Sepedophilus  (Staphylinidae),  which  were  also  found  in  the 
same  caves.  This  represents  the  first  case  of  a  putative  host  shift  in  the  subterranean 
environment. 
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The  New  World  leafhopper  tribe  Faltalini  currently  contains  10  genera  and  26  described  species. 
Most  genera  and  species  are  grassland-endemic,  and  recent  field  work  in  Argentina,  Brazil,  and 
Peru,  has  revealed  two  new  genera  and  22  new  species  of  the  tribe.  Here,  the  genera  of  the  tribe 
are  reviewed,  and  the  new  genera  and  species  will  be  formally  described  in  an  upcoming 
publication.  A  phylogenetic  analysis  based  on  morphological  characters  is  presented.  The 
resulting  phylogeny  shows  an  evolutionary  trend  from  macroptery  to  brachyptery,  revealing  a 
derived  clade  including  7  genera  for  which  only  brachypterous  individuals  are  known.  This 
suggests  that  brachyptery  is  a  more  conservative  trait  in  this  group  than  in  many  other  grassland- 
associated  deltocephaline  leafhoppers  which  sometimes  show  polymorphism  for  wing  length 
within  species.  Other  comments  and  observations  are  made  on  the  distribution  of  the  genera  and 
species,  and  on  the  extremely  elongate  and  flattened  shape  of  one  new  genus  and  species.  This 
morphological  syndrome  is  an  adaptation  to  feeding  and  living  on  grasses  and  is  remarkably 
convergent  with  some  other  grass-specialist  Deltocephalinae. 
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Abstract  text: 

The  Old  World  bollworm  Helicoverpa  armigera  is  considered  to  be  one  of  the  most  important 
agricultural  pests  in  the  world,  and  it  is  widely  distributed  throughout  Asia,  Africa,  Europe,  and 
Australia.  During  2013,  the  detection  of  H.  armigera  in  Argentina  heightened  fears  about  the 
spread  of  this  exotic  species  in  the  region.  The  aim  of  this  work  was  to  provide  evidence  of  the 
occurrence  of  H.  armigera  in  northwestern  Argentina  by  means  of  DNA  sequence  analysis.  A 
total  of  24  H.  armigera  individuals  were  collected  from  different  chickpea,  cotton  and  sorghum 
production  areas  in  northwestern  Argentina.  Adults  were  captured  with  light  traps,  preserved  in 
96%  ethanol  and  stored  at  -20°C  prior  to  DNA  extraction.  Genomic  DNA  was  extracted  from 
legs  using  a  CTAB  modified  protocol.  To  confirm  species  status  partial  mitochondrial  DNA 
(mtDNA)  cytochrome  oxidase  I  (COI)  gene  fragments  were  amplified  from  every  individual 
using  primers  COI-F02/R02,  and  the  sequenced  fragments  were  used  to  generate  a  Neighbor¬ 
joining  tree.  Based  on  the  COI  sequences  the  isolates  were  identified  as  H.  armigera  and  the 
haplotype  structure  of  each  population  was  inferred.  The  partial  COI  region  of  22  H.  armigera 
individuals  matched  with  the  COI-HarmOl  haplotype  previously  described  in  Brasil.  Other  two 
haplotypes  were  also  observed,  providing  evidence  of  multiple  maternal  lineages.  These  results 
suggest  that  there  are  at  least  three  maternal  lineages  of  H.  armigera  present  in  Argentina. 
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The  family  Nepticulidae  is  composed  of  very  small  moths,  found  on  all  continents  except 
Antarctica,  and  over  800  species  have  been  described.  Most  of  their  larvae  are  leaf  miners  and 
shape  of  the  mine  and  pattern  of  the  frass  greatly  change  among  species.  The  species  of  this 
family  are  known  to  feed  on  over  30  plant  families  such  as  Fagaceae,  Rosaceae,  and  Betulaceae 
and  most  of  them  are  oligophagous  or  monophagous.  In  Japan,  the  small  size  of  Nepticulidae  has 
resulted  in  the  family  being  one  of  the  poorly  investigated  groups  among  Lepidoptera.  In  this 
study,  we  revised  the  Rosaceae-feeding  angulifasciella  group  of  the  genus  Ectoedemia.  In  Japan, 
4  species  and  3  unidentified  species  of  Rosaceae-feeder  have  been  recorded  and  many  species 
are  assumed  to  remain  undescribed.  Therefore,  we  performed  field  work  in  various  localities  in 
Japan  and  we  also  exmanined  specimens  deposited  in  Hokkaido  University,  Osaka  Prefecture 
University,  and  a  personal  collection  of  Mr.  Kogi.  As  a  result,  at  least  13  Rosaceae-feeding 
species  that  belong  to  the  angulifasciella  group  were  confirmed  on  the  basis  of  the 
morphological  characters  including  genitalia  in  Japan.  Among  them,  10  species  appeared  to  be 
undescribed.  The  genera  Pourthiaea,  Aria  and  Potentilla  are  new  host  records  for  the  genus 
Ectoedemia  in  Japan.  Most  of  them  are  confirmed  to  be  oligophagous,  feeding  on  only  one  genus 
of  the  host  plants. 
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Abstract  text: 


The  Auplopus  carbonarius species-complex  is  a  group  of  solitary  hunting  wasps  of  the  family 
Pompilidae.  This  complex  is  widely  distributed  in  the  temperate  zone  of  the  Palearctic  Region 
from  Europe  to  the  Far  East.  The  female  builds  barrel-shaped  mud  cells  and  stores  a  small  spider 
in  each  cell.  The  larva  feeds  on  the  prey  in  the  cell. 

Because  the  complex  includes  varieties  which  differ  both  in  coloration  of  the  male  head  and  in 
nest  structure,  we  concluded  that  several  distinct  cryptic  species  were  likely  to  be  present.  When 
we  conducted  different  kinds  of  analyses  to  test  this  prediction,  it  was  confirmed  by  the 
following  results:  1)  molecular  phylogenetic  analyses  based  on  two  regions  of  their  DNA 
revealed  that  there  are  at  least  1 1  genetically-independent  groups  within  the  complex,  some  of 
which  are  distributed  synpatrically;  2)  mating  experiments  in  petri  dishes  confirmed  that  males 
of  the  four  genetic  groups  successfully  mated  with  only  the  same  group  females;  3) 
investigations  of  nest  structure  in  the  field  and  nesting  behavior  in  the  laboratory  demonstrate 
that  there  are  at  least  two  types  of  nesting  behavior;  the  females  of  six  groups  build  nest  cells 
without  mud  coverings  in  narrow  spaces  such  as  the  insides  of  bamboo  tubes,  while  the  female 
of  one  group  builds  its  nest  cells  in  open  spaces,  such  as  underneath  cliff  overhangs  and  on  the 
undersides  of  leaves,  and  covers  them  with  additional  thick  mud. 

Based  on  the  above  analyses,  we  concluded  that  multiple  cryptic  species  exist  in  the  A. 
carbonarius  species-complex. 
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Abstract  text: 

The  genus  Neoarisemus  is  a  group  of  aquatic  moth  flies  occuring  in  all  biogeographical  regions 
except  Australia  and  Antarctica.  Of  the  27  described  species,  18  occur  in  Africa  where  the  genus 
also  shows  its  highest  structural  variability.  Previous  revisionary  work  has  hypothesised  the 


group  to  have  originated  in  the  Afrotropical  region,  however,  this  assumption  has  never  been 
tested  through  a  global  revision. 

In  ongoing  revisionary  taxonomic  work,  the  genus  is  reviewed  based  on  new  material  from  the 
Afrotropical  and  Palearctic  regions,  with  a  special  emphasis  on  Central  and  East  Africa.  The 
species  are  arranged  in  preliminary  species  groups  and  their  biogeographic  history  is  analysed 
using  parsimony  and  bayesian  inference  of  morphological  characters. 
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Abstract  text: 

The  Saemangeum  is  reclaimed  land.  It  is  a  national  project  to  build  a  global  city  as  a  frontrunner 
of  green  growth.  It  will  create  283km2  of  reclaimed  land  and  a  lake  as  large  as  118km2  by 
constructing  the  world's  longest  33.9km  sea  dike  connecting  Gunsan  and  Buan  on  the  west  coast 
of  Korea.  Seamangum  project  will  change  in  the  foreshore  to  the  land.  Accordingly,  many 
changes  occur  in  dynamic  ecosystems  such  as  Saemangeum.  Species  composition  and 
distribution  patterns  of  collembola  were  investigated  in  Semangum  from  August  2013  to  August 
2015.  We  report  a  collembolan  species  in  Entomobryidae  New  species  from  South  Korea. 
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Abstract  text: 

The  immature  stages  of  Poritiinae  have  rarely  been  reported,  and  the  life  history  of  the  tribe 
Poritiini  from  SE  Asia,  one  of  two  tribes  of  poritiine  lycaenids,  is  poorly  known.  Here,  we 
describe  the  immature  stages,  larval  hostplants  and  general  biology  of  Poritiini  based  on  field 
observations  and  material  reared  in  captivity  in  Vietnam  and  Malaysia,  and  compare  their 
morphology  and  biology  with  other  members  of  the  Lycaenidae.  Of  the  five  genera  recognized  in 
the  tribe,  we  document  and  illustrate  the  life  history  of  four  species  representing  the  genera 
Poritia,  Deramas  and  Cyaniriodes  for  the  first  time.  Our  studies  show  that  the  morphology  and 
biology  of  the  immature  stages  are  peculiar  compared  with  other  Lycaenidae:  1)  the  egg  is 
rectangular  dorsally  and  trapezoidal  laterally  in  shape,  and  arranged  in  rows;  2)  the  larva  does 
not  retract  its  head,  is  covered  with  long  hairs,  and  is  gregarious  and  processionary  in  habit;  and 
3)  the  pupa  is  fastened  by  the  cremaster  without  a  girdle  and  retains  the  larval  skin  at  the  end  of 
its  abdomen.  The  larval  hostplants  were  identified  based  on  morphology  and  DNA  sequences 
(trnL  intron:  479-504  bp,  trnL-F  IGS:  369-375  bp).  We  discuss  the  phylogenetic  relationships  of 
Poritiini,  particularly  in  relation  to  the  Liptenini  and  other  lycaenids  more  generally. 
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Abstract  text: 

Gomphocerinae  is  a  subfamily  of  grasshoppers.  The  recognition  of  the  taxonomic  of  this  group 
requires  a  precise  and  rigours  identification.  The  objective  of  this  study  is  to  contribute  to  the 
resolution  of  the  problem  of  identification  by  cararacterizing  the  species  of  Gomphocerinae.  A 
novel  taxonomic  approach  is  envisaged:  the  molecular  taxonomy  which  bases  on  the  analysis  of 
the  DNA  involving  a  mitochondrial  cytochrome  gene  C  oxydase  I  (COI)  —  to  classify  five 
species  belonging  to  three  genus,  Omocestus  ventralis  (Zetterstedt,  1821),  Omocestus  raymondi 
(Yersin,  1863),  Omocestus  lucasi  (Brisout,  1850)  Euchorthippus  albolineatus  (Lucas,  1849)  and 
Stenobothrus  amoenus  (Brisout,  1 850) collected  at  two  different  ecosystems  in  the  Setif  region 
(northeastern  Algeria).  The  results  of  this  combined  approach  by  the  morphological  studies  and 
by  the  ADNmt  revealed  the  affinity  degree  of  all  the  individuals  studied  in  this  work  within  the 
species,  genus  and  even  within  the  subfamily. 

Keywords:  Gomphocerinae;  morphology;  DNA  barcoding;  phylogeny 
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Abstract  text: 

Tipula  (Nippotipula)  abdominalis  (Say  1823)  is  found  throughout  the  eastern  Nearctic  region  in 
streams  with  a  forested  riparian  zone,  and  its  larva  is  a  shredder  in  leafpacks.  It  is  probably  the 
most  commonly  encountered  aquatic  crane  fly  larva  in  eastern  US  streams  and  has  been  the 
focus  of  a  variety  of  benthic  studies.  Although  a  similar  species,  T.  metacomet  Alexander,  was 
described  in  1965  the  brief  description  and  lack  of  illustrations  of  critical  taxonomic  features  has 
led  it  to  be  unrecognized  throughout  its  range,  which  is  broadly  sympatric  in  distribution  and 
habitat  with  T.  abdominalis.  In  reviewing  adult  specimens  from  a  variety  of  localities  throughout 
eastern  North  America,  we  have  found  an  undescribed  species  at  several  sites  along  the 
Appalachian  corridor  in  similar  stream  habitat  and  we  suspect  that  a  number  of  previous  studies 
have  confused  these  three  species.  We  will  present  the  adult  features  for  distinguishing  these 
three  species  using  morphology  and  DNA  barcoding,  map  their  known  geographic  distributions, 
and  outline  our  efforts  to  distinguish  the  larvae  of  the  three  species  for  use  in  biological 
monitoring  and  analyze  their  ecological  preferences. 
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Two  genera  of  the  rove  beetle  tribe  Lomechusini  in  the  subfamily  Aleocharinae, 
Longipedisymbia  and  Longipedoxenus,  are  associated  with  Longipeditermes  longipes  termites. 
Five  species  are  originally  described  from  the  Peninsular  Malaysia,  and  three  of  them  are  also 
known  from  Borneo.  We  have  recently  collected  specimens  of  these  genera  from  Peninsular 
Malaysia,  Borneo,  and  Sumatra.  Morphological  observation  revealed  that  the  Sumatran 
specimens  included  one  undescribed  species,  and  the  Bornean  specimens  of  the  were  all 
undescribed  species.  These  species  were  tentatively  classified  into  five  species  groups.  Each  of 
the  three  species  groups  included  one  Peninsular  Malaysian  and  two  Bornean  species.  In  the 
three  species  groups,  the  male  genital  morphology  of  one  Bornean  species  is  more  similar  to  that 
of  the  Peninsular  Malaysian  species  than  that  of  the  other  Bornean  species,  leading  to  a  cladistic 
hypothesis  that  the  two  species  showing  the  genital  similarity  speciated  more  recently.  The 
molecular  phylogenetic  analysis,  however,  indicated  more  recent  speciation  between  the  two 
Bornean  species. 


Poster 

Presentation  Title:  Unrecognized  Glyphomerus  species  associated  with  gall  wasps  in  western 
North  America 

Author  Name:  Chris  Looney 

Author  Institution:  Washington  State  Department  of  Agriculture 
Session  Title:  Poster  Session  4:  Morphology,  Systematics,  and  Phylogeny 


Date  of  Presentation:  Friday,  September  30,  2016 
Abstract  Number:  D3953 
DOI:  10.1603/ICE.2016.1 15522 
Abstract  text: 

Glyphomerus  Forster  (Hymenoptera:  Torymidae)  is  a  genus  of  parasitoid  wasps  comprising  nine 
named  species.  One  of  these,  Glyphomerus  stigma  (Fab.),  is  currently  considered  to  be  a 
holarctic  species  that  parasitizes  Diplolepis  gall  wasps,  and  is  among  the  most  common 
parasitoids  attacking  Diplolepis  rosae  (L.)  in  Europe.  In  recent  work  in  Washington  State,  no 
specimens  of  G.  stigma  were  reared  from  the  introduced  D.  rosae ,  despite  the  fact  that  the 
parasitoid  was  regularly  reared  from  native  gall  wasps  from  the  same  field  sites.  Analysis  of  host 
data,  COI  sequence  data,  and  external  morphology  indicate  that  the  Glyphomerus  species 
common  in  western  North  America  is  not  G.  stigma ,  and  a  complex  of  several  unrecognized 
Glyphomerus  species  may  in  fact  exist. 
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Augochloropsis  Cockerell  1897b,  is  a  highly  diverse  group  in  the  Neotropics.  This  bee  is 
commonly  collected  in  wildlife  surveys  but  remains  unidentified  because  there  are  no  taxonomic 
keys  nor  descriptions  that  allow  sorting  them  into  the  different  subgenera  or  species. 

A  detailed  study  of  2434  specimens  (between  females  and  males)  to  subgeneric  and  species  level 
is  presented.  A  review  of  the  external  morphological  characters  and  male  genitalia  was 
completed. 


The  subgenera  and  species  were  described  in  detail;  comparatively,  four  subgenera  were 
recognized:  Augochloropsis  s.  str.  Cockerell  (1897b)  (126  spp.),  Paraugochloropsis  Schrottky 
(1906)  (62  spp.),  Glyptobasia  Moure  (1941)  (1  sp.)  and  Glyptochlora  Moure  (1958)  (2  spp.). 
Photographs  on  external  morphological  characters  and  illustrations  of  the  male  genital  capsule 
are  provided,  including  the  metasomal  sterna  III,  IV,  V,  VI,  VII  and  VIII.  A  key  to  subgenera 
and  species  (DELTA  1.04.  program)  and  distribution  maps  are  presented  (DIVA-  GIS  program) 
INV-CIAS  2042  project  support  by  Vicerrectoria  de  Investigaciones  UMNG. 
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Abstract  text: 


In  Australia,  the  genus  Plutella  was  represented  by  a  single  introduced  species,  P.  xylostella  until 
the  description  by  Landry  and  Hebert  (2013)  of  P.  australiana,  which  they  identified  using 
cytochrome  oxidase  1  (COl)  gene  sequence  and  morphology  of  genitalia  of  specimens  caught  in 
light  traps.  However,  no  data  is  available  on  the  life  history  or  possible  pest  status  of  this  species. 

We  collected  adults  from  light  traps  and  larvae  from  crops  and  weeds  from  around  Australia  and 
examined  the  specimens  using  COI  sequence,  microsatellites  and  morphometric  analysis  of 
genitalia.  Both  P.  australiana  and  P.  xylostella  were  found  to  be  widespread  and  to  co-occur  in 
light  traps  in  cropping  areas  on  the  Australian  mainland,  but  only  larvae  of  P.  xylostella  were 
recovered  from  brassica  crops.  In  a  second  season,  larvae  of  P.  australiana  were  recovered  from 
brassicaceous  weeds  surrounding  field  crops. 

Laboratory  colonies  from  field  collections  are  being  established  and  detailed  studies  are  being 
conducted  on  the  life  history  and  species  status  of  P.  australiana. 
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The  genus  Gymnoscirtetes  is  endemic  to  the  southeastern  portion  of  the  North  American  Coasta 
Plain  (Alabama,  Florida,  and  Georgia).  Based  on  current  taxonomy  the  genus  is  comprised  of 
two  flightless  species  with  relatively  broad  distributions.  A  study  of  the  internal  genitalia  of  this 
genus  has  resulted  in  the  recognition  of  four  new  species  and  divides  the  genus  into  two  species 
groups. 
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Aphids  (Hemiptera,  Aphididae)  and  thrips  (Thysanoptera,  Thripidae)  are  well-documented  plant 
pests  and  some  species  are  vectors  of  plant  viruses.  In  Costa  Rica,  we  encountered  two  problems 
when  working  with  these  insects:  complex  or  cryptic  species  were  difficult  to  identify 
individually  and  the  need  to  identify,  in  a  timely  manner,  a  virus-vector  species  without 
morphological  expertise.  Therefore,  our  objective  was  to  standardize  and  validate  molecular 
taxonomy  approaches  to  improve  diagnostic  capabilities  for  both  insects.  Collections  of  aphids 
and  thrips  were  obtained  throughout  Costa  Rica  from  October  to  December  2014,  for  aphids,  and 
during  2014  and  2015,  for  thrips,  respectively.  Collected  specimens  were  used  for  morphological 
and  molecular  identification.  DNA  was  extracted  using  different  methods,  including,  “salting- 
out”,  resin  or  a  commercial  extraction  kit.  PCR  was  conducted  following  standard  procedures 
using  universal  primers  for  DNA  barcodes  (COI,  ITS  and  EF-la).  PCR  products  were  directly 
sequenced  in  forward  and  reverse  sense  and  final  edited  sequences  were  obtained  for  each 
sample.  Sequences  (n=159)  were  compared  with  public  databases  using  the  BLAST  tool  and  the 
first  hit  was  used  as  putative  species  identification  (identities  78-100%).  Rare  occurring  or 
seldom  studied  species  may  be  absent  from  the  databanks  and  thus  the  low  BLAST  identities. 
Inconsistencies  between  morphological  and  molecular  identifications  were  observed  at  the 
species  and  genus  levels.  Moreover,  different  DNA  markers  rendered  different  species  hit  results 
for  the  same  sample.  It  is  necessary  to  systematically  include  and  curate  sequence  data  from 
validated  insect  species  in  public  databases  through  collaborative  work  between  taxonomy  and 
molecular  biology  scientists. 
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The  subfamily  Braconinae  belongs  to  the  family  Braconidae  (Hymenoptera,  Apocrita),  at  present 
including  188  genera  and  3027  species  worldwide,  most  of  which  inhabit  the  tropical  and 
subtropical  regions.  The  vast  majority  of  Braconinae  are  ectoparastoids  of  larvae  of  xylophagous 
Coleoptera  and  Lepidopetra,  many  species  of  which  are  very  important  in  natural  control  of 
agricultural  and  forestry  pests.  Although  a  number  of  taxonomic  studies  have  been  produced 
referring  to  the  braconine  faunas  of  individual  countries  or  continents,  there  still  lacks  a 
systematic  study  on  this  subfamily  in  China.  Hence,  a  systematic  revision  of  the  Braconinae  from 
China  is  needed. 

Over  2000  specimens  from  institutions  and  museums  at  home  and  abroad  were  examined.  The 
morphological  terminology  used  in  this  paper  follows  that  of  Quicke  (1987)  and  van  Achterberg 
(1993).  All  descriptions  and  measurements  were  made  under  a  Leica  MZ  12.5  stereomicroscope 
(Wetzlar,  Germany),  and  photos  taken  by  a  digital  camera  (KEYENCE,  VHX-2000C). 

The  species  of  Braconinae  from  China  are  revised,  and  234  species  of  50  genera  are  reported,  of 
which  one  genus  is  new  to  science,  six  genera  new  to  China,  six  subgenera  belonging  to  Bracon 
Fabricius  are  new  to  China,  and  74  species  new  to  science.  Twenty-seven  species  are  listed  as 
previously  known  from  China  but  no  specimens  are  available  for  this  study.  Some  general 
information  on  taxonomic  history,  morphology,  biology  and  biogeography  of  the  Chinese 
Braconinae  are  also  provided. 


Poster 

Presentation  Title:  The  good,  the  bad  and  the  ugly:  The  wild,  wild  west  of  specimen  databasing 
Author  Name:  Luciana  Musetti 


Author  Institution:  The  Ohio  State  University 


Session  Title:  Poster  Session  4:  Morphology,  Systematics,  and  Phylogeny 

Date  of  Presentation:  Friday,  September  30,  2016 

Abstract  Number:  D3960 

DOI:  10.1603/ICE.2016.1 13572 

Abstract  text: 

Digital  capture  of  data  in  insect  collections  largely  lags  behind  comparable  efforts  for  plants  and 
vertebrates.  This  is  often  attributed  solely  to  the  much  larger  scale  of  entomological  collections. 
Unfortunately,  few  data  are  available  to  critically  assess  the  bottlenecks  in  the  digitization 
process  so  as  to  develop  new  tools  and  procedures  to  address  this  lag. 

The  time  needed  for  the  individual  steps  in  digitization  were  recorded  for  two  large  sets  of 
specimens:  a  generalist  collection  of  Carabidae  and  a  specialist's  collection  of  Tenebrionidae 
(Coleoptera),  both  limited  to  the  Americas.  The  time  investment  for  the  major  steps  -  data 
transcription,  georeferencing,  nomenclatural  updating  -  were  compared. 

Transcription  of  data  is  a  significant  component  of  digitization,  but  it  is  not  the  only  one. 
Georeferencing  is  particularly  troublesome  outside  of  the  United  States  and  Canada,  and  remains 
a  major  barrier.  A  taxon-based  clearinghouse  of  collecting  localities,  geographic  coordinates,  and 
their  sources  is  needed  for  the  community  to  benefit  from  its  collective  efforts.  Often 
unappreciated,  though,  is  the  difficulty  in  determining  the  current  specialist  opinion  on 
taxonomic  names  and  their  status.  Despite  widespread  efforts  of  data  aggregators,  the  low 
priority  of  taxonomic  cataloging  among  funding  agencies  and  even  the  scientific  community  is  a 
major  roadblock  to  a  true  catalog  of  life. 


Poster 

Presentation  Title:  Review  of  Genus  Crypt orhynchus  Illiger  and  related  genera  in  Japan 
(Coleoptera:  Curculionidae) 

Author  Name:  Naomichi  Tsuji 

Author  Institution:  Kyushu  University 

Session  Title:  Poster  Session  4:  Morphology,  Systematics,  and  Phylogeny 
Date  of  Presentation:  Friday,  September  30,  2016 


Abstract  Number:  D3961 


DOI:  10.1603/ICE.2016.1 13389 


Abstract  text: 

Tribe  Cryptorhynchini  Schoenherr  is  divided  into  two  subtribes,  Tylodina  Lacordaire  and 
Cryptorhynchina  Schoenherr.  Latter  includes  genus  Cryptorhynchus  Illiger,  and  related  genera, 
and  around  200  genera  are  recorded  in  the  world  (Alonso-Zarazaga  and  Lyal,  1999),  but  many 
undescribed  taxa  remain,  and  genus  classifying  are  confusing.  Additionally,  this  subtribe 
includes  some  agricultural  pests  of  plant,  seeds  and  fruits.  In  Japan,  thanks  to  the  studies  of  Kono 
(1926-50),  Morimoto  (1962-),  and  Miyakawa  (1985),  13  genera  and  23  species  are  known  at 
present,  but  many  undescribed  species  are  in  our  collection.  Our  present  study  is  aimed  at 
reviewing  taxonomy  of  genus  Cryptorhynchus  Illiger,  and  related  genera,  Shirahoshizo 
Morimoto,  and  Caenocryptorrhynchus  Morimoto  in  Japan.  Two  genera  are  close  to 
Cryptorhynchus ,  but  these  are  distinguished  by  morphology  of  femur  and  fore  head.  These 
genera  include  three,  seven  and  one  described  species  respectively  in  Japan,  and  we  recognized 
three,  four,  and  seven  undescribed  species  for  them  by  examining  dry  specimens  in  Kyushu 
University  collections.  Genus  Caenocryptorrhynchus  have  been  known  by  only  one  species  from 
Japan  and  South  Korea,  but  there  is  a  possibility  that  this  group  diversified  in  the  East  Asia. 
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Abstract  text: 

In  this  study  we  investigated  how  traditional  killing  method  and  preservation  techniques  affected 
DNA  quality  in  Tabanus  bifarius.  T.  bifarius  specimens  have  been  collected  in  Turkey  with 
mallasia  traps  and  they  were  killed  in  ethyl  acetate.  Genomic  DNA  was  extracted  and  a  658  pb 
fragment  of  the  mitochondrial  cytochrome  oxidase  I  (COI)  gene  amplified  by  PCR.  Sequence 
information  of  the  gene  region  that  has  been  purified  was  obtained  by  sequence  analysis  method. 
Results  for  these  techniques  were  compared  with  that  for  fresh  material,  95%  ethanol  (cold), 


museum  specimens.  They  yielded  very  suitable  DNA  which  resulted  in  successful  PCR. 
However,  some  museum  specimens  did  not  yield  PCR  product.  The  use  of  ethyl  acetate  yielded 
the  inconsistent  results  obtained  from  museum  specimens.  Our  results  showed  that  ethyl  acetate 
has  appeared  to  be  damaging  to  DNA  from  some  museum  specimens. 
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Abstract  text: 

A  total  of  four  species  of  ant-mimetic  phyline  plant  bug  genus  Pilophorus  Hahn  (Miridae: 
Phylinae:  Pilophorini)  is  recognized  from  Nepal.  Two  species  of  Pilophorus,  P.  spl  and  P.  sp2 
are  described  new  to  science.  Pilophorus  typicus  (Distant  1909)  is  recorded  for  the  first  time 
from  Nepal.  Both  male  and  female  genital  structures  are  illustrated  for  all  four  species. 

The  genus  Pilophorus  Hahn  is  a  strongly  ant-mimetic  group,  comprising  more  than  120 
described  species  mainly  in  the  Oriental  and  Palearctic  regions  (Schuh,  1995,  Mu  et  al.  2012, 
Nakatani  et  al.  2013,  Yasunaga  and  Schuh  2013).  Among  them,  some  species  are  considered  as 
predatory,  feeding  on  small  arthropods  such  as  aphids,  mites,  scales,  psyllids,  thrips,  and  dipteran 
larvae  and  eggs  (Schuh  1974,  Wheeler  2001).  Most  of  these  are  considered  host  specific,  ranging 
from  forbs,  woody  broadleaf  angisperms  and  conifers.  The  Indo-Pacific  Pilophorus  fauna  was 
revised  by  Schuh  (1985),  which  included  about  27  species,  and  are  the  most  important  records 
from  the  Oriental  region.  From  Nepal,  a  single  species  of  Pilophorus  has  been  reported  by 
Duwal  and  Yasunaga  (2008).  The  species  recognized  in  this  study  are  as  a  result  of  survey  by 
first  and  second  author  from  the  Himalayan  foot  hills  between  2005-2007. 

Furthermore,  a  brief  discussion  on  tribe  Pilophorini  are  provided.  And  a  checklist  of  Phylinae 
described  from  Nepal  to  date  is  listed. 

Key  words:  Heteroptera,  Miridae,  Pilophorini,  new  species,  new  record,  checklist,  Nepal. 
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Abstract  text: 

Sawflies  are  primitive  stingless  wasps  that  have  broad  waists  and  whose  larvae  feed  on  plants. 
Sawfly  larvae  are  eruciform  but  unlike  most  Lepidoptera  larvae  that  overwinter  as  pupae,  sawfly 
larvae  overwinter  as  last  instar  larvae.  From  our  observations,  it  is  much  more  difficult  to 
overwinter  as  a  last  instar  larvae  than  pupae  and  as  a  consequence  many  sawfly  larvae  are  not 
associated  with  adults.  Here,  we  report  on  a  database  of  adult  DNA  barcode  sequences  that  can 
be  used  to  identify  sawfly  larvae.  We  discuss  the  advantages  and  limitations  of  this  methodology. 
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Abstract  text: 

DNA  barcoding  is  a  taxonomic  method  that  uses  a  short  genetic  marker  in  an  organism's  DNA  to 
identify  it  as  belonging  to  a  particular  species.  The  most  commonly  used  barcode  region  for 
animals  is  a  segment  of  approximately  600  base  pairs  of  the  mitochondrial  gene  cytochrome 
oxidase  subunit  I  (COI). 

Scarabaeoid  beetles  (Coleoptera,  Scarabaeoidea)  represent  one  of  the  large  groups  of  beetles.  In 
Japan,  the  superfamily  Scarabaeoidea  consists  of  about  500  species  belonging  to  the  family 
Scarabaeidae,  Lucanidae,  Passalidae,  Trogidae,  Bolboceratidae,  Geotrupidae,  Ochodaeidae, 
Ceratocanthidae,  Hybosoridae,  Glaphyridae.  Japanese  scarabaeoid  beetles  include  some 
destructive  agricultural  pests  (e.g.  Dasylepida  ishigakiensis ),  endangered  species  (e.g. 
Cheirotonus  jambar ),  invasive  species  (e.g.  Ataenius  picinus)  and  imported  pet  beetles  (e.g. 
Dorcus  formosanus).  Morphological  identification  of  Scarabaeoid  larvae  is  generally  difficult. 

This  study  reports  on  the  DNA  barcoding  of  Japanese  scarabaeoid  beetles  to  enable  their  rapid 
and  accurate  identification.  This  analysis  shows  that  most  species  form  distinct  phylogenetic 
clusters  separated  from  each  other  by  large  molecular  distances.  This  result  supports  the  general 
usefulness  of  the  DNA  barcoding  approach  for  quick  and  reliable  identification  of  Japanese 
scarabaeoid  species  for  agricultural  pest  control,  biodiversity  analysis,  detection  of  invasive 
species  and  imported  pet  beetles,  and  environmental  impact  assessment.  Furthermore,  These 
sequence  data  enable  us  to  analysis  population  genetic  and  biogeographic  diversity  in  some 
species  distributed  in  mountain  region  and/or  island  region. 
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The  University  of  Central  Florida  Collection  of  Arthropods  (UCFC),  also  known  as  the  Bug 
Closet,  was  established  in  1993  by  Stuart  Fullerton.  Since  its  inception  UCFC  has  been  a  unique 
place  for  students  to  learn  and  work,  and  they  have  helped  develop  this  young  collection  into  one 
of  the  largest  completely  digitized  regional  collections  in  the  world,  with  specimen-level  data 
becoming  available  online  through  the  Hymenoptera  Online  database.  There  are  over  560,000 
specimen  records  for  insects  and  other  arthropods  with  an  emphasis  on  hymenopteran  and 
coleopteran  holdings.  The  UCFC  material  collected  from  various  habitats  in  Central  Florida  has 
been  used  as  voucher  specimens  for  descriptive  taxonomy.  To  date,  a  total  of  20  new  species  (16 
in  Hymenoptera,  5  in  Coleoptera  and  one  in  Diptera)  have  been  described  based  on  recently- 
collected  material.  Given  the  thoroughness  of  the  UCFC  holdings  that  include  highly  diverse 
lineages  of  insects,  many  more  new  species  await  descriptions. 
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Abstract  text: 

The  possibility  of  cultivating  even  three  crops  throughout  the  year  may  provide  polyphagous  pest 
outbreaks  due  to  the  unlimited  offer  of  food  for  them.  As  an  example,  we  may  mention  the 
Heliothinae  complex  which,  in  Brazil,  is  composed  by  Heliothis  virescens ,  Helicoverpa  zea  and 
the  recently  introduced  Helicoverpa  armigera.  Those  species  commonly  provoke  damages  in 
soybean,  bean,  cowpea,  corn,  sunflower  and  cotton.  In  Brazil,  the  grains  and  fiber  cropping 
system  occurs  normally  with  soybean  as  the  first  cultivation  (summer  crop)  followed  by  the  other 
crops  mentioned  above  as  second  and/or  third  cultivation.  Thus,  the  infestation  levels  of  those 
species  as  well  as  their  management  in  soybean  may  influence  their  population  fluctuation  in  the 
following  crops.  Due  to  the  difficulty  identifying  the  species  of  Heliothinae  caterpillars  in  field, 
we  did  regional  collects  in  soybean  crops  cultivated  in  the  States  of  Parana  and  Mato  Grosso  in 
order  to  study  the  presence  and  proportion  of  each  species  of  Heliothinae  complex  aiming  to 
subsidize  growers'  control  decisions.  In  Parana,  1.387  Heliothinae  caterpillars  were  collected 


being  99.9%  of  them  Helicoverpa  and  in  Mato  Grosso,  490  Heliothinae  caterpillars  were 
collected  where  Helicoverpa  spp  ranged  from  61  to  88%.  It  is  important  to  mention  that  Parana 
does  not  cultivate  cotton  and  H.  virescens  is  more  common  collected  in  that  crop.  On  the  other 
hand,  Mato  Grosso  produces  almost  50%  of  the  Brazilian  cotton  production.  This  agricultural 
landscapes  difference  may  explain  why  H.  virescens  was  practically  not  collected  in  Parana. 
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Introduction:  Wild  sericulture  involves  the  collection  of  wild  silkmoth  cocoons  from  the  wild 
and  in  some  cases  rearing  them  in  captivity  or  semi  captivity.  Wild  sericulture  can  serve  as  an 
alternative  income  generation  to  resource-poor  farmers  and  also  aid  in  biodiversity  conservation 
through  the  sustainable  utilisation  of  wild  silkmoths  and  the  planting  of  their  host  plant  species. 
The  potential  of  wild  silkmoths  to  produce  silk  of  good  quality  and  high  commercial  value  has 
been  documented  in  Sub  Saharan  Africa.  In  Ghana  wild  sericulture  is  quite  new,  and  is  restricted 
to  the  rearing  of  the  Eri  silkworm,  Philosamia  ricini  (Donovan)  (Lepidoptera:  Saturniidae)  on 
castor  oil  and  cassava  leaves  by  a  few  farmers  in  2006  and  was  revitalized  in  2014.  Philosamia 
ricini  was  brought  into  Ghana  from  India  as  an  introduced  wild  silkmoth  species. 

Methods:  A  field  survey  was  however  conducted  in  Ghana  during  2013  to  identify  indigenous 
wild  silkmoth  species  and  their  host  plants.  The  areas  surveyed  included  trees  along  the  major 
roads  and  nearby  vegetation  and  forest  in  different  agro-ecological  zones  (Forest-Savanna 
transition,  Guinea  Savanna  and  Moist  Semi-deciduous  Forest).  The  potential  host  plant  examined 
were  different  Acacia  spp.  and  Bridelia  micrantha  in  the  Savanna  and  Forest  zones,  respectively. 

Results/Conclusion:  Gonometa  sp.  (Lepidoptera:  Lasiocampidae)  was  the  only  wild  silkmoth 
species  found  in  low  numbers  on  Acacia  sp.  in  the  Guinea  Savannah  zone,  near  the  Volta  Lake. 


The  low  abundance  of  Gonometa  sp.  may  be  attributed  to  the  harsh  weather  conditions, 
worsened  by  frequent  bushfires  during  the  dry  season  in  the  area. 
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Abstract  text: 

Introduction:  An  important  factor  hindering  the  effective  utilization  of  biological  resources  in  the 
wild  is  lack  of  knowledge  of  their  existence.  This  will  not  only  have  an  implication  on  the 
utilization  but  also  on  the  management  of  the  biological  resource.  A  community  might  be 
coexisting  with  a  resource  without  being  aware  of  its  socioeconomic  potential  for  their  livelihood 
and  environmental  sustenance.  This  was  the  case  with  the  wild  silkmoth  in  West  Pokot,  Kenya. 

Methods:  This  study  sets  out  to  document  information  on  the  silkmoth  resident  in  the  area  and 
explore  the  possibility  of  utilizing  it  for  conservation  and  economic  gains. 

Results/Conclusion:  The  study  revealed  the  existence  of  silkmoth  Epiphora  bauhiniae  Guerr  in 
Greater  Pokot  County  and  its  host  plants  as  Zizyphus  Mauritania  and  Zizyphus  mucronata.  The 
study  documented  the  distribution  of  the  host  plants  in  the  area,  thus  providing  a  baseline  data 
necessary  for  future  utilization  of  the  natural  resources.  The  Host  plants  of  the  wild  silkmoth 
occur  naturally  in  the  dry  areas  of  the  County  and  even  across  the  North  Rift  region.  The  general 
impression  of  the  host  plant  distribution  followed  the  water  courses.  There  were  high 
concentrations  of  the  host  plants  along  the  riparian  landscapes.  The  distribution  of  the  cocoons  of 
the  silkmoth  followed  a  similar  pattern.  The  host  plants  served  the  community  in  different  ways 
the  major  one  being  very  good  for  protection  against  trespasses  to  farmlands.  Epiphora  silkmoth 
from  the  study  is  a  wild  species  unique  to  West  Pokot  in  the  Northern  arid  and  semi  arid  region 
Kenya. 
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Introduction:  Sericulture  in  Kenya  dates  back  in  1972  when  Kenya  and  Japan  governments 
agreed  on  technical  cooperation  to  support  sericultural  activities.  However,  it  is  only  until  2015 
that  the  government  established  a  national  research  system  for  sericulture.  This  is  as  a  result  of 
findings  showing  high  potential  for  sericulture  economic  performance.  Sericulture  provides 
gainful  employment,  economic  development  and  improvement  in  the  quality  of  life  to  the  people 
in  a  rural  area  and  therefore  plays  an  important  role  in  anti-poverty  program  and  prevents 
migration.  Globally,  there  is  increased  demand  for  fashionable  clothing  items  due  to  fast 
changing  fashion  designs  in  developed  countries,  thus  the  demand  for  silk  is  bound  to  increase. 
This  scenario  opens  a  window  to  the  rural  community  in  developing  world  to  exploit  the 
potential  of  wild  silkworm  farming  in  economic  advancement. 

Methods:  Review  literature  on  the  economic  potential  on  wild  silk. 

Results/Conclusion:  Wild  silkworm  farming  is  widely  unexploited  in  Kenya  yet  financial 
prospects  are  high  given  the  ever-rising  demand  for  silks.  The  wild  silks  have  diverse  natural 
colors  and  textures  which  endear  them  to  the  fashion  industry.  The  Eri  silkworm  was  recently 
introduced  in  Kenya  and  is  gaining  lots  of  importance  as  a  result  of  its  feeding  habits.  However, 
the  Kenyan  wild  silkworms  remain  lowly  utilized,  due  to  lack  of  innovative  mechanisms  of 
tapping  their  value.  The  National  Sericulture  Research  Center  offers  the  country  a  chance  to  tap 
the  full  potential  of  commercial  and  wild  silk  industry.  This  paper  elaborates  on  the  economic 
aspects  of  wild  silk  farming  Kenya. 
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Abstract  text: 

The  Asian  longhorned  beetle,  Anoplophora  glabripennis  (Motschulsky),  threatens  urban  and 
forest  hardwood  trees  both  where  introduced  and  in  parts  of  its  native  range.  Native  to  Asia,  this 
beetle  has  moved  several  times  in  infested  wood  packaging  used  in  international  trade,  and  has 
established  breeding  populations  in  five  U.  S.  states,  Canada,  and  at  least  1 1  countries  in  Europe. 
It  has  a  broad  host  range  for  a  cerambycid  that  attacks  living  trees,  but  in  the  introduced  ranges  it 
prefers  maples.  Identification,  classification,  and  life  history  of  this  insect  are  reviewed. 
Eradication  is  the  goal  where  it  has  been  introduced,  which  requires  detection  of  infested  trees 
generally  using  ground  and  tree-climbing  surveys.  Several  agencies  and  researchers  in  the  U.  S. 
and  Europe  are  evaluating  the  use  of  pheromone-  and  kairomone-baited  traps.  Control  options 
beyond  cutting  down  infested  trees  are  limited.  To  date,  the  parasitoids  and  predators  of  this 
beetle  have  broad  host  ranges  and  are  not  likely  to  be  approved  in  the  U.  S.  or  Europe.  The 
potential  to  use  entomopathogenic  fungi  for  control  is  promising.  Systemic  insecticides  have 
been  widely  used  in  the  U.  S.,  but  the  ability  of  these  chemicals  to  reach  lethal  doses  in  the 
crown  of  large  trees  is  disputed  by  some  scientists,  and  the  potential  non-target  effects,  especially 
on  pollinators,  raise  concerns.  The  most  practical  approach  for  eradicating  Asian  longhorned 
beetle  is  to  optimize  trapping  methods  using  semiochemicals  for  early  detection  to  eliminate  the 
insect  before  it  spreads  over  large  areas. 
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Abstract  text: 

The  genus  Lymantria  (Hiibner)  contains  some  of  the  most  destructive  forest  pests  in  the  world. 
Asian  gypsy  moth  (AGM),  Lymantria  dispar  asiaticcN nukovskij  larvae  are  known  to  feed  on 
over  500  plant  species,  including  conifers  and  hardwoods.  Female  AGM  are  capable  of  flying 
distances  up  to  20  miles.  The  insect  overwinters  in  the  egg  stage.  Depending  on  latitude,  larval 
development  occurs  from  May  through  July  and  peak  adult  flight  occurs  July  through  early 
September.  In  the  early  1990’s  AGM  was  introduced  into  the  Pacific  Northwest  via  infested 
ships  originating  from  Russian  Far  East  ports.  AGM  introductions  are  determined  by  pheromone 
trap  catches  and  DNA  analysis.  The  introductions  resulted  in  a  successful  but  extensive  and 
costly  eradication  program.  Delimitation  trapping  and  insecticide  treatments,  including  the 
selective  biopesticides  (e.  g.  Bacillus  thuringiensis )  are  used  in  combination  to  eradicate  AGM 
introductions.  A  monitoring  and  ship  inspection  program  was  initiated  in  1993  in  Russian  ports 
and  has  since  expanded  to  include  ports  in  China,  Japan  and  South  Korea  to  mitigate  North 
American  introductions.  Additionally,  L.  dispar  japonica  (Motschulsky),  L.  monacha  (Linnaeus) 
and  L.  mathura  (Moore)  are  included  in  the  program.  The  monitoring  is  used  to  determine  adult 
flight  periodicity  and  to  develop  the  high  risk  period  associated  AGM  oviposition  in  port  areas. 
Although  the  high  risk  period  varies  depending  on  latitude,  ports  are  generally  considered  high 
risk  over  a  two  to  three  month  period.  Ships  within  these  ports  are  required  to  obtain  a 
phytosanitary  certificate  before  embarking  to  North  America. 
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Abstract  text: 

Xylotrechus  namanganensis  (Heydel)  (Cloleoptera:  Cerambycidae)  is  an  invasive  species  in 
China  which  causes  devastating  losses  of  hardwood  trees.  Extensive  field  investigations  and 
experiments  to  determine  its  biology,  develop  methods  to  control,  and  provide  theoretical 
foundation  for  predicting  its  occurrence  and  timing  of  stages  for  management.  The  area  where 
survey  samples  were  taken  lies  in  the  Karamay  agriculture  comprehensive  development  zone 
Xinjiang  Autonomous  Region  in  China.  We  collected  all  life  stages  in  a  mixed  forest  of  poplar 
and  elm  over  an  entire  year.  We  found  that  Xylotrechus  namanganensis  (Heydel)  has  one 
generation  per  year.  Mature  larvae  and  a  few  pupae  overwinter  in  the  bark.  New  adults  enclosed 
from  mid- April  to  late-July.  The  peak  of  eclosion  and  oviposition  was  in  early  May.  The  egg 
stage  lasted  about  six  days  and  on  average  79%  of  the  eggs  hatched.  Larvae  were  found  mainly 
in  the  bark  on  the  northeastern  side  of  the  tree  below  1.5  m.  As  a  result,  we  discovered  this  pest 
can  easily  kill  trees  when  they  are  living  in  conditions  that  cause  them  stress.  As  a  result,  the 
following  steps  have  been  taken  to  manage  this  pest.  First,  we  improved  the  environment  the 
trees  are  living  in  to  reduce  stress  on  the  trees.  Second,  we  sprayed  an  8%  solution  of 
cypermethrin  300  on  the  bark  to  kill  the  beetles  as  they  crawl  across  it.  Finally,  a  quarantine  on 
the  wood  was  put  into  place  because  larvae  survive  in  the  wood  for  a  long  time. 
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The  wood  boring  wasp,  Sirex  noctilio ,  has  attracted  considerable  attention  around  the  world  for 
its  ability  to  kill  a  wide  range  of  Pinus  species  in  combination  with  its  fungal  mutualist, 
Amylostereum  areolatuem.  Prior  stress  (e.g.  from  drought,  physical  damage  or  other  pests  and 
diseases)  increases  susceptibility  to  attack.  Sirex  noctilio  was  not  considered  a  pest  until  well 
after  its  first  discovery  outside  its  native  range  (Europe,  Asia  and  North  Africa)  in  New  Zealand 
in  1900.  In  the  late  1920s  extensive  dieback  of  pines  in  New  Zealand  was  attributed  to  S. 
noctilio ,  resulting  in  the  deliberate  introduction  of  several  parasitoids.  In  addition,  the  parasitic 
nematode,  Deladenus  siricidicola ,  was  discovered  and  distributed  throughout  the  country.  These 
efforts,  combined  with  changes  to  silvicultural  practices,  reduced  S.  noctilio  numbers  to  a  point 
that  it  is  now  considered  a  minor  pest  in  New  Zealand.  However,  this  strongly  contrasts  to  other 
areas  of  the  world  that  S.  noctiliohas  invaded,  including  Australia,  South  America,  South  Africa 
and  most  recently  North  America,  where  biological  control  agents  and  improved  silvicultural 
practices  have  done  little  to  control  the  wasp.  Researchers  have  come  to  realize  that  the  situation 
is  more  complex  in  these  other  areas.  Confounding  issues  include  re-invasion,  microevolutionary 
processes,  local  ecologies  and  more  complex  species  assemblages  such  as  the  presence  of 
congenerics  in  the  Northern  Hemisphere.  Hence  there  is  no  ‘one-size  fits  all’  approach  to 
managing  this  species  on  a  world-wide  scale  and  variations  in  local  dynamics  need  to  be  better 
understood  in  order  to  succeed. 
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Introduction:  Aphids  are  characterized  by  their  small  size,  soft  body  and  sedentary  life  style, 
which  make  them  an  attractive  food  for  many  natural  enemies.  In  response  to  this,  aphids  have 
evolved  different  behavioral  and  chemical  defensive  mechanisms.  Cornicles  facilitate  the 
chemical  defensive  mechanisms  by  emitting  alarm  pheromone  and  sticky  droplets.  In  this  study, 
our  goal  was  to  study  the  role  of  cornicles  in  aphid  fitness. 

Methods:  Our  aphid  model  was  the  brown  citrus  aphid,  Toxoptera  citricida  (Kirk),  a  major 
vector  for  Citrus  tristeza  closterovirus.  In  order  to  investigate  possible  effects  of  cornicles  on 
aphid  fitness,  we  removed  them  partially  or  completely  using  a  razor  blade  or  laser  surgery. 
After  cornicles  were  removed,  we  studied  aphid  fitness.  Cornicle-deprived  and  control  aphids 
were  also  used  in  12  h  EPG  recordings  to  observed  feeding  on  ‘cultivar’  citrus  plants. 

Results/Conclusion:  Laser  surgery  (which  both  cut  and  sealed  the  cornicle  area)  caused  loss  of 
chemical  communication  among  aphids.  Although  a  reduction  in  longevity  was  observed  in 
cornicle-deprived  aphids,  they  compensated  for  that  by  increasing  the  number  of  offspring.  In 
contrast,  both  maternal  survival  and  number  of  offspring  were  not  affected  when  cornicle- 
deprived  aphids  were  placed  with  control  aphids  on  the  same  plant,  suggesting  that 
communication  among  control  aphids  allowed  ablated  aphids  to  compensate  for  the  loss  of 
chemical  communication.  Laser  surgery  of  aphid  cornicles  also  interrupted  stylet  probing, 
causing  a  reduction  in  phloem  ingestion  duration. 
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Introduction:  Hemipteran  feeding  behavior  cannot  be  visualized  within  plant  tissues  by 
researchers  studying  probing  and/or  transmission  attributes  of  economically  important  plant 
pathogens  transmitted  by  these  piercing  sucking  insects.  Electropenetrography  (EPG)  is  currently 
the  most  precise  method  for  studying  hemipteran  probing  behavior.  However,  the  EPG 
waveforms  acquired  are  only  as  useful  as  the  correlations  that  are  completed  to  assign  biological 
definitions  to  these  waveforms. 

Methods:  Correlations  of  salivary  sheath  structure  and  position,  host  plant  cell  damage, 
determination  of  ingestion  cell  type  and  number,  and  confirmation  of  pathogen  transmission  can 
be  accomplished  through  various  forms  of  microscopy  on  host  plant  tissues  surrounding  the 
feeding  site.  These  microscopy  techniques  include  light,  fluorescence,  confocal,  and  electron 
microscopy  of  sections  from  embedded  tissues.  Additionally,  hand-cut  sections  are  a  fast  and 
easy  method  that  can  provide  valuable  data  using  autofluorescence  of  salivary  sheaths  and  plant 
tissues  without  embedding  or  staining.  Insect  stylets  can  also  be  directly  observed  and  video 
recorded  during  probing  of  a  clear  artificial  diet  through  membranes,  allowing  correlation  of 
behaviors  such  as  stylet  movement,  salivation,  and  ingestion  during  EPG  recording.  Ingestion 
correlations  can  be  made  through  the  use  of  visible  particles  or  fluorescent  beads  to  visualize  the 
direction  of  fluid  flow.  Immunocytochemistry  or  fluorescent  in  szYwhybridization  can  be  used  to 
confirm  presence  of  the  pathogen  in  insect  tissues  following  EPG  recording. 

Results/Conclusion:  Histological  correlations  and  artificial  diet  probing  assays  provide  integral 
data  upon  which  the  identification  of  biological  definitions  of  EPG  waveforms  can  be 
determined. 
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Introduction:  Sweetpotato  weevil  (SPW),  Cylas  formic arius  (Fabricius),  is  the  most  damaging 
root-feeding  insect  on  sweetpotato.  Larval  feeding  within  storage  roots  reduces  yield  and 
induces  terpene  production,  rendering  roots  inedible.  In  Louisiana,  sweetpotato  is  frequently 
infected  with  potyviruses,  which  are  transmitted  by  green  peach  aphid  (GPA),  Myzus 
persicae( Sulzer).  Little  is  known  about  how  these  two  phytophagous  insect  species  interact  and 
how  a  colonizing  plant  virus  vector  like  GPA  would  respond  to  SPW  root  infestation. 

Methods:  GPA  population  dynamics  were  studied  on  sweetpotato  plants  grown  from  either 
SPW-infested  or  uninfested  storage  roots  under  greenhouse  conditions.  Life  tables  were 
constructed  and  intrinsic  rates  of  increase  (rm)  were  calculated.  In  addition,  stylet  probing 
behavior  of  alate  GPA  was  studied  using  the  DC-EPG  technique;  4  aphids  per  pairing  replicated 
20  times.  Recordings  were  conducted  for  30  min  (to  evaluate  nonpersistent  virus  transmission 
behaviors)  and  6  hr  (behavior  related  to  host  acceptance). 

Results/Conclusion:  SPW  infested  plants  had  lower  rm,  decreased  longevity,  and  reduced  net 
reproductive  rate  compared  to  uninfested  plants.  Thus,  GPA  fitness  was  negatively  influenced 
by  SPW  infestation.  SPW  infestation  also  altered  GPA  probing  behaviors.  GPA  on  SPW- 
infested  plants  probed  less  often,  took  longer  to  reach  the  first  intercellular  puncture,  and  such 
punctures  were  shorter  in  duration,  compared  with  aphids  on  uninfested  plants.  In  addition, 
SPW  infestation  resulted  in  shorter  phloem  salivation  (El),  phloem  ingestion  (E2),  and  longer 
xylem  ingestion  (G)  durations.  This  study  demonstrates  that  below-ground  herbivory  can 
influence  above-ground  insect  infestations  and  feeding  behavior,  and  also  influence  virus  vector 
epidemiology. 
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Introduction:Electropenetrography  (EPG),  invented  over  50  years  ago,  is  the  most  rigorous  and 
important  means  of  studying  feeding  of  piercing-sucking  crop  pests.  The  lst-generation  monitor 
(or  AC  monitor)  used  AC  applied  signal  voltage  and  had  fixed  amplifier  sensitivity  (input 
resistor  or  Ri)  of  106  Ohms.  The  2nd-generation  monitor  (DC  monitor)  was  introduced  in  1978 
and  uses  DC  applied  signal  with  fixed  Ri  of  109  Ohms. 

MethodsTn  2009,  a  3rd-generation  (AC-DC)  "universal"  monitor  was  introduced,  providing 
either  AC  or  DC  applied  signal  with  six  selectable  Ri  levels  of  106  Ohms  (outputting  pure  R 
component  for  aphids)  to  1010  plus  1013  Ohms  (the  latter  outputting  pure  emf  for  aphids). 

Results/ConclusiomHerein,  capabilities  of  the  AC-DC  monitor  are  summarized.  These  include: 
1)  modern,  updated  electronics  removing  artifactual  signals,  2)  selectable  settings  to  adjust  the 
monitor  recording  characteristics  to  match  the  insect;  3)  backwards-compatibility  to  reproduce 
the  waveforms  of  any  past  type  of  monitor  (AC  or  DC)  for  any  arthropod,  thus  4)  making 
waveforms  comparable  across  monitors  for  the  first  time;  and  5)  ability  to  produce  a  waveform 
library,  a  collection  of  waveform  appearances  of  the  same  behavior  from  different  Ri  levels,  to 
determine  R  and  emf  components.  Block  diagrams  of  AC-DC  monitor  electronics  are  displayed 
and  used  to  illustrate  the  above  monitor  capabilities.  In  addition,  examples  of  waveform  libraries 
for  various  hemipteran  species  are  displayed.  Widespread  adoption  of  the  AC-DC  EPG  monitor 
will  aid  in  development  of  improved  management  for  large  hemipterans  such  as  stink  bugs, 
chinch  bugs,  tarnished  plant  bugs,  and  other  important  pests. 
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Introduction:  Diaphorina  citri  is  a  major  pest  of  citrus  production  because  it  transmits  the 
pathogen  that  causes  Huanglongbing  (HLB),  a  devastating  disease  of  citrus.  Studying  the  stylet 
probing  behavior  of  the  vector  via  electropenetrography  (EPG)  is  important  in  understanding 
pathogen  transmission  and  possible  strategies  to  reduce  disease  incidence.  However,  recording 
protocols  have  not  been  standardized,  and  previous  studies  have  used  widely  divergent  applied 
DC  voltages.  The  purpose  of  this  study  was  to  determine  whether  behavioral  responses  of  D. 
citri  were  affected  by  varying  voltages. 

Methods:  We  compared  D.  citri  feeding  behavior  using  AC-DC  electropenetrography  (EPG)  at 
20,  150,  and  600  mV  DC.  After  measurement,  waveform  data  were  analyzed  for  sequential  and 
non-sequential  variables  in  SAS  using  Ebert  2.0. 

Results/Conclusion:  We  found  no  significant  differences  in  probing  behavior  among  psyllids 
exposed  to  the  DC  voltage  levels.  This  was  somewhat  surprising,  because  recent  studies  with 
Lygus  lineolaris  demonstrated  effects  of  high  voltages  (550  mV)  on  both  probing  and  non¬ 
probing  behaviors.  We  hypothesize  that  every  insect  has  a  limit  for  voltage  tolerance,  but  that 
small  insects  can  tolerate  higher  voltages  than  larger  insects  due  to  greater  resistance  of  narrow 
food  and  salivary  canals  in  stylets.  Future  studies  will  test  these  hypotheses,  so  that  better 
protocols  can  be  developed  for  expansion  of  EPG  research  into  new  (often  large)  insects.  Thus, 
while  D.  citri  behaviors  were  not  affected  by  voltages  up  to  600  mV,  other  insects  may  not  be  so 
tolerant  and  applied  voltage  levels  should  be  used  cautiously  during  EPG  studies. 
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Introduction:  Amphorophora  agathonica  is  the  primary  aphid  pest  of  red  and  black  raspberry  in 
N.  America.  The  six  known  biotypes  of  A.  agathonica  are  able  to  overcome  all  commercially 
available  resistant  cultivars.  Maintaining  durability  of  new  genes  is  important  because  of  the 
rapid  ability  of  A.  agathonica  to  break  resistance  sources.  The  resistance  mechanism  of  these 
different  genes  against  A.  agathonica  is  unknown.  This  study  evaluated  the  effect  of  three 
resistant  selections  on  A.  agathonica  stylet  probing  behavior. 

Methods:  We  examined  the  following  stages  of  host  plant  acceptance  on  susceptible  (‘Munger’) 
and  resistant  (‘ORUS-3778,’  ‘ORUS-3817,’  and  ‘ORUS  4109’)  black  raspberry 
plants.  Orientation  was  measured  with  two-way  and  four-way  choice  assays.  Parturition  was 
measured  by  caging  adults  on  susceptible  or  resistant  plants  for  3  d  and  recording  nymphs  and 
their  survival.  Feeding  success  was  monitored  electronically  via  EPG  for  12  h. 

Results/Conclusion:  For  orientation,  aphids  preferred  Munger  after  18  h,  but  the  remaining 
aphids  were  evenly  divided  among  the  resistant  selections.  Regarding  parturition,  aphids  laid 
fewer  nymphs  on  resistant  plants  than  the  susceptible  control,  with  survival  of  only  3. 3 -3. 6  d  on 
resistant  selections.  Regarding  stylet  probing  success,  aphids  on  all  treatments  probed 
extensively  in  the  mesophyll,  and  stylet  tips  reached  the  phloem  in  a  similar  time 
frame.  However,  aphids  on  resistant  selections  were  only  half  as  likely  to  salivate  in  the  phloem 
as  aphids  on  Munger.  Only  one  aphid  each  on  ORUS  3778-1  and  ORUS  4109-1  successfully 
ingested  from  the  phloem. 
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Introduction:  The  potato  psyllid,  Bactericera  cockerelli ,  is  a  serious  pest  of  potato  and  other 
solanaceous  crops  in  many  parts  of  the  world,  because  it  transmits  the  fastidious,  phloem-limited 
bacterium  4 Candidatus  Liberibacter  solanacearum’  (Lso),  the  causal  agent  of  zebra  chip.  This 
disease  has  caused  millions  of  dollars  in  losses  to  the  potato  industry  worldwide.  Lso  also 
severely  damages  other  solanaceous  crops,  including  tomato,  pepper,  eggplant,  and  tobacco. 
Little  is  known  about  transmission  mechanisms  of  Lso.  The  objective  of  this  study  was  to  assess 
the  effects  of  temperature  on  stylet  probing  behavior  of  potato  psyllid  and  Lso  transmission, 
using  electropenetrography  (EPG). 

Methods:  Lso-infected  potato  psyllids  were  allowed  to  feed  on  Lso-free  potato  plants  for  24  h  at 
three  different  temperature  ranges:  10-17  °C  (low),  24-27  °C  (medium),  and  33-40  °C  (high). 
Probing  behavior  of  these  insects  was  recorded  using  AC-DC  EPG.  hollowing  the  24  h 
inoculation  access  period,  the  exposed  plants  were  maintained  in  the  greenhouse  and  observed 
for  zebra  chip  symptom  development.  The  plants  and  the  insects  were  also  tested  by  PCR  to 
confirm  Lso  infection. 

Results/Conclusion:  Temperature  significantly  affected  probing  behavior  of  potato  psyllids,  as 
well  as  Lso  transmission.  Insects  at  high  temperature  spent  more  time  in  xylem  tissue  than  in 
phloem  compared  to  those  at  low  and  medium  temperatures.  Lso  infection  rate  in  plants  exposed 
to  insects  at  high  temperature  was  significantly  lower  than  that  of  plants  exposed  at  low  and 
medium  temperatures.  Thus,  high  temperatures  reduce  inoculation  of  Lso  by  reducing  the 
probing  duration  in  phloem. 
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Introduction:  Phloeomyzus  passerinii  is  a  tree-dwelling  aphid  colonizing  the  trunks  of  poplars 
( Populussp .).  This  species  has  several  peculiarities.  It  occupies  a  basal  position  in  the  phylogeny 
of  Aphididae,  and  it  is  responsible  for  spectacular  diebacks  of  poplar  plantations  in  Europe. 
Nonetheless,  as  an  emerging  pest,  little  is  known  about  the  ecology  of  this  aphid. 

Methods:To  unravel  the  feeding  strategy  of  this  pest  and  the  interactions  with  its  host-tree, 
several  complementary  approaches  have  been  developed.  DC-EPG  investigations  have  been 
conducted,  in  association  with  histological  and  biochemical  studies  on  infested  plant  tissues,  and 
physiological  studies  of  the  aphid. 

Results/Conclusion:  The  analysis  of  the  probing  behavior  showed  an  atypical  EPG  profile.  Using 
EPG  combined  with  histology,  we  identified  a  straightforward  path  of  aphid  stylets  within  host 
tissues,  with  several  intracellular  cell  crossings,  which  ended  with  a  sustained  intracellular 
ingestion  within  the  cortical  parenchyma.  Additional  investigations  revealed  that  the  aphid 
induces  a  gall  within  the  cortical  parenchyma  of  poplars.  The  infested  tissues  accumulated  amino 
acids,  suggesting  an  improvement  of  their  nutritional  value  for  aphids.  As  a  consequence, 
ingesting  from  these  manipulated  tissues  promoted  aphid  development  and  sharply  modified  its 
probing  behavior.  EPG  profiles  demonstrated  that  modified  tissues  induced  more  rapid  and  a 
higher  rate  of  host  acceptance.  This  is  the  first  behavioral  validation  of  the  nutrition  hypothesis, 
stating  that  plant-manipulating  organisms  improve  the  nutritional  value  of  their  host.  Further 
investigations,  using  DC-EPG,  are  planned  to  study  the  intracellular  behavior  associated  with 
gall  induction  by  this  insect  within  host  tissues. 
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Introduction:  The  invasive  kudzu  bug,  Megacopta  cribraria ,  was  first  discovered  in  North 
America  in  2009  and  has  subsequently  spread  through  most  of  the  southeastern  United  States, 
causing  yield  loss  in  soybean.  Since  discovery,  research  has  focused  on  managing  this  newly 
established  pest;  thus,  important  characteristics  of  the  pest’s  stylet  probing  behavior  remain 
unknown.  Although  short  term  solutions,  such  as  effective  insecticide  application,  are  useful  to 
manage  this  pest,  long  term  management  will  likely  require  the  identification  of  resistant 
soybean  varieties.  Examining  the  probing  behavior  via  electropenetrography  (EPG)  can  provide 
valuable  information  on  pest  biology  that  can  be  used  to  identify  resistance  mechanisms  in  the 
future. 

Methods:  To  provide  the  first  documentation  and  characterization  of  M.  cribraria  feeding 
waveforms,  9-h  recordings  of  female  M.  cribraria  on  soybean  stems  were  carried  out  using  an 
AC-  DC  EPG  monitor  set  at  107  Ohms  and  75mV  AC  applied  voltage.  Waveforms  were 
quantified  and  analyzed.  Histological  studies  were  conducted  on  soybean  stems  to  determine  the 
biological  meanings  of  waveforms. 

Results/Conclusion:  Adult  females  probed  soybean  stems  1.4  ±  0.97  times  in  9  h  with  an  average 
probe  duration  of  2.27  ±  1.30  hours.  Mouthparts  were  shown  to  terminate  in  the  phloem  of 
soybean  stems.  This  study  generated  important  information  about  the  probing  behavior  of  M. 
cribraria,  including  identification  of  tissues  damaged  at  the  ingestion  site.  Results  can  be  used  in 
conjunction  with  development  of  resistant  soybean  varieties,  as  well  as  providing  a  baseline  for 
further  research  on  feeding  behaviors  of  M.  cribraria  and  other  soybean-feeding  hemipterans. 
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Introduction:  Grapevines  can  be  attacked  by  a  number  of  pests,  including  leafhoppers 
(Hemiptera:  Cicadellidae).  In  Canada,  ca.  100  cicadellid  species  have  been  found  associated 
with  vineyards.  Although  a  large  proportion  of  these  cicadellids  were  found  to  be  phytoplasma¬ 
positive,  this  does  not  mean  that  they  are  competent  phytoplasma  vectors  in  vineyards. 
Electropenetrography  studies  were  conducted  as  a  first  step  to  document  feeding  behaviors  of 
selected  cicadellid  species. 

Methods:  Three  cicadellids  species  were  chosen  because  they  are  numerically  important  in 
Canadian  vineyards  and  because  they  can  be  reared  throughout  the  year  on  grapevine  ( Vitis 
vinifera  cv.  ‘Seyval  blanc’).  A  DC  electropenetrograph  (DC-EPG)  was  used  to  study  the  feeding 
behaviors  of  adult  Erythroneura  vitis  (Harris),  Erythroneura  ziczac  (Walsh)  and  Erythroneura 
elegantula(Say)  (all  Cicadellidae:  Typhlocybinae).  Histological  studies  of  grapevine  tissues 
complemented  the  EPG  information. 

Results/Conclusions:  Five  waveforms  associated  with  stylet  penetration  and  ingestion  in  leaf 
tissues  were  identified.  They  were  defined  biologically  as  representing  epidermis  penetration, 
pathway  activities,  and  ingestion  in  mesophyll  and  xylem.  Twenty-eight  response  variables  (e.g. 
mean  number  of  probes  and  durations  of  each  type  of  waveform  per  insect,  for  each  species) 
were  statistically  compared  among  the  three  Erythroneura  species.  When  they  probe  grapevine, 
E.  vitis ,  E.  ziczac  and  E.  elegantula  ingest  mainly,  but  not  exclusively,  from  mesophyll.  Now  that 
we  have  characterized  and  biologically  defined  the  EPG  waveforms  for  these  species,  a  second 
step  will  be  to  research  mechanisms  of  phytoplasma  transmission  resulting  from  these  behaviors. 
Such  information  will  allow  sound  decisions  about  cicadellid  management  in  vineyards. 
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Scarab  beetles  are  serious  pests  of  turf  and  ornamental  plants  in  Japan.  Beetle  larvae  were 
collected  in  Hokkaido  to  discover  insect  pathogenic  bacteria  which  were  effective  for  beetle 
control.  We  isolated  and  identified  novel  Paenibacillus  popilliae  strains  from  several  species  of 
beetle  larvae  (Matsuki  et  al. ,  1997).  The  cry43Aa  gene  cloned  from  the  isolated  P.  popilliae  hime 
strain  had  insecticidal  activity  against  scarab  larvae.  Also,  we  want  to  determine  the  whole 
genome  sequence  of  P.  popilliae  strain  (Iiyama  et  al.,  2013).  From  Bacillus  thuringiensis  (Bt) 
collections  in  our  laboratory,  two  Bt  strains  (SDS-502,  BBT2-5)  with  insecticidal  activity  against 
scarab  larvae  and  adults  were  found  (Asano  et  al.,  2003;  Yamaguchi  et  al.,  2008).  The  cry8Da 
gene  has  been  cloned,  and  its  insecticidal  activity  mechanism  has  been  studied  (Yamaguchi  et 
al.,  2010).  We  have  identified  p-glucosidase  as  a  receptor  molecule  of  adults  (Yamaguchi  et  al., 
2013),  and  aminopeptidase  N  as  a  receptor  molecule  of  larvae.  We  are  promoting  the 
development  and  commercialization  of  these  Bt  strains  as  beetle  pest  control  agents,  and  have 
also  developed  a  scarab-resistant  turf  by  introducing  the  cry8Da  gene. 
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On  December  13,  2013,  a  single  female  coconut  rhinoceros  beetle  was  collected  from  a  trap 
located  at  Joint  Base  Pearl  Harbor-Hickam  (JBPHH)  as  part  of  a  cooperative  survey  with  the 
University  of  Hawaii  (UH)  and  US  Department  of  Agriculture  Plant  Protection  and  Quarantine 
(PPQ).  Hawaii  Department  of  Agriculture  (HDOA),  PPQ  and  UH  launched  delimiting  surveys. 
A  breeding  site  was  detected  on  JBHH  and  an  eradication  project  was  launched  in  January  2014. 
The  Coconut  Rhinoceros  Beetle  Project,  a  collaborative  effort  between  the  US  Navy,  US  Air 
Force,  US  Army,  USDA,  UH  and  led  by  HDOA  has  so  far  been  successful  at  containing  the 
beetle  population.  Six  large  breeding  sites  have  been  controlled  with  zero  signs  of  breeding 
activity.  Approximately  2700  traps  have  been  deployed  island  wide  to  monitor  for  beetle 
activity.  The  Program  is  continually  innovating  new  ways  to  detect  and  control  the  beetle. 
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Abstract  text: 

The  Japanese  beetle  ( Popillia  japonica)  is  being  transported  by  contaminated  plant  material  and 
air  cargo,  resulting  in  incipient  populations  in  several  states  west  of  the  Rocky  Mountains.  Its 
establishment  in  eastern  North  America  has  resulted  in  the  increased  pesticide  use  by 
homeowners  and  turf-related  land  facilities,  as  well  as  quarantine  restrictions  to  the  movement  of 
plant  material  by  nursery  and  floriculture  companies.  This  poster  compares  the  methods  and 
materials  of  two  successful  mitigations  efforts  in  Portland  Airport,  Oregon,  and  Orem  City,  Utah. 


These  efforts  were  independently  coordinated  by  the  Oregon  Department  of  Agriculture  and  the 
Utah  Department  of  Agriculture  and  Food.  Eradication  projects  were  deployed  at  these  sites 
during  the  years  2002-2015,  and  used  the  following  tools:  high-density  trapping,  geographic 
information  systems,  pesticide  treatments  (turf,  foliar),  photograph-enabled  traps,  and  stable 
isotope  analysis.  Stakeholder  and  public  involvement  played  an  important  role  in  creating  access 
to  credible  information  on  the  materials  and  methods  to  achieve  eradication  at  these  sites.  Based 
on  the  availability  of  safe  and  affordable  technologies,  mitigation  of  incipient  Japanese  beetle 
populations  can  be  managed  to  avoid  landscape-level  use  of  prophylactically  applied 
insecticides.  However,  pest  pressure  has  increased  in  western  states  because  of  the  close 
proximity  of  existing  satellite  populations  along  the  eastern  edge  of  the  Rocky  Mountain  range. 
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Abstract  text: 

Pest  management  and  eradication  efforts  for  Japanese  beetles  in  North  America  accounts  for 
millions  of  dollars  annually.  Despite  classical  biological  control  efforts,  management  still  uses 
chemical  controls  as  the  primary  tactic  for  adults  and  larvae.  Recent  collaborative  projects  are 
working  to  develop  the  basic  science  needed  to  develop  target  specific  alternatives  to 
insecticides.  This  poster  highlights  the  results  of  several  recent  studies  with  detoxification 
enzymes  that  have  the  potential  to  produce  these  alternative  controls.  In  the  absence  of  a 
genome,  characterization  of  carboxylesterase,  P450,  and  transferase  activities  was  used  as  a  first 
step  to  determine  activity  relative  to  various  life  stages  and  in  response  to  biotic  and  abiotic 
stress.  The  outcome  of  these  experiments  and  the  implications  for  management  and  eradication 
will  be  discussed. 
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Abstract  text: 

Scarab  beetles  are  agriculturally  important  world-wide,  and  cause  damage  to  leaves,  flowers, 
fruit,  and  roots  of  crops  as  adults  or  larvae.  International  studies  showed  that  Japanese  beetle 
(. Popillia  japonica ,  Newman)  lures,  and  structurally  related  chemicals,  attract  numerous  scarabs. 
Season-long  trials  on  these  lures  were  conducted  in  NE  China.  In  addition,  control  efficacies 
based  on  leaf,  ear,  and  silk  damage,  as  well  as  reductions  of  adults  on  plants,  and  overwintering 
larvae  in  soil,  were  determined.  The  addition  of  other  chemicals  increased  the  attractiveness  of 
the  two  Japanese  beetle  lures  to  Potosia  brevitarsis  (Lewis),  Oxycetonia  jecunda  Faldermann, 
Holotrichia  diomphalia  Bates  et  al.,  Popillia  quadriguttata  (Fabricius),  Maladera  verticalis 
(Fairmaire),  and  Metabolus  impressifrons  Fairmaire,  and  the  chrysomelid  beetle  Chrysomela 
populi  L.  The  floral  lure,  and  floral  lure  plus  Japonilure  traps,  resulted  in  >80%  reductions  of 
overwintering  scarab  larvae  and  adults  in  corn  and  cabbage,  whereas  Japonilure  alone  gave 


similar  results  in  soybeans.  This  indicated  that  the  commercial  Japanese  beetle  lure  combination 
can  be  recommended  to  Chinese  farmers  for  reducing  damage  from  Potosia  and  Popillia  species 
in  corn  or  soybean  fields,  and  that  related  chemicals  can  be  used  to  increase  their  attractiveness 
to  other  scarabs.  Other  studies  mass  trapping  of  Popillia  quadriguttata  with  various  densities  of 
the  Japanese  beetle  pheromone,  Japonilure,  and  floral  lure,  alone  and  in  combination,  were 
carried  out.  Trapping  (30  traps/ha)  with  Japonilure,  floral  lure,  or  the  combination  resulted  in  a 
93,  70  and  74%  reduction  of  adults  trapped,  and  a  90,  77  and  93%  reduction  of  overwintering 
larvae. 
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Abstract  text: 

Japanese  beetle  ( Popillia  japonica  Newman)  has  been  in  the  U.S.  for  100  years.  The  beetle 
continues  to  be  a  problem  for  turf  (larvae)  and  horticultural  and  ornamental  plants  (larvae  and 
adults).  The  beetle  now  occupies  the  U.S.  east  of  the  Mississippi  River  and  its  range  extends  into 
some  areas  of  the  central  U.S.  A  major  contributor  of  beetle  movement  continues  to  be  plant 
commodities  like  grass  sod  and  nursery  plants.  Indeed,  the  first  report  of  this  pest  in  North 
America  was  associated  with  a  nursery.  With  the  removal  of  the  Federal  Japanese  beetle 
quarantine  in  1978  on  larvae,  confusion  occurred  among  states  regarding  the  best  management 
options.  To  standardize  Japanese  beetle  treatment  protocols  for  turf  and  nursery  products  among 
states,  the  National  Plant  Board  adopted  the  Domestic  Japanese  Beetle  Harmonization  Plan 
(JBHP)  in  1998.  Although  the  JBHP  continues  to  change  as  new  treatment  options  supported  by 
efficacy  data  become  available,  the  principal  management  methods  for  JB  larvae  continue  to  be 
insecticides.  The  current  nursery  protocols  rely  heavily  on  four  insecticides  (chlorpyrifos, 
bifenthrin,  and  the  systemic  neonicotinoids  imidacloprid  and  thiamethoxam).  Turf  has  more 
active  ingredients  available.  This  presentation  will  discuss  the  status  of  current  management 
methods  to  satisfy  nursery  quarantines,  efficacy  data  for  chemical  treatments  applied  with 


different  methodologies,  concerns  for  future  management  of  this  pest  with  treatments  currently 
available,  and  the  likely  future  status  of  this  beetle  in  North  America. 
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Abstract  text: 

A  population  of  the  Japanese  beetle,  Popillia  japonica ,  was  discovered  in  Palisade  Colorado  in 
2002.  Peaches  and  grapes  are  important  components  of  the  areas  agricultural  base,  so  an 
eradication  program  was  initiated  while  the  beetle  population  was  still  localized.  Japanese  beetle 
larvae  were  targeted  with  insecticide  applications  to  lawns  within  the  town  of  Palisade.  Beetle 
populations  were  monitored  with  standard  dual  component  lure  traps,  and  captures  dropped  to 
zero  after  five  years  of  treatments.  The  success  and  relatively  low  cost  of  the  eradication  program 
was  due  to  a  cooperative  effort  of  local,  county  and  state  governments,  support  from  the  local 
community  and  the  existence  of  a  long  established  pest  control  district. 


Symposium 

Presentation  Title:  Japanese  beetle:  The  California  experience 
Author  Name:  Jason  Leathers 

Author  Institution:  California  Department  of  Food  and  Agriculture 

Session  Title:  Symposium:  Scarabs  without  Borders:  Lessons  from  a  Century  of  Invasions 

Date  of  Presentation:  Monday,  September  26,  2016 


Abstract  Number:  SD0828 


DOI:  10. 1603/ICE.2016. 107920 

CANCELLED 

Symposium 

Presentation  Title:  Comparative  effects  of  hypoxia  on  four  grain  storage  insect  pest  species 

Author  Name:  Antoine  Sanon 

Author  Institution:  Universite  de  Ouagadougou 

Session  Title:  Symposium:  Advances  in  Hermetic  Storage  for  Smallholder  Farms 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  SD1356 

DOI:  10. 1603/ICE.2016. 105531 

CANCELLED 

Symposium 

Presentation  Title:  Promoting  PICS  technology  to  smallholder  farmers  in  Burkina  Faso,  the 
experience  of  Catholic  Relief  Service 

Author  Name:  Adama  Sienou 

Author  Institution:  Catholic  Relief  Service 

Session  Title:  Symposium:  Advances  in  Hermetic  Storage  for  Smallholder  Farms 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  SD1357 

DOI:  10. 1603/ICE.2016. 107051 

Abstract  text: 

Introduction:  In  2008,  in  response  to  the  storage  problems  faced  by  cowpea  producers,  the 
Catholic  Relief  Services  (CRS)  and  its  partners  (INERA,  Purdue  University,  and  Tin-Tua) 
successfully  tested  hermetic  storage  using  triple  layer  bags  in  two  regions  of  Burkina  Faso. 


Methods:  The  storage  project  was  implemented  from  October  2008  to  June  2009  in  300  villages. 
About  1,500  pilot  farmers  tested  the  technology  and  12,921  producers  participated  in  Purdue 
Improved  Crop  Storage  (PICS)  demonstration  activities.  Storage  using  PICS  bags  addresses  a 
real  problem  among  smallholder  farmers:  cowpea  storage  losses  can  easily  reach  up  to  100%. 
Demonstration  of  the  use  of  PICS  bag  convinced  many  farmers  to  adopt  the  new  technology. 
Also,  from  201 1  to  2015,  the  Families  Achieving  Sustainable  Outcomes  (FASO)  program 
promoted  PICS  bags  reaching  37,780  smallholder  farmers.  To  implement  the  project  activities, 
CRS  worked  with  local  non-governmental  organizations  (NGOs)  and  public  institutions 
including  government  extension  services. 

Results/Conclusion:  Designed  initially  to  store  cowpea,  PICS  bags  are  now  being  used  by 
farmers  to  store  other  crops  including  Bambara  nuts,  maize,  sorghum  and  groundnut. 
Communication  activities  play  a  major  role  in  the  success  of  the  effort.  Farmers  must  have 
information  about  the  importance  and  use  of  PICS  for  crops  storage,  and  the  usefulness  of 
hermetic  bags.  Communication  is  also  important  for  helping  to  create  the  demand.  Availability 
of  bags  near  farmers  is  one  of  the  biggest  challenges.  For  that  reason,  the  partnerships  among  the 
manufacturer,  the  wholesaler  and  agro-dealers  are  crucial  for  the  promotion  and  adoption  of 
PICS  bags  on  a  sustainable  basis. 
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Abstract  text: 

Introduction:  Each  year,  farmers  in  sub-Saharan  Africa  incur  food  losses.  The  losses  are 
enormous  at  the  storage  level  because  of  insect  infestation  and  mold  infection.  Infecting  molds 
may  be  toxigenic,  and  in  storage,  their  proliferations  are  enhanced  by  insect  attacks.  Severe 
health  hazards  have  been  linked  to  aflatoxin  contamination  of  stored  produce  in  Kenya.  To 
respond  to  the  challenge  of  insect  pests,  farmers  treat  their  stored  grain  with  insecticides  whose 


efficacies  are  limited,  and  if  indiscriminately  used  are  dangerous  to  the  environment  and  human 
health. 

Methods :Hermetic  bag  storage  is  a  non-chemical  grain  protection  technology  that  can  be  used  as 
an  alternative  to  insecticides.  The  sealed  hermetic  bags  deprive  insects  of  oxygen,  action  that 
kills  them  and  further  stops  molds  proliferating  from  grain  to  grain.  But  the  bags  also  have  water 
barrier  properties  which  could  affect  the  quality  of  produce  stored  in  them. 

Results/ConclusiomThis  paper  investigated  the  ability  of  triple  layer-hermetic  bag  storage  to 
protect  stored  maize  against  insect  attack,  mold  infection  and  aflatoxin  contamination  under 
farmer  storage  conditions  so  as  to  validate  the  usefulness  of  chemical-free  storage  of  food  grains. 
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Abstract  text: 

Introduction:  In  sub-Saharan  Africa,  post-harvest  losses  are  estimated  at  10-20%  of  total 
production  for  cereal  crops  and  the  use  of  hermetic  technologies  is  one  way  to  tackle  storage 
losses.  Common  hermetic  storage  solutions  include  metal  silos,  PICS  bags  and  cocoons. 

Methods:  AGRA,  in  conjunction  with  the  Rockefeller  Foundation  conducted  a  participatory 
action  research  to  test  efficacy  of  PICS  bags,  metal  silos  and  hermetic  cocoons  in  Tanzania  as 
well  as  establish  drivers  of  behavior  change  in  technology  adoption. 

The  study  purposively  selected  8  farmer  cooperatives  from  a  group  of  63  cooperatives  supported 
by  AGRA  in  Tanzania.  The  study  also  identified  traders,  NGO’s  and  government  officials  to 
participate  in  the  study.  Data  was  collected  using  qualitative  methods  and  deductive  approaches 
used  in  analysis. 

Results/Conclusion:  Intermediate  results  from  FGD’s  show  that  PICS  bags  and  metal  silos  are 
more  applicable  for  short  term  storage  at  the  household  level,  while  farmer  organizations  and 
traders  prefer  cocoons  that  handle  more  volumes  and  store  for  long  duration.  Stakeholders  are 
also  more  likely  to  take  up  these  post-harvest  technologies  when  faced  with  imminent  volumetric 
and  economic  loss. 

The  efficacy  of  hermetic  technologies  has  been  proven  through  this  and  many  other  studies. 
However  it  is  also  important  to  consider  the  involvement  of  technology  distributors  and  policy 
makers,  provision  of  technology  options,  access  to  finance  to  procure  technologies  and  the 
economic  benefit  the  introduced  technologies  will  bring. 
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Abstract  text: 

Introduction:  Grain  storage  is  a  major  challenge  among  smallholder  farmers  in  developing 
countries  due  to  pest  infestation.  Hermetic  storage,  like  the  Purdue  Improved  Crop  Storage 
(PICS)  bags,  is  a  viable  alternative  to  traditional  storage  methods.  It  stops  grain  losses  to  insects 
by  limiting  insects’  access  to  oxygen.  In  this  study,  we  examined  the  effects  of  hypoxia  on  insect 
reproduction  and  larval  development. 

Methods:  In  the  first  trial,  we  exposed  female  bruchids  ( Callosobruchus  maculatus )  to  one  of 
three  levels  of  oxygen  (2,  5  or  10%)  for  48  or  72  h  and  recorded  the  number  of  eggs  laid  per 
female.  In  a  second  trial,  we  assessed  the  effect  of  low  oxygen  (2,  5,  10%)  on  a  separate  set  of 
bruchid  eggs.  We  exposed  the  eggs  to  low  oxygen  for  extended  periods  of  time  (weeks)  and 
recorded  the  egg  development  time  and  survivorship. 

Results/Conclusion:  In  the  first  trial,  the  total  number  of  eggs  laid  by  female  bruchids  decreased 
significantly  after  exposure  to  2,  5%  oxygen.  In  the  second  trial,  eggs  saw  longer  development 
time  and  lower  survivorship  as  oxygen  decreased  and  exposure  time  increased.  There  was  100% 
mortality  in  bruchid  eggs  exposed  for  two  days  at  2%  oxygen  and  after  one  week  at  5%  oxygen. 
Eggs  exposed  to  10%  oxygen  took  longer  to  develop  by  3-4  days.  These  data  provide  further 
information  on  how  hermetic  containers  control  pests  of  stored  grain.  Our  findings  support  that 
longer  exposure  and  lower  oxygen  can  result  in  reduced  reproductive  activity,  egg  development 
and  survival. 
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Abstract  text: 

Introduction:  The  acoustic  signals  of  the  larvae  and  adults  of  Prostephanus  truncatus ,  Sitophilus 
zeamais,  Acanthoscelides  obtectus  and  Tribolium  castaneum  were  evaluated  in  the  laboratory. 

Methods:  Their  signals  were  analysed  to  identify  brief,  1- 10-ms  broadband  sound  impulses  and 
trains  of  sound  impulses  (termed  bursts)  which  had  characteristic  temporal  patterns  produced 
frequently  by  insects.  The  frequency  patterns  were  designated  Broadband,  HighF,  High-midF, 
Low-midF  and  LowF  to  indicate  differences  in  their  peak  energies  and  broadness  of  frequency 
range.  Mean  rates  of  impulses,  bursts,  and  impulses  per  burst  for  each  insect  were  calculated. 

Results/Conclusion:  The  larvae  of  P.  truncatus ,  S.  zeamais  and  T.  castaneum  displayed 
continuous  low  amplitude  impulses  with  periods  of  successive  peaks  and  bursts  and  the  adults 
displayed  higher  amplitudes  of  impulses  with  less  distinct  peaks.  In  contrast,  the  larvae  of 
Acanthoscelides  obtectus  displayed  continuous  lower  amplitude  impulses  than  the  adults. 

With  these  findings  we  were  able  to  better  understand  the  movement  and  feeding  habits  of  these 
postharvest  insect  pests.  Bioacoustic  research  on  postharvest  insect  pests  can  be  explored  as  a 
means  towards  mitigation  of  postharvest  losses.  It  can  provide  insights  for  early  pest  detection  in 
stored  grain  through  development  of  sensors  for  smallholder  farmers. 
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Abstract  text: 

Introduction:  Smallholder  farmers  in  Pakistan  store  their  seeds  and  grains  similarly  in  porous 
polypropylene  and  jute  bags  or  in  bulk.  These  products  are  susceptible  to  fluctuations  in  seasonal 
moisture  that  promote  mold  and  insect  damage. 

Methods:The  present  study  evaluated  the  performance  of  Purdue  Improved  Crop  Storage  (PICS) 
bags  for  maintaining  seed  viability,  reduction  of  insect  pest  infestation  and  aflatoxin 
contamination  in  maize  seeds  stored  for  three  months. 

Results/Conclusion:  Seed  moisture  contents  (SMC)  in  polypropylene  bags  drastically  increased 
from  12.5%  to  15.64%,  while  SMC  did  not  change  in  PICS  bags  (12.5%)  during  storage.  Higher 
percent  emergence  of  seeds  stored  in  PICS  bags  (87%)  was  recorded  as  compared  to 
polypropylene  bags  (43%).  More  insect  infestation  was  recorded  in  polypropylene  bags  with 
34%  of  the  grain  showing  signs  of  insect  damage,  as  opposed  to  2%  in  PICS  bags.  Sitophilus 
zeamais  was  the  principal  pest  in  the  maize  seed  sample  taken  from  polypropylene  bags  with 
1378  live  and  549  dead  adults,  while  16  adults  of  Tribolium  castaneum  and  8  adults  of 
Rhyzopertha  dominica  were  recorded  in  the  same  2  kg  seed  sample.  Insect  populations  in  PICS 
bags  were  significantly  lower  as  compared  to  polypropylene  bags  with  8  live  and  168  dead  adults 
of  Sitophilus  zeamais  and  4  live  adults  of  Tribolium  castaneuman.  Likewise,  higher  aflatoxin 
contamination  level  was  observed  in  seeds  stored  in  polypropylene  than  PICS  bags.  In 
conclusion,  hermetic  storage  of  maize  seed  in  PICS  bags  helps  preserve  high  seed  quality  by 
preventing  moisture  absorption  during  high  humidity  periods. 
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Abstract  text: 

Introduction:  AgroZ®  Bag  Plus,  a  new  type  of  hermetic  storage  bag  which  cannot  be  perforated 
by  insect  borers  was  compared  with  Grain  Pro  SuperGrain  Bag,  Purdue  Improved  Cowpea 
Storage  (PICS)  bag,  a  pesticide  dust  treatment  and  normal  woven  polypropylene  (PP)  bag. 

Methods:  150  Prostephanus  truncatus  (Horn)  adults  were  added  to  87  kg  of  maize  already 
infested  with  Sitophilus  zeamays( Motschulsky).  Four  replicates  were  then  kept  for  seven  months 
at  room  temperature. 

Results:  At  the  end  of  the  storage  period  the  mean  number  of  holes  due  to  insects  were  570,  12, 
and  8  respectively  in  the  PP,  SuperGrain,  and  PICS  bags.  No  holes  were  found  in  the  AgroZ® 
Bag  Plus  liner.  Three  kg  of  dust  (due  to  insect  feeding)  was  collected  from  the  PP  bag,  while 
none  of  the  hermetic  bags  yielded  significant  amounts  of  dust.  Over  50,000  living  Sitophilus 
adults  were  collected  from  the  PP  bag  but  only  65,  47,  6  and  0  were  found  respectively  in  the 
SuperGrain  Bag,  pesticide  dust,  PICS  bag  and  AgroZ®  Bag  Plus.  Similarly  over  700  living 
Prostephanus  adults  were  collected  from  the  PP  bag  while  less  than  five  were  found  in  the  other 
treatments.  In  AgroZ®  Bag  Plus  all  LGB  were  dead. 

Conclusion:  These  results  showed  that  existing  hermetic  storage  bags  can  control  insect 
populations  but  are  eventually  perforated  by  insect  borers  such  as  LGB  and  cannot  be  reused, 
making  them  unaffordable  to  farmers  in  the  longer  term.  In  contrast  AgroZ®  Bag  Plus  can 
control  all  insect  pests  while  remaining  intact  and  reusable  by  farmers. 
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Abstract  text: 

Introduction:  Seed  remains  an  important  and  costly  input  for  resource-poor  smallholder  farmers. 
In  India,  chickpea  and  pigeonpea  are  two  important  pulse  crops.  The  bruchid  species, 
Callosobruchus  chinensis  L.,  is  an  important  storage  pest  of  these  crops.  Our  objective  was  to 
evaluate  Purdue  Improved  Crop  Storage  (PICS)  triple  layer  plastic  bags  in  storing  chickpea  and 
pigeonpea  seed  at  the  farmer  level. 

Methods:  Popular  cultivars  of  chickpea  (JG-1 1)  and  pigeonpea  (ICPL-871 19)  were  used  in  the 
study.  A  total  of  12  tons  of  chickpea  and  2  tons  of  pigeonpea  seed  were  stored  in  triple  layer 
plastic  bags  for  a  period  of  8  months  before  supplying  to  farmers  for  the  next  season.  The 
farmers'  conventional  practice  of  storing  in  jute  bags  was  included  as  a  control. 

Results/Conclusion:  For  chickpea,  our  results  clearly  indicate  that  there  were  significant 
differences  in  the  number  of  bruchid  eggs  present  on  the  seed  surface  stored  in  triple  layer  bags 
(8-12  eggs/ 100  seed)  compared  to  the  seed  stored  in  jute  bags  (687-691  eggs/ 100  seed).  Seed 
damage  was  also  lower  in  triple  layer  bags  (2%)  and  higher  in  jute  bags  (55%).  The  germination 
of  chickpea  seed  stored  in  triple  layer  bags  stands  at  95%  even  after  8  months  of  storage. 
However,  in  jute  bags  it  declined  to  80%  owing  to  the  damage  by  bruchids.  Similar  results  were 


observed  with  pigeonpea.  These  findings  suggest  that  PICS-based  triple  layer  plastic  bags  offer  a 
good  level  of  protection  to  the  precious  seed  from  one  season  to  the  next  for  smallholder  farmers. 


Symposium 

Presentation  Title:  Assessment  of  hermetic  storage  of  maize  under  different  environmental 
conditions 

Author  Name:  Brett  Lane 

Author  Institution:  Purdue  University 

Session  Title:  Symposium:  Advances  in  Hermetic  Storage  for  Smallholder  Farms 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  SD1368 

DOI:  10.1603/ICE.20 16. 105521 

Abstract  text: 

Introduction:  Storage  of  maize  is  a  significant  challenge  for  farmers  in  developing  countries. 
Fungal  growth  and  mycotoxin  accumulation  are  some  of  the  leading  causes  of  postharvest  losses, 
which  are  estimated  to  be  $4  billion  annually  in  the  Sub-Sahara.  One  of  the  largest  postharvest 
threats  is  the  growth  of  Aspergillus  flavus  and  the  accumulation  of  aflatoxin.  As  maize 
production  in  Africa  continues  to  grow,  so  does  the  need  for  storage  methods  that  will  help 
mitigate  postharvest  losses.  This  study  investigated  the  use  of  Purdue  Improved  Crop  Storage 
(PICS)  bags,  a  three-layer  hermetic- storage  system,  for  the  prevention  of  grain  rewetting  in 
humid  environments  in  order  to  mitigate  fungal  growth  and  aflatoxin  accumulation. 

Methods:  Maize  (14%  grain  moisture)  was  stored  in  PICS  and  woven  polypropylene  bags  in 
Lafayette,  IN  and  Marianna,  AR,  two  environments  contrasting  in  temperature  and  relative 
humidity.  Each  bag  was  filled  with  40  kilograms  of  maize  and  contained  three  satchels  of  maize 
colonized  by  A.  flavus.  Each  bag  contained  temperature  and  relative  humidity  data  loggers. 

Results/Conclusion:  We  will  report  on  the  effects  of  3  months  of  summer  storage  on  grain  insect 
populations,  grain  moisture,  aflatoxin  accumulation,  seed  germination,  and  fungal  spread.  We 
will  also  report  on  the  changes  in  fungal  species  populations  determined  by  next  generation  DNA 
sequence  analysis. 
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Abstract  text: 

Introduction:  Fumigating  grain  in  leaky  structures  is  cited  as  the  main  reason  for  control  failures 
which  lead  to  insect  resistance.  A  sealed  structure  keeps  the  fumigant  within  the  grain  mass  long 
enough  to  achieve  a  complete  insect  kill.  In  Australia  in  the  1970s,  grain  handlers  needed  a 
means  to  kill  insect  pests  without  leaving  pesticide  residues.  This  provided  an  impetus  to  develop 
sealed  grain  silos.  Most  grain  silos  in  the  U.S.  are  not  designed  for  gastightness.  This  study 
evaluated  sealing  a  U.S.  silo  to  combat  insect  pests,  using  an  Australian  sealed  silo  as  a 
benchmark. 

Methods:  An  Australian- style  sealed  silo  and  a  corrugated  steel  silo  sealed  during  construction 
were  built  and  outfitted  with  fumigation  application  and  thermosiphon  recirculation  equipment. 
Pressure  half-life  tests  were  conducted  to  determine  sealing  quality.  Fumigations  were  performed 
with  phosphine  tablets  and  pellets,  and  with  cylinderized  phosphine  and  sulfuryl  fluoride. 
Phosphine  concentrations  at  23  points  in  each  silo  were  measured  over  the  duration  of  each 
fumigation.  Bioassays  containing  adult  Rhyzopertha  dominica  and  Tribolium  castaneum  were 
used  and  held  after  the  fumigation  to  check  emergence. 

Results:  The  pressure  half-life  times  for  both  silos  ranged  from  0.5  to  2.5  minutes,  which  failed 
to  meet  the  Australian  sealing  standard.  Average  phosphine  concentration  was  maintained  over 
100  ppm  for  120  hours  in  most  trials.  All  adult  insects  were  killed  in  the  bioassays,  with  no 
emergence  after  6  weeks.  Thermosiphon  recirculation  increased  fumigant  retention  and 
distribution  within  the  silos.  This  technology  may  aid  fumigation  success  within  less-than- 
gastight  silos. 
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Abstract  text: 

Introduction:  Maize  ( Zea  mays)  consumption  in  Ghana  exceeds  50%  of  total  caloric  intake  in 
local  diets.  The  maize  weevil  ( Sitophilus  zeamais)  is  the  principal  pest  of  stored  maize,  sorghum, 
and  other  grains  in  the  tropics.  Overall,  20-30%  of  stored  maize  is  lost  to  S.  zeamais  infestation, 
while  100%  damage  has  been  found  in  maize  stored  for  6  to  8  months  in  other  regions  of  the 
country.  There  is  the  need  to  curtail  postharvest  losses  in  Ghana  to  improve  livelihood,  food 
security  and  income  among  smallholder  farmers.  There  is  a  gap  in  knowledge  and  awareness  on 
the  use  and  multiple  benefits  of  the  PICS  bags  among  smallholder  farmers  in  Ghana. 

Methods:  To  bridge  the  awareness  and  knowledge  gap  International  Institute  of  Tropical 
Agriculture  entered  into  an  agreement  with  Rural  Education  and  Agriculture  Development 
International  under  the  Purdue  Improved  Crop  Storage  (PICS3)  project  in  Ghana  to  increase 


awareness  of  and  demonstrate  the  use  and  importance  of  the  PICS  bag  in  700  communities  in  the 
Ashanti  and  Brong  Ahafo  Region.  Multi  stage  sampling  techniques  were  employed  to  3500 
selected  smallholder  famers  in  the  demonstration  regions.  Data  obtained  from  the  respondents 
were  analyzed  using  descriptive  statistics  and  inferential  analysis. 

Results/Discussion:  Demonstration  results  showed  that  PICS  bags  are  effective  for  weevil 
control  in  stored  maize  as  all  the  weevils  died  after  one  week  of  storage.  This  storage  system  has 
the  potential  to  increase  household  income  since  maize  can  be  stored  for  long  without 
deterioration. 
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The  potential  for  high-throughput  sequencing  and  bioinformatics  analyses  in  the  application  of 
weed  biological  control  systems  has  not  yet  been  realized.  This  technology,  broadly  known  as 
genomics,  allows  thousands  of  loci  to  be  sampled  at  great  depth  and  coverage  and  at  low  cost, 
illuminating  both  a  neutral  perspective,  as  with  microsatellite  loci,  and  adaptive,  as  with  targeted 
gene  sequencing.  While  microsatellite  markers  and  mitochondrial  genes  have  paved  the  way  for 
the  molecular  toolbox  in  these  systems,  genomic  approaches,  such  as  Restriction-site  associated 
digestion  (RAD)  sequencing  will  allow  researchers  to  ask  a  myriad  of  questions  and  greater 
power  to  resolve  issues  in  cryptic  biodiversity,  evolution  of  introduced  species,  effective 
population  sizes,  host-specify,  host-  and  geographic-range  distributions,  to  name  a  few.  Here,  we 
detail  the  genomic  approach,  and  discuss  the  potential  for  exciting  applications  and  the 
opportunities  to  develop  theory. 
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Abstract  text: 

Solarium  elaeagnifolium  (silverleaf  nightshade)  is  one  of  the  most  prominent  alien,  invasive 
weeds  of  the  Mediterranean  Basin.  Endemic  to  southwestern  US  and  northern  Mexico,  it 
reproduces  both  vegetatively  and  sexually  to  invade  new,  distant  areas.  It  is  toxic  to  some 
livestock  and  by  producing  toxins,  prevents  native  plants  from  competing  with  it.  It  occupies 
arable,  pastoral,  urban  and  sub-urban  areas.  The  extensive  and  deep  perennial  root  system  allows 
the  weed  to  out-compete  many  crop  plants  for  moisture  and  nutrients:  further,  it  is  resistant  to 
drought  and  tolerates  saline  conditions.  It  thus  represents  a  serious  threat  to  lands  suitable  for 
agriculture  in  Mediterranean  areas.  In  the  long  term,  biological  control  is  the  most  effective  tool 
to  control  S.  elaeagnifolium  since  other  methods  such  as  chemical  and  mechanical  are  very 
costly  and  have  undesirable  side  effects  for  ecosystems  and  biodiversity  in  protected  areas. 
Research  in  the  native  range  of  S.  elaeagnifolium  has  shown  that  there  are  many  potentially  host- 
specific  natural  enemies  of  the  weed  which  could  be  tested  and  used  to  reduce  the  weed’s 
populations  and  its  invasion  into  new  areas.  Some  of  these,  such  as  Frumenta  nephelomicta ,  and 
Frumenta  sp.,  (Gelechiidae)  were  released  in  South  Africa  nearly  45  years  ago,  without  success, 
but  the  leaf-feeding  beetles  Leptinotarsa  defecta  and  L.  texana  (Chrysomelidae),  released  in 
1992,  inflict  moderate  and  extensive  damage,  respectively,  on  their  host  plant:  L.  texana  has 
proved  to  be  highly  effective  in  suppressing  S.  elaeagnifolium  and  combatting  the  weed's 
expansion  in  that  country. 
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Mogulones  crucifer  (Curculionidae)  is  a  root-feeding  weevil  that  was  released  in  Canada  for  the 
biological  control  of  the  noxious  rangeland  weed,  houndstongue,  Cynoglossum  officinale,  in 
1997.  The  weevil  has  since  become  successful  in  suppressing  C.  officinale  populations  in  British 
Columbia  and  Alberta.  However,  its  release  has  not  been  permitted  in  the  United  States,  having 
being  declared  a  plant  pest  by  USDA  APHIS  in  2010  due  to  concerns  about  its  potential  non¬ 
target  attack  of  threatened  and  endangered  (T&E)  plant  species  in  the  Boraginaceae.  To  predict 
the  realized  host  range  of  the  weevil,  and  consequently  assess  the  risk  of  non-target  attack,  we: 
(i)  examined  the  behavioral  responses  of  M.  crucifer  to  olfactory  cues  of  C.  officinale  and 
selected  native,  rare  or  T&E  plant  species  using  laboratory  host- finding  bioassays;  and  (ii) 
performed  electrophysiological  experiments  (GC/MS,  GC-EAD)  to  identify  specific  compounds 
in  plant  headspace  volatiles  and  the  antennal  responses  of  the  weevil  to  those  compounds. 


Results  indicate  that  during  host  finding,  M.  crucifer  greatly  prefers  volatile  cues  of  C.  officinale 
to  all  tested  native  confamilial  non-target  plant  species.  Volatiles  of  some  native  confamilial 
species  were  repellent  to  the  weevil.  At  least  five  electrophysiologically-active  compounds  were 
identified  from  headspace  volatiles  of  the  test  plants  and  with  principal  component  analysis,  C. 
officinale  volatiles  formed  a  separate  cluster  from  those  of  all  other  tested  plants.  The  findings 
suggest  that  the  weevil  is  unlikely  to  locate  and  colonize  rare  or  endangered  native  Boraginaceae: 
these  species  are  therefore  not  at  risk  of  attack  by  M.  crucifer. 
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Ceutorhynchus  cardariae,  a  gall-forming  weevil  (Curculionidae),  is  under  consideration  for  the 
biological  control  of  the  invasive  mustard,  Lepidium  draba,  in  North  America.  Under  natural 
field  conditions,  C.  cardariae  is  a  specialist,  but  under  laboratory,  no-choice  conditions,  its  host 
range  includes  two  distantly-related  native  North  American  Brassicaceae  genera:  Stanley  a  and 
Streptanthus.  To  understand  the  discrepancy  between  the  fundamental  and  realized  host  range  of 
C.  cardariae ,  we  are  investigating  the  host-selection  behavior  in  response  to  olfactory,  visual, 
and  surface-wax  cues  of  L.  draba  and  13  native  North  American  Brassicaceae  species,  using  two 
approaches:  (i)  laboratory  behavioral  bioassays;  and  (ii)  electroantennography  (EAG)  of  plant 
headspace  volatile  organic  compounds  (VOCs).  Behavioral  bioassays  were  multiple-choice  tests 
with  living  plant  tissue  and  plant  models  treated  with  plant  extracts.  VOCs  were  collected  from 
the  13  native  North  American  Brassicaceae  species  and  from  four  different  clades  of  L.  draba 
and  analyzed  using  a  GC-MS,  coupled  with  EAG  data  to  determine  the  potential  influence  of 
specific  VOCs.  Our  findings  indicate  that  host  discrimination  by  C.  cardariae  depends  primarily 
on  visual  cues  rather  than  plant-surface  chemistry  or  VOCs.  The  overall  goal  of  this  research  is 
to  gain  further  insights  into  C.  cardariae  host  selection  behavior  and  to  provide  data  that 
contribute  to  the  environmental  safety  of  this  agent. 
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Introduction:  Parasitoid  wasps,  the  most  abundant  and  diverse  species  in  the  order  of 
Hymenoptera,  usually  lay  eggs  and  develop  larvae  in  (endoparasitoids)  or  on  (ectoparasitoids) 
the  bodies  of  their  arthropod  hosts  by  consuming  tissues.  Cuticles  from  endoparasitoids  directly 
interact  with  their  hosts,  and  may  have  a  different  role  from  ectoparasitoids  in  evading  host 
immunity,  diffusing  oxygen  and  absorbing  nutrition.  Therefore,  the  differences  in  cuticle 
structure  and  its  protein  compositions  were  compared  using  an  endoparasitoid  Pteromalus 
puparum  and  a  model  ectoparasitoid  Nasonia  vitripennis ,  being  belonged  to  the  same  family 
Pteromalidae.  It  may  be  helpful  to  better  understand  the  evolution  of  parasitoids. 

Methods:  For  electron  microscopy  analyses,  the  abdominal  cuticles  from  different  life  stages  of 
P.  puparum  and  N.  vitripennis  were  taken  and  observed.  Annotations  of  cuticular  proteins  in 
the  P.  puparum  genome  were  conducted  by  tBLASTn  using  reported  cuticular  proteins  from 
Nasonia.  Phylogenetic  analyses  were  conducted  by  MEGA5  using  Maximum  likelihood 
algorithm. 

Results/Conclusion:  The  electron  micrographs  showed  the  similarities  and  differences  of  the 
features  of  larval  cuticles  from  both  endoparasitoid  P.  puparum  and  endoparasitoid  N. 
vitripennis.  Furthermore,  over  eighty  cuticular  proteins  were  annotated  in  the  P.  puparum 
genome.  They  belong  to  seven  different  families:  CPR,  CPAP,  TWDL,  CPF,  CPFF,  CPFCP  and 
Apidermin.  The  expression  profiles  of  P.  puparum  cuticular  proteins  revealed  commonalities  and 
differences  between  different  developmental  stages,  and  the  established  orthology  results  may 
contribute  to  our  knowledge  on  the  evolutionary  relationship  between  endoparasitoids  and 
ectoparasitoids. 
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Introduction:  MicroRNAs  (miRNAs)  regulate  post-transcriptional  expression  of  genes  by 
binding  to  target  mRNA,  leading  to  target  mRNA  degradation  or  translation  suppression.  To 
date,  multiple  conserved  and  novel  miRNAs  have  been  identified  in  insects  and  shown  to  be 
involved  in  regulating  the  development,  behavior,  reproduction,  immunity  and  other  aspects. 
Pteromalus  puparum ,  a  pupal  endoparasitoid  wasp  that  parasitizes  a  number  of  butterflies,  plays 
an  important  role  in  pest  biological  control.  Unraveling  the  functions  of  sex-biased  miRNAs  in 
parasitoids  will  provide  broad  insight  into  some  critical  and  sex-biased  developmental  processes. 

Methods:  The  offspring  of  copulated  female  parasitoids  are  mainly  females,  while  those  from 
uncopulated  ones  are  all  males.  We  collected  embryonic,  larval,  and  pupal  offspring  of  copulated 
and  uncopulated  female  parasitoids.  For  adults,  we  collected  female  and  male  offspring 
separately.  After  deep  sequencing  of  small  RNAs  from  8  libraries,  we  compared  the  counts  of 
miRNAs  in  different  developmental  stages  and  sexes.  To  characterize  the  functions  of  miRNAs, 
we  predicted  the  target  mRNAs  using  miRanda  and  PITA. 

Results/Conclusion:  We  identified  141  conserved  and  84  novel  miRNAs.  Comparing  miRNA 
expressions  in  8  libraries,  we  found  that  8,  1 1  and  10  miRNAs  were  preferably  expressed  in 
female  larvae,  pupae  and  adults,  respectively.  In  contrast,  1,  4  and  1  miRNAs  were  preferably 
expressed  in  male  larvae,  pupae  and  adult,  respectively.  The  expression  and  function  of  these 
candidate  miRNAs  need  to  be  validated  and  characterized  by  further  investigation. 
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Introduction:  Eicosanoids,  including  prostaglandins  (PGs),  are  oxygenated  metabolites  of  C20 
polyunsaturated  fatty  acids.  PGs  mediate  many  aspects  of  insect  biology,  including  several 
specific  immune  functions,  ion  transport,  and  reproduction.  We  reported  that  PG  treatments  led 
to  changes  in  gene  and  protein  expression  in  an  established  insect  cell  line.  We  continued  our 
investigations  of  PG  actions  in  cell  lines  established  from  several  insect  species.  Here  we  report 
that  treatments  with  PGs  and  with  inhibitors  of  PG  biosynthesis  led  to  reduced  viability  of  cell 
lines  established  from  some  insect  species,  but  not  from  others. 

Methods:  Cell  lines  from  three  insect  orders  were  used:  BCIRL-HvAMl  (tobacco  budworm, 
Heliothis  virescens,  pupal  ovaries),  BCIRL-TcA-CLGl  (red  flour  beetle,  Tribolium  castaneum, 
whole  pupae/adults),  and  BCIRL-AtE15A-CLG  (squash  bug,  Anasa  tristis,  eggs).  Cells  were 
incubated  for  24  hrs  either  with  individual  PGs  or  eicosanoid  biosynthesis  inhibitors.  Viable  cell 
numbers  were  determined  using  the  MTT  cell  proliferation  assay.  We  used  non-linear  regression 
to  determine  the  ECso’s  for  each  treatment.  When  minimal  impacts  were  recorded  we  used 
ANOVA  to  test  for  statistical  significance. 

Results/Conclusions:  We  found  that  the  treatments  affected  each  cell  line  in  different  ways, 
ranging  from  no  impact  to  profound  loss  in  cell  viability  at  mM  concentrations.  The  biological 
significance  of  our  work  is  the  growing  recognition  that  PGs  comprise  a  fundamental  signaling 
system  in  insects.  Here  we  emphasize  that  established  insect  cell  lines  are  portable,  adaptable  and 
economical  research  platforms  for  investigations  of  numerous  aspects  of  insect  biology. 
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Introduction:  Recent  technological  advances  in  genome  editing  have  ignited  the  scientific 
community  into  discussions  over  the  immense  potential  of  these  technologies  to  benefit,  as  well 
as  harm,  humans.  Existing  regulatory  structures  for  biotechnology  in  the  United  States  have  not 
changed  much  in  the  last  20  years,  despite  significant  advancements  in  genetic  modification 
techniques. 

Methods:  This  project  will  assess  how  existing  U.S.  frameworks  handle  regulation  with  respect 
to  two  controversial  areas:  1)  emerging  technologies,  such  as  CRISPR-Cas,  and  2)  genetically 
modified  insect  pests,  with  a  focus  on  recently  detected  pests.  This  project  will  combine  fault 
tree  analysis  with  population  modeling  to  estimate  the  associated  risks  and  potential 
effectiveness  of  two  different  technologies  to  control  insect  pests:  lethal  genes  for  population 
suppression  and  gene  drive  for  population  replacement  or  suppression. 

Results/Conclusion:  The  fault  tree  framework  will  allow  for  a  comparative  risk  analysis  between 
different  control  strategies  for  the  invasive  frugivore,  Drosophila  suzukii.  Identifying  potential 
risks  ahead  of  development  of  the  technology  will  give  researchers  the  opportunity  to  proactively 
minimize  or  eliminate  those  risks.  Through  this  process,  we  expect  to  describe  and  identify 
existing  gaps  in  knowledge  or  regulation,  as  well  as  general  and  technology-specific  risks,  with 
the  aim  of  informing  future  discussions  on  updating  the  U.S.  Coordinated  Framework  on 
Biotechnology. 
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Introduction:  Forensic  Entomology  in  Thailand  is  still  a  new  field  of  forensics  that  has  not  been 
widely  adopted  throughout  the  country.  With  limited  resources,  funding  agencies  have  focused 
their  attention  to  the  related  areas  of  public  health.  Many  of  the  flies  involved  in  forensic 
entomology  are  medically  important  vectors  of  pathogenic  bacteria  which  present  a  significant 
public  health  burden  to  the  country.  Bacteria  are  also  increasingly  recognized  for  their  role  with 
flies  in  the  process  of  decomposition. 

Methods:  This  poster  presentation  will  display  the  ongoing  research  projects  involving 
forensically  and  medically  important  flies,  Chrysomya  megacephala  and  Musca  domesticcmnd 
the  bacteria  that  they  are  associated  with  in  Northeastern  Thailand.  The  seasonal  survey  of 
bacterial  pathogens  associated  with  flies  presented  a  total  of  15  bacterial  genera  isolated  from  the 
external  surfaces,  comprising  ten  genera  of  gram-negative  bacteria  and  five  gram-positive 
bacteria. 

Results/Conclusion:  The  most  common  bacteria  isolated  from  both  species  were  coagulase- 
negative  staphylococci,  followed  by  Streptococcus  group  D  non-enterococci.  The  human 
pathogenic  bacteria  isolated  included:  Salmonella  sp.,  Shigella  sp.,  Escherichia  coli ,  Salmonella 
typhi.  Bacillus  sp.,  Staphylococcus  aureus ,  Pseudomonas  aeruginosa.  Each  positive  C. 
megacephala  and  M.  domestica  harbored  anywhere  from  1-11  isolated  bacterial  species,  with  the 
most  common  number  of  simultaneous  species  being  5  or  6.  Four  dramatic  peaks  of  positive  C. 
megacephala  occurred  in  October,  December,  February  and  June;  while  four  peaks  of  positive 
M.  domestica  occurred  in  September,  December,  March  and  June.  These  data  might  be  important 
to  studying  the  influence  of  bacterial  communities  on  both  public  health  and  decomposition  in 
Thailand. 
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Introduction:  The  common  seabird  tick,  Ixodes  uriae ,  has  a  circumpolar  distribution  within  both 
the  Northern  and  Southern  Hemispheres.  It  is  a  vector  of  Borrelia  garinii ,  a  causative  agent  of 
Lyme  disease.  I.  uriae  is  found  in  seabird  colonies  throughout  North  America  but  B.  garinii  has 
only  been  documented  in  two  colonies,  both  in  Newfoundland  and  Labrador  (NL),  Canada. 

These  ticks  are  also  known  to  carry  viruses,  but  characterization  of  their  total  microbiome  and 
determination  if  they  carry  other  pathogenic  bacteria  has  yet  to  be  performed. 

Methods:  We  collected  I.  uriae  from  four  seabird  colonies  throughout  NL  over  four  summers 
and  screened  them  for  B.  garinii.  We  characterized  the  interior  microbiome  from  a  subset  of 
these  ticks  from  two  colonies  by  sequencing  the  16S  rDNA  hyper-variable  regions  V6/V7/V8 
using  high-throughput  sequencing. 

Results  and  Conclusions:  B.  garinii  was  found  in  all  four  seabird  colonies,  demonstrating  that  the 
bacterium  is  widespread  within  NL.  The  prevalence  of  the  bacterium  in  ticks  varied  significantly 
between  years.  The  microbiome  analysis  showed  that  B.  garinii  can  constitute  a  large  proportion 
of  the  microbiome  in  positive  individuals.  Other  potentially  zoonotic  bacterial  genera  were  also 
identified,  including  Ehrlichia  and  Coxiella.  This  indicates  that  I.  uriae  is  an  important  vector  of 
B.  garinii  and  other  potentially  zoonotic  bacteria  within  NL's  seabird  colonies. 
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Introduction: 

Borrelia  bavariensis ,  a  recently  described  genospecies  of  the  Borrelia  burgdorferi  sensu 
lato  species  complex,  has  a  strong  capacity  for  inducing  human  Lyme  disease.  B.  bavariensis  is 
widely  distributed  in  Europe  and  Asia  throughout  the  distribution  ranges  of  two  vectors,  Ixodes 
persulcatus  and  Ixodes  ricinus.  It  has  been  noted  that  the  occurrence  of  B.  bavariensis  is  highly 
focal  in  Europe  where  it  is  associated  with  I.  ricinus. 

Methods:  We  have  used  genetic  typing  systems  (Multilocus  sequence  analysis  and  next 
generation  sequencing  using  Illumina  technology)  to  understand  the  phylogeny  and  population 
structure  of  this  tick-borne  human  pathogen.  Strains  from  Asia  and  Europe  were  included  in  the 
analyses. 

Results/Conclusion:  The  phylogenetic  branching  pattern  suggests  that  the  species  is  structured 
into  two  populations:  a  genetically  heterologous  Asian  populations  and  a  genetically 
homogeneous  European  population  suggesting  invasion  and  clonal  expansion  of  this  species  in 
Europe.  Signals  of  positive  selection  support  the  hypothesis  that  the  European  population 
underwent  vector  adaption.  Thus,  the  data  strongly  support  the  hypothesis  that  the  European 
population  emerged  through  adaptation  to  a  new  vector  (/.  ricinus)  permitting  invasion  and 
spread  in  a  new  geographic  region.  We  conclude  that  this  species  forms  a  very  good  model  to 
study  vector  adaptation  of  tick-borne  pathogens.  The  data  underscore  the  important  role  that 
vectors  play  for  the  geographic  distribution  of  tick-borne  pathogens. 
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Background 

Since  its  first  detection  in  Canada  in  the  early  1990s,  Ixodes  scapularis  continues  to  expand  its 
range  northward.  However,  the  pattern  of  tick  establishment  is  far  from  uniform  in  space, 
suggesting  that  ecological  factors  acting  at  patch  and  microhabitat  scales  may  have  an  influence 
on  invasion  success  for  Ixodes  scapularis.  Here,  we  investigate  the  heterogeneity  of  nymphal 
tick  distributions  within  and  among  nature  parks  in  the  primary  Lyme  disease  emergence  zone  in 
southern  Quebec. 

Methods 

From  May  to  September  2013,  ticks  were  collected  through  drag  sampling  in  three  forest  parks 
in  southern  Quebec.  In  63  plots,  distributed  randomly  among  the  parks,  we  sampled  four  100m 
transects  parallel  to  a  park  trail  (0,  20,  40  and  60m  from  trail).  The  influence  of  different 
ecological  factors  on  density  of  nymphs  at  the  transect,  plot  and  park  scale  was  analyzed  using 
mixed-effects  models. 

Results 

Spatial  nymph  distribution  was  very  heterogeneous  between  parks  (0.05,  0.83,  and  2.68  nymphs 
per  100m2)  and  within  them  (0  to  25  nymphs  per  plot,  median=2).  At  the  plot  scale,  nymphal 
density  decreased  with  the  square  of  relative  humidity  (p=0.01),  and  was  lower  near  gravel  vs 
soil  trails  (p=0.04).  At  the  transect  scale,  nymphal  density  increased  with  distance  from  the  trail 

(p=0.008). 

Conclusions 

Taking  into  account  the  heterogeneous  distribution  of  nymphs  at  a  fine  spatial  scale  could  help 
better  target  preventive  messaging  and  other  interventions  in  nature  parks.  Further  studies  are 
needed  to  elucidate  the  ecological  mechanisms  underlying  these  differences  in  tick  distribution, 
and  how  they  change  over  time. 
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Background:  Over  the  past  two  decades  the  northward  spread  of  Ixodes  scapularis  across 
Ontario,  Canada  has  accelerated  and  the  risk  of  Lyme  disease  has  increased.  Active  surveillance 
is  a  recognized  and  effective  method  for  detecting  reproducing  populations  of  I.  scapularis. 

Methods:  In  this  study,  we  conducted  field  sampling  consistent  with  an  active  surveillance 
approach  from  May  to  October  2014  at  104  sites  in  central,  eastern  and  southern  Ontario  to 
determine  the  current  distribution  of  I.  scapularis  and  other  tick  species,  and  enhance  our 
understanding  of  the  geographic  risk  associated  with  Borrelia  burgdorferi  and  other  tick-borne 
pathogens  of  public  health  significance  in  this  region. 

Results  and  Discussion:  Ixodes  scapularis  was  present  at  20  of  the  104  sites  visited.  Individuals 
of  the  tick  species  Dermacentor  variabilis,  Haemaphysalis  leporispalustris  and  Ixodes  dentatus 
were  also  collected.  Ixodes  scapularis  were  positive  by  polymerase  chain  reaction  (PCR)  for  B. 
burgdorferi  at  5  sites.  These  sites  formed  a  significant  spatial  cluster  in  eastern  Ontario.  No  ticks 
were  PCR-positive  for  Borrelia  miyamotoi,  Anaplasma  phagocytophilum  and  Babesia  microti. 
This  study  provides  an  up-to-date  picture  of  the  distribution  of  Ixodes  scapularis  and  other  ticks 
species,  and  the  risk  of  B.  burgdorferi  and  other  pathogens  of  public  health  significance  in 
central,  eastern  and  southern  Ontario. 
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Introduction 

Lyme  disease  is  emerging  in  Canada  subsequent  to  the  expansion  of  the  tick  vector  Ixodes 
scapularis  from  the  United  States.  Since  1991,  a  passive  tick  surveillance  system  has  been 
operated  in  Canada.  Ticks  collected  on  human  and  their  pets  are  submitted  to  public  health 
laboratories  by  veterinary  clinics.  Laboratories  identified  ticks  species  and  performed  test  for 
different  tick-borne  pathogens,  and  the  outcomes  of  surveillance  are  managed  in  a  tick  database. 
In  this  project,  we  developed  an  electronic  surveillance  system  (etick.ca)  based  on  the 
identification  of  digital  images  of  ticks  and  compared  its  performance  to  the  conventional 
passive  tick  surveillance  system. 

Methods 

Lorty-one  (41)  veterinarian  clinics  from  Quebec  submitted  digital  images  of  ticks  via  etick.ca  for 
picture-based  identification  by  an  entomologist  and  sent  the  corresponding  specimens  to  the 
provincial  diagnostic  laboratory.  Kappa  statistic  was  used  to  measure  the  degree  agreement 
between  the  two  identification  methods. 

Results/Conclusion 

A  total  of  382  ticks  were  submitted  by  the  clinics  from  November  2014  to  January  2016  but  only 
284  (74.3%)  of  these  had  pictures  of  high-enough  quality  to  allow  for  picture-based 
identification.  The  laboratory  identified  7  different  species,  with  I.  scapularis  representing  76% 
of  total  submissions.  Identification  results  from  both  methods  were  concordant  for  276  of  the  284 
good  quality  submissions;  the  agreement  between  the  two  systems  was  97. 18%  with  a  Kappa 
statistic  of  0.92  (Z=18.52,  PO.OOl).  This  study  therefore  demonstrates  that  picture-based  tick 
identification  can  be  very  accurate  when  pictures  are  of  good  quality,  furthermore,  the  electronic 
submission  procedure  on  etick.ca  was  user-friendly. 
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Introduction: Complete  mitochondrial  genomes  have  been  shown  to  be  reliable  markers  for 
phylogeny  reconstruction  among  diverse  animal  groups.  However,  the  relative  difficulty  and 
high  cost  associated  with  obtaining  de  novo  full  mitogenomes  has  frequently  led  to 
conspicuously  low  taxon  sampling  in  ensuing  studies.  Here  we  report  the  successful  use  of  an 
economical  and  accessible  method  for  assembling  complete  or  near-complete  mitogenomes 
through  shot-gun  next  generation  sequencing  of  a  single  library  made  from  pooled  total  DNA 
extracts  of  numerous  target  species. 

Methods: To  avoid  the  use  of  separate  indexed  libraries  for  each  specimen,  and  an  associated 
increase  in  cost,  we  incorporate  standard  PCR-based  'bait'  sequences  to  identify  the  assembled 
mitogenomes.  The  method  was  applied  to  study  the  higher-level  phylogenetic  relationships  in  the 
weevils  (Coleoptera:  Curculionodea),  producing  92  newly  assembled  mitogenomes  obtained  in  a 
single  Illumina  MiSeq  run. 

Results/ConclusiomThe  analysis  supported  a  separate  origin  of  wood-boring  behavior  by  the 
subfamilies  Scolytinae,  Platypodinae  and  Cossoninae.  This  finding  contradicts  morphological 
hypotheses  proposing  a  close  relationship  between  the  first  two  of  these,  but  is  congruent  with 
previous  molecular  studies,  reinforcing  the  utility  of  mitogenomes  in  phylogeny  reconstruction. 
Our  methodology  provides  a  technically  simple  procedure  for  generating  densely  sampled  trees 
from  whole  mitogenomes,  and  is  widely  applicable  to  groups  of  animals  for  which  bait 
sequences  are  the  only  required  prior  genome  knowledge. 


Symposium 

Presentation  Title:  Barcoding  European  weevils:  The  Molecular  Weevil  Identification  Project 


Author  Name:  Jonas  Astrin 


Author  Institution:  Zoologisches  Forschungsmuseum  Alexander  Koenig 

Session  Title:  Symposium:  Phylogeny  and  Evolution  of  Weevils  (Coleoptera:  Curculionoidea): 
A  Symposium  in  Honor  of  Guillermo  "Willy"  Kuschel 

Date  of  Presentation:  Tuesday,  September  27,  2016 

Abstract  Number:  SD1915 

DOI:  10. 1603/ICE.2016. 93320 

Abstract  text: 

From  201 1  until  2016,  the  Molecular  Weevil  Identification  (MWI)  project  has  strived  to  build  a 
starting  infrastructure  for  research  on  western  Palearctic  species  of  Curculionoidea  and  to 
improve  the  taxonomy  of  this  group.  As  a  collaboration  of  molecular  biologists  /  facilities  at  the 
Zoological  Research  Museum  Koenig  and  the  distributed  European  entomologists'  association 
Curculio  Institute,  MWI  has  collected  over  5000  specimens  of  mostly  European  weevils  from 
>1400  species  and  ca.  330  genera,  barcoded  them  (COI  gene),  stored  DNA  and  tissue  samples  in 
the  ZFMK  biobank  and  prepared  morphological  vouchers  for  validation. 

Final  DNA  barcode  analysis  is  currently  in  progress,  and  it  soon  became  clear  that  the  ensuing 
integrative  taxonomic  work  will  remain  a  task  for  years  to  come.  Dozens  of  taxonomic  changes 
have  already  been  suggested,  several  of  them  formalized.  Embracing  an  integrative  taxonomy 
approach,  weevil  research  is  able  to  tackle  problems  with  cryptic  species,  morphological  (e.g. 
ecology-induced)  intraspecific  plasticity,  unclear  genus-level  taxonomy  etc.,  while  strictly 
retaining  the  connection  to  the  binomial  names  from  the  taxonomic  literature.  Boosted  by  the 
ZFMK-coordinated  project  GBOL  -  German  Barcode  of  Life  (www.bolgermany.de),  a  regional 
sampling  focus  of  MWI  lay  on  weevil  species  occurring  in  Germany,  and  taxonomically  the 
European  taxa  of  the  subfamily  Cryptorhynchinae  have  been  most  extensively  analyzed  so  far, 
although  other  subfamilies  have  received  attention  as  well. 

In  summary,  MWI  compiles  a  validated  reference  database  with  DNA  barcodes  of  western 
Palearctic  weevils  (to  be  released  soon),  and  offers  cross-linked  morphological  and  molecular 
collections  that  we  encourage  entomologists  to  use. 
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Abstract  text: 

Introduction:  New  Zealand  has  a  diverse  broad-nosed  weevil  (Coleoptera:  Curculionidae: 
Entiminae)  fauna,  which  is  particularly  speciose  in  alpine  regions  of  the  southern  South  Island.  A 
number  of  species  show  remarkable  sexual  dimorphism,  where  females  possess  exaggerated 
structures  on  the  elytra  and  abdominal  ventrites.  These  structures  can  be  classified  into  five 
forms:  1)  Tubercles  at  the  top  of  the  elytral  declivity;  2)  Prolongation  of  the  apex  of  the  elytra;  3) 
Swelling  of  the  disc  of  ventrite  V;  4)  Emargination  of  the  apex  of  ventrite  V;  and  5)  the  posterior 
margin  of  ventrite  IV  produced  into  a  lamina.  The  evolution  of  these  structures  are  of  interest 
from  systematic  and  functional  morphological  viewpoints. 

Methods:  Four  gene  regions  (28S,  COI,  ArgK,  CAD)  were  sequenced  from  316  individuals 
representing  106  species,  and  a  species  tree  inferred.  Sexually  dimorphic  traits  were  scored,  and 
mapped  onto  the  tree.  Competing  hypotheses  of  trait  evolution  were  evaluated  using  BiSSE  and 
Markov  models. 

Results/Conclusion:  Sexually  dimorphic  species  had  a  greater  speciation  rate,  indicating  that 
some  form  of  sexual  selection  is  in  operation.  It  is  hypothesised  that  this  takes  the  form  of  sexual 
conflict  through  energetic  costs  incurred  by  females  carrying  males  during  prolonged  copulation. 
The  evolution  of  the  number  of  dimorphic  traits  was  best  modelled  with  a  progression  model, 
where  transitions  between  n  ->  n  +  1  traits  had  greater  rates.  Laminae  on  ventrite  IV,  are  labile 
and  plesiomorphic  within  NZ  Entiminae;  however,  these  structures  may  prove  to  be  apomorphic 
at  higher  levels  of  entimine  weevil  systematics. 
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Abstract  text: 

Introduction:  Hybridization  between  introduced  species  and  their  endemic  close  relatives  could 
cause  the  loss  of  important  adaptations.  The  weevil  genus,  Galapaganus  contains  ten  species 
endemic  to  the  Galapagos  Islands.  A  continental  congener,  Galapaganus  howdenae 
howdenae  has  proliferated  on  the  islands  after  its  human-mediated  introduction  from  continental 
Ecuador.  Genetic  estimates  date  this  introduction  well  before  human  population  growth  in  the 
1950s.  G.  h.  howdenae  has  expanded  its  range  from  the  Agricultural  zone  into  the  moist 
highlands  of  Santa  Cruz,  where  it  shares  host  plants  with  endemic  G.  conwayensis  and  G. 
ashlocki.  No  hybrids  have  been  found  to  date  between  G.  h.  howdenae  and  endemic  species, 
however  its  expansion  to  the  highlands  raises  the  question  of  the  genetic  integrity  of  the  endemic 
residents. 

Methods:  To  understand  G.  h.  howdenae ’s  invasive  impact,  we  explore  its  introduction  history 
and  the  potential  for  interspecies  hybridization  using  phylogenetic  estimation  and  the  isolation- 
with-migration  model. 

Results/Conclusion:  Preliminary  results  support  a  single  introduction  to  the  islands  from 
Northern  Manabi  Province,  with  entry  into  the  Western  Agricultural  Zone.  Unidirectional 
mitochondrial  gene  flow  estimates  are  significantly  larger  from  G.  howdenae  into  the  two  Santa 
Cruz  endemics  than  between  Santa  Cruz  or  San  Cristobal  endemics.  The  inheritance  pattern  of 
mitochondrial  DNA  suggests  that  gene  flow  could  occur  through  mating  between  introduced 
females  and  endemic  males.  We  are  now  undertaking  studies  quantifying  hybridization  using 
multiple  nuclear  markers  and  exploring  the  potential  risk  to  single  island  endemics.  The  range 
expansion  of  G.  h.  howdenae  is  informing  the  genetic  consequences  of  species  introductions  to 
endemic  populations. 
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Abstract  text: 

Introduction:  The  Ceutorhynchinae  is  distributed  worldwide  and  comprises  1 1  tribes,  >100 
genera,  and  >1,300  known  species.  Due  to  its  cosmopolitan  distribution,  varying  habitat  ranges 
and  diet  breadth,  the  subfamily  is  a  prime  target  for  investigating  the  evolution  of  host  use  in 
phytophagous  insects.  However,  no  phylogenetic  hypothesis  has  been  proposed  for  the  evolution 
of  Ceutorhychinae.  Largely  due  to  the  lack  of  comprehensive  morphological  examinations  within 
the  subfamily,  there  has  been  confusion  in  the  higher  classification  of  Ceutorhynchinae  which 
hinders  contemporary  systematic  and  ecological  studies.  Thus,  the  first  phylogenetic  hypothesis 
has  been  constructed  based  on  morphological  data  in  order  to  assess  the  relevance  of  the  current 
classification  scheme  at  the  generic  and  tribal  levels,  test  the  subfamily  for  monophyly,  and 
delimit  the  major  taxonomic  ranks,  thereby  providing  a  framework  for  the  subfamily  which  may 
assist  future  research  on  this  group. 


Methods:  A  total  of  177  morphological  characters  were  scored  for  183  taxa.  Character 
information  was  derived  from  internal  and  external  anatomy  using  whole  body  dissections.  The 
character  matrix  was  constructed  in  Mesquite  and  analyzed  using  TNT. 

Results/Conclusion:  The  resulting  topology  broadly  approximates  Colonnelli's  2004  checklist 
and  classification  system  of  the  subfamily,  with  modifications  to  the  included  genera  of  several 
tribes.  While  there  remains  some  ambiguity  regarding  delimitations  of  some  tribes,  the  positions 
of  several  genera,  and  the  most  basal  relationships,  the  phylogeny  roughly  depicts  a  similar 
number  of  tribes  with  greater  sets  of  synapomorphic  characters,  thereby  outlining  a  more 
diagnostic  framework  from  which  to  further  the  systematics  of  this  group. 
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Abstract  text: 

Caryedes  is  a  New  World  seed  beetle  genus  belonging  to  the  Merobruchus  group  of 
Acanthoscelidina.  Actually  it  is  composed  by  41  species  placed  in  eight  groups.  Even  though 
there  are  few  phylogenetic  studies  within  Bruchinae,  there  is  still  a  large  gap  to  be  filled. 
Therefore,  the  main  goal  of  this  study  is  to  test  Caryedes  monophyly  using  phylogenetic  analysis 
and  then  reveal  the  evolution  in  host  plant  use.  A  matrix  was  constructed  based  on  adult 
morphology.  Analysis  was  performed  with  34  ingroup  species  including  12  new  species  and  19 
outgroup  species  belonging  to  Ctenocolum ,  Gibbobruchus,  Meibomeus,  Merobruchus , 
Pygiopachymerus ,  Penthobruchus  and  Pachymerus  for  rooting.  Equal  and  implied  weighting 
analyses  were  performed.  Two  strict  consensus  trees  were  obtained  from  these  analyses  with  a 
very  similar  topology,  the  one  from  implied  weighting  had  lesser  polytomies.  Caryedes  is  a  non- 
monophyletic  group;  to  recover  its  monophyly  five  known  species  and  four  new  species  are 
excluded  and  five  new  genera  are  suggested.  Caryedes  is  supported  by  one  synapomorphy  and 
five  homoplasies,  is  a  sister  group  of  Meibomeus  and  comprises  by  29  known  species  and 


probably  eight  new  species.  Five  species  groups  are  maintened;  group  helvinus  is  non- 
monophyletic,  formed  by  basal  lineages  ocurring  on  Clitoriinae  (Papilionoideae)  and  the 
relationships  among  the  others  are  ((group  longifrons+group  juno)+( group  brasiliensis+gxoup 
stenocephalus)).  The  first  host  shift  from  Clitoriinae  ocurred  to  Diocleae  (Papilionoideae)  on 
juno  and  brasiliensis  groups.  Two  others  host  shifts  were  revealed  on  derived  lineages,  to 
Glyciniinae  (Papilionoideae)  on  group  longifrons  and  to  Cercideae  (Caesalpinoideae)  on  group 
stenocephalus. 
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Abstract  text: 

Introduction: The  tribe  Cassidini  (Gyllenhal)  has  over  1,000  species,  and  has  not  received  modern 
systematic  study.  Riley  (1986)  contributed  a  taxonomic  revision  of  the  15  North  American 
genera.  In  that  study,  Cassidini  was  diagnosed  and  it  was  synonymized  with  Charidotini  and  the 
Old  World  Aspidimorphini  (in  part).  Different  phylogenetic  analyses  have  not  resolved  the 
relationship  between  Cassidini  and  Aspidimorphini  and  the  monophyly  of  all  Cassidini’ s  genera 
have  not  been  tested. 

Methods: This  contribution  tests  the  monophyly  of  Cassidini  with  parsimony-based 
morphological  cladistics  analysis  with  68  morphological  characters,  and  44  ingroup  species  in  29 
genera  from  America,  Europe,  Asia,  Africa,  and  Australia  and  17  outgroup  species. 

Results/ConclusiomThe  consensus  of  the  16  most  parsimonious  trees  shows  a  low  resolution 
among  the  ingroup  genera  and  does  not  corroborate  the  monophyly  of  Cassidini. 

Aspidomorphini  ( Aspidomorpha  and  Laccoptera )  share  a  most  recent  common  ancestor  with 
Cassidini  genera  and  Dorynota  (Dorynotini)  seems  to  be  part  of  the  same  lineage.  These  results 
confirm  the  need  to  re-evaluate  the  systematics  of  Cassidini  with  a  broader  taxon  sampling 
across  Cassidine  tribes  and  more  informative  characters. 
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Abstract  text: 

Introduction:  The  augmentative  biological  control  of  insect  pests  is  being  recognized  as  an 
important  alternative  to  chemical  control.  Trichogramma  is  annually  applied  worldwide  on  93% 
of  lands  protected  with  biological  control.  Until  now,  Trichogramma  is  mainly  applied  by  hand 
which  makes  this  process  expensive  and  unpractical  for  modern  agriculture.  This  situation  has 
forced  to  adopt  innovative  multi-disciplinary  approaches  and  techniques  for  implementation  of 
agricultural  biocontrol  programs. 

Method:  Presented  results  of  over  20  years  of  research  and  practical  studies  of  novel  methods 
and  equipment  for  Trichogramma  including:  (1)  field  release  in  bulk  and  in  capsules;  (2)  dosing 
and  field  distribution;  (3)  packaging  and  shipment.  This  work  was  conducted  in  collaboration 
with  researchers  (entomologist,  engineers,  and  plant  protection  specialists)  from  over  12 
Research  Institutions  of  former  Soviet  Union  including  Institute  of  Civil  Aviation.  The  agencies 
equipped  to  design  and  produce  technical  means  to  release  Trichogramma ,  transfer  the 
technology  to  the  filed,  make  new  changes  in  the  structure  and  organization  of  the 
implementation  biological  programs. 

Results/Conclusion  :  Methods  and  equipment  for  airplane  Trichogramma  releases  were 
implemented  on  3,000,000  ha  in  Ukraine,  Russia,  Uzbekistan,  and  Moldova,  and  tractor-based 
releases  on  approximately  100,000  ha  in  Moldova,  Ukraine  and  Russia.  Airplane  Trichogramma 
releases  alone  saved  approximately  100,000  man-hours  for  every  million  hectares  during  peak 
agricultural  activities.  Summary  data  on  research  and  development  of  various  devices  for 
packaging  and  shipping  of  Trichogramma  to  users,  dosing  and  distribution  under  field  conditions 


using  aircrafts,  delta-planes,  small  aircraft  radio-controlled,  helicopters  and  tractors  will  be 
described  in  this  presentation. 
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Abstract  text: 


Introduction:  A  genetically  improved  strain  of  Trichogramma  chilonis  was  developed  with  an 
aim  to  make  them  compatible  with  insecticide  based  pest  management.  The  strain  developed  had 
multiple  insecticide  and  high  temperature  tolerance  ability,  which  were  evaluated  on  different 
crops  in  various  agro-ecological  zones  of  India. 

Methods:  The  parasitized  Helicoverpa  armigera  eggs  were  field-collected  from  sprayed  tomato 
fields  in  and  around  Bangalore.  The  adults  of  the  F2  generation  were  screened  for  different 
insecticides,  i.e .,  indoxacarb,  spinosad  and  tebufenozide  to  know  their  tolerance  limit  to  initiate 
genetic  improvement  work.  Based  on  the  LC50  values,  development  work  was  initiated.  The 
parameters  set  before  taking  parasitoids  to  next  higher  dosage  and  temperature  were  adult 
mortality  (<50.0%)  and  percent  parasitism  (>80.0%)  after  6  hours  of  constant  exposure.  The 
rearing  was  carried  out  in  growth  chambers  maintained  at  variable  high  temperature  of  32°-38°C 
and  RH  of  50±5%.  The  LC50  values  were  calculated  based  on  probit  analysis.  Genetic  evidences 
and  retention  of  tolerance  in  improved  strains  were  studied  by  crossing  tolerant  and  susceptible 
strain  and  back  crossing  by  determining  the  mode  of  tolerance. 

Results/Conclusion  :  LC50  values  of  the  selected  strain  were  25.28  -  to  1 10.56-fold  higher 
compared  to  initial  values  for  different  insecticides  and  significantly  higher  survival  was 
recorded  under  high  temperature  conditions.  The  mode  of  inheritance  studies  indicated 
incomplete  dominance.  Genetically  improved  strains  were  evaluated  in  net  houses  and  farmers’ 
fields  in  different  states  of  India.  Multiple  insecticide  and  high  temperature  tolerant  strain 
(MIHTS)  were  superior  for  pest  management  in  farmers’  fields. 
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Abstract  text: 


Introduction:  Interaction  networks  allow  us  to  understand  various  aspects  of  diversity,  such  as 
community  stability  and  resource  partitioning  among  species.  Due  to  the  ease  of  quantifying 
interactions  among  endophyte  herbivores  and  their  parasitoids,  these  systems  are  useful  in  the 
study  of  networks.  Our  main  objective  is  to  compare  quantitative  networks  of  monophagous  and 
oligophagous  species  of  galling  insects  in  2  host  plant  species,  Mikania  glomerata  and  Mikania 
laevigata ,  and  their  associated  parasitoids. 

Methods:  The  samples  were  taken  between  May  and  September  2015,  from  Santana  Hill  reserve 
at  Porto  Alegre,  southern  Brazil. 

Results/Conclusion:  Seven  species  of  galling  insects  were  found  on  both  plant  species,  with 
Liodiplosis  spherica ,  Asphondylia  moehni ,  Asphondylia  glomeratae  and  Mikaniadiplosis 
annulipes  found  on  both  of  them  (oligophagous).  For  the  parasitoids,  there  were  161  individuals 
of  30  species,  27  of  them  microhymenopterans  and  three  dipterans.  The  networks  have  shown  a 
pattern  without  compartmentalization  and  high  values  of  connectance,  which  was  not  expected. 
There  is  an  apparent  difference  in  the  specialization  values  between  the  networks  of  galling 
insects  on  each  host,  being  higher  on  M.  glomerata  (H2  =  0.701)  than  on  M.  laevigata  (H2  = 
0.552).  This  might  be  due  the  lower  morphological  similarity  among  the  galls  found  in  M. 
glomerata ,  like  the  bud  gall,  which  is  the  only  multilocular  gall.  A  hypothesis  for  the  high 
generalization  of  parasitoids  on  these  networks  is  that  this  can  be  influenced  by  seasonality  of 
available  galls  in  the  environment. 
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Abstract  text: 

Introduction:  Mycodiplosis  Riibsaamen,  1895  (Cecidomyiidae:  Cecidomyiidi)  is  a  cosmopolitan 
genera  with  46  known  species,  but  only  4  of  them  have  been  recorded  in  Neotropical  region.  The 


larvae  are  usually  found  feeding  on  rusti  fungi  spores.  Schismatodiplosis  lantanae  Riibsaamen, 
1916  (Cecidomyiidae:  Cecidomyiidi)  induces  hairy,  green  and  globoid  gall  on  leaves  of  Lantana 
camara  L.,  L.  urticifolia  Miller,  and  L.  hispida  Kunth  (Verbenaceae).  So  far,  there  is  no  record  of 
other  Cecidomyiidae  as  inquilines  or  successor  in  this  gall.  The  objective  of  this  study  is  to 
record  the  first  interaction  between  Mycodiplosis  and  S.  lantanae. 

Methods:  The  galls  were  collected  from  L.  camara  during  a  field  work  in  Campo  Novo  de 
Rondonia  (Rondonia,  Brazil).  The  galls  were  transported  to  the  Laboratorio  de  Diptera  (MNRJ), 
and  by  their  dissecation,  immature  gall  midges  were  obtained,  and  later  mounted  on  microscope 
slides,  following  the  methods  of  Gagne  (1994). 

Results/Conclusion:  We  obtained  only  1  larva  identified  as  Mycodiplosis  sp.,  based  on  the  shape 
of  the  terminal  papillae:  two  pairs  with  long  setae  and  two  with  coniforme  setae.  This  is  an 
exclusive  characteristic  of  this  genus,  and  the  identification  was  according  to  the  key  of  Gagne 
(1994),  and  original  description.  The  inducer  was  identified  as  S.  lantanae  based  on  gall’s 
morphology  and  host  plant  identification.  Due  to  the  feeding  habit  of  Mycodiplosis ,  we  believe 
that  its  larva  can  be  a  successor,  feeding  on  fungi  in  abandoned  galls. 
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Abstract  text: 

Introduction:  In  the  housefly,  and  many  other  diptera,  male  sex  determination  is  dependent  on 
the  presence  of  an  M-factor,  either  on  the  Y  or  any  of  the  five  autosomes.  M  interrupts  the 
autoregulatory  feedback-loop  that  determines  female-specific  splicing  of  nascent 
transformer^^  A . 

Methods:  We  compared  the  transcriptome  of  early  male  and  female  embryos. 


Results/Conclusion:  We  identified  a  candidate  autosomal  M-factor,  that  is  currently  used  to 
identify  other  M-factors  and  to  explain  their  evolutionary  origin. 
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Abstract  text: 

Introduction:  Ceratitis  capitata,  also  known  as  the  Mediterranean  fruit  fly  or  Medfly,  is  a  fruit 
crop  pest  of  high  economic  relevance  in  different  continents.  A  better  understanding  on  how 
genes  control  medfly  reproduction  and  sex  determination  can  be  crucial  for  limiting  its  growth 
and  spread.  An  ecofriendly  strategy  to  control  such  a  harmful  insect  pest  as  alternative  to 
pesticides  is  the  sterile  insect  technique,  the  SIT,  based  on  the  mass  rearing,  sexing  and 
continuous  release  of  sterilized  males  in  the  target  area.  Years  of  research  have  led  to  show  that 
the  primary  signals  of  sex  determination  known  in  Drosophila  and  C.  capitata  are  different  but 
converge  on  the  homologous  control  of  the  transformersQx-spQcific  splicing,  a  widely  conserved 
ON/OFF  switch  gene  in  insects.  In  the  medfly  a  Y-linked  Male  Determining  Factor  (Factor  M) 
has  a  key  role  in  the  male  sex  determination.  We  used  a  novel  approach  to  address  this  problem 
which  combines  a  peculiar  RNA  purification  technique,  called  metabolic  labeling,  and  RNAseq 
differential  analysis. 

Methods:  In  order  to  identify  newly  transcribed  zygotic  RNAs  in  XY  Ceratitis  embryos,  4- 
tiouridine  was  micro  injected  respectively  into  XX-only  early  embryos  and  in  mixed  XX/XY 
embryos.  Thiol-specific  biotinylation  and  subsequent  purification  with  streptavidin-coated  beads 
was  performed. 

Results/Conclusion:  Illumina  sequencing  analysis  and  differential  expression  analysis  have  been 
performed,  to  find  male-specific  Y-linked  early  transcribed  regions.  Some  novel  Y-linked  genes 


have  been  identified  and  a  CRISPR/CAS9  gene  editing  approach  is  currently  underway  to 
functionally  characterize  them. 
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Abstract  text: 

The  Phacopteronidae  is  one  of  eight  currently  recognised  families  of  Psylloidea.  It  includes  5 1 
described  and  at  least  as  many  undescribed  species.  The  family  is  pantropical  in  distribution, 
being  represented  in  the  Afrotropical,  Australasian,  Neotropical,  Oriental  and  Pacific 
zoogeographical  regions.  It  is  closely  associated  with  the  plant  order  Sapindales,  except  for 
several  species  which  are  confined  to  hosts  from  Gentianales:  Apocynaceae.  Many  species  are 
known  to  induce  galls  of  various  types.  The  content  of  phacopteronids  and  its  phylogenetic 
relationships  to  other  Psylloidea  have  been  subject  of  different  opinions.  We  have  analyzed  the 
phylogeny  of  the  Phacopteronidae  based  on  the  world  fauna  in  order  to  1)  test  the  monophyly  of 
the  family;  2)  redefine  the  Phacopteronidae  using  adult  as  well  as  immature  morphological 
characters;  3)  detect  internal  monophyletic  groups  and  compare  them  with  the  extant  generic 
classification;  4)  examine  host-plant  and  biogeographical  patterns.  Following  a  comparative 
morphological  analysis  of  adults  of  71  phacopteronid  species  and  immatures  of  27  species,  thirty 
adult  characters  were  selected  for  cladistic  analysis.  The  results  of  the  analysis  confirm  the 
monophyly  of  the  Phacopteronidae  and  bring  some  new  supporting  evidence  from  adult 
characters  (no  synapomorphy  was  found  for  the  immatures).  We  propose  the  first  detailed 
hypothesis  on  the  internal  phylogeny  of  the  family.  Six  major  monophyletic  groups  are 
recognised  and  are  assigned  generic  rank.  The  Sapindales  is  the  ancestral  host  association  of  the 
Phacopteronidae.  The  Apocynaceae-feeding  is  restricted  to  the  genus  Pseudophacopteron  where 
it  is  ascertained  in  nine  species. 
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Abstract  text: 

Essigella  (Sternorrhyncha  Aphididae  Lachninae)  is  a  genus  of  aphids  living  on  the  needles  of 
Pinaceae.  Because  of  the  difficult  systematics  of  the  group,  and  notably  its  high  intraspecific 
morphological  variation,  the  genus  was  last  revised  by  using  combination  of  morphometric 
analyses  and  ecological  data.  However,  this  classification  has  not  yet  been  tested  with  molecular 
data.  The  use  of  four  genes,  COI,  ATP6,  GND  and  EF-la  has  challenged  the  current 
classification  and  provides  new  information  on  the  origins  and  dispersal  of  the  different  species 
of  the  genus. 
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Abstract  text: 

The  hemlock  woolly  adelgid  is  a  non-native  invasive  forest  insect  in  eastern  North  America.  It 
threatens  the  sustainability  of  two  ecologically  and  economically  important  native  trees  species, 
eastern  and  Carolina  hemlock.  The  adelgids  introduced  to  eastern  North  America  originated  from 
Japan.  There  are  additional  genetic  lineages  of  hemlock  adelgids  in  China,  Taiwan,  Japan,  and 
western  North  America.  Currently,  all  adelgids  that  occur  on  the  ten  species  of  hemlock  around 
the  world  are  classified  as  a  single  species,  which  does  not  accurately  reflect  this  diversity.  This 


project  aims  to  use  multivariate  morphometric  analyses  to  explore  differences  among  hemlock 
adelgid  lineages.  We  hypothesize  that  cryptic  species  or  subspecies  exist  for  each  of  the  different 
genetic  lineages,  co-evolving  with  different  hosts.  The  findings  of  this  project  will  provide 
taxonomic  designation  for  different  hemlock  adelgid  lineages  to  inform  regulation  and  biological 
control. 
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Abstract  text: 

Mating  signals  of  insects  usually  covey  specific  information  and  contribute  to  reproductive 
isolation  between  different  species,  especially  in  sympatric  species.  In  Psylloidea,  the  acoustic 
signals  are  highly  specific  and  usually  used  in  pre-mating  behavior.  However,  reports  on  acoustic 
divergence  of  psylloids  were  scarce.  Thus,  the  role  of  acoustics  in  species  divergence  of 
psylloids  remains  unexplored.  In  this  study,  we  analyzed  the  acoustic  information  of  closely 
related  psylloid  species  to  examine  their  acoustic  divergence.  Different  groups  of 
morphologically  similar  psylloids,  including  three  Cacopsylla  species,  two  Trioza  species  and 
two  Macrohomotoma  species,  were  studied.  An  overall  resemblance  in  signal  type  was  shown 
between  species  within  each  allied  groups,  which  reveal  the  evolutionary  significance  in  signal 
traits  of  psylloids.  However,  distinctions  in  specific  acoustic  signals  can  be  found  among  species 
within  an  allied  group.  Three  Cacopsylla  species  were  clearly  clarified  based  on  the  discriminant 
analysis  by  acoustic  characteristics,  such  as  chirp  duration,  chirp  number,  chirp  interval,  trill 
duration  and  dominant  frequency.  Two  Trioza  species  and  two  Macrohomotoma  species  were 
significantly  different  by  temporal  characteristics,  such  as  chirp  duration.  As  it  consistently 
presents  the  prominent  acoustic  divergence  within  three  groups  of  psylloid  species,  the  result 
indicates  that  acoustic  characteristics  are  invaluable  to  discriminate  closely  related  species.  This 
study  provides  solid  evidence  that  acoustic  mating  signals  of  psylloids  work  as  the  auxiliary 
characteristics  in  delimitation  of  species  which  possess  indistinguishable  external  morphology 
and  may  help  understand  the  process  of  psylloid  speciation. 
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Abstract  text: 

Oak  trees  (Fagaceae:  Quercus  spp.)  constitute  a  significant  element  of  the  natural  forest  in 
Israel's  mountainous  regions.  Scale  insects  (Hemiptera:  Coccomorpha)  were  surveyed  and 
sampled  in  Israel  from  2010  to  2012,  on  four  naturally  occurring  oaks  namely;  Quercus  boissieri 
Reut.,  Q.  calliprinos  Webb,  Q.  ithaburensis  Decne.,  and  Q.  look  Kotschy.  Twenty-four  sites 
from  the  Golan  Heights,  Galilee,  Judean  mountains  and  Coastal  plain  were  selected  for  sampling. 
Each  site  was  sampled  at  least  once  a  month  and  thin  branches,  15-20  mm  wide,  from  the  lower 


and  upper  canopies  were  examined.  A  total  of  twenty-seven  species  belonging  to  nine  scale 
insect  families  were  recovered  and  identified:  Asterolecaniidae  (3  species),  Coccidae  (3), 
Diaspididae  (7),  Eriococcidae  (3),  Kermesidae  (6),  Kuwaniidae  (1),  Monophlebidae  (1), 
Pseudococcidae  (2)  and  Putoidae  (1).  The  family  Kuwaniidae  is  newly  recorded  from  Israel,  and 
seven  species  are  new  records  for  Israel  with  four  new  taxa.  Most  of  the  species  appear  to  be 
monophagous  and  non-pestiferous  to  the  oak  trees  in  Israel. 
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Abstract  text: 

This  work  explores  origin  of  the  term  “digitule,”  a  morphological  term  currently  used  for  the 
dilated  setae  proximal  to  the  tarsal  claw  of  Coccoidea,  and  whether  it  should  be  applied  to  the 
terminal  setae  on  the  legs  of  other  Sternorrhyncha.  We  investigated  the  origin  of  the  term 
"digitule"  used  by  Shimer  (1867)  and  the  presence  of  the  structure  among  different 
Aphidomorpha.  Low  temperature  scanning  electron  microscopy  was  also  used  on  Phylloxera  sp. 
to  observe  "digitules"  in  situ. 
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Introduction:  Secure  and  sustainable  food  production  in  terms  of  quantity  and  quality  is  a  major 
challenge  facing  human  societies.  However,  food  security  is  continuously  threatened  by  current 
and  invasive  pest  species.  Regulations  for  the  use  of  pesticides  are  getting  stricter  to  ensure  food 
safety  and  protect  ecosystem  health.  Biocontrol  of  agricultural  pests  by  using  natural  enemies  has 
great  potential  to  deal  with  these  2  demands. 

Biocontrol  often  involves  importing  non-native  natural  enemies.  Such  practices  are  undesirable 
as  it  poses  risks  to  local  biodiversity.  Optimizing  existing  and  native  biocontrol  agents  can 
reduce  the  dependence  on  imported  natural  enemies. 

Methods:  BINGO  is  a  Marie  Sklodow ska-Curie  Innovative  Training  Network  of  12  partners 
from  academia,  non-profit  organizations  and  industry  located  in  the  Netherlands,  Germany, 
France,  Spain,  Czech  Republic,  Austria,  Switzerland,  Greece  and  Portugal.  BINGO’s  objective  is 
to  develop  innovative  research  training  to  improve  the  production  and  performance  of  natural 


enemies  in  biological  control  by  the  use  of  genetic  variation  for  rearing,  monitoring  and 
performance. 

Results/Conclusion:  BINGO’s  approach  is  multidisciplinary,  encompassing  a  broad  range  of 
scientific  disciplines,  including  the  application  of  state-of-the-art  genomic  techniques  in  the  field 
of  biological  control.  BINGO  will  deliver  improved  biocontrol  agents,  knowledge  on  the  genetic 
organisation  of  traits  related  to  agents’  performance,  genetic  markers  for  monitoring  and  risk 
assessment,  and  guidelines  and  protocols  for  genetic  improvement  of  natural  enemies. 
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Abstract  text: 

Introduction:  The  Anopheles  gambiae  s.l.  is  primarily  a  major  vector  of  malaria  in  sub  Saharan 
Africa.  Despite  the  widespread  distribution  and  established  roles  of  An.  gambiae  s.l  in  malaria 
transmission  in  Nigeria,  information  on  the  identity,  distribution  and  spatial  variation  of 
members  of  the  complex  remain  scanty. 

Methods:  Indoor  resting  mosquitoes  were  collected  between  November  2013  and  May  2014 
using  Pyrethrum  spray  collection  (PSC).  The  mosquitoes  were  identified  using  morphological 
keys  and  species  specific  polymerase  chain  reaction  (PCR)  assays.  The  species  composition  of 
members  of  the  An.  gambiae  complex  and  reported  malaria  cases  in  the  selected  study 
communities  were  spatially  mapped  using  Arc  GIS  software. 


Results/Conclusion: 


A  total  of  645  mosquitoes  collected  from  the  study  sites  and  morphologically  identified 
comprised  598  (92%)  Anopheles  species,  42  (7%)  Culex  species  and  5  (1  %)Aedes  species.  One 
hundred  and  ninety  six  An.  gambiae  s.l.  samples  were  randomly  selected  and  successfully 
identified  by  PCR.  The  composition  of  the  mosquitoes  species  collected  in  Gaa-Bolohunduro 
showed  that  a  higher  proportion,  53  (64.6%)  were  An.  arabiensis  compared  to  lower  proportions 
5(6.1%)  of  An.  coluzzii  and  24  (29.3%)  An.  gambiae.  In  Osin,  only  12  (10.5%)  were  An. 
arabiensis  compared  to  13  (1 1.4%)  and  89  (78.1%)  identified  as  An.  coluzzii  and  An.  gambiae 
respectively.  The  variation  in  the  composition  of  members  of  the  An.  gambiae  s.l.  identified  in 
Gaa-Bolohunduro  was  not  significant  (P=0.070)  compared  to  Osin  (P=0.043).  A  weak 
correlation  coefficient  showed  that  the  predominance  of  Anopheles  in  both  communities  was  not 
dependent  on  rainfall. 
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Abstract  text: 

Introduction:  In  Nigeria,  nature  has  bestowed  on  us  an  array  of  natural  materials  like  inert  dusts 
across  the  various  ecological  zones  which  could  play  a  fundamental  role  in  pest  management 
strategy. 

Sorghum  ( Sorghum  bicolor(L)  Moench)  also  known  as  Guinea  corn  is  one  of  the  major  cereal 
crops  widely  grown  in  Nigeria  and  a  very  important  staple  food  for  the  populace  particularly  in 
the  Northern  part  of  the  country.  The  objective  of  the  study  was  to  compare  the  effect  of  dose 
rates,  exposure  periods  and  chemical/mineral  composition  of  the  two  raw  DE  (DEI  &  DE2)  on 


adult  insect  mortality,  seed  germination,  progeny  formation,  grain  weight  loss  and  in  vivo 
toxicological  assay. 

Methods:  The  study  was  conducted  under  ambient  laboratory  conditions  of  (28  ±  3°C  and  65%  ± 
3r.h)  using  10  adult  insects.  DE  dose  rates  tested  were  500ppm,  lOOOppm,  1500ppm  and  2000 
ppm  in  lOOg  of  grains.  Permethrin  an  available  pyrethroid  used  by  the  farmers  was  used  as  a 
check  in  the  comparison  alongside  a  commercial  DE  -  Insecto®. 

Results/Conclusion:  The  results  revealed  DEI  to  be  significantly  effective  in  causing  adult  insect 
mortality;  maintaining  seed  germination  ability;  progeny  formation  reduction  and  reducing  grain 
weight  loss  as  compared  to  DE2  and  untreated  control.  There  was  remarkable  difference  in  the 
chemical/mineral  composition  of  the  two  DE.  The  results  showed  that  the  efficacy  of  raw 
diatomaceous  earth  in  protecting  sorghum  grains  from  insect  infestation  is  dependent  on 
geographical  location.  These  DE  are  promising  tool  that  can  be  incorporated  into  IPM  in  grain 
storage. 
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Abstract  text: 

Introduction:  Yam  ( Dioscorea  spp.)  is  infested  by  a  broad  taxonomic  diversity  of  insect  pests.  A 
total  of  73  insect  species  are  associated  with  Dioscorea  species.  The  insects  associated  with  yam 
in  Abuja  have  not  been  fully  identified. 

Methods:  This  study  was  carried  out  in  2012  to  2014  to  determine  the  insects  that  are  associated 
with  yam.  Treatments  consisted  of  six  varieties  comprising  four  local  yam  varieties  and  two 
accessions  from  International  Institute  of  Tropical  Agriculture  (IITA),  Ibadan.  The  trial  was  laid 
in  Randomized  Complete  Block  Design  (RCBD)  and  replicated  thrice.  Insect  traps  were 


randomly  set  at  40cm  above  ground  level.  Trays  were  one-quarter  filled  with  solution  containing 
70%  ethanol  and  15%  teepol  in  water.  Trapped  insects  were  collected  weekly  for  10  weeks  and 
identified. 

Results/Conclusion:  The  highest  number  of  insects  trapped  in  2012  (43)  and  2013  (50)  belonged 
to  the  order  Hymenoptera,  while  225  insects  in  the  order  Diptera  were  trapped  in  2014.  The 
number  of  insects  in  order  Coleoptera  was  21,  28  and  32  in  2012,  2013  and  2014  respectively;  in 
this  order,  Yam  beetle,  Heterolygus  meles  was  consistent  throughout.  Insect  pests  (vectors)  from 
orders  Heteroptera  and  Hemiptera  were  found  in  low  numbers  (less  than  10)  for  the  three  years. 
Highest  number  of  insects  was  trapped  during  the  yam  growing  periods  of  July  for  the  three 
years.  Therefore,  the  presence  of  insects  during  the  early  yam-growing  period  suggests  the  need 
to  identify  the  type  of  viruses  that  they  may  habour  and  their  effects  on  yam  yield  and  quality. 
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Abstract  text: 

Introduction:  Cowpea  grains  are  an  important  source  of  dietary  protein  especially  in  the  diet  of 
millions  of  poor  people  in  sub  Saharan  Africa.  Stored  cowpea  grains  are  especially  vulnerable  to 
attack  by  bruchids  chief  of  which  is  the  cowpea  beetle,  Callosobruchus  maculatus.  Plant 
essential  oils  and  their  components  may  serve  as  eco-friendly  insect  pest  control  methods  and 
may  help  reduce  the  various  health  and  environmental  problems  the  use  of  synthetic  fumigants 
has  caused 

Methods:  In  this  study  essential  oil  was  extracted  by  hydro-distillation  from  freshly  harvested 
leaves  of  Ocimum  basilicum.  This  was  used,  in  separate  bioassays,  as  a  liquid-type  fumigant  to 
fumigate  cowpea  seeds  which  bore  the  different  life  stages  of  C.  maculatus  developing  within 
them. 


Results/Conclusion:  Mortality  of  adult  C.  maculatus  was  observed  to  significantly  (P<0.05) 
increase  from  14.8%  to  100%  as  dosage  increased  from  10pl/80ml  air  to  60pl/80ml  air, 
respectively.  Significantly  high  percentage  mortality  (98.48%)  of  C.  maculatus  eggs  was 
observed  after  three  days  of  seed  fumigation  with  the  essential  oil  vapour.  The  percentage 
mortality  caused  by  the  oil  vapour  to  the  larval  and  pupal  stages  within  fumigated  cowpea  seeds 
was  not  significantly  different  from  the  control  at  P=0.05  after  three  days  of  fumigation.  It  was 
thus  concluded  that  the  egg  and  adult  stages  of  C.  maculatus  were  more  susceptible  to  the 
essential  oil  vapour  of  O.  basilicum  leaves  than  the  larvae  and  pupae  stages  within  stored  cowpea 
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Abstract  text: 

Introduction:  The  cashew  stem  girdler,  Analeptes  trifasciata^  a  major  insect  pest  of  cashew  in 
Nigeria  which  pre-disposes  cashew  stems  to  pathogenic  infections  and  eventual  fall-off  of  the 
stem. 

Methods:  In  this  study,  l-3day  old  adults  of  A.  trifasciata  reared  on  field-infested  cashew  stems 
were  collected  from  rearing  cages  (62cmx62cmxl  15cm),  sexed  and  dissected  to  reveal  the 
internal  structures  of  the  insects.  The  gut  was  excised  and  separated  into  the  fore  gut,  mid  gut 
and  hind  gut,  and  each  blotted  dry  by  sandwiching  them  in  sterile  Whatmann  No.l  (150mm) 
filter  paper  for  1  minute.  The  gut  parts  of  A.  Trifasciata  were  aseptically  inoculated  into  the 
acidified  PDA  in  petri  dishes  in  triplicates  and  incubated  at  28±2°C  for  5-7days  for  the  isolation 
of  mycoflora  in  the  gut.  Also,  the  routinely  prepared  Nutrient  agar  (NA)  and  MacConkey  agar 
were  used  for  the  bacteriological  assay.  The  gut  parts  were  separately  inoculated  into  the  media 
and  incubated  at  37°C  for  24hrs. 


Results/Conclusion:  The  inoculated  gut  parts  show  presence  of  eight  fungi  flora:  Aspergillus 
repens,  Trichderma  spp.,  Fusarium  verticilliodes,  Lasiodplodia  theobromae,  yeast,  A.  niger, 
Fusarium  spp.  and  Rhizopus  stolonifer.  The  bacteria  assay  of  the  gut  of  A.  Trifasciata  recorded 
nine  bacteria  genera.  Enterobacter  spp.  recorded  83.33%,  Escheria  coli  and  Streptococcus  spp. 
had  55.56%  while  each  of  Serratia  marceascea,  Pseudomonas  spp.  and  Micrococcus  lutea  had 
5.56%  occurrence.  The  occurrence  of  the  mycoflora  and  bacteria  vary  in  the  gut  parts,  indicating 
the  role  of  these  microorganisms  in  the  metabolic  process  of  A.  trifasciatain  digesting  complex 
food  substances  in  the  wood  substrate. 
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Abstract  text: 

Introduction:  Termites  are  widely  dispersed  throughout  the  tropics  as  well  as  some  temperate 
regions  and  they  play  vital  ecological  roles  such  as  nutrient  cycling  and  ecosystem  engineering. 
Therefore  the  objective  of  this  study  is  to  assess  species  richness,  diversity  and  abundance  of 
termites 

Methods:  Random  sampling  and  standardized  transect  methods  were  used  to  sample  termites 
species  for  one  year. 

Results/Conclusion:  Two  families  hinotermitidae  and  Termitidae),  six  subfamilies 
(Rhinotermitinae,  Amitermitinae,  Macrotermitinae,  Nasutitermitinae,  Termitinae  and 
Microcerotermitinae)  and  seven  genera  were  identified  from  the  229  termite  collections  made. 
Subfamily  Macrotermitinae  constituted  58%  of  the  total  number  of  species  sampled.  Members  of 
the  genus  Macrotermes  were  the  dominant  species  and  constituted  40%  of  the  total  number  of 
species  sampled.  Eight  species  were  identified  and  the  relative  abundance  of  these  eight  species 
were  Amitermes  spp.  (29%),  Macrotermes  subhyalinus  (24%),  Ancistrotermes  spp.  (18%), 


Macrotermes  natalensis  (16%),  Nasutitermes  spp.  (8%),  Coptotermes  spp.  (3%), 
Microcerotermes  spp.(2%)  and  Capritermes  spp.  (1%).  Based  on  the  distribution  map, 
Amitermes  spp.  was  the  most  widely  distributed  species  (4  zones),  followed  by  Ancistrotermes 
spp  (3  zones).  Capritermes  spp.  and  Microcertermes  spp.  are  considered  rare  species  as  their 
distribution  was  limited  to  only  one  zone. 
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Abstract  text: 

Introduction:  The  dependence  on  synthetic  insecticides  for  the  control  of  store  produce  insect 
pests  continues  to  expose  man  to  dangers  such  as  human  toxicity,  residues  in  foods  and  feeds  as 
well  as  other  biotic  component  of  the  environment.  The  present  study  evaluated  the  effectiveness 
of  a  bacterial  dust  (Spintor  0. 125D)  in  the  management  of  the  maize  weevil;  Sitophilus  zeamais 
commonly  found  destroying  maize  as  well  as  other  grains  in  storage 

Methods:  Four  treatment  levels  of  O.lg,  0.2g,  0.4g  and  0.8g  per  50g  of  maize  grains  were 
assessed  along  with  Pirimiphos  methyl  dust  (l.Og)  as  a  chemical  check  and  an  untreated  control. 
The  laboratory  study  was  conducted  at  the  temperature  of  23.8-32.5oC  and  relative  humidity  of 
25-65  %  over  a  three  months  period 

Results/Conclusion:  The  dust  at  the  rate  of  0.1g/50g  grain,  effected  a  percentage  mortality  of 
93.3  which  was  not  significantly  different  (p>0.05)  from  higher  rates  of  application  and 
Pirimiphos  methyl  dust  but  significantly  higher  than  values  obtained  with  the  control.  The  grain 
damage  (2.01%)  and  weight  loss  (0.71%)  at  the  lowest  rate  of  0.1g/50g  were  significantly  lower 
than  4.83%  and  4.26%  in  the  control  respectively.  There  were  no  significant  differences  in  the 
values  of  percentage  grain  germination  between  all  the  treatments.  Since  Pirimiphos  methyl 


which  was  a  main  pesticide  used  in  the  control  of  Maize  grains  in  cribs  is  no  more  easily 
available  in  Nigerian  markets,  Spintor  0.125D  can  be  used  as  its  replacement. 
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Abstract  text: 

Introduction:  The  cigarette  beetle  is  a  major  pest  of  the  stored  products  causing  a  lot  of  damage 
because  of  the  voraciousness  of  the  larvae  and  their  extensive  polyphagy.  It  is  a  reemerging 
insect  pest  in  Nigeria.  This  study  was  carried  out  in  the  laboratory  to  evaluate  the  food 
preference,  growth  and  damage  by  Lasioderma  serricorne  Fab.,  on  five  packed  foods-  Quaker 
Oats®,  Weetabix®,  Rice  Krispies®,  Coco  pops®  and  Groundnuts 

Methods:  The  parent  stock  used  was  obtained  from  an  existing  stock  in  the  laboratory.  Fifteen 
gram  (15g)  of  the  food  was  replicated  four  (4)  times.  Seven  pairs  of  newly  emerged  (0-2  day  old) 
Cigarette  beetles  were  introduced  into  each  replicate,  covered  with  Muslin  cloth  strapped 
together  with  rubber  band  to  allow  aeration  and  prevent  escape  of  insects.  The  adults  were 
carefully  removed  and  discarded  after  7  days.  The  vials  were  kept  aside  in  laboratory  bench  and 
monitored  until  14  days  after  the  emergence  of  FI  adults 

Results/Conclusion:  Significant  decrease  in  weight  was  observed  in  Quaker  Oats,  Weetabix, 

Rice  Krispies  compared  to  Coco  pops  and  Groundnut.  The  developmental  period  for  the  larvae 
and  pupae  varied  from  35  to  54  and  8  to  10  days  respectively  among  the  food  sources.  It  was 
significantly  lowest  (at  0.  05  level  of  significance)  in  Quaker  Oats  and  highest  in  Rice  Krispies 
and  Groundnuts.  Groundnuts  and  Rice  Krispies  had  the  longest  developmental  period  of  50  and 
54  days  respectively. 
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Specific  primers  to  detect  Beauveria  bassiana  and  Metarhizium  spp.  by  PCR  have  been 
published.  Given  that  we  are  testing  B.  bassiana  and  Metarhizium  spp.  isolates  against  Toxoptera 
citricidus  aphids,  we  assessed  some  of  those  primers  to  implement  as  a  molecular  tool  to  confirm 
if  the  aphids  died  due  to  fungal  treatments.  We  used  DNA  from  dead  treated  aphids,  three  with 
visible  mycelia  and  three  without  it,  one  non-treated  aphid,  22  B.  bassiana,  17  Metarhizium  clade 
1  species,  and  one  Penicillium  spp.  isolates  (identities  were  confirmed  by  sequencing).  We 
evaluated  four  protocols  that  amplified  the  ITS  region.  The  first  protocol  was  a  nested-PCR  to 
detect  Beauveria.  Ah  samples  amplified  including  Metarhizium  isolates  and  the  non-treated 
aphid.  Therefore  we  repeated  the  PCR  using  directly  the  second  round  primers  (BB.fw/BB.rv). 
Genomic  DNA  from  Penicillium  and  seven  M.  anisopliae  samples  amplified  while  DNA  from 
three  B.  bassiana  isolates  did  not.  The  second  protocol  to  detect  Beauveria  was  a  multiplex  PCR 
using  the  SCA14/SCA15/SCB9  primers,  but  no  amplification  was  observed.  The  third  protocol 
was  a  nested-PCR  for  specific  detection  of  Metarhizium  clade  1  species.  We  chose  to  use  only 
the  second  round  primers  (Ma2097/Mal763)  and  12  Metarhizium  were  negative  while  one 
Beauveria  isolate  amplified.  The  last  protocol  was  another  nested-PCR  for  specific  detection  of 
M.  acridum.  Ah  the  Metarhizium  samples  amplified  but  also  eight  Beauveria  isolates.  We 
concluded  that  the  four  protocols  evaluated  not  only  lacked  the  required  specificity  to  identify 
the  target  fungi  species,  but  also  failed  to  discriminate  Beauveria  from  Metarhizium  isolates. 
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The  genus  Stomaphis  Walker  is  a  distinctive  group  of  aphids  with  large  body  size  and  extremely 
long  rostrum,  feeding  on  tree  trunks.  On  the  basis  of  the  structure  of  the  apical  part  of  antennae 
of  viviparous  generation,  Pasek  subdivided  the  genus  Stomaphis  into  two  subgenera:  Stomaphis 
s.  str.  and  Parastomaphis.  Later,  various  authors  treated  them  either  as  the  separate  genera  or 
synonymised  with  Stomaphis.  The  recent  revision  of  sexual  morphs  sustained  the  division  on  two 
subgenera.  Here  we  present  the  set  of  morphological  features  proving  their  separateness  as  two 
distinct  genera. 

We  used  scanning  electron  microscopy  (SEM)  and  light  microscopy  (LM)  to  elucidate  the 
external  morphology  of  apterous  and  alate  viviparous  females  of  species  of  both  studied  genera, 
collected  in  Europe.  FE-SEM  images  were  based  on  the  HMDS  and  CPD  preparation  techniques. 

Both  groups  of  aphids  share  a  common  feature:  extremely  long  rostrum,  which  is  unique  among 
all  representatives  of  the  subfamily  Lachninae.  However,  apterous  viviparous  females  of  the 
genus  Parastomaphis  differ  significantly  from  Stomaphis  by:  different  shape  of  processus 
terminalis,  divided  genital  plate  and  lack  of  ventral  sclerotic  plates.  These  differences  occur  also 
in  alate  females  and  are  followed  by  different  copulation  mode  and  geographical  distribution: 
Parastomaphis  is  exclusively  western  Palaearctic  and  exploits  different  set  of  host  plants. 

We  conclude,  that  both  groups  should  be  treated  as  separate  genera,  within  the  monophyletic 
tribe  Stomaphidini. 
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Aphids  (Hemiptera,  Aphididae)  are  insects  sensitive  to  variations  in  environmental  conditions 
that  they  adapt  to  through  association  with  bacterial  endosymbionts  and  epigenetic  regulations 
such  as  DNA  methylation.  Therefore,  aphids  may  be  used  as  environmental  biosensors  to  track 
climate  change  and  its  effect  on  ecosystems.  We  aim  to  standardize  molecular  tools  to 
characterize  aphids’  responses  to  changes  in  temperature.  Initially,  a  multiplex  PCR  was  tested  in 
order  to  determine  the  bacterial  endosymbionts  present  in  samples  of  different  aphid  species. 
Second,  colonies  of  the  aphid  species  Toxoptera  citricidus  and  Macrosiphum  luteum  were 
established  in  greenhouse  conditions  and  used  to  evaluate  a  methyl  sensitive-RAPD  technique 
(MS-RAPD)  to  estimate  relative  total  methylation.  We  compared  the  level  of  methylation  in 
three  different  life  stages  (nymphs,  apterous  and  alate  adults).  Additionally,  we  set  an  assay  to 
compare  aphid  survival  at  4°C  and  28°C,  with  the  purpose  of  determining  how  temperature 
affects  the  survival  of  those  aphid  species.  We  detected  the  bacterial  endosymbionts:  Wolbachia 
sp.,  Buchnera  sp.,  Serratia  symbiotica,  Rickettsia  sp.,  Hamiltonella  defensa  or/and  Regiella 
insecticola,  in  twenty  aphid  samples.  Preliminary  results  suggested  that  relative  degree  of 
methylation  in  T.  citricidus  and  M.  luteum  varies  among  nymphs,  apterous  and  alate  aphids. 
Furthermore,  we  found  that  in  both  aphid  species  the  highest  percent  of  survival  was  obtained  at 
4°C,  and  an  increase  in  mortality  was  observed  at  28°C.  We  plan  to  test  the  MS-RAPD  protocol 
in  those  individuals  and  further  determine  if  it  is  a  plausible  approach  to  track  aphids’  responses 
to  temperature  through  time. 
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Bemisia  tabaci  species  complex  and  Trialeurodes  vaporariorum,  known  as  whiteflies,  are 
vectors  of  viral  diseases  affecting  commercial  crops  of  human  interest.  Secondary  bacterial 
endosymbionts  of  these  arthropods  have  shown  to  have  a  large  impact  on  the  ecology  of  their 
host.  For  that  reason,  the  purpose  of  this  project  was  the  identification  of  whitefly  species  in 
tomato  crops  within  the  country  and  its  association  with  some  secondary  endosymbionts. 

Whiteflies  were  collected  during  2015  in  14  tomato  producing  regions  ranging  from  the  Pacific 
in  Guanacaste  to  the  South  frontier  with  Panama.  At  least  10  whitefly  individuals  were  sampled 
from  each  region.  The  identification  of  the  whitefly  species  was  carried  out  through  mtCOI  gene 
amplification  and  later  digestion  with  restriction  enzymes:  Taql  and  Tru9l. 

Furthermore,  endosymbionts  identification  was  determined  by  the  amplification  of  16S  or  23  S 
ribosomal  DNA  sequences. 

Currently,  108  whitefly  individuals  corresponding  to  seven  regions  have  been  analyzed.  These 
results  indicate  that  in  three  regions  only  T.  vaporariorum  individuals  were  detected,  in  another 
three  production  areas  a  mix  of  T.  vaporariorum  and  B.  tabaci  (formerly  known  as 
Mediterranean  (MED)  or  Q  biotype)  were  identified  and  only  B.  tabaci  individuals  were 
identified  in  one  region.  With  regard  to  bacterial  endosymbionts,  Arsenophonus  spp.  and 
Hamiltonella  spp.  were  associated  to  T.  vaporariorum  (%2=63.7,  gl=l,  pO.OOl;  x2=5.0,  gl=l, 
p=0.02),  as  well  as  Rickettsia  spp.  and  Wolbachia  spp.  to  B.  tabaci  (x2=65.3,  gl=l,  p<0.001; 
X2=62.4,  gl=l,  p<0.001).  Therefore,  according  to  preliminary  results,  there’s  a  clear  association 
between  the  whitefly  species  and  the  endosymbiont  presence. 
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Introduction:  The  horse  chestnut  leaf  miner,  Cameraria  ohridella  (Lepidoptera:  Gracillariidae) 
and  leaf  blotch,  Guignardia  aesculi  (Botryosphaeriales:  Botryosphaeriaceae)  attack  Aesculus 
hippocastanum  trees.  C.  ohridella  was  first  recorded  near  Macedonian  lake  Ohrid  in  1985  and 
later  became  an  invasive  pest  across  the  vast  territory  of  Europe.  In  the  Czech  Republic  it  was 
found  in  1993  while  disease  caused  by  G.  aesculi  was  first  reported  in  the  1950s.  The  aim  of  the 
present  study  was  to  assess  horse  chestnut  leaf  damage  inflicted  by  the  leaf  miner  and  its 
relationship  to  symptoms  of  G.  aesculi- infection. 

Methods:  Leaf  samples  were  collected  in  eight  sites  of  the  urban  area  of  Ceske  Budejovice, 
Czech  Republic  five  times  during  vegetation  season  between  May  and  September  and  the 
percentage  of  leaf  area  damaged  was  measured  using  computerized  image-analysis. 

Results:  The  results  showed  that  C.  ohridella  damaged  on  average  (±SE)  0.02±0.001,  0.21±0.1 1, 
2.63±0.38,  4.95±0.71  and  8.55±0.75%  of  leaf  area  in  each  sampling  date,  respectively.  The  mean 
percentage  of  leaf  area  damaged  by  G.  aesculi  was  0.04±0.01,  0.45±0.12,  1.04±0.10,  2.70±0.24 
and  9.41±0.84,  respectively.  The  highest  leaf  damage  inflicted  by  C.  ohridella  and  G.  aesculi 
was  93.36%  and  78.81%,  respectively.  This  was  recorded  at  the  end  of  vegetation  season.  The 
effects  of  site  and  sampling  date  as  well  as  their  interaction  were  statistically  highly  significant. 
Leaf  damage  caused  by  C.  ohridella  and  that  caused  by  G.  aesculi  were  significantly  positively 
correlated.  The  implications  of  these  findings  for  horse  chestnut  protection  are  discussed. 
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The  forewing  articulation  of  single  species  from  each  of  the  four  subgroups  of  Sternorrhyncha 
(Aleyrodomorpha,  Aphidomorpha,  Coccomorpha,  Psyllomorpha)  was  examined  by  optical  and 
scanning  electron  microscopy.  We  present  the  results  of  a  comparative  analysis  of  the  forewing 
articulation  in  these  four  groups  and  compare  our  findings  with  those  previously  reported.  The 
wing  base  of  all  examined  species  is  composed  of  the  following  structures:  anterior  and  posterior 
notal  wing  process,  first,  second,  and  third  axillary  sclerites,  tegula  and  axillary  cord.  The 
number  of  elements  included  in  the  wing  base  and  the  surrounding  area  is  the  greatest  in 
Cacopsylla  mali ,  the  most  complicated  species  from  Sternorrhyncha.  Among  this  suborder 
representatives,  the  most  similar  axillaries  are  those  of  Aphis  fabae  and  Orthezia  urticae ,  which 
is  congruent  with  existing  molecular  classifications.  In  conclusion,  each  of  the  four  groups  from 
Sternorrhyncha  exhibit  their  own  distinct  wing  base  morphology. 
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Temperature  was  identified  as  the  main  environmental  factor  affecting  the  growth  of  mosquito 
population.  It  is  very  important  to  study  the  effect  of  temperature  to  the  life  parameters  of  this 
vector  mosquito  in  the  local  environment  using  the  local  strain,  in  order  to  understand  more  on 
the  biology  of  the  mosquito  which  will  directly  affect  the  transmission  of  viruses  to  humans  .The 
population  dynamics  of  two  local  A.  albopictus  strains  with  emphasis  on  the  effect  of  constant 
temperature  (15  °C  to  40  °C)  were  determined  in  this  study  using  environmental  chambers. 
Based  on  the  development  data  it  was  determined  that  the  local  strains  were  able  to  survive  at  a 
higher  temperature,  which  at  40  °C  the  mosquitoes  can  complete  their  development  up  to  the  3rd 
instar.  It  was  also  determined  that  increase  in  temperature  reduced  the  development  period  of  the 
mosquitoes  except  for  the  1st  instar.  The  longevity  of  the  mosquitoes  were  significantly  affected 
by  temperature,  whereby  increasing  temperature  shortened  the  longevity  of  the  mosquitoes.  The 
survival  rate  of  eggs  to  adults  emergence  were  considered  high  for  each  temperature  tested. 
Based  on  the  results  provided  in  this  study,  it  can  be  concluded  that  constant  temperature  does 
not  affect  the  survival  capability  of  our  local  strain  of  A.  albopictus  since  it  is  well  adapted  to 
each  temperature  tested.  Such  data  also  valuable  baseline  information  on  the  effects  of  global 
warming  in  Malaysia  due  to  climate  change  on  the  bionomics  of  A.  albopictus. 
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Introduction 

Phytophagous  insects  use  olfactory  and  visual  cues  to  locate  and  select  host  plants  that 
maximize  the  fitness  of  their  larvae.  Studies  of  visual  cues  in  host  selection  have  focused  on 
spectral  characteristics  of  host  plant-reflected  light  disregarding  polarization  information  despite 
the  fact  that  sensitivity  to  polarized  light  is  widespread  among  insects.  Our  objective  was  to 
investigate  polarized  light  as  a  host  plant  cue  for  female  Pieris  rapae  (L.)  (Pieridae, 
Lepidoptera). 

Methods 

Working  with  several  host  and  non-host  plants  of  P.  rapae,  we  used  photographic 
polarimetry  to  measure  the  angle  and  degree  of  linear  polarization  (DoLP)  in  both  the  human- 
visible  (400-700  nm)  and  UV  light  (350-400  nm)  ranges. 


We  examined  the  effect  of  polarized  light  on  host  choice  by  P.  rapae  females  in  a  series 
of  behavioural  bioassays  in  which  single  females  were  given  a  choice  between  a  host  and  non¬ 
host  plant.  In  50%  of  the  bioassays,  we  removed  polarized  light  cues  using  a  depolarizing  filter. 

Results/Conclusions 

Among  the  study  plants,  we  found  considerable  variation  in  the  degree  of  polarization  in 
both  the  human- visible  and  UV  light  ranges,  with  most  species  of  host  plants  showing  a  low 
DoLP. 


P.  rapae  females  did  significantly  prefer  host  plants  over  non-host  plants  when  the 
depolarizing  filter  was  absent,  but  did  not  when  the  filter  was  present.  In  conclusion,  we  report 
significant  variation  in  polarized  light  cues  among  plants  and  demonstrate  that  these  cues  affect 
host  choice  by  female  P.  rapae. 
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The  black  soldier  fly,  Hermetia  illucens  (L.)  (Diptera:  Stratiomyidae)  was  reared  on  artificial  diet 
(wheat  bran  and  chicken  feed)  in  the  laboratory  at  28°C  and  under  a  greenhouse  set  at  28  °C. 

Data  were  collected  and  analyzed  based  on  an  age-stage,  two-sex  life  table.  The  intrinsic  rate  of 
increase  (r),  finite  rate  of  increase  (2),  net  reproduction  rate  ( Ro )  and  mean  generation  time  ( T) 
were  0.0759  (day'1),  1.0759  (day"1),  68.225  offspring,  and  55.635  days,  respectively.  The 
maximum  reproductive  value  of  females  occurred  at  54  days.  Only  6  females  out  of  2 1  were  able 
to  successfully  oviposit.  The  number  of  eggs  laid  per  female  ranged  from  236  to  a  maximum  of 


1088  eggs.  We  demonstrated  that  first  instar  larvae  of  H.  illucens  are  more  susceptible  to 
perishing  when  reared  under  artificial  diet  than  are  later  instars.  We  also  determined  that  adults 
require  optimal  conditions  to  successfully  mate  and  oviposit  -  less  than  optimal  conditions  result 
in  appreciable  reductions  in  the  production  of  H.  illucens. 
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Abstract  text: 

Introduction 

Red  wood  ants  (RWA;  Formica  rufa- group)  are  biological  indicators  of  seismically  active,  gas- 
permeable  faults  and  nest  most  successfully  atop  them.  Exploratory  testing  of  gases  in  and 
around  RWA  nests  revealed  geochemical  anomalies  absent  from  nearby,  but  tectonically 
inactive,  areas. 

Methods 

We  analyzed  geochemical,  geophysical,  and  biological  data  with  spatiotemporal  Bayesian 
statistics  to  identify  causes  of  associations  among  RWA  activity,  degassing,  and  tectonic 
processes  in  the  seismically  active  East  Eifel  Volcanic  Field  (West  Germany).  From  March 
through  September  2016,  relationships  between  activity  patterns  of  F.  polyctena  recorded  by  an 
image-based  monitoring  system  and  [i]  changing  nest-  and  soil  gas  concentrations  of  CO2,  He, 
Rn,  CH4,  H2S  from  three  mineral  springs;  [ii]  geophysical  processes  (seismic  events,  earth-tides); 
and  [iii]  local  weather  and  climatic  conditions  were  investigated  biweekly  and,  during  one 
month,  every  eight  hours.  A  quasi-continuous  laser  spectrograph  recorded  CH4  concentrations  to 
determine  the  origin  (biogenic,  geogenic)  of  513CH4. 


Results/Conclusion 


Our  data  allow  us  to  distinguish  two  processes  that  could  cause  increased  gas  concentrations  in 
RWA  nests:  degassing  tectonic  structures  or  biologically-mediated  decomposition  in  soil.  Our 
research  also  quantifies  the  magnitude  of  organic  gases  emitted  from  RWA  nests  that  may 
contribute  to  climatic  change.  Additional  outcomes  of  this  research  include:  development  of 
automatic  classifications  of  RWA  activities  that  could  be  applied  to  other  systems;  use  of  rapid 
internet  communication  to  transmit  on-site  automatic  evaluation  of  RWA  activity  patterns  to 
post-processing  centers;  and  development  of  methods  for  spatial  statistics  to  link  disparate  data 
types  (points,  lines,  polygons).  Funded  by  VW  Foundation  „Experiment!“. 
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Abstract  text: 

In  warm  lowland  areas  of  tropical  Africa,  root  yield  losses  due  to  Cylas  puncticollis  infestations 
during  dry  seasons  can  reach  100%.  Vine  quality  is  also  often  highly  affected  due  to  weevil 
feeding  activities.  We  hypothesize  that  predicted  changes  in  temperatures  due  to  global  warming 
will  increase  the  spread  and  damage  potential  of  this  pest.  The  Insect  Life  Cycle  Modeling 
(ILYCM)  software  was  used  to  develop  temperature-based  phenology  models  based  on  life-table 
data  derived  from  constant-temperature  studies  (1 7.5-3 5°C)  and  to  simulate  life-table  parameters 
of  C.  puncticollis .  Three  risk  indices  (establishment,  generation,  and  activity  index)  in  a 
geographic  information  system  environment  were  used  to  map  changes  for  climate  change 
scenarios  (year  2050).  Global  predictions  on  the  future  C.  puncticollis  distribution  clearly 
indicate  a  slight  decrease  in  the  establishment  for  tropical  lowland  sweet  potato  production  areas, 
but  still  with  a  high  pest  risk  in  these  areas.  Also,  C.  puncticollis  will  potentially  spread  to  higher 


altitudes  in  countries  of  known  occurrences.  An  increase  in  abundance  (by  1-2  generations/year) 
and  population  growth  (by  a  factor  of  101— 104)  by  the  year  2050  is  expected.  Higher 
temperatures  due  to  global  warming  will  contribute  to  the  range  expansion  of  C.  puncticollis  to 
higher  altitudes  and  the  risk  of  establishment  will  remain  high.  An  increase  in  the  number  of 
generations  implies  an  increase  in  pest  abundance  resulting  into  higher  pest  infestations  and  crop 
losses.  Early  predictions  could  help  adaptation  to  climate  change  by  developing  and  supporting 
farmers  with  adequate  pest  management  strategies  to  reduce  crop  yield  and  quality  losses. 


Virtual  Posters 

Presentation  Title:  Bioclimatic  envelope-based  risk  mapping  of  the  bark  beetle-vectored  blue 
stain  fungus,  Ceratocystis  polonica 

Author  Name:  Kishan  Sambaraju 

Author  Institution:  Natural  Resources  Canada 

Session  Title:  Virtual  Poster  Session 

Date  of  Presentation:  Thursday,  September  29,  2016 

Abstract  Number:  VP14 

DOI:  10. 1603/ICE.2016.1 17407 

Abstract  text: 

Aggressive  exotic  pests  can  have  huge  impacts  on  invaded  ecosystems  as  the  affected  plants  are 
evolutionarily  ‘naive’  to  such  invasions.  Ceratocystis  polonica  (Siemaszko)  C.  Moreau  is  an 
aggressive  blue  stain  fungus  that  is  vectored  by  the  European  spruce  bark  beetle,  Ips  typographies 
L.  The  pathogen  is  highly  virulent  and  can  kill  Norway  spruce,  Picea  abies  (L.)  Karst.,  when 
artificially  mass  inoculated.  Moreover,  it  has  been  shown  that  C.  polonica  can  affect  spruce 
species  native  to  North  America.  Ips  typographies  is  a  destructive  insect  pest  of  spruce  forests  in 
Europe.  The  insect  has  been  shown  to  survive  relatively  well  on  North  American  spruces,  which 
presents  a  grave  concern.  Although  I.  typographies  has  been  intercepted  at  ports  of  entry  in  North 
America,  no  apparent  establishment  has  been  observed  thus  far.  However,  climate  change  may 
create  conditions  conducive  for  establishment,  survival,  and  potential  spread  of  I.  typographies, 
and  thus  of  C.  polonica,  in  Canada. 

The  objective  of  this  work  was  to  develop  a  bioclimatic  envelope  model  for  the  pathogen  and 
map  regions  in  Canada  that  have  a  climatic  profile  similar  to  the  pathogen’s  native  range.  As  the 
association  of  C.  polonica  - 1.  typographies  varies  geographically  in  Europe,  we  specifically  used 


georeferenced  occurrence  data  of  the  fungus  over  a  40-year  period  from  Europe  and  Japan  in 
developing  the  model.  Climatic  tolerance  profiles  were  determined  based  on  22  variables  derived 
from  temperature,  precipitation,  and  water  deficit  values. 

Risk  mapping  suggests  that  climatic  conditions  in  Canada  are  suitable  for  survival  of  these  non¬ 
native  pests. 
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Abstract  text: 

The  Monahans  sand  dunes  in  western  Texas  are  home  to  a  unique  diversity  of  arthropods  and 
other  animals.  The  Jerusalem  cricket  ( Stenopelmatus  monahansensis)  is  an  endemic  species 
known  to  occur  within  this  dune  system.  Changes  to  groundwater  and  plant  communities  on  the 
dunes  are  potential  threats  to  this  species.  The  objective  of  this  study  was  to  determine  habitat 
associations  of  S.  monahansensis  across  different  types  of  vegetation  and  dune  structure. 

In  June  2014,  a  total  of  18,  20  meter  transects  were  established  in  six  different  types  of 
vegetation  and  dune  structure:  coppice  dunes,  low  shin  oak  ( Quercus  havardii ),  mixed 
vegetation,  open  depositional  dunes,  Panicum  grass  ( Panicum  havardii)  dominant,  and  remnant 
seeps.  In  each  transect,  5  pitfall  traps  spaced  evenly  were  used  to  collect  S.  monahanensis .  Pitfall 
trap  captures  from  each  transect  were  collected  monthly  from  June  to  August  2014.  Data  was 
analyzed  as  a  randomized  complete  block  with  repeated  measures  design. 


Results  from  this  study  will  help  to  determine  habitat  associations  of  S.  monahansensis  and  data 
will  be  subsequently  used  to  estimate  the  potential  habitat  of  the  cricket  based  on  vegetation 
structure. 
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Abstract  text: 

Introduction:  The  Brazilian  Atlantic  Forest  and  the  coastal  areas  of  mangroves  are  high 
endemism  ecosystems  on  the  list  of  the  most  threatened  hotspots  on  the  planet.  Furthermore, 
bees,  which  are  essential  pollinators  for  many  ecosystems,  are  also  disappearing.  The  goal  of  this 
study  was  to  investigate  how  cavity-nesting  solitary  bees  are  distributed  from  mangrove  to  forest 
in  an  area  where  these  ecosystems  are  well-connected  and  preserved. 

Methods:  We  studied  3  islands  located  in  southern  Sao  Paulo,  Brazil:  Cardoso,  Comprida  and 
Cananeia  Islands.  Transects  of  1  km  with  7  sampling  stands  each,  and  150m  between  stands, 
were  established  in  each  island.  Each  sampling  stand  had  about  250  trap-nests  made  of  bamboo 
canes  and  cardboard  tubes.  The  nests  were  inspected  every  30  days,  from  March  2015  to 
February  2016. 

Results/Conclusion:  Eighty  nests  of  eleven  species  of  bees  were  sampled.  These  species  belong 
to  the  genera:  Austrostelis,  Centris,  Eufriesea,  Euglossa,  Megachile  and  Tetrapedia.  Centris 
analis  and  Megachile  spl  were  the  more  abudant  species.  Species  of  Centris  nested  only  from 
the  mangrove  to  the  ecotone  between  mangrove  and  forest.  Species  of  Megachile  nested  only  in 
the  forest,  as  from  300m  after  the  forest's  edge.  No  nests  were  sampled  in  the  first  150m  past  the 
forest's  edge.  The  highest  frequency  of  nesting  was  observed  in  the  ecotones  mangrove/forest 


and  open/dense  forest,  mainly  in  the  first  one.  The  species  richness  and  the  frequency  of  nesting 
were  directly  related  to  the  degree  of  conservation  of  forests  and  mangroves,  reinforcing  the 
need  to  preserve  them. 
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Abstract  text: 

Pollination  is  a  major  ecosystem  service  provided  by  insects,  and  among  insects,  bees  are  the 
most  important  pollinators.  Bees  (Hymenoptera:  Apoidea:  Anthophila)  pollinate  80%  of  all 
flowering  plants  worldwide,  helping  to  maintain  native  plant  communities  and  contribute  to 
agricultural  production.  Loss  of  natural  habitat,  excessive  use  of  pesticides,  invasive  species, 
diseases  and  climate  change  are  causing  managed  and  wild  bee  populations  to  decline 
worldwide.  The  loss  of  bee  populations  puts  at  risk  pollination  services  in  natural  ecosystems, 
native  plant  diversity,  and  agricultural  production.  The  state  of  Texas  has  an  estimated  900  bee 
species;  However,  the  number  of  species  occurring  in  western  Texas,  and  potential  changes  in 
biodiversity  attributed  to  widespread  conversion  of  native  lands  to  agriculture,  remains  unclear. 
To  better  understand  what  bee  species  occur  in  the  region  and  how  land  use  has  affected  their 
distribution,  it  is  necessary  to  compare  historical  museum  records  with  recent  survey  collections. 
The  objective  of  this  study  is  to  catalogue  and  develop  an  annotated  checklist  of  the  bee  species 
occurring  on  the  Southern  High  Plains. 

Historical  collections  of  bees  from  the  Museum  of  Texas  Tech  University  will  be  compared  to 
collections  from  recent  surveys.  A  photographic  library  of  bee  species  and  morphological 
attributes  will  be  built  and  uploaded  on  a  digital  database.  Finally,  we  will  determine  if  potential 


differences  in  historical  and  recent  bee  diversity  is  related  to  land-use  change  on  the  Southern 
high  plains. 
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Euthyplociidae  currently  comprises  7  genera  and  20  species  divided  in  2  subfamilies: 
Euthyplociinae,  occurring  on  the  Neotropical,  Oriental,  and  Madagascan  regions  and 
Exeuthyplociinae,  reported  only  for  the  Afrotropical  Region.  Morphological  similarities  between 
Exeuthyplociinae  and  other  burrowing  families  led  Euthyplociidae  to  be  initially  placed  within 
the  Polymitarcyidae.  No  previous  studies  were  published  on  the  monophyly  of  Euthyplociidae 
and  its  subfamilies. 

A  phylogenetic  hypothesis  among  genera  of  the  family  is  given  based  on  134  morphological 
characters  (53  from  imago,  5  from  subimago,  and  76  from  nymph)  and  DNA  sequence  data  from 
5  molecular  markers  (1762  bp):  cytochrome  oxidase  I  (COI),  cytochrome  oxidase  II  (COII),  16S 
rDNA  (16S),  28S  rDNA  (28S),  and  Histone  (H3).  Parsimony  and  Bayesian  analyses  were 
performed  on  the  morphological,  molecular  (concatenated  COI,  COII,  16S,  28S,  and  H3),  and 
combined  datasets. 

All  analyses  recover  the  family,  both  subfamilies,  and  all  tested  genera  as  monophyletic. 
Although  most  relationships  among  genera  are  not  highly  supported  and  show  incongruent 
results,  the  groups  Afroplocia  +  Exeuthyplocia  and  Euthyplocia  +  Mesoplocia  +  Euthyplociidae 
new  genus  are  always  recovered.  The  clade  Campylocia  +  Polyplocia  +  Proboscidoplocia  was 
also  recovered  in  all  analyses,  except  of  Bayesian  analyses  of  the  morphological  and  of  the 


combined  datasets.  Morphological  synapomorphies  were  recovered  for  all  clades  based  on 
parsimony  character  optimization. 
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Abstract  text: 

Abstract:  For  the  species  of  the  genus  Oobius  Trjapitzin  (Hymenoptera:  Encyrtidae)  whose 
hosts  are  known,  most  are  primary  and  solitary  parasitoids  that  parasitize  eggs  of  wood-boring 
beetles  in  the  families  Buprestidae  and  Cerambycidae.  Some  are  very  important  natural  enemies 
of  invasive  agricultural  and  forest  pests.  For  example  the  egg  parasitoid  O.agrili  has  been 
successfully  introduced  into  USA  for  biological  control  of  the  invasive  emerald  ash  borer  (EAB) 
Agrilus  planipennis  Fairmaire  (Coleoptera:  Buprestidae).  Another  newly  described  egg 
parasitoid  from  Russia,  Oobius  primorskyensis  Yao  &  Duan  is  also  being  evaluated  for  potential 
introduction  to  the  U.S.  for  EAB  biocontrol. 

Here  we  describe  three  additional  new  species  of  Oobius  that  parasitize  eggs  of  Agrilus  spp. 
infesting  ash  and  poplar  trees  in  Northeast  China.  In  addition,  we  also  provide  morphological, 
biological  and  molecular  differences  among  these  species  as  well  as  characteristics  for  their 
diagnosis.  Phylogenetic  relationships  among  these  newly  described  species  and  other  closely 
related  species  are  also  discussed. 
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Abstract  text: 

Introduction.  The  cassava  mealybug,  Phenacoccus  mamTzofz(Matile-Ferrero)  (Hemiptera: 
Pseudococcidae),  was  first  detected  in  Bogor,  Indonesia  in  2010.  Dense  infestations  cause  a 
condition  called  “bunchy  top”  which  results  in  shortened  nodes,  inhibition  of  plant  growth  and 
serious  yield  reductions.  Studies  were  conducted  to  determine  development  of  the  mealy  bug 
infestation  on  three  cassava  varieties,  and  to  assess  the  potential  for  cultural  and  biological 
controls. 

Materials  and  methods.  Three  cassava  varieties  were  grown  in  farmer  fields  in  Bogor  during 
February-December  2010.  Plants  were  monitored  weekly  for  damage  and  natural  enemies.  The 
exotic  parasitoid  Anagyrus  /qpez/(Hymenoptera:  Encyrtidae)  was  introduced  from  Thailand  in 
2014,  mass-reared  in  the  laboratory  and  released  in  the  fields. 

Results.  Bunchy  top  appeared  as  early  as  8  weeks  after  planting  (WAP)  but  increased  quickly  at 
16  WAP,  which  corresponded  to  the  beginning  of  the  dry  season  (May- June),  and  by  18  WAP  all 
plants  had  bunchy  top.  Infestation  of  younger  cassava  plants  caused  stunting  and  lower  yields. 
The  most  abundant  native  natural  enemies  in  cassava  fields  infested  by  P.  manihoti  was  the 
predatory  lacewing  Plesiochrysa  ramburi  (Neuroptera:  Chrysopidae).  Populations  of  P.  ramburi 
usually  increased  at  the  end  of  dry  season  when  mealybug  population  had  already  reached  its 
peak  and  cassava  plants  were  severely  damaged.  The  introduced  parasitoid  A.  lopezi  has 
successfuly  reproduced  and  established  in  the  fields.  Current  efforts  include  preventing  further 
spread  of  the  cassava  mealybug  to  other  islands  in  Indonesia,  planting  cassava  at  the  onset  of 
rainy  season,  and  protecting  natural  enemies  by  avoiding  chemical  sprays. 
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Abstract  text: 

Soybean  pod  borer  is  an  important  pest  in  northern  China,  which  seriously  affects  the  quality  and 
yield  of  soybean. 

In  this  paper,  we  have  compared  3  commonly  used  control  technologies  (sex  pheromone, 
Trichogramma,  and  pesticide  fumigation)  and  their  combinations  at  different  application  times  in 
Harbin,  Heihe  and  Jiamusi  in  China. 

The  results  showed  that:  (1)  The  combination  of  sex  pheromone  and  Trichogramma  achieved 
better  result  than  sex  pheromone  or  Trichogramma  alone,  and  no  significant  change  has  been 
observed  on  controlling  radius  of  each  pheromone  trap.  (2)  The  best  application  time  was  5  days 
pre  adult  peaking  of  the  soybean  pod  borer.  (3)  The  combination  of  sex  pheromone  and  reduced 
fumigant  (3/4  of  the  original)  achieved  the  same  result  as  original  fumigation  alone.  We 
concluded  that  the  best  control  method  for  soybean  pod  borer  is  the  combination  of  sex 
pheromone  trap  and  Trichogramma,  and  the  optimum  application  time  was  5  days  pre  adult 
peaking  of  the  pest.  Sex  pheromone  trap  can  reduce  the  amount  of  pesticide  by  25%  if  used  with 
fumigation  together. 
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Abstract  text: 

Heteropteran  mirid  Engytatus  varians  (Distant)  has  recently  been  found  in  Michoacan,  Mexico, 
feeding  on  nymphs  of  the  tomato  psyllid  Bactericera  cockerelli  (Sulc)  (Hemiptera:  Triozidae), 
one  of  the  most  detrimental  pests  of  potato  (, Solanum  tuberosum  L.),  tomato  (, Solanum 
lycopersicon  L.),  pepper  ( Capsicum  annum  L.),  and  several  other  solanaceous  crops. 

In  this  study,  the  predation  of  E.  varians  adults  on  B.  cockerelli  was  evaluated  using  two 
different  release  rates  plus  an  untreated  control  (0,  1,  and  4  E.  varians! plant).  The  experiment 
was  conducted  in  cages  of  7  m2  containing  tomato  plants  in  a  ventilated  greenhouse.  The 
evaluations  were  done  during  12  weeks  with  four  replicates  per  each  treatment. 

A  reduction  >75%  of  both  nymphs  and  adults  of  B.  cockerelli  populations  was  observed  with 
both  release  rate  compared  to  control.  Also,  more  E.  varians  individuals  were  observed  in  cages 
where  predator  was  released  (around  30  accumulated  adults  and  nymphs  in  both  release  rates) 
that  in  controls  (2  adults  and  nymphs)  Finally,  the  number  of  necrotic  rings  on  stems  was  <  4  in 
tomato  plants  with  presence  of  predator.  These  results  have  demonstrated  that  E.  varians  can  be 
established  under  greenhouse  conditions  and  it  can  control  B.  cockerelli  populations  without 
causing  significant  damage  to  the  tomato  plant. 
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Abstract  text: 

Introduction:  Baculoviruses  are  arthropod-specific  viruses  currently  used  as  biological 
insecticides  in  several  countries  of  the  world. 

Methods:  In  this  study,  the  biological  activity  of  3  isolates  of  nucleopolyhedrovirus  of 
Spodoptera  frugiperda  (SfMNPV-CHI,  SfMNPV-MER,  and  SfMNPV-NIC),  from  Mexico 
(Chiapas  and  Merida)  and  Nicaragua,  was  evaluated  in  a  Mexican  population  of  the  fall 
armyworm  (FAW),  the  principal  pest  of  maize,  Zea  mays  L.,  in  Mexico.  The  insect  populations 
were  collected  in  maize  fields  of  the  state  of  Michoacan,  Mexico  (Sf-MICH).  As  reference,  a 
laboratory  colony  (Sf-LEA)  was  used. 


Results/Conclusion:  No  differences  were  observed  in  the  LCsos  values  among  isolates  evaluated 
on  the  Sf-LEA  colony  [range  from  of  1.14  x  104  to  2.59  x  104  OBs  (oclusion  bodies)/ml]. 
Similarly,  the  LCsos  values  of  SfMNPV-NIC  and  SfMNPV-CHI  isolates  were  no  different  in  the 
Sf-MICH  population,  but  the  SfMNPV-MER  isolate  was  6.5-fold  more  pathogenic.  The  lowest 
values  of  time  mean  to  death  (MTD)  were  observed  in  Sf-LEA  colony  (range  from  89  to  100 
hpi),  while  the  MTD  values  in  the  Sf-MICH  population  ranged  from  139  to  149  hpi.  The 
production  of  OBs  per  larva  was  observed  between  2.12  and  15.7  x  107.  In  conclusion,  in  the 
most  FAW  populations,  the  activity  of  native  isolates  was  similar  to  the  exotic  virus.  However, 
the  speed  of  action  and  production  of  OBs  per  larva  were  contrasting  among  the  populations 
evaluated.  Therefore,  detailed  genetic  studies  are  required  to  know  the  nature  of  these 
differences.  Future  studies  are  also  needed  to  determine  its  effectiveness  in  field  conditions. 
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Abstract  text: 

Introduction:  The  use  of  chemical  control  on  aphids  by  vegetable  farmers  is  undesirable  due  to 
toxic  effects  on  consumers  and  non-targets.  This  requires  development  of  other  options  with 
minimum  undesirable  effects.  This  study  was  carried  out  to  screen  the  aphicidal  effects  of  a 
common  plant  S.  panduriforme  on  B.  brassicae. 

Methods:  Different  plant  parts;  young  leaves  powder  (LP),  ripe  berries  powder  (BP),  fresh  ripe 
berries  (RB)  and  fresh  unripe  berries  (UB)  were  aqueous  and  ethanol  extracted  using  maceration 
and  homogenisation.  Simple  bench-top  kale  leaf  bioassays  were  pre-screened  at  3  concentrations 
(1:40  w/v,  1:80  w/v,  1:160  w/v  for  powders  and  1:4  w/v,  1:8  w/v,  1:16  w/v  for  fresh  berries). 


Subsequent  bioassays  and  young  kale  plant  assays  were  carried  out  using  a  single  concentration 
(1:40  w/v  and  1:4  w/v).  Controls  were  water  and  malathion. 

Results/Conclusion:  Results  from  bioassays  and  plant  assays  indicated  significant  differences  in 
the  mortality  rate  of  aphids  from  the  different  plants  parts,  different  concentrations  and  different 
solvents  (p  <  0.05).  Powders  had  higher  mortality  than  fresh  berries;  green  parts  also  had  higher 
mortality  (bioassays;  LP  99%,  BP  87%,  UB  86%,  RB  80%,  plant  assays  LP  87%,  BP  83%,  RB 
71%,  UB  83%).  Highest  concentration  had  higher  mortality  than  lowest  (aqueous;  LP  63%  and 
49%,  BP  64%  and  52%,  UB  90%  and  71%;  ethanol  LP  96%  and  75%,  BP  100%  and  63%  and 
UB  100%  and  81%.  Ethanol  extractions  were  higher  than  water  extractions  (LP  96%  and  63%, 
BP  96%  and  64%,  RB  100%  and  64%,  and,  UB  100%  and  90%). 
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Abstract  text: 

Introduction:  Rice  stem  borers  and  rice  leafroller  ( Cnaphalocrocis  medinalis,  RLR)  are  key 
lepidopteran  pests  threatening  rice  production  in  China  and  Taiwan.  In  the  rice  market,  chemical 
control  is  the  most  effective  way  to  control  these  pests.  Sporxy™  is  a  newly  registered 
insecticide  for  control  of  Asiatic  rice  borer  ( Chilo  suppressalis,  ARB)  and  rice  leafroller. 
Sporxy™  is  a  360  g  ai/L  suspension  concentrate  (SC)  pre-mix  of  spinetoram  and 
methoxyfenozide,  which  are  identified  by  IRAC  as  two  distinct  MOA  groups  (spinetoram  = 
Group  5,  methoxyfenozide  =  Group  18).  To  provide  accurate  use  guidance  for  Sporxy™  to  end 
users  in  China  and  Taiwan,  field  efficacy  trials  against  ARB  and  RLR  were  conducted  in  2014 
and  2015. 


Methods:  Against  ARB  in  China,  Sporxy™  was  applied  at  rates  of  20+100  g  ai/ha  to  27+135  g 
ai/ha  (spinetroam  +  methoxyfenozide)  at  peak  egg  hatch.  Against  RLR  in  Taiwan,  Sporxy™ 
at  rates  of  22.5+1 12.5  g  ai/ha  to  45+225  g  ai/ha  were  applied  when  initial  populations  of  RLR 
averaged  0.5  larvae  per  100  hills.  For  the  control  of  ARB,  two  applications  of  Sporxy™  at 
22.5+1 12.5  g  ai/ha  at  a  10-14  day  interval  beginning  at  peak  egg  hatch  are  highly  recommended. 
For  the  control  of  RLR,  we  applied  Sporxy™  at  22.5+1 12.5  g  ai/ha  against  low  populations  of 
the  early  larval  stage  of  RLR. 

Results/Conclusion:  Sporxy™  delivers  the  complementary  characteristics  of  spinetoram  and 
methoxyfenozide.  It  is  a  practical  and  compatible  rotation  partner  with  diamide, 
organophosphate  and  avermectin  insecticides  that  fulfills  end  users’  needs  for  IPM  and 
insecticide  resistance  management. 
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Abstract  text: 

Introduction:  From  1992  to  2015,  there  was  approximately  a  3  million  acre  increase  in  planted 
soybeans,  Glycine  max  (L.)  Merr.,  in  South  Dakota.  As  the  acres  of  soybeans  in  South  Dakota 
increased,  the  use  of  seed  treatments  (e.g.,  fungicide  and  insecticide)  also  increased.  The 
dramatic  increase  in  the  use  of  fungicide  and  insecticide  seed  treatments  can  be  partially 
attributed  to  earlier  soybean  planting  dates,  which  result  in  soybean  seed  being  planted  into 
cooler,  wetter  soil.  The  increased  use  of  seed  treatments,  particularly  insecticide  seed  treatments 
with  neonicotinoid  active  ingredients,  has  raised  questions  and  concerns  about  the  need  for  these 
products  in  the  Midwest  agriculture.  In  a  2014  report,  the  Biological  and  Economic  Analysis 
Division  of  the  United  States  Environmental  Protection  Agency  determined  that  neonicotinoid 


seed  treatments  in  Midwestern  soybean  provided  farmers  a  $0.00  benefit  when  compared  to 
untreated  soybean.  However,  an  additional  analysis  conducted  by  Aglnformatics,  LLC 
determined  that  neonicotinoids  provide  a  2.8%  yield  benefit  when  compared  to  soybean  grown 
without  insecticide  seed  treatments.  One  potential  explanation  for  the  variability  of  usefulness  of 
seed  treatments  may  be  that  previous  research  has  focused  on  the  impact  of  planting  date  and 
seeding  rate  on  seed  treatments.  However,  to  date  no  single  study  has  evaluated  the  impact  of 
these  factors  on  the  efficacy  of  seed  treatments  in  soybean.  The  proposed  research  project  will 
evaluate  the  effect  that  planting  date,  seeding  density,  region,  and  soil  type  may  have  on  the 
value  of  seed  treatments  in  soybean. 
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Introduction:  Honey  bees  play  major  roles  in  plant  pollination  and  also  produce  honey.  While 
searching  for  nectar  and  pollen,  they  can  be  exposed  to  agricultural  pesticides,  which  results  in 
deleterious  effects  and  poisoning.  In  the  UAE,  there  are  289  registered  pesticides,  and  the 
majority  of  them  are  insecticides.  To  date,  no  studies  have  assessed  the  impact  of  these 
insecticides  on  honey  bees.  The  aims  of  the  current  study  were  to  (1)  assess  oral  insecticide 
mortality  in  adult  honey  bees  (Apis  mellifera );  (2)  study  the  effect  of  life  stage  (adult  vs  larva)  on 
detoxifying  enzyme  kinetics  in  A.  mellifera  and  A.  florea  in  vitro ;  (3)  compare  glutathione  S- 
transferase  (GST),  acetylcholinesterase  (AChE),  general  esterase,  and  general  oxidase 
detoxifying  enzyme  kinetics  in  A.  mellifera  and  A.  florea  in  vitro\  and  (4)  measure  detoxifying 
enzyme  inhibition  in  A.  mellifera  and  A.  florea  adults  in  vitro. 

Results/Discussion:  The  highest  mortality  was  caused  by  dietary  imidacloprid,  dimethoate, 
chlorpyrifos,  and  carbosulfan.  The  main  finding  of  the  current  study  is  that  honey  bees  are  at  risk 
of  being  poisoned  by  agricultural  insecticides  even  at  concentrations  that  are  100  times  lower 
than  the  field  application  rate.  Studying  the  kinetics  of  the  detoxifying  enzymes  revealed 
different  affinities  for  their  substrates.  Additionally,  the  tested  insecticides  demonstrated 
different  inhibition  rates  and  patterns  against  the  detoxifying  enzymes.  The  current  study  reveals 
some  of  the  unintended  effects  of  insecticides  on  honey  bees,  emphasizes  the  proper  use  of 
agricultural  pesticides,  and  calls  for  sound  implementation  of  environmental  regulations  to 
minimize  harm  to  honey  bees. 


Virtual  Posters 

Presentation  Title:  Why  several  insects  feeding  on  toxicants  decrease  their  food  intake? 

Author  Name:  Carmen  Lopez 

Author  Institution:  University  of  Lleida 

Session  Title:  Virtual  Poster  Session 


Date  of  Presentation:  Thursday,  September  29,  2016 


Abstract  Number:  VP30 


DOI:  10.1603/ICE.2016.1 17569 
Abstract  text: 

Introduction:  When  feeding  on  different  toxicants,  many  insects  respond  in  a  similar  way: 
reducing  food  intake,  prolonging  developmental  time  and  reducing  final  biomass  or  weight. 
Reduction  of  food  intake  might  allow  overcoming  the  toxins  by  increasing  the  excretion  and/or 
increasing  their  degradation.  Many  mechanisms  have  been  described  to  explain  this  low 
susceptibility,  one  being  toxin  degradation  by  over-expression  or  induction  of  detoxification 
enzymes.  One  of  these  enzyme  systems  is  the  cytochrome  P450  monooxygenases.  These 
enzymes  are  also  related  with  feeding  activity  on  insects.  The  last  larval  instar  is  an  extremely 
dynamic  period  in  which  strong  feeding  behavior  is  followed  by  a  purging  process,  involving 
important  physiological  and  hormonal  changes.  This  instar  is  the  most  suitable  to  relate  feeding 
activity  with  enzyme  expression  and  hormone  levels.  Methods:  This  work  tries  to  connect 
feeding  behaviour  during  the  last  instar  of  Helicoverpa  armigera ,  a  secondary  corn  pest  in  the 
study  area,  with  some  P450  cytochrome  expression  and  with  hormonal  changes  along  the  instar, 
in  relationship  to  Bt  exposure. 

Results/Discussion:  Although  the  response  of  P450  genes  to  xenobiotics  has  been  related  to  their 
overexpression  or  induction,  the  expression  of  studied  genes  was  more  or  less  suppressed  when 
feeding  on  Bt,  coinciding  with  a  delay  in  larval  development  that  may  be  correlated  with  low 
feeding  activity  and  maintenance  of  a  low  concentration  of  JH.  These  results  deserve  to  be 
thoroughly  studied  to  know  whether  this  response  is  related  to  the  tolerance  of  the  species  to  the 
Bt  toxin. 
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Abstract  text: 

Introduction:  The  Mediterranean  fruit  fly,  Ceratitis  capitata  (Wiedemann,  1824)  (Diptera: 
Tephritidae),  is  a  polyphagous  pest  in  horticulture,  mainly  targeting  Citrus  fruits.  To  gain  better 
knowledge  about  chemosensory  system  of  the  medfly,  essential  for  behavioral  strategies  and 
localization  of  host  plants,  we  examined  the  effects  of  the  flavedo  and  the  pulp  extracts  of  two 
Citrusspp.  fruits  by  electrophysiological  and  behavioral  bioassays. 

Methods:  Behavioral  tests  were  performed  with  two-choice  preference  to  analyze  the 
attractant/repellent  effect  of  Citrus  limon  and  Citrus  sinensis  flavedo  and  pulp. 
Electrophysiological  activity  from  the  “largest”  uniporous  labellar  chemosensilla  was  recorded  in 
response  to  the  cold-pressed  extracts  of  flavedo  and  pulp  by  tip-recording  technique.  Flavedo  and 
pulp  of  both  fruits  were  chemically  characterized  to  identify  main  components  responsible  of 
their  effects. 

Results/Discussion:  Behavioral  bioassays  showed  flavedo  to  be  more  attractive  than  pulp  in  both 
fruits.  As  shown  in  a  previous  paper,  four  different  neurons  (L,  Ml,  M2,  S)  are  present  in  the 
largest  labellar  sensilla  of  C.  capitata.  The  mean  spike  firing  frequency  obtained  from  Ml 
neurons  in  response  to  flavedo  was  higher  than  that  to  the  pulp  in  both  C.  limon  and  C.  sinensis. 
Our  behavioral  and  electrophysiological  results  will  be  useful  in  increasing  knowledge  of 
Ceratitis  chemoreception,  fundamental  in  new  integrated  pest  management. 
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Abstract  text: 

Introduction:  Looking  into  the  economic  importance  of  fruit  flies  in  India,  a  study  was  carried  to 
correlate  the  population  dynamics  of  fruit  flies  with  abiotic  factors.  In  India,  these  have  been 
identified  as  one  of  the  10  most  serious  problems  of  agriculture  because  of  their  polyphagous 
nature  and  huge  economic  loss  it  causes  to  fruits  and  vegetables,  which  varies  from  2.5  -100% 
depending  upon  the  crop  and  season. 

Methods:  Pheromone  traps  were  installed  in  different  fruit  ecosystems  during  the  fruiting  season 
to  record  the  population  of  Bactrocera  dorsalis  and  Bactrocera  zonata ,  the  two  major  species  of 
fruitflies  inflicting  the  fruit  crops  of  this  zone.  Data  on  trap  catches  and  meteorological  aspects 
(Minimum,  Maximum  and  Mean  Temperature,  RH  and  Rainfall)  from  two  different  locations 
viz.,  Dist.  -  Samba,  J&K  and  Dist.  -  Patiala,  Punjab  of  North  West  Plain  Zone  were  collected. 
The  trap  catches  data  for  both  locations  were  correlated  with  meteorological  data. 

Results/Discussion:  The  peak  fruit  fly  incidence  varied  between  the  3 1st  to  34th  standard  week  in 
guava  ecosystem  at  both  the  locations.  In  the  citrus  ecosystem,  the  incidence  was  highest  during 
the  35th  and  39th  standard  week,  coinciding  with  the  ripening  of  the  fruits.  At  both  the  locations, 
trap  catches  of  the  guava  ecosystem  were  positively  correlated  with  all  the  meteorological  data, 
while  under  the  citrus  ecosystem,  minimum  temperature  and  rainfall  showed  negative 
correlation,  but  relative  humidity  was  positively  correlated.  The  information  drawn  from  this 
study  may  be  utilized  in  targeting  the  suitable  pest  management  techniques  for  this  zone. 
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Abstract  text: 


Introduction:  The  emerging  and  rapid  spread  of  resistance  to  major  classes  of  public  health 
insecticides  threatens  current  malaria  vector  control  efforts.  Deployment  of  the  most  appropriate 
tools  needs  to  be  informed  by  up-to-date  data  on  insecticide  resistance  in  target  malaria  vector 
species.  Launched  in  2012,  IR  Mapper  (www.irmapper.com)  is  an  online  geospatial  mapping 
platform  built  on  a  systematic  review  of  published  literature  to  visualize  insecticide  resistance 
trends  in  Anopheles  vectors. 

Methods:  IR  Mapper  was  built  using  ArcGIS  for  JavaScript  API  platform.  The  platform  is 
updated  monthly  with  newly  published  data  from  peer  reviewed  scientific  publications  on 
phenotypic  (WHO  susceptibility  test  and  CDC  bottle  assay)  and  resistance  mechanisms  (target 
site  and  overexpressed  metabolic  enzymes)  data.  Additional  data  meeting  standard  WHO  or 
CDC  test  criteria  from  reputable  sources  are  also  included.  The  filter  tools  on  IR  Mapper  enable 
filtering  by  year,  species,  insecticide  class,  and  resistance  mechanisms. 

Results/Discussion:  As  of  March  2016,  IR  Mapper  consisted  of  13,773  unique  field  records  from 
58  countries  and  64  Anopheles  species  or  species  complexes.  78%  of  countries  have  reported 
resistance  to  at  least  one  of  the  four  classes  of  insecticides  used  for  adult  mosquito  control;  76% 
have  reported  testing  of  resistance  mechanisms.  Filtering  by  time  period  highlighted  that  four 
times  more  reports  of  insecticide  resistance  in  Anopheles  were  reported  between  2000  and  2015 
compared  with  the  previous  45  years.  IR  Mapper  is  a  useful  tool  for  visualizing  temporal  and 
spatial  trends  in  Anopheles  insecticide  resistance  in  order  to  inform  evidence  based  decision 
making  of  vector  control  interventions. 
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Abstract  text: 

Introduction:  Beneficial  insects  provide  biological  pest  control,  a  valuable  ecosystem  service.  To 
provide  this  service,  they  must  be  healthy.  Our  knowledge  of  the  health  of  these  insects  as  related 
to  different  environmental  contexts  is  entirely  lacking.  Filling  this  knowledge  gap  is  critically 
important  for  reducing  pest  population  build-up  and  the  implementation  of  effective  biocontrol 
programs.  Near-infrared  spectroscopy  (NIRS)  can  provide  a  chemical  fingerprint,  and  promises  a 
novel,  non-destructive,  fast  and  inexpensive  approach  for  large-scale  evaluation  of  live  insects. 

Methods:  Striped  lady  beetles,  Micraspis  frenata,  were  collected  from  the  Darling  Downs 
(QLD),  Australia.  These  were  reared  in  a  glasshouse  to  collect  eggs  and  were  fed  on  Aphis 
gossypiimd  honey  water.  At  least  40  individuals  were  scanned  using  a  Bruker  MPA  Fourier 
Transformation  (FT)  NIRS  to  collect  spectra  from  single  insects  from  a  range  of  10,000  to  4,000 
cm. 


Results/Discussion:  The  NIRS  scans  showed  that  there  is  a  relationship  between  wavelength  and 
lipid  bonds  in  beetles  collected  from  different  sites.  Based  on  this,  calibrations  were  constructed 
from  fat  content  of  100-150  beetles  by  fat  extraction.  The  fat  contents  will  be  used  to  develop  a 
model  to  predict  the  body  contents  of  field-caught  lady  beetles.  NIRS  approach  shows  strong 
promise  for  changing  the  way  that  we  measure  insect  health  and  may  contribute  to  the 
development  of  guidelines  for  on-farm  management  for  capturing  natural  pest  control  services. 


